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Foreword

ISO (the Infernational Organization for Standardization) and IEC (the International Electrotechnical Com
form the sj

participate
respective

collaborate

In the field
Draft Interjational Standards adopted by the joint technical committee-are circulated to national bodies fo
Publication

Internation
technology

processing

This secon
also incorp|

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

vi

© ISO/IEC

in the development of International Standards through technical committees established

of information technology, ISO and IEC have established a jointytechnical committee, ISO/IE

brates Amendment 1:1993.

1nission)

becialized system for worldwide standardization. National bodies that are members of ISO|or IEC

by the

brganization to deal with particular fields of technical activity. ISO and IEC technical committees
in fields of mutual interest. Other international organizations, governmental and non-governmgntal, in
liaison with{ ISO and IEC, also take part in the work.

CJTC 1.
T voting.

as an International Standard requires approval by at least75.% of the national bodies casting a yote.

il Standard ISO/IEC 9074 was prepared by Joint“Technical Committee ISO/IEC JTC 1, Infgrmation
Subcommittee SC 21, Open systems intercorinection, data management and open dijtributed

i edition cancels and replaces the first edition (ISO 9074:1989), which has been technically rdvised. It
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0 Introduction

0.1 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
of FDTs and their standardization is discussed. The objectives that an FDT must satisfy are considered.

rvices. The

FDT is|based on an extended finite state transition model.

This Infernational Standard addresses two different groups of people: protocol designers, who 'may use this FDT
to speciify protocols; and protocol implementers, who may implement a protocol described<using this FDT, or
alternafively implement a tool to process such a protocol description automatically. Implémenters must jensure that
they follow the semantics of the FDT, as described in this International Standard. Protoeol designers must ensure
that thejir specification relies on the characteristics of an implementation only to thé extent that the semantics of the
FDT is|defined by this International Standard.

This Infernational Standard comprises nine clauses and four annexes. Ann¢x’A, Annex B, and Annex ID are infor-
mative fand not an integral part of this International Standard; Annex C_i$.normative and is an integral part of this
Internafional Standard.

0.2 Formal Description Techniques

Formal| description techniques are important tools for(the design, analysis and specification of inforrpation pro-
cessing systems. It is by means of formal techniqués that system descriptions can be produced that ar¢ complete,
consistgnt, precise, concise and unambiguous. THi$ is only possible if an FDT is self-contained, so that the descrip-
tions given in an FDT need not refer to any informal knowledge of the system that is described. An impoftant aspect
of a foymal system is that it allows analysis‘by formal methods. An FDT that has such a formal basis can be used to
demongstrate the correctness of a specifieation.

The spgcifications and descriptions‘using this FDT are intended to be formal in the sense that it is possibl¢ to analyze
and int¢rpret them unambiguously: The FDT supports a structuring of a specified system into smaller pjrts and the
specifidation of the behaviorefia part in terms of an extended finite state transition model.

0.3 Requirement for standard FDTs

If an FPT ig~defined in an International Standard, the description is available to all who require it. Thg¢ directives

for the [préduction of such a standard require a high degree of international acceptance and technical stdbility. Any
amendmentalso raq-drpc international qgrppmpnf Hence-a-standard EDT offers the-mostuseful form Af;rESenta[iOn

to those who wish to apply it.

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
by the OSI International Standards. This model should also support the testing of an implementation for
conformance.

— wdll-structured: an FDT should offer means for structuring the description of a specification ordef}nition
in mahner that is meaningful and intuitively pleasing. A good structure increases the readability; understand-
ability, flexibility, analyzability and maintainability of system descriptions.

— abftract: there are two aspects of abstraction that an FDT should offer:

| an FDT should be completely independent of methods of implementation, §o that the technique itself
Hoes not provide any undue constraints on implementers.

| an FDT should offer the means of abstraction from irrelevant defailswith respect to the conjtext at

ny point in a description. Abstraction can reduce the local complexity-of system descriptions co hsider-
Ebly. In the presence of a good structure, abstraction can help even*further to reduce the complegity of
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 Infernational Standard defines the semantics and syntax of the Formal Description Téchnique Estdlle. Estelle
is in geperal used for the formal description of distributed, concurrent information processing systems. In particular
Estelle [can be used formally to describe the service definitions and protocol specifications of the laydrs of Open
Systemps Interconnection described in ISO/IEC 7498-1. This International Standard/does not define methods for the
verificqtion of specifications written in Estelle.

2 Normative References

The fol]lowing standards contain provisions which, through reference in this text, constitute provisiong of this In-
ternatignal Standard. At the time of publication, the editions indicated were valid. All standards ar¢ subject to
revisioft, and parties to agreements based on this International Standard are encouraged to investigate thg possibility
of appllying the most recent editions of the standards‘indicated below. Members of IEC and ISO maintdin registers
of currgntly valid International Standards.

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

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

ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information interchang

®

3 efinitions

For thd pirposes of this International Standard, the following definitions apply.

3.1 denotation: A mathematical construction designated according to the requirements of this International Stan-
dard as the meaning (interpretation) of an Estelle specification or part of such a specification.

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.

Paragraphs labelled NOTE and Informal Semantics are included to aid the reading of this International Standard,
but are not part of this International Standard for purposes of determining conformance. These paragraphs often
contain informationthat may be derived from other parts of the International Standard, and thus a specification that
conforms tq this International Standard will satisfy the note. Paragraphs labelled Remark are a normative part of
this Internafional Standard.

Remark: A formal specification expressed in Estelle may also be used as the basis for an implementatign of a
system conforming to an International Standard for Open Systems Interconnection. In such cases, it may be pro-
cessed by alcompiler or other computer-based software tool. This International Standard doés'not, however, §pecify
requiremenfs for such compilers or tools.

5 The/model

This clause|describes the basic concepts of a model for defining the semiantics of an Estelle specification. Defails on
syntax and emantics can be found in clauses 7 and 9, respectively.

A specificafion describes a hierarchically structured system of'iohdeterministic sequential components (inftances
of modules]) interchanging messages (called interactions) thirough bidirectional links between their ports |(called
interaction|points). Both the hierarchy of modules and the‘structure of links may change over time, thereby fnaking
the system p dynamic one.

This clause]is organized into three parts.

— First (5.1) a single module instance;is briefly characterized, together with the role it plays with regpect to
its difectly subordinated modules (called children instances). The module instance definition is the main part
of th¢ Estelle semantics in clause 9.

— S¢cond (5.2) a set of nesting principles and their impact on the degree and character of parallelim and
nondeterminism between module instances are described. The importance of classifying a moduld into a

— Third (5.3)(th¢ system behavior, as given by an Estelle specification, is defined in terms of transformations
of a dystem global situation which includes the existing (i.e., instantaneous) hierarchy of instances of njodules
in their/local states and the current structure of links between them. An execution of an action (galled a
trandition) by a module instance causes an observable change in the global situation. Although an actibn may
change several elements of this situation, these changes are observable only in their entirety. This reflects a
central principle of Estelle that the execution of a transition is atomic. The way that actions are interleaved
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.

with finite
sets of finteraction points and exported variables. These are the only means of communication with, thg enclosing
envirorjment defined by the parent module instance.

Each inpteraction point of a module instance has an associated first-in first-out (FIFO) quéue‘which r¢ceives and
stores interactions sent to that module instance through this interaction point. More than one interactipn point of
a modyle instance may share the same queue. A module instance may also send, i.es output, interactigns to other
modulgs (or even itself) through its own interaction points. The sets of interactions which may validly pe received
and serjt through a specific interaction point are determined by the channel-definition with which the|interaction
point if declared in the module-header-definition.

Exportgd variables are also declared in the module-header-definition.~ External access (read/write) ¢f exported
variablgs, however, is restricted exclusively to the parent module instance.

The vigible results of a module instance’s behavior, in the form©f the output interactions it sends and tHle changing
values pf its exported variables, are the effect of a module instance’s internal activity as described within an associ-
ated mpdule-body-definition. The internal behavior of a single module instance may be characterized|in terms of
a nondgterministic state transition system, i.e., by determining the system’s: set of states, subset of initigl states and
next-state relation. How these elements are represented-in Estelle is briefly described below.

Each state has a complex structure which consistsiéf the following items:

— Control-part represented by a value associated with the special identifier STATE. The set of coftrol values
ip always finite (hence one ofteinuses the term finite (control) state transition system.)

— Input-environment-part represented by the contents of all queues associated with a module’s|interaction
foints.

— Internal-data-part represented by values of variables and parameters occurring within a modulg definition.

— Interconngétion-hierarchy-part represented by

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

(b) 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 is, 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

—Acd

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

lause-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

take pl

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

— ThE Interpretation of a fransition-block defiNes A ACHO Or operation to-beexecuted-by-the-tranpition.

The a

state

Execution o

tion may change the module instance state described above (a change of control state is given by some

clausds) and may output interactions to the environment. A transition block is given as a Pascal-like'compound
;lent with some specific restrictions and extensions of Estelle.

a transition by a module instance is considered to be an atomic operation. Once @ transition’s exegution
y

is started, it cannot be interrupted, and conceptually one cannot view intermediate resultsregardless of how ‘|large”
a transition [is (i.e., how many statements it has). The atomicity of a transition is,an{important assumptipn for
expressing the behavior of a specification in abstract terms, independent of the preCise way that atomic tranpitions

are implemgnted. Atomicity also has an impact on the results of parallel executionof module instances.

A module (pnd any instance of a module) with an empty transition-part in its module-body-definition {i.c., a

module with
transition-|£

module insthnce, once initialized, performs no action, although its:descendent modules certainly may.

5.2 Nesting of modules and parallelism

The declar
dren) whic

no transitions specified), is called inactive. A module (and-any instance of a module) with a nonempty
art is called active. These notions are used and further/éxplained in the next subclause. An ifactive

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

a specificat{on behave with respect to each other (i.., the degree and form of parallelism and/or nondeterrpinism
involved) is|strictly dependent on the textualnesting of the module definitions and the way their headers are qalified
by keywords: systemprocess, systemactivity, process and activity. This relative behavior is strongly regulgted by
another Estglle principle, that of exécution priority of a transition of a parent module instance over transitiong of its

children.

The nesting

principles and their consequences are formulated in 5.2.1. The role they play in defining what actions
may occur in parallel and what level of nondeterminism exists in a specification is explained in 5.2.2.

Within this [[nternational Standard, the terms process module, activity module, systemprocess module, and systemac-
tivity module will be used to distinguish between module definition categories. These are called attributed mpdules.
Similarly tHe-Words process, activity, systemprocess, or systemactivity will mean process, activity, systempfocess,

or systemactivity module ifstance, respectively. fmcase itis ot important whether or mot @ modute s asystempro-
cess or systemactivity, the terms system module and system are used for a module and an instance of that module,

respectively.

5.2.1 Nesting of modules

There 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.

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

escendent (embodied) modules of a process or systemprocess m

e
rocess or activity. Together with (b) and (¢), this means that non-a

odules embodying system modules, if such modules exist.

) An activity or systemactivity module may be substructured only into activity moduies.

Tn addition to these chtic nrincinles. it is important to stress the dvnamic constraint that a module instance mav be

L1l aUUIRIUIL LU uITov Sua

created and released or terminated exclusively by the instance whose module-body-definition directly
definition (i.e., the parent module instance). The same is true as regards the_cteation and destruction of
point links.

PLUVIPICUS, 1L 15 apY to stress the CYynalllle CONSIaMAL Miat 4 110

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

1 A dynamic hierarchy of module instances has a static\textual pattern in an Estelle specificatio
the number of instances of a specific module may change in that dynamic structure, the hierarchi
f each instance corresponds to the respective position of its module definition in the textual pattd

41— From the principles (a) through (e) there-is‘exactly one level of system module along any pat
Iierarchy of module instances within a_spécification (except in the degenerate case, where all

hange during the life-time 6f the specified configuration since parent modules are inactive; it is
pecification itself will reduce to a single system module if it is attributed (and it must be attrik
ctive).
Example

Figure|1(a) shows ‘ah example of a textual pattern of a hierarchy structure of a specification. Figures 1
show tlvo possible initializations of that structure.

Figure| I{B)shows only system modules instantiated with one instance of systemprocess module A, ong

gy 0C

includes its
interaction

. Although
cal position
rn.

within the
ecification

odules are inactive and consequentlynay remain unattributed, there may be no system level) andl, by (b), all
¢mbodying modules of a system are inactive. Consequently, any initial state of a specification defines a fixed
number of system instances and.interaction point links above them. This structure once initialjzed cannot

nvariant. A
uted if it is

b) and 1(¢)

instance of

systemactivity module BT, and two instances oi systemprocess module BZ. Internal substructuring oI these systems,
if any, may take place later in an execution, assuming the system modules are active. Note that, after the initialization

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

ated.

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 e
will therefore never be used, as module B is inactive. Possible links between interaction points which
been created during the initialization are not considered in this example.

xample and
could have
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specification s

module A systemprocess;

SRR

SRR

7

S

module B;

module B1 systemactivity;

module B2 systemproeess;

“ A

mﬁm‘m\w

NN

e e

LEGEND

?/////J?

4 % inactive enclosing module
Z
sy

D SyStenT moduie

other module

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-
dants. Intuitively speaking, each time a transition in a child module is ready to fire (or, in terminology introduced
and used later.on, each time a child module offers a transition for execution), it must first ‘“ask’ its parent for permis-
sion. A pargnt may decide whether or not to grant that permission only if children transitions that were pteyiously
granted perfnission have completed. This priority relation is transitive, meaning that a module instance’trapsition
has priority|over all of its descendant instances’ transitions. This excludes any parallelism among ifistances{which
are in an anpestor/descendant relationship.

From 5.2.1] it follows that system modules are not included in any active module and, thérefore, they (i.¢, their
instances) dre not “supervised” by means of a parent module (instance) priority. Hence sysfems behave fully asyn-
chronously [with respect to each other. From this point of view there is no difference between a systemprocesp and a
systemactiviity module. They are differentiated by their internal behavior as explain€dbelow. The parallelism|within
one system|(i.e., among instances of descendant modules of a system module) is-t€gulated by a parent/childgen pri-
ority principle and by process/activity attributes that must be assigned to each module definition nested within a
system module.

The intentign of using the attribute process or activity for a module (@andvits instances) is to distinguish two ppssible
forms of execution. These two forms represent a synchronous parallel execution (parallel but synchronized| by the
parent/children priority), and nondeterministic sequential execution (also preserving the priority principle), fespec-
tively (see $.3.3 for the exact formulation of the behavioral model). This explains why nesting principle (e) permits
an activity {and systemactivity) module to be further structuted only into activity modules.

In summary, a specification designer combining the<general feature of parent/children priority with the nesting

principles dharacterized above may:

— A the “top level”, structure the specification into a fixed configuration of independent, asynchrqnously
running systems or (by making the specification module a system module) into a single synchronous gystem.

— Substructure each systemprocess module into submodules in such a way that their instances may| run in
parallel if they are not in angestor/descendant conflict, i.e., the parallelism is synchronized by the supervising
systenprocess.

— DEcide, at eachilével of substructuring, that beginning from this level, instances of descending modyles run
in a nondeterniinjstic way with preservation of a parent/children priority. This is accomplished by attifibuting
the ifstance of the chosen level with the keyword activity (or systemactivity if it is the system level).|In that
case pllddescendant modules are also activity modules.

5.3 Specification behavior
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 autonomous decision of the instance P. This property of autonomy is used below to establish precisely how a global situation
iti i i i iti ich are fireable)

changes era-tran on’s exe Qn annot be predicted _however, which nex an on (among 3 DNose which

is going [to be selected in the resulting situation. Nevertheless, each time, a module instance P makes the choice.

5.3.2 [Global instantaneous description of a module instance

Consid¢r the tree of module instances, each in one of its possible states, where the edges-represent the garent/child
relationship. This tree is defined in 9.5.3. If P is the root of such a tree, then the tree together with the $tates of its
comporjents is called a global instantaneous description of P (abbreviated gidp)..If the state of P is initia), then gidp
is called initial. (See 9.5.3 and 9.6.3.)

Examplle

Figureq 1(b) and 1(c) give the trees of initial global instantaneous descriptions of an instance of the specification SP.
Subtreds of these descriptions constitute the trees of global instantaneous descriptions of the specificatjon compo-
nents, d.g. in figure 1(c), subtrees rooted at the instance of systemprocess module A, the instance of sysfemactivity
modulg B1, or the instance of activity module Al.

5.3.3 [Transitions selected for execution

Considgr an instance P of an attributed modale (see Remark below) in one of P’s global instantaneous descriptions
gidp. Assume that each module instancé-component of gidp is in one of its local situations, i.e., thatfin its state
(specified by gidp) the module instance.is offering a transition. Denote by AS(gidp) a set of transitions felected for
executipn in gidp; i.e., AS is the set-of transitions selected from among those offered by the entire sef of module
instancps, hierarchically structired in the tree of gidp of which P is the root. There may be more than jone AS set
for a given gidp due to the fondeterministic choice in case of activities (or system activities). The definftion below
characterizes all of them!

Remark: If P is apinstance of an attributed module, then by the nesting principles of 5.2, P is a descpndant of a
system|(or it is a’system itself). Therefore the definitions below serve to characterize the synchronized jparallelism
within [i.e., among the descendant instances of) a systemprocess and nondeterminism within a systemadtivity.

Definitjonof AS(gidp):

(a) If the tree of gidp is simply the single instance P, i.e., gidp = (P; sp) and (sp, tp) is the local situation 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 parallel
way, from anong-those-transitions-which-are-chosen-autonomously by every componen instance of the em_Point (b)(1)
expresses the| parent/children priority principle; point (b)(2) shows nondeterministic execution among a hierarchy of acfivities,
and point (b){3) indicates that every transition offered by a process within a system, if not constrained by a ancestor/desdendant
priority confljct, will be selected and executed.

Example

In Figure 1(c) consider the tree of gid for the systemprocess which is an instance of the module A (in this expmple,
declared names of modules are used as names of their instances).

(a) Assume:

null is offered (locally) by A
null is offered by Al

(11 is offered by A1l

(12 is offered by A12

(2 is offered by A2.

In thik case: AS(gida) is either {t11,t2} or {t12,2}.

(b) Apsume:
ame as in (a) but t1 is offered by Al.
In this case: AS(gida) = {t1,t2}.

(c) Apsume:
s in (b) but t is offered by A
In this case: AS(gida) = {t}.

Remark: As observed earlier, for)a given gidp, there may exist more than one set of transitions selected for execu-
tion. This is due both to the nohdeterministic choice in the case of activities (point (b)(2) of the above definition,
illustrated Hy Example 3(a)),'and to the local nondeterministic choice in selecting a transition by a module inyolved.
Therefore, [in the text-that follows, AS*(gidp) will denote the set of all possible sets of transitions selecfed for
execution i a given'gidp, and AS(gidp) will denote an element in AS*(gidp).

Note finally that each set AS (and in consequence the set AS*) may depend on the current delay values and npt only
on gidp. As was indicated in 5.3.1, the transition to be offered by a module instance may depend on thes¢ delay
values. The precise nature of this dependency is defined in 9.6.5.

5.3.4 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).

Denote these system modules Sy, ..., Sy, where n > 1, and n may vary depending on the initial gid of SP.

Noticertha overy—gidep—itsp sous—de
this gilsp/S;. Similarly, let AS(

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

ke ek ==

o

. T-1 1 o L QD sxrn vmmam o fiimlas Faid R N R At ol s .
By a giooat situation of Sr, we€ mean a tupie: (gidsp; Ag,...,Ay), WNETE eacn A; 1S @sset of transi

compopent instances of the system rooted at S;.

< PRSI

T L1 e 2~ ~
A ’lUbdl 1LUdLIOIn U

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

Each tfansition t of a component module instance may change intérnal objects of the instance (state)

...................

and 9.§.4. Clearly, t(gidsp) € t*(gidsp).

The fo]lowing property is assumed below:

r gidsp, then t; is also defined-for any tj(gidsp) and similarly, t; is defined for any t;(gidgp).

NOTE {— For a given gidp, there. are only three ways the execution of a transition t; may make another transition
either tjjchanges values of some yariables of the module instance, call it Pj, the transition t; belongs to, or it release]
instancg P;j, or it detaches an_interaction point of the module instance P;. In each of these cases, t; must be a tray

gidsp/S;) denote the set of transitions selected for execution from\a
PRSI SRR ./ SR I IS SRS SUSEPRNN RPUISPREY LIRS TN DR S UIRPIPPRPRPRE: B o S o) NSRS S TR T -
Lransitons OHercd vy uUiC Ciuic Subuce 01 moauic HISLICCS 1001Cd at Oj. 1118 UCe 18 calied tne Sys[em

'ﬂf two transitions t; and t; are selected by S; and S;, respectively, and both are defined as partial fung
o

S;; denote
ong those
rooted at S;

ljons of the

and, by its

aly transform
a gid i more than one possible way. Given a gidsp and a transition t, in this clause, we will use the notﬂy

to represent one of the possible resulting global instantaneous descriptions and the notation t*(gidsp)
the setof all possible resulting global instantaneous.descriptions. Precise definitions of these are giy

ion t(gidgp)
0 represent
en in 9.5.3

tions

t; undefined:
5 the module
sition of the

parent ipstance of the medule instance P; in gidsp. This is not possible by the parent/children priority principle of fhe definition

of AS(gidsp) from 5.3(3.

Intuitively speaking the above property says that systems rooted at P; may really run independently des
that th¢y dnterchange messages. Due to the above property, this possible concurrent execution may be|

exprestedby interleaving

pite the fact
adequately

Given a global situation, sit = (gidsp; Ay, ..., Ayp), the set of next global situations is described as follows:

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.

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

NOTES

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

© ISO/IEC

1 There are as many next global situations of the situation sit as there are possible choices of next transition t (and its result) in

case (b), and different empty sets A in sit, for the case (a). In addition, in case (a), all po
from nondeterrrimi .

2 The above ¢
possible inter]|
executing and
is only a mea
actually execul

3 Once a set
generated in t

try again in it

that a system

the system S;.

A sequence

and for every

A global sity
sitj—; descril

5.3.5 Cong

Some Estell
a transition’

by two valu
time values

nto-account

ssible choices of the set AS resulting

efinition expresses the fact that no assumptions are made about the relative speed of execution of transitio
eavings of them must be considered. Notice, however, that once a transition is in the set A;, it is considere

hs of expressing concurrency without any implicit possibility of waiting an unspecified anfount of time
fing.

This means that each system runs independently from the others.

f global situations of SP, sity, sity, . . ., sitj, . . ., is called a computation of SP if and only if sito is
j > 0, si; is one of the next global situations of sit;—; as'described by (a) or (b) above.

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

rept of time in the model

with respect to the dynamic change of global situations, as described in the previous clause, rela

progress of fime and computation.

The comput;

terms: one 0
in a module

appropriate

no specific tela

account.

htional modelfor Estelle (as described in 5.3.3 and 5.3.4) is intentionally formulated in time-indep

sequences of interleaved transitions have been considered as possible computations. In this persp

me N and ex¢ On Spee ) [) 0 O nown O

cannot be suspended as a result of another transition which completed its task earlier. In other words; interl

of transitions AS(gidsp/S;) selected by the system S; for execution is actually executed, then a new set
he new global instantaneous description “projected” onto the system. If this AS sef'is empty, then the syste
next “system snapshot”, the duration of which is unknown. This is expressed/by, (a). Alternatively, one mpy say
bxecutes a “null” transition. Thus, the moment when a new set AS of action§.is generated is solely determi

f the prinéipal assumptions of this model is that nothing is known about the execution time of a traf
instance.” Knowledge of execution speeds is considered implementation dependent. That is W

s. All

to be
taving
before

1}
q

AS is
m will

ed by

initial,

ation sit;(j > 0) in a computation is a snapshot of theé-system S;(i = 1,...,n) if it is a next situatfon of

b transitions may contain a delay-clause (see 7.5.7). The intention of the delay-clause is to indicafe that
b execution (if it is enabled jin“a-state) should be delayed. Two times are associated with a dela
minimum tifne the transition must be delayed and the maximum time it may be delayed. These are initially spg
bs of integer expressions\eccurring in the delay-clause. The dynamic change (non-increasing) of

y: the
cified
these
es the

tndent
1sition
hy all
ECtive,
n into

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
[x] 0 or 1 instance of x
{x} 0 or more instances of x
+{x} 1 or more instances of x
x|y grouping: either of x ory
x|y 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
(%) time progresses as the computation does, and

~

Point (}

the foll
are con
is admi

The tec

6

6.1

The md

Form.
the me

A metd
nonteri|
clauses
interve

)

[

N

b) this progression is uniform with respect to delay values of transitions involved.

bwing situation, then their delay values would decrease.(if ‘at all) by the same amount. Any other
bidered implementation dependent. Any constraint, however, which does not contradict the above
ksible, e.g., for simulation purposes.

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

efinitional Conventions

pyntax definitions

talanguage used in-this International Standard to specify the syntax of constructs is based on B

Inings of the-yatious metasymbols.

7¢and 8 and Annexes A and C and their subclauses this concatenation shall be direct; no char

) means that given two enabled and delayed transitions in’a‘computation situation, if they remain

[he notation has been modified from the original to permit greater convenience of description. T

-identifier-shall be a sequence of letters and hyphens beginning with a letter. A sequence of tdg
hinal'Symbols in a production implies the concatenation of the text that they ultimately represq

enabled in
constraints
hssumption

ickus-Naur
able 1 lists

rminal and
nt. Within
hcters shall

rules set out in clauses 7, 8 and Annex C.

I Hotla 4 Lol s Yoos £+ 1 Qeoen dood ol + 41 bholl ba s Ao 1tk ¢l
TCTIramruurel parts T tHIms Tinciratuiiarotamtalr Giinc Ui atv ITa o Sra i U U T at T UTraaticv oWt

€ grammar

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 the words “of”, “in”, “containing”, and “closest-containing” when expressing a relationship between terminal

Oor nonterm

the x Jof a y: refers to the x occurring directly in a production defining y

the x[in a y: is synonymous with “the x of a y”

ayc

the y

that ¥.

These syntdctic conventions are used in clauses 7, 8 and Annex C to specify certaiif syntactic requirements a
the contexts within which certain semantic specifications apply.

inal shall have the following meanings:

ntaining an x: refers to any y from which an x is directly or indirectly derived

Closest-containing an x: that y which contains an x but which does not contain another'y containing

nd also

By conventjion, when terminal and nonterminal symbols appear in prose déscriptions of constraints and informal

semantics,

6.2 Semantic notations

The followjng is a summary of the most important notations used in clauses 5 and 9.

hese symbols are in bold font.

Sets:
0 |— empty set
€ |— setelement
U |— setunion
N |— set intersection
J R0
XEA
— union of all'setsP(x) defined over the index set A
— set subtraction
— set cartesian product
POWER(A)
2XtHe 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

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 alsoypartial)
dom(f)
— the set of all elements in the set A for which the (partial) function f : A ~» B,iS defined (the domain

f

Meta-¢
The mg

ing pr9

4
(
I

fi(a)(b) = (f(a))(b)

flg] — the covering operator which for any two partial functions f: A ~» Bandg : C ~ D

fi(ai/vi,...,a0/Vn)

of f)
:A~ B~ Cmeansf: A~ (B~ C) (similarly for —)

— see above

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)

— simultaneous substitution, i.e., an opérator that, for a given function f : A ~B, aj,...,4
and vy,...,v, € B, returns the funcfion of the same domain and identically defined as f fi
(i=1,...,n), and assuming the value v; for an argument a;

xpressions:

talanguage used for semantic definitions is a mixture of conventional mathematical notation and
gramming-like constructs; which are assumed to have known meanings:

\ssignment: metasvar-= meta-exp

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

Forall statement: forall x € Set do meta-stm

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

returns the

L € dom(f)
rall a # a

the follow-

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 exp

lain 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:

INSTM, B, E)
INST(M, E)
[Estelle-statement]p

L interpretation of an Estelle statement in a module instance P (as a partialfunction from the insfance’s

valp(IEstelle-expression)

7 Language elements

7.1 Introduction

definition B in a context environment E

| the set of instances of any module given by a module-header-definition M in a context envirg
E

Ltates into sets of instance’s states); i.e., [ ]p denotes the semantics of stateéments.

L interpretation of an Estelle expression in a module instance P (as)a partial function from the ins
Ktates into the set of values); i.e., valp denotes the semantics of expressions.

erbody-

nment

ance’s

This clause|defines the elements of the language;-giving the syntax with BNF grammar rules, the context dependent

static constraints and scope rules, and the informal semantics with references to formal semantics.

