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(E)

Information processing systems — Open Systems
Interconnection —

Estelle: A formal description technique based on an
extended state transition model

0 [Introduction

0.1 General

Fogmal description techniques (FDTs) are methods of defining the behavior of an (information prof
ing) system without using a natural language such as English. In the following sub-clauses of]
intfoduction, the importance of FDTs (and their standardization is discussed. The objectives thg
FD[T must satisfy are considered.

This International Standard describes an FDT for the specification of communication protocols and
vicks. The FDT is based on-am extended finite state transition model.

This International Standard addresses two different groups of people: protocol designers, who may
thi§ FDT to specify protocols; and protocol implementers, who may implement a protocol desc
usipg this FDT, of alternatively implement a tool to process such a protocol description automatig
Implementers must ensure that they follow the semantics of the FDT, as described in this Internatl
Stapdard. <Profocol designers must ensure that their specification relies on the characteristics Q
implementation only to the extent that the semantics of the FDT is defined by this International !
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This International Standard comprises nine clauses and three annexes. Annex A and Annex B are infor-
mative and not an integral part of this International Standard; Annex C is normative and is an integral

part of this International Standard.
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0.2 Formal Description Techniques

Formal description techniques are important tools for the design, analysis and specification of informa-
tion processing systems. It is by means of formal techniques that system descriptions can be produced
that are complete, consistent, precise, concise and unambiguous. This is only possible if an FDT is
self-contained, so that the descriptions given in an FDT need not refer to any informal knowledge of the
system that is described. An important aspect of a formal system is that it allows analysis by formal
methods. An FDT that has such a formal basis can be used to demonstrate the correctness of a
specification.

intend formal in the sense that it is pos-
sible to analyze and interpret them unambiguously. The FDT supports a structuring of a speciffed sys-
tem into smaller parts and the specification of the behavior of a part in terms of an extended finjte state
transition model. -

0.3 Requirement for standard FDTs

If an FDT is defined in an International Standard, the description is available’to all who require|it. The
directives for the production of such a standard require a high degree of international accepdtz[lce and
technical stability. Any amendment also requires international agreement. Hence a standayd FDT
offers the most useful form of presentation 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 distribut¢d, con-
current information systems, it has been developed particularly for OSI. The main objectivgs o be
satisfied by such an FDT are that it should be:

— 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 7498.

— well-defined: an FDT should have a formal model that is suitable for the verification pf these
specifications 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.

— well-structuréd?) an FDT should offer means for structuring the description of a speciﬁgtion or
definition in.‘manner that is meaningful and intuitively pleasing. A good structure incredses the
readability, understandability, flexibility, analyzability and maintainability of system descripjions.

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

-— an FDT should be completely independent of methods of implementation, so that the tech-
nique itself does not provide any undue constraints on implementers.

e H ans—of-abstraction—from—irrelevant—detals—with—respedt to the
context at any point in a description. Abstraction can reduce the local complexity of system
descriptions considerably. In the presence of a good structure, abstraction can help even
further to reduce the complexity of descriptions.



https://standardsiso.com/api/?name=76567d1a89ad875e88648299e2c6fe25

1

ISO 9074:1989 (K)

Scope and field of application

This International Standard defines the semantics and syntax of the Formal Description Technique
Estelle. Estelle is in general used for the formal description of distributed, concurrent information pro-
cessing systems. In particular Estelle can be used formally to describe the service definitions and proto-
col specifications of the layers of Open Systems Interconnection described in ISO 7498. This Interna-
tional Standard does not define methods for the verification of specifications written in Estelle.

2

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

Definitions
r the purposes of this International Standard, the following definitions‘apply. .

denotation: A mathematical construction designated according to the requirements~ of this Int|

notation according to the requirements of this International Standard.

error: An Estelle specification that does nof conform to the requirements of this International
d is in error. Its meaning cannot be determined by applying the semantics of this International
rd.

Conformance

formal specification written in Estelle conforms to the requirements of this International Standa
1 only if it is derivable according to the syntactic rules and constraints given in clauses 7, 8

Armex C, and it has a-denotation according to the semantic rules given in 5.3 and clause 9.

P:

agraphs labelléd NOTE and Informal Semantics are included to aid the reading of this Internat

Standard, but)are not part of this International Standard for purposes of determining conform
These paragraphs often contain information that may be derived from other parts of the Internat]

S

datd) and thus a specification that conforms to this International Standard will satisfy the

Jel.

Prna-

nal Standard as the meaning (interpretation) of an Estelle specification or part of such a specificaion.

undefined: A property of an Estelle specification or part of such a specification such that it has no

btan-
Stan-

rd if
and

jonal
hnce.
onal
note.

Pardgraphs labelled Remark are a normative part of this International Standard.

Remark: A formal specification expressed in Estelle may also be used as the basis for an implementa-
tion of a system conforming to an International Standard for Open Systems Interconnection. In such
cases, it may be processed by a compiler or other computer-based software tool. This International
Standard does not, however, specify requirements for such compilers or tools.
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5 The model

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

A specification describes a hierarchically structured system of nondeterministic sequential components
(instances of modules) interchanging messages (called interactions) through bidirectional links between
their ports (called interaction points). Both the hierarchy of modules and the structure of links may
change over time, thereby making the system a dynamic one.

—Fhis-clause-is-organized-into-three-pasts
parts:

— First (5.1) a single module instance is briefly characterized, together with the roleit*plays with
respect to its directly subordinated modules (called children instances). The module| instance
definition is the main part of the Estelle semantics in clause 9.

— Second (5.2) a set of nesting principles and their impact on the degree and)character of parallel-
ism and nondeterminism between module instances are described. The importance of clagsifying a
module into a process, activity, systemprocess, or systemactivity is explained in this conjext.

— Third (5.3) the system behavior, as given by an Estelle specification, is defined in|terms of
transformations of a system global situation which includes the existing (i.e., instantaneous) hierar-
chy of instances of modules in their local states and the ctrrent structure of links betwgen them.
An execution of an action (called a transition) by a module instance causes an observable change
in the global situation. Although an action may change several elements of this situation, these
changes are observable only in their entirety. This reflects a central principle of Estellg 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 afimissible
real executions.

A separate subclause (5.3.5) explains thetole 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™ ate treated
in the model.

5.1 Module instance

In Estelle a module i§ defined by a module-header-definition and 2 module-body-definition 3ssociated
with this header. ‘Thére may be more than one module-body-definition referencing the same; module-
header-definition.” Thus each pair, a module-header-definition and an associated modyile-body-
definition, constitutes one Estelle module definition, or more simply, module. Several instapces of a
module may-be created and simultaneously present during execution of an Estelle specificatipn. Each
one ofthém has the same external visibility characterized by the module-header-definition and the
same,internal behavior defined by the module-body-definition.

From an external viewpoint, 2 module instance is a ‘‘black box’’. Access in and out of that box is
made with finite sets of interaction points and exported variables. These are the only means of com-
munication with the enclosing environment defined by the parent module instance.

Each interaction point of a module instance has an associated first-in first-out (FIFO) queue which
receives and stores interactions sent to that module instance through this interaction point. More than
one interaction point of a module instance may share the same queue. A module instance may also
send, i.e., output, interactions to other modules (or even itself) through its own interaction points. The
sets of interactions which may validly be received and sent through a specific interaction point are
determined by the channel-definition with which the interaction point is declared in the module-

4
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header-definition.

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

The visible results of a module instance’s behavior, in the form of the output interactions it sends and
the changing values of its exported variables, are the effect of a module instance’s internal activity as
described within an associated module-body-definition. The internal behavior of a single module
instance may be characterized in terms of a nondeterministic state transition system, i.e., by determining
the system’s: set of states, subset of initial states and next-state relation. How these elements are

e . N . _
Ezth state has a complex structure which consists of the following items:

— Control-part represented by a value associated with the special identifier STATE. The $et of
control values is always finite (hence one often uses the term finite (control)-state transition sys-
tem.)

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

— Internal-data-part represented by values of variables and parameters occurring w1t.hm a mpdule
definition.

— Interconnection-hierarchy-part represented by
(a) the current set of submodules (children instances), and

(b) the current link structure of the modale instance’s interaction points and its chjldren
instances’ interaction points (i.e., the connect-attach structure in the state).

e 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.

Injtial states of a module instance ‘are' defined by a module initialization-part. This part of a mgdule-
bady-definition describes an initial control state, the way variables are initialized, and defines an jnitial
higrarchy and interconnection structure of descendant module instances, if any exist.

THe next-state relation ©r)one-to-many next-state function (recall that the state transition systems gre, in

-bgdy-definition by transitions. Each transition is eomposed syntactically of two parts: a clause-group
arld a transition-block.

— A-clause-group, which is a set of zero or more clauses, determines (among other thingg), for
each state, whether a transition is enabled m thxs state, i. e, whether certain condmons are satjsfied,

thereby—enabling—(by neces : : bntrol
states from Wthh a transmon may take place and spemfy the next control state followmg the
trangition’s execution.

— The interpretation of a transition-block defines an action or operation to be executed by the
transition. The action may change the module instance state described above (a change of control
state is given by some clauses) and may output interactions to the environment. A transition block
is given as a Pascal-like compound statement with some specific restrictions and extensions of
Estelle.

Execution of a transition by a module instance is considered to be an atomic operation. Once a
5
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transition’s execution is started, it cannot be interrupted, and conceptually one cannot view intermediate
results regardless of how *‘large’’ a transition is (i.e., how many statements it has). The atomicity of a
transition is an important assumption for expressing the behavior of a specification in abstract terms,
independent of the precise way that atomic transitions are implemented. Atomicity also has an impact
on the results of parallel execution of module instances.

A module (and any instance of a module) with an empty transition-part in its module-body-definition
(i.e., a module with no transitions specified), is called inactive. A module (and any instance of a
module) with a nonempty transition-part is called acrive. These notions are used and further explained
in the next subclause. An inactive module instance, once initialized, performs no action, although its

—descendent-modules-eertainty-may-

5.2 Nesting of modules and parallelism

The declaration-part of a module-body-definition may nest (i.e., include) othér module dgfinitions
(called children) which may in turn include other module definitions, and so-on.” The way tha{ existing
module instances of a specification behave with respect to each other (i.¢:; the degree and|form of
parallelism and/or nondeterminism involved) is strictly dependent on the ‘t€xtual nesting of th¢ module
definitions and the way their headers are qualified by keywords: systemprocess, systemactivity, pro-
cess and activity. This relative behavior is strongly regulated by-another Estelle principle, that of exe-
cution priority of a transition of a parent module instance overdransitions 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 International Standard, the terms_process module, activity module, systemprocess module,
and systemactivity module will be used to_distinguish between module definition categories. These are
called attributed modules. Similarly the words process, activity, systemprocess, or systemactfvity will
mean process, activity, Systemprocess, or systemactivity module instance, respectively. In gase it is
not important whether or not a module is a systemprocess or systemactivity, the terms systems 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:

(a) Everylactive 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 one of the four keywords: process, activity, systemprocess or systemac-
tivity.

(b) A system module cannot be nested (i.e., embodied) within an attributed module. As|a conse-
—_quence all modules embodying SysSen moduies must b {mactve.

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

(d) A process or systemprocess module may be substructured only into process or activity modules;
i.e., descendent (embodied) modules of a process or systemprocess module must be attributed with
the keyword process or activity. Together with (b) and (e), this means that non-attributed modules
are only those inactive modules embodying system modules, if such modules exist.

(e) An activity or systemactivity module may be substructured only into activity modules.
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In addition to these static principles, it is important to stress the dynamic constraint that a module
instance may be created and released or terminated exclusively by the instance whose module-body-
definition directly includes its definition (i.e., the parent module instance). The same is true as regards
the creation and destruction of interaction point links.

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

— A dynamic hierarchy of module instances has a static textual pattern in an Estelle specification.
Although the number of instances of a specific module may change in that dynamic structure, the
hierarchical position of each instance corresponds to the respective position of its module definition
in the textual pattern.

— From the principles (a) through (e) there is exactly one level of system module along @ny path
within the hierarchy of module instances within a specification (except in the degenerate| case,
where all specification modules are inactive and consequently may remain unatiributed, ther¢ may
be no system level) and, by (b), all embodying modules of a system are inactive.”*Conseqyently,
any initial state of a specification defines a fixed number of system instances and) interaction| point
links above them. This structure once initialized cannot change during the life-time gf the
specified configuration since parent modules are inactive; it is invariant.. A-specification itself will
reduce to a single system module if it is attributed (and it must be attributed if it is active).

e

xample

gure 1(a) shows an example of a textual pattern of a -hierarchy structure of ‘a specifigation.
gures 1(b) and 1(c) show two possible initializations of that<structure.

ey Hies]
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Figure 1(b) shows only system modules instantiated with one instance of systemprocess module A, one
instance of systemactivity module B1, and two instances of systemprocess module B2. Internal sub-
structuring of 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 created.

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

5.2.2 Parallelism and nondeterminism

As noted above, only an active module instance may dynamically create, releas¢, and change |the con-
nection configuration of its children instances; in doing this, an active instance-acts as a superviping-like
manager over its children instances. For this and other reasons, such as prevention of race copditions,
transitions of ‘a parent instance have priority over its children’s transitions. While a module |instance
transition is executed, all children transition executions are suspendeéd. This property m
parent instance supervises (or synchronizes) the execution of its descendants. Intuitively spe.

each time a child module offers a transition for execution), it.must first “‘ask’’ its parent for pe
A parent may decide whether or not to grant that permission-only if children transitions that wefe previ-
ously granted permission have completed. This priority relation is transitive, meaning that al module
instance transition has priority over all of its descendant instances’ transitions. This exclndes ;Ly paral-
lelism among instances which are in an ancestor/descendant relationship.

From 5.2.1, it follows that system modules @re not included in any active module and, therefore, they
(i.e., their instances) are not ‘‘supervised’/ by means of a parent module (instance) priority. Hence sys-
tems behave fully asynchronously withrespect to each other. From this point of view thefe is no
difference between a systemprocess'and a systemactivity module. They are differentiated by their inter-
nal behavior as explained below, The parallelism within one system (i.c., among instances of| descen-
dant modules of a system~module) is regulated by a parent/children priority principle [and by
process/activity attributes that must be assigned to each module definition nested within 3 system
module.

The intention of uSing the attribute process or activity for a module (and its instances) is to digtinguish
two possible forms of execution. These two forms represent a synchronous parallel execution |(parallel
but synchronized by the parent/children priority), and nondeterministic sequential executipn (also
preserving the priority principle), respectively (see 5.3.3 for the exact formulation of the bghavioral
model)i—~This explains why nesting principle (e) permits an activity (and systemactivity) modyle to be
further structured only into activity modules.

“Im sammary, a specification designer combimng (he general feature of parenychildren priority with the

nesting principles characterized above may:

— At the “‘top level”’, structure the specification into a fixed configuration of independent, asyn-
chronously running systems or (by making the specification module a system module) into a single
synchronous system.,

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

10
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— Decide, at each level of substructuring, that beginning from this level, instances of descending
modules run in a nondeterministic way with preservation of a parent/children priority. This is
accomplished by attributing the instance of the chosen level with the keyword activity (or sys-
temactivity if it is the system level). In that case all descendant modules are also activity
modules,

5.3 Specification behavior

5.3.1 L.ocal situation,

local situation of a single module instance P is given by a pair (sp, tp) where sp is one of the)states of
and tp is a transition of P. The transition tp is said to be offered by P in sp. The situation (sg, null)
notes that no action is offered by P in sp, which sometimes will be described by, saying the| *‘null
ansition’’ is offered,

non-null transition offered in sp must be a transition that is fireable in sp.,~The set of fireable ransi-
tons in sp is a subset of all enabled transitions in this state, selected on the\basis of transition priorities
d delays. Hence, strictly speaking, a transition tp is said to be offered by P in sp with respect to

iven delay values. The detailed definitions of enabled, fireable, @nd 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 Js actu-
y selected is an autonomous decision of the instance P. This-property of autonomy is used below to establish
;}Fecisely how a global situation changes after a transition’s execution. It cannot be predicted, however, whigh next
ansition (among all those which are fireable) is going to be selected in the resulting situation. Nevertheless, each
time, a module instance P makes the choice.

3.2 Global instantaneous description of-a module instance

onsider the tree of module instances;-¢ach in one of its possible states, where the edges represgnt the
ent/child relationship. This trée is defined in 9.5.3. If P is the root of such a tree, then the tree
together with the states of its Components is called a global instantaneous description of P (abbrgviated
idp). If the state of P is initial, then gidp is called initial. (See 9.5.3 and 9.6.3.)

xample

igures 1(b) and){¢) give the trees of initial global instantaneous descriptions of an instance [of the
specification SP: Subtrees of these descriptions constitute the trees of global instantaneous descriptions
the spetification components, e.g. in figure 1(c), subtrees rooted at the instance of systemprocess
odule-A, the instance of systemactivity module B1, or the instance of activity module Al.

5.3.3 Transitions selected for execution

Consider an instance P of an attributed module (see Remark below) in one of P’s global instantaneous
descriptions gidp. Assume that each module instance component of gidp is in one of its local situations,
i.e., that in its state (specified by gidp) the module instance is offering a transition. Denote by AS(gidp)
a set of transitions selected for execution in gidp; i.e., AS is the set of transitions selected from among
those offered by the entire set of module instances, hierarchically structured in the tree of gidp of which
P is the root. There may be more than one AS set for a given gidp due to the nondeterministic choice
in case of activities (or system activities). The definition below characterizes all of them.

11
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Remark: If P is an instance of an attributed module, then by the nesting principles of 5.2, P is a des-
cendant of a system (or it is a system itself). Therefore the definitions below serve to characterize the
synchronized parallelism within (i.e., among the descendant instances of) a systemprocess and nondeter-
minism within a systemactivity.

Definition of 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 {nuil} is identified with the empty set).

(b) Let P;, Py, .. .,P,, k21, be children instances of P in the tree of gidp, and let (sp, tp) be the
—local-situation—of P-ingidp: -

(1) If tp # null, then AS(gidp) = {tp} (parent priority).

(2) If tp = null and P is an activity or systemactivity (this implies that each P;‘is an gctivity),
then AS(gidp) equals one of the nonempty sets AS(gidpi), i=1,...,k, if such existy, and is
empty otherwise. The choice is nondeterministic. (Notice that each AS(gidp) is eithqr empty
or consists of exactly one transition since activities are substructured only into activitigs.)

k
(3) If tp = null and P is a process (or systemprocess), then AS(gidp) = {_J AS(gidpi).

i=1

NOTE — The above definition has the simple sense discussed in 52! Mf P is a system module instafce, then
AS(gidp) denotes the set of transitions that this system may currently, (ie., in gidp) perform and will actually exe-
cute, in a synchronized and parallel way, from among those trafsitions which are chosen autonomously py every
component instance of the system. Point (b)(1) expresses the parent/children priority principle; point (b)(R) shows
nondeterministic execution among a hierarchy of activitiesycand point (b)(3) indicates that every transition offered
by a process within a system, if not constrained by a ancestor/descendant priority conflict, will be selected [and exe-
cuted.

Example

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

(a) Assume:
null is offered-(locally) by A
null is offered by Al
t11 is offered by All
t12 is. offered by A12
t2 \is offered by A2.
In this\case: AS(gid,) is either {t11, t2} or {t12, t2}.

(b)>Assume:
_ * -same as in (a) but tl is offered by Al.
| In this case: AS(gidy) = {11, 12}

(©) Assume:
as in (b) but t is offered by A
In this case: AS(gid,) = {t}.

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

12
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in AS"(gidp).

Note finally that each set AS (and in consequence the set AS*) may depend on the current delay values
and not only on gidp. As was indicated in 5.3.1, the transition to be offered by a module instance may
depend on these delay values. The precise nature of this dependency is defined in 9.6.5.

5.3.4 Global behavior

Let SP denote an mstance of the specxﬁcahon module (the main module in Estelle) The behavior of
IS v C C ati-possi-

| states which, in turn, determines its initial gid. As noted above, the specification’s initial |state
erefore a comresponding gid) defines a fixed number of system module instances.\ ‘These systems
neper cease to exist and the link structure above them in the hierarchy is fixed for the lifetime qf the
ecification (if the specification’s initial state does not contain a system medule instance, thep the
ecification behavior degenerates to this initial state).

D¢note these system modules Sy, . . . ,S,, where n 2 1, and n may vary depending on the initial gid of
SH.

Ngtice that, for every gidgp, its part rooted at S; (i=1,...,n).1s a global instantaneous descriptipn of
S;;| denote this gidgp/S;. Similarly, let AS(gidsp/S;) denote the set of transitions selected for exeqution
fra(]m among those transitions offered by the entire subtree of module instances rooted at S;. This tfee is
called the system rooted at S, in gidgp. Transitions once selected (i.e., permitted to run) eventually exe-
cufe.

BY a global situation of SP, we mean a tuple:{gidsp; A;, . . . ,A,), where each A, is a set of transjtions
of the component instances of the system rooted at S;.

A [global situation of SP is said to be initial if and only if

gidgp is initial, and
A=0,fori=1,..

Each transition t of a-Component module instance may change internal objects of the instance (ftate)
anfl, by its outputs,“also change environments of others. Because t may contain nondetermipistic
-ingtructions, it may transform a gid in more than one possible way. Given a gidsp and a transition] t, in
this clause, wetwill use the notation t(gidgp) to represent one of the possible resulting global instarjtane-
oup descriptions and the notation t*(gidgp) to represent the set of all possible resulting global instarjtane-
oup descriptions. Precise definitions of these are given in 9.5.3 and 9.54. Clearly, t(gidsp) € t *(gidsp).

The following property is assumed below:

if two transitions t; and t; are selected by S; and S;, respectively, and both are defined as par-
tial functions for gidgp, then 4, is also defined for any t,(gidsp) and similarly, t; is defined for
any t(gidsp).