7.1.1 Chgracter set

The charac

NOTE — A$ noted in Annex C, the representation of any letter (upper-case or lower-case, differences of font, etc.) o
anywhere outside of\a character-string (see Annex C, 6.1.7) shall be insignificant in that occurrence to the meaning
specification|

ers appearingdn Estelle specifications shall be those defined in ISO/IEC 646:1991.

curring
of the

7.1.2 Estelle scope rules

7.1.2.1

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

16
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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

The reg

Remarl

“block’

7.1.2.4

The sco

7.1.2.5

When a
the sam|
B shall

7.1.2.6

The reg
scopes.

The re

The reg
scopes.

The reg
scopes.

yion that 1s the interaction-identifier of an interaction-reference shall be excluded from thg

. . . . . . fa

S > <

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

e spelling has a defining-point for some region B enclosed by A, then region B and all regions ¢|
be excluded from the scope of the defining-pointfor region A.

jon that is the FIELD-SPECIFIER of a FIELD-DESIGNATOR shall be excluded from thg

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

ion that is the'exported-variable-identifier of an exported-variable shall be excluded from th

- In the clauses above referencing the modified Pascal Standard (Annex C, clause 6), all’references to

pe of each defining-point shall be its region (including all regions enclosed by that region) subjject to the
constraints in clauses 7 and 8, and in Annex C. (Note especially 7.1.2.6).

h IDENTIFIER or LABEL has a defining-point for region A and another IDENTIFIER or LABEL having

nclosed by

enclosing

The rejlon that is the role-identifier of an interaction-point-type shall be excluded from the enclosing copes.
i

e enclosing

enclosing

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

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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7.1.2.8

Within the scope of a defining-point of an IDENTIFIER or LABEL, each occurrence of an IDENTIFIER or
LABEL having the same spelling as the IDENTIFIER or LABEL of the defining-point shall be designated an
applied occurrence of the IDENTIFIER or LABEL of the defining-point, except for an occurrence that constituted
the defining-point 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 — Within the scope of a defining-point of an IDENTIFIER or LABEL, there are no applied occurrences of an IDEN-
TIFIER or LABEL that cannot be distinguished from it and have a defining-point for a region enclosing that scope.

7.1.2.9

The definipg-point of an IDENTIFIER or LABEL shall precede all applied occurrences-of that IDENTIFIER
or LABEIL contained by the body-definition of the specification with one exception,\namely that an IDENTI-
FIER may| have an applied occurrence in the TYPE-IDENTIFIER of the domain-type of any new-pointer-types
contained by the type-definition-part that contains the defining-point of the TYPE-IDENTIFIER.

7.1.2.10

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

7.1.2.11

Whatever an IDENTIFIER or LABEL denotes-at its defining-point shall be denoted at all applied occurrgnces of
that IDEN[TTFIER or LABEL.

NOTE — Within syntax definitions, an applied.occurrence of an IDENTIFIER is qualified, e.g. TYPE-IDENTIFIER,|whereas
a use that c@nstitutes a defining-point is not qualified.

7.2 Structure of a specification

7.2.1 Symtax

I

specffication = “specification” IDENTIFIER [ system-class ] “;”
[ default-options ]

[ time-options ]

body-definition

“end” . .

system-class

“systemprocess

t3] |u

systemactivity” .

18
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@,

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

39 ¢ (3 l “

queue-discipline = ‘“common” “queue

Iu 173

individual” “queue” .

time-options = “timescale” IDENTIFIER “**

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

7.2.2 |Constraints

The IDENTIFIER of the specification shall be the specification narme which shall have no significanc¢ within the
specifi¢ation.

If a specification is declared with the systemactivity keyword as its system-class, then it is said to have the sys-
temact]vity attribute and all enclosed modules (if any) mustde’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 which is to be used for any interaction point declarption in the
specifi¢ation which has no explicit queue-discipline specified. A default queue-discipline shall be proyided if any
interaclion point within the entire specification is declared without a queue-discipline.

If specjfied, the timescale option defines-the default units for all delay clauses specified for transitionls contained
within the specification. See 7.5.7.

The se} of allowable IDENTIFIERs for the time-options shall include the identifiers hours, minutes, seconds,
milliseconds, and microseconds.

7.2.3 |Interpretation-rules

A specification-module with a default option included is semantically equivalent to the same specificatjon without
this opfion where, for any interaction-point-declaration without a queue-discipline, the default optipn above 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 ];

end;

body identifier for header-identifier;
body-definition

end;

where the hdader-identifier in the module-header-definition and module-body-definition are the same identifier,
and the body| identifier and the specification identifier are the same, and the body-definition within the specifigation
is identical with the one in the module-body-definition, and the keyword systemactivity or systemprocess agpears
in the specification if, and only if, it appears in the module header.

7.2.4 Informal semantics

Initially, it if assumed that a specification instance exists in one of the initial stafés that results from executing a
transition from its initialization-part (7.5.10) if the initialization-part is non~empty. If the initialization-part is
empty, then fhe instance exists in a preinitial state, as defined in 9.4.5.2.

The global fehavior described in 5.3 applies only to collections of systems of modules defined by a specificafion.

7.3 Declaration part

The clauses|of the declaration-part are given below. They may occur in any order and each, except for the|state-
definition-gart, may occur more than once.

7.3.1 Syngax

declafation-part = { declafations } .

declafations = CONSTANT-DEFINITION-PART

| TYPE-DEFINITION-PART

| channel-definition

| module-header-definition

| module-hody-definition

| interaction-point-declaration-part

| module-variable-declaration-part

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

| state-set-definition-part

| PROCEDURE-AND-FUNCTION-DECLARATION-PART .

20
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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
there is a procedure-block or function-block following the procedure-heading or function-heading which is a
block (net-primitive)-and-thereisaregion B enclosed by A which is a hody-definition, then region B and all
regions ¢nclosed by B shall be excluded from the scope of the defining-point for region A.

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

7.3.3 Informal semantics

A declafration-part of a body-definition establishes sets of permissible valdes) for each internal objeft of each
instanceof a module with this body-definition (i.e., the set of states of an instance; see 5.1 and 9.4) and the external
context environment in which the instances of the children modules are defined (see 9.3).

The 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

7.3.4.1 | Syntax

channel-definition = channel-heading channel-block .

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

channel-identifier = IDENTIFIER .

rolexlist = IDENTIFIER “,” IDENTIFIER .

role-identifier = IDENTIFIER .

channel-block = +{ interaction-group } .

21


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

ISO/IEC 9074:1997(E) © ISO/IEC

TRl [T

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

interaction-definition = IDENTIFIER
[ “(” VALUE-PARAMETER-SPECIFICATION
{“” VALUE-PARAMETER-SPECIFICATION } “)”] “;” .

interpction-argument-identifier = IDENTIFIER .

interpction-identifier = IDENTIFIER .

7.3.4.2 (onstraints
The occurtlence of an IDENTIFIER in the channel-heading of a channel-definition shall constitute its d¢fining-
point as a ¢hannel-identifier for the region that is the body-definition closest-containing the channel-definition.

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

Each role-jdentifier referenced in an interaction-greup shall have been previously specified in the role-list of the
channel-h¢ading of the channel-definition that closest-contains the interaction-group.

The occurfence of an IDENTIFIER in the interaction-definition of an interaction-group shall constftute its
defining-p¢int as a interaction-identifier for the region that is the channel-definition.

The occurence of an IDENTIFIER in the value-parameter-specification of an interaction-definition shpll con-
stitute its defining-point as a interaction-argument-identifier for the region that is the interaction-definitipn.

A type shgll be designated @s jpointer-containing if it is a pointer-type or it is a structured-type possgssing a
component-type that is pointer-containing.

A VALUEFPARAMETER-SPECIFICATION of an interaction-definition of a channel-definition shall not con-
tain a TYRE-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 and not
associated with the second.

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

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

Example:
¢hannel 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;

7.3.4.4 Informal semantics

For a given interaction point, a module assumes a role declared by, a role-identifier contained in the|role-list of
a channel-heading. A module may send an interaction associated-with its assumed role. A module that assumes
the opposite role may receive interactions associated with thedirst'role. (See also module interconnection, 7.6.3
to 7.6.7.)

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

Each ipteraction-definition in an interaction-group-is said to be associated with each role-identifier of this
intera¢tion-group.

7.3.5 |Interaction points

NOTE {— An interaction point has three-attributes:

+ the channel identifief referenced,;
+ arole identifier specifying which interactions the module may send and which it may receive;

+ the queuing-discipline to be used for interactions received through the interaction point.

Interactfon pointssmay be declared in two forms: external (7.3.6.1) or internal (7.3.8). Like interaction points may be grouped

into arrgys,

7.3.5.1 Interaction point declaration part

7.3.5.1.1 Syntax

interaction-point-declaration-part = “ip” +{ interaction-point-declaration ;" } .
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interaction-point-declaration = IDENTIFIER-LIST “:” interaction-point-type
| IDENTIFIER-LIST “:” “array” “[” index-type-list “I7
“of” interaction-point-type .

interaction-point-identifier = IDENTIFIER .

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

i

=

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

7.3.5.1.2 Constraints

NOTE —} Interaction point identifiers may be referenced only in the binding/operations connect and attach (7.6.3|and 7.6.4),
the unbirding operations disconnect and detach (7.6.5 and 7.6.6), the when clause of a transition (7.5.6), and in|the output
statement (7.6.8).

If a queue-discipline is not given in an interaction-pointideclaration, then the default queue-discip!ine of the
specification shall have been specified, and the default qaéue-discipline shall be used as the queue-digcipline of

the int:lilction point.
An INDEX-TYPE of an index-type-list of an interaction-point-declaration shall be a finitt ORDINAL-TYPE.

The occhrrence of a channel-identifier in an(interaction-point-type shall constitute the defining-point df the role-
identifiers associated with that channel-identifier for the region that is the interaction-point-type.

NOTE —| The role-identifier of the intefaction-point-type must be one associated with the channel-identifier of the ifiteraction-
point-type.

7.3.5.1.8 Informal semantics

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

An intefaction point is an abstract, bidirectional interface through which a module may send and receive irfteractions.

: e cl=ide ; : at channel-
identifier. Any interaction associated with that role may be sent through an interaction point of this interaction-
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

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 occurrence of an IDENTIFIER in the interaction-point-declaration of a module-header-definition shall
constitute its defining-point as a interaction-point-identifier for the region that is the module-header-fefinition
and shall associate the interaction-point-identifier with a distinct component of the module-header-ty

®

7.3.5.2.7 Informal semantics

External| interaction points may be bound using connect and attach operations (se¢’ 7.6!3 and 7.6.4) and unbound
using digconnect and detach operations (see 7.6.5 and 7.6.6).

7.3.6 Module header

7.3.6.1 | Syntax
mbdule-header-definition = “module” IDENTIFIER [class] [ “(” parameter-list )" ] *;”
[ “ip” +{ interaction-point-declaration “;” } ]

[ “export” +{ exported-variable-declaration “;” } ]
‘LendY’ “;9’ .

hgader-identifier = IDENTIFIER\}

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

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

CLARATION

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
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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
is the body-definition of a module-body-definition having an applied occurrence of the header-identifier of the
module-header-definition.

The occurfence of an IDENTIFIER in the interaction-point-declaration of a module-header-definitipn shall
constitute fits defining-point as a interaction-point-identifier for the region that is the module-header:dé¢finition
and shall ¢ssociate the interaction-point-identifier with the header-identifier.

odule parameters are passed by value (see 9.6.6.1).

-PARAMETER-SPECIFICATION of a parameter-list of a module-header-definition shall pot con-
tain a TYPE-IDENTIFIER denoting a pointer-containing type.

The optiopal keyword systemactivity or systemprocess shall be used in a module-header-definition if the
transition-declaration-part of at least one associated body-definition is non-empty and no enclosing mpdule is
attributed pith the keyword systemactivity or systemprocess.

The optional keyword systemactivity or systemprocess shall not be arsed if an enclosing (i.e., ancestor) mjodule is
attributed pvith the keyword systemactivity or systemprocess.

The optional keyword activity or process shall be in each enclosed (i.e., descendent) module-header-definition of
a module that used a keyword systemprocess or systemactiyity.

The optiopal keyword activity or process shall not be used in modules enclosing a module attributed with the

keyword systemprocess or systemactivity.
A modulerbody-definition associated with a module-header-definition with a keyword systemactivity orfactivity
shall not ejnclose a module-header-definition with a keyword process.

Remark: From the above constraints gne.may derive that:

ach active module shall-be attributed,
ach ancestor of a module attributed as systemprocess or systemactivity shall be inactive and unatfributed,

ach descendant of a module attributed as systemprocess or process shall be attributed as prcess or

— gach 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.

7.3.7 [Module body defimition

The mpdule-body-definition shall associate a header-identifier with a module body-identifier'and it body.

7.3.7.1 Syntax

module-body-definition = “body” IDENTIFIER “for” header-identifier:”
( body-definition “end” “;” | “external” ") .

7.3.7.21 Constraints

The odcurrence of an IDENTIFIER in the'module-body-definition shall constitute its defining-poin{ as a body-
identifier for the region that is the body-definition closest-containing the module-body-definition| When an
IDENTIFIER has a defining-pointas a body-identifier for region A and there is a region B enclosed byl A which is
a body|-definition, a PROCERDURE-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 ogcurrence of a header-identifier in a module-body-definition shall constitute a defining-pdint of each
interagtion-point.identifier associated with that header-identifier for the region that is the moldule-body-
definition. Whefi'an IDENTIFIER has a defining-point as an interaction-point-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 of refgion A.

The occurrence of a header-identifier in a module-body-definition shall constitute a defining-point of each
exported-variable-identifier associated with that header-identifier for the region that is the module-body-
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 may be more than one module-body-definition associated with a given module-header-definition. Each
module-body-definition defines one possible internal behavior of a module, where the external visibility is given
by the modfile-header-definition. A body for a module s selected in an init statement when a module instgnce is

created.

7.3.8 Intefnal interaction points

Internal intdraction points shall be specified in an interaction-point-declaration within, the declaration-pa
module body-definition.

7.3.8.1 Constraints

The occurr¢nce of an IDENTIFIER in the interaction-point-declaration of an interaction-point-declar
part shall ¢

7.3.8.2 Informal semantics

with a chil
unbound u

Internal in}raction points may be used to exchange interactions within a module instance or to exchange inter

7.3.9 Mofglule variable declaration part

Module vafiables-identify instances of modules. Multiple instances of a single module may exist, so modu

module instance. Internal interaction points may be bound using connect operations (see 7.6
ing disconnect operations (see 7.6.5).

rtof a

ation-

bnstitute its defining-point as an interaction-point-identifier for the region that is the body-definition
closest-confaining the interaction-point-declaration-part. When an IDENTIFIER has a defining-poir
interaction-point-identifier for region A and there is a regién B enclosed by A which is a body-defini
PROCEDURE-BLOCK, or a FUNCTION-BLOCK, then region B and all regions enclosed by B shall
cluded from) the scope of the defining-point for regionA:

tas a
ion, a
be ex-

hctions
3) and

e vari-

ables servel to.distinguish between instances of modules and form part of references to exported variables and

interaction

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 .

7.3.9.2 Constraints

The occllrrence of an IDENTIFIER in the module-variable-declaration-part shall constitute its défifing-point
as a module-variable-identifier for the region that is the body-definition closest containing the module{variable-
declaration-part. When an IDENTIFIER has a defining-point as a module-variable-identifier for regjon A and
there is fa region B enclosed by A which is a body-definition, a PROCEDURE-BLOCK Vo a FUNCTION-
BLOCK, then region B and all regions enclosed by B shall be excluded from the scope ofjthe defining -point for
region Al

7.3.9.3 | Informal semantics

Module variables provide unique identification of an instance of a modulg; The initial value of a modul¢-variable
is undeflned. A value is assigned in an init statement. A release Or terminate statement causes the vilue to be
undefingd.

Module [variables are used by a parent module to qualify the reference to exported variables of children ([7.4.3) and
to qualifly the references to interaction points of children when binding or unbinding pairs of interaction pajints (7.6.3
to 7.6.7).

7.3.10 |State definition part

If the cdntrol state space of the EFSM (Extended Finite State Machine) underlying the module is nonempty, it shall
be specified by enumeration. All values.of the control state of the extended finite state machine shall be ehumerated
in a statg definition part.

7.3.10.1] Syntax

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

w2

sthte-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

The state-

Informal semantics

7.3.11 State set definition part

7.3.11.1

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

Syntax

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

statg-set-identifier = IDENTIFIER .

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

7.3.11.2

The occurfence of an IDENTIFIER in the state-set-definition of a state-set-definition-part shall cons

Constraints

ition- i rol state variable.

itute its

defining-ppint as a state-set-identifier for the region that is the body-definition closest-containing the stiate-set-
definitionfpart. Wheman IDENTIFIER has a defining-point as a state-set-identifier for region A and there is a
region B dnclosed by A which is a body-definition, a PROCEDURE-BLOCK, or a FUNCTION-BLO(K, then

region B and all regions enclosed by B shall be excluded from the scope of the defining-point for region A.

NOTE — Statetséts may be referenced only in a from-clause of a transition.

7.3.11.3

Informal semantics

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 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.

7.4.1.1 Syntax

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

module-variable-identifier = IDENTIFIER .

7.4.1.2 Constraints

The INDEX-EXPRESSION(s) of a module-variable shall b¢)cempatible and in corresponding ord
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 ty

7.4.1.3 Informal semantics

A module-variable-declaration specifies the class of module instances the module-variable may assun
(see 9.4.1 and 9.4.5 as well as 7.6.1),

NOTE {— Module variables are used.by-d parent module to qualify the reference to exported variables of children
qualify khe references to interactionpoints of children when binding or unbinding pairs of interaction points (7.6.3

7.4.2 |Interaction point reference

7.4.2.1 Syntax

er with the

pe.

he as values

7.4.3) and to
07.6.7).

onfiect-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 occurr¢nce of a module-variable in an child-external-ip shall constitute a defining-point for edch interaction-

point-identifier associated with components of the module-header-definition possessed by-the module-va

riable.

The intera¢tion-point-identifier of an interaction-point-reference of an external-ip shall’have a defining-point in

an interactjon-point-declaration of a module-header-definition.

The intera¢tion-point-identifier of an interaction-point-reference of an internal-ip shall have a defining-point in

an interactjon-point-declaration of an interaction-point-declaration-part of a body-definition.

Any IND
with the

-EXPRESSION of an interaction-point-reference shall.b compatible and in correspondin
EX-TYPE(s) contained in the corresponding interaction-point-declaration.

7.4.2.3 Informal semantics

b order

An interacfion-point-reference identifies an interaction point, either external or internal, of a module instance, or

an externalfinteraction point of one of its child instances (see 9.6.1).

7.4.3 [Exported variable reference
7.4.3.1 Syntax

9

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

expofted-variable-identifier = IDENTIFIER .

7.4.3.2 Constraints

The occurrence of an IDENTIFIER in the VARIABLE-DECLARATION of an exported-variable-li

st 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;
irfitialize
to sO
begin
alli: 1..ndo
begin
init X[i] with bodyid;
X[i].y :=0; { exported variable reference }
end
end

Exportdd variables may be referenced in the BOOLEAN-EXPRESSION of a forone statement or af
expressfon.

Examples:

or

7.5

7.5.1

The noflion of atransition is central to the functioning of any finite state machine. The informal descriptio
transitipns i§ given in 5.1; the formal semantics is given in 9.5.1.

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

forone T:transport suchthat T.y =2

=

do —

rovided exists Z:network suchthat Zsy-= 2
begin — end

Transition declarations

General introduction

exist-one

h of Estelle

7.5.2 Transition

7.5.2.1 Syntax

transition-declaration-part = { transition-declaration } .
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transition-group = +{ clause-group transition-bl

Cliupe-proup—=—provided-chiuse]
W[ from-clause ]

Y[ to-clause ]

([ any-clause ]

[ delay-clause ]

thl whan_olanca 1

Y Wiilii-CiauscT |

[ priority-clause ] .

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

trangition-block

me ] STATEMENT-PART

ix

trangition-name “name” IDENTIFIER “:” .

7.5.2.2 (onstraints

A transitipn-group shall be well-formed, as defined below.

Definition

transition ¢lause.

34

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

(a) The category df*a transition clause may be one of the following: provided, from, to, any, delay, when, or

priofity.

(b)

f Acis.a transition-block, then A is a well-formed transition-group.

=groups,

(C) 1y-+-+-5Cn Z T,---5 tn

then cit; - - - cuty is a well-formed transition-group if and only if, the following three conditions are true:
(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 Informal semantics

Each njodule instance is an EFSM (Extended Finite State Machine). Each time a module instance 48 pgermitted to
executq, it executes one enabled simple transition (defined below) from among those defined within the module
transition-declaration-part. The semantics of these transitions together with the way they are. Selecfed for exe-
cution |s given in 9.5, 9.6.3, and 9.6.5. If the transition-declaration-part is empty, themeach module and each
moduldq instance is called inactive (see 5.1).

The syntax allows a transition to be identified by an optional name which is written itamediately before the STATE-
MENTPART of the transition-block. Such names may be useful for documentation purposes and in ipplementa-
tion hiijts for automatic implementation tools. Like comments, they do not chdnge the meaning of a spegification.

7.5.2.4| Interpretation rules

In Estelle it is possible to nest or telescope transitions, as in the exdmples below, where e.g., one from-clajuse applies
to two fransition-blocks. However, formal semantics are defineéd only for simple transitions, i.e., transifions which
are neither nested nor contain an any-clause. The first part of this clause defines the mapping from nested transitions
to expanded transitions. The second part defines the interpretation rule for the any-clause. Applying bo parts to a
transitipn yields a set of simple transitions equivalent t0 the original one.

7.5.2.4]1 Expanding nested transitions

Definitjons:

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

An inpyt transition is ainexpanded transition that has a when-clause in its clause-group.

A sponfaneous 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 |containing
exactlylorie’expanded transition. This equivalence is defined by the following recursive function, expamr:

Let “trans” t be a transition-declaration, where t is a well-formed transition-group. Then it follows from the
definition of well-formedness that t = cit; - - - caty, where all ¢; are of the same category, fori=1,..., n.

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;
ifn> 1:

renlacaflo.t ot ) —
Fepracetorty St

© ISO/IEC

where fori=1,...,n— 1, ¢; is “provided” b;.

The definition of insert is as follows:
inserf(c, “trans” t; - - - “trans” t, ) = “trans” ct; “trans” cty - - -“trans” ctp

The definition of expand’ is as follows:
if t islexpanded:

expand’(“trans” t) = “trans” t

otherwise:

Fecall that t = ¢yt - - - cyty.

There are two cases:

ifn=1:

ifn>1:

expand’(“trans” oty - - - Cotn)

The functigdn expand can now be defined as:
expand(“trans” t) = expand’(“trans” replace(t))

city -« - Ca—ity—1 “provided not” ((by) “or” (by) “or” - - - “or” (by—1)) tu,

expand’(“trans” t) = insert(c;, expand’(“trans>replace(t;)))

expand’(“trans” t) = insert(c;, expand'(‘rans” replace(t;)))

Changing the keyword “trans” to “initialize!” in the above functions gives the values for the initialization-p4rt.

Example:
(a) trang
when ip.m
from A
any.Xs1..2do
provided E(X)
to C
begin
S11(X); S12(X)

provided otherwise
toC
begin
S2
end;
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from B
to C
begin
S3
end;

is a shorthand notation semantically equivalent to (b).
(b) trans

when ip.m

ISO/IEC 9074:1997(E)

from A
any X:1.2do
provided E(X)
to C
begin
S11(X); S12(X)
end;

trhns

when ip.m
from A
any X :1.2do
provided not E(X)
toC
begin
S2
end;

trjans

7.5.2.4,

If an an

notatio
called

expand

when ip.m
from B
to C
begin
S3
end;

2 Interpretation of any-clause

any-clause by one and the sa
one simple, expanded transition for each vector of values of ORDINAL-TYPE(s) contained in the any-clause. 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:

y-clause occurs in an expanded transition then the corresponding transition-declaration is only 4 shorthand
\ for a séquence of transition-declarations that contain no any-clause. The transitions in this sgquence are
gimple. yEach of these transition-declarations contains an expanded transition resulting from the original
Ed tfansition by replacing each applied occurrence of each IDENTIFIER in the IDENTIFIER-LIST of the
{use by one and the same vatue fronr e ORDPINAE-TYPE of the-any=clause{see7#5-9)y—the

re shall be

37


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

ISO/IEC 9074:1997(E)

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

© ISO/IEC

when 1p.m
from A
provided E(2)
toB
begin
S11(2); S12(2)
end;

7.5.3 Tolclause

7.5.3.1 Syntax

to-clause = “to” to-element .

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

7.5.3.2 (onstraints

A to-clauge shall not be,used if there is no state-definition-part in the declarations of the declaration-part of the

closest-coptaining body-definition.

7.5.3.3 Informal semantics

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 } .

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

7.5.4.2| Constraints

A fror‘;tclause shall not be used if there is no state-definition-part in the-deéclaration of the closest{containing
body-definition.

NOTES

1 Elemgnts of a from-clause need not be distinct.

2 Statefidentifiers and state-set-identifiers may be mixed in a fromtlist.

7.5.4.3| Informal semantics

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

If no from-clause is present, it is aSspned satisfied; i.e., the transition may be executed regardless of the control
state.

7.5.5 Provided clause
7.5.5.1 | Syntax

royided-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;
providedp, o

provifled otherwise t,
is semanticglly equivalent to

proviedp; t;
providedp, t;

provided NOT (py ORp2 OR --- OR pp—1) tn.

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

7.5.6 Whegn clause
7.5.6.1 Syntax

G,

when-clause = “when” when-ip-reference ‘{\interaction-identifier
[ interaction-argument-list] .

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

interaction=argument-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-
definition is found in the value-parameter-specification of the associated interaction-definition.

7.5.6.3 | Informal semantics

A whernl-clause is a part of the enabling condition of a transition. It is satisfied if the interaction identified by the
interaction-identifier is at the head of the queue associated with the interaction point indicated by thg when-ip-
referenge (see 9.6.2(a) and 9.6.3). The interaction at the head of the queue is dequeued.onily as part of thg execution
of the tlInsition.

If the inferaction-argument-list is not present, then the when-clause is semantically equivalent to the sgme when-
clause qugmented with an interaction-argument-list that satisfies the constraint of 7.5.6.2.

7.5.7 Delay clause

7.5.7.1 | Syntax

[=N

tlay-clause = “delay” “(” (EXPRESSION ‘" EXPRESSION
i EXPRESSION “'” ok
| EXPRESSION )

“)”

7.5.7.2 | Constraints

The valpe specified by an'\EXPRESSION of a delay-clause shall be of type INTEGER.

If a delay-clause iS/specified in a transition of a module, then the timescale option of a specificatiqn shall be
specifiefl.

NOTES

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

2 A delay-clause may be used only for spontaneous transitions; that is, transitions which do not contain a when-clause.

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 5.3.4) but t was not enabled in the previous step, or if t was executed in the previous step.

Once newl
be offered
or not dep

There is a
newly ena
El <=E
still may d

regarded af “up to the implementer”. Thus, for E2 = *, which is interpreted to medn that the delay time has n

bound, the

Once new

y enabled, t cannot be executed until it remains enabled for at least E1 time units. More precisel
for execution only after E1 consecutive time units of being enabled. Whether it is in fact then ¢
bnds on other factors (e.g., priority and non-determinism).

bled, if t remains enabled but is not fired in each consecutive computation stepfor E time units
< E2, then even if t is the one and only enabled transition within a module\instance at that m
r may not be executed. Because of the nondeterminism of the semantics ofEstelle, the decision

re is no requirement that the transition ever be executed.

then t mu

moment, then they are all offered for execution.

The precige description of which transitions are offered for execution in a given state, with respect to th
values, is given in 9.6.5. The computation scheme is described in 5.3. Together these ensure that a transitio
delay-clayse obeys the informal description given above.

NOTE —
comment, i
“)” eliminaf

7.5.8 Pr

7.58.1 S

prio

y enabled, if t has been enabled but not fired in each consecutive computation step for E2 tim
be offered by the module instance for execution. Of cours€\if there are other enabled transition

Che construct “delay (a, *)” is syntactically unambiguous. Note, however, that if this were to be embed
would terminate the comment, as “*)” is-an alternative Pascal comment delimiter. A space between the “*
es this possibility.

ority clause

yntax

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

Y, t may
xecuted

subtle difference in treatment of t in the time between E1 and E2 time units and after E2 time unifs. Once

, where
ment, t
may be
0 upper

e units,
s at this

e delay
n with a

ided in a
 and the

prio

bt caonctant — TINSIGNED - INTEGER | CONSTANTIDENTIEIER
HY-60 IO E DI T E O EIT T CONO T D e I I —

THytat

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
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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 [Anyclause

7.5.9.1

7.5.9.2

The ocq

Syntax

any-clause = “any” domain-list “do” .

domain-list = IDENTIFIER-LIST “:” ORDINAL-TYPE

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

Constraints

urrence of an IDENTIFIER in an IDENTIFIER-LIST of the domain-list of an any-clause of a

ransition-

group ghall constitute its defining-point as a variable-identifier for the scope-region associated with the any-clause

(see 7.5
An IDH

.2.2 for the definition of scope-region).

NTIFIER occurring in an IDENTIFIER<LIST of a domain-list of an any-clause shall not be

within the scope-region of the any-clause.

An ORDINAL-TYPE of a domain-list'df-an any-clause shall be finite, and its bounds shall be staticall

7.5.9.3

A trans

Informal semantics

threatened

y known.

tion in which an{any-clause occurs is a shorthand for a set of transitions. This set is described in the
interpreftation rules 0£.7:5.2.4.2.

Initialization part

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.

© ISO/IEC

If there is a state-definition-part in the declarations of a declaration-part of a body-definition, then the initial-

ization-paj

initializati

7.5.10.3 Informal semantics

The initial

Only one t

minism). Te semantics for nondeterminism is the same as for transitions.

The to-ele

7.6 Est

Module in§
in the oper

ent in the to-clause of an initialization-part specifies thenitial control state (see 9.6.2(d)).

elle statements

tances may be created, released and terminated, and their interaction points may be bound and u|
htions described below. These operations\may occur in initialization and transition parts.

7.6.1 Mddule instance creation

The creati

n of and initializatiomof'a module is performed with an init-statement.

7.6.1.1 Spyntax

init-

Statement = “init” module-variable “with” body-identifier

[ “( actual-module-parameter-list “)” ] .

't of the body-definition shall be non-empty, and each transition-block of the transition-group of the
bn-part shall be in the scope-region of a to-clause (see 7.5.2.2 for the definition of scope-region).

zation-part defines a procedure to be executed only once when a moduleifistance is created (7.9.1).

ransition-block is executed when the module is initialized, even if mhor€ than one is enabled (ndndeter-

nbound

[T

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

actual-module-parameter = EXPRESSION .

44


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

© ISO/IEC

7.6.1.2

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

to the hi

The actual-module-parameter(s) contained in an init-statement shall be compatible and in corresponding order

Constraints

with the parameter-list contained in the module-header-definition for the module-variable referenced.

7.6.1.3

The exefution of an init-statement selects a particular body (body-identifier) for the module.instance 4nd initial-
izes the|module instance. An init operation assigns a value to the module-variable referenced and gssigns the
values df the elements of the actual-module-parameter-list to the elements the formdlparameter list fefined by
the parameter-list contained in the module-header-definition for the module-variable referenced. T
will be in one of the initial states that results from executing a transition from.its initialization-part (7.5.10)
itialization-part is non-empty. If the initialization-part is empty, then)the instance exists in 4 preinitial
state, as|defined in 9.4.5.2.

instance

if the i

After edecution of the init-statement, the module-variable identifies/the-module instance.

The exdcution of an init-statement includes the execution of a tfansition from the initialization-part (
of a child module whose instance is being created, i.e., the néw instance is created in one of its initialstates (for

details,

If an inft-statement references a module-variable which already identifies a module instance, a new
L created and the module-variable referencedis assigned a new value. Access to the former modyle instance
is lost unless the value of the module-variable teferenced in an init-statement is saved in another modyle variable
same type) by execution of an assignment-statement. However, access to the module instance may be
recoverpd by the use of an all-statement or a forone-statement (see 7.6.9 and 7.6.10.)

stance 1

(of the

7.6.2

7.6.2.1

Informal semantics

kee 9.6.6.1).

Release and termination of module instances

Syntax

blease-stafement = “release” module-variable .

térmimate-statement—=—"terminatemodule-variable
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.

ISO/IEC 9074:1997(E)

he module

ee 7.5.10)

module in-
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7.6.2.3 Informal semantics
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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 result of a terminate-statement is that first, all external interaction points of the medule instance identified by
the module-variable which have been attached or connected are detached (an auxiliary statement, simple-detach,

defined in
dent instar
terminated

The only d
of the mod
In the case
be change
of the mo

9.6.6.2.4, 1s used) and disconnected (see 7.6.5); and second, the module 1nstance and all us
ces are terminated and are no longer available. The value of all module-variables which ident
instance are undefined, as though they were never initialized.

ifference between a release-statement and a terminate-statement is that the exterrialinteractio
ule instance identified by the module-variable that have been attached are detached.in a different
of a release-statement, the contents of (some of) the queues of the module initiating the statem
H as a result of the semantics of the detach operation. In the case of the terminate-statement, n
Hule initiating the statement is changed, reflecting the difference between the detach operation

simple-defach operation.

The seque

detal
terny

is semanti

rele

hce of statements

ch X;
inate X

Cally equivalent to

hse X

7.6.3 Cdnnect operation

7.6.3.1 S
con
7.6.3.2 (

yntax

hect-statement = \‘donnect” connect-ip “to” connect-ip .

Constraints

descen-
fied the

h points
manner.
ent may
D queue
and the

The two interaction points referenced in a connect-statement shall be declared using identical channel-identifiers
and opposite role-identifiers within that channel.

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 extprnal interaction point of a module instance which is connected cannot be attached, at the|same time
(see 9.4.5.1 and 9.6.6.3), to an external interaction point of its parent instance (but may be attached fo an inter-
action point of its children instances). If a connect-statement is executed by a module instance it may donnect:

- two external interaction points of children instances;

—+ two internal interaction points of itself;

— one of its internal interaction points with an external interaction point'of\a child instance.

The defails are in 9.6.6.3 and within the well-formedness conditions of a-state in 9.4.5.1.

7.6.4 |Attach operation
7.6.4.1| Syntax

aftach-statement = “attach” external-ip “to*child-external-ip .

7.6.4.2| Constraints
The channel-identifiers and the role-identifiers of the interaction points referenced by an attach-statdment shall
be identical.

An attgch-statement shall.not attempt to attach an interaction point that is currently bound by the modul¢ executing
the attdch-statement:

NOTE - Table 2\(see 7.6.7) summarizes valid combinations of references to pairs of interaction points withir{ an attach-
statemept.

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 interaction points, to the second interaction point in the attach-statement. Details are in 9.6.6.2 and within
the well-formed conditions of a state in 9.4.5.1.

Note that t‘xe interactions for two interaction points whose queuing option is individual queue within ‘a

module ma;

7.6.5 Disq

7.6.5.1 Sy

disco

7.65.2 C

The interac

NOTE — A

7.6.5.3 Informal semantics

The result

one with which it has been connected are unbound.

The result
child mod
these operal

NOTE — W,
for a module

be combined into a common queue of a child through attach operations.

onnect operation

ntax

hnect-statement = “disconnect” ( connect-ip | module-variable )
bnstraints

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

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

f a disconnect-statement in-the first case is that the interaction point given by the connect-ip 3

f a disconnect-statement in the second case is that all the connected external interaction pointg
e instance identified by the module-variable are disconnected. (See 9.6.6.3 for formal definit
ions.)

hen an interaction point is disconnected, the interactions queued for it remain in the queue. Therefore it is |
to process interactions that were queued before the interaction point was disconnected.

parent

ind the

of the
ons of

ossible

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

ISO/IEC 9074:1997(E)

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

The fir

whereas

The re

the one (and only one) to which it has been attached are unbound.

Assume

st|syntactic alternative references an external interaction point of the module executing the detach

sult of a detach-statement in the first two syntactic alternatives is that the referenced interaction

bperation,

the second alternative references an external interaction point of a child. The effects of'the opgration are
identical| regardless of which syntactic alternative is used.

point and

ip1 is the relevant external interaction point of the module executing the-detach-statement; and assume ip2

is an external interaction point of the lowest level descendant module which ds-attached, by a sequence of attached

interactipn points, to ipl. When the detach-statement is executed, certain of the interactions present in

the queue

assigned to ip2 are removed from this queue and appended to the queue’assigned to ipl: these are prdcisely the
interactipns that were appended to the queue passing through both-ipl and ip2. Thus, interactions initjated by a

module ht a lower level in the hierarchy are not moved to the moduleexecuting the detach operation.

The resylt of the detach-statement in the third syntactic altérnative is that all the attached, external i

points

definition.)

of the child module instance identified by the module-variable are detached. (See 9.6.6.2 for

teraction
he formal

7.6.7 Summary of binding operations

Examples:

Figures [2 and 3 summarize, by exariple, the actions of the connect, attach and detach operations given in the
followirlg sequence of statements'contained in modules “W”, “X”, “Y”, and “Z” with interaction point “p” internal

to module “W” and “b”, “c”’\.and “d” external interaction points of “X”, “Y”, and “Z” respectively.

Statement Module of Execution
connect-axo X.b; (* within W *)
httach b to Y.c; (* within X *)
httach ¢ to Z.d; (* within Y *)

In Figures 2 and 3, the modules with access to queued interactions are indicated by the word “queue™.

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, X, Y,Z-
Y.c module identifiers
Y T4, 0, C,d
. interaction point identifiers
Zd
zZ 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 irteractions of the queue at “d” that passed through ['b” (not
those that|entered through “c”) are immediately moved to the end of the queue of module “X” for interactipn point
“b” and their order is preserved. Subsequent interactions initiated by module “W” are received by module ['X” and
are appen(led to its queue. This is the situatipn depicted in Figure 3.
Table 2 lists all valid combinations interaction point references (operands) which may appear in the attach, ¢onnect,
detach, and disconnect statements. The columns labelled first and second operand identify whether the interaction
point is thpt of a parent or child medule. The columns labelled interaction point type indicate whether the inferaction

point is in|

7.6.8 Output statement

fernal or external te the module executing the operation.

7.6.8.1 Syntax

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

interaction-reference = interaction-point-reference “.” interaction-identifier .
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W.a queue W
X.b
Legend:
queue X
WX, Y,Z-
Y.c module identifiers
Y 2 O o ¢ B IL
z d interaction point identifie
z . . .
queue . mteract'lon pomt :
: bound interaction ‘points

Binding of interaction points and access.to
queued interactions after a detach operation.

Figure 3

7.6.8.2] Constraints

The patameters of the ACTUAL-PARAMETER:LIST shall be compatible with those of the interactiont-definition.

A modple which has bound one of its interaction points with an attach-statement shall not subsequentlly reference
the intdraction point in an output-statement while the interaction point remains attached.

7.6.8.3| Informal semantics

The reqult of an output-statement is that the interaction, defined by the interaction-identifier along with its actual
paramders, if any, will'be appended to the queue assigned to the [other] connection endpoint, which is an|interaction
point lipked (see(9.5.3) to the interaction point referenced by the interaction-reference in the output-statement.

It is important/to note that outputs made through an external interaction point may be observed in the tjrget queue
only affer.the whole issuing transition is completed. This is an important assumption concerning the afomicity of
transitions.

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

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 internal
Connect child external child exterral
Connect module(1) | internal module(1) 4 \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

Notes fqr Table 2:
(1) Any module may connect two of its-own internal interaction points that have complementary rgles.

s

1) The module referenced by amiodule-variable.

~

() All external interaction points bound by an attach operation at the time when the detach oper3 tion
islexecuted are unbound for the module referenced (child). Since the detach operation may not unpind
flteraction points boufidywith a connect operation, separate disconnect operations may be required

-

(4) All external interaction points bound by a connect operation at the time when the disconnect ofjera-
tibn is executed‘are unbound for the module referenced (child). Since the disconnect operation may not
uhbind interaction points bound with an attach operation, separate detach operations may be requifed.
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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
instances.

7.6.9.1 Syntax

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

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

7.6.9.2 | Constraints

The occhrrence of an IDENTIFIER in either the domain-list or the module:domain of the an all-statement shall
constitufe its defining-point as a variable-identifier for the region that is'the all-statement.

An ORDINAL-TYPE of a domain-list of an all-statement shall'be finite, and its bounds shall be statically known.

7.6.9.3 | Informal semantics

The boynds of a domain are evaluated once and are not affected by execution of the STATEMENT within the scope
of the a]l-statement.

NOTE —}- These conditions are similar to the coniditions applied to the control variable of a for loop in Pascal.
The resilt of an all-statement is the exectition of the STATEMENT for either:

(3) all vectors of values-oftordinal type(s) given in the domain-list (the length of these vectors is gfven by the
nhmber of variable-identifiers declared in the domain-list); or
(b) all children.instances whose header definitions are identified by the header-identifier in the module-

domain.

If the dpmaif is'empty, the statement following do is not executed.

The orderef execution is arbitrary

NOTE — Results may depend on the order of execution if the statement includes a procedure that has side effects. Therefore 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;
trany
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 domajn identified by the header-identifier of a module;domain may consist solely of implicit acce§s to all
module ingtances in the dynamic domain of modules of somie module type. The domain defines a single identifier
of a given module type. The do statement is executed for each module instance of that type. For example,

modvar T: transport;

initiplize
to sO
begin
fori:=1to ndo
init Mwith body _id;
end;
tran$
from sO
to.sl
begin
all t: transport do
connecttexternal Gp to.
end;
from s1
to sO
begin
all t:transport do
release t;
end;

54


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

© ISO/IEC ISO/IEC 9074:1997(E)

7.6.10 Forone statement
7.6.10.1 Syntax

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

7.6.10.3 Constraints
The ocdurrence of an IDENTIFIER in either the domain-list or the module-domain Jf’a forone-statement shall
constitufe its defining-point as a variable-identifier for the region that is the forone-$tatement.

An ORPINAL-TYPE of a domain-list of a forone-statement shall be finite;zand its bounds shall b¢ statically
known.

An IDENTIFIER in the domain-list of a forone-statement shall not havg-an applied occurrence in the [otherwise
clause of the forone-statement.

7.6.10.3 Interpretation rules

The forpne-statement without the otherwise clause is*semantically equivalent to the one with the otherwise clause
containing only an EMPTY-STATEMENT.

7.6.10.4 Informal semantics
The boynds of a domain are evaluated once and are not affected by any evaluation of the BOOLEAN-EXPRES-
SION within the scope of the forone-statement.

NOTE — These conditions age 'similar to the conditions applied to the control variable of a for loop in Pascal.

If the BDOLEAN-EXPRESSION introduced by suchthat evaluates to true for at least one element ofl the set of
either:

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

module-

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.

When forone-statements are nested, each otherwise clause is associated with a forone-statement in exactly the
same way 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 PByntax

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

7.6.11.2 [onstraints

The occurtence of an IDENTIFIER in either the domain-list-or'the module-domain of the an exist-one expression
shall constjtute 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 s{atically
known.

7.6.11.3 [Informal semantics

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

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

(b) 4l children instances whose header definitions are identified by the header-identifier of the module-

don1ain,

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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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”.

7.7.2 (Constraints

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

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

8 Ektensions and restrictions to-ISO Pascal

This clause summarizes extensions and réstrictions to ISO Pascal. Annex C is based on ISO/IEC 7183:1990 and
defines the subset of Pascal used by, this-International Standard, subject to the extensions and restrictions given in

this clayse. Changes to the grammar'of Pascal appear in this clause and take precedence over nonterminal

given inf 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

defined fin clause 7.

In the following rules, the construct “—" refers to the right hand side of the corresponding definition o

Hefinitions

constructs

F the lower

case nonterminal in ISO Pascal (see Annex C).

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 .

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

STRUCTURED-STATEMENT =..5"| forone-statement .

WORD-SYMBOL = —#"key-words .

8.2 Extensions

8.2.1 Integers and real numbers

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-
tions, or states) in accordance with the scope rules expressed in clause 7 (see e.g., 7.3.9.2,7.3.6.2,7.3.8.1, 7.3.10.2).
As a consequence, the Estelle statements all, forone, and exist withina PROCEDURE-BLOCK or a FUNCTION-
BLOCK shall be used with a domain-list limited to ORDINAL-TYPE. As a further consequeneg, |the Estelle
statemgnts init, release, connect, disconnect, attach, detach, and output shall not be used in a PROCEDURE-
BLOCK or a FUNCTION-BLOCK.

8.2.3.1| General

In congtructing a formal specification, it may be convenient to permit partial specification in various|ways. Es-
telle prpvides facilities for this purpose within constant declarafigns, type declarations and function declarations as

specifigd in 8.2.3.2, 8.2.3.3, and 8.2.4.

8.2.3.2| Constants

8.2.3.211 Syntax

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

8.2.3.2]2 Informal semantics

The any ‘construct permits the type of a constant to be defined without attributing a specific value to|it. Use of
the any construct permits a specification to be statically checked for type compatibility before the values of such
constants are known or can be supplied. This construct is included in the language syntax for the convenience of
developers and users of support tools.

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 formal semantics

The “...” donstruct permits a type-identifier to be declared without attributing a specific type to.it» Use ¢f this
construct permits limited type checking of specification texts before the precise definitions of such’type-identifiers
are known dr can be supplied. No assumptions can be made about the types of variables whos¢ declarations include
type-identifiers associated with the “...” construct and such variables shall not appear in-syntactic contexts (where
type compatibility rules do not permit the occurrence of a variable of arbitrary type.

An Estelle specification containing an occurrence of the “...” construct is statically ¢heckable subject to th¢ limi-
tations impgsed by making no assumptions about the types of relevant variables,-However, such a specification is
not well-fofmed and cannot have meaning attributed to it by application of(the semantic rules in clause 9.| Note,
however, thiit once all type definitions of the form “...” have been replaced, the formal semantics is defined for the
resultant spgcification (see clause 9). Note futher that simple assumptions may be made about variables ddclared
to be of typp “...”. For instance, two variables declared to be the.same type may be compared, even if that type is

’

8.2.4 Diréctives

The directives forward, external, and primitive’shall be required directives. No directive shall have th¢ same
spelling as iny WORD-SYMBOL.

8.2.4.1 Syntax

direcfive = letter { letter | digit } .

NOTE — Dijrectives-are intended for use by processors of Estelle and permit partial specifications to be written that| can be
separately eyolved.and independently combined.

8.2.4.2 Constraints

When 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 excluded from the scope of the defining-point for region A.
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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.

An Estelle specification containing the directive primitive is well-formed, but meaning may be attributed to it only
if a rigorous, implementation independent (e.g., mathematical) definition of the relevant block is supplied by the

s
specifigr:

L,‘

'-]
=

N
U

o
the regired directive external.

- -
The scppe o

8.2.5 |Pure procedures and functions
8.2.5.1 Demonstrably pure

A typd shall be designated as pointer-containing (cf. 7.3.4.2)-if.jt is a pointer-type or it is a stru¢tured-type
possesfing a component-type that is pointer-containing.

A declaration of a procedure or function shall be designated as demonstrably pure if and only if the following
conditions 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-
ontaining type;

¢) its procedure-block ‘or function-block does not contain any statement threatening a variable whose scope
{ncludes a region notincluded within the region of that block;

d) its procedure-block or function-block does not contain any applied occurrence of either p function-
{dentifier of\a procedure-identifier whose declaration is not demonstrably pure;

¢) n¢ function-designator or procedure-statement closest-containing an applied occurrence of ifs function-
dentifier 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 region 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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PROCEDURE-HEADING = — | “pure” “procedure” IDENTIFIER [FORMAL-PARAMETER-LIST] .

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

8.2.5.3 Constraints

Procedures
assignment|

heading, myy be assigned values, either directly, or indirectly via a function or procedures

If a proced

contain thelkeyword pure.

8.2.5.4 Informal semantics

Table 3 su

nonpure atfributes.

Table 3 — Use of Puré: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 — onjly the last two.8ntries apply to functions.

8.2.6 ExTression

whose procedure-declaration contains the reserved word pure shall be demonstrably’pure, exdept for
to var parameters. In particular, only a local variable or a variable declared as,var parameter in the

Jure-heading contains the keyword pure, then the corresponding procedure-identification shall also

marizes the constraints regarding the combined usé-of functions and procedures with the pyre and

Module variables may be compared to other module variables.

8.2.6.1 Syntax
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8.2.6.2 Constraints

9

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 tyvo module variables are defined and refer to the same module instance, then they are equal; oth¢rwise they
are not equal.

8.2.7 |Assignment operation

Moduld 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 mqdule-variables of an ASSIGNMENT-STATEMENT shall both be declared with the same headler-identi-
fier.

8.2.7.3| Informal semantics

The value attributed to the module-variable on the left-hand-side of the assignment statement is set t§ the value
attributgd to the module-variable on the right-hand-side of the assignment statement.

8.3 Restrictions

There gré\Several restrictions to ISO Pascal [ISO/IEC 7185:1990] for the purposes of this Internationa| Standard.
The required 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 clause 8.3 shall be regarded 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 Errors

The specification of error handling by a “processor” is excluded in this International Standard; specifically, all
related statements in the Pascal Standard and their summary in Appendix D are excluded. The term “error” is used
as defined in 3.3.

8.3.2 File manipulation

The required procedures of Pascal get, put, read, readln, write, writeln, eof, and eoln mayngt be used in Kstelle
specificatioi]s.

w

References [fo read-parameter-list, readln-parameter-list, write-parameter-list; \and writeln-parameter-list
have been rgmoved from Annex C.

References {o file-type and the predefined type text have been removed fromAnnex C.

8.3.3 Lab¢l declarations and goto statements

Label declatations are restricted to functions and procedures. Labels may be associated only with (an empty| state-
ment immegliately before) the end of a procedure or funcfion (see Annex C, 6.8.1). Goto statements, although
permitted ir| Estelle specifications, are limited by the following restrictions:

— gofo statements shall be used only in precedures and functions, and

— gojto statements shall only branch forward to the final end statement of a procedure or function, thereby
causifg the flow of execution to return to the place where the procedure or function was referenced.

NOTE — With these restrictions, all goto’s effectively act as “return” statements found in other languages. See Annex C, p.8.2.4,
points (c) and (d).

8.3.4 Program statement

The Pascal [nontérminals program, program-block, program-heading, and program-parameters have b¢en ex-
cluded fron th€ grammar in Annex C.

8.3.5 Expressions and functions

NOTE — 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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8.3.5.1 Constraints

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 Semantics of Estelle constructs

The gengral model of the behavior of an Estelle specification given in clause 5 assumes that the semantic, description
of a single module instance is known. This clause details the semantics of the constructs that chatacterize a single
module nstance. Thus this clause complements clause 5. In particular the following concepts are definefl: enabled
transitio, fireable transition, global instantaneous description, and the extension of a transitiofi local intgrpretation
on the set of global instantaneous descriptions. These are necessary to understand properly the formpl parts of
clause 5|(e.g., 5.3).

The follpwing general assumptions are made:

—} All specifications are assumed correct with respect to the context fre¢ grammar and the context sensitive
cqnstraints given in clause 7. This means that erroneous specifications are not considered. Notq that such
erfroneous specifications may be discovered statically.

—! The denotation of an Estelle specification shall be defined by the mathematical constructions of this clause
and 5.3. The formal existence of such a denotation shall\be dependent upon the existence of dengptations of
Pjscal constructs used in such a specification, provided that such denotations specify corresponding partial
finctions 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 construct of
any constant of certain type (see 8.2.3.2)\ Another way is by using the ..." type construct (sge 8.2.3.3).
I these cases a given text actually defines a collection of specifications, each one identified by| particular
\lues substituted for the parameters. Similarly, some procedures or modules may be declared ag external;
.£., their definition exists elsewhere (see 7.3.7). However they are considered as known or p}esent in a

-

ven specification at the moment of describing the semantics; i.e., the external construct constityites a pure
ficlusion mechanism of the language. To summarize this point, parameters of the form described|above and
ternal modules and-procedures are treated as a convenient way of writing a collection of spegifications.
he semantics defified here are only for complete specifications, where each parameter has a congrete value
signed to it and'each external object is available.

D 0 =09

—} 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 eacl} provided
otherwise clause has already been interpreted.

Notational conventions used are either self-explanatory mixtures of mathematical and programming notations or are
explained when introduced. For a summary of conventions used, see 6.2.

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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(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
the module instance (of M and B in the environment E) as a finite control state transition system are given.

M,t

e same body B, and in the same external context environment E, but based on distinct sets ofint

poinfs, queues, and locations — see 9.2) are denoted INST(M, B, E), the set of instances of M)and
environment E.

depgnds on the definition of classes of instances of modules defined internally in the body B. Due to
scople rules, the depth of this recursion is always finite; thus, there is no circularity of definitions.

(©) 4

INS

This
This

of p

I'(M, E) is defined as:

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

bssible 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 gn “artificial” (nonexisting) module header named by a header-identifier with no parameters, no

tion
info

points, and no exported variables,and with a standard external context environment, ST, in wh
fmation on the Pascal basic fiofions are provided, e.g., the keyword INTEGER denotes the type

being integers, etc. (see 9.3).

9.2 Primitives and organization of the clause

Every module instarnce is characterized (see 5.1) by:

(a) 4 set ofstates

e header
traction
B in the

It muist to be stressed that the definition of a module instance of the class INST (M, B, EYis fecursive Iln that it

stelle’s

\ssuming that INST(M, B, E) is defined for each body B declared for the module header M, then the class

is the class of all M-instances that may result from different bodies for M within the same coptext E.
class is used to describe the value domains for module.variables and to impose restrictions on the class

interac-
ch only
domain

(b) a'subset of initial stares

(c) a one-to-many next-state function

The above notions are defined using the following primitives:
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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.

Ids — the set of possible Pascal identifiers (syntactic class).

It is asqumed below that the usual Tunctions head, tail, and append on Tists (or contents of queues) are|known and

that nil|denotes the empty list (see 6.2 for their definitions).

To give a characterization of an instance P of an Estelle module, in terms of (a), (b) and (c) above, the following are

the starting assumptions:

In othef words, for any two different module instances P1 and P2,

— P has its own (possibly infinite) set of locations Locp, a subset of the set Locétions, and allocation functions
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 set of
queues of P is denoted Q_IPp. Like Locp, Q_IPp is not shared with othéf instances.

Hocp; NLocpy = @, QIPp; N Q_IPp; = 0, and IPp; N IPpy'= 0.

With thiese notations and assumptions the set of states-Sp of a module instance P € INST(M, B, E) is chlaracterized

in 9.4.

The sef of initial states is defined in 9.6.3; and“each initial state is the result of “executing” a transition of the
initialiZation part of the body B (the set of.these transitions will be denoted ITr(B)) from the, so called, preinitial

state of|Sp (9.4.5.2)

The next-state function of a module instance P is defined by interpreting each transition of the transifion-part of
the body B (the set of these transitions will be denoted by Tr(B)) as a partial, one-to-many function if Sp 9.5.1
and 9.5|2, with interpretations'of particular Estelle statements in 9.6.6). Then a mechanism of choosing ope of those

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

The effgct of the execution of the transition in the context of other instances is described in 9.5.3, 9.5.4 and 5.3.

9.3

External context environment and channel definition

An exteFnal cORTexT enviFONmenT, I, CONSIStS Of four Tunciions:

where

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

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,...,

where 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 domaips of the above functions such as Constant-ids, Type-ids, etc., are finite, disjoint subsets of identifiers/THerefore
all four functions correspond to mappings (i.e., partial functions of finite domains) on the set of identifiers as defined)by| Estelle

syntax. The fanemonics have been chosen for the identifier categories to differentiate these functions rlpnrly,

Syiian., 1

2 Const-valies are values of constants of Pascal as defined in Annex C. The Type-domains are value domains’of types of Pascal

as defined in|Annex C.

3 Identifiers|in the domain of the function E.PF are those of required functions and procedures of Pascal as defined in Apnex C.
Their meanifg (in a sense of a Pascal program) shall be known when the semantics of an Estellespecification is definedl. Note

A

S TR T DI P PRy PREN gy T 1) [N Land 2o exrtt¢lacect a2 da Affantn nemd thnt ool ¢hhne: Ama smcncaméa alamcra aa
that lht:y are|also assumed to be demonstrably pure, that is, without side effects, and that is wh_y ‘Lhcy are preseniea apove as

operating on| values rather than states. Obviously, for pure procedure calls, the corresponding state transformation is {rivially

derived.

The following context environment is called standard:

ST

where

(a) dgm(ST.C) = dom(ST.Ch) = §.

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

(b) dpm(ST.T) = {“integer”,“boolean”,“real”, char”’}, and ST.T defines the type domains of these ideptifiers

in thg 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{ mean-

ings fequired in Annex C.