NOTE — For a given gidp, there are only three ways the execution of a transition t; may make another transition
undefined: either t; changes values of some variables of the module instance, call it P;, the transition t; belongs to, or
it releases the module instance P;, or it detaches an interaction point of the module instance P;. In each of these
cases, t; must be a transition of the parent instance of the module instance P; in gidsp. This is not possible by the
parent/children priority principle of the definition of AS(gidsp) from 5.3.3.

13
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Intuitively speaking the above property says that systems rooted at P; may really run independently
despite the fact that they interchange messages. Due to the above property, this possible concurrent
execution may be adequately expressed by interleaving.

Given a global situation, sit = (gidgp; Aq, . . . ,Ay), the set of next global situations is described as fol-
lows:

Foreveryi=1,...,n,
(a) if A; = @, then for every AS(gid/S;) € AS"(gid/S),

(gidgp; Ay, . .. ,AS(gidgp/S)), . . . ;A is a next global situation of sit.
(b) if A; # O, then for every t € A,

(t(gidgp); Ag. . .., AN}, . .., Ay is a next global situation of sit.

NOTES

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), a]l possible
choices of the set AS resulting from nondeterminism of each component-process in the system rooted at §; must be
taken into account.

2 The above definition expresses the fact that no assumptionscaré made about the relative speed of expcution of
transitions. All possible interleavings of them must be considered. Notice, however, that once a transition is in the
set A;, it is considered to be executing and cannot be suspended as a result of another transition which completed its
task earlier. In other words, interleaving is only a means\of expressing concurrency without any implicit possibility
of waiting an unspecified amount of time before actually executing.

3 Once a set of transitions AS(gidsp/S;) selected by the system §; for execution is actually executed, then|a new set
AS is generated in the new global instantaneous description ‘‘projected’’ onto the system. If this AS sef is empty,
then the system will try again in its next.‘‘5ystem snapshot’’, the duration of which is unknown. This is|expressed
by (a). Alternatively, one may say that 4 system executes a ‘‘null’’ transition. Thus, the moment when|a new set
AS of actions is generated is solely determined by the system S;. This means that each system runs ind¢pendently
from the others.

A sequence of global situations of SP, sity, sity, . .., sit, ..., is called a computation of §P if and
only if sity is initial,-and for every j > 0, sit; is one of the next global situations of sit;.; as desgribed by
(a) or (b) above.

A global sithation sit; (j > 0) in a computation is a snapshot of the system §; (i=1,...,n)(ifitis a
next situation of sit;; described by (1) above (i.e. it is a situation in which a new AS set is chosen for
the i-th-system).

—53-5—Coneept-of-time-in-the-model
7 IR

Some Estelle transitions may contain a delay-clause (see 7.5.7). The intention of the delay-clause is to
indicate that a transition’s execution (if it is enabled in a state) should be delayed. Two times are asso-
ciated with a delay: the minimum time the transition must be delayed and the maximum time it may be
delayed. These are initially specified by two values of integer expressions occurring in the delay-
clause. The dynamic change (non-increasing) of these time values with respect to the dynamic change
of global situations, as described in the previous clause, relates the progress of time and computation.

The computational model for Estelle (as described in 5.3.3 and 5.3.4) is intentionally formulated in
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time-independent terms: one of the principal assumptions of this model is that nothing is known

about

the execution time of a transition in a module instance. Knowledge of execution speeds is considered
implementation dependent. That is why all appropriate sequences of interleaved transitions have been
considered as possible computations. In this perspective, no specific relationship between a time unit

and execution speed of a module instance can be known or taken into account.

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.

|- on mbpton ava ime (ie BOY hic e St ‘‘time Droce » hose._re & _0DSe

drms of delay values during computations) that are taken into account in this semantic model are

-

(a) time progresses as the computation does, and

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

Ppint (b) means that given two enabled and delayed transitions in a computation situation, if
rgmain enabled in the following situation, then their delay values would decrease/(if at all) by the
amount. Any other constraints are considered implementation dependent. \Any constraint, hoy
which does not contradict the above assumption is admissible, e.g., for simulation purposes.

The technical and precise formulation of the approach sketched above/can be found in 9.6.4 and 9

6| Definitional Conventions

6/1 Syntax definitions

oo M |

fckus-Naur Form. The notation has beensmodified from the original to permit greater convenie
scription. Table 1 lists the meanings of the various metasymbols.

[=N

Table 1 — Metalanguage Symbols

Meta-symbol | Meaning

they
same
vever,

6.5.

he metalanguage used in this International Standard to specify the syntax of constructs is baTd on

ce of

= 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 or y
xUy xy | yx

a; W..Wa | all possible strings consisting of all the
elements concatenated in an arbitrary order

“xyz”’ the terminal symbol xyz
meta-identifier | a nonterminal symbol

15
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A meta-identifier shall be a sequence of letters and hyphens beginning with a letter. A sequence of ter-
minal and nonterminal symbols in a production implies the concatenation of the text that they ulti-
mately represent. Within clauses 7 and 8 and Annexes A and C and their subclauses this concatenation

shall be direct; no characters shall intervene. In all other parts of this International Standard
catenation shall be in accordance with the grammar rules set out in clauses 7, 8 and Annex C.

Syntax rules are defined in clauses 7, 8 and Annex C; the relationship between the parts is as

the con-

follows.

Annex C defines a subset of ISO Pascal {ISO 7185] 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

—symbotswritterrentirely imupper tase Tefer to-the corresponding - tower tase nontermimat—symb,

grammar rules found in Annex C (e.g., IDENTIFIER). Note that some nonterminals found,in
are extended by clause 8. For example, an applied occurrence of COMPONENT:-VARIA
clause 7 refers to the nonterminal symbol ‘‘component-variable’” as defined in, Arnnex C
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 rel
between terminal or nonterminal shall have the following meanings:

the x of a y: refers to the x occurring directly in a production defining y
the x in a y: is synonymous with “‘the x of a y*’

a y containing an x: refers to any y from which an x is directly or indirectly derive

containing that x.

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

By convention, when terminal and nonterminal symbols appear in prose descriptions of constrd
informal semantics, these symbols are in bold font.
6.2 Semantic notations

The following is a summary of the most important notations used in clauses S and 9.

ol in the
Annex C
IBLE in
and as

tionship

d

the y closest-containing an x: that-y which contains an x but which does not contain ganother y

require-

vints and

Sets:

& — empty set
e — set element
W — set union

N~ set intersection

U Pk
xe A '
— union of all sets P(x) defined over the index set A

16
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\ - set subtraction
X  — set cartesian product
POWER(A)

A.

Lists:

— the set of all subsets of the set A

— the set of finite sequences (lists) of elements of the set A

nil — the empty list

Fynctions:
f:A - B

head

append

f:A~->B

dom(f)

f: A->B-~>Cmeansf:A->(@B ->C) (similarly for —)
£(a)(b) = (F@)(b)

L flahv———agive)

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

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(L’, L) = LL’, i.e., append is the function that, for twe-arbitrary lists L’ ahd L,
returns the list which is the concatenation of L with L’

— f is a total function from the set A into the set B

— f is a partial function from the set A intoiset B (note that every total function is alsg par-
tial) .

— the set of all elements in the set-A for which the (partial) function f:A ~> B is defined (the
domain of f)

- see above

flg] — the covering-operator which for any two partial functions f: A~>B and g: C->D

returns the function f[g] : AU C~>B U D with:

dom(f[g]) dom(f) U dom(g), and

= Jg@ if a € dom(g)
flg)(a) {f(a) if a ¢ dom(g)

— simultaneous substitution, ie., an operator that, for a given function f: A-> B,
aj,...,a, € dom(f) and v;, . ..,v, € B, returns the function of the same domain and identi-
cally defined as fforalla= g (i=1,...,n), and assuming the value v; for an argument g

Meta-expressions:

The meta-language used for semantic definitions is a mixture of conventional mathematical notation and
the following programming-like constructs, which are assumed to have known meanings:

17
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Assignment: meta-var := 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

Compound meta-statement: (meta-stm,; meta-stm,; - - - ; meta-stm,)

Remark 1: All the above constructs are used in a relatively fhnctional 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 @ skate com-

ponent, e.g., s.Loc := f(sLoc, - - - ) describes a state transformation which for a given state s
new state that is identical to s except that s.Loc component has changed in the way given by
tion f.

Remark 3: The meta-stm in a forall statement is executed for each element in the Set of this §
The result of a forall meta-statement never depends in this International Standard on the order
tion except when it is used to explain the all-statement of Estelle.

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

Special conventions:

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

INST(M, E)

returns a
the func-

tatement.
of execu-

ralid only

module-

— the set of instances of any module given by a module-header-definition M in p context

environment E

[Estelle-statement]p
— interpretation of.an Estelle statement in a module instance P (as a partial function

from the

instance’s states ifito sets of instance’s states); i.e., [ ]p denotes the semantics of statements.

valp(Estelle-expressiorn)
— interpréetation of an Estelle expression in a module instance P (as a partial func
the instance’s states into the set of values); i.e., valp denotes the semantics of express

7 Language elements

Hion from
jons.

74" Introduction

This clause defines the elements of the language, giving the syntax with BNF grammar rules, the con-

text dependent static constraints and scope rules, and the informal semantics with references
semantics. :

7.1.1 Character set

The characters appearing in Estelle specifications shall be those defined in ISO 646.

18
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NOTE — As noted in Annex C, the representation of any letter (upper-case or lower-case, differences of font, etc.)
occurring anywhere outside of a character-string (see Annex C, 6.1.7) shall be insignificant in that occurrence to the
meaning of the specification.

7.1.2 Estelle scope rules

711.2.2

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

711.2.3

]

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

Remark: In the clauses above referencing the modified Pascal Standard (Annex C, clause 6), allfrefer-
hces to ““block’’ shall be replaced by “‘block or transition-block or body-definition’’.

o

711.2.4

=

he scope of each defining-point shall be'its region (including all regions enclosed by that regior) sub-
jéct to the constraints in clauses 7 and.8} and in Annex C. (Note especially 7.1.2.6).

71.2.5
When an IDENTIFIER,or LABEL has a defining-point for region A and another IDENTIFIER or
L

ABEL having the(same spelling has a defining-point for some region B enclosed by A, then region B
nd all regions eniclosed by B shall be excluded from the scope of the defining-point for region A/

[

711.2.6

"I|he region that is the FIELD-SPECIFIER of a FIELD-DESIGNATOR shall be excluded frqm the
enclosing scopes.

The region that is the role-identifier of an interaction-point-type shall be excluded from the enclosing
scopes. :

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

The region that is the exported-variable-identifier of an exported-variable shall be excluded from the
enclosing scopes. -
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The region that is the interaction-identifier of an interaction-reference shall be excluded from the

enclosing scopes.

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

witdt the same spetting shait ot have a defiming-point for thar region:

7.1.2.8

Within the scope of a defining-point of an IDENTIFIER or LABEL, each occurrence of an IDENTIF-

IER or LABEL having the same spelling as the IDENTIFIER or LABEL of the defining-po
be designated an applied occurrence of the IDENTIFIER or LABEL of the defining-point, eX
an occurrence that constituted the defining-point of that IDENTIFIER ‘or LABEL; such an oc
shall be designated a defining occurrence. No occurrence outside ‘that scope shall be an
occurrence.

int shall
cept for
Currence

applied

NOTE — Within the scope of a defining-point of an IDENTIFIER or. LABEL, there are no a})i)lied occurrences of

an IDENTIFIER or LABEL that cannot be distinguished from it and have a defining-point for a region
that scope.

7.1.2.9

The defining-point of an IDENTIFIER or ILABEL shall precede all applied occurrences of tha
TIFIER or LABEL contained by the.body-definition of the specification with one exception,
that ari IDENTIFIER may have anlapplied occurrence in the TYPE-IDENTIFIER of the dom
of any new-pointer-types contained by the type-definition-part that contains the defining-poi
TYPE-IDENTIFIER.

7.1.2.10
Identifiers that‘denote required constants, types, procedures and functions shall be used as

defining-points. have a region enclosing the specification (see Annex C, C.6.1.3, C.6.3, C.6
C.6.64.1).

7.1,2.11

enclosing

i IDEN-
namely
in-type
t of the

if their
4.1 and

Whatever an IDENTIFIER or LABEL denotes at its defining-point shall be denoted at all
occurrences of that IDENTIFIER or LABEL.

applied

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

IDENTIFIER, whereas a use that constitutes a defining-point is not qualified.
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7.2 Structure of a specification

7.2.1 Syntax
specification = ‘‘specification’’ IDENTIFIER [ system-class ] **;”’
[ default-options ]
[ time-options ]
body-definition
6‘end” ‘l.” .
sylstem-class = “‘systemprocess’’ | ‘‘systemactivity’’ .

66,09

default-options = ‘‘default’” queue-discipline **;”" .

Y £¢

queue-discipline = ‘‘common’’ ‘‘queue’” | “‘individual’’ ‘‘queue’” .
tijne-options = ‘‘timescale’’ IDENTIFIER “;* .

bqdy-definition = declaration-part

initialization-part

transition-declaration-part .

72.2 Constraints

The IDENTIFIER of the specification shall be the specification name which shall have no signifi
within the specification.

If{a specification is declared with the systemactivity keyword as its system-class, then it is s
hgve the systemactivity attribute and all\enclosed modules (if any) must be declared with the ag

cance

id to
tivity

atiribute. 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 de
tign in the specification_which has no explicit queue-discipline specified. A default queue-disc

clara-
pline

shall be provided if any interaction point within the entire specification is declared without a queue-

_discipline.

If [specified, the-timescale option defines the default units for all delay clauses specified for trangitions

cqgntained within the specification. See 7.5.7.

The sét of allowable IDENTIFIERs for the time-options shall include the identifiers hours, miTutes,

seponds, milliseconds, and microseconds.

7.2.3 Interpretation rules

A specification module with a default option included is semantically equivalent to the
specification without this option where, for any interaction-point-declaration without a q
discipline, the default option above is added.

The time-options clause shall have no semantic significance.

same
ueue-
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The interpretation of a specification such as:

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

shall be the same as the interpretation of the following module (see 7.3.6, 7.3.7, and clause 9); ie.,

instances of such a specification are defined as instances of the module below:

module header-identifier [ system-class ];

emd;

body identifier for header-identifier;
body-definition

end;

where the header-identifier in the module-header-definition and module-body-definition are
identifier, and the body identifier and the specification identifier are the same, and the body-¢
within the specification is identical with the one in the module-body-definition, and the keyy
temactivity or systemprocess appears in the specification if, and only if, it appears in th¢
header. -

7.2.4 Informal semantics

the same
lefinition
vord sys-

module

Initially, it is assumed that a specification instance exists in one of the initial states that resplts from

executing a transition from its initialization-part (7.5:10) if the initialization-part is non-empt
initialization-part is empty, then the instance exists in a preinitial state, as defined in 9.4.5.2.

The global behavior described in 5.3 applies only to collections of systems of modules defi
specification.

73 Declaration part

The clauses of the declaration-part are given below. They may occur in ény order and eac
for the state-definition-part, may occur more than once.

73.1 Syntax

declaration-part = { declarations } .

declarations = CONSTANT-DEFINITION-PART
| TYPE-DEFINITION-PART

y. If the

ned by a

h, except

I channel-definition

| module-header-definition

| module-body-definition

| interaction-point-declaration-part

| module-variable-declaration-part

| VARIABLE-DECLARATION-PART

| state-definition-part

| state-set-definition-part

| PROCEDURE-AND-FUNCTION-DECLARATION-PART .

22


https://standardsiso.com/api/?name=76567d1a89ad875e88648299e2c6fe25

ISO 9074 :1989 (E)

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 (not 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

£, M A
EAV) Y \/sl\lll Fg v

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

3.3 Informal semantics
A declaration-part of a body-definition establishes sets of permissible valaes for each internal|object
Jf each instance of a module with this body-definition (i.e., the set oftstates of an instance; $ee 5.1
nd 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-DECLA"RATION, and
FPROCEDURE-AND-FUNCTION-DECLARATION parts are’given in clause 8 and Annex C.
1.3.4 Channel definition

7.3.4.1 Syntax

ghannel-definition = channel-heading.channel-block .
ghannel-heading = ‘‘channel’~IDENTIFIER *‘(’’ role-list ‘)’ **;"" .
ghannel-identifier = IDENTIFIER .

rple-list = IDENTIFIER *‘,” IDENTIFIER .

ble-identifier—=. IDENTIFIER .

)

O

hannel-block = +{ interaction-group } .

€5 2y

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

ey

interaction-definition = IDENTIFIER
[ “C’ VALUE-PARAMETER-SPECIFICATION :
{ u;,’ VALUE-PARAMETER-SPECIFICATION } H)n] u;n )
interaction-argument-identifier = IDENTIFIER .

interaction-identifier = IDENTIFIER .
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7.3.4.2 Constraints

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

channel-definition.

The occurrence of an IDENTIFIER in the role-list of a channel-heading of a channel-definition shall

constitute its defining-point as a role-identifier for the region that is the channel-definition.

Each role-identifier referenced in an interaction-group shall have been previously specified in the

role-Tist of the cliannel-lieaamg of the channel-delinition that closest-con@ains the mnieraction-g

The occurrence of an IDENTIFIER in the interaction-definition of an intéraction-group shall
tute its defining-point as a interaction-identifier for the region that is the channel-definition.

The occurrence of an IDENTIFIER in the value-parameter-specification of arDinteraction-d¢
shall constitute its defining-point as a interaction-argument-identifier for\the region that

interaction-definition.

A type shall be designated as pointer-containing if it is a pointer-type-or it is a structured-ty
sessing a component-type that is pointer-containing,

A VALUE-PARAMETER-SPECIFICATION of an interaction-definition of a" éhannel—d(
shall not contain a TYPE-IDENTIFIER denoting a pointer-containing type.
7.3.4.3 Interpretation rules

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

Any channel-definition is semantically equivalent to a channel definition with exactl

roup.

consti-

finition
is the

pe pos-

finition

e role-

y three

interaction-groups: one for the. first role-identifier, one for the second, and one for both role-

identifiers of the role-list.

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

The second interaction-group includes all interaction-definitions associated with the secon
identifier and-not associated with the first,

entifier

d role-

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

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

by R1, R2 : m5;
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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
modaule that assumes the opposite role may receive interactions associated with the first role. (See also
module interconnection, 7.6.3 to 7.6.7.)

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

Each interaction-definition in an interaction-group is said to be associated with each role-identifier

of_this interaction-group

78.5 Interaction points

NPTE — An interaction point has three attributes:
~ the channel identifier referenced;
— a role identifier specifying which interactions the module may send and which.jt-may receive;

— the queuing discipline to be used for interactions received through the interaction point.
Ingeraction points may be declared in two forms: external (7.3.6.1) or intemal’ (7.3.8). Like integaction poin{s fnay
bd grouped into arrays.

7.8.5.1 Interaction point declaration part

7.8.5.1.1 Syntax

interaction-point-declaration-part = ‘‘ip’’&{ interaction-point-declaration ‘“;”’ } .

inferaction-point-declaration = IDENTIFIER-LIST ‘‘:”’ interaction-point-type

| IDENTIFIER-LIST ““:** “‘array”” *‘[*’ index-type-list ‘]’
“‘of’ interaction-point-type .

inferaction-point-identifier~= IDENTIFIER .

-inferaction-point-type "= channel-identifier ‘‘("’ role-identifier ‘)’ [ queue-discipline ] .

index-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 unbinding 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-point-declaration, then the default queue-
discipline of the specification shall have been specified, and the default queue-discipline shall be used
as the queue-discipline of the interaction point.

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

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

point-type.

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

the interaction-point-type.

—7.3.5. .3 Infornral-senmantics
An interaction-point-identifier identifies a single interaction point or an array of interaction-pg

An interaction point is an abstract, bidirectional interface through which a module may send an
interactions.

An interaction-point-type references a channel-identifier and a role-identifier associated
channel-identifier. Any interaction associated with that role may be sent through an interact
of this interaction-point-type. Any interaction associated with the-opposite role may be
through an interaction point of this interaction-point-type.

The queue-discipline of an interaction-point-type determaines whether the queue assign
interaction point of that type within a module instance is shared (common) or is not shared (in
with other interaction points of that module instance (see9.4.3).

7.3.5.2 External interaction points

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

7.3.5.2.1 Constraints

The occurrence of an\IDENTIFIER in the interaction-point-declaration of a module

ints.

1 receive

with that
on point
received

to any
ividual)

module-

theader-

definition shall conStitute its defining-point as a interaction-point-identifier for the region that is the

module-header-definition and shall associate the interaction-point-identifier with a distinct cqg
of the module-header-type.

7.3.5.2.2" Informal semantics

mponent

External interaction points may be bound using connect and attach operations (see 7.6.3 and 7,

16.4) and

unbound using disconnect and detach operations (s¢e 7.6.5 and 7.6.6).
7.3.6 Module header

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

66,09

[ “‘export’” +{ exported-variable-declaration **;"’ } ]

LN 1

“Cll :

header-identifier = IDENTIFIER .

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

parameter-list = VALUE-PARAMETER-SPECIFICATION
{ % VALUE-PARAMETER-SPECIFICATION }

ekported-variable-declaration = VARIABLE-DECLARATION .

713.6.2 Constraints

The occurrence of an IDENTIFIER in the module-header-definition shall constitute its defining-point
ap a header-identifier for the region that is the body-definition closest-containing the module-h¢ader-
efinition. When an IDENTIFIER has a defining-point as a header-identifier for region A and there
iy 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 ¢f the
defining-point for region A. .

he occurrence of an IDENTIFIER in the VALUE-PARAMETER-SPECIFICATION |of a
pprameter-list of a module-header-definition shall< constitute its defining-point as a medule-
pprameter-identifier for the region that is the modile-header-definition and its deﬁning-pointﬁEs the
agsociated 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.

e occurrence of an IDENTIFIER.. in) the interaction-point-declaration of a module-hgader-
definition shall constitute its defining-point as a interaction-point-identifier for the region that[is the
odule-header-definition and shdll associate the interaction-point-identifier with the he¢ader-

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

VALUE-PARAMETER-SPECIFICATION of a parameter-list of a module-header-defipition
shall not contain & TYPE-IDENTIFIER denoting a pointer-containing type.
e optionalkeyword systemactivity or systemprocess shall be used in a module-header-definition if
e transition-declaration-part of at least one associated body-definition is non-empty and no epclos-
ing module is attributed with the keyword systemactivity or systemprocess.

module is attributed with the keyword

systemactivity or systemprocess.