There is a rjatural extension of E.T to E. T’ defined on “type expressions” built of type identifiers in dom(E.T). This

means that pxpressions suchas:

array[ 1..n] of. T, for T € dom(E.T),

and
record
a——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:

E.C(x) ifx € dom(E.C)

ISO/IEC 9074:1997(E)

E(x) = E.T(x) ifx € dom(E.T)

9.3.1 Interactions

The set
In
i.e., any

subsets

For any

9.3.2 ¢
In view
from thg

E.Ch d¢
interact

Given a

hannel H(R1), R2);

\ ClC.

Channel definition interpretation

semantics of Pascal.

fines the channels; i.e., for each channel identifier, given a role identifier and a interaction identifj
ons is assigned.

channel definition*of the general form (see 7.3.4)

by RT: ml(...); m2(...); ...; mi(...);
by-R2 : nl(...); n2(...); ...; nj(...);

bf interactions is defined by:

teractions = Ids x Values®, k=0, 1,..., where Ids x Values® = Ids;

interaction is a sequence of values preceded by an identifier opartidentifier itself. The definition qf concrete
bf interactions within a channel definition is the subject of 9:3.2.

interaction (m, vy, ..., vg) define:

t-id((m, vy, ..., V) = m.

of the above definition of a context environment, the meanings of the E.C, E.T, andE.PF mappings derive

er, a set of

by R1,R2: 01(...); 02(...);...; 0k(...);

where each “(...)” denotes a parameter declaration part, possibly empty, and assuming that H is in the domain of 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 Module instances

Suppose the following two definitions occur within a body of a module:

(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.ChE@m)y={m} x ET(TH «  x ET(TYSki > 1 s> 1)

(a) mhoduie M .. . end;

(b) jody B for M; ... end;

This clausg is devoted to defining all notions leading to the description of the’set of states (see 9.4.5) of an ipstance

P of the cldss INST(M, B, E), where E is an external context environment.

9.4.1 Iddntifier categories of a module instance

Each pair pf definitions, 9.4(a) and 9.4(b), introduces important categories of identifiers, which are listed below.

These categories (a) — (m) are pairwise disjoint, ands;;obviously, some of them may be empty:

70

(a) Constant-identifiers of B (C-idp) is théfinite set of new constant identifiers introduced within the dleclara-
tion [part of B (“new” means that they-oecur 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 declarajon part
of B

(c) Channel-identifiers.of B (Ch-idg) is the finite set of new channel identifiers introduced within the fleclara-
tion|part of B.

(d) Brocedure-function-identifiers of B (PF-idp) is the finite set of procedure and function identifiefs intro-
ducgd within\the declaration part of B.

(e) Module‘identifiers of B (M-idg) is the finite set of module header identifiers introduced within th¢ decla-
ratidn part of B

(f) Module-body-identifiers of B (B-idg) is the finite set of module body identifiers introduced within the
declaration part of B.

(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.

(j) Intern-ip-identifiers of B (Iip-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-idm) is the finite set of the external interaction points declared in the module
header M definition.

(P Export-variable-identifiers of M (EV-idy) is the finite set of the exported variable identifiers Heclared in
the module header M definition.

(n) Parameter-identifiers of M (P-idy) is the finite set of the parameter identifiers declared in the module
ecader M definition.

=

One mgy also distinguish, for each transition t within the initialization or trapsition part of B, the follqwing local
categorfes, not necessarily disjoint with the above (a) — (m) categories:

(3.1) Constant-identifiers of t in B (C-idg ) is the finite set of constant identifiers introduced locally within the
ansition t block definition.

.1) Type-identifiers of t in B (T-idg,,) is the finite set of type identifiers introduced locally within the transi-
tijon t block definition.

(4l.1) Procedure-function-identifiers of t in B (PE=idg ) is the finite set of procedure and function identifiers
introduced within the transition t block declarations.

(g.1) Variable-identifiers of t in B (V-idp ¢)\is'the finite set of variable identifiers introduced locally within the
tifansition t block definition (notice thatthese may be only Pascal variables).

.1) Interaction-param-identifiers;of t in B (P-idg ) is the finite set of the interaction parameter identifiers
ccurring within the transitionrt;\(These are parameters introduced by an interaction within a when clause).

o

All of these categories may be.récognized statically, and thus it is assumed that they are known at the homent the
semantics is being defined.

Remark: A finite group-of interaction points or module variables may be introduced by an array constrfict. In that
case thq group identifiet indexed by the element(s) of the index type(s) is a separate interaction point idenfifier either
in the spt Eip-idpU lip-idg or a module variable in the set MV-idg. The group identifier itself is not a member of
this set| E.g.¢if

i 0 NSRS BN | 1
IN ) IIAIvidual Liucuc

A~

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
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The definitions (declarations) within a body B which introduce the identifier categories (a), (b) and (c) specify a
local context environment in the sense of assigning values to newly introduced identifiers of specific categories as
described 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|

INST(M, B, E). It is necessary to assume that instance classes for module definitions textually nested Wwithin

inition of 1
that is a co

of two fun

The simple

or primitivi
(ie., thed

tions defined in 6.2.

union of disjoint mappings.

Now, for identifier M1 € M-idp it is assumed that the class INST(M1, E[Eg]) is already defined.

9.4.3 Intgraction points of a module instance and related notions

The set of

internal (I[Pp) interaction points (i.e., IPp = EIPp UIIPp). For an instance P in INST(M,B,E), these
determined by Eip-idy and lip-idg sets of identifiers (see 9.4.1).

To distinggish interaction points of each instance, we establish the following convention: it is assumed

interaction|

if ip € Eipridm U lip-idg then ipp € IPp. (See also the Remark on arrays of interaction points in 9.4.1). Th

is omitted

Each inter

(@)s
(b)

fitis clear from the context.

iction point ip € IPp isscharacterized by three elements:

ndp(ip) and

contexts are necessary to define and properly to use the set of states of a module instance-in tlLe class

the def-

hodule B are already defined (recursion). These definitions are formulated in a new context envionment
mbination of E and Eg, denoted E[Eg]. The two environments are combined using the Covering gperator

meaning of the above combined context E[Eg] is that, if a constant (type, ¢hannel, primitive prqcedure,
e function) identifier is redefined locally then this local definition has precedence. If there are no donflicts
mains of these functions are disjoint), then E[Eg] is a simple extension.of E with definitions of [Eg, the

interaction points IPp of a module instance Pxisscomposed of two disjoint sets of external (EIPp) and

Bets are

that the

points of each instance are represented by the identifiers themselves indexed by the instance namne; i.e.,

s index

ceivep(ip).are-both subsets of Interactions (9.3.1) that define respectively the set of interactionq that an
instgnce can'send and receive through the interaction point ip.

(c) queuep(p) € Queues is a queue assigned to the interaction point ip in the set of queues of the inst

hnce P.

Thus we may talk of three functions

sendp, receivep : IPp — POWER (Interactions)

and

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:

w

¢ndp(ip) = |_J E.Ch(H)(R)(x)

o]

gceivep(ip) = U E.Ch(H)(opposite(R))(x)

for all § for which E.Ch(H)(R)(x) and, respectively, E.Ch(H)(opposite(R))(x) ‘ar¢ defined (see the definition of the
E.Ch miapping, 9.3.1). If the channel H was introduced by the definition ;‘channel H(R1,R2)", then opp site(R1) =

R2 and jopposite(R2) = R1.

The qu¢ue, mapping is one particular mapping from the class satisfying the following conditions:

) For every ipl,ip2 € IPp if both ip1 and ip2 are declared by (b) above, then

~

queuep(ipl) = queuep(ip2);

e., they have common queue in P.

—

h) For every ip € IPp declared by (a) @bove, there is no ip’ € IPp such that

~

ip' # ip and queuep(ip’).=:queuep(ip);

€., ip has an individual queue in P.

—

Q_Pp will denote the set'of/queues of P; i.e., Q_IPp = queuep(IPp), the range of the function queuep.

The ndtions of the input environment and output of a module instance are derived from the above|definitions
in 9.4.3.1 and 9.4.3)2 below.

9.4.3.1| Input environment of P

The function
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
statements (see 9.6.6).

Let (p1,rl
iep. We say that the sequence is proper iff foreachi=1,...,k, pi € IPp, and mi € receivep(pi) and queuep(pi
The input ¢nvironment iep is proper iff iep(p) is proper, for every p € IPp.

NOTE — The above property simply states that interactions in a queue can be only those which may, be' received|through
interaction points that the queue is associated with.

For an eletnent (p1,p2, m, vy, ..., vk) of a queue, the function interac is defined by

intefac({p1, p2,m, vi,..., Vk)) = (m, vi,..., V).

9.4.3.2 Qutputs of P

The sequepce of labelled interactions
pl.m|,...,pk.mk

(the sequence may also be nil) such that, for every i =13...,k, pi € EIPp and mi € sendp(pi), is called an ¢xternal
output of }.

The set of jexternal outputs of P is denoted Outgp;

NOTE — Qutputs are sequences of interactions\ldbelled by the external interaction points through which they go out.

9.4.4 Lokations, variable allocations and variable visibility within a module instance

le instance P _has its own set of locations Locp. This is, among other things, like interaction pojnts and
e of the characteristics that differentiate module instances of the same or distinct classes.

Recall thaf the when'clause opens a new scope such that identifiers of parameters of interactions (P-idg ) may mask

NOTE — Alocationfunctions-denoted-by-allo s-are aeHhe-Mapp piiers into
locations (Locp) and other functions denoted by vis with appropriate subscripts are introduced to define the scope of identifiers
(visibility) in a given context. The covering operator (see 6.2, f[g]), in combination with the functions above, resolves the scope
of individual identifiers when there are duplicates.

If P € INST(M, B, E) then the following functions are called allocations:
allocg : EV-idy U P-idgq U V-idg — Locp
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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

(p)Thetanges oI these Tunctions are pairwise disjoint.
NOTE - (a) and (b) explain that for each occurrence of an identifier in the appropriate sets, exactly one.Jocatior] is assigned
based or] the allocations.

The set[VISp of visibility mappings contains mappings, defined on finite sets of identifiers;which make it|possible to
distinngish the context in which a variable identifier has been used. Three particularly-useful categories ¢f visibility

mappinjgs are defined as follows:
visg = allocg
visp, = allocg[allocp] = visg[allocp]

sv: = allocg[allocpi[allocy,]] = visp[allocy,]

<

(See 6.2 for the definition of f[g] for any two functions.)
Example:

Let t befa single transition in a module body B with
1,x2,x3 € dom(allocg), and

1,x2,x4 € dom(allocp), and
P, x5 € dom(allocyy).

x>

>

The allgcation and visibility functions are given in Figure 4. By the definitions above:

o

bm(visg) = dom(allocg) = {x1, x2, x3}
bm(visp;) = dem(visg) U dom(allocp) = {x1, x2, x3, x4}
bm(visyy)=dom(visp) U dom(allocyy) = {x1, x2, x3, x4, x5}

o o

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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loc1
allocB
X
1
allocPt
Vis Vt
vis B
loc 3
allocB
X lloc vis x2
2 a Pt
2 i loc 4 - >
11 vis
a ocVt Vit
loc 5
vis o
X
3 allocB vis Pt X 3
o— > loc 6 -
VIS Vit
X
alloc. 4
t B L loc 7 ‘ =
VIS v
5 allocVt vis Vi X s
o -] loc 8 - °
Figure 4
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(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

The index P is omitted if it does not lead to an ambiguity.

NOTES

1 Locat{ons of P may be considered as abstract “memory units” of P in whicharbitrary values as well as “references

instance$ may be stored. The mapping s.Loc gives the current contents of this memory in the state s. The contents afe subject to

various

2 s.children is intended to represent the current set of children instances of P, in the state s, where each child inst
own statp.

3 s.Att §s a binary relation between external interaction points-of P and external interaction points of its children ins

state s.

4 s.Conh is a binary relation relating either two internal interaction points of P, or an internal interaction point
externallinteraction point of a child instance of B, ‘ot two external interaction points of children instances of P in the I‘state s.

5 Each p.out component represents an output generated when a transition is executed; s.out grows during a transitio
include putputs as they are generated (see 9.5.4).

If (pl,
If (p1,

If p1 ogcurs in s.Att'ors.Conn, then pl is bound in s.

9.4.5.1] Wellformedness conditions for a state

~

fer (R, sg) € s.children

() s.out € Outp — an output in the state.

ISO/IEC 9074:1997(E)

R

q) s.Conn C IIPp x IIPpU (IIPp x | J EIPR)U (U EIPg x IIPp)U (UEIPR x | JEIPg),
R R R R

onstraints given below and dependent on the class of instances that P belongs to.

12) € s.Att, then we say-that both p1 and p2 are attached (to each other) in the state s.

2) € s.Conn, therl we say that both p1 and p2 are connected (to each other) in the state s.

to children

nce is in its

ances in the

of P and an

from nil to

A state s 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};
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(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 B,

then

s.Loc(allocg(x)) € E[Eg}(T) U {L}.

Remlark: Note the difference of environment with respect to previous definitions.

(e) I

() if

(2)i

(1
para

x € MV-idg and is declared to have a type M1 € M-idg, then
s.Loc(allocg(x)) € INST(M1,E[Eg) U {L};
x = STATE and the set of state identifiers (see 7.3.10) is declared to be (id;, .(" yid,) then
s.Loc(allocg(x)) € {idy,...,idp};
[ x € V-idg and is declared to have type T, within the declarationtinternal to transition t, then
s.Loc(allocyi(x)) € E[Eg[Ep JI(T)U {L}.

f p € P-idg, then it follows that a clause “when ip.m”0ccurs in the clauses of the transition t, an
meter of the interaction m declared within a channel'definition. Suppose that p is declared to hav

T. Then,

() I
O3
)T
OF
(m)

(n) H
(o) H

(1) if ip € Eip-idy, then s.Loc(allocp(p)) €E(T)U { L};
(2) if ip € Iip-idg, then s.Loc(allocp(p)) € E[Eg](T) U {L}.

(p1, p2) € s.Att then both must refer-to the same channel H and the same role R.

br every (pl, p2), (p3, p4) € s:Att, pl = p3 iff p2 = p4.

f (p1, p2) € s.Conn, thenboth must refer to the same channel H and be of opposite roles.
br every (pl, p2), (p3yp4) € s.Conn, pl = p3 iff p2 = p4.

For every pairi(pl', p2) € s.Conn, pl # p2.

or every.(pl, p2) € s.Conn, (p2,pl) € s.Conn.

or every interaction point p, if p occurs in s.Att then p does not occur in s.Conn, and if p occurs in

dpisa
e a type

s.Conn

then

pdeés not occur in s.Att.

NOTES

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)
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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.

For every interaction point ip and state s € Sp, partial functions attachment and connection are defined as follows:

L

ttachmentp(ip)(s) = ip’ iff (ip,ip’) € s.Att or (ip’,ip) € s.Att
bnnectionp(ip)(s) = ip’ iff (ip, ip’) € s.Conn.

Q

The ab¢ve notions and functions will be useful in 9.6.6.

9.4.5.2| Preinitial state

A state|s of a module instance P is called preinitial iff

w

ie(p) = mil for all p € IPp (i.e., all queues are empty)

[72)

Loc(k) = L, for every k € Locp
s|children = §

slAtt =0
s|Conn = ¢
slout =nil .

Denotelthis state s; (we omit the index*P).

Notatign:
Let
s{locy /vy, ..Sdecy /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, respegtively, and

the valyes 6f 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 Dy denote clauses and local declarations of t, respectively, and stm, is composed of a set of statements
executed sefjuentially

stm, F stmj; stmp; ...; Stmy.

Recall that VISp denotes the set of visibility mappings of variables for a given set of locations-Locp of an ijstance
P. The statdment stm, is then interpreted, for each module instance P € INST(M, B, E), as a‘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 other words [stm]p is a partial function which, for an instance’s state and a certain visibility of the stdtement
variables irl this state, returns sets of the instance states and does not change the visibility. By the nondeterminism
caused by Estelle statements, see Remark 1 below, this is in(general not a single state.

In addition|to the property (*) above, the definitions within this International Standard often do not depend on the
visibility afgument. For these reasons and for the sake of simplicity, the following conventions are adopted:

(a) The visibility argument is omitted; where possible, from the definitions, but each time an accompanying
statefnent will indicate the visibility.mapping with respect to which a given definition has to be undergtood.

(b) In places where the visibility-argument appears, the following notations are uniformly used:

(1) vis is used for ‘an) arbitrary visibility mapping in VISp with its domain including all appfopriate
identifiers occurring in the construct being defined:
EV-idyp &P-idy U V-idg U P-idg U V-idg,

(2) visg,visp and visy, are used for special categories of visibility mappings as defined in 9.4.4.
(c) In the\définitions of the exist expression, the forone statement, and the all statement, the expligit form

(state;Wasibility) is used, because in these definitions a local change to a visibility mapping must be explicitly
defined.

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:

(

stm1; stm2]p(s) = {s' : ( there exists an s"") s” € [stm1]p(s) and s’ € [stm2]p(s")}.

Remark 3: The composition reduces to composition of ordinary functions if the results of both statements are one

elemen

sets. The above interpretation of *“:” is also assumed in the meta definitions.

9.5.2

For the rest of 9.5, it is assumed that the meaning of a statement sim; of a iransiiion {is'already ddg

interpr
transiti
recepti

NOTE
the ip’s

The in

define

Transition interpretation

tation of a transition t for any module instance P € INST(M, B, E) is based on the interpret

bn. These are defined as follows (for every visibility vis):

L For every id € Id U {same} and s € Sp,

[nextcontrolstate-id]p(s) =

if id = same thens

else s.Loc(allocg(state)) := id
L For every 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))) =4, vi, ..., Vi)
and py, . . ., px are-the interaction parameters
in
s := s(alloep((p1)/Vv1, . . . , alloce(pk)/ Vi);
s.ie(ip) := tail(s.ie(ip)).

L The reception functjenallocates actual values of the interaction parameters (if any) and removes the top
queue.

erpretation [{Jp-0f the transition t for the module instance P € INST(M, B, E) is a partial functio
t]p : Sp=x {ViSV(} ~» POWER(Sp X {ViSVt})

| as follows:

-1 L _
nea. 1ne
ption of the

bn statement stm, and two auxiliary statements that are not available in Estelle itself: nextcontfolstate and

lement from

(a) If t is an input transition with “when ip.m” and “to id” clauses occurring in it, where id is an identifier
declared in the state-part of the declaration-part of B or the keyword same, then

[t]p = [reception-ip; stmy; nextcontrolstate-id]p.

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
[tlp = [stmg; nextcontrolstate-id]p

(d) Otherwise (i.e., not (a), (b), nor (c))

[tlp = [stm¢]p

Points (a) + (d) assign an interpretation to each transition t occurring in the module body B, i.e., in the set I'Tr(B) U

Tr(B).

It remains fo extend this local interpretation to the global situation; i.e., to define the transmission of outp
global instdntaneous description gidsp of a specification SP, a component of which is thie'Tnodule instance P.
the content|of the next two clauses (9.5.3 and 9.5.4).

9.5.3 Linked interaction points

Consider alfinite tree of module instances, each in one of its states and satisfying the following conditions:

its in a
This is

(a) Fpr any two components of the tree (P1,s;) and (P2}s7), (P2,s2) € sy.children iff (P2, s;) is a dhild of

(P1, ¢1) in the usual parent/child relationship of a tree:

(b) If (P, s) is a leaf of the tree, then s.children =.§:

If (P, s) is 4 root of such a tree, then the tree is called a global instantaneous description of P and is denoted Hy gidp.

Remark 1] It is easy to see that each state)s*€ Sp unambiguously determines a gidp and vice-versa; i.e., one
the two nofjions interchangeably. Depending on the context, however, it is more natural to use one notion and
other. Nevertheless, if it is important to indicate the relationship, then gidp s will denote this global instan
description| of P which is determined by s € Sp.

Remark 2] We refer to the'module instance together with its state at a node as a component of the tree gid.

For any gidp of a module instance P, the following definitions are introduced:

l
Q

onn(gidp) = U sr.Conn
R

Can use
not the
aneous

— Ati(gidp) = | J sr.Att
R

where the union is taken for all components (R, sg) of the gidp.

NOTE — 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 = ip, pj = ip’
(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)

(b) downattach(ip, gidp) = ip’ iff there exists a sequence po,...,pj (j > 0) of interaction points such
that:
() po =ip, pj = ip’
(2) {pi, Pis1) € 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(ip, gidp) is a predicate which is satisfied iff link(ip, gidp) is defined, i.e., if the interaction point ip is
ipked with some other interaction point in gidp.

ot

NOTE —- All relations (a), (b), (c) introduced above are well-defined pattial functions by the well-formedness conditjons of each
compongnt state sg of an instance R in the gidp.

9.5.4 Extension of the transition interpretation over gids

Let SP be a specification module in Estelle (see\:2). If (P, s) is a component of a gidsp, and s’ € [t]p(s), then this
local change of states caused by the execution of t gives a new global instantaneous description gidgp. Thys [t]p may
be consjdered as a function that maps gid-s into sets of gid s (for simplicity the notation is not changed). But the
new stafes may have produced some.output that has to be transmitted to the target queues in this new gidfp.
For that{reason auxiliary meta-functions send, received and transmission are defined as follows:
Let (P, $) and (P’,s') be coniponents of gidsp. We occasionally also write s = P-gidsp to indicate that s is a current
state of [P in gidgp.

Let:
—t head(s-out) = (ip, m) (the first interaction of an output),
| 1idik(ip, gidsp) = ip’ and
— 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)
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— 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))

© ISO/IEC

(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’.)

— tr

(See

NOT|
therg

Thus the g

the local e
and its effé

t*(g

9.6 Interpretation of specific Estelle constructs

As in the q
Pascal exp

ansmissionp(gidsp) =

lets = P—gidsp

in
if s.out = nil then gidsp
else
let head(s.out) = (ip, m)
in
if linked(ip, gidsp) then
let
link(ip, gidse) = ip',
upperattach(ip’, gidsp) = ip”
in
transmissionp(sentp(receivedp(gidse)))
else

transmissionp(sentp(gidsp)).

6.2 for an explanation of the meta-notation used above).

E — The above function transmits interactions froman output one-by-one, recursively, to the destination q
is no destination queue for an interaction in the output, i.e., linked(ip, gidsp) is false, then the interaction is d

obal effect of execution of an atomic transition t in the module instance P is given by the compo

fect of tin a state of P composed with-the transmission function. This composition will be denotg
ct is defined by:

dsp) = {transmissionp(gidgp)~ gidgp € [tlp(gidsp)}

ase of statements, it is assumed that, given a state s and visibility vis, the interpretation (valuati
ression E, valp(E)(s), is given. For example, if x and y are variables, then

eues. If
scarded.

ition of
d by t*,

pn) of a

valp

(recall the

b M) = ¢ T acluislx N4 s 1 oclis(x))
I Ay SHOGOHS I+ S04

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:
ef(X)(s) = X in the first case,
and, in|the second case,

1ef(X)(s) = Y[valp(E;)(s), ..., valp(E,)(s)] if the obtained value ofref(X)(s) is in
MV-idg U Eip-idyANip-idg,

and
1ef(X)(s) is not defined, in other cases.

With thhe above definition, for every pair of module-variable references X and Y, the interpretation of thelassignment
statement “X =Y is

Valp(X)(s) = s.Loc(vis(ref(X)(s))):
For s ¢ Sp and a visibility vis

X := Y]p(s) = s(locd/vy),

where

oc = vis(ref(X)(s))

vy = valp(Y)(s).

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])
(c) (R, s1) € s.children
(d) idl € EV-idm

(e) ref(id)(s1) € Eip-idy with respect to the visibility visp.

If (a) — (d) are satisfied (i.e., id is an exported variable identifier of M1), then both acsp(X.id)(s) and valp(X.id)(s)
are defined]and

acsp(|X.id)(s) = allocg; (id)
valp(K.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 @n'an external interaction point reference of M1), then acsp(X.ifl)(s) is
defined, and

acsp(X.id)(s) = (ref(id)(s ))r- where R = valp(X)(s).

Remark 1] The function:acsp applied to a child-external-ip access returns an interaction point of a child fnodule
instance RI:S might beleXpected. A simplifying convention was made (9.4.3) that interaction points are the d¢noting
identifiers themselves;indexed by the module instance name. Thus the definition above.

Remark 2:{Itshould be noted that it is statically verifiable whether or not an expression X.id is properly used| within

a specification.” It is, however, a dynamic feature whether or not the value of the X.id expression (or the|access

function) 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 relative
position with respe i iti : i explai

D 0. when d c.1n 24 an Qn 2 gliowilng example plalns-the-dependence

providedq > 1
when ip.m (q)

and

<=

hen ip.m (q)
providedq > 1;

In the spcond case the value of the parameter q of the interaction m i§tested in the provided clause. In fhe first the
value of a variable q (which happens to be denoted by the same-identifier and which is totally indepenfdent of the
interaction m) is tested. Thus, a when clause opens a new scope fo which the visibility visp, corresponds (see 7.5.6
and 9.4(4 on visibility). This difference is formally given when enabled transitions are defined (9.6.3).

The semantics of condition clauses extends the valp funetien, for a module instance P € INST(M, B, E) &s follows:

(a) whepn clause

<

hlp(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.

The whien clause is said to be'satisfied in s if this valuation function returns true. (See 9.3.1 for the d¢finition of
int-id ahd 9.4.3.1 for the definition of interac).

(b) proyided clause

<

hlp(proyided B)(s) = valp(B)(s) .

The prqvided clause is said to be satisfied in s with a given visibility vis if this valuation function returns true.

(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.
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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 idy, . . ., id;)(s) = true
iff
valp(STATE)(s) € from-list(1, k).

The from dlause is said to be satisfied in s if the valuation function returns true.

(d) to clauge

) Loc(vis(STATE)) ifid=
valp(fo id)(s) = {s“idc’),c (vist ) Lt;lerwsi:rene

The visibiljty visp is the one with which a to clause is always interpreted.
(e) priority clause

valp(k)(s)

E[Eg](k) ifk € Constant-ids
“k” otherwise.

Remark: If k is a constant identifier, then' value is the constant assigned to it by the declaration of k. Otherwjise it is

the constant “k” itself.

(f) delay clause

valp(delay (E1,EZ})(s) { (valp(E1)(s), valp(E2)(s)) if E2 is an expression

(valp(E1)(s), infinity) if B2 = *,

The valuation'of a delay clause in a state with a given visibility, vis, returns a pair of values of positive|integer

expressions E1 and E2. The role of these pairs of values is explained in 9.6.4 and 9.6.5.

9.6.3 Enabled transitions and initial states

Let t be a transition defined in the module-body B.

Consider two different cases:

88


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

© ISO/MEC 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, ..., Vk), then the provided clause of t is satisfied in the state
s(allocp(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 enabling ¢lauses (if [present) is
itisfied in s with the visibility visg.

w

Let M be a module-header with parameters pl,...,pk,k > 0 (by convention, K,=~0 implies that there are no
paramefers). Let T1,..., Tk be type identifiers, where Ti is the ordinal type declared for parameter p|. Let P €
INST(M, B, E) and allocp(pi) = loc;, i = 1,...,k. A state s € Sp is initial iff-there is a transition t € [Tr(B) and
values yi € E(Ti), fori=1,...,k, such that

-

is enabled in the state s (locy /vy, ..., lock/vk), and

w2

€ [(]p(S_L(IOC|/V17 RPN lOCk/Vk)).

(see 9.9.2 for the definition of [t]p).

NOTE 4 A state is initial if it is described by an initialization transition starting from preinitial state of P (9.4.3.2) with the
values of the module parameters already known,

Remark: No specification module has parameters (i.e., k = 0 above). Initial states of a specification deternine initial
global {nstantaneous descriptions of this specification (see the Remark 1 in 9.5.3). These are of special interest as
they ar¢ starting points of execution (5.3.4).

9.6.4 [Delay values and-time interpretation in Estelle

As notdd in 5.3.5; delay values are dynamically changed by a time process independent of a specificationf There are,
howevdr, interdependencies between computations and these values that must be preserved. These interdgpendencies
are forulated’below. The notions such as global situation, computation and system snapshot are introduded in 5.3.4.

The function e etay-tinte ctated-with ay-clausesds time pro-
gresses from one situation to another given that a delayed transition is enabled The dlfference between the 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 “!” is a special element not related by

“<” to any other element.

NOTE

1 The specil element “!” may be thought of as representing the situation where the delay clock 1s not running.

The first v4lue of the pair is sometimes called the earliest firing time of a transition and the second yalue thg latest
firing time pf 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 tq be the
value of th¢ expression F in the state s and with the visibility visp (see 9.4.4 for the definitionof the visibility visg).

The followjing conditions must be satisfied by the delays function:

(a) I 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/S{{for some j € {1,...,n}, and t is a delayed trgnsition
of Pthen

delays(t, sit) = (!, 1).
(c) Hor any two consecutive situations,
sity = (gid'; AL, ..., Al) and sit, = (gid®; AZ,...,A2)

in a fomputation:
(1) If Al #0, thenfor every component (P, s) of gid!/S;, and every delayed transition t of P,
delags(t, sit;) = (!, !} iff delays(t, sitz) = (!, 1).
(2) If AM= 0, then for every component (P, s) of gid!/S;, and every delayed transition t of P corjtaining
a elause of the form “delay(E1,E2)”
(i) 1if dplayo(f’ citl) = (l’ '> and r‘lplayc(t) chn) # /\'
then tis enabled in s, and t ¢ Aiz, and
0 < valp(E1)(s) < valp(E2)(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.

1)
T
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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))

(ii) if t is not enabled in s, or t € A2, then

delays(t, sity) = (!, ).

(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

[\S)

Point (c)(1) says that delay timers for the-delayed transitions of the i-th system cannot be turned on or dff when the
stem is executing (A! # @) or, in othefWords, these clocks may be turned on or off only in between (A; = 0) two
bnsecutive execution phases of this system.

o w

Points (c)(2)(i) and (c)(2)(ii) explain when and how a delay timer may be turned on and off respectively.

3
4] Point (c)(3) says that all above 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.

Point (c)(4) states that between computation steps the delay values may not increase (ii), that “infinity” value may not
e changed (i), and\that the delay values are changing uniformly both for earliest and latest firing values fof the same
tansition (iii) and for those values in different transitions (iv).

o O W

~

1) Letsitj,”j > 0, be a situation in a computation, and let t be a delayed transition with

dal {+ PSRN L AY

U\/la_y D\L, DALJ} - \ ] }7

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.
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9.6.5 TFireable transitions and offered transitions

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 of de

lay values (d1(t), d2(t)) (i.e., these are values in the set Delays satisfying condition (a) of 9.6.4).

Within a computation, if a global situation sit = (gidsp; Ay, ..., A,) 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

transitions (see the definition below) of a module instance are those given by the function delays introduced in 9.6.4,

i.e. the del

y functions d1 and d2 are such that for every delaved transition t

delayfs(t, sit) = (d1(t), d2(t)).

A transitior] t € Tr(B) is fireable in the state s € Sp with respect to the delay functions d1 and@? i

(a)t

valp(

s enabled in s, and if t is a delayed transition, then either d1(t) < 0, ot dI(t) = d2(t) =!and 0 =
E1)(s) < valp(E2)(s).

(b) if| priority of t equals k, then for every other transition t' satisfying (a)\above, the priority of t' is ot less

than

k (i.e., the priority k is the strongest).

Remark: {ince a priority clause may contain only constant non-negative integers, each priority is assignefl com-

pletely stat
priority clz
tion prioriti

FIRp(s, d1,

cally to each transition t in each module instance P~ By default, it is assumed that the absente of a
use within a transition’s conditions means the weakest priority (i.e., the largest value) among the]transi-
es of the module instance P (see 7.5.8).

d2) denotes all transitions, from those in Tr(B), fireable in the state s with respect to d1 and d2.

A transitio

which is firgable in s with respect to d1 and d2, and either

(a)dl(t) = 0and d2(t) > 0, or

(b) dlL(t) = d2(t) = ! and O-=valp(E1)(s) < valp(E2)(s).

O-FIRp(s,

A transition t is offeredforexecution in s with respect to d1 and d2 iff

(c)t
@t

t is optionally fireable in s with respect to d1 and d2 (written o-fireable) iff it is a delayed trdnsition

1, d2) (an improper’subset of FIRp(s, d1, d2)) denotes the set of o-fireable transitions.

null andt € FIRp(s,d1,d2), or

16l and O-FIRp(d1, d2) = FIRp(s, d1, d2).

Given delay functions d1 and d2, a pair (s,t) is a local situation of P (see 5.3.1) iff s € Sp and t is offered for
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 — The above definitions say, among other things, that

— Each optionally fireable transition is fireable.
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— 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.

— 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, then it ceases to

bq optionally fireable: it is fireable, but it is not o-fireable.

—1 A fireable transition with a delay clause of the form “delay(0,* )” is always o-fireable.

9.6.6 $emantics of primitive Estelle statements

It is convenient to introduce auxiliary meta-functions on lists of doubly labelled elefneénts, as contents of queues are
such lis{s, where the labels are interaction points and the elements are interactions,

Let L b¢ such a list, i.e., L = {p1,q1,my), ..., {Pn, qn, Mp), or L = nil, where py, q; are labels. Letry,... |ri, k > 1,
uence of labels.

tions erase;, erase;}, erase,, and erase; are defined as follows:

erase, (1, . . . , Tx, L) is the list resulting from L by erasing all of its components with the first label equal to any one
in the s¢quence ry,...,Ik.

erase} (1, . .., Ik, L) is the list resulting from taking L and'erasing all of its components with the first labgl different
from anyy one in the sequencery, ..., Ik.

erase, dnd erase; are defined similarly to erase;\and erasej, respectively, except they are based on the sgcond label

Let r be a label, then rename, (r, L) (respectively, rename,(r, L)) is the list resulting from L obtained by changing all
of its figst (respectively, second) labels\to r.

Let L' he another doubly labelled list, then L \ L' is the list resulting from L after removing each of its components
that alsp occursin L'.

Examplle:

L = (pi} q1, m1), (P92, m2), (P3,q1, m3), (P2, q2, M4)

asei(pi; p2, L) = (p3,q1, m3)

asef(p1, p2, L) = (p1, a1, m1), (p2, 92, M2), (P2, G2, M4)
renames(r, erase;(pi, p3, L)) = (p2, T, mz), (P2, T, My4)
eraser(r,L)=L

erase;(r,L) = nil

L \ erase;(p1, p2, L) = erasej(p1, 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.

9.6.6.1 Init statement

Lettbea tLansition in which the statement

init

occurs, wh
declared i1

init

Recall that

Let newp b
for M1, re
below) fro|

Remark:

IPp

NOTE — 1
however, in
for “‘creatin
definitions.

With the §
defined as

s’ € [ init

each

X with B1(Ey,...,Ex)

ere Ey, ..., Ex are expressions of types compatible with the types of corresponding parameters p;
the module header M 1. If there are no parameters, then the statement reduces tp

X with B1.

the class INST(M1, B1, E[Eg]) has been already defined.

turns a module instance newp(M1,B1) € INST(M1, BI{E[Eg]) different (in the sense of the
m any other module instance existing at the moment the.init statement is executed.

Module instances P and Q are different (9.2) iff
N IPq = 0, Q_IPp N QIPg = @, and Locp ilocq = 0.

h practice this means that each implementation must ensure the properties of the above remark. This may
many ways, and therefore it is left unspecified here. From this practical point of view, the new function is re
5" a separate set of locations andqueues and for setting the allocation and queue functions according to

bove assumptions and‘with an arbitrary visibility vis, the interpretation of the above init statg
follows:

K with BI(ErSa, Bx)lp(s) iff

s’ component except s’ .children and s'.Loc remains the same as in s, and

b .-y Pk

e a primitive function which for each module header M1 €Mjidg and module body B1 € B-idg declared

Remark

be done,
ponsible
e given

ment 1S

siLoc(allocg(X)) = newp(M1,.B1)

s'.children = s.children U {(newp(M1,B1),s))}

where s; is a state of the module instance R = newp(M1, B1), and s; is defined by:
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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.

Remark: Note that if no enabled transition exists, the semantics is undefined, and thus the specification

NOTES

1 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 ¢

is in error.

hild instance

R = ney}p(M1, B1) is created in its state s;, which is the result of applying one enabled initialization transition t & I
preinitigl state of R in which parameter locations were loaded with actual values of expressions computed in thestat|
the visibility vis.
2 Note|the nondeterminism involved due to the fact that the set of initialization transitions enabled in @state is ng
of cardipality 1.

9.6.6.21 Attach and detach statements
9.6.6.211 Attach

The semantics of “attach p; to X.p,” is defined in a state s with an arbitrary visibility vis iff the following
are satisfied:

a) p1 is an external interaction point reference defingdin s (i.e., either p; is an identifier and p; 4
i = X[E1,...,Es] and X[valp(E;)(s), ..., valp(E,)¢s)] € Eip-idg — see 9.6.1.1 for the ref(p1)(s)

b) acsp(X.p2)(s) is defined (see 9.6.1.2).
With thhese assumptions, the following notations are introduced for well-defined objects:

a) ip; = (ref(p1)(s))p € EIPp (94.3 and 9.6.1.1)

b) ip = acsp(X.p2)(s) (9.6.1.2)
) ip’ = downattach(ip,'gidp 5) (see 9.5.3 for both downattach and gidp s)
)ip" € EIPg and'R’is a component module instance of gidp

) s1 = R-gidp;s € Sr (read: s; is the current state of R in gidp ).

The inferprétation of an attach statement of the above form is thus:

Ir(B1) to the
e s of P, with

t necessarily

ssumptions

Eip-idg or
function).

[attachlp;0 X.palp(s) =

if ip; or ip is bound in s (9.4.5) then s
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

If assumptidn (a) of 9.6.6.2.1 is satisfied, then the semantics of the “detach p;” statement is defined in\-the
with the visibility vis.

With the nofations (a), (c) — () of 9.6.6.2.1, the interpretation of a detach statement of the above form is d

thus:

[detach p;]p(s) =
if ip; s attached in s (9.4.5) then

(s.ie(ip;) := append(L3,s.ie(ip1));
siie(ip’) = si.e(ip’) \ La;
s.Att = s.Att\ {(ip1,ip)})
else s/.

9.6.6.2.3

If assumptipn (b) of 9.6.6.2.1 is satisfied, thén-the semantics of the “detach X.p,” statement is defined in the|
with the vidibility vis.

With the ndtations (b) — (e) of 9.6.6.2.1, the interpretation of a detach statement of the above form is defineq

[detach XI: 2]1)(8) =
if ip {s attached in s then

Detach external interaction point

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

Detach child’s interaction point

jet ip; = attdchmentp(ip)(s),

L, =cexase} (ip’, s1.ie(ip’)),

L,.= erase,(downattach_seq(ip, gidp,s), L1),
Ly = rename; (ip;, L2)

- (sie(ip)) := append(Ls,s.ie(ip)))
si.ie(ip’) = sp.e(p’) \ Lo;
s.Att = s At {(ip1,ip)})
elses .

state s

efined

state s

thus:

With the same assumptions and notations, an auxiliary statement, “simple-detach X.p,” is defined as follows:
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[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.]—l7mmrnmmh
If X is 4 module variable and valp(X)(s) is defined, then the semantics of “detach X” is defined,in‘the state s with

the visilility vis.

Let valp[X)(s) € INST(M1, B1, E[Eg]).
With thils notation, the interpretation of a detach statement of the above form is defined thus:

[detach X]p(s) =
farall r € Eip-idm;do
s := [detach X.r]p(s).

Remark: Note that with the assumption, acsp(X.r)(s) is defined for eachir € Eip-idm;, and therefore [detath X.r]p(s)
is defingd.

With th¢ same assumptions and notations, an auxiliary statement, “simple-detach X" is defined as follows:

[simpletdetach X]p(s) =
fgrall 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 semanti¢ definition
of the tgrminate statement.

9.6.6.3 | Connect and disconnect statements
9.6.6.3.T Connect
The semantics of the)“connect p to p' ” statement is defined in a state s with an arbitrary visibility vis iff

(3) p and'p" are internal interaction point references defined in s (see 9.6.1), or

(b)'p'i§ an internal interaction point reference defined in s and p’ = Y.p, and acsp(Y.p)(s) is defined, or

(c)p = X.p1 and p’ = Y.p, and both acsp(X.p1)(s) and acsp(Y.p;)(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) =
if ip or ip’is bound in s (9.4.5) then s
else s.Conn := s.Conn U {(ip, ip'), (ip',ip) }.

9.6.6.3.2 Disconnect interaction point

If p is an interaction point reference defined in s (9.6.1) or p = X.p; and acs(X.p1)(s) is defined, then the semantics
of the statement—disconne i e s wi e visibility vi e hy | i n point
corresponding to p.

i

With this nptation, the interpretation of a disconnect statement of the above form is defined thus:

[disconnect p]p(s) =

if ip fonnected in s (9.4.5) then
let ip’ = connectionp(ip)(s) (9.4.5)
in

s.Conn := s.Conn \ {(ip,ip'), (ip’,ip)}
elsep .

9.6.6.3.3 [Disconnect module
If X is a mlodule variable reference and valp(X)(s) is defined, then the semantics of the statement “disconneft X” is
defined in the state s with the visibility vis.

Let valp(X))(s) € INST(M1, B1, E[Eg]).

With this rJotation, the interpretation of a disconnect:statement of the above form is defined thus:

[disconnedt X]p(s) =
forafl r € Eip-idy; do
s := [disconnect X.r]p(s).

9.6.6.4 Release and terminate’statements

The semarjtics of the statements “release X and “terminate X" are defined in a state s with an arbitrary visibfility vis
iff X is a module vafiable reference and valp(X)(s) is defined.

With this gssumption, the interpretation of a release statement of the above form is defined thus:

[release X|p(s) =
s := [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-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-idg do

if s.Loc(allocg(Y)) = R then

s.Loc(allocg(Y)) := L.

9.6.6.5| Output statement

The sethantics of the statement “output p.m(Ej, ..., E,)” is defined in a state s with'dn arbitrary visibilit} vis iff

~

1) p is an interaction point reference defined in s (9.6.1)

~

h) valp(E;)(s) is defined foreachi=1,...,n.

Remark: If the statement reduces to “output p.m”, then (b)disappears.
Denote|by ip = ref(p)(s) the interaction point of P corresponding to p.
With thiis notation, the interpretation of an outputtatement of the above form is defined thus:

[output|]p.m(Ey, ..., Ey)le(s) =
if ip is attached in s then s
e]se
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 ) (9.5.3) then
let ip’ = 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)

s1.ie(ip’) := append((ip', ip”, m, valp(E1)(s), . . ., valp(E)(s)), s.ie(ip"))

elses—
Remark: If ip’ is another internal interaction point of P, then ip’ = ip”, R =P, and s = s;.

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:

— exist x:T suchthat E
— forone x:T suchthat E do stm; otherwise stmj

—all x:T do stm

All of the hbove are defined in two cases: when T is a module type (i.e., T is a module-header-id in\M-iflg) and
when T is & Pascal finite ordinal type.

Recall that]the semantics of each Estelle statement is considered with respect to the context in-which it appers; i.e.,
each staterhent is interpreted in the set Sp x VIS (see 9.5.1). In the definitions below the viSibility changes(locally,
so the explicit form (state, visibility) is used in these definitions. The global results, hoWever, always pres¢rve the
initial visibility as postulated in 9.5.1.

Let (s, vis)| be an arbitrary pair in the set Sp x VIS.

The followling definitions and notations are used in this clause:

— newlocp(L) is a primitive function that, for each finite subset'L of location Locp, returns a fresh lodation in
Locg, i.e., one which is not in L.

— l¢c = newlocp(dom(vis)).

— Viisy is a new visibility function defined as follows:
dom(visy) = dom(vis) U {x}.

vis(y) = { vis(y) ify#x

loc ify =x;

— st T denotes the following set:

(a) if T is a module’type, 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 (](T).

— (s, T) = {s'@&-Sp : s.Loc(loc) € s-T and all other components of s’ are identical to those in s}.

Remark 1: Thedefinition of S(s, T) depends on the cases (a) and (b) above for s-T.

Remark 2: Nofe that if s-T = ), then S(s, T) = . Note also that the set s-T is always finite.

9.6.6.6.1 Exist expression

The interpretation of an exist expression statement is defined thus:

valp(exist x:T suchthat E)(s, vis) = true iff
there exists an s’ € S(s, T) such that valp(E)(s', vis) = true.

100


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

© ISO/MEC ISO/IEC 9074:1997(E)

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 forone statement is defined thus:

If Dp(s, ~)then (s!" vis) ¢ [forone(x T E, stmy stmo)]p(s, vis) iff
there exists an s’ € S(s, T) such that (valp(E)(s’, visx) = true and (s", visy) € [stm]p(s’, visy)).

If not(Dp(s, T, E, x)), then [forone (x, T, E, stmy, stm;)]e(s, vis) = [stmp]p(s, Vis).
9.6.6.6.3 All statement
Let u anid vi be meta variables whose values are states and visibilities, respectively: The possible results of executing

the statgment “all x:T do stm” in the state s and visibility vis, i.e., the semanticValue of
[all x:T|do stm]p(s, vis)

is given|by all possible final values of variables u and vi of the following meta statement:

(W, vi) := (s, visy);
rallR € s-T do
(u.Loc(loc) :=R;
(u, vi) := [stm]p(u, vi));
Vi := Vis.

Remark 1: The result of the statement is strongly nondeterministic. It depends on the order of choosing ¢lements in
the set §-T. In addition, the statement “stm’ may give more than one result due to the possibility of nesfing Estelle
statemgnts.

Remark 2: It is strongly recommended not to use the all statement if its result depends on the order g¢f choosing
elemen]s in the set s-T.

Remarfk 3: In case the ekist expression, forone statement, or all statement concerns ordinal types, the Jomain-list
may cdntain several idéntifiers of different ordinal types, i.e., the domain list instead of being reduced to the x:T
may have the following general form:

1 L. . g} n .
Xl,...,xkl.T1,...,X1,...,an.Tn,

wheren> 1, ki>1,1=1,...,n

The generalization of the above definitions is straightforward. One must create a new location locji for each identifier
x} and define the following:

— visibility visy by:

dom(vis,) = dom(vis) U {x} :i=1,...,mj=1,...,ki}.
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. .f i
visy(y) { vis ify #x;

loc; ify=x.

— s-T; = E[Ep[Ep J)(Ti),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 } .
Substitution of S(s, Ty, ..., Ty) for S(s, T), in the semantic definitions of an exist expression and forone statement,

gives the r¢quired generaliZation I teSe Cases.

In case of 4n all statement, the following meta statement (a particular use is the one in 9.6.6.6.3) gives-the)semantics
of the gengral case:

(u, vp) := (8, Visy);
forgllR € (s-T)! 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 :o vis,

whefe (s-T;)X = s-T; x ... x s-T; (ki times), and R[i, j] denotes the j¢th element in the cartesian product [s-T;)X,
the iftth part of the product (s-T1)X! x -+ x (s-Ty)k".
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ANNEX A
(informative)

Collected syntax

This annex comprises three clauses: collected syntax from clause 7, collected syntax from clause 8. an
syntax flom Annex C.

ISO/IEC 9074:1997(E)

collected

Syntax rules are defined in clauses 7, 8 and Annex C; the relationship between the parts is as follows.
defines 4 subset of ISO Pascal [ISO/IEC 7185:1990] used by Estelle. Clause 8 defines extensions to

defined i
that are |
to the co
Note th4

of COMPONENT-VARIABLE in clause 7 refers to the nonterminal symbol {‘component-variable” as
Annex ( and as extended in clause 8. ‘

NOTES

1 The stdrt 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 re
the start §ymbol of the grammar: pointer-type, simple-type, sighéd-number, and structured-type.

3 The fo|

symbol of the grammar: pointer-type-identifier, real-type-identifier, signed-real, and structured-type-identifier.

Al

7.6.1.1

7.6.1.1

7.6.9.1

7.5.9.1

7.6.4.1

Collected syntax from claiise 7

actual-module-parameter = EXPRESSION .

[

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

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

Annex C
he subset

p annex C and summarizes the restrictions imposed by the subset. Clause 7 definesthose grammar elements
nique to Estelle. By convention, in clauses 7 and 8, nonterminal symbols written ertirely in upper|case refer
rresponding lower case nonterminal symbol in the grammar rules found in Annéx C (e.g., IDENTIFIER).
t some nonterminals found in Annex C are extended by clause 8. For'example, an applied occurrence

lefined in

hiched from

lowing nonterminal symbols appear only on the tight-hand side of productions that cannot be reached from the start

any-clause = “any” domain-list “do” .

attach-statement = “attach” external-ip “to” child-external-ip .
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~

daclaratinn.n
GeCiar uuunﬁyart

initialization-part
transition-declaration-part .

[\
—
cr
(@]
cu
‘~<I:
(=9
<)
=
9
]

7.3.7.1 body-identifier = IDENTIFIER .

7.3.4.1 channel-block = +{ interaction-group } .

7.3.4.1 channel-definition = channel-heading channel-block .

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

734.1 channel-identifier = IDENTIFIER .

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

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

7.5.2.1 clause-group = [ provided-clause ]
[ from-clause ]

Y[ to=clause ]

[ @ny-clause ]

([ delay-clause ]

Y[ 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

| interaction-point-declaration-part

| module-variable-declaration-part
"'VARTABLE-DECCARATION-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~|child-external-ip | module-variable ) .
7.6.5.1 disconnect-statement = “disconnect” ( connect-ip | module-variable ) .

7.5.9.1 domain-list = IDENTIEIER-LIST “” ORDINAL-TYPE
{ “¥’ IDENTIFIER-LIST “:” ORDINAL-TYPE } .

7.6.11.]  exist-ones=> “exist” ( domain-list | module-domain)
“suchthat” FACTOR .

[T

7.4.3.1 éxported-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 ] .

75.4.1 from-clause = “from” from-list .
7.5.4.1 from-element = state-identifier | state-set-identifier .
7.54.1 from-list = from-element { “,” from-element } .

7.3.6.1 header-identifier = IDENTIFIER .

7.3.5.1.1 [index-type-list = INDEX-TYPE { ““INDEX-TYPE } .

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

7.5.10.1 |initialization-part-= { “initialize” transition-group } .

7.3.4.1 intefaction-argument-identifier = IDENTIFIER .

7.5.6.1 interaction-argument-list = “(” interaction-argument-identifier
{ “” interaction-argument-identifier } “)” .
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7.3.4.1 interaction-definition = IDENTIFIER
[ “(” VALUE-PARAMETER-SPECIFICATION
{“” VALUE-PARAMETER-SPECIFICATION } “)”] ;.

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

7.3.4.1 interaction-identifier = IDENTIFIER .

7.3.5.1.1 interaction-point-declaration = IDENTIFIER-LIST “:” interaction-point-type
| IDENTIFIER-LIST “” “array” “[” indéx-type-list “]”
“of” interdction-point-type .

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

7.3.5.1.] interaction-point-identifier = IDENTIFIER .

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

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

7.6.8.1 interaction-reférenice = interaction-point-reference “.” interaction-identifier .

7.4.2.1 interhal-<ip = interaction-point-reference .

7.5.6.1 ip-index = CONSTANT | VARIABLE-IDENTIFIER .
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771

7.3.7.1

7.6.9.1

7.3.6.1

74.1.1

7.3.9.1

7.3.9.1

108
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key-words = “activity” | “all” | “any”
| “attach” | “body” | “by”
| “channel” | “common” | “connect”
| “default” | “delay” | “detach”
|  “disconnect” | “exist” |  “export”
| “external” |  “forone” | “from”
| “individual” | “nit” | “initialize”
—ip"* —“modute™ —“modvar*
|  “name” | “otherwise” | “output”
| “primitive” | “priority” | “process”
| “provided” |  “pure” |  “queue”
| “release” | “same” | “specification”
| “state” | “stateset” | “suchthat®
| “systemactivity” | “systemprocess” | “terminate”
| “timescale” |  “trans” | “when” .

module-body-definition = “body” IDENTIFIER “for” header-identifier;”
( body-definition “end” «;” | “external” ;) .

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

module-header-definition = “module”.IDENTIFIER [class] [ “(” parameter-list ) ] ;”

[ “ip” +{~nteraction-point-declaration ;” } ]
[ “expbrt” +{ exported-variable-declaration *;” } ]
‘Send,’ “;,’ .

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

modulé-variable-declaration = IDENTIFIER-LIST “:” header-identifier
| IDENTIFIER-LIST “:” “array” “[” index-type-list “]”
“of” header-identifier .

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] .

7.3.6.1 pnrameter-licr = VAILUE-PARAMETER-SPECIEICATION
{ “” VALUE-PARAMETER-SPECIFICATION }.

7.5.8.1 priority-clause = “priority” priority-constant .

7.5.8.1 priority-constant = UNSIGNED-INTEGER | CONSTANT-IDENTIRIER .

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

7.2.1 queue-discipline = “common” “queue” | “indjvidual” “queue” .
7.6.2.1 release-statement = “release” module-variable .

7.3.4.1 role-identifier = IDENTIFIER .

7.3.4.1 role-list = IDENTIFIER “,” IDENTIFIER .

7.2.1 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 } “]” .
73.11.1 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 “;X\.
7.5.3.1 to-clause = “to” to-element .

7.5.3.1 to-element = “same” | staté-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 .

7.5.2.1 transition-declaration = “trans” transition-group .

7.5.2.1 transition-declaration-part = { transition-declaration } .
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75.2.1 transition-group = +{ clause-group transition-block “;” } .

7.5.2.1 transition-name = ‘“name” IDENTIFIER ¢:” .

7.5.6.1 __when-clause = “when” when-ip-reference “” interaction-identifier
[ interaction-argument-list ] .

7.5.6.1 when-ip-reference = interaction-point-identifier [ “[” ip-index { “,” ip-index }“*7 .

A.2  C(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.] CONSTANT-DEFINITION = — [IDENTIFIER “=" “any” TYPE-IDENTIFIER .

8.2.4.1 directive = letter { letter .| digit } .

8.2.6.1 EXPRESSION =< | module-variable RELATIONAL-OPERATOR module-variable .

8.1.1 FACTOR/= — | exist-one .

8.1.1 LETTER = — |“" .

8.2.5.2 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

8.1.1

8.2.3.3.1

~SIMPLE-STATEMENT =

REPETITIVE-STATEMENT = — | all-statement .

RESULT-TYPE = TYPE-IDENTIFIER .

attach-statement

© ISO/IEC

connect-statement

|
I
Pttt
| disconnect-statement
| init-statement

| output-statement

| release-statement

l terminate-statement

WCiiiaio-stateiiciit .

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

STRUCTURED-STATEMENT = — | forone-statement .
TYPE-DEFINITION = — | IDENTIFIER “="“...” .
WORD-SYMBOL = — | key-words .

A.3 Collected syntax from annex C

6.7.3

6.7.3

6.7.2.1

6.1.7

112

actual-parametér = expression | variable-access | procedure-identifier

| function-identifier .

(132

actlal-parameter-list = *“(” actual-parameter { “,” actual-parameter } “)”

adding-operator = “+47 | “=" | “or” .

[IR1 1

apostrophe-image =
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3R]

6.4.32  array-type = “array” “[” index-type { “,” index-type } “]” “of” component-type .

6.53.2 array-variable = variable-access .

6.8.2.2 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-parnt
variable-declaration-part procedure-and-function-declaration<part
statement-part .

6.7.2.3 Boolean-expression = expression .

6433 case-constant = constant .

6.4.3.3 case-constant-list = case-constant { ¢/ case-constant } .
6.8.3.5 case-index = expression -,

6.8.3.5 case-list-elemenf~=\"case-constant-list :” statement .
6.8.3.5 case-statement = “case” case-index “of” case-list-element

{“” case-list-element } [ “” ]“end” .

TR ITEED

6.1.7 character-string = string-element { string-element } .

6.4.3.2 component-type = type-denoter .

113


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

ISO/IEC 9074:1997(E) © ISO/IEC

6.5.3.1 component-variable = indexed-variable | field-designator .

6.8.3.2 compound-statement = “begin” statement-sequence “end” .
6.8.3.3 conditional-statement = if-statement | case-statement .

6.3 constant = [sign ] (unsigned-number | constant-identifier )

| character-string .

6.3 constant-definition = identifier “=" constant .
6.2.1 constant-definition-part = [ “const” constant-definition “;” { constant-definition “;” } ] .
6.3 constant-identifier = identifier .

6.8.3.9 control-variable = entire-variable .

6.1.1 digit = “0” | “1” | “2” | “3” | 42| “5” | “6” |“T" | “8” |“9” .
6.1.5 digit-sequence = digit.{ digit } .

6.4.4 domain-type«=\“type-identifier .

6.8.3.4 elsespart = “else” statement .

6.8.2.1 empty-statement = .

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 ] .

6.7.1 = i = i = ion-
| set-constructor | “(” expression “)” | “not” factor .

6.5.3.3 field-designator = record-variable “.” field-specifier | field-designator-identifier, .

6.8.3.10  field-designator-identifier = identifier .

6.4.3.3 field-identifier = identifier .

6.43.3 field-list = [ ( fixed-part [ *,” variant-part ] | variant-part )[“” ] ] .

6.5.3.3 field-specifier = field-identifier .