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

The optional keyword activity or process shall not be used in modules enclosing a module attributed
with the keyword systemprocess or systemactivity.

A module-body-definition associated with a module-header-definition with a keyword systemactivity
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or activity shall not enclose a module-header-definition with a keyword process.

Remark: From the above constraints one may derive that:

— each active module shall be attributed,

— each ancestor of a module attributed as systemprocess or systemactivity shall be inactive and

unattributed,

— each descendant of a module attributed as systemprocess or process shall be attributed as pro-

cess or activity, and

[ — caciT Jescendant of —a moduie arriburedas systemactivity oractivity sttt be attributed

activity.

7.3.6.3 Informal semantics

The module header defines defines the external visibility of a module in terms of its interactipn 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.

The module header also defines parameters which are passed to an instance of the module
instance is created (see 7.6.1 and 9.6.6.1). Parameters\'may be referenced in the body
corresponding module. Since module parameters are.passed by value, each module instance re
own copy of the parameters with their actual values ‘evaluated at the time a module instance
ized.

Remark: The interaction points declared.in)the module-header-definition are called externa
tion points.

7.3.7 Module body definition

The module-body-definition shall associate a header-identifier with a module body-identifie
body.

7.3.7.1 Syntax

module-body-definition = ‘‘body’” IDENTIFIER ‘‘for’’ header-identifier*;”’
( body-definition “‘end’” *‘;"’ | “‘external’” “;>* ).

when the
of the
Ceives its
is initial-

interac-

r and its

body-identifier = IDENTIFIER .

7 .3.7.2 ‘Constraints

The occurrence of an IDENTIFIER in the module-body-definition shall constitute its defining-point as
a body-identifier for the region that is the body-definition closest-containing the module-body-
definition. When an IDENTIFIER has a defining-point as a body-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.
28
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The occurrence of a header-identifier in a module-body-definition shall constitute a defining-point of
each interaction-point-identifier associated with that header-identifier for the region that is the
module-body-definition. When 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 region 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-deﬁmtlon When an IDENTIFIER has a deﬁnmg—pomt as an exported-vanable-

ed-by 2 ly pion B

and all reglons enclosed by B shall be excluded from the scope of the deﬁnmg-pomt of reglon Al

OTE — From the scope rules for module-header-identifiers it follows that a module-header-definition jnd any
agsociated module-body-definition must be immediately contained in the same declaration-part of 4 given
podule.

7.3 Informal semantics

. Hach 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 contdins’ the keyword external, then the
ecification in which the module-body-definition occurs is not.complete, and it denotes a collection of
ecifications: one for each specific body-definition (followed by the keyword end) substituted in
place of the keyword external. '

fhere may be more than one module-body-definition associated with a given module-hgader-
definition. Each module-body-definition defines\one possible internal behavior of a module, where the
ekternal visibility is given by the module-header-definition. A body for a module is selected in an init
atement when a module instance is created.

~3

3.8 Imnternal interaction points

:remal interaction points~ shall be specified in an interaction-point-declaration within the
claration-part of a module body-definition.

-713.8.1 Constraints

The occurrence of an IDENTIFIER in the interaction-point-declaration of an interaction-point-
claration-part shall constitute its defining-point as an interaction-point-identifier for the region that
ig the. body-definition closest-containing the interaction-point-declaration-part. When an IDENTIF-
IER has a defining-point as a interaction-point-identifier for region A and there is a region B enclosed
by A which is a bmy-deliﬁiﬁon_lmmomm‘mmgmn B
and all regions enclosed by B shall be excluded from the scope of the defining-point for region A.

7.3.8.2 Informal semantics
Internal interaction points may be used to exchange interactions within a module instance or to

exchange interactions with a child module instance. Internal interaction points may be bound using
connect operations (see 7.6.3) and unbound using disconnect operations (see 7.6.5).
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7.3.9 Module variable declaration part

Module variables identify instances of modules. Multiple instances of a single module may

exist, so

module variables serve 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 “;’ } .

module-variable-declaration = IDENTIFIER-LIST *‘;”’ header-identifier
) IDENTIFIER-LIST *“:** array *‘[’’ index-type-list *‘]”’
““‘of”’ header-identifier .

7.3.9.2 Constraints

defining-point as a module-variable-identifier for the region that is the body-definition closest
ing the module-variable-declaration-part. 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-de

PROCEDURE-BLOCK, or a FUNCTION-BLOCK, then region B and all regions enclosed b
be excluded from the scope of the defining-point for region A.

7.3.9.3 Informal semantics
module-variable is undefined. A value s assigned in an init statement. A release or terming
ment causes the value to be undefined:

Module variables are used by a.parent module to qualify the reference to exported variables of|

interaction points (7.6.3 to 7.6.7).

7.3.10 State definition part

nonempty,\it shall be specified by enumeration. All values of the control state of the exten
state machine shall be enumerated in a state definition part.

The occurrence of an IDENTIFIER in the module-variable-declaration-part shall constitute its

contain-
odule-
ition, a
¥ B shall

Module variables provide unique identification of an instance of a module. The initial value of a

ite state-

children

(7.4.3) and 1o qualify the references to interaction points of children when binding or unbinding pairs of

If the control State space of the EFSM (Extended Finite State Machine) underlying the rgodule is

ed finite

~7.3.10.1 Syntax
state-definition-part = “‘state’’ IDENTIFIER-LIST **;”’ .

state-identifier = IDENTIFIER .

7.3.10.2 Constraints

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

region A.

7.3.10.3 Informal semantics

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

1.3.11 State set definition part

71.3.11.1 Syntax

qtate-set-definition-part = ‘‘stateset’” +{ sfate—set-deﬁnition A I
gtate-set-definition = IDENTIFIER ‘‘="’ state-set;constant .
dtate-set-identifier = IDENTIFIER .

dtate-set-constant = ‘‘["’state-identifier { *,”’ state-identifier’\}’**]”* .

1.3.11.2 Constraints

titute its defining-point as a state-set-identifier for the region that is the body-definition ¢
ontaining the state-set-definition-part. - When an IDENTIFIER has a defining-point as a s
identifier for region A and there \is/ a region B enclosed by A which is a body-defini
ROCEDURE-BLOCK, or a FUNCTION-BLOCK, then region B and all regions enclosed by |

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

NOTE — State sets may bereferenced only in a from-clause of a transition.

-

3.11.3 Informal semantics .

State sets provide a means of referring to several states at once. A state set is simply a compac
tion for the list of its elements; a state-set-identifier stands for the list of its elements.

The occurrence of an IDENTIFIER in the state-set-definition of a state-set-definition-part shall con-

losest-
te-set-
ion, a
B shall

[ nota-

T4 References to Estelle objects

7.4.1 Module variable reference

A module-variable is a variable which identifies an instance of a module.
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7.4.1.1 Syntax
module-variable = module-variable-identifier
| module-variable-identifier *‘["’ INDEX-EXPRESSION
{ ©“,”” INDEX-EXPRESSION } 1.

module-variable-identifier = IDENTIFIER .

7.4.1.2 Constraints

The INDEX-EXPRESSION(s) of a module-variable shall be compatible and in correspondillg order

with the INDEX-TYPE(s) contained in the corresponding module-variable-declaration,

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

7.4.1.3 Informal semantics

ordinal

A module-variable-declaration specifies the class of modulesinstances the module-variable may

assume as values (see 9.4.1 and 9.4.5 as well as 7.6.1).
NOTE — Module variables are used by a parent module to qualify the reference to exported variables o

(7.4.3) and to qualify the references to interaction points of children when binding or unbinding pairs of i
points (7.6.3 to 7.6.7).

7.4.2 Interaction point reference

7.4.2.1 Syntax
connect-ip = child-external-ip-l'internal-ip .

66 2

child-external-ip = medule-variable *‘.’ external-ip .

external-ip interaction-point-reference .
intemal-ip ={nteraction-point-reference .

interaction-point-reference = interaction-point-identifier
[ “[ INDEX-EXPRESSION { *‘,”” INDEX-EXPRESSION }

children
hteraction

“]” ] .

7.4.2.2 Constraints

The occurrence of a module-variable in an child-external-ip shall constitute a defining-point

for each

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

the module-variable.

The interaction-point-identifier of an interaction-point-reference of an external-ip shall
defining-point in an interaction-point-declaration of a module-header-definition.
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The interaction-point-identiﬁer of an interaction-point-reference of an imternal-ip shall have a

defining-point in an mteractlon-pomt-declaratlon of an interaction-point-declaration-part
body-definition.

of a

Any INDEX-EXPRESSION of an interaction-point-reference shail be compatible and in correspond-
ing order with the INDEX-TYPE(s) contained in the corresponding interaction-point-declaration.

7.4.2.3 Informal semantics

ifstance, or an external interaction point of one of its child mstanoes (see 9.6.1).

74.3 Exported variable reference

74.3.1 Syntax

exported-variable = module-variable **.”” exported-variable-identifier/.

ported-variable-identifier = IDENTIFIER .

o

714.3.2 Constraints

a module-header-definition shall constitute its defining-point as a exported-variable-identifier for

e occurrence of an IDENTIFIER in the VARIABLE-DECLARATION of an exported-varia{e-list

e region that is the module-header-definition, and shall associate the exported-variable-ide
ith the header-identifier.

fes]

xported variable types shall not be pointer-containing (see 7.3.4.2).

714.3.3 Informal semantics

=

he exported variable\réfers to the denoted variable of the specified module.

tifier
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Example:

modvar
X : array [1 .. n] of module_type;

initialize
to s0
begin
alli: 1. ndo
begin
init X[i] with body_id;
X[il.y = 0; { exported variable reference }
end
end

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

_[Exported variables may be referenced in the BOOLEAN-EXPRESSION of a forone statement or an
exist-one expression.

Examples:

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

or
provided exists Z:network suchthat Z.y'= 2
begin --- end

7.5 Transition declarations

7.5.1 General introduction

The notion of a transition is central to the functioning of any finite state machine. The informal
description of Estell¢ transitions is given in 5.1; the formal semantics is given in 9.5.1.

7.5.2 Transition

7521 Qyn_ta_\r

transition-declaration-part = { transition-declaration } .
transition-declaration = ‘‘trans’’ transition-group .

transition-group = +{ clause-group transition-block *‘;”* } .
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clause-group = [ provided-clause ]

transition-block

U [ from-clause ]

U [ to-clause ]

U [ any-clause ]

U [ delay-clause ]

U [ when-clause ]

W [ priority-clause ] .

CONSTANT-DEFINITION-PART
TYPE-DEFINITION-PART

VARIARLEDECILARATION.PADT
v < TOOENTITXICY

7

I

transition-name

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

with a transition clause.

T XIS X IIo OIS XTI X T

PROCEDURE-AND-FUNCTION-DECLARATION-PART
[ transition-name ] STATEMENT-PART .

““name’’ IDENTIFIER *‘:”° .

.5.2.2 Constraints

befinition: We define the notions of a well-formed transition-group-and of the scope-region ass¢

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

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

©)If ¢;,...,c, (n21) are clauses of the same category C and t;,..., , are well-
transition-groups, then ct; - - - c,t, is"a-well-formed transition-group if and only if, the
ing three conditions are true: ‘

(1) a clause of category C shall not appear in t, . . . ,t;
(2) if C is a when-clause category then a delay-clause does not appear in t;, . . . ,t;;
(3) if C is a delay<clause category then a when-clause does not appear in ty, .. . ,1,.
The scope-region@ssociated with clause c; is the transition-group c;t;.
he occurrence-'of) an identifier in the transition-name of a transition-block of a transitio
ransition-declaration-part shall constitute its defining-point as a transition-identifier for the regi

5 the body-definition closest-containing the transition-declaration-part. When an identifier

ody<definition, then region B and all regions enclosed by B shall be excluded from the scope

)ciated

delay,

rmed
How-

of a
n that
has a

efining=point as a transition-identifier for region A and there is a region B enclosed by A whi¢h is a

of the

efining-point for region A.

7.5.2.3 Informal semantics

Each module instance is an EFSM (Extended Finite State Machine). Each time a module instance is
permitted to execute, 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 selected for execution is given in 9.5,9.6.3, and 9.6.5. If the tramsition-
declaration-part is empty, then each module and each module instance is called inactive (see 5.1). .
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The syntax allows a transition to be identified by an optional name which is written immediately before

the STATEMENT-PART of the transition-block. Such names may be useful for documentat

ion pur-

poses and in implementation hints for automatic implementation tools. Like comments, they do not

change the meaning of a specification.

7.5.2.4 Interpretation rules

In Estelle it is possible to nest or telescope transitions, as in the examples below, where e.g., one
from-clause applies to two transition-blocks. However, formal semantics are defined only for simple

fransitions, 1.e., transitions which are neither nested nor contain an any-clause. 1he first par
clause defines the mapping from nested transitions to expanded transitions. The second part-del
interpretation rule for the any-clause. Applying both parts to a transition yields a set of simpl
tions equivalent to the original one.

7.5.2.4.1 Expanding nested transitions

Definitions:

An expanded transition is a well-formed transition-group that contains exactly one transition-
An initialize transition is an expanded transition that appears-after the keyword *‘initialize”’.

An input transition is an expanded transition that has acwhen-clause in its clause-group.

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

of this
ines the
e transi-

lock.

Any transition-declaration is a shorthand notation for a sequence of transition-declarations, egch con-

taining exactly one expanded transition.'This equivalence is defined by the following recursi)
tion, expand:

Let “‘trans™ t be a transition-declaration, where t is a well-formed transition-group. Then it
from the definition of well-formedness that t = ¢;t; - - - ¢ t,, where all ¢; are of the same categ
i=1,...,n

To define expand, we define three additional functions: replace, insert, and expand’.
The function peplace replaces ‘‘provided otherwise’’ by a corresponding *‘provided b’’, wher
boolean expression. If there is no “‘provided otherwise’’, the function does nothing. N
from 7.5.5.2, it follows that “‘provided otherwise’’, if it occurs, must be c,.

The definition of replace is as follows:

re func-
follows

ory, for

e bis a
pte that
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if ¢, is not ‘‘provided otherwise’’:
replace(t) =t
otherwise (c, is ‘‘provided otherwise’’):
there are two cases:
ifn=1:
replace(ct;) = *‘provided true’’
ifn> 1 ,
replace(Cyt * - * Cyly) = .
City * * * Cougtyyg ““provided not” ((by) “‘or”” (by) *‘or” -+ “‘or’’ (by)) t, where
fori=1,...,n~1,c;is “‘provided’ b;.

The definition of insert is as follows:
insert(c, ‘‘trans’’ t; - « - “‘trans’’ t,) = “‘trans’’ ct; ‘‘trans’’ ctp * - * ‘‘trans’’ ct,
The definition of expand’ is as follows:

if t is expanded:
expand’(‘‘trans’’ t) = “‘trans’’ t
otherwise:
recall that t = c;t; -« - Cpty,.
There are two cases:,
ifn=1:
expand’(“‘trans’’ t) = insert(c,, expand’(*‘trans’’ replace(t,)))
ifn>1:
expand’(‘‘trans’’ t) = insert(c,, expand’(:‘trans’’ replace(t,)))
expand’(*“trans’eoty ¢ ¢ * Cyly)

The function expand can now be defined as:
expand(‘‘trans’’ t) = expand’(*‘trans’* replace(t))

Changing the keyword ‘“‘trans’>.fo ‘‘initialize”’ in the above functions gives the values for the
injtialization-part.

Example:
(a) trans
when'ip!m
from A
any X : 1.2 do
provided E(X)
to C
begin
STITX); STZ(X)
end;
provided otherwise
to C
begin
S2
end;
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from B
to C
begin
S3
end;

is a shorthand notation semantically equivalent to (b).

(b) trans

ulhen_ip m
from A

any X : 1.2 do

provided E(X)
to C
begin
S11(X); S12(X)
end;

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

7.5.2.4.2 Interpretation of any-clause

tions in/this sequence are called simple. Each of these tramsition-declarations contains an |expanded
transition resulting from the original expanded transition by replacing each applied occurrence of each

is given by the number of 1dent1ﬁers in the IDENTIFIER-LIST of the domam-hst of the any-clause

Example:

The first transition in part (b) in the above example is a shorthand for:
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trans
when ip.m
from A
provided E(1)
to B
begin
S11(1); S12(1)
end;
trans
when ip.m

i A
IXULL 'y

provided E(2)
to B
begin
S11(2); S12(2)
end;

1.5.3 To clause

7.5.3.1 Syntax
tb-clause = ‘‘to’’ to-element .

th-element = ‘‘same’’ | state-identifier .

1.5.3.2 Constraints

A to-clause shall not be used if théré is no state-definition-part in the declarations
declaration-part of the closest-containing body-definition.

L

.5.3.3 Informal semantics

If the to-clausefis omitted, then the control state does not change.

-

[.5.4_From clause

pf the

The to-element in the_to-clause of a tramsition-declaration specifies the next control state folloing a
fransition’s executiom(see 9.6.2(d)). If the to-element is same, then the control state does not change.

7.5.4.1 Syntax
from-clause = ‘‘from’’ from-list .
from-list = from-element { **,”” from-element } .

from-clement = state-identifier | state-set-identifier .
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7.5.4.2 Constraints

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

containing body-definition.
NOTES
1 Elements of a from-clause need not be distinct.

2 State-identifiers and state-set-identifiers may be mixed in a from-list.

7.5.4.3 Informal semantics

The from-list in a from-clause specifies those control states from which a transition may He validly

executed (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 assumed satisfied; i.e., the transition may be executed regardless of

the control state.
7.5.5 Provided clause

7.5.5.1 Syntax

provided-clause = ‘‘provided’’ { BOOLEAN-EXPRESSION | “‘otherwise’’) .

7.5.5.2 Constraints

The otherwise case, if present, shall appear only in a well-formed transition-group of

the form

City * * * Cyt, (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).

7.5.5.3 Informal semantics

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

provided p; t;

provided p, t,
Y & C3

ODLEAN-
a well-

provided otherwise t,

is semantically equivalent to
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provided p;
provided p, t,

provided NOT (p; ORp; OR --- ORp, 1) t.

If the provided-clause is omitted, it is equivalent to specifying ‘‘provided true”’.

7.5.6 When clause

~3

5.6.1 Syntax

when-clause = ‘““when” when-ip-reference “.’” interaction-identifier
[ interaction-argument-list ] .
(Xl

when-ip-reference = interaction-point-identifier [ “‘["” ip-index { *‘,”’ ip-index }~1" 1.

[

i+

p-index = CONSTANT | VARIABLE-IDENTIFIER .
. irfteraction-argument-list = ‘‘(’’ interaction-argument-identifier

{ ““,” interaction-argument-identifier } )" .

| 715.6.2 Constraints

The occurrence of an interaction-identifier in a when-clause shall constitute a defining-point o

F each

interaction-argument-identifier in the interaction-argument-list associated with the interaI:tion-

identifier for the scope-region associated with(the when-clause (see 7.5.2.2 for the definition of
rdgion). '

If| the interaction point referenced is ‘associated with some role-identifier which in turn is asso
th some channel-identifier, then the interaction-identifier referenced shall be associated wi
opposite role-identifier that is associated with the same channel-identifier.

definition of the interaction-identifier contains arguments. If the interaction-argument-list is p
_it|shall consist of exaefly the interaction-argument-identifiers, in the same order, whose defining
-fqr the associated\interaction-definition is found in the value-parameter-specification of the 4
ated interactiondefinition.

i o
[=a

7.55.6.3 Informal semantics

cope-

ciated
th the

The interaction-argument-list in a when-clause is optional, even if the associated interaftion-

esent,
-point
SSOCi-

A when-clause is a part of the enabling condition Of a wansidon. It is saushied if the inweraction

identified by the interaction-identifier is at the head of the queue associated with the interaction

point

indicated by the when-ip-reference (see 9.6.2(a) and 9.6.3). The interaction at the head of the queue is

dequeued only as part of the execution of the transition.

If the interaction-argument-list is not present, then the when-clause is semantically equivalent

to the

same when-clause augmented with an interaction-argument-list that satisfies the constraint of 7.5.6.2.
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7.5.7 Delay clause

7.5.7.1 Syntax

delay-clause = ‘‘delay”” “‘("” ( EXPRESSION **,”” EXPRESSION
| EXPRESSION ¢, ¢<*’
| EXPRESSION )

LXAN )
)

7.5.7.2 Constraints
The value 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 spe
shall be specified.

NOTES

1 Evaluating the expressions in a delay-clause, as with all other expressions, has no side effects (see
Annex C, 6.6.2.1). ‘

cification

8.1.2 and

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

clause.

7.5.7.3 Interpretation rules

A delay-clause ‘‘delay (E1)”’ is semantically)equivalent to ‘‘delay (E1, E1)'"; see 5.34.

7.5.7.4 Informal semantics

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

To understand the medning of a delay-clause, consider a transition t of a module instance within a sys-

tem (i.e., the instarice is a descendant of a system instance within a specification, see 5.3.4)
clause “‘delay(E1,E2)”’. Describe t as newly enabled if t becomes enabled (see 9.6.3) in a cor

with the
nputation

step of the system (called a snapshot in 5.3.4) but t was not enabled in the previous step, of if t was

executed in-the previous step.

Once newly enabled, t cannot be executed until it remains enabled for at least E1 time umits. )
cisely, t may be offered for execution only after E1 consecutive time units of being enabled.