6.8.3.9 final-value = expression .

[ L]

6.4.3.3| fixed-part = recaordssection { “;” record-section } .

6.8.3.9 for-statement = “for” control-variable “:=" initial-value ( “to” | “downto” ) final-value
“do” statement .

6.6.3.1
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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-parameterdlist ] .

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 = identifierC.

6.6.3.1 functional-parameter=specification = function-heading .

6.8.2.4 goto-statemgnt = “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 .

6.4.3.2 index-type = ordinal-type .

9

6.5.3.2 indexed-variable = array-variable “[” index-expression, { “,” index-expression } “I",

6.8.3.9 initial-value = expression .

6.1.6 label = digit-sequence .

6.2.1 label-declaration-part = [ “label” label { ,” label }/4*/] .
611 letter = nau I ubn ‘ “C” I udn | “en l “fn ‘ “gn
lﬂh” ‘Si?’ (144} Aik” “I’Y “m” ‘Gn,,
l [1P"% 2] | [y i) | “J b2l | 669 | ISl | [Irei} | Il
| <om | 7 g | v | | |t
I “V” ! “W” I “X” l “yn l “Z” X
6.7.1 member-designator = expression [ “..” expression ] .

6.7.2.1 multiplying-operator = “*” | “/” | “div” | “mod” | “and” .

6.4.2.1 new-ordinal-type = enumerated-type | subrange-type .

6.4.4 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 = { ( procedure=declaration

66,9

| function-declaration ) “;” } .

6.6.1 procedure-block = block .

6.6.1 procedure-declaration = procedure-heading “;” directive

66,9

| procedure-identification “;” procedure-block

[}

| procedure-heading “;” procedure-block .

6.6.1 procedure-headifig,= “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 .
6433 record typn = “racord’” field lict “end’’
6.5.3.3 record-variable = variable-access .

@ 9

6.8.3.1D  record-variable-list = record-variable { “,” record-variable } .

6.7.2.1|  relational-operator = “=" | “<>” | “<” | “>” |“<=" | >=" | “in” .

6.8.3.7 repeat-statement = “repeat” statement-sequence_“until” Boolean-expression .

6.8.3.6 repetitive-statement = repeat-statement 3 while-statement | for-statement .
6.6.2 result-type = simple-type-identifier | pointer-type-identifier .

6.1.5 scale-factor = [ sign ]-digit-sequence .

6.7.1 set-constructor’=  “[” [ member-designator { “,” member-designator } ]“]” .

6.4.3.4 set-type = ‘“‘set” “of” base-type .

6.1.5 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—=—[signJterm-{adding-operator term |

6.8.2.1 kimple-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+” | “w__» ’ (13 311 l u/” I “_»
l “<n l “>n | “[” | “]n I u.n
R | |t |
|y ] <> | o<=" ] >=" | =
| “.” | wotd-symbol.

6.8.1 statement = [ label “:” ] ( simple-statement | structured-statement ) .

6.2.1 statement-part = cOmpound-statement .

6.8.3.1 statementsseéquence = statement { “;” statement } .

6.1.7 strifg-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 .

6433 tag-type = ordinal-type-identifier .

6.7.1 term = factor { multiplying-operator factor } .

641 type-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-struetured-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 .

121


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

ISO/IEC 9074:1997(E) © ISO/MEC

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-decfaration ;" } ] .

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 } .

6.4.3.3 variant-selector = [ tag-field “:” ] tag-type .

6.8.3.8 while-statendent’ = “while” Boolean-expression “do” statement .

6.8.3.10 | with-statement = “with” record-variable-list “do” statement .
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6.1.2 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”
| “record” |  “repeat” | “set”
—then™ o™ —“type* ——until
| “var” | “while” | “with”.
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ANNEX B
(informative)

User guidelines

B.1 User data management

© ISO/IEC

B.1.1 Purpose of user data management

User data mhnagement is an important part of a protocol specification:

— (N
PDU5

passefl to the (N—1)-layer.

MN)-

Us are built (after possible reassembly) from the received ddta and passed to the (N+1)-layer.

B.1.2 Principles

This guidel
encode and
of such typ

s as strings of octets.

PDU manigulations should be effected by means'of two primitive polymorphic procedures called encode and
with headirjgs as follows:

procedure gncode (var d : datatype ; r.: rectype); primitive;

procedure decode (d : datatype jvar'T : rectype); primitive;

The effect

hf these functions'should be to map variables of any record type onto variables of datatype (as

in 1.3 of Afinex B). Theyshould, in general, perform component-wise mapping of records onto coded octet
and vice vejrsa.

B.1.3 En

code’procedure

-user data are received by the (N)-layer from the (N+1)-layer and combined with (N)-PCI to form (N)-
, after possible fragmentation and/or concatenation. Then the (N)-PDUs aré.put into (N—1)-SDUs and

en (N—1)-SDUs are received they are decoded (i.e., the (N)-PCl-are recognized and removed) gnd the

ne describes preferred means for the manipulation of user date in Estelle in the form of two progedures
decode which may be used to perform mappings between Pascal record types and coded represenftations

lecode

lefined
strings

A procedure called encode should be used to convert values of Pascal record types into values of octet string types.
This procedure should be primitive. The procedure heading should be of the form:

procedure 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 proceflure called decode should be used to convert values of octet string types into values of Pascal re¢ord types.

This prqcedure should be primitive. The procedure heading should be of the form:

procedufe decode ( d : datatype ; var r : rectype ); primitive ;

where dptatype and rectype denote types as defined in B.1.3.

The forfnal specification accompanying the use of this procedure should express the representation of values of the

type datatype in terms of the integral value represented by a sequence of octets each of which represent

in the rgnge 0 to 255 in binary notation.

B.1.5 |Guidelines

The twd above defined procedures (encode and decode) provide a means to describe any OSI protocol a

a number

an appro-

priate lgvel of abstraction. However, should a less abstract(more implementation oriented) description bg desirable,

the spegifier may use a more detailed manipulation\of  data type and provide for a more detailed des|

encodirlg and decoding as illustrated below.

B.1.5.1| Constants and types

At the tpp level of the specification, the following declarations are included:

Eription of

const
miaxdata = any'intéger; { the maximum size of any piece
of data that a specification
may handle }
type
ogtet =0..255; { one byte }
len_type = 0..maxdata; { for data_type length }
id_type = l..maxdata; { for index in a data_type }

data_type =record
1: len_type;

d : array[id_type] of octet;

end;

{ this is a data-type record }
{ actual length }
{ actual data }
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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 llrocedures and functions

At the top Jlevel of the specification the following functions and procedures will be defined:

{ return thE actual length of the data variable }
function d|length ( data : data_type): len_type; primitive;

{ initializ¢ 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 4 data variable for holding data }
procedureld_create ( var data : data_type;
length : id_type); primitive;

{ return th octet at the specified offset; 1 is thedfirst }
function d|get ( data : data_type;
offset : id_type) : octet; primitive;

{ put the dctet at the specified offset; 1 is the first }
procedure|d_put ( var data : data-type;

offset : id type:

value : octet); primitive;

{ append T\e data contained in “addition” to the variable “base”,
and set ‘faddition™to the null data_type }

procedure|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;
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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 }
function d_length ( data : data_type): len_type;
begin

dJength :=data.; { actual Tength of data_type }

end;

{ initialjze the variable data to a null data_type; i.e d_length will return 0 }

procedure d_null ( var data : data_type);

var indejx : id_type; { index over the array of octets }

begin
for index := 1 to maxdata do

data.d[index] := 0;
daga.l :=0;

end;

{ copy from_data into to_data }

procedure d_copy ( from_data : data_type;

var to_data : data_type);

var indejx : id_type; { index over the array of octets }

begin
for index := 1 to maxdata do

to_data.d[index] := from_data.d[index];
toldata.l := from_data.l;

end;

{ prepate a data variable for holding data\}
proceduge d_create ( var data : data_type;
length : id_type);
begin
d_null(data);
data.l := length;
end;

{ return(the octet at'the specified offset; 1 is the first }
function] d_get (data : data_type;
offset : id_type) : octet;

begin

if ( offset > data.l) then
d_get := 0 { return O if offset greater than length }
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;
offset : id_type;
value : octet);
begin
if ( offset <= data.l) then
data.d[offset] := value;

© ISO/EC

end;
{ append the data contained in “addition” to the variable “base”,
and set “3ddition” to the null data_type }

procedure d_assemble ( var base : data_type;
var addition : data_type);
var tot_length : integer; { total length }
index : fen_type;
begin
{ conjpute total length and limit it to maxdata }
tot length := base.l+addition.];
if (tof length > maxdata) then
t_length := maxdata;
{ append octets to base }
ex := 1 to tot_length — base.l do
ase.d[index+base.l] := addition.d[index];
{ update length of base }
base.| := tot_length;
{ set jpddition to the null data_type }
d_nuli(addition);
end;

{ the data |n old are fragmented as follows;
the “len’] first octets are moved to head;
the tail (Jof length “d_length(old) — lén” ) remains in old }
procedure (d_fragment ( var head ; data_type;
var old(: data_type;
len :\len_type);
var index, Jength : len_type;
begin
if ( I¢n > old:l)-then length := old.l
else length := len; { length is at most the length of old }
d_crqate(head, length); { initialize head to hold “length” octets }

if (length > 0y { if fength {sZero; moting todo § them begimr
{ move length octets from old to head }
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;

B.1.54 Example

ISO/IEC 9074:1997(E)

The following gives a short example of user data manipulation based on the description in Estelle of the’D

protocd|l, class 0 [ISO 8073].

const
ngeot=0; { notend of TSDU mark }
eqt  =128; { end of tsdu mark }
liJdt0 =2; {length indicator for data in class 0 ISO 8073 }
cd-dt0 = 240; { pdu code for data }
var

TPSU : data_type; { tsdu being assembled before passing it to thé nser }
pdu_en : integer;  { pdu length as negotiated during connection phase }

State
OPEN, WENC, WFCC, NONC; { state of transport medyule }

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 ( eot_mark : octet);
begin
d_create (,nsdu, 3); { header is 3 octet in IS 8073 class 0 }
d_put (nsdw, 1, 1i_dt0); { set the length indicator }
d_put,Cnsdu, 2, cd_dt0);  { set the PDU code }
dsput ( nsdu, 3, eot_mark); { set the end-of-tsdu mark }
duassemble ( nsdu, frag); { append the fragment of user data }
end;

1)

b1 transport

130 oot Ll
begin-{ransittonblock
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;
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build_dt0 (eot);
output NS.N_DT_RQ ( nsdu);
end; { end transition block }

trans
when NS. T_DT_IND(N _user_data)
from OPEN to SAME
plUViL‘lCd € { datapdu atrd-cot }
(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 example specification fgllowing specifies an alternating bit protocol that provides reliable communicat
a network [service that sometimes loses messages. This simple protocol uses a one-bit sequence number (W
ternates bdtween 0 and_1)-in each message or acknowledgement to determine when messages must be retran

The speciffcationstextincludes complete definitions of most module types. By using primitive functions an
dures, it ofnits certain implementation details.

on over
hich al-
smitted.

| proce-

The followins
specification.
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User[low] User. . User[high]
A_Bllow] A_B.. A_Blhigh]
Network

Structure of Alternating Bit System

Specifi¢ation 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.

const {|“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. }
Rptran_time = any integer; { retransmission time }

type { [...” is used to'specify that an implementer

must define thése types for his environment. }
Cep-type=low .. high;

Data_type = ...; { user data }
S¢qiype=0..1; { sequence number range }
Id=ype = (DATA, ACKJ;

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;

by Provider:

CEIVE rpcpnnce(”data' U Data_type):

© ISO/IEC

ccess_point(User,Provider);

I:

ATA request(Ndata: Ndata_type);
vider:

ATA _response(Ndata: Ndata_type);

ader definitions }

r_type systemprocess
_end_pt_id: Cep_type); {parameter list}
: U_access_point(User) common queue;

module Alternating_bit_type systemprocess
( Conn_end_pt_id: Cep-type);){parameter list}
ip {interaction pointilist-}
U: U_access_point(Provider) common queue;
N: N_access_point(User) individual queue;
end; { of module header definition }

{ Th¢ module has two interaction points named “U” and “N";
the|roles-of\the module are named:

“Provider” with respect to “U”, and
“User” with rpcppr‘t to “N”

Notice that there is an individual queue associated

with the interaction point “N”. If the queue would

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

Misg_type =

record { record introduces a data structure }
Msgdata: U_Data_type; { to be “...” }
Msgseq: Seq-type

end;

lov]

uffer_type = ...;

var
end_buffer, Recv_buffer: Buffer_type;
end_seq, Recv_seq: Seq.type;

Q: Msg_type;

: Ndata_type;

b n Wi

state ACK_WAIT,BSTAB; { state definition part }

statesgt { state=set-definition-part }
EITIIIER =[ACK_WAIT, ESTAB];

function Ack_ok(Nd: Ndata_type): boolean;
{notice that a function shall be demonstrably pure }
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 “no user data” }

procedure [FormardatatMsg—Msgtype; var B-Ndata-type);
begin
B.1d[:= DATA;
B.C¢nn := Conn_end_pt.id;
{ copnection reference given in the instantiation }
copy|( B.Data, Msg.Msgdata); { copy data }
B.Sqq := Msg.Msgseq;

end;

procedure [Format_ack (Msg: Msg_type; var B: Ndata_type);

begin
B.Id|:= ACK;

B.Cénn := Conn_end_pt_id;

empty (B.Data); { no data for an ACK }

B.Sqq := Msg.Msgseq;
end;

{ two varigbles of type “buffer_type” are used to hold messages ( of type “msg-type”):
Send_buffer for sending, Receive_buffer for receivifig.
The follpwing procedures and functions are used
manipuljte buffer_type variables }

procedure|Empty_buf(var Buf: Buffer.type);
primitive; [{ procedure provided by implémenter :
set a buffer to “empty i.e. contains no messages }

procedure|Store(var Buf: Buffer_type; Msg: Msg_type);
primitive; [{ procedure provided by implementer :

store a message into a buffer_type
variable'such that the messages can be
retfieyed or removed in a FIFO manner}

procedure Remove(var Buf Buffer_typey;
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}

procedure Inc_send_seq;
begin

Bend_seq := (Send_seq + 1) mod 2
end;

procedure Inc_recv_seq;

begir
Recv_seq := (Recv_seq + 1) mod 2
end;

initialige { 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 spe¢ifie }
Empty_buf (Recv_buffer); { implementation specific }
endl;

trans {| transition-declaration-part of the alternating bit process }

from ESTAB
tqg 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
when U.RECEIVE _request
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;

135


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

ISO/IEC 9074:1997(E) © ISO/IEC

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 }
output N.DATA _request(B);
rend;
from ACK|WAIT
to ESITAB
when N.DATA response
provided Ack_ok(Ndata)
begin { transition 4 }
Remove(Send_buffer); { remove acknowledged message '}
Inc_send_seq
end;
from EITHER
to same
when N.DATA _response
provided Ndata.Id = DATA
begin { trangition S }

copy (Q.Msgdata,Ndata.Data);
Q.Msgseq := Ndata.Seq;
Format_ack(Q,B);
output N.DATA requést(B);
if Ndata.Seq = Recy._seq then
begin
Store(Recv_buffer,Q);
Inc_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_bit_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
instance of a connection end point (Cep); i.e., each

ISO/IEC 9074:1997(E)

interaction point has end paints 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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Pascal subset used by Estelle

ANNEX C
(normative)
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The following text is a modification of [ISO/IEC 7185:1990]. Original clause numbers should help the reader note
the changes.
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he syntax given in this subclause describes the formation of lexical tokens-from characters and the separatior] of these
herefore does not adhere to the same rules as the syntax in the rest ef this International Standard.

1 tokens used to construct Pascal programs are.classified into special-symbols, identifiers, difectives,
numbers, labels, and character-strings. The representation of any letter (upper case or lower case, dif-
f font, etc.) occurring anywhere outside ¢f>a character-string (see 6.1.7) shall be insignifican
b to the meaning of the specification.
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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”
| “record” | “repeat” | “set”
|  “then” | “to” | “type” | “until”
[ Tvar” [ “while” | “with”.

NOTE — The reserved words “file” and “program” have been deleted.

6.1.3 Identifiers

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

identifier = letter { letter | digit } .

Examples:

X

time

readinteger

WG4

AlterHeatSetting
InquireWorkstationTransformation
InquireWorkstationIdentification
tr_connect_req

ss_sync_major

NOTE — see clause 8 for directive.

6.1.5 Niimbers

An unsigned-integershall denote in decimal notation a value of integer-type (see 6.4.2.2). An unsigned-real shall
denote in decimal notation a value of real-type (see 6.4.2.2). The letter “e” preceding a scale-factor shall fnean times
ten to the power. of. The value denoted by an unsigned-integer shall be greater than or equal to O (see §.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 .

scale-factor = [ sign ] digit-sequence .

SO/IEC

digitfsequence =—digit{digit—

Examples:

1¢10

1

+100

-0.1

5¢-3

87.35E+8
6.1.6 Labe

s
Labels shaIl be digit-sequences and shall be distinguished by their apparent integral values and shall be in thg closed

interval 0 tp 9999. The spelling of a label shall be its apparent integral value.

labell = digit-sequence .

6.1.7 Chanacter-strings

A charactefr-string containing a single string-element shall denote a value of the required char-type (see 4.4.2.2).

A charactef-string containing more than one string-element shall denote a value of a string-type (see 6.4.3
the same njimber of components as the character-string contains string-elements. All character-strings with
number of components shall possess the-same string-type.

2) with
a given

There shal| be an implementation-defined one-to-one correspondence between the set of alternatives from} which

string-elements are drawn and a-subset of the values of the required char-type. The occurrence of a string-
in a character-string shall denote-the occurrence of the corresponding value of char-type.

N84 TR

charfcter-string = string-element { string-element } .

string-element.= apostrophe-image | string-character .

ITELET)

apostrophe-image =

tlement

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

Examples:
’ A ’
r .1
7
o

'Pascal’
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'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

769 | cef kN
C1v 1 U commentary

shall bd a comment if neither the { nor the (* occurs within a character-string or within a commentary?

NOTES

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

(o]
-3
=

@
w

quence (*) cannot occur in a commentary even though the sequence {) can.

Commgnts, spaces (except in character-strings), and the separations of consecutive lines shall be consiflered to be
token sgparators. Zero or more token separators can occur between any twg'consecutive tokens, before th first token
of a spgcification 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-symbals, labels or unsigned-numbers. Nq separators
shall o¢cur within tokens.

6.1.9 Liexical alternatives

The representation for lexical tokens and separafors given in 6.1.1 to 6.1.8, except for the character sgquences (*
and *),[shall constitute a reference representation for these tokens and separators.

To facilitate the use of Pascal on processors that do not support the reference representation, the follow|ng alterna-
tives hgve been defined. All processors.that have the required characters in their character set shall provide both the
referene representations and the alternative representations, and the corresponding tokens or separators shall not
be distinguished. Provision of the reference representations, and of the alterative token @, shall be impl¢mentation-
defined.

The altprnative representations for the tokens shall be

Refereince 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
defining-point for the region that is the block. Each applied occurrence of that label (see 6.2.2.8) shall be a label.
Within an activation of the block, all applied occurrences of that label shall denote the corresponding program-point
in the algorithm of the activation at that statement (see 6.2.3.2 b)).

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

statement-part .

labelldeclaration-part = [ “label” label { “,” label } “;” ] .

consfant-definition-part = [ “const” constant-definition “;” { constant-definition™;""} ] .
typefdefinition-part = [ “type” type-definition “;” { type-definition “;” } ]\

varigble-declaration-part = [ “var” variable-declaration “;” { variable=d€claration “;” } ] .

procgdure-and-function-declaration-part = { ( procedure-declaration
| function-declaration ) “;” } .

The statement-part shall specify the algorithmic actions to be exectited upon an activation of the block.

statgment-part = compound-statement .

6.2.3 Actiyations
6.2.3.1

A procedure-identifier or function-identifier having a defining-point for a region that is a block within the procedure-
and-functipn-declaration=part of that block shall be designated local to that block.

6.2.3.2

The activatien{of a block shall contain

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

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

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

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

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

6.2.3.3

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

a) the activation containing the procedure or function; and

b) all activations that that containing activation is within.

NOTE — An activation of a block B can only be within activations of blocks contairing B. Thus, an activation i§ not within
another 3ctivation of the same block.

Within 4n activation, an applied occurrence of a label or variable-identifier, or of a procedure-identifier of function-
identifigr local to the block of the activation, shall denote the corresponding program-point, variable, prgcedure, or
function, respectively, of that activation; except that the function-identifier of an assignment-statement siall, within
an activption of the function denoted by that function-identifier, denote the result of that activation.

6.2.3.4

A procgdure-statement or function-designator contained in the algorithm of an activation and that specif{es an acti-
vation df a block shall be designated the activation-point of the activation of the block.

6.2.3.5

All varipbles contained by an activation and any result of an activation, shall be totally-undefined at the commence-
ment of|that activation. The'algorithm, program-points, variables, procedures, and functions, if any, shall|exist until
the ternjination of the activation.

6.3 Cdnstant-definitions

A consthnt<definition shall introduce an identifier to denote a value.

c s o . . o

constant = [ sign ]( unsigned-number | constant-identifier )
| 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 type-detlnition shall introduce an identifier to denote a type. Type shall be an attribute that is possesséd, Hy every

value and gvery variable. Each occurrence of a new-type shall denote a type that is distinct from any other' ngw-type.
typetdefinition = identifier “=" type-denoter .

typetdenoter = type-identifier | new-type .

newitype = new-ordinal-type | new-structured-type | new-pointer-type .

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

Types shall be classified as simple-types, structured-types or pointer-types. The required type-identifiers and corre-
sponding required types shall be as specified in 6.4.2.2 and 6.4.3.5.

simple-type-identifier = type-identifier .
stru¢tured-type-identifier = type-identifier
poinfter-type-identifier = type-identifier.};
typetidentifier = identifier .

A type-id¢ntifier shall be considered-as a simple-type-identifier, a structured-type-identifier, or a pointer-type-

identifier, according to the type-that' it denotes.

6.4.2 SimIe-types

6.4.2.1 Geperal

A simple-{ypesshall determine an ordered set of values. A value of an ordinal-type shall have an integer] ordinal
number; the-erderinsrelationship-between-an o-such-values-of-one-type-shall-be-the-same-as-that-between their
ordinal numbers. An ordinal-type-identifier shall denote an ordinal-type. A real-type-identifier shall denote the
real-type.

simple-type = ordinal-type | real-type-identifier .
ordinal-type = new-ordinal-type | ordinal-type-identifier .

new-ordinal-type = enumerated-type | subrange-type .
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ordinal-type-identifier = type-identifier .

real-type-identifier = type-identifier .

6.4.2.2 Required simple-types
The following types shall exist
a) ix - i -identifier integer shall denote the integer-type. The integer-type shall be an

ofdinal-type. The values shall be the whole numbers, denoted as specified in 6.1.5 by signed-integpr (see also
6/7.2.2). The ordinal number of a value of integer-type shall be the value itself.

b) r¢al-type. The required type-identifier real shall denote the real-type. The real-type shall be a simple-type.
The values shall be the real numbers, denoted as specified in 6.1.5 by signed-real.

¢) Hoolean-type. The required type-identifier Boolean shall denote the Boolean-type: The Boolear}-type shall
bk an ordinal-type. The values shall be the enumeration of truth values denoted by the requirefl constant-
identifiers false and true, such that false is the predecessor of true. The-ordinal numbers of the truth values
denoted by false and true shall be the integer values 0 and 1 respectively:

d) char-type. The required type-identifier char shall denote the charstype. The char-type shall be nﬁm ordinal-

type. The values shall be the enumeration of a set of impl¢mentation-defined characters, some possibly
ithout graphic representations. The ordinal numbers of the character values shall be values of ipteger-type
nat are implementation-defined and that are determined by mapping the character values on to ¢onsecutive
on-negative integer values starting at zero. The following relations shall hold.

= oh <

1) The subset of character values representing the-digits O to 9 shall be numerically ordered and gontiguous.

2) The subset of character values representing the upper case letters A to Z, if available, shall e alphabet-
ically ordered but not necessarily contiguous.

3) The subset of character values répresenting the lower case letters a to z, if available, shall b¢ alphabeti-
cally ordered but not necessarily contiguous.

NOTE { Operators applicable to the required simple-types are specified in 6.7.2.

6.4.2.3|Enumerated-types
gnumerated-type.= “(” identifier-list )" .
identifier-lish = identifier { “,” identifier } .

The ockurrende of an identifier in the identifier-list of an enumerated-type shall constitute its defining-goint for the
region [thafs the block closest-containing the enumerated-type. Each applied occurrence of the identifier shall be
a constant-identifier. Within an activation of the block, all applied occurrences of that identifier shall possess the
type denoted by the enumerated-type and shall denote the type’s value whose ordinal number is the number of
occurrences of identifiers preceding that identifier in the identifier-list.

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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(red, yellow, green, blue, tartan)

(club, diamond, heart, spade)

(married, divorced, widowed, single)

(scanning, found, notpresent)

(Busy, InterruptEnable, ParityError, OutOfPaper, LineBreak)

6.4.2.4 Subrange-types

© ISO/IEC

A subrang
of a subran
shall be spg
that ordinal

subr

Examples:
1

X4

6.4.3 Strug

-Type shallinclude idemtification of e satlest and the fargest value i the subrange. 1he NSt g
ge-type shall specify the smallest value, and this shall be less than or equal to the largest value
cified by the second constant of the subrange-type. Both constants shall be of the same ordinal-ty]
-type shall be designated the host-type of the subrange-type.

o

inge-type = constant ".." constant .

.100
10..+10
bd . .green

rLL'9Y

tured-types

6.4.3.1 GeJ-eral

A new-str
structured-|
be a value.

strug
new-

unpa

NOTE — T

The occurr
The design
economize|

ctured-type shall be classified as an array-type, record-type, or set-type according to the unj
lype closest-contained by the new-structyred-type. A component of a value of a structured-tyj
tured-type = new-structured-type *|structured-type-identifier .
structured-type = [ “packed’~Junpacked-structured-type .

cked-structured-type = array-type | record-type | set-type .

he symbol file-type has been deleted.

ence of the token packed in a new-structured-type shall designate the type denoted thereby as |
ation-of\a structured-type as packed shall indicate to the processor that data-storage of values sh
d, €yenif this causes operations on, or accesses to components of, variables possessing the type to

onstant
which
pe, and

packed-
be shall

backed.
buld be
be less

efficient in

terms of space or time

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

the type of

the component is designated packed.

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
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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.

Areasi_tuma mma s LET] £

L K13 LRI TPN o 1 Ry, ;

— P B I S, e
array-type = “array” “[” index-type { “,” index-type } “]” “of”” component-type .

index-type = ordinal-type .

component-type = type-denoter .

Example 1:

An arr.
specifi

tyne on|
A8 i o
and onl

NOTE -

Examp

Examp

Let i de

array [1..100] of real
array [Boolean] of colour

-type that specifies a sequence of two or more index-types shall be an abbreviatednotation for ar array-type
to have as its index-type the first index-type in the sequence and to have a component-type that fs an array-
cifying the sequence of index-types without the first index-type in the sé€gqience and specifying the same
component-type as the original specification. The component-type thus constructed shall be designatefl packed if
if the original array-type is designated packed. The abbreviated forf-and the full form shall beequivalent.
- 1 Each of the following two examples thus contains different ways-of expressing its array-type.
e 2:
array [Boolean] of array [1..10] oflarray [size] of real
array [Boolean] of array [1..10, «size] of real
array [Boolean, 1..10, size] of #eal
array [Boolean, 1..10] of array [size] of real
e 3:
packed array [1..10, 1..81of Boolean
packed array [1..10] of{packed array [1l..8] of Boolean
note a value of the index-type,det’ V; denote a value of that component of the array-type that corfesponds to
e i by the structure of the array*type; let the smallest and largest values specified by the index-type|be denoted

the valy
by m a
then thg

NOTE -
has c va

nd n, respectively; and let k = (ord(n)-ord(m)+1) denote the number of values specified by the {ndex-type;

values of the array-type'shall be the distinct k-tuples of the form
(V- V).

- 2 A valug of an array-type does not therefore exist unless all of its component-values are defined. If the com
ues, then-it follows that the cardinality of the set of values of the array-type is c raised to the power k.

Any type'deSignated packed and denoted by an array-type having as its index-type a denotation of a sulf

[ponent-type

range-type

specifying a smallest value of 1 and a largest value of greater than 1, and having as its component-type a denotation
of the char-type, shall be designated a string-type.

The correspondence of character-strings to values of string-types is obtained by relating the individual string-
elements of the character-string, taken in textual order, to the components of the values of the string-type in order of
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 ) [ " 11 .

[T 1)

fixed-part = record-section { “;” record-section } .

recorg=sectiom—Ttdenttfrer-tst
field-
variafgt-part = “case” variant-selector “of” variant { *” variant } .
variant-selector = [ tag-field “:” ] tag-type .

tag-field = identifier .

variapt = case-constant-list ;" “(” field-list ©)”

tag-type = ordinal-type-identifier .

case-

case-

A field-list

The occurr
its defining
associate th

defined by

Let V; dengte the value of the i-thncomponent of a non-empty field-list having m components; then the value
field-list shi

v

NOTE — 1
... *Fn).

LI

© ISO/IEC

d 4
Ly pe=aCthiotcr—

dentifier = identifier .

6.9

T3]

Fonstant-list = case-constant { “,” case-constant } .

Constant = constant .

bnce of an identifier in the identifier-list of a‘tecord-section of a fixed-part of a field-list shall co

he variant-part.

all be distinct m-taples of the form

 Va,..Vin)-

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

istitute

Lpoint as a field-identifier for the region that is the record-type closest-containing the field-list arfd shall
e field-identifier with a distinct component, which shall be designated a field, of the record-typeland of
the field-list. That component shall have the.type denoted by the type-denoter of the record-section.

The field-lit closest-containing a variant-part shall have a distinct component that shall have the values and stfucture

5 of the

f the typeof the i-th component has F; values, then the cardinality of the set of values of the field-list is (H, * F, *

A tag-type shall be the type denoted by the ordinal-type-identifier of the tag-type. A case-constant shall denote the
value denoted 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.

Each variant-part shall have a component which shall be designated the selector of the variant-part, and which shall

possess

occurret

the regi
selector

with a field-identifier.

Each val
values a

type poS

the assoiated variant and component of the variant-part to be in a state that shall’be designated active.

The val

where K
of the v

NOTES
2 If therg

then the
correspol

3 Restri
6.6.5.3.

Exampl}

ies of a variant-part shall be the distinct pairs

(k, Xk)

hriant-part.

nding to any non-active variant of the variant-part.

tions placed on the use of fields:of_a record-variable pertaining to variant-parts are specified in 6.5.3.3,

es:

record
year : 0..2000;
month &..12;
day ~<1..31

end

récord

are n values specified by the selector-type, anddf the field-list of the variant associated with the i-th value h
bardinality of the set of values of the variant-part is (T) + T2 + ... + Tx). There is no component of a value of alvariant-part

fhe selector-type of the variant-part. 1T the variant-selector of the variant-part contains a tag-fietyl, then the
ice of an identifier in the tag-field shall constitute the defining-point of the identifier as a field-identifier for
n that is the record-type closest-containing the variant-part and shall associate the fieldyidentifier with the
of the variant-part. The selector shall be designated a field of the record-type if and only if it is

associated

riant of a variant-part shall denote a distinct component of the variant-part; the component shajl have the
hd structure of the field-list of the variant, and shall be associated with those(values specified by tHe selector-
sessed by the variant-part associated with the variant. The value of the selector of the variant-part

thall cause

represents a value of the selector of the variant-part, and Xy is a value of the field-list of the acfive variant

hs T; values,

6.6.3.3, and

name, firsctname : sScring,;
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

el

6.4.3.4 Set

A set-type
each value

set-ty

base

NOTE — 1

Examples:
S
S

NOTE —2

For each o
unpacked-q
subrange-t
sets of vall
6.7.1).

6.4.4 Poinfer-types

The valueg
distinct var
in that the
values and

triangle
(side : real; inclination, anglel, angle2 : angle);
rectangle
(sidel, side2 : real; skew : angle);
circle
(diameter : real);
hd
types

bhall determine the set of values that is structured as the power set of the base-type\of the set-typd
of a set-type shall be a set whose members shall be unique values of the base-type:

pe = “set” “of” base-type .

type = ordinal-type .

Dperators applicable to values of set-types are specified in 6.7.2.4.

bt of char
bt of (club, diamond, heart, spade)

f the base-type of a set-type has b values, then the cardinality of the set of values is 2 raised to the power b.

rdinal-type T that is not a subrange-type;-there shall exist both an unpacked set-type designg
anonical-set-of-T-type and a packed set-type designated the packed-canonical-set-of-T-type. If §
pe and T is its host-type, then the set of values determined by the type set of S shall be include
es determined by the unpackedicanonical-set-of-T-type and by the packed-canonical-set-of-T-ty

jable possessing the domain-type of the new-pointer-type. The set of identifying-values shall be dy
variables(and the values identifying them shall be permitted to be created and destroyed. Iden

NOTE — 1

Binc€ the nil-value is not an identifying-value, it does not identify a variable.

the variables identified by them shall be created only by the required procedure new (see 6.6.5.3).

The token nil shall denote the nil-value in all pointer-types.

pointer-type = new-pointer-type | pointer-type-identifier .

new-

pointer-type = ‘1’ domain-type .

domain-type = type-identifier .
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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:

a) T1 and T2 are the same type.

6.4.6 Ajsignment-compatibility

A valu¢
Is true:

a)T|
b) Tj

)T
T

d) Tl
S

e)T

At any
a) it

if
b) it
c

At any
compat;

1 and T2 are set-types of compatible base-types, and either both T1 and T2 are designated packe
1 nor T2 is designated packed.

1 and T2 are string-types with the same number of components.

of type T2 shall be designated assignment-compatible with a type T1 if any of the following five

1 and T2 are the same type.
1 is the real-type and T2 is the integer-type.

1 and T2 are compatible ordinal-types, and the value of\type T2 is in the closed interval specified
1.

pecified by the base-type of T1.
1 and T2 are compatible string-types.
place where the rule of assignment-cOmpatibility is used

shall be an error if T1 and/T2 are compatible ordinal-types and the value of type T2 is not in
terval specified by the type T1;

shall be an error if TThand T2 are compatible set-types and any member of the value of type T2 i
osed interval specified by the base-type of the type T1.

blace where therule of assignment-compatibility is used to require a value of integer-type to be a
ble with dreal-type, an implicit integer-to-real conversion shall be performed.

| or neither

statements

by the type

1 and T2 are compatible set-types, and all thé.members of the value of type T2 are in the closed interval

the closed

5 not in the

ssignment-

6.4.7 Example of a type-definition-part

type

count = integer;

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

person

person

= array [indextypel] of real;

= 1 persondetails;

© ISO/IEC

details = record

name, firstname : charsequence;
age : natural;

married : Boolean;

father, child, sibling : person;

case s : sex of
male
(enlisted, bearded : Boolean);
female

(mother, programmer : Boolean)
end;

NOTE — Ir{ the above example count, range, and integer denote the, same type. The types denoted by year and na

compatible

vith, but not the same as, the type denoted by range, count, and integer.

6.5 DeclIrations and denotations of variables

6.5.1 Vari

A variable]

ble-declarations

{ural are

shall be an entity to which a value can be attributed (see 6.8.2.2). Each identifier in the identffier-list

of a varialple-declaration shall denote a distinct variable possessing the type denoted by the type-denoter of the

variable-d

vari

The occur]
block shal

variable p

¢claration.

TR

ble-declaration = idéntifier-list “:” type-denoter .

be an acceks, at the-time of the use, to the variable thereby denoted. A variable-access, according to whethe

entire-vari|

compone

vari

of'd’variable, a variable that is identified by a pointer value (see 6.4.4), or a buffer-variable, resp

lence of an identifier in the identifier-list of a variable-declaration of the variable-declaration-ffart of a
| constitute its defining-point as a variable-identifier for the region that is the block. The structpre of a
ssessing @ structured-type shall be the structure of the structured-type. A use of a variable-accgss shall

- it is an

ble,'a.éomponent-variable, an identified-variable, or a buffer-variable, shall denote a declared vafiable, a

ctively.

able-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
C

array [0..63] of real;
colour;

huel, hue2 : set of colour;

pl,

P2 : person;

ISO/IEC 9074:1997(E)

m, nfl, m2 : array [1..10, 1..10] of real;
cooyd : polar;

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

NOTE 4 Variables occurring in examples in the remainder of this International Standard should be assumed
declared as specified in the above example.

6.5.2 Hntire-variables

dntire-variable = variable-identifier .

variable-identifier = identifier .

6.5.3 Component-variables

6.5.3.1 General

A comjponent of a variable shall be a yariable. A component-variable shall denote a component of a
refererjce or an access to a component of a variable shall constitute a reference or an access, respect

variab
variab

e. The value, if any, of the component of a variable shall be the same component of the value, i
e.

omponent-variable =’ indexed-variable | field-designator .

6.5.3.2 Indexed-variables

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

T3]

ndéxed-variable = array-variable “[” index-expression, { “” index-expression } “|” .

o have been

variable. A
vely, to the
[ any, of the

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 + Jl
m[k]

If the array-variable is itself an indexed-variable, an abbreviation shall be permitted. In the abbreviated form, a
single comma shall replace the sequence ] [ that occurs in the full form. The abbreviated form and the full form

shall be eqllivalent.

The order
variable sh

Example 2]
m
m

NOTE — T

6.5.3.3 Fie

A field-desjignator either shall denote that component of the record-variable of the field-designator associaf

6.4.3.3) wi

the field-dgsignator-identifier (see 6.8.3.10) of the field-designator. A record-variable shall be a variable-acc

denotes a V

The occury
associated
specifier of

field

record-variable = variable=access .

field

Examples:
jo¥
C

f both the evaluation of the index-expressions of, and the access to the array-variable of,/an in
il be implementation-dependent.

k] [1]
k, 1]

ese two examples denote the same component-variable.

d-designators

h the field-identifier of the field-specifier of the fi¢ld-designator or shall denote the variable den

ariable possessing a record-type.

ence of a record-variable in a field-designator shall constitute the defining-point of the field-ide
with components of the record-type-possessed by the record-variable, for the region that is th
the field-designator.

designator = record-variable “.” field-specifier | field-designator-identifier .

specifier = field-identifier .

b1 . mother
bord. theta

dexed-

ed (see
bted by
ess that

ntifiers
e field-

An access

0 2 component of a variant of a varinnt_pnrt’ where the selector of the varinm-parr is not-a fiel

i, shall

attribute to the selector that value associated (see 6.4.3.3) with the variant. It shall be an error unless a variant is
active for the entirety of each reference and access to each component of the variant.

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

NOTE —If
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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-
sponding identifying-value.

A pointer-variable shall be a variable-access that denotes a variable possessing a pointer-type. It shall pe an error
if the ppinter-variable of an identified-variable cither denotes a nil-value or is undefined. It shall™e fn error to
remove|from the set of values of the pointer-type the identifying-value of an identified-variable (sée 6.6..3) when a
referenge to the identified-variable exists.

Examples:

plf
plt. fathert
plt.siblingt. father?

6.6 Prpcedure and function declarations

6.6.1 Procedure-declarations

procedure-declaration = procedure-heading “;” directive

(TR L)

| procedure-identification /% procedure-block

66,99

| procedure-heading “;%procedure-block .
pfocedure-heading = “procedure” identifier,{ formal-parameter-list ] .
pfocedure-identification = “procedure’ procedure-identifier .
pfocedure-identifier = identifierc.
p

Focedure-block = block .

The ocdurrence of a formal-parameter-list in a procedure-heading of a procedure-declaration shall define the formal-
paramefers of the procedure:block, if any, associated with the identifier of the procedure-heading to be those of the
formal-parameter-list.

The ocdurrence of an'identifier in the procedure-heading of a procedure-declaration shall constitute its deffning-point
as a proceduresidentifier for the region that is the block closest-containing the procedure-declaration.

Each idpntifier having a defining-point as a procedure-identifier in a procedure-heading of a procedure-fleclaration

in whicl ima procedure-identification

of a procedure-declaration, and this applied occurrence shall be closest-contained by the procedure-and-function-
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:

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

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

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

donst
eps = le-10;
Jar
midpoint : real;
Regin
{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 *from both a and b.}

énd;

{P together with the loop exit condition assures that a zero
is contained in a smallisubinterval. Return the midpoint as
the zero.}

result := midpoint

end;

6.6.2 Fundtion-declarations

function-declaration = function-heading *“;” directive
| function-identification “;” function-block
| function-heading “;” function-block .

function-identification = “function” function-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
parameters of the function-block, if any, associated with the identifier of the function-heading to be

the formal-
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-declaratio

closest{containing the function-declaration.

Each id
which {

n shall constitute its defining-point

s the block

entifier having a defining-point as a function-identifier in the function-heading of a function-deglaration in
e directive forward occurs shall have exactly one of its applied occurrences in a, finction-idgntification

of a fuiction-declaration, and this applied occurrence shall be closest-contained by the procedure-anf-function-

declarafion-part closest-containing the function-heading.

The ocdurrence of a function-block in a function-declaration shall associate the function-block with the

dentifier in

the funftion-heading, or with the function-identifier in the function-identification, of the function-declaration; the

block of the function-block shall be associated with the result type that is associated with the identifier
identifigr.

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;
{This function computes the squagze 'root of x (x > 0) using Newt
method. }
var
0ld, estimate : real;
begin
estimate := x;
repeat
0ld := estimaté;
estimate := (old + x / old) * 0.5;
until abs (estimate - o0ld) < eps * estimate;
{eps being-a_global constant}
Sgrt := estimate
end { ofi'Sgrt };

qr function-

funeétion 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 expressiqgn’anf
onvert it to an internal form. They are declared forward
ince they are mutually recursive, i.e., they call each gther.
hese function-declarations use the following identifieks 'that arfe not
efined in this International Standard: formula, IsOpenParenthesils, IsOperator,
akeFormula, nextsym, operation, ReadElement, Read@pérator, and

kipSymbol. }
fiinction ReadExpression : formula; forward;
finction ReadOperand : formula; forward;

fiinction ReadExpression; {See forward -declaration of heading.}

Var
this : formula;
op : operation;
begin
rhis := ReadOperand;
wvhile IsOperator (nextsym)cdo
begin
op := ReadOperator;
this := MakeFormula(this, op, ReadOperand);
end;
ReadExpression~i= this
end;

finctiord ReadOperand; {See forward declaration of heading.}
begin

| f/I'sOpenParenthesis (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

ISO/IEC 9074:1997(E)

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 } “)” .

formal-parameter-section = value-parameter-specification

—

An ide
heading
identifi
formal-

block, if any, associated with the identifier of the function-heading.

The oc
specifig
list clog
if any,

The oc
definin
definin
parame

The oc
definin
definin
parame

NOTE -

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

.9

alue-parameter-specification = identifier-list “:” type-identifier .

[T

ariable-parameter-specification = “var” identifier-list “:” type-identifier .
rocedural-parameter-specification = procedure-heading .

inctional-parameter-specification = function-heading .

ntifier defined to be a parameter-identifier for the region that is-the formal-parameter-list of a
shall be designated a formal-parameter of the block of ¢he ‘procedure-block, if any, associatg
er of the procedure-heading. An identifier defined to be a parameter-identifier for the region
parameter-list of a function-heading shall be designated a formal-parameter of the block of th

currence of an identifier in the identifier-list ‘of a value-parameter-specification or a variable
ation shall constitute its defining-point as a-parameter-identifier for the region that is the formal
est-containing it, and its defining-point as'the associated variable-identifier for the region that i
f which it is a formal-parameter.

urrence of the identifier of a procedure-heading in a procedural-parameter-specification shall ¢
p-point as a parameter-identifier for the region that is the formal-parameter-list closest-containin

fer.

currence of the identifier of a function-heading in a functional-parameter-specification shall cd
b-point as a parameter-identifier for the region that is the formal-parameter-list closest-containin
b-point as_the“associated function-identifier for the region that is the block, if any, of which it i
fer.

~2d{the formal-parameter-list is contained in a procedural-parameter-specification or a functional-paramet

procedure-
d with the
that is the
e function-

parameter-
parameter-
the block,

nstitute its
 it, and its

p-point as the associated procedure-identifier for the region that is the block, if any, of which it is a formal-

nstitute its
r it, and its
b a formal-

er-specifica-

ﬁOn,thu

6.6.3.2

.+ =M = hl 1 £ s =l 1
C TS O COTTCS pOTaImT g proCCaut CrorOC K O T irom=OTOCKT

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
as that denoted by the type-identifier of the variable-parameter-specification, and the formal-parameters shall also
possess that type. The actual parameter shall be accessed before the actrvatlon of the block, and this access shall

establish a rgference 10 vartab ereby ddvu entire-aetivation-of-the-block—the-corre

pgnding

formal-paraneter and its associated variable- 1dent1ﬁer shall denote the referenced variable during the activatipn.

An actual vaiable parameter shall not denote a field that is the selector of a variant-part. An actual variable pargmeter

shall not defjote a component of a variable where that variable possesses a type that is designated, packed.

6.6.3.4 Prog¢edural parameters

The actual-parameter (see 6.7.3 and 6.8.2.3) shall be a procedure-identifier that has-a defining-point contaiped by

its block. The formal-parameter-list, if any, closest-contained by the formal-parameter-section and the
parameter-list, if any, that defines the formal-parameters of the procedure denoted by the actual-parameter

fprmal-
shall be

congruous, pr neither formal-parameter-list shall occur. The formal-parameter and its associated procedure-id¢ntifier

shall denotd the actual-parameter during the entire activation of the bloek,

6.6.3.5 Funfctional parameters

The actual-parameter (see 6.7.3 and 6.8.2.3) shall be a function-identifier that has a defining-point contaiped by

its block. The formal-parameter-list, if any, closest-contained by the formal-parameter-section and the

formal-

parameter-ljst, if any, that defines the formal-paramefers of the function denoted by the actual-parameter s hall be
congruous, pr neither formal-parameter-list shall occur. The result-type closest-contained by the formal-pargmeter-
section shall denote the same type as the result-type of the function. The formal-parameter and its ass¢ciated

function-idéntifier shall denote the actual-parameter during the entire activation of the block.

6.6.3.6 Parameter list congruity

Two formal-parameter-lists shiall"be congruous if they contain the same number of formal-parameter-sections and if
the formal-parameter-sections in corresponding positions match. Two formal-parameter-sections shall match if any

of the following statemé€nts is true.

a) They| are both Value-parameter-specifications containing the same number of parameters and th¢ type-

identifier in each value-parameter-specification denotes the same type.

b) Theyla aria AL : : 2
1dent1ﬁer in each varlable parameter-spec1ﬁcat10n 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

cmmriizad s aadireen

Lo ol FOR N M
1NC Icquiicu prottuuiv-i

A
shall be as specified in 6.6.5, 6.6.6, and 6.9.

NOTE — Required procedures and functions do not necessarily follow the rules given elsewhere for procedures and functions.

6.6.5.1 General

The reqjiired procedures shall be dynamic allocation procedures and transfer procedures.

6.6.5.3 Pynamic allocation procedures

nmovoln)
newp,
sHall create a new variable that is totally-undefined, shall create a new identifying-value of the ppinter-type
agsociated with p, that identifies the new variable, and shall attributethis identifying-value to the variable
denoted by the variable-access p. The created variable shall possess the type that is the domain-{ype of the

pointer-type possessed by p.

new(p,cf,...,Cn)
all create a new variable that is totaliy-undefined, shail Create a new identifying-vaiue of the ppinter-type
agsociated with p, that identifies the new variable, and)shall attribute this identifying-value to the variable
d¢noted by the variable-access p. The created variable shall possess the record-type that is the domhin-type of
the pointer-type possessed by p and shall have nested variants that correspond to the case-constardts ci,...,Cp.

e case-constants shall be listed in order of increasing nesting of the variant-parts. Any variant ngt specified
shall be at a deeper level of nesting than that-Specified by cn.

w

If shall be an error if a variant of a variant-part within the new variable is active and a different vafiant of the
hriant-part is one of the specified-variants.

<

dispose[q)
shall remove the identifying-value denoted by the expression q from the pointer-type of q. It shall pe an error
if the identifying-value-had been created using the form new(p,c1,...,Cn).

dispose{q,ki,....km)
shall remove theidentifying-value denoted by the expression q from the pointer-type of q. The casg-constants
,....km shall be listed in order of increasing nesting of the variant-parts. It shall be an error unless the variable
d been-créated using the form new(p,cy,....Cn) and m is equal to n. It shall be an error if the varjants in the
riable identified by the pointer value of q are different from those specified by the values dengted by the
chseseonstants ky,....kp.

NOTE — The removal of an identifying-value from the pointer-type to which it belongs renders the identified-variable inacces-
sible (see 6.5.4) and makes undefined all variables and functions that have that value attributed (see 6.6.3.2 and 6.8.2.2).

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.

Let j and k denote auxiliary variables that the program does not otherwise contain and that have the type that is the
index-type of the type of z and a, respectively. Let u and v denote the smallest and largest values of the index-type of
the type offz—Eactro 2 spack(ashz)rand-unpack(z;ah-shalt-establish-referencesto-the-vartablestlenoted
by a and z[for the remaining execution of the statements; let aa and zz, respectively, denote the referenced\vpriables
within the following sentence. Then the statement pack(a,i,z) shall be equivalent to

begin

k=1

for j :=|u to v do
begin
zz[j] : aalk];
if j <3 v then k := succ(k)
end

end

and the stdtement unpack(z,a,i) shall be equivalent to

begin
k :=1i;
for j :=|u to v do
begin
aalk] = zz[j];
if j <P v then k := succ(k)
end
end

NOTE — Hrrors will arise if the references cannot be established, if one or more of the values attributed to j is not ass{gnment-
compatible [with the index-type of theitype 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 fungtions.

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
cos(x) cosine of x, where x is in radians
exp(x) base of natural logarithms raised to the power x
n(x) natural fogarithm of X, 1I X 1S greater than zero
It shall be an error if x is not greater than zero.
sqrt(x) non-negative square root of x, if x is not negative
It shall be an error if x is negative.
arctan(x) | principal value, in radians, of the arctangent of x

6.6.6.3 [Transfer functions

trunc(x
Hrom the expression x that shall be of real-type, this function shall.return a result of integer-type| The value
of trunc(x) shall be such that if x is positive or zero, then 0<x>trunc(x)<1; otherwise, —1<x—tfunc(x)<O0.
I{ shall be an error if such a value does not exist.

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

round(:)
Hrom the expression x that shall be of r¢al~type, this function shall return a result of integer-type. If x is
ppsitive or zero, round(x) shall be equivalent to trunc(x+0.5); otherwise, round(x) shall be equivalent to
tqunc(x—0.5). It shall be an error if such a value does not exist.

Examples:
round(3.5) {yields 4}
round (-3 .5Y) {yields -4}
6.6.6.4 PDrdinal functions

ord(x)

oo

fom the-expression x that shall be of an ordinal-type, this function shall return a result of integgr-type that
all’be.the ordinal number (see 6.4.2.2 and 6.4.2.3) of the value of the expression x.

w2

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

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
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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 Bo¢lean Tunctions

odd(x)
Fronj 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 Gengral

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

exprpssion = simple-expression [ relational-operator simple-expression ] .
simple-expression = [ sign ]term { adding-operator term } .
term| = factor { multiplying-operatorfactor } .

factgr = variable-access | unsigned-constant | function-designator
| set-constructor | “(” expression “)” | “not” factor .

unsigned-constant = unsigned-number | character-string | constant-identifier | “nil” .

[13R2]

set-gonstructor = <[ member-designator { “,” member-designator } ]1]” .

(731

menpber-designator = expression [ “..” expression ] .

Any factor] whose’type is S, where S is a subrange of T, shall be treated as if it were of type T. Similarly, anly factor
whose tprMmWMMWM¢ whose

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

3 The sef-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.

Exampls:
a) Fpctors:
15
(x +y + z)
sin(x + y)
[red, c, green]
[1, 5, 10..19, 23]
not p
b) Teprms:
X *y
i/ (1 - 1)
(x <= y) and \\y < 2z)

c) Simple Expressions:

p or g

X + ¥

-X

huel + hue2
1 * 3+ 1

d) Hxpressions:

x = 1.5

p <= q
p=gqandr

(1 < 3J) = (3 < k)
¢ in huel

6.7.2 Qperators

6.7.2.1'Generat
multiplying-operator = “*” | «/” | “div” | “mod” | “and” .
adding-operator = “+” | “=" | “or” .
relational-operator = “=" | “<>” | “<” | “>” | “<=" | “>=" [ “in”

A factor, a term, or a simple-expression shall be designated an operand. The order of evaluation of the operands of
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Operator Operation Type of operands Type of result
+ Addition integer-type
or real-type
- Subtraction integer-type integer-type if both operands
or real-type are of integer-type
* Multiplication | integer-type otherwise real-type
~ or real-type
7 Division Tmeger-type Teal-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 real-type
- Sign-inversion | integer-type integer-type
real-type real-type

a dyadic operator shall be implementation-dependent.

NOTE —T

may not both be evaluated.

6.7.2.2 Ar

The types

NOTE — 1

thmetic operators

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

his means, for example, that the operands may be gvaluated in textual order, or in reverse order, or in parallel, or they

f operands and results for dyadic and monadic operations shall be as shown in tables 3 and 4 respgctively.

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

A term of
abs(

where the
same sign

he form i div/j=shall be an error if j is zero; otherwise, the value of i div j shall be such that
) — abs(j) < abs((i div j) * j) <= abs(i)

value shall be zero if abs(i) < abs(j); otherwise, the sign of the value shall be positive if i and j have the

1 - e 1 -1 1 EF, -
dlIU TITEAUVU I T allt J 1IdVC ULLICICIIU SIETLS.

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

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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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
Set intersection | (see 6.7.1)

Same as operands

Table 5 — Relational operations

Operator————Fype-of operands——— fypeof result

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

Boolean-type

< > Any simple-type or string-type

Booledn-type

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

Boglean-type

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

Boolean-type

It shall pe an error if an integer operation or function is not perfortnedaccording to the mathematical rules|for integer

arithmeftic.

6.7.2.3 Boolean operators

Operan(ls and results for Boolean operations shallbe' of Boolean-type. The Boolean
denote fespectively the logical operations of disjunction, conjunction, and negation.

Boolean-expression = expression, .

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

6.7.2.4 Set operators

The types of operands and-results for set operations shall be as shown in table 5.

operators or, and, ar

d not shall

Where k denotes a Value of the ordinal-type T and u and v are operands of a canonical-set-of-T-type, it shall be true

for all ¥ that

— K igasmember of the value u+v if and only if it is a member of the value of u

or a member of the

value of v;

— XS a member of e value u—Vv if and only if iT1s a member of the value of u and not a member of the value

of v;

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

6.7.2.5 Relational operators

The types of operands and results for relational operations shall be as shown in table 6.
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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 denote the inclusion of v in u.

NOTE — Sinte the Boolean-type is an ordinal-type with false less than true, then if p and q are operands of Boolean-typd, p=q
denotes their ¢quivalence and p <= q means p implies g.

When the relational-operators =, <>, <, >, <=, and >= are used to compare operands of compatible stringrtypes
(see 6.4.3.2), they shall denote the lexicographic relations defined below. This lexicographic-ordering shall ifnpose
a total orderjng on values of a string-type.

If s1 and s2are two values of compatible string-types and n denotes the number of components of the compatible
string-types| then

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

s1 < s2 iff there exists a p in [1..n]:
(for all i in [1..p-1]:
s1[i] = s2[i]) and s1[p] < s2[p]

The definitipns of operations >, <>, <=, and >= are derived@rom the definitions of = and <.

The operatofr in shall yield the value true if the value of the operand of ordinal-type is a member of the value| of the
set-type; othjerwise, it shall yield the value false.

6.7.3 Functjon-designators

A function-designator shall specify the(activation of the block of the function-block associated with the fupction-
identifier of| the function-designator.and shall yield the value of the result of the activation upon completion| of the
algorithm of the activation; it shallbe"an error if the result is undefined upon completion of the algorithm.

NOTE — When a function activation is terminated by a goto-statement (see 6.8.2.4), the algorithm of the activation dpes not
complete (sef 6.2.3.2 a)), and\thus there is no error if the result of the activation is undefined.

If the functjon hastany formal-parameters, there shall be an actual parameter-list in the function-designatdr. The
actual-parameter=list shall be the list of actual-parameters that shall be bound to their corresponding formal-param-
eters deﬁne&ﬂ&ﬁwwwmmew“
in the lists of actual-parameters and formal-parameters respectively. The number of actual-parameters shall be equal
to the number of formal-parameters. The types of the actual-parameters shall correspond to the types of the formal-

parameters as specified by 6.6.3. The order of evaluation, accessing, and binding of the actual-parameters shall be
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:

6.8 Staltements
6.8.1 General

Statements shall denote algorithmic actions and shall be executable.