Vore pre-
‘Whether

it’is in fact then executed or not depends on other factors (e.g., priority and non-determinism).

There is a subtle difference in treatment of t in the time between El1 and E2 time units and

after E2

time units, Once newly enabled, if t remains enabled but is not fired in each consecutive computation
step for E time units, where E1 < E < E2, then even if t is the one and only enabled transition within a
module instance at that moment, t still may or may not be executed. Because of the nondeterminism of
the semantics of Estelle, the decision may be regarded as “‘up to the implementer’’. Thus, for E2 = *,
which is interpreted to mean that the delay time has no upper bound, there is no requirement that the

transition ever be executed.
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Once newly enabled, if T has been enabled but not fired in each consecutive computation step for E2
time units, then t must be offered by the module instance for execution. Of course, if there are other
enabled transitions at this moment, then they are all offered for execution.

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

NOTE — The construct ‘‘delay (a, *)” is syntactically unambiguous. Note, however, that if this were to be
embedded in a comment, it would terminate the comment, as “‘*)" is an alternative Pascal comment delimiter. A
space between the ‘**** and the ‘‘)’’ eliminates this possibility.

5.8 Priorify clause

~3

=~

5.8.1 Syntax
priority-clause = ‘‘priority’’ priority-constant .

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

715.8.2 Constraints

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

715.8.3 Informal semantics

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

v =y

If the priority-clause is omitied,/the lowest priority is assumed.

715.9 Any clause

715.9.1 Syntax

any-clause’ = ‘‘any’’ domain-list ‘‘do’” .

dorsain-Fist—m—IDENTIFER-LIST~ - ORDINAL-TYPE
{ “; IDENTIFIER-LIST *:”” ORDINAL-TYPE ) .

7.5.9.2 Constraints
The occurrence of an IDENTIFIER in an IDENTIFIER-LIST of the domain-list of an any-clause of

a transition-group shall constitute its defining-point as a variable-identifier for the scope-region asso-
ciated with the any-clause (see 7.5.2.2 for the definition of scope-region).
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An IDENTIFIER occurring in an IDENTIFIER-LIST of a domain-list of an any-clause shall not be
threatened within the scope-region of the any-clause.

An ORDINAL-TYPE of a domain-list of an any-clause shall be finite, and its bounds shall be stati-
cally known,

7.5.9.3 Informal semantics

A transition in which an any-clause occurs is a shorthand for a set of transitions. This set is described
in the interpretation rules of 7.5.2.4.2

7.5.10 Initialization part
The initialization-part of a module-body-definition defines all initial states of the, EFSM represented
by the module (see 9.6.3).
7.5.10.1 Syntax

fnitialization-part = { ‘“‘initialize’’ transition-group } .

7.5.10.2 Constraints
Dnly a to-clause or a provided-clause shall appear in\the transition-group of the initialization-part.
Same shall not be used in the to-list of an initialization-part.
See the constraints for a transition-group given in 7.5.2.2,

If there is a state-definition-part in the declarations of a declaration-part of a body-definitign, then
the initialization-part of the body-definition shall be non-empty, and each transition-block| of the
gransition-group of the initialization-part shall be in the scope-region of a to-clause (see 7.5|2.2 for
the definition of scope-region).

7.5.10.3 Informal semantics

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

Only one transition-block is executed when the module is initialized, even if more than one is ¢nabled

ansitions

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

7.6 KEstelle statements

Module instances may be created, released and terminated, and their interaction points may be bound
and unbound in the operations described below. These operations may occur in initialization and transi-
tion parts. :
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7.6.1 Module instance creation

The creation of and initialization of a module is performed with an init-statement.

7.6.1.1 Syntax

init-statement = ‘‘init’’ module-variable ‘‘with’’ body-identifier
[ (" actual-module-parameter-list *“)** ] .

actual-module-parameter = EXPRESSION .

7.4.1.2 Constraints

The header-identifier which is the type of the module-variable referenced in-an init-statement

shall

be|identical to the header-identifier in the module-body-definition referenced by the body-identifier

in [the init-statement.

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

7.4.1.3 Informal semaniics

able

The execution of an init-statement selects a patticular body (body-identifier) for the module insfance
and initializes the module instance. An init_operation assigns a value to the module-variable fefer-

forgmal parameter list defined by the parameter-list contained in the module-header-definition far the
mgqdule-variable referenced. The module instance will be in one of the initial states that results from -

inifialization-part is empty, thenthe instance exists in a preinitial state, as defined in 9.4.5.2.
Affer execution of the init-statement, the module-variable identifies the module instance.

“The execution of-an init-statement includes the execution of a transition from the initialization

f the

part

(see 7.5.10) of :a child module whose instance is being created, i.e., the new instance is created inp one

of fits initial states (for details, see 9.6.6.1).

If hn init-statement references a module-variable which already identifies a module instance, a

new

madule instance is created and the module-variable referenced is assigned a new value. Access H) the
former module insiance is lost unless the value of the module-variable referenced in an inii-statement
is saved in another module variable (of the same type) by execution of an assignment-statement.
However, access to the module instance may be recovered by the use of an all-statement or a forone-

statement (see 7.6.9 and 7.6.10.)

7.6.2 Release and termination of module instances
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7.6.2.1 Syntax
release-statement = ‘‘release’’ module-variable .

terminate-statement = ‘‘terminate’® module-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

—modile:

7.6.2.3 Informal semantics

The result of a release-statement is that ﬁrst, all external interaction points-ofjthe module
identified by the module-variable which have been attached or connected are, detached or disd

are no longer available. The value of all module-variables which identified the released ins
undefined, as though they were never initiatized.

The result of a terminate-statement is that first, all external dmnteraction points of the module
identified by the module-variable which have been attached. or connected are detached (an

module instance and all its descendent instances are terminated and are no longer available.
of all module-variables which identified the terminated instance are undefined, as though
never initialized.

The only difference between a release-statement and a terminate-statement is that the

statement, simple-detach, defined in 9.6.6.2.4, is used) and’ disconnected (see 7.6.5); and siznd, the

instance
onnected

(see 7.6.5 and 7.6.6); and second, the module instance and all its descendént-instances are relts;led and

CC ar¢

instance
auxiliary

e value
ey were

external

operation. In the case of the terminate-statement, no queue of the module initiating the sta
changed, reflecting the difference between the detach operation and the simple-detach operation

The sequence of statements

detach X;
terminate. X

is semantfically equivalent to

release X

interaction points of the module instanceidéntified by the module-variable that have been atf{hed are

detached in a different manner. In theé case of a release-statement, the contents of (som¢ of) the
queues of the module initiating the'statement may be changed as a result of the semantics of the detach

ment is

7.6.3 Connect operation

7.6.3.1 Syntax

connect-statement = ‘‘connect’’ connect-ip ‘‘to’’ connect-ip .
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7.6.3.2 Constraints

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 executing the connect-statement.

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

746.3.3 Informal semantics

tipns 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 thatthe external interac-
tipn point of a child which is connected by its parent was previously (or will-be) attached by the|child
itgelf to an external interaction point of one of its own children. Interactions received are queued
agcording to the queuing discipline specified for the interaction point of thejreceiving module.

ter the execution of a connect-statement, the interaction points referenced are bound: ‘Any Oi:{erac-

An external interaction point of a module instance which is connested 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 m3y be
atiached to an interaction point of its children instances). df)a connect-statement is executed|by a
mpdule instance it may connect:

— 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 details are in 9.6.6.3 and within the 'well-formedness conditions of a state in 9.4.5.1.
75.4 Attach operation

7.6.4.1 Syntax

atjach-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 atfach-
statement shall be identical.

An attach-statement shall not attempt to attach an interaction point that is currently bound by the
module executing the attach-statement.

NOTE — Table 2 (see 7.6.7) summarizes valid combinations of references to pairs of interaction points within an
attach-statement.
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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 interac-
tion 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.

The effect of execution of output statements by a module at a connection endpoint is that the interac-

10 dl dDD UcUd 10 qUTU OL 1] [T d O O] DOUNA 1O U OPPO U CLLEO PO

When an attach-statement is executed, interactions present in the queue of the external intpraction
point of the module instance issuing the statement are removed from this queue. In case'of a gommon
queue, only those interactions that came through this external interaction point are femoved. These are
appended to the queue of the external interaction point of the lowest level descendent module jnstance
which is attached, by a sequence of attached interaction points, to the second,interaction point in the
attach-statement. Details are in 9.6.6.2 and within the well-formed conditiens of a state in 9.4.5.1.

Note that the interactions for two interaction points whose queuing optien is individual queue ithin a
parent module may be combined into a common queue of a child through attach operations.

7.6.5 Disconnect operation

7.6.5.1 Syntax

disconnect-statement = ‘‘disconnect’’ ( confiect-ip | module-variable ) .

7.6.5.2 Constraints
The interaction point referencéd by the connect-ip shall be currently bound by a connect.

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

7.6.5.3 Informal semantics

’

The result of a disconnect-statement in the first case is that the interaction point given|by the
connect-ip and the one with which it has been connected are unbound.

The result of a disconnect-statement in the second case is that all the connected external intpraction
points of the child module instance identified by the module-variable are disconnected. (See 9.6.6.3
for formal definitions of these operations.)

NOTE — When an interaction point is disconnected, the interactions queued for it remain in the queue. Therefore
it is possible for a module to process interactions that were queued before the interaction point was disconnected.

7.6.6 Detach operation
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7.6.6.1 Syntax

detach-statement = ‘‘detach” ( external-ip | child-external-ip | module-variable ) .

7.6.6.2 Constraints

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

r the
detach operation, whereas the second alternative references an external interaction point of a ¢hild.
The effects of the operation are identical regardless of which syntactic alternative is used.

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

and assume ip2 is an external interaction point of the lowest lével descendant module which is attaghed,
by|a sequence of attached interaction 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 tp the
queue assigned to ipl: these are precisely the interactions that were appended to the queue pagsing
thrpugh both ip1 and ip2. Thus, interactions initiated by a module at a lower level in the hierarchy are
noy moved to the module executing the detach.Gperation.

Asfume ipl is the relevant external interaction point of the module executing the défach-stateIent;

The result of the detach-statement in the-third syntactic alternative is that all the attached, external
intpraction points of the child module’ instance identified by the module-variable are detaghed.
~ (Sge 9.6.6.2 for the formal definition.)

7.6.7 Summary of binding operations

- Examples:

Figures 2 and 3 summarize, by example, the actions of the connect, attach and detach operations given
in the following sequence of statements contained in modules “W*’, “X”’, ““Y”’, and ““Z”’ with inferac-
tioh point ‘‘a’’ internal to module ““W’’ and *‘b’’, ‘‘c’’, and ‘‘d’’ external interaction points of X,
Y and “‘Z”° respectively. ‘

Statement Module of Execution
connect a to X.b; . (* within W ¥)
attach b to Y.c; (* within X *)
attach ¢ to Z.d; (* within Y *)

In Figures 2 and 3, the modules with access to queued interactions are indicated by the word “‘queue’’.
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W.a queue W
Xb
: X Legend:
Yec W, X, Y,Z-
. Y module-identifiers
: a,bocd-
Zd interaction pointident
zZ
queue ‘ . interaction point
: bound interaction points

Binding of interaction point®and access
to queued interactions after connect and
attach operations.

Figure 2

The connect and attach operations above may be executed in either order with the same effec
execution of this sequence of operations interaction points ‘‘a’’, *‘b’’, and ‘‘c’’ are linked to in
point ““d’’. Interaction points “a’’ and {d’> are ‘‘connection endpoints’’. Any interactions pr

ifiers

t. After
leraction
pviously

queued at interaction point ‘‘b’’, or .!‘¢2" are queued at interaction point ‘‘d’’ and are not agsociated

with, nor visible at, interaction points ‘b’ and ‘‘c’’. This is the situation depicted in Figure 2.
If subsequently a detach operation is executed by module *“X”’ in either of the following forms

detach b;
detach Y.c;

interaction points) ‘b’ and ‘“c’’ are unbound and the interactions of the queue at *‘d’’ tha
through ‘b’ (not those that entered through ‘‘c’’) are immediately moved to the end of the ¢
module “X? for interaction point “‘b’’ and their order is preserved. Subsequent interactions
by module™ ‘W’ are received by module “*X’’ and are appended to its queue. This is the sit
icted in Figure 3.

E passed
jucue of
initiated
on dep-

[abie 1S dl valilo O DH1AU0 Nnierg O DOIT CICITCIICC Ooperanas W nay 4
attach, connect, detach, and disconnect statements. The columns labelled first and second
identify whether the interaction point is that of a parent or child module. The columns labeiled

operand
interac-

tion point type indicate whether the interaction point is internal or external to the module executing the

operation.
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Wa queue w
XDb
queue X Legend:
V4 N XL N N\ ¥
1-C WL, 1, &
Y module identifiers
: a,bcd-
Zzd interaction point identifiers
y4
queue . interaction point
% bound interaction points

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

Figure.3

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 extemnal
Connect child external parent internal
Connect child external child external
Connect module(1) | internal module(1) | internal
Detach parent external None
Detach child external None

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

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

Notes for Table 2:

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

roles.

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

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

be required.

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

may be required.

7.6.8 Output statement

7.6.8.1 Syntax
output-statement = “‘output’’ interaction-reference [ ACTUAL-PARAMETER-LIST }

interaction-reference = interaction-point-reference ‘“.”’ interaction-identifier ;

7.6.8.2 Constraints

The parameters of the ACTUAL-PARAMETER-LIST shall “be compatible with those
interaction-definition. "

A module which has bound one of its interaction points with an attach-statement shall ng

quently reference the interaction point in an output-statement while the interaction point
attached.

7.6.8.3 Informal semantics

of the

t subse-
remains

The result of an output-statement.is that the interaction, defined by the interaction-identiﬁxr along

with its actual parameters, if any, will be appended to the queue assigned to the [other] connec
point, which is an interaction point linked (see 9.5.3) to the interaction point referenced
interaction-reference in the, output-statement.

It is important to note) that outputs made through an external interaction point may be observe

ion end-
by the

id in the

target queue onlyCafter the whole issuing transition is completed. This is an important assumption con-

cerning the atomicity 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
éxternal interaction point of the module. If n did, 1t would result in an mteracnon s bemg dxscarded because the
. e : ase only a

parent module may mmahze a Chlld module and only subsequently may the parent bmd the child’s external interac-

tion points.

7.6.9 All statement

The all-statement is a repetitive statement which allows iteration over an ordinal-type or over
module instances.
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7.6.9.1 Syntax

all-statement = ‘‘all”” ( domain-list | module-domain )

‘‘do’” STATEMENT .

module-domain = IDENTIFIER ‘‘:>* header-identifier .

7.6.9.2 Constraints

The occurrence of an IDENTIFIER in either the domain-list or the module-domain of the.an all-
statement shall constitute its defining-point as a variable-identifier for the region that isHthe all-

statement.

7.6.9.3 Informal semantics

ORDINAL-TYPE of a domain-list of an all-statement shall be finite, and its bounds shall be] stati-
ly known.

- The bounds of a domain are evaluated once and are not affected. by execution of the STATEMENT

wi

Ni

The result of an all-statement is the execution of the STATEMENT for cither:

If

N¢
TH

S¢

E

The order of execution is arbitrary.

thin the scope of the all-statement.

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

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

the domain is empty, the statement following do is not executed.

DTE -— Results may_ depend on the order of execution if the statement includes a procedure that has side gffects.
erefore it is strongly Tecommended this statement not be used if its result depends on the order.

e 9.6.6.6.3_for-the formal definition.

kample; The all-statement and module instances:

The all-statement can be used for referencing module instances in two different ways.

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,
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modvar x: array [1 .. n] of module_type;

initialize
to sO
begin
fori:=1tondo
init x[i} with body_id;
end;
trans
from s0 to sl

begin
alli:1.. ndo
connect x[i].external_ip to --- ;
end;
from s1 to sO
begin
alli: 1. ndo
release x[il;
end;

The domain identified by the header-identifier of a module-domain may consist solely o

access to all module instances in the dynamic domain of moduales of some module type. The domain

defines a single identifier of a given module type. The ‘do statement is executed for eac
instance of that type. For example,

modvar T: transport;

initialize
to sO
begin
fori:=1tondo
init T with body_id;
end;
trans
from s0
to sl
begin
all t: transport do
connect t.external_ip to ---;
end;
from sl
to sO
begin
all t:transport do

release t;
end;

7.6.10 Forone statement

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

7.6.10.2 Constraints
The .occurrence of an IDENTIFIER in either the domain-list or the module-domain of a forone-

statement shall constitute its defining-point as a variable-identifier for the region that is the forone-
statement.

An ORDINAL-TYPE of a domain-list of a forone-statement shall be finite, and its bounds shall be
tatically known.

An IDENTIFIER in the domain-list of a forone-statement shall not have an applied occurrencg in the
otherwise clause of the forone-statement. '

7.6.10.3 Interpretation rules

The forone-statement without the otherwise clause is semantically equivalent to the one with the oth-
rwise clause containing only an EMPTY-STATEMENT,

.6.10.4 Informal semantics

he bounds of a domain are evaluated once*and are not affected by any evaluation of the BOOLEAN-
XPRESSION within the scope of the forone-statement.

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

f the BOOLEAN-EXPRESSION introduced by suchthat evaluates to true for at least one element of
e set of either:

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

(b) all children_instances whose header definitions are identified by the header-identifier|of the

module-domain,

en the STATEMENT introduced by the do keyword is executed for one element of the set of| values
efined-by (a) or (b) for which the BOOLEAN-EXPRESSION evaluates to true.

f 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.

The forone-statement without the otherwise part is semantically equivalent to the one with the other-
wise 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.
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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 6.8.34 of
Annex C).

7.6.11 Exist expression

7.6.11.1 Syntax

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

7.6.11.2 Constraints
The occurrence of an IDENTIFIER in either the domain-list or the module-domain of the|an exist-
one expression shall constitute 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 ﬁmte, and its boynds shall
be statically known.

7.6.11.3 Informal semantics

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

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

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

satisfying the BOOLEAN-EXPRESSION (see 9.6.6.6.1).

7.7 Reserved . words

The following reserved words are introduced in the previous grammar rules.

7.7.1 Syntax

key-words =
“‘activity’’ P call” | “‘any”’
| ‘“attach”’ | ““body”’ | “by”’
| “‘channel’’ { “‘common’’ | ““‘connect’’
| ‘“default’’ | *‘delay” I “‘detach”
1 *‘disconnect’’ I “exist™ | “‘export”
| ‘‘external’’ | *‘forone’’ | “from’’
] ““individual”’ b ““init” | ‘“initialize”
i “ip” | ““module’’ 1 “‘modvar’’
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| ‘“‘name”’ I “otherwise” i “‘output”

l “‘primitive”’ | “‘priority”’ 1 *“‘process”

i *‘provided” 1 “‘pure” 1 - “‘queue”

| ‘‘release’’ | “same” i “‘specification’’
| ‘“‘state’’ I “‘stateset’ ! “‘suchthat’’

i ‘‘systemactivity’’ I “‘systemprocess”’ | ‘‘terminate’’

i ““timescale’’ i ‘‘trans’’ | ““‘when’’

7.1.2 Constraints

Np IDENTIFIER shall have the same spelling as any key-word.

Np DIRECTIVE shall have the same spelling as any key-word.

8| Extensions and restrictions to ISO' Pascal

is clause summarizes extensions and restrictions to ISO Pascal. Annex.C is based on ISO 718
defines the subset of Pascal used by this International Standard, subjéct fo the extensions and r
tigns given in this clause. Changes to the grammar of Pascal appear in this clause and take prece
over nonterminal definitions given in Annex C. -

81 Simple changes to Pascal syntax

canstructs defined in clause 7.

e following modifications to the Pascal grammar’given in Annex C are necessary to include B

5 and
estric-
dence

stelle

In| the following rules, the construct *‘---"~vefers to the right hand side of the corresponding definition

of the lower case nonterminal in ISO Pascal (see Annex C).

8.1.1 Syntax

CDOMPONENT-VARIABLE = --- | exported-variable .
"FACTOR = --- /~exXist-one .

.L]E’ITER =

REPETIFIVE-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 .
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STRING-CHARACTER = any-character-specified-in-1SO-646 .
NOTE — A STRING-CHARACTER is restricted to those characters defined in ISO 646.
STRUCTURED-STATEMENT = --- | 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 numbérs in a mathematical
sense. Implementation dependent constraints of maximum size and precisionCof real numbers are not
specified in this International Standard.

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, ipteraction
points, interactions, 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| within a
PROCEDURE-BLOCK or a FUNCTION-BLOCK shall be used with a domain-list ljmited to
ORDINAL-TYPE. As a further consequence, the Estelle statements init, release, connect, disconnect,
attach, detach, and output shall not be'used in a PROCEDURE-BLOCK or a FUNCTION-BLOCK.

8.2.3 Implementation defined elements

8.2.3.1 General

In constructing-a_formal specification, it may be convenient to permit partial specification alE various
ways. Estelle_provides facilities for this purpose within constant declarations, type declarations and

function declarations as specified in 8.2.3.2, 8.2.3.3, and 8.24.

8:2.3.2 Constants

8.2.3.2.1 Syntax

CONSTANT-DEFINITION = --- | IDENTIFIER ‘‘="" “‘any’’ TYPE-IDENTIFIER .

8.2.3.2.2 Informal semantics

The any 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
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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).

8.2.3.3 Types

-]

12.3.3.1 Syntax

TYPE-DEFINITION = --- | IDENTIFIER ‘‘="" “‘...”" .

812.3.3.2 Informal semantics

The *‘...”" construct permits a type-identifier to be declared without atttibuting a specific type to it Use
of this construct permits limited type checking of specification texty before the precise definitipns of
ch type-identifiers are known or can be supplied. No assumptions can be made about the types of
variables whose declarations include type-identifiers associated\with the ‘“..."” construct and such vari-
aples shall not appear in syntactic contexts where type compatibility rules do not permit the occufrence
of a variable of arbitrary type.

n Estelle specification containing an occurrence of/the ““...”" construct is statically checkable subject to
e limitations imposed by making no assumptions about the types of relevant variables. However,
such a specification is not well-formed and cannot have meaning attributed to it by application [pf the
mantic rules in clause 9. Note, however, that cnce all type definitions of the form ‘‘...”” havg been
r¢placed, the formal semantics is defined for the resultant specification (see clause 9). Note futher that
mple assumptions may be made about variables declared to be of type *‘...”". For instance, twg vari-
bles declared to be the same type\may be compared, even if that type is *'...”".

[

8{2.4 Directives

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

812.4.1 Syntax

directive = letter { letter | digit } .

NOTE — Directives are intended for use by processors of Estelle and permit partial specifications to be written that
can be separately evolved 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
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and all regions enclosed by B shall be excluded from the scope of the defining-point for region

8.2.4.3 Informal semantics

A,

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
from that source prior to activation.

included

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

be attri-
relevant

The block of a procedure or function may be specified in a separate description, \in which dase it is

designated by the required directive external.

The scope of primitive functions and procedures is global from their defining-point. -
8.2.5 Pure procedures and fanctions

8.2.5.1 Demonstrably pure

A type shall be designated as pointer-containing\ (cf. 7.3.4.2) if it is a pointer-type or it is a

structured-type possessing a component-type that is pointer-containing.

| A declaration of a procedure or function shall be designated as demonstrably pure if and only i
lowing conditions are satisfied:

 the fol-

(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 de
pointer-containing type$

(c) its procedure-block or function-block does not contain any statement threatening a
whose scope inCludés a region not included within the region of that block;

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

() 110\ function-designator or procedure-statement closest-containing an applied occurrer
function-identifier or procedure-identifier for which the corresponding declaration
demonstrably pure.

noting a

variable

either a

ce of its
is not

. ion- not contain a variable whose scope inl

cludes a

region not included within the region of that block and whose type is pointer-containing.

Every function-declaration shall be démonstrably pure,

Remark: The intention of the preceding clause is to prohibit side effects arising from the evaluation of

functions. It states strong, sufficient conditions to ensure this.
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8.2.5.2 Syntax
PROCEDURE-HEADING = --- | “‘pure’ “‘procedure’ IDENTIFIER [FORMAL-PARAMETER-LIST] .
PROCEDURE-IDENTIFICATION = - | “‘pure” *‘procedure” PROCEDURE-IDENTIFIER .

8.2.5.3 Constraints

Procedures whose procedure-declaration contains the reserved word pure shall be demonstrably pure,
ejcept for assignment to var parameters. In particular, only a local variable or a variable declared as
var parameter in the heading, may be assigned values, either directly, or indirectly via a functipn or
prpcedure.

If|a procedure-heading contains the keyword pure, then the comesponding procedure-identifigation
shall also contain the keyword pure.

8.2.5.4 Informal semantics

TlPle 3 summarizes the constraints regarding the combined use of\functions and procedures with the
¢ and nonpure attributes. o

Table 3 ~— Use of Pure and Non-Pure Attributes

Cross references between Procedures or Functions
with pure/nonpure attributes

Defining-Point Makes Reference to. | Allowed
nornpure nonpure yes
nonpure pure yes

pure pure yes
pure nonpure no

NOTE — only the last two entries apply to functions.

8.2.6 Expression

“Mbdule variables may be compared to other module variables.

8.2.6.1 Syntax

e.variable

8.2.6.2 Constraints

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

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

61


https://standardsiso.com/api/?name=76567d1a89ad875e88648299e2c6fe25

ISO 9074 :1989 (E)

8.2.6.3 Informal semantics

If the two module variables are defined and refer to the same module instance, then they are equal; oth-

erwise they are not equal.

8.2,7 Assignment operation

Module variables may be referenced in an assignment statement.

8.2.7.1 Syntax

ASSIGNMENT-STATEMENT = --- | module-variable ‘‘:="" module-variable .

8.2.7.2 Constraints

The module-variables of an ASSIGNMENT-STATEMENT shall bothbe declared with
header-identifier.

8.2.7.3 Informal semantics

8.3 Restrictions
There are several restrictions to 1SQ Pascal {ISO 7185] for the purposes of this International

International Standard. To aid the reader, these changes are outlined here, but the re
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
"Estelle specifications is excluded.

— Use df 1abel and goto statements are restricted in Estelle specifications.

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

83.1 Errors

The specification of error handling by a ‘‘processor’” is excluded in this International

the same

The value attributed to the module-variable on the leffzhand-side of the assignment statemeng is set to
the value attributed to the module-variable on the right-hand-side of the assignment statement]

Standard.

The required changes to effect these restrictions have been made to Annex C, which is a ,I-),E: of this

inder of

arrays in

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 may not be used
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in Estelle specifications. -

References to read-parameter-list, readln-parameter-list, write-parameter-list, and writeln-
parameter-list have been removed from Annex C.

References to file-type and the predefined type text have been removed from Annex C.

8.3.3 Label declarations and goto statements

¢mpty statement immediately before) the end of a procedure or function (see Annex C, 6.8(1){ Goto
dtatements, although permitted in Estelle specifications, are limited by the following restrictions:

— goto statements shall be used only in procedures and functions, and

— goto statements shall only branch forward to the final end statement of a procedure or ﬁrction,
thereby causing the flow of execution to return to the place where the procedure or functipn was
referenced.

NOTE — With these restrictions, all goto’s effectively act as ‘‘return’ stateméitss found in other languages. See
ex C, 6.8.2.4, points (c) and (d).
$.3.4 Program statement

he Pascal nonterminals program, program-block, program-heading, and program-parametexs have
been excluded from the grammar in Annex C.

$.3.5 Expressions and functions

NOTE — As noted in 8.2.2, all Estelle functions must be demonstrably pure. Demonstrably pure functions have no
fide effects, thus the value of an expression does not depend on the order in which its components are evialuated.
$imilarly, the values of expressions.in'a list of index-expressions or actual parameters do not depend on the prder in
which the elements of the list are eyaluated.

$.3.5.1 Constraints

All operators in.¢xpressions shall denote the corresponding mathematical operators naturally extended
s0 that they yield undefined results if any of their operands does not denote a defined value at the time

The general model of the behavior of an Estelle specification given in clause 5 assumes that the seman-
tic description of a single module instance is known. This clause details the semantics of the constructs
that characterize a single module instance. Thus this clause complements clause 5. In particular the
following concepts are defined: enabled transition, fireable transition, global instantaneous description,
and the extension of a transition Iocal interpretation on the set of global instantaneous descriptions.
These are necessary to understand properly the formal parts of clause 5 (e.g., 5.3).

The following general assumptions are made:
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— All specifications are assumed correct with respect to the context free grammar and the

context

sensitive constraints given in clause 7. This means that erroncous specifications are not con-

sidered. Note that such erroneous 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 denotations of Pascal constructs used in such a specification, provided that such deno-
tations specify corresponding partial functions assumed in this clause to be meanings of Pascal

language constructs.

— An Estelle specification may be parameterized in some ways. One way is by introducing the

each one identified by particular values substituted for the parameters. Similarly, somé_pr

ever they are considered as known or present in a given specification at the moment of dq
the semantics; i.e., the external construct constitutes a pure inclusion mechanism of the I
To summarize this point, parameters of the form described above and extérmal modules
cedures are treated as a convenient way of writing a collection of specifications. The s
defined here are only for complete specifications, where each parameter has a concre
assigned to it and each external object is available.

— All specifications are assumed interpreted by the interpretation rules of clause 7. This
for example, that the semantics deals only with simple transitions; thus, for example, e
clause and each provided otherwise clause has already been interpreted.

Notational conventions used are either self-explanatory-mixtures of mathematical and progi
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. Thej
ing is the general scheme of this definition:

(a) All definitions are based on some primitives (9.2). A module’s semantics is defin
respect to the notion of-an external context environment (9.3). The latter consists, roughl

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
within améxternal context E, given by the embodying bodies of a specification, all necess
ments ‘Characterizing the module instance (of M and B in the environment E) as a finite
staie\transition system are given.

or modules may be declared as external; ie., their definition exists elsewhere (sce.7.3.7).

. "75 type

construct (see 8.2.3.3). In these cases a given text actually defines a collection of speci&cations,

pcedures
How-
scribing
Inguage.

d pro-
mantics
e value

means,
ach any

amming

follow-

ed with
y speak-

ing, of global information which is available when an instance of a module is being definped, i.e.,

declared

tary ele-
control

All different instances having the same characteristics (i.e., being interpretations of txe same
module header M, the same body B, and in the samc external context environment E, but based on

distinct sets of interaction points, queues, and locations — see 9.2) are denoted INST(M, B
set of instances of M and B in the environment E.

, E), the

It must to be stressed that the definition of a module instance of the class INST (M, B, E) is recur-
sive in that it depends on the ‘definition of classes of instances of modules defined internally in the
body B. Due to Estelle’s scope rules, the depth of this recursion is always finite; thus, there is no

circularity of d@ﬁnitions.

(c) Assuming that INST(M, B, E) is defined for each body B declared‘for the module header M,

_ then the class INST(M, E) is defined as:
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INST(M, E) = (_j INST(M, B, E)
B

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

(d) The body of an Estelle specification (7.2) defines the class

INST(header-identifier, specification-identifier, ST)

9.

Exy

The above notions are defined using the following primitives:

It
kn

R

To-give-a-characterization-of 3 stance
following are the starting assumptions:

rery module instance is characterized (see 5.1) by:

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

Primitives and organization of the clause

(a) a set of states
(b) a subset of initial states

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

Locations
— an infinite primitive set of locations, which may be viewed as a reservoir of abstract
memory units in which arbitrary valies’may be stored.

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.

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

Ids — the<seét-of possible Pascal identifiers (syntactic class).

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

— P has its own (possibly infinite) set of locations Locp, a subset of the set Locations, and alloca-
tion 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 other instances.

In other words, for any two different module instances P1 and P2,
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LOCpl M LOsz = Q, Q_IPP1 M Q—IPPZ = @, and IPP] N n>p2 = @.

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

The set 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
- € body € sct ol these tansitions wi eno y 1T as , one-to-

many function in Sp (9.5.1 and 9.5.2, with interpretations of particular Estelle statements’jn 9.6.6).

Then a mechanism of choosing one of those transitions to execute at a given moment and state is

defined (9.6.2, 9.6.3 and 9.6.5). :

The effect of the execution of the transition in the context of other instances is(described in 9.5.3, 9.54

and 5.3.

9.3 External context environment and channel definition

An external context environment, E, consists of four functions:

E = (E.C, E.T, E.Ch, EPF) ,
where

E.C : Constant-ids — Const-values

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 domains of the above functions such as Constant-ids, Type-ids, etc., are finite, disjoint subsets of ifentifiers.
Therefore all four functions correspond to mappings (i.e., partial functions of finite domains) on the set of jdentifiers

ds-defined by Estelle syntax. The mnemonics have been chosen for the identifier categories to differmtiiate these
—functionsclearly: g

2 Const-values 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 Annex C. Their meaning (in a sense of a Pascal program) shall be known when the semantics of an Estelle
specification is defined. Note that they are also assumed to be demonstrably pure, that is, without side effects,
and that is why they are presented above as operating on values rather than states. Obviously, for pure procedure
calls, the corresponding state transformation is trivially derived.
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The following context environment is called standard:
ST = (ST.C, ST.T, ST.Ch, ST.PF),

where
(a) dom(ST.C) = dom(ST.Ch) = .

(b) dom(ST.T) = { ‘‘integer’’, “*boolean’’, “‘real’’, ‘‘char’’ }, and ST.T defines the type domains
of these identifiers in the usual, obvious way, in accordance with the requirements of

Annex C, 6.4.22.

the meanings required in Annex C.

dom(E.T). This means that expressions such as:
array[l..n] of T, for T € dom(E.T),
4nd
record
al : T1,
a2: T2,

an: Tn,
end

r T1,...,Tn € dom(E.T), etc., also have known interpretations.

emark: We sometimes abuse notation. and use E.T to represent the extension E.T".

or convenience, a context énvironment E is also often treated as a function defined over the dom
dom(E) = dom(E.C) U, dom(E.T) v dom(E.Ch) u dom(E.PF)

with values defined by:

E.C(x) if x € dom(E.C)
E®) = {ET®X) if x € dom(E.T)
etc. e

(c) dom(ST.PF) comprises precisely all identifiers of required functions, and ST.PF assigns i them

There is a natural extension of E.T to E.T’ defined on ‘‘type expressions’” built of type identifiers in

ain:

931 Interactions
The set of interactions is defined by:

Interactions = Ids x Values, k=0,1, - -, where Ids X Values’ = Ids ;

i.e., any interaction is a sequence of values preceded by an identifier or an identifier itself. The

definition of concrete subsets of interactions within a channel definition is the subject of 9.3.2.

For any interaction <m, vy, . . . ,v,> define:
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int-id(<m, v, ...,vy>)=m.

9.3.2 Channel definition interpretation

In view of the above definition of a context environment, the meanings of the E.C, E.T, and E.PF map-

pings derive from the semantics of Pascal.

E.Ch defines the channels; i.e., for each channel identifier, given a role identifier and a interaction

identifier, a set of interactions is assigned.

Given a channel definition of the general form (see 7.3.4)

channel H(R1, R2);
by Rl : m1(..); m2(..); ... ; mi(...);
by R2 : n1(..); n2(...); . . .5 nj(..);
by R1, R2 : 01(...); 02(...); . . . ; ok(...);

where each *‘(...)"" denotes a parameter declaration part, possibly empty, and assuming that H
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} v {ol,... ok}

{c¢) E.Ch(H)(R2)(y) is defined iff y € {nl,...,nj} @ {ol, ..., ok}

(d) if E.Ch(H)(x)(y) is defined and y € 1ds, then E.Ch(H)(x)(y) = {y)

(e) if E.Ch(H)(x)(m) is defined and m(p}, .~ ¥,pd : TL, ..., PhL....p&: T9)

is the interaction definition within the channel H definition, then

T1, T2,...,Ts € dom(E.T), @nd

E.Ch(H)(x)(m) = {m} X ET(T1)*' x -+« xET(Ts)* ki=1, s=>1).

9.4 Module instances

Suppose the following two definitions occur within a body of 2 module:
(a) module\M - - - end;
(b) body B for M; - -- end;

This'¢clause is devoted to defining all notions leading to the description of the set of states (see
an.instance P of the class INST(M, B, E), where E is an external context environment.

is in the

0.4.5) of

9.4.1 Identifier categories of a module instance

Each pair of definitions, 9.4(a) and 9.4(b), introduces important categories of identifiers, which are listed
below. These categories (a) — (m) are pairwise disjoint, and, obviously, some of them may be empty:

(a) Constant-identifiers of B (C-idp) is the finite set of new constant identifiers introduced within

the declaration- part of B (‘‘new’’ means that they occur on the left-hand-side of a
definition).
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(b) Type-identifiers of B (T-idg) is the finite set of new type 1dent1ﬁers introduced within the

declaration part of B,

(c) Channel-identifiers of B (Ch-idg) is the finite set of new channel identifiers introduced within

the declaration part of B.

(d) Procedure-function-identifiers of B (PF-idg) is the finite set of procedure and function identifiers

introduced within the declaration part of B.

(e) Module-identifiers of B (M-idy) is the finite set of module header identifiers introduced within

the declaration part of B.

R (B = 4 B.
thhm the declaranon part of B.

Therefore MV-idg denotes module variable identifiers. For technical reasons)it is assumeq
MV-idg is a subset of V-idg.

definition part of B.

state-set-definition-part of B.

introduced within the declaration part of B.
the module header M definition.

declared in the module header M definition.

module header M definition.

ving local categories, not.necessarily disjoint with the above (a) — (m) categories:

(a.1) Constant-identifiers of t in B (C-idg,) is the finite set of constant identifiers introduced Id
within the trangition t block definition.

(b.1) Type-identifiers of t in B (T-idg) is the finite set of type identifiers introduced locally %
the transition t block definition.

(d.1)_Procedure-function-identifiers of t in B (PF-idg,) is the finite set of procedure and fun
identifiers introduced within the transition t block declarations.

e may also distinguish, for-each transition t within the initialization or transition part of B, th¢

uced

(g) Variable-identifiers of B (V-idg) is the finite set of variable identifiers introduced withip the
declaration part of B. The special identifier STATE is assumed to be in the \set if a ptate-
definition-part is present in B. All module variables are declared separately from, Pascal varigbles.

that

(h) State-identifiers of B (S-idg) is the finite set of state identifiers ‘introduced within the ftate-
(i) State-set-identifiers of B (Ss-idg) is the finite set of state-setidentifiers mtroduced withip the
(j) Intern-ip-identifiers of B (lip-idg) is the finite set of\the internal interaction point identifiers
(k) Extern-ip-identifiers of M (Eip-idy) is the finite\set of the external interaction points declared in
(I) Export-variable-identifiers of M (EV-idyy) is the finite set of the exborted variable identifiers

(m) Parameter-identifiers of M (P4idyy) is the finite set of the parameter identifiers declared ip the

fol-

cally

ithin

ction

w1thm thc transmon tblock definition (not1ce that thcse may be only Pascal vanables)

gcally

(m.1) Interaction-param-identifiers of t in B (P-idg,) is the finite set of the interaction parameter
identifiers occurring within the transition t. (These are parameters introduced by an interaction

within a when clause).

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

Remark: A finite group of interaction points or module variables may be introduced by an array
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construct. In that case the group identifier indexed by the element(s) of the index type(s) is a separate
interaction point identifier either in the set Eip-idy U 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

x.: array[1..3] of H(R) individual queue

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, 21, X[2, 1] a:ld X2, 2]
are in MV-idg, but X is not in this set.

9.4.2 Internal extensions of context environment and recursive assumptions

The definitions (declarations) within a body B which introduce the identifier’categories (a), () 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

the class INST(M, B, E). It is necessary to assume'that instance classes for module definitionq textually
nested within the definition of module B are alréady defined (recursion). These definitions formu-
lated in a new context environment thatcis a combination of E and Eg, denoted E[Eg]. | The two
environments are combined using the coyvering operator of two functions defined in 6.2,

These new contexts are necessary to define and properly to use the set of states of a module i{itance in

The simple meaning of the above combined context E{Eg] is that, if a constant (type, channel,| primitive
procedure, or primitive function) identifier is redefined locally then this local definition has precedence.
If there are no conflicts (i.e- the domains of these functions are disjoint), then E[Eg] is a simple exten-
sion of E with definitions"of-Ep, the union of disjoint mappings.

=

Now, for identifier Ml€ M-idg it is assumed that the class INST(M1, E[Eg)) is already define

9.4.3 Interaction points of a module instance and related notions

The set>of interaction points TPy of a module instance P is composed of two disjoint sets of external
(EIPp)y and internal (IIPp) interaction points (i.e., IPp=EIPp u lIPp). For an instance P in
INST(M, B, E), these sets are determined by Eip-idy, and Iip-idg sets of identifiers (see 9.4.1).

To distinguish interaction points of each instance, we establish the following convention: it is assumed
that the interaction points of each instance are represented by the identifiers themselves indexed by the
instance name; i.e., if ip € Eip-idy w lip-idg then ipp € IPp. (See also the Remark on arrays of
interaction points in 9.4.1). This index is omitted if it is clear from the context.

Each interaction point ip € IPp is characterized by three elements:

(a) sendp(ip) and
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(b) receivep(ip) are ‘both subsets of Interactions (9.3.1) that define respectively the set of interac-

tions that an instance can send and receive through the interaction point ip.

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

instance P.

Thus we may talk of three functions

sendp, receivep : IPp — POWER(Interactions)

and

de

or|

fo
dg
H

The queuep mapping is one particular mapping from the class satisfying the following conditions:

The first two mappings are defined as follows:

queuep : IPp — Queues

termined by the interaction point declarations of the form

(a) ip: H(R) individual queue

(b) ip: HR) common queue

sendp(ip) = \ E.Ch(H)R)(x)
receivep(ip) = () E.Ch(H)(opposite(R))(x)

r all x for which E.Ch(H)(R)(x) and, respectively, E.Ch(H)(opposite(R))(x) are defined (seq

R1, R2)", then opposite(R1) = R2 and. gpposite(R2) = R1.

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

queuep(ipl) = queuep(ip2);

i.e., they have-common queue in P.

(b) For every. ip € IPp declared by (a) above, there is no ip” € IPp such that

ip># ip and queuep(ip’) = queuep(ip);

2 the

finition of the E.Ch mapping, 9.3.1). If the channel H was introduced by the definition *‘‘chgannel

ie., ip has an individual queue in P.

Q_IP, will denote the set of queues of P; ie., Q_IPp = queuep(IPp), the range of the function queuep.

The notions of the input environment and output of a module instance are derived from the above

de

finitions in 9.4.3.1 and 9.4.3.2 below.

9.4.3.1 Input environment of P

The function
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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).

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

. . . . . o L . ction-peint-at-the highest
e labels

level in the hierarchy of module instances which is attached to the first when the interaction is sent. . Thes
are needed for a proper definition of Estelle primitive statements (see 9.6.6).
Let (p1, r1, ml), . .., {pk, rk, mk) be the contents of a queue Q of the module instance‘P in some input
environment iep. We say that the sequence is proper iff for each i=1,.) "k, pi€ IPp, and
mi € receivep(pi) and queunep(pi) = Q.

The input environment iep is proper iff iep(p) is proper, for every p € IPp.

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

For an element <pl, p2, m, v;, . .., v> of a queue, the function interac is defined by

interac(<pl, p2, m, vy, . . .,V >) = <m, Vq, . . . SV

9.4.3.2 Outputs of P
The sequence of labelled interactions
plml, ... ,pkmk

(ihe sequence may also be'nil) such that, for every i=1,...,k, pi € EIPp and mi € sendp(pi), is
called an external output of-P.

The set of external-outputs of P is denoted Outp.
NOTE — Outputs "are sequences of interactions labelled by the external interaction points through whicl] they go

out,

9.4.4. 'Locations, variable allocations and variable visibility within a module instance

Each module instance P has its own set of locations Locp. This is, among other things, like interaction
points and queues, one of the characteristics that differentiate module instances of the same or distinct
classes.

Recall that the when clause opens a new scope such that identifiers of parameters of interactions
(P-idy,) may mask identifiers declared in an outer scope.

NOTE — Allocation functions denoted by alloc with appropriate subscripts are introduced to define mappings of
identifiers 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
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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-idyy U V;idB -> Locp

allocp, : P-idg, — Locp, for every t € Tr(B)

allocy, : V-idg; — Locp, for every t € Tr(B) v ITr(B)

(a) all allocation functions are one-to-one

(b) the ranges of these functions are pairwise disjoint.

NQTE — (a) and (b) explain that for each occurrence of an identifier in the appropriate sets, exactly one location is
assigned based on the allocations.

The set VISp of visibility mappings contains mappings, defined on/finite sets of identifiers, which make
it possible to distinguish the context in which a variable identifier has been used. Three particylarly
us¢ful categories of visibility mappings are defined as follows?
visg = allocg

visp, = allocg[allocp] = visg[allocp,]

visy, = allocg[allocp[allocvy]] = visp[allocy:]

(S¢e 6.2 for the definition of f{g] for any two functions.)
Example:

Le} t be a single transitionin a ' module body B with

x1, x2, x3 € dom¢allocg), and

x1, x2, x4.e<dom(allocp,), and

x2, x5-e ‘dom(allocy,).

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

dom(visg) = dom(allocg) = { x1, x2, x3 }
dom(visp) = dom(visg) L dom{allocp) = { x1, x2, x3, x4 }

dom(visy) = dom(visp) L dom(allocy,) = { x1, x2, x3, x4, x5 }
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94.5 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
(a) s.ie is an input environment of P (see 9.4.3.1), and
(b) s.Loc : Locp — Values U (| INST(X, E[Eg)))

X € M-dg

(c) s.children is a finite set of pairs (R, sg), where Re  { INST(X, E[Eg)), and sg-€(Sg
X € Meidg

(d) s.Aut ¢ EIPp x {_) EIPg, for (R, sg) € s.children
R

() s.Conn ¢ IIPp X IIPp U (IIPp X {_y EIPg) U (\_J EIPg X IIPp) L () EIBg X () EIPR),
for (R, sg) € s.children ) ) { :

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

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

NOTES

1 |Locations of P may be considered as abstract ‘‘memory units® of P in which arbitrary values as well as *‘refer-
en¢es’’ to children instances may be stored. The mapping>s:Loc gives the current contents of this memory in the
stafe s. The contents are subject to various constraints.given below and dependent on the class of instances that P

2 |s.children is intended to represent the current'set of children instances of P, in the state s, where each|child
instance is in its own state.

3 |s.Att is a binary relation between<external interaction points of P and extemal interaction points of its children
insfances in the state s.

of P

tes of

ransi-

If p1 occurs in s.Att or s.Conn, then p1 is bound in s.

9.4.5.1 Well-formedness conditions for a state

A state s is said to be well-formed if and only if each of the following conditions is satisfied:

(@) s.ie is a proper input environment as defined in 9.4.3.1.
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(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(TYy L {1};
(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) v {1};

(d) if x € V-idg and is a Pascal variable declared to have type T within the declaration part of the
body B, then '

sLoc@llocs(x)) € ElEpNTY U (1.

Remark: Note the difference of environment with respect to previous definitions,

(e) If x € MV-idy and is declared to have a type M1 € M-idg, then

s.Loc(allocg(x)) € INST(MI1, E[Eg]) u {L};
(f) if x = STATE and the set of state-identifiers (see 7.3.10) is declared-to be (idy, . . . ,id,)| then

s.Loc(allocg(x)) € {id,, ... ,id,};
(g) if x € V-idg, and is declared to have type T, within the-declaration internal to transitior} t, then

s.Loc(allocy,(x)) € E[Eg[Eg JI(T) L {1}.

(h) I p € P-idy,, then it follows that a clause *‘when ip.m” occurs in the clauses of the tansition
t, and p is a parameter of the interaction m declared within a channel definition. Suppose that p is
declared to have a type T. Then,

(1) if ip € Eip-idy, then s.Loc(alloep(p)) € E(T) U {1};

(2) if ip e Tip-idg, then s.Loc(allocy(p)) € E[EgI(T) u {1i].
(i) If (p1, p2) € s.Att then botH must refer to the same channel H and the same role R.
(j) For every (pl, p2), (p3, p4) € s.Att, pl = p3 iff p2 = p4.
(k) If (p1, p2) € s.Comn;-then both must refer to the same channel H and be of opposite roles.
(1) For every (pl, p2), (p3, p4) € s.Conn, pl = p3 iff p2 = p4.
(m) For every pair (p1, p2) € s.Conn, pl # p2.
(n) For every (pl, p2) € s.Conn, (p2, pl) € s.Conn.
(0) For‘every interaction point p, if p occurs in s.Att then p does not occur in s.Conn, and if p

oceurs in s.Conn then p does 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) and (k) define conditions on two interaction points which may be attached or cormected, respectively.
4 Points (j) and (I) say that, in a state s, each interaction point may be attached to, or connected with, at most one

interaction point.
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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:

attachmentp(ip)(s) = ip’ iff <ip, ip’> € s.Att or <ip’, ip> € s.Att

connectionp(ip)(s) = ip’ iff <ip, ip’> € s.Conn .

The above notions and functions will be useful in 9.6.6.

9.415.2 Preinitial state

A gtate s of a module instance P is called preinitial iff
s.ie(p) = nil for all p € IPp (i.e., all queues are empty)
s.Loc(k) = |, for every k € Locp

s.children = @

SAtt= O

s.Conn = &

s.out = mil .

Depote this state s, (we omit the index P).
Notation:

Ley
s(locy/vy, . . . ,loc /v )= (s.ie, s.Loc(loc, /vy, . . . ,locy/v,), s.children, s.Att, s.Conn, s.out) .

This denotes the staté—in which values of locations locy, . . . ,loc, in s are replaced by vy, .. .[,Vy,
_respectively, and ¢he values of other locations remained unchanged (see 6.2 for the general definitign of

G‘/’ ).

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 declara-
tion 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.

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.,
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t = trans C;D, begin stm, end ,

where C; and D, denote clauses and local declarations of t, respectively, and stm, is composed of a set
of statements executed sequentially

stm, = stmy ; stmy ; -+ ;stm, .
Recall that VIS, denotes the set of visibility mappings of variables for a given set of locations Locp of

an instance P. The statement 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
statement variables in this state, returns sets of the instance states and 'does not change the yisibility.
By the nondeterminism caused by Estelle statements, see Remark d¢below, this is in general ot a sin-
gle state.

In addition to the property (*) above, the definitions within® this International Standard oftep do not
depend on the visibility argument. For these reasons and, for the sake of simplicity, the following con-
ventions are adopted:

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

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

(1) vis is used for an arbitrary visibility mapping in VISp with its domain inchyding all

appropriate identifiers ‘occurring in the construct being defined:
EV-idy O P-idy L 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 definitions of the exist expression, the forone statement, and the all statement, LTe expli-
cit form <state, visibility> is used, because in these definitions a local change to a visibility map-
ping must be explicitly defined.

Thus we write [stm]p(s) instead of [stm]p(s, vis). The text enclosed in brackets [] denotes the interpre-
tation‘(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.

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 fol-
lows: .
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[stm]; stm2]p(s) = {5’ : (there exists an 8°*) 8’ € [stml]p(s) and s’ € | [stm2]p(s’")} .

9 (E)

Remark 3: The composition reduces to composition of ordinary functions if the result of both state-
ments are one element sets. The above interpretation of **;’* is also assumed in the meta definitions.

9.5.2 Transition interpretation

For the rest of 9.5, it is assumed that the meaning of a statement stm, of a transition t is already
defined. The interpretation of a transition t for any module instance P € INST(M, B, E) is based on the

inferpretation of the transiion statemenf stm, and twoO auxiliary statements that are not availaple in

Es

N(

elgment from the ip’s queue.

ti

de

T(lIe interpretation [t]p of the transition-t'for the module instance P € INST(M, B, E) is a partial

telle itself: nextcontrolstate and reception. These are defined as follows (for every visibilityyis)

— For every id € 1d U {same} and s € Sp,

[nextcontrolstate-id]p(s) =
if id = same then s
else s.Loc(allocy(state)) := id

—— For every ip € IPpand 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))) = <m, v;, . . . , V>
and p;, . . ., Py are the interaction parameters
in
s := s(allocp(p)/vy, . - . »allocp (P Ve )s
s.ie(ip) := tail(s.ie(ip)).

DTE — The reception function allocates actual values of the interaction parameters (if any) and removes tl

1n:
[tp : Sp X (visv,) ~> POWER(Sp X {visy,})

fined as follows:

(a) If t is an ifput transition with ‘‘when ip.m”’ and “‘to id’’ clauses occurring in it, where id
identifier déclared in the state-part of the declaration-part of B or the keyword same, then

{tlp’= [reception-ip; stm; nextcontrolstate-id]p.

le top

func-

is an

e first

NOTE — Thus to interpret [t]p, the result of execu

ting the statement stm, is extended by removing th
- " . N . 23 . A (Y3 n’? :

(b) If t is an input transition as in (a), but the “‘to id’’ clause does not occur in it, then

[tlp = [reception-ip; stm,]p

(c) If t is a spontaneous transition and the ‘‘to id”’ clause occurs in it, then

[t]p = [stm,; nextcontrolstate-id]p
(d) Otherwise (i.e., not (a), (b), nor (c))

79


https://standardsiso.com/api/?name=76567d1a89ad875e88648299e2c6fe25

ISO 9074 : 1989 (E)

{tlp = [stmJp

Points (a) — (d) assign an interpretation to each transition t occurring in the module body B, i.e., in the

set ITr(B) v Tr(B).

It remains to extend this local interpretation to the global situation; i.e., to define the transmission of
outputs in a global instantaneous description gidgp of a specification SP, a component of which is the

module instance P. This is the content of the next two clauses (9.5.3 and 9.5.4).

D.5.3 Linked interaction points

ions:

(a) For any two components of the tree (Py, s;) and (P, s9), (Pa, Sy) € s;.children iff (P;,
child of (Py, s,) in the usual parent/child relationship of a tree.

(b) If (P, s) is a leaf of the tree, then s.children = .
Henoted by gidp.

bne can use the two notions interchangeably. Dependingon ‘the context, however, it is more na
ise one notion and not the other. Nevertheless, if it is<important to indicate the relationship, the
ill denote this global instantaneous description of Pawhich is determined by s € Sp.

rid.

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

— Conn(gidp) = {_) sg.Conn
R

—  Att(gidp) = U sp.Att
R

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

NOTE -— The ‘above relations are binary relations on interaction points. They represent current connecti
attachments; respectively, within the tree of module instances rooted in P.

——.for interaction points ip, ip’ and a gidp:

Consider a finite tree of module instances, each in one of its states and satisfying the following| condi-

i) is a

[f (P, s) is a root of such a tree, then the tree is called a global instantaneous description of P|and is

Remark 1: It is easy to see that each state s € Sp unambiguously determines a gidp and vice-verpa; i.c.,

tural to
n gidp

Remark 2: We refer to the module instance togéther with its state at a node as a component of the tree

pns and

(a) upperattach(ip, gidp) = ip’ iff there is a sequence po, . ..,p; ( = 0) of interactionﬂ

bttt
SULRLD Uial.

(D po=ip, p=ip’
(2) <pi1, pi> € Att(gidp), fori=0,...,j}1, and

points

(3) the sequence cannot be extended, i.e., there is no pj,; such that <p;,;, p;> € Att(gidp)

(b) downattach(ip, gidp) = ip’ iff there exists a sequence po,...,p; (j 20) of interaction

points such that:
(1) po = ip, p; = ip
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NOTE — All relations (a), (b), (c) introduced above are well-defined partial functions by the well-formedness
ditigns of each component state sg of an instance R in the gidp.

9.54 Extension of the transition interpretation over gids

Let
s’ ¢
" ous

ISO 9074:1989

(2) <pi’ Pinn> € Att(gidp), fori= 0, “ e ,j"l, and
(3) the sequence cannot be extended (see (a)(3)).

The sequence itself (there exists only one) will be dehoted by downattach_seq(ip, gidp).
(c) link(ip, gidp) = ip’ iff there exists <ip,, ip,> € Conn(gidp) where

(1) upperattach(ip, gidp) = ip;, and

(2) downattach(ip,, gidp) = ip’.

point ip is linked with some other interaction point in gidp.

SP be a specification module in Estelle (see 7.2). If (P, s) is a component of a gidsp,
[t)p(s), then this local change of states caused by the execution of t/gives a new global instant]
description gid’sp. Thus [t]p may be considered as a function that.maps gids into sets of gids

(E)

con-

and
ine-
(for

simplicity the notation is not changed). But the new states may have produced some oiitput that has to

be transmitted to the target queues in this new gid’sp.

For

Let
isa

Let

Def

that reason auxiliary meta-functions send, received and transmission are defined as follows:

(P, s) and (P, s°) be components of gidsp. We occasionally also write s = P-gidsp to indicate that s

current state of P in gidgp.

— head(s.out) = <ip, m> (the first interaction of an output),
— link(ip, gidsp) = ip” and

— upperattach(ip’, gidsp)'=1ip”’

ne by:

— sentp(gidsp)@)new gid of SP which differs from gidgp in that s.out := tail(s.out) (i.e., the
message fromche list s.out has been sent)

— receivedp(gidsp) a new gid of SP where the difference with gidgp is expressed by

.§".ie(ip’) := append(<ip’, ip’’, m>, s’.ie(ip’))

first

(i.e., the message has been received in the queue of ip’ and it has been indicated that the message
entered (by a connection) through the interaction point ip’’ currently attached by a sequence of

attachments down to ip’.)

— transmissionp(gidsp) =
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let s = P-gidgp
in
if s.out = nil then gidgp
else
let head(s.out) = <ip, m>
in
if linked(ip, gidgp) then
let
link(ip, gidsp) = ip’,
upperattach(ip, gidgp) = ip”’

hl -
transmissionp (sentp(receivedp(gidsp)))
else

transmissionp(sentp(gidsp)).

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

NOTE — The above function transmits interactions from an output one-by-one, Tecursively, to the ¢

lestination

queues. If there is no destination queue for an interaction in the output, i%., linked(ip, gidsp) is fals¢, then the

interaction is discarded.
Thus the global effect of execution of an atomic transition t ify the module instance P is give
composition of the local effect of t in a state of P composed.with the transmission function. T
position will be denoted by t", and its effect is defined by:

t'(gidsp) = {transmissionp(gid’sp): gid’sp € [tlp(gidsp)}

9.6 Interpretation of specific Estelle constructs

As in the case of statements, it is dsSumed that, given a state s and visibility vis, the inte;
(valuation) of a Pascal expression E, valp(E)(s), is given. For example, if x and y are variable

valp(x+y)(s) = s.Loc(vis(x)) + s.Loc(vis(y))

(recall the convention, formulated in 9.5.1, on the use of the visibility argument in definitions).

9.6.1 External references

In this clause, we discuss objects that are thought of as external to a module instance.

n by the
his com-

retation
then

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 Eip-idy U Iip-idg, or
X =YI[E,,...,E;], n21,andE; is an index expression and Y an identifier.

Then, for every s € Sp, and visibility vis, the function ref is defined as follows:
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ref(X)(s) = X in the first case,
and, in the second case,

ref(X)(s) = Y{valp(E;)(s), . . . ,valp(B )(s)] if the obtained value of ref(X)(s) is in
MV-idy  Eip-idy v lip-idg,

and

ref(X)(s) is not defined, in other cases.

fith the above definition, for every pair of module variable references X and Y, the interpretadon of
e assignment statement ‘X := Y™’ is

= =

valp(X)(s) = s.Loc(vis(ref(X)(s))).
For s € Sp and a visibility vis

[X = Y]p(s) = sloc,/vy) ,
where

loc, = vis(ref(X)(s))
vy = valp(Y)(s) .
If] ref(X)(s) € Eip-idy, then X is called an external ip-referénce of P. If ref(X)(s) € Iip-idg, theny X is

cdlled an internal ip-reference of P. According to the cenvention 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.

9/6.1.2 Exported variables and interaction-points

Lt X.id occur in a transition t, where Xidentifies a module variable and id identifies either an exported
viriable or an interaction point. We introduce a function named acs to gain access (indirectly through a
odule variable) to either an exported variable or interaction point. Let s € Sp, and let vis be anl arbi-
trpry visibility.
ven:
(a) M1 € M-idy,”B1 € B-idg
(b) valp(ref(X)(s))(s) = R € INST(M1, B1, E[Eg])
(c) R\81) € s.children
(d)id € EV-idyy
() reflid}(s1)-c Eip-idy—with respectto-the visibility visy, -

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(X.id)(s) = s1.Loc(allocy, (id))
If E is an expression, and s € Sp and vis a visibility
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[X.id := Elp(s) = s(acsp(X.id)(s)/valp(E)(s)) .

If (@)—(c) and (e) are satisfied (i.c., id is an an external interaction point reference of M1), then
acsp(X.id)(s) is defined, and

acsp(X.id)(s) = (ref(id)(s1))g where R = valp(X)(s) .
Remark 1: The function acsp applied to a child-external-ip access returns an interaction point of a child

module instance R, as might be expected. A simplifying convention was made (9.4.3) that interaction
points are the denoting identifiers themselves, indexed by the module instance name. Thus the

defimitiom above.

Remark 2: It should be noted that it is statically verifiable whether or not an expression-X.id fis prop-
erly 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 /Valdes or is undefined. THe when
clause, provided clause, and from clause return a boolean valuedrue or false. These clauses fefine a
set of enabled transitions of a 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 thoseenabled transitions in a state a subset of |fireable
transitions (9.6.5). The to clause has a purely informative character giving control-like infgrmation
(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 expressionslin a state. Additionally, the value of a provided clagse may
depend on its relative position with fespect to a when clause in a transition. The following ¢xample
explains the dependence.
Example:

provided q > 1
when ip.m (@)

and

whef. ip.m (q)
provided q > 1;

In’the second case the value of the parameter q of the interaction m is tested in the provided clause.

In the first the value of a variable q (which happens to be denoted by the same identifier and which is
totally independent of the interaction m) is tested. Thus, a when clause opens a new scope to 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 function, for a module instance P € INST(M, B, E)
as follows: '

(a) when clause
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valp(when p.m[ ... 1)(s) = true iff
there exists ip € IPp such that
ip = ref(p)(s) and
int-id(interac(head(s.ie(ip)))) = m.

The when clause is said to be satisfied in s if this valuation function returns true. (See 9.3.1 for
the definition of int-id and 9.4.3.1 for the definition of interac).

(b) provided clause

valp(provided B)(s) = valp(B)(s) .

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

(c) from clause

Let idy, . ..,id, (k 2 1) be a state list; i.e., either id; € S-idg or id; € Ss<idy (state-id or statg-set-
id, see 9.4.1)

Define the set of state identifiers of id;, set-id;, i=1, . .. ,k, as follows:

etid, = (id;) if id; € S-idg
{idy, . . . ,idy) if id; € Ss-idp, and ids idy, - - . ,idy, j2 1.

The set of state identifiers denoted by the state listid, . . . ,idy is defined to be

K
from-list(1, k) = () set-id; .

i=1
With the above notatioﬁ:

valp(from id,, . . . ,id)(s)= true
iff

valp(STATE)(S) € from-list(1, k) .

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

(d) to clause

valp(to id)(s) = { s.Loc(vis(STATE)) if id = same

t Sd otherwise.

The visibility visg is the one with which a to clause is always interpreted.

(e) priority clause

E[Egl(K) if k € Constant-ids
“k? otherwise.

valp(k)(s) = {

Remark: If k is a constant identifier, then value is the constant assigned to it by the declaration of
k. Otherwise it is the constant “‘k’’ itself.
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(f) delay clause

Ip(E1)(s), valp(E2 i i i
valp(delay(E1, E2)(s) = <valp(E1)(s) V P('E )s)> 1f E2 is an expression
<valp(E1)(s), infinity> ifE2=% |

The valuation of a delay clause in a state with a given visibility, \}is, 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:
(a) t is an input transition where the when clause is of the form “‘when ip.m’’ (ox ‘“‘when
ip.m(p1, .. .,pn)""), and this clause precedes a provided clause of t-and pl,...,pn (nZ 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, v, ... ;%>, then provided clause of t is satisfigd in the
state s(allocp(py)/vy, . . . , allocp(p,)/vy) Wwith 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 clauses (if
present) is satisfied in s with the'visibility visg.

Let M be a module-header with parameters pl, . . . ,pk, k = 0 (by convention, k = O implies that there
are no parameters). Let TI,....,Tk be type identifiers, where Ti is the ordinal type declared for
parameter pi. Let P € INST(M, B, E) and allocp(pi) =loc;, i=1,...,k. A state s € Sp is gnitial iff
there s a transition t € ITr(B) and values vi € E(Ti), fori=1, ... ,k, such that
t is enabled.inthe state s;(loc,/vy, . . . ,locy/vy), and
s € [tl(si(ocy/vy, . . . ,loc/vy)) .

(see 9.5.2 for the definition of [t]p).

NOTE — A state is initial if it is described by an initialization transition starting from preinitial state of § (9.4.5.2)

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
determine initial global instantaneous descriptions of this specification (see the Remark 1 in 9.5.3).
These are of special interest as they are starting points of execution (5.3.4).

9.6.4 Delay values and time interpretation in Estelle

As noted in 5.3.5, delay values are dynamically changed by a time process independent of a
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specification. There are,” however, interdependencies between computations and these values that must
be preserved. These interdependencies are formulated below. The notions such as global situation,
computation and system snapshot are introduced in 5.3.4.

The function delays is introduced to indicate the values of delay timers associated with delay clauses as
time progresses from one situation to another given that a delayed transition is enabled. The difference
between the values of this function is the elapsed time for computations executed between two succes-
sive situations.

Let sit = (gidgp; A, . . . ,A,) be a situation in a computation, and let (P, s) be a component of gidgp.

Each value of the pair is always in the set

wh

no} related by ‘‘<’’ to any other element.

NQTE 1 The special element *‘I’* may be thought of as representing the sitdation where the delay clock is no
ning. :
The first value of the pair is sometimes called the earliest firing time of a transition and the se

val
Rd
- 8tg
del

Th

For each delayed transition t of P, there is associated a pair of delay values. This pair is denoted

delays(t, sit)

Delays = real* U { !, infinity},

ere real” denotes non-negative reals, and for every real x, x < infinity, and

ue the latest firing time of a transition (see the note in 9:6:5).

od to be the value of the expression F in the-state s and with the visibility visg (see 9.4.4 fo
inition of the visibility visg).
e following conditions must be satisfied by the delays function:
(a) If delays(t, sit) = <al, a2>, then:

Nal=liffa2 =!

2)0<al <a2ifal=!

(3) al # infinity?
(b) If sit is initial’ and (P, s) is a component of gidsp/S;, for some je (1,...,n}, and t
delayed transition of P then

delays(t, sit) = <!, 1> .

(¢)For any two consecutive situations,

1’ is a special element

mn-

cond

mark: Everywhere in this and the next subclause;, if P = INST(M, B, E), then valp(F)(s) is under-

r the

is a

sity = (gid'; AL, ... ,A)) and sit, = (gid% AZ, ... ,AD)

in a computation:

(1) If Al # @, then for every component (P, s) of gid'/S;, and every delayed transition t of P,

delays(t, sit)) = <!, !> iff delays(t, sity) = <!, !>

(2) If Al = @, then for every component (P, s) of gid'/S;, and every delayed transition t
containing a clause of the form ‘‘delay(El, E2)”’

of P
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(i) if delays(t, sit;) = <!, !> and delays(t, sity) # <!, !>,
then t is enabled in s, and t ¢ A?Z, and

0 < valp(E1)(s) < valp(E2)(s), and

delays(t, sity) = <valp(E1)(s), valp(E2)(s)>

(ii) if delays(t, sit)) # <!, !> and delays(t, sity) = <!, !>, then
t is not enabled in s, or t € A2

Note that for A? # @ in (a) and (b) above, st is an i-th system’s snapshot.

QAT A= and AZ # D (ic., sif, is a System’s snapshot and gid' = gid’, see 5.3.4), then
for every component (P, s) of gidY/S,, and every delayed transition t of P containing a|clause
of the form ‘‘delay(El, E2)”’

(i) if delays(t, sit;) = <!, !>, and t is enabled in s, and
t ¢ A2 and 0 < valp(E1)(s) < valp(E2)(s), then
delays(t, sity) = <valp(E1)(s), valp(E2)(s)>

(i) if t is not enabled in s, or t € A2, then
delays(t, sity) = <!, I>,

{(4) For any two delayed transitions t; and t, if
delays(t,, sity) = <ay, 35>,
delays(t,, sit;) = <b;, by>,
delays(t,, sity) = <a’, a’,>,
delays(t,, sity) = <b’y, b’,>, then
fora,a’;, b, b #21,i=1,2,
(i) a’, = infinity iff a, = infinity
(ll) 8’1 <aq and 3,2 Sa
(iii) if a, # infinity, then:
(if a’; > 0, then a;=a’; = a;-a’y) and
(if a’; = 0, then ay=2’5 > ay)
@iv) for every, j = 1, 2, if a; < b; # infinity, then:
(f a’; >0, then a;-2"; = b-b’)) and '
(if a’i = (), then bj—b’j 2 a,) .
NOTES

2 Point (c)(1) says that delay timers for the delayed transitions of the i-th system cannot be turned on or off
when the System is executing (Al # @) or, in other words, these clocks may be tumed on or off pnly in
between (A;= &) two consecutive execution phases of this system.

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

4 Point (c)(3) says that all above timer manipulations (i.e., turning on and turning off) which are necepsary in
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the i-th system must be already done when passing to a new snapshot of the system.
5 Point (c)(4) states that between computation steps the delay values may not increase (if), that ‘*infinity”’

value may not be changed (i), and that the delay values are changing uniformly both for earliest and latest
firing values of the same transition (iii) and for those values in different transitions (iv).

(d) Let sit;, j 2 0, be a situation in a computation, and let t be a delayed transition with
delays(t, sit;)) = (d1, d2),

where d1 > 0. Then there is a k > j such that
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delays(t, sit) = (d3,d4) and d3 <dl ord3 =d4 = !.

NOTE 6 Point (d) says that time progresses.

9.6.5 Fireable 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 tran-
sition t assign a pair of delay 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 snaps'j;)t 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 9.64, ie. the delay functions d1 and d2 are such thai, for every
delayed transition t,

delays(t, sit) = <d1(t), d2(t)>.

A transition t € Tr(B) is fireable in the state s € Sp with respect to the delay functions d1 and g2 if

(a) t is enabled in s, and if t is a delayed transition, then elthcr di(t) £0, or dl(t) d2@) = ! and
= valp(E1)(s) < valp(E2)(s). :

(b) if priority of t equals k, then for every other transition t’ satisfying (a) above, the prigrity of t’
is not less than k (i.e., the priority k is the strongest).

Remark: Since a priority clause may contain only constant non-negative integers, each piority is
assigned completely statically to each transition-¢in each module instance P. By default, it is|assumed
that the absence of a priority clause within,a transition’s conditions means the weakest priority (i.c.,
the largest value) among the transition priorities of the module instance P (see 7.5.8).

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

A transition t is optionally fireable in s with respect to d1 and d2 (written o-fireable) iff it is g4 delayed
transition which is fircable-in s with respect to d1 and d2, and either
(a) di(t) = 0 and’d2(t) > O, or
(b) d1(t) =d2(t) = ! and 0 = valp(E1)(s) < valp(E2)(s) .

12

O-FIRp(s5-d1, d2) (an improper subset of FIRp(s, d1, d2)) denotes the set of o-fireable transitior

A tranisition t is offered for execution in s with respect to d1 and d2 iff
(c) t # null and t € FIRp(s, d1, d2), or

(d) t = null and O-FIRp(dl, d2) = FIRp(s, dl1, d2).
Given delay functions d1 and d2, a pair (s, t) is a local situation of P (see 5.3.1) iff s € Spand tis
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 fircable in s, and hence there may be more than one local situa-
tion for a given s.

NOTE — The above definitions say, among other things, that
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9.6.4 Semantics of primitive Estelle statements

It is

queyes are such lists, where the labels are interaction points and the elements are-interactions.

Let
Iy, .

The

eras
equ.

— Each optionally fireable transition is fireable.

— 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 offerred transitions serves to indicate that either there are no fireable tran-
sitions 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 Pins.

— 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 ga.rlier 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 1t ceases to be optionally fireable: 1t 1s fireable, but 1t 15 not o-lireable.

L A fireable transition with a delay clause of the form *‘delay(0, * )’ is always o-fireable.

convenient to introduce auxiliary meta-functions on lists of doubly labelled elenients, as contents of
[, be such a list, i.e., L = <py, @1, m;>, . . . ,<Pp, G My,>, Or L = nil, where p;, q; are labels. Let
. ..y, k = 1, be a sequence of labels.

functions erase;, erase;, erase,, and erase, are defined as follows:

Wy, . .. ,1, L) is the list resulting from L by erasing all of its components with the first lgbel
1 to any one in the sequence 1y, . . . ,Iy.

eras¢, (fy, . . . ,Ty, L) is the list resulting from taking L and erasing all of its components with the first

labe

eras
SecC

Let
cha

Let

components that alse occurs in L’.

Exa

L=

90

different from any one in the sequence 1y, .. ,Ix.

, and erase, are defined similarly tO erase, and erase;, respectively, except they are based on [the
d label in the list.

be a label, then rename; (r; L) (respectively, rename,(r, L)) is the list resulting from L obtained| by
ging all of its first (respectively, second) labels to r.

* be another doubly labelled list, then L\ L’ is the list resulting from L after removing each of its

ple:

<DPiv Aty My >, <Py, 2, M2>, <P3, 41, M3>, <P2, (2, My>

y: 1\ PR
1W1, P2, =7 = P35, Y1, B3~
»*
€rase, (ph P2. L) = <P1, q1, M1 >, <P2, 2, M2>, <P2, G, My>
rename(r, erase(py, p3, L)) = <pg, T, mp>, <ps, I, My>

erase,(r, L) =L

erase,(r, L) = nil


https://standardsiso.com/api/?name=76567d1a89ad875e88648299e2c6fe25

1SO 9074 : 1989 (E)

I\ erasel(pla P2. L) = erase;(ph P2 L)»
L\ rename, (1, erase,(p;, p3, L)) =L
L\L = nil

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 O - ron funct] L is alwavs evaluated wi .+ visibility vis Thus,

916.6.1 Init statement

Llet t be a transition in which the statement

init X with B1(E,, . . . ,E})

ofcurs, where E;, . . . ,E, are expressions of types compatible with the types of corresponding parame-
t4rs Py, . . ., P declared in the module header M1. If there are'no parameiers, then the statment
r¢duces to .

init X with B1 .

Recall that the class INST(M1, B1, E[Eg]) has been already defined.
Let newp be a primitive function which foryeach module header M1 € M-idg and module| body
Bl € B-idg declared for M1, returns .a module instance newp(M1, B1) € INST(M1, B1, E[Ep])
different (in the sense of the Remark below) from any other module instance existing at the moment the
injit statement is executed.

Remark: Module instances P and '@ are different (9.2) iff

IPp N 1P = &, Q_IPp~ Q_IPg = &, and Locp N Locg = &.

2

OTE — In practice this means that each implementation must ensure the properties of the above remark] This
ay be done, however,"in many ways, and therefore it is left unspecified here. From this practical point of view,
e new function{is-responsible for ‘‘creating’’ a separate set of locations and queues and for setting the allgcation
d queue functions according to the given definitions.

ith the-above assumptions and with an arbitrary visibility vis, the interpretation of the above init
statement is defined as follows: .

8’ € [init X with B1(E,, . . . ,BEQlp(s) iff
each s’ component except s’.children and s’.Loc remains the same as in s, and
s’ Loc(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;) € Locg,1=1,...,k, and
8o = sy(locy/vy, . . . ,locy/vy), where s, is the preinitial state of R.

Then -
51 € [tlr(sy), for some t € ITr(B1) which is enabled in s, with the visibility visg;
if such a transition exists.

Remark: Note that if no enabled wransition exists, the semantics is undefined, and thus the specifi
is in error,

NOTES

1| The above can be read as follows: The result of an init statement in a state s with a visibility yis.is that
child instance R = newp(M]1, B1) is created in its state s;, which is the result of applying one enabléd initial

essions computed in the state s of P, with the visibility vis.

3]

Note the nondeterminism involved due to the fact that the set of initialization transitions enabled in a statg
peessarily of cardinality 1.

=

916.6.2 Attach and detach statements

9/6.6.2.1 Attach

o =

gwing assumptions are satisfied:

p: € Eip-idg or p; = X[E, . .. ,Egland X[valp(E,)(s), . . . ,valp(E, )(s)] € Eip-idg — sece ¢
for the ref(p1)(s) function).

(b) acsp(X.po)(s) is defined (see 9.6.1.2).

With these assumptions, the (following notations are introduced for well-defined objects:
| (a) ip; = (ref(p1)(s))p-€ EIPp (9.4.3 and 9.6.1.1)

(b) ip = acsp(X:p2)(s) (9.6.1.2)

(c) ip’ = downattach(ip, gidp,) (see 9.5.3 for both downattach and gidp )

(d) ip2’€)EIPg and R is 'a component module instance of gidp

" (e)\81 = R-gidp; € Sg (read: s, is the current state of R in gidpy).

cation

a new
ization

t:lf.nsition t € ITr(B1) to the preinitial state of R in which parameter locations were loaded with actual values of
expr

is not

he semantics of ‘‘attach p; to X.py™’ is defined inya“state s with an arbitrary visibility vis iff the fol-

(a) p; is an external interaction point, reference defined in s (i.e., either p; is an identifigr and

.6.1.1

The-interpretationof amattach-statement-of theabove formis thus——————————————————————

[attach p; to X.polp(s) =
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if ip; or ip is bound in s (9.4.5) then s
else
let L, = erase, (ip;, s.ie(ip;)),
L, = rename; (ip’, L,)
in
(sy.ie(ip’) := append(Ly, s;.ie(ip’));
s.ie(ip,) := erase,(ip;, s.ie(ipy));
s.Att := s.Att U {<ip,, ip>]).

Remark We discuss here an 1mportant issue concemmg the semantxcs of several statements in 9.6.6.
i ] point that is
already bound or an output statement from referencing an interaction pomt that is attached to a child.
Any implementation should issue a warning if these situations occur. From the point‘of vigw of the
formal semantics being expressed here, however, such an attempt is not an error, it is Simply ignored.
This choice is useful for technical convenience in some cases, and for correct specifications [it has no
significance.

9.6.6.2.2 Detach external interaction point

If assumption (a) of 9.6.6.2.1 is satisfied, then the semantics of the *‘detach p;’’ statement is defined in
the state s with the visibility vis.

With the notations (a), (¢c) —(e) of 9.6.6.2.1, the interpretation of a detach statement of the above form
is defined thus:

[detach plp(s) =
if ip, is attached in s (9.4.5) then
let ip = attachmentp (ip, )(s), (9.4.5)
L, = erase; (ip’, s,.ie(ip’)),
L, = erase,(downattach_seq(ip, gidp,), L;), (9.5.3)
L, = rename; (ip;, Ly

in
(s.ie(ip,) := append(Ls, s.ie(ipy));
s;.e(ip’) := §p.ie(ip’\ Ly;
s.Att ;= SIAN <ipy, ip>)
else s.

9.6.6.2.3 Detach child’s interaction point

If assumption (b) of 9.6.6.2.1 is satisfied, then the semantics of the ‘‘detach X.p,” statement {s defined
in"the state s with the visibility vis.

With the notations (b)—(e) of 9.6.6.2.1, the interpretation of a detach statement of the above form is
defined thus:

[detach X.p,lp(s) =
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Wit

[simple-detach X.p,]p(s) =

Rerark: The simple-detach above, which operates on a single interaction point, is used below to de

the

9.6.

If X is a module variable and valp(X)(s) is defined, then the semantics of ‘‘detach X’ is defined in)
state s with the visibility vis.

Let|valp(X)(s) € INST(M1, B1, E[Eg]).
With this notation, the interpretation of a detach statement of the above form is defined thus:

[detach X]p(s) =

Re

[de

lo

[sierle-detach Xlp(s) =

With the same assumptions and notations, an auxiliary statement, ‘‘simple-detach X’ is defined as

if ip is attached in s then
let ip, = attachmentp(ip)(s),
L, = erase; (ip’, s.ie(ip”),
L, = erase,(downattach_seq(ip, gidp;), L),
L; = rename;(ip;, Ly)
in
(s.ie(ip;) := append(Ls, s.ie(ipy))
sy.ie(ip’) := sy.ie(ip’\ Ly;
s.Att 1= s.At\ <ipy, ip>)
else s .

if ip is attached in s then
s.Att == s.Aut\ { <ip, attachmentp(ip)(s)> }
else s .

*‘simple-detach X’ statement, which operates on a module instance.

6.2.4 Detach module

forall r € Eip-idyy do
s = [detach X.r)p(s) .

tark: Note that withthe assumption, acsp(X.r)(s) is defined for each r € Eip-idyy, and there
ch X.r]p(s) is defined.

forall r € Eip-idyy do

h the same assumptions and notations, an auxiliary statement, ‘‘simple-detach X.p,”’ is deﬁneJl as
follpws:

fine

the

fore

fol-

§ = [simple-detach X.rlp(s) .

Remark: The ‘‘simple-detach X'’ statement, which operates on a module instance, is used in the
semantic definition of the terminate statement.

9.6.6.3 Connect and disconnect statements
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9.6.6.3.1 Connect

The semantics of the “‘connect p to p’ * statement is defined in a state s with an arbitrary. visibility vis

iff

(a) p and p’ are internal interaction point references defined in s (see 9.6.1), or

(b) p is an internal interaction point reference defined in s and p’ = Y.p, and acsp(Y.p2)(s) is

defined, or
(c) p=X.p; and p’ = Y.p, and both acsp(X.p;)(s) and acsp(Y.p,)(s) are defined.

fred

one of the above assumptions 1s satisfied, then denote by 1p and 1p” the interaction points 1 _th
of P corresponding to p and p’. ‘

(%]

With this notation, the interpretation of a connect statement of the above form is defined. thus:

)

tonnect p to p’lp(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.p;)(s) is defined, th
semantics of the statement ‘‘disconnect p** is defined in the state s with the visibility vis. Denotg
¢ interaction point corresponding to p.

With this notation, the interpretation of a disconnect’statement of the above form is defined thus:

r=-

lisconnect plp(s) =
if ip connected in s (9.4.5) then
let ip’ = connectionp(ip)(s) (94.5)
in
s.Conn := s.Conn \ {<ip, ip’>, <ip’, ip>}
else s .

9.6.6.3.3 Disconnect-module

‘Idisconnect X**~is defined in the state s with the visibility vis.

=

et valp(X)(s) € INST(M1, B1, E[E]).

b state

en the
by ip

If X is a modglevvariable reference and valp(X)(s) is defined, then the semantics of the stalement

With/this notation, the interpretation of a disconnect statement of the above form is defined thus:

[disconnect X]p(s) =
forall r € Eip-idyy, do
s := [disconnect X.rlp(s) .

9.6.6.4 Release and terminate statements

The semantics of the statements ‘‘release X’' and ‘‘terminate X' are defined in a state s with an
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arbitrary visibility vis iff X is a module variable reference and valp(X)(s) is defined.
With this assumption, 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,s))};
forall Y € MV-idg do

s.Loc(allocy(Y)) == 1 .
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);
Iet R = valp(X)(s) and (R,s;) € s.children
in

s.children := s.children \ {(R,s))};
forall Y € MV-idg do

if s.Loc(allocg(Y)) = R then

s.Loc(allocg(Y)) := 1 .

D.6.6.5 Output statement

The semantics of the statement *‘output p.m(E,, . ,E,)” is defined in a state s with an arbitrary visi-
bility vis iff

(a) p is an interaction point reference defined in s (9.6.1)
(b) 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 this notation/the interpretation of an output statement of the above form is defined thus:

foutput p.m(Ey3..". . ,Ep)lp(s) =
if ipds'attached in s then s
else
if ip € EIP, then
s.out := append (<ip, m, valp(E;)(s), . . . , valp(E,)(s)>, s.out)
else (i.c., 1p € 1IPp)
if linked(ip, gidp,) (9.5.3) then
let ip” = link(ip, gidp ), (9.5.3)
ip”’ = connectionp(ip)(s), (9.4.5.1)
ip’ € PR and (R,s;) is a component of gidp; (see Remark below)
in

sy.de(ip’) := append(<ip’, ip”’, m, valp(E)(s), . . . , valpE)(S)>, s.ie(ip’))
else s. .

Remark: If ip’ is another internal interaction point of P, thenip’ =ip”’, R=P, and s = s,.
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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.

9.6.6.6 Exist expression, and forone and all statements

The semantics of the following Estelle constructs are defined here:

— ¢exust x:'1" suchthat &
— forone x:T suchthat E do stm; otherwise stmy
— all x:T do stm

All of the above are defined in two cases: when T is a module type (i.e., T(is'a module-header-id in
M-idg) and when T is a Pascal finite ordinal type.

Recall that the semantics of each Estelle statement is considered with Tespect to the context in which it
appears;, i.e., each statement is interpreted in the set Sp X VIS (se¢,9.5.1). In the definitions pelow the
visibility changes locally, so the explicit form <state, visibility >{s)used in these definitions. The global
results, however, always preserve the initial visibility as postulated in 9.5.1.

Let <s, vis> be an arbitrary pair in the set Sp x VIS,

The following definitions and notations are used in this clause:

— newlocp(L) is a primitive function that,for each finite subset L of location Locp, returps a fresh
location in Locp, i.e., one which is notqin L.

— loc = newlocp(dom(vis)) .

— vis, is a new visibility function defined as follows:

dom(vis,) = dom(vis)}'w {x} .

vis (y) = vis(y) %f y#X
IToc ify=x.
— s-T denotes the following set:

@dif T is a module type, then s-T=(R: R is a child instance of P in s and
R'e INST(T, E[Eg]) }

(b) if T is an ordinal type, then s-T = E[Eg[Eg,JI(T) .

— S(s, T) = {s” € Sp: s.Loc(loc) € s-T and all other components of s’ are identical t¢ those in

s} .
Remark 1: The definition of S(s, T) depends on the cases (a) and (b) above for s-T.

Remark 2: Note 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:
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valp(exist x:T suchthat E)(s, vis) = true iff
there exists an s’ € S(s, T) such that valp(E)(s’, vis) = true .
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’, vis,) = true.

[forone (X, T, E, SUity, Sti,) = forone X; 1 suchihal E 40 Sum; OUerwise stmy,

 these notations, the interpretation of a forone statement is defined thus:

Wi

—
[l

If Dp(s, T, E, x), then (s’*, vis) € [forone(x, T, E, stm;, stmy)]p (s, vis) iff
there exists an 8 € S(s, T) such that (valp(E)(s’, vis,) = true and (s’’, vis,) € [stmyp (5°, vis,))|.

If npt(Dp(s, T, E, x)), then [forone (x, T, E, stm;, stmy)]p (s, vis) =[stm,]p (s, vis)»

9.6.6.6.3 All statement

Let|u and vi be meta variables whose values are states and ‘visibilities, respectively. The possible
resullts of executing the statement *‘all x:T do stm’’ in the-state s and visibility vis, i.e., the semaptic
value of

[all k:T do stm}p (s, vis)
is g{ven by all possible final values of variables-u and vi of the following meta statement:

(u, vi) := (s, vis,);
forall R € s-T do

(uLoc(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 chqos-
ing plements in the-set's-T. In addition, the statement ‘‘stm’’ may give more than one result due to|the
posgibility of nesting Estelle statements.

chogsing.elements in the set s-T.

Ri:{ark 2: It'is strongly recommended not to use the all statement if its result depends on the order of

Remark 3: In case the exist expression, forone statement, or all statement concerns ordinal types, the
domain-list may contain several identifiers of different ordinal types, i.e., the domain list instead of
being reduced to the x:T may have the following general form:

1o . .
Xl,...,XkI.Tl,"',X{‘,...,X]?n.Tn,
wheren21, ki=21,i=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:
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— visibility vis, by:

dom(vis,) = dom(vis) U {x{: i=1,...,mj=1,... ki}.
is fy=xi
vis,(y) = { % Y=H
locj if y = xj .
— s-T; = E[Eg[Eg JI(T),i=1,...,n.

— 8, Ty, ..., T)= {s"€ Sp: s’.Loc(locji) € s-T; and all other elements in s’ are identical to

those ins } .

Lo

fprone statement, gives the required generalization in these cases.

Ih case of an all statement, the following meta statement (a particular use is the on€ in 9.6.6.6.3
the semantics of the general case:

(u, vi) := (s, vis,);
forall R € (s-T x - -+ X (s-T, ) do
(forall i e {1,...n} do
forall j € {1,..ki} do
u.Loc(loc) := RIi, j};
(u, vi) 1= [stm]p(u, vi));
Vi = VIS,

product (s-T)¥, the i-th part of the product (s-Tp*! x - -+ X (s-T)™.

ubstitution of S(s, Ty, ...,T,) for S(s, T), in the semantic definitions of an exist expressicln and

gives

where (s-T) = s-T; x - -+ x s-T; (ki times), and R[i, j] denotes the j-th element in the caftesian
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ANNEX A

(informative)

Collected syntax

This annex comprises three clauses: collected syntax from clause 7, collected syntax from clause 8, and
collected syntax from Annex C.

ntax—rules—are-defined—in-clauses—7-8-and—-Annex—Ci—therelationship-between—the—parts—is-as—follows.
Annex C defines a subset of ISO Pascal {ISO 7185] used by Estelle. Clause 8 defines extensiong to the
qubset defined in annex C and summarizes the restrictions imposed by the subset. Clause-7 {lefines
those grammar elements that are unique to Estelle. By convention, in clauses 7 and.8, nontgrminal
dymbols written entirely in upper case refer to the corresponding lower case nonterminal symbol in the
grammar rules found in Annex C (e.g., IDENTIFIER). Note that some nonterminals) found in Alx{:ex C

gre extended by clause 8. For example, an applied occurrence of COMPONENT-VARIABLE in
¢lause 7 refers to the nonterminal symbol ‘‘component-variable” as defined in Annex C and as
¢xtended in clause 8.

OTES
| The start symbol of the grammar is the nonterminal symbol specification (see 7.2.1).

2 The following nonterminal symbols do not appear on the right-hand side of any production and hence cajnot be
eached from the start symbol of the grammar: pointer-type, sinple-type, signed-number, and structured-E;e.

The following nonterminal symbols appear only on the right-hand side of productions that cannot be reached
from the start symbol of the grammar: pointer-type-identifier, real-type-identifier, signed-real, and strugtured-
pe-identifier.

A.1 Collected syntax from clause 7
actual-module-parameter =( EXPRESSION .
actual-module-parameter-list = actual-module-parameter { “,’” actual-module-parameter } .

gll-statement =" “‘all’”” ( domain-list | module-domain )
“do”” STATEMENT .

any<Clause = ‘‘any’’ domain-list **do’’ .

attach-statement = ‘‘attach’ external-ip “‘to’* child-external-ip .

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

body-identifier = IDENTIFIER .
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channel-block = +{ interaction-group } .

channel-definition = channel-heading channel-block .

channel-heading = ‘‘channel”” IDENTIFIER *‘(’’ role-list “‘)” **;"" .

channel-identifier = IDENTIFIER .

ISO 9074 : 1989 (E)

‘6

child-external-ip = module-variable *‘.”” external-ip .

,’I“ ”I‘t 77"‘

class = ‘‘systemprocess systemactivity process activity’” .
clause-group = [ provided-clause ]

W [ from-clause ]

U [ to-clause ]

W [ any-clause ]

W [ delay-clause ]

U [ when-clause ]

U [ priority-clause ] .

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

connect-statement = ‘‘connect’’ connect-ip’ ‘‘to’’ connect-ip .

declaration-part = { declarations } .

declarations = CONSTANT-DEFINITION-PART
| TYPE-DEFINITION-PART
| channel-definition
| module-header-definition
| module-body-definition
| interaction-point-declaration-part
| module-variable-declaration-part
| VARIABLE-DECLARATION-PART
| state-definition-part
| state-set-definition-part

I PROCEDURE-AND-FUNCUTION-DECLAKATION-FAKY .

6,99

default-options = ‘‘default’” queue-discipline ‘“;”" .

delay-clause = ‘‘delay” *“‘(’’ ( EXPRESSION *‘,”” EXPRESSION
| EXPRESSION **, %"
| EXPRESSION )

ce\1?
.
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detach-statement = ‘‘detach’” ( external-ip | child-external-ip | module-variable ) .

disconnect-statement = *‘disconnect’” ( connect-ip | module-variable ) .

domain-list = IDENTIFIER-LIST *‘:’* ORDINAL-TYPE
{ ¢;’ IDENTIFIER-LIST “‘:"* ORDINAL-TYPE } .

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

exported-variable = module-variable “.’’ exported-variable-identifier .
exported-variable-declaration = VARIABLE-DECLARATION .
exported-variable-identifier = IDENTIFIER .

external-ip = interaction-point-reference .

forpne-statement = ‘‘forone’’ ( domain-list | module-domain®)
“suchthat” BOOLEAN-EXPRESSION

“do”’ STATEMENT
[ “‘otherwise’” STATEMENT ] ,

from-clause = ‘‘from’’ from-list .

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

from-list = from-element/{™\*,”” from-element } .

hedder-identifier = \IDENTIFIER .

index-typeslist = INDEX-TYPE { *,”" INDEX-TYPE } .

ini{-Stalement = *‘init”> module-variable ‘‘with”’ body-identifier

" actual-module-parametcr-hs't 7T
initialization-part = { *‘initialize’ transition-group } .

interaction-argument-identifier = IDENTIFIER .
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interaction-argument-list ‘= *‘C’’ interaction-argument-identifier
& g
{ ‘c”’ interactioﬂ-argument.identiﬁer ] u)n .

interaction-definition = IDENTIFIER
[ “C” VALUE-PARAMETER-SPECIFICATION
{ “;”" VALUE-PARAMETER-SPECIFICATION } *)”’] *“;””
interaction-group = ‘‘by’’ role-identifier { *“,”’ role-identifier ] *“:*
+{ interaction-definition } .

interaction-identifier = IDENTIFIER .

e
j=1

teraction-point-declaration = IDENTIFIER-LIST *:”’ interaction-point-type
| IDENTIFIER-LIST “*:*” “‘array”’ ‘[’ index-type-list {1
“‘of”” interaction-point-typé

€450

fjteraction-point-declaration-part = *‘ip’” +{ interaction-point-declaration (;} .

—

[y

njteraction-point-identifier = IDENTIFIER .

infteraction-point-reference = interaction-point-identifier
{  “[” INDEX-EXPRESSION { ¢‘,”” INDEX-EXPRESSION } “|I”"].

infteraction-point-type = channel-identifier “‘("’ role“identifier “*)’’ [ queue-discipline ] .

interaction-reference = interaction-point-feference ‘.’ interaction-identifier .

internal-ip = interaction-point-réference .

=Y

p-index = CONSTANT\VARIABLE-IDENTIFIER .
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key-words =
*‘activity”’ | “all” 1 *‘any”
] ‘‘attach’’ 1 “‘body” 1 *“by”
I . *‘channel’ I **common” I “‘connect’’
] *“‘default™ 1 ‘‘delay” I “‘detach™
] ‘‘disconnect’’ | “‘exist” I “‘export”
i ““external’’ | ‘‘forone”’ i ““from’’
| *“individual”’ b “init” i ‘‘initialize”
| “ip”’ i “‘module” ! **modvar”
| ‘‘name’’ ] ‘“‘otherwise”’ | ‘‘output’’
| *‘primitive’’ | *“‘priority” ] ‘‘process’’
] ““provided”’ | “‘pure” I *‘queue”
1 “‘release’’ | ‘“same” | *‘specification’?
| “‘state’’ | ‘‘stateset’’ | *‘suchthat’’
| ‘‘systemactivity’’ 1 “*systemprocess’ 1 ‘“‘termindte™
] “‘timescale’’ I ‘“‘trans’’ | “when*).

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

module-domain = IDENTIFIER ‘‘:>’ header-identifier .

[ ““ip>’ +{ interaction-point-declaration “*;”’ } ]

[ ““export’ +{ exportedsvariable-declaration **;” } ]
C‘Cnd’7 G‘;” .

module-variable = module-variable-identifier
| module-variable-identifier “‘[”’ INDEX-EXPRESSION
‘ { «,”” INDEX-EXPRESSION } 1.

module-variable-declaration =SIDENTIFIER-LIST ‘‘:"” header-identifier

| IDENTIFIER-LIST ‘“:** array ‘‘[*” index-type-list “‘]”’
““of”* header-identifier .

6,0

module-variable<declaration-part = ‘‘modvar” +{ module-variable-declaration **;”* } .

module-variable-identifier = IDENTIFIER .

pararﬁeter-list = VALUE-PARAMETER-SPECIFICATION
{ s VALUE-PARAMETER-SPECIFICATION } .

priority-clause = ‘‘priority’’ priority-constant .

priority-constant = UNSIGNED-INTEGER | CONSTANT-IDENTIFIER .
104
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provided-clause = “bmvided” ({ BOOLEAN-EXPRESSION | ““otherwise”’) .

Py ¢

queue-discipline = ‘‘common’’ ‘‘queue’’ | ““individual’’ *‘queue’’ .

release-statement = ‘‘release’” module-variable .

role-identifier = IDENTIFIER .

role-list = IDENTIFIER *,”” IDENTIFIER .

specification = *‘specification’’ IDENTIFIER [ system-class ] *;”
[ default-options ]
[ time-options ]
body-definition
“end’” 1.,

state-definition-part = ‘‘state” IDENTIFIER-LIST *”
state—identiﬁer = ]IDENTIFIER .

state-set-constant = *‘[*’state-identifier { -\, state-identifier } *‘1** .
state-set-definition = IDENTIFIER “‘="" state-set-constant .
state-set-definition-part (=) *‘stateset’’ +{ state-set-definition *‘;’} .
state-set-identifier))= IDENTIFIER .

”I‘i

systemclass = ‘‘systemprocess systemactivity”’ .

terminate-statement = ‘‘terminate’’ module-variable .

time-options = ‘‘timescale’’ IDENTIFIER *‘;>’ .

to-clause = ‘‘to’’ to-element ,

to-clement = ‘‘same’’ | state-identifier .
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transition-block = CONSTANT-DEFINITION-PART
TYPE-DEFINITION-PART
VARIABLE-DECLARATION-PART
PROCEDURE-AND-FUNCTION-DECLARATION-PART
[ transition-name ] STATEMENT-PART .

transition-declaration = “‘trans’’ transition-group .

transigion-declaration-part—=—{transition-deelaration}—

transition-group = +{ clause-group transition-block ;" } .

transifion-name = ‘‘name’’ IDENTIFIER “:” .

YT

whentclause = ‘‘when’ when-ip-reference **.”’ interaction-identifier
: [ interaction-argument-list ] ¢

(T4l

whentip-reference = interaction-point-identifier [ “‘[’* ip-index { ‘X ip-index } ‘]’ ].

A.2 [Collected syntax from clause 8

ASSIGNMENT-STATEMENT = --- | module-yariable *‘:="" module-variable .
COMPONENT-VARIABLE = - |exported-variable .
CONS$STANT-DEFINITION =----'| IDENTIFIER *‘="’ ‘“‘any’’ TYPE-IDENTIFIER .

directfjve = letter { legter | digit } .

EXPRESSION== --- | module-variable RELATIONAL-OPERATOR module-variable .

FACTOR = -~ {1 exist-one .

LETTER = ---1*“_".

PROCEDURE-HEADING = --- | “‘pure” *‘procedure’” IDENTIFIER [FORMAL-PARAMETER-LIST] .

PROCEDURE-IDENTIFICATION = --- | “‘pure” *‘procedure’’ PROCEDURE-IDENTIFIER .
106


https://standardsiso.com/api/?name=76567d1a89ad875e88648299e2c6fe25

ISO 9074 :1989 (E)

REPETITIVE-STATEMENT = --- | all-statcment .

RESULT-TYPE = TYPE-IDENTIFIER .

SIMPLE-STATEMENT = --- [ attach-statement
| connect-statement
| detach-statement
| disconnect-statement
| init-statement

Fouput-StETent
| release-statement
| terminate-statement .

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

STRUCTURED-STATEMENT = --- | forone-statement .
TWPE-DEFINITION = --- | IDENTIFIER *‘="" *...)" .
WORD-SYMBOL = --- | key-words .

Al3 Collected syntax from annex C

4c vy

adtual-parameter-list = ‘‘(’’(actual-parameter { **,”’ actual-parameter } )"’ .

aqding-operator =_%“4™ | “-** | “‘or”’ .

e 3 9 2

agjostrophe-image =

LY IR R

* index-type { **,”’ index-type ] *‘]”* ‘‘of’’ component-type .

12 cc[’

arfdy-lype = ‘‘array

aqtual-parameter = expression | variable-access ! procedure-identifier | function-identifier .

array-variable = variable-access .

assignment-statement = ( variable-access | function-identifier )
‘“:="" expression .

base-type = ordinal-type .
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block = label-declaration-part
constant-definition-part
type-definition-part
variable-declaration-part
procedure-and-function-declaration-part
statement-part . :

Boolean-expression = expression .

case-constant = constant .
case-constant-list = case-constant { ‘‘,’’ case-constant } .

case-index = expression .

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

case-statement = ‘‘case’’ case-index ‘‘of’’ case-list-clement
{ *“;” case-list-element } [ **;”" ] “‘end®>\.
character-string = *‘’ * string-element { string-element } ** *

component-type = type-denoter .

Qomponent—variable = indexed-variable | ficld-designator .
compound-statement = ‘‘begin’’ statement-sequence ‘‘end’’ .
conditional-statement = if-statement | case-statement . -

constant~'= [ sign ] ( unsigned-number | constant-identifier ) | character-string .

—constant-definition = Tfdemtifier =" constant
constant-definition-part = [ ‘‘const’” constant-definition *‘;”’ { constant-definition
constant-identifier = identifier .

control-variable = entire-variable .
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digit = “0” l “1” ‘ ‘(2” l GL3" l “4" ‘ 665,’ I ‘56” I 6‘777 l “87, | (‘91’ .

digit-sequence = digit { digit } .

domain-type = type-identifier .

else-part = ‘‘else’” statement .

1SO 9074 : 1989 (E)

empty-statement =
entire-variable = variable-identifier .
enumerated-type = ‘*(*’ identifier-list **)”* .

expression = simple-expression [ relational-operator simple-expression ] .

factor = variable-access
| unsigned-constant
| function-designator
| set-constructor
14"’ expression ‘)"’
f “not”’ factor .

field-designator = record-variable ‘*.”” field-specifier | field-designator-identifier .

field-designator-identifier” = identifier .
field-identifir-= identifier .
field-list = [ ( fixed-part [ *‘;’’ variant-part ] | variant-part ) [ ;" 1].

field-specifier = field-identifier .

final-value = expression .

Ce,9Y

fixed-part = record-section { ‘‘;”’ record-section } .

for-statement = ‘‘for’’ control-variable ‘‘:="’ initial-value
( “to’” ] ““‘downto’” ) final-value *‘do”’ statement .
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formal-parameter-list = “(’’ formal-parameter-section { *;’* formal-parameter-section } ‘)" .

formal-parameter-section = value-parameter-specification
| variable-parameter-specification
| procedural-parameter-specification
| functional-parameter-specification .

fractional-part = digit-sequence .

functitln-block = block .

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

functipn-designator = function-identifier [ actual-parameter-list ] .
functipn-heading = ‘‘function’’ identifier { formal-parameter-list ] **:"/result-type .
functipn-identification = ‘‘function’’ function-identifier .

functipn-identifier = identifier .

functipnal-parameter-specification = function-heading .

goto-statement = ‘‘goto’’ label .

identified-variable = pointef-variable T’ .

identifier = letter {-letter | digit } .

idemifer-list = identifier ( **,”’ identifier ) .

if-statement = ““if”’ boolean-expression ‘‘then’’ statement [ else-part ] .
index-expression = expression .

index-type = ordinal-type .
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indexed-variable = array-variable ‘‘[*’ index-expression { *‘,’” index-expression } ‘]’ .

initial-value = expression .

label = digit-sequence .

label-declaration-part = [ “‘label’’ label } .

latter =
‘Ga” l GGb” l ‘bc’i I 6ld” I ‘6e59
I (‘h,’ I t‘i” I Hj" l &Gk?’ | &61?’
I “O’, I 6,22 ' “q)’ l ¢¢r1’ I “S’,
' l‘v” l “w,’ ' l¢x73 I 6‘y” l L‘Z”
member-designator = expression [ ‘“..”” expression ] .
multiplying-operator = ““*** | ““/”* | ““div’’ | ““mod”’ | “‘and’’ .

=]

ew -ordinal-type

enumerated-type | subrange-type .

pw-pointer-type = ““T°’ domain-type .

=

=

ew-structured-type = [ ‘“‘packed”” ] unpacked-structured-type .

ordinal-type = new-ordinal-type | ordinal-type-identifier .

ordinal-type-identifier = type-identifier .

p])inter-typc = new-pointer-type | pointer-type-identifier .

ngw-type = new-ordinal-type-new-structured-type | new-pointer-type .

pointer-type-identifier = type-identifier .

pointer-variable = variable-access .

procedural-parameter-specification = procedure-heading .
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procedure-and-function-declaration-part = { ( procedure-declaration | function-declaration )

procedure-block = block .

procedure-declaration = procedure-heading ‘‘;” directive

| procedure-identification *‘;'’ procedure-block

(YL

{ procedure-heading ‘*;>’ procedure-block .

6,09
’

. . . o
= = = Treter=1st ]

procedure-identification = *‘procedure’” procedure-identifier .

procedure-identifier = identifier .

procedure-statement = procedure-identifier ( [ actual-parameter-list ] )"

real-type-identifier = type-identifier .

record-section = identifier-list *‘:*’ type-denoter .

record-type = “‘record’’ field-list “‘end’’ .

record-variable = variable-access .

record-variable-list = recOrd-variable { *‘,”’ record-variable } .

”I“

relational-operator=s" “‘="" | ‘<> | “<” | > <= | “*>="" | “in”

repeat-statement = ‘‘repeat’’ statement-sequence ‘‘until’’ boolean-expression .

repétitive-statement = repeat-statement
| while-statement

| for-statement .

scale-factor = signed-integer .

set-constructor = ‘‘[** [ member-designator { **,”” member-designator } 1 “‘]”’ .

set-type = ‘‘set’” ‘‘of’” base-type .
112
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sign = 6‘+,, ' “-” .

signed-integer = [ sign ] unsigned-integer .

signed-number = signed-integer | signed-real .

signed-real = [ sign ] unsigned-real .

simple-expression = [ sign ] term { adding-operator term } .
simple-statement = empty-statement
| assignment-statement

| procedure-statement
| goto-statement .

simple-type = ordinal-type | real-type-identifier .

simple-type-identifier = type-identifier .

special-symbol =
6‘+7’ l ‘5_,1 I Gt*,’ I G‘/,, I ¢‘=1)
I £G<97 I 4‘>7’ I “[1’ | ‘&]77 I “. *
| “,’7 I ‘5:,’ l “;” I GlT!’ ' “( r
I i‘)’) l “<>” I “<=” I ‘$>=,’ I ‘l:‘::”
[ I~ word-symbol .

statement = [ labelf“:’’ ] ( simple-statement | structured-statement ) .

-statement-part = compound-statement .

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

string-element = apostrophe-image | string-character .

structured-statement = compound-statement
| conditional-statement
| repetitive-statement
| with-statement .

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

subrange-type = constant ‘‘..”’ constant .

tag-field = identifier .

tag-type = ordinal-type-identifier .

term F factor { multiplying-operator factor } .

type-definition = identifier ‘="’ type-denoter .
type-definition-part = [ *‘type’ type-definition *‘;’’ { type-definition **;>’ } ].
type-denoter = type-identifier | new-type .

type-identifier = identifier .

unpacKed-structured-type = array-type | record-type l-set-type.
unsigngd-constant = unsigned-number

| character-string

| constant-identifier
| ““pil”* .

unsigngd-integer = digit-sequénce .
unsigngd-number = unsigned-integer | unsigned-real .

unsigngd-real = unsigned-integer *‘.”* fractional-part [ “‘e”” scale-factor ]
| unsigned-integer ‘‘e’’ scale-factor .

value-parameter-specification = identifier-list *“:”" type-identifier .

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

variable-declaration = identifier-list *;> type-denoter .

variable-declaration-part = [ ‘‘