NOTE —| 1 A statement may be prefixed by a label.

A label, [if any, of a statement S shall be designated as prefixing S. The label shall'be permitted to occur;
statement G (see 6.8.2.4) if and only if any of the following three conditions is 8atisfied.
a) S pontains G.
b) S s a statement of a statement-sequence containing G.
¢) Slis a statement of the statement-sequence of the compound-statement of the statement-part of a
tdining G.
statement = [ label “” ] ( simple-statement |$tructured-statement ) .

NOTE — 2 A goto-statement within a block may referto'a label in an enclosing block, provided that the label prefixes

at the ou

6.8.2 Si

6.8.2.1 General

A simple-statement shall bé.a statement not containing a statement. An empty-statement shall contain

and shal

S

[¢]

imple-statemént- = empty-statement | assignment-statement

Sum(a, 63)
GCD (147, k)
sin(x + y)
ord(£f?)

ISO/IEC 9074:1997(E)

ermost level of nesting of the block.

mple-statements

1 denote no action:

| procedure-statement | goto-statement .

mpty-statement =

in a goto-

plock con-

a statement

no symbol

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 every component of the variable is totally-undefined shall be designated totally-undefined. Totally-undefined
shail be synonymous with undefined for an activation resuit or a variabie that does not possess a structured-type.

Examples:
x
b
i
h
b

6.8.2.3 Prg

=y + z
:= (1 <= 1) and (i < 100)
:= sqr(k) - (1 * J)

hel := [blue, succ(c)]

| 1.mother := true

cedure-statements

A procedute-statement shall specify the activation of the block of the procedure-block associated with the pro

identifier o

parameter.
parameter
shall be eq
of the form

The order

proc
Examples:

t
b

NOTE — T

6.8.2.4 Go

A goto-sta
the goto-st

defined in the procedure-declaration. The correspondence shall be established by the position
in the lists of actual-parameters and formal-parameters respectively. The number of actual-par
hal to the number of formal-parameters. The types of'the actual-parameters shall correspond to th

al-parameters as specified by 6.6.3.

1L

f evaluation, accessing, and binding of the-actual-parameters shall be indeterminate.

edure-statement = procedure-identifier¢ [ actual-parameter-list ] ).

ranspose(a, n, m)
| sect (fct, -1.0, +1.0, x)

ne fourth example is not for level 0.

o-statements

ementsshall indicate that further processing is to continue at the program-point denoted by the
htement and shall cause the termination of all activations except

Cedure-

[ the procedure-statement. If the procedure has any formal-parameters, the procedure-statement shhll con-
tain an actﬂal-parameter-list, which is the list of actual-parameters thathall be bound to their corresponding

formal-
nf tha
Ui uiv
hmeters
e types

abel in

a) the

L. . L. N . 4
CLUVAUUIT COLIALIHITE UIC PTOZTdIIT=PUIIIL, dITU

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

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

6.8.3.1 General
structured=staterment—=—compournd-=staterentconmditiomat=statenent
| repetitive-statement | with-statement .
sfatement-sequence = statement { “;” statement } .

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

6.8.3.2 Compound-statements

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

[«

bmpound-statement = “begin” statement-sequence “end”.

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

6.8.3.3 Conditional-statements

[«

nditional-statement = if-statement | case-statement .

6.8.3.4 If-statements

—

fistatement = “if” Boolean-expression “then” statement [ else-part ] .

else-part = “else”(statement .

If the Bpolean-expréssion of the if-statement yields the value true, the statement of the if-statement shall b¢ executed.
If the Boolean-eXpression yields the value false, the statement of the if-statement shall not be executdd, and the
statemeht of the.else-part, if any, shall be executed.

An if-stafemnént 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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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.

casc-Ltatemcnt = “case” case-index “of” case-list-element

{ 7 case-list-element } [ “;” ]“end” .

TR

caselist-element = case-constant-list “;” statement .

casedindex = expression .

Example:
case operator of
plus: X 1= X + Y;
minus: X 1= X -~ V;
times: X =X *y
enpd

6.8.3.6 Reletitive-statements

Repetitive-

repe

tatements shall specify that certain statements are to be executed repeatedly.

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

6.8.3.7 Repeat-statements

repe

ht-statement = “‘repeat” statément-sequence “until” Boolean-expression .

The statement-sequence of the repeat-statement shall be repeatedly executed, except as modified by the ex
of a goto-4tatement, until the Boolean-expression of the repeat-statement yields the value true on compl
the statemgnt-sequence. The(stafement-sequence shall be executed at least once, because the Boolean-expre]
evaluated {fter execution.of the statement-sequence.

Example:
r

ecution
tion of
ssion is

bpeat

k #=.1 mod J;
L\ 3

j o=k

until 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
until not (b)
end
Examplg:
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

The for/statement shall specify that the statement of the for-statement js to be repeatedly executed whilefa progres-

sion of Values is attributed to a variable denoted by the control-variable of the for-statement.

fdr-statement = “for” control-variable “:=" initial-valug.( “‘to” | “downto” ) final-value
“do” statement .

control-variable = entire-variable .

[

fitial-value = expression .

final-value = expression .

The comtrol-variable shall be an entireZvatiable whose identifier is declared in the variable-declarationqpart of the
block closest-containing the for-stdtement. The control-variable shall possess an ordinal-type, and the ipitial-value
and fingl-value shall be of a type.compatible with this type. The initial-value and the final-value shall be assignment-
compatjble with the type possessed by the control-variable if the statement of the for-statement is execufed. After a
for-statement is executed;Other than being left by a goto-statement, the control-variable shall be undefingd. Neither
a for-sthtement nor any:procedure-and-function-declaration-part of the block that closest-contains a fof-statement

shall cdntain a statefnént threatening the variable denoted by the control-variable of the for-statement.

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

a) § istan dssignment-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-variable 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
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shall be equivalent to

begin
templ := el;
temp2 = e2;
if templ <= temp2 then
begin
v .= templ;
body;
while v=>temp2do
begin
v :F succ(v);
body
eng
end
end

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

shall be equivalent to

begin
templ [= el;
temp2 [= e2;
if templ >= temp2 then
begin
v := fempl;
body
whilelv <> temp2 do
begjn
v : = pred(v);
body
end
end
end

where temp1 and temp2 denote auxiliary variables that the program does not otherwise contain, and that possess the
type possepsed by the ¥ariable v if that type is not a subrange-type; otherwise the host-type of the type possgssed by
the variable v.

Examples:
fpr™M := 2 to 63 do
if a[i] > max then max := al[i]

1 to 10 do
1 to 10 do

for i
for j
begin
x := 0;

for k := 1 to 10 do

1]
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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][3j] := 0.0

| ]
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6.8.3.10
wi
red

fie

A with-s
variable §
of each d
a field-dg
a field-dg
identifier
executed
the with-

The state
with

shall be ¢

with

with

w

Example:
y

[COTT < . ML uuWLLtU J..c\l JU

g(c)

With-statements

h-statement = “with” record-variable-list “do” statement .
ord-variable-list = record-variable { “,” record-variable } .

d-designator-identifier = identifier .
atement shall specify the execution of the statement of the with-statement. The occurrence of

f the field-identifiers associated with components of the récord-type possessed by the record-v.
signator-identifier for the region that is the statement of<the with-statement; each applied occu
signator-identifier shall denote that component of, thé-record-variable that is associated with

by the record-type. The record-variable shall be aceessed before the statement of the with-sta
and that access shall establish a reference to the.variable during the entire execution of the staf
tatement.

nent
1v2,...,vndos
quivalent to

1 do
v2 do

th vn do s

vith date do
if month = 12 then

a record-

s the only record-variable in the record-variable-list of a with“statément shall constitute the definfing-point

riable as
rrence of
the field-
tement is
ement of

begin month := 1; year := year + 1
Clld
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

Gnformative)
gRirormative)

Estelle Tutorial
D.0 Intrpduction

Estelle is |a formal description technique (FDT) for specifying distributed, concurrent information prgcessing
systems wjth a particular application in mind, namely that of communication protocels‘and services of the layers of
Open Systems Interconnection (OSI) architecture defined by ISO.

Estelle is @ second generation formal description technique and it reflects the'experience gained from expg¢riments
in using ifs predecessors (see [4], [S], [8], [9] and [56]). Estelle alsq«teflects collaboration with ITU-T, which
defined SIDL (Specification and Descriptions Language [13]) with which Estelle has some notions in commjon.

Estelle is pne of the description techniques that are intended‘to-serve as means to remove ambiguities fiom ISO
protocol sfandards, traditionally defined by a combination 6f)a natural language prose, state tables, etc. However,
an unambiguous formal specification still may be farfrom any implementation. There is a vital njeed for
formalized specifications of distributed systems in-general, and communication protocols in particulaf, which
would, at the same time, indicate how implementations may be derived from them. This is precisely the grincipal
field of application of Estelle.

Estelle cap be briefly described as a technigue that is based on an extended state transition model, i.e., a m¢del of a
non deterI\inistic communicating automaton extended by the addition of Pascal language. More precisely, Estelle
may be vigwed as a set of extensions to ISO Pascal [42], level 0, which models a specified system as a hiefarchical
structure ¢f communicating automata which:

< may run in parallel, and
4 may communicate by exchanging messages and by sharing, in a restricted way, some variablef.

Estelle pgrmits’a clear separation of the description of the communication interface between components of a
specified System irom ihe description of the internal behavior oi each such component. As in Pascal, all

manipulated objects are strongly typed. This property enables static detection (e.g. during compilation) of
specification inconsistencies.
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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
components module instances. Hereafter, the term module will be used rather than module instance unless it can
lead to confusion.

The behalvior of a module and its internal structure are specified respectively by the set of transitiovls (of an
extended [state transition model) that the module may perform and by the definition of submodules (children
modules { see D.1.2) of the module together with their interconnections (see D.1.3).

A moduld is active if its definition includes, in its transition part, at least one transition; otherwise, it is inaftive.

In Estelle] particular care is taken to specify the communication interface of a modulg,Such an interface ip defined
using thrge concepts:

+ interaction points;
- channels;
- interactions.

A modul¢ may have a number of input/output access points called interaction points. There are two catggories of
interactidn points: external and internal. With each interdction point a channel is associated that defines two sets of
interactidns. These two sets consist of interactions.that can transmitted and received, respectively, through an
interactidn point. Interactions are abstract events\(tessages) exchanged with the module environment|(through
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 poundary
(external|interaction points) and insideof it (internal interaction points). The module name and its clasq attribute
(see D.1}4), the names of interaction points and their associated interactions (going in or out) may be|added as
shown infigure 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 depicted as in figure D.2a or as in figure D.2b. The
modules are represented by boxes. The parent/child relationship is represented either by an edge or by nesting of
boxes. The root of the tree (or the largest enclosing box) is the specification (main) module representing the whole
specificatifon. 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 moduleinstandes. The
hierarchicpl position of a module instance corresponds to the position of the module definition|in ‘this pattern. By

m et [t cmanifinatinn madnla carracnande one and nAna adnla ingtansn N avs | 1Y P

UClllllllUu lllc bpcvulbauuu lllUUulC \/Ull\.«DPUllUD tU vnv anu Ulll)’ viv lllUUull/ mLalve., I"‘\lly UlllCl moapic lllay

corresponfl to any number of instances. This number may change dynamically (see D.1.5).

The hierakchical tree structure of module instances that may correspond to the\hi€rarchical tree strufcture of
modules i$ depicted in figure D.2¢ or as in figure D.2d.

a) b)

=

<
[N]
||

ANANR R =gl
Ip e |lr]| lc]lH]

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.1.3 Communication

Module jnstances within the hierarchy can communicate by

— message exchange;
— restricted sharing of variables.

D.1.3.1 [Message exchange

The mo]i:le instances may exchange messages, called interactions. A module instanee’can send an intgraction to
another module instance through a previously established communication link between their two interact{on points.
An interpction received by a module instance at its interaction point is appended to an unbounded FIFO queue
associatg¢d with this interaction point. The FIFO queue either belongs exclusively to the single interadtion point
(individpal queue) or is shared with some other interaction points of a module (common queue).

A module instance can always send an interaction. This principl® is’sometimes known as non-blocking send (or
asynchrqnous communication) as opposed to blocking-send, also known as rendez-vous (or sypchronous
commurfication).

To spe;jiy which modules are able to exchange interactions, communication links between modules’ ipteraction
points atle specified by means of connect and attach-operations.

A commjunication link between two interaction points is composed of exactly one connect segment aijd zero or
more atlach segments. Informally, each link segment (connect or attach) will be represented graphically by line
segmentp that bind modules’ interaction\points. Figure D.3 illustrates this convention.
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Figure D.3 - Module instances and their communication links.

When an ejxternal interaction point of a module is bound to an external interaction point of its parent modple, we
say that these interaction points are attached. In figure D.3 the following pairs of interaction points are aftached:
(1,3), (2, 8), (9, 11), (10, 13) and (17, 18).

Two bound interaction points afe 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 pnd the
other is af} external interaction point of one of its children modules (e.g., (12, 14) in figure D.3), or hoth are
internal or external intéfaction points of the same module (e.g., (15, 16) and (18, 19) in figure D.3).

The specific resfrictions are imposed on connections and attachments of interaction points are detailed in D.3.

Note also that an interaction point defimition does ot determimehow—the—interactromr pomt-must-be—bourd. Two
instances 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 this interaction directly arrives at the other end-point of this link and is stored in an unbounded FIFO queue of
the receiving module. If a module outputs an interaction through an interaction point that is not an end-point of a
communication link then the interaction is considered to be discarded. Thus only end-to-end communication

between ifrodutes -IMEraction points s possibte:

Several chmmunication links may, however, simultaneously exist between the interaction points of @givep module
instance #nd 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 tfansition)
through ifs interaction points p[1], p[2] and p[3] to modules A1, A2 and A3. Observe that-in Estelle al] three of
these interaction points may be declared as elements of an array (see D.2.1).

D.1.3.2 Restricted sharing of variables

Certain variables can be shared between a module and its parent module. These variables must be deglared as
exported pariables by the module. This is the only way variables may be shared. The simultaneous acces} to these
variables|by both the module and its parent is excluded because the gxecution of the parent’s actions always has
priority (the parent/children priority principle of Estelle - see also'D.4.3.2).

Note thaf 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 commniunication links between interaction points (13, 14) and
(17, 19) ip 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 not attributed at all.

All instan§€s of a module Nave e Samne attribute as thatdefimedfor themodute mrthe-modute*sheader-definition.
The modules attributed with systemprocess or systemactivity are called system modules.

The following five attributing principles must be observed within a hierarchy of modules

(h) Every active module (i.e., such that its definition includes at least one transition) shall be attributed,
(p) System modules shall not be nested within an attributed module,

(F) Modules attributed with process or activity shall be descendants of a'system module,

(1) Modules attributed with process or systemprocess may be substructured only into modules
attributed with either process or activity,

(B) Modules attributed with activity or systemactivity may be substructured only into modules
attributed with activity.

Observe that inactive modules may be attributed. Observe.also that all modules embodying a system mddule are
inactive apd nonattributed, and that those are the only nonattributed modules within the hierarchy.

The attrijutes systemprocess and systemactivity, serve to identify separate communicating systems wjthin the
specificatjon. In particular the specification itself may have one of these attributes. In such a case the spedification
describes |one system. Each system is a subtree of modules rooted at the system module. The number of system
instances [within a specification is always.fixed.

For clarity 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 jtatic
system architecture system architecture system architecture, static),
+ dotted lifes-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 two
children (system modules) B and C attributed with systemprocess and systemactivity, respectively. Module B 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).
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Figure D.5 - Attributed module instances and their communication links; different lines are usdd to
represent system modules (bold), modules enclosing system modules (dotted) and others (non bold)

The attributesof ' modules play an important role in defining the behavior of a specification (see also the pxamples

in D.4.4)

An attributed 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 system instances and their interconnections (connections of their interaction points) once created (by
executing Jpecification inifialization part) are fixed TOrever (are mvarianty—this 15 dueto-the factthat-modules
enclosing dystem modules are always inactive (do not have any transitions) and thus do not have any, mgans to
dynamicallly change the system configuration. It is possible, however, that different invariant (static)’s
may be crdated due to the fact that within the specification different ways of initializing it may be definpd (see
D.2.4).

In contrast|the internal structure of each system and the bindings between interaction points of their submodules
may vary [i.e., both are dynamic). This is because actions (transitions) of an activ€ module instance
system may include statements creating and destroying its children and also creating and destroying
(attachmenits or connections) between interaction points of children or between the interaction points of the module
instance arjd its children. For example, an action of the module instance E (figure D.5) may create or de
children mbdule instances E1 and E2 as well as the connection between’E1 and E2 and the attachment between E
and E2 (compare figure D.5 with figure D.3).

Recall tha{ although the number of instances of a specific modile may change in the dynamic structurg of an

Estelle spefification, the hierarchical position of each instance corresponds to the respective position of its module
definition in the specification.

D.1.6 Typing

All manipjilated objects are strongly typed. Pdscal typing mechanisms are extended to purely Estelle obje¢ts such
as: modulg variables, interactions, interactionpoints and (control) states.

D.1.7 Mofule internal behavior

The internpl dynamic behavier-of an Estelle module is characterized in terms of a nondeterministic extended state
transition fodel, i.e., by defining a set of states, a subset of initial states and a next-state relation.

An extended state is; in* general, a complex structure composed of many components such as: value of thg control
state, valups of variables, contents of FIFO queues associated with interaction points and the status of thefmodule
internal structure’ (submodule instances, bindings between interaction points, etc.). Initial states of a{module
instance ate defined by an initialization part of the module definition.

The next-state relation of a module instance 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).

D.1.8 Global behavior

To descrilfe the global behavior of an Estelle specitication, i T tes)yhas been

used.

The globgl behavior is defined by the set of all possible sequences of global situations generated from an initial
situation.[Two consecutive global situations correspond to the execution of one transition (recall that transtions are
atomic)

The opergtional semantics for Estelle describes the way these sequences are generated, i.e., the way the|system’s
transitionp (transitions of its modules) may be interleaved to properly model synchronous parallelisgn within
subsystenjs combined with asynchronous parallelism between them. This global semantics model is desIEribed in
more detdil in D.4.3.

The notign of time appears in Estelle to interpret properly “delays™ (i.e., dynamic values assigned(to some
transitionk which indicate a number of time units by which the éxecution of these transitions must be felayed).
However| the semantic model retains the hypothesis that execution times of transitions are unknopn. This
knowledgde is considered implementation dependent. The model of Estelle outlined above is dependent ¢n a time
process, Which is assumed to exist, only in that a relationship between progress of time and computation is defined
and the delay-timers are observed to decide whether a\transition can or cannot be fired. The way the delay-timers
are interpreted is explained by an example in D.4.2!

The consfraints formulated specify a class ofacceptable time processes. In each implementation or for sjmulation
purposes] any element of this class may. be ehosen. (See [30] and [25]).

D.2 Syntax and interpretation of Estelle concepts

D.2.1 Channels, interactionsyand interaction points

specific fvay, By such a reference, a particular interaction point has a precisely defined set of interaction that can
be respettively sent and received through this point (in a way, the interaction points are typed). Corfsider, for
example, the following channel definition

channel CHANNEL_Id(ROLE_Id1, ROLE_Id2);
by ROLE_Id1l: ml;
m2;

Channel{ in Estelfe specify sets of interactions (messages). Declarations of interaction points refer to ChiFnels ina

mN;
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by ROLE_Id2: nl;
n2;

nkK;
by ROLE_Id1, ROLE_Id2:

kl;

k2;

KF;
where m1]...,mN, nl,...,nK, k1,... kP are interaction declarations.

Each interction declaration consists of a name (interaction-identifier) and possibly some typed\parameters. Thus,
an interaction declaration

REQUEST(x: integer; y: boolean)

specifies {n fact a class of interactions (an interaction type) with a common-name REQUEST. EacH{ of the
interactionfs in the class is obtained by a substitution of actual parameters (values)‘for formal parameters k and y.
Therefore

REQUEST(1, true) and REQUEST(3, false)

are both ipteractions in the class specified by the interaction declaratien above. In the absence of paramelers, the
interaction-identifier represents itself.

Now, an interaction point pl may be declared as follows
pll : CHANNEL_Id(ROLE_Id1)

and anoth¢r interaction point p2,

pR : CHANNEL_Id(ROLE_Id2)

In the firgt case, the set of interactions that can be sent via pl contains all interactions specified after “by
ROLE_Id|” 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 after
“by ROLH_Id2” and after*by ROLE_Id1, ROLE_Id2” in the channel definition (i.e., the interactions dec]ared by
nl,...,nK and k1,... kP).Observe that interactions declared for both roles (i.e., after “by ROLE_Id1, ROL E_1d2”)
are those that can bé sént and received (and they have to be declared in this way).

In the second’case we have, as it is easy to guess, an exact opposite assignment of interactions sent and r¢ceived,

i.e., those Interactions which could be previously sent via p1 can now he received via p2 and vice versa |

We say that interaction points pl and p2 above play opposite roles (or have opposite types). Two interaction 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
points we respectively write:

pl : CHANNEL Id(ROLE Idl) common queue

pl : CHANNEL_Id(ROLE_Id1) individual queue

or

In the former case, the FIFO queue will be shared with all those interaction points (external,or internl) which
were decllared common queue within the module.

A group pf interaction points of the same type may have a common declaration by meéns of an array congtruct. For
example

p : array[1..3] of CHANNEL_Id(ROLE_Id1)
specifies{ in fact, three interaction points referenced by p[1], p[2], and¢p[3]-

Both ext¢rnal and internal interaction points of a module are declared in the way described above. The distinction
is made ¢nly by virtue of where they are declared. External, interaction points of a module are declared pithin its
module Header definition (see D.2.2), while internal interaction points are declared within the declaration part of its
body deflnition (see D.2.3).

D.2.2 Miodules

A module definition in Estelle is composed 6f\two parts:

- amodule header definition,‘ahd
- amodule body definition.

A modulg-header definition-specifies a module type which identifies a class of modules with the samq external
visibility] i.e., with the Same interaction points and exported variables, and the same class attribute.

The defipition of-a'module header begins with the keyword module followed by its name and optionglly by: a
class attribute!(systemprocess, process, systemactivity or activity), a list of formal parameters, and de¢larations
of externakinferaction points (after the keyword ip) and exported variables (after the keyword export). The
definition finishes with the keyword end. The actual values of the formal parameters are assigned when a module
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 ong-#e4 n-one body

may be dedlared for a header definition to specify possibly different internal behavior and substructure.

A module body definition begins with the keyword body followed by: the body name, a reference to the module
header nanme with which the body is associated, and either a body definition followed by thekeyword end or the
keyword external.

For example, the following two bodies may be associated with the module header A:

b¢dy B for A;

{Body definition see D.2.3}
end;

ard
be¢dy C for A; external;

In fact, at & conceptual level, two modules have been defined: one of which may be identified by the pair|(A, B),
and the se¢ond by the pair (A, C). The modules thus defined have the same external visibility (same int¢raction
points p, pll, p2 and same exported variables X, Y, Z) and“the same class attribute (systemactivity). Bjt their
behaviors, [defined by the body definitions are, in principle; different. This means that modules may have different
behaviors 3nd the same external visibility. A body defined as external does not denote any specific behavidr of the
module. It[indicates that either the module body definition already exists elsewhere or will be provided lat¢r while
refining the specification. The “external” bodies’ nicely serve to allow describing an overall system arcljitecture
without anjy detailed description of the system-components. This feature is illustrated by the example in 4.1.

The body definition is composed of three parts:

—| adeclaration part;
—| aninitialization part;
—| a transition part.

D.2.3 Declaration.part

The declaration part of a body definition contains usual Pascal declarafions (constants, types, variables, procedures
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 example, the body definition B declared below for a module-header A contains definitions of modules (Al,
B1) and (AT, BZ). These are children modules of the module (A, B), Where the detaited defimition of g module
header A is that from the previous clause D.2.2. The hierarchy of the module definitions is depicted infigyre 6.

module A (*see D.2.2 *) --- end;

bddy 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;

=@
=)

1
b J

(A,B)

(ALB1) p p

[
= =
o =

®
(A1,B2) P

T =e

Figure D.6 - Textual hierarchy of modules

189


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

ISO/IEC 9074: 1997(E) © ISO/IEC

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
terminate-statements, see D.3.1 and D.3.6, respectively).

The interrfal behavior of each module (instance) 1s defined In terms ol an extended state iransition moddl whose
control states are defined by enumeration of their names. For example,

state IDLE, WAIT, OPEN, CLOSED

declares fpur control states IDLE, WAIT, OPEN and CLOSED. In other words, among thHe/yvariables of a [module,
one implifit variable is distinguished by the keyword state. The state variable may. assume only thos¢ values
enumeratgd by the definition of the above form.

A collectipn of control states is sometimes referenced using a collective name\which may be introduced by|a
stateset dgclaration. For example,

states¢t IDWA = [IDLE, WAIT]

Internal interaction points may be declared to allow communication between a module and its children modules.
They are Heclared in the same way as the external interactiop.points (see D.2.1), but in the declaration part of a
module bpdy definition rather then in a module header (seg>the declaration of the interaction point pl wjthin the
body B for module A).

D.2.4 Initialization part

The initialization part of a module body, indicated by the keyword initialize, specifies the values of some YVariables
of the mqdule with which every newly.created instance of this module begins its execution. In particular, local
variables Jand the control variable state,;may have their values assigned. Also, some module variables|may be
initialized, which means that the module’s children modules can be created. Creation of children modules during
initializatjon defines their initiglarchitecture

To initialige Pascal variables;Pascal statements are used (for example, T := 5) and to initialize the state vatiable to,
for exampjle IDLE, we-write ‘

to IDLE

The initialization of a module variable results in the creation of a new module instance of the variable’s type. The
variable is then a reference to the newly created module. To this end, the init-statement (see D.3.1) is used. In the
initialization part, bindings may also be created between interaction points by the use of connect (see D.3.2) and
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);
init Z with B1 (4);
connect pl to Z.pl;
connect X.pl to Y.pZ,
connect Y.pl to Z.p2;
attach p to X.p
end;

The aboye initialization part creates three module instances referenced by the module,variables X, ¥ and Z,
respectively. All these instances have the same external visibility defined by the module header Al (since the
module Variables X, Y and Z have been declared with module type A1). The module instances (referended by) X
and Z arg both instances of the same module (A1, B1) and module instance (referénced by) Y is an instajpce of the
module (A1, B2). The module instances X, Y and Z have been initialized with different values (respectively 0, 1
and 4) of the parameter k declared within the header of the module A1™The concrete hierarchy of module
instances|of figure D.7 corresponds to the hierarchical pattern of module definitions from figure D.6.

The initiglization also establishes connections and attachments befweén appropriate interaction points of|the three
newly crpated module instances and those of their parent mddule. These connections and attachmentq are also
shown in|figure 7.

The initiplization part of a module body may define more than one way of initialization. The examgle below
illustrateg this.

injtialize
provided R
to IDLE
begin
T:=5;
init Xswith B1 (0);
init Y with B2 (1);
init"Z with Bl (4);
connect pl to Z.pl;
connect X.pl to Y.p2;
connect Y.pl to Z.p2;
attach p to X.p
end;

provided not R
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 P
V instance of|(A,B) V instan
I:__ instance ©of[|(A,B) l
p pl P pl
X instance of (A1,B1) X instance of (A1,B1)
p2 p2
pl
.P pl ¢
Z ipstance of (A1,B1)2 pl
p
TP pl 'P .p_l
Y instanceof (ALB2) Y instance of (A1,B2) ‘
p2 p2
—4— *

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 form of a
transitiogrwi Tctio 2 ontyp itted-elausesare-to-clause-and-the-provided-elause—For-this reason
the term |initialization transition may also be used.

When cfeating module instances (executing the init-statements) it may happen that some of themh are not
reference¢d by module variables. For example, when executing the following two statements:

init X with B1(0);
init X with B1(0);

two module instances will be created but only the second is referenced by, X. There are special Estelle ponstructs

for dealipg with such non referenced instances (forone and all-statem@nts and exist expression - see D.3/3).
D.2.5 Transition part
The tranpition part describes, in detail, the internal module behavior (see also D.1.7 and D.4.2).

The transition part is composed of a collection of transition declarations. Each transition declaration b¢gins with
the keyword trans. A transition may be either expgnded or nested. A nested transition (see D.2.6.1) is a|shorthand
notation|for a collection of expanded transitions. These are characterized in this section.

Each expanded transition declaration is.composed of two parts :

— clause-group;
— transition-block.

Within d clause-group the 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);
— , (when-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 1s an non-negative constant);
— delay-clause (delay(E1, E2), where El 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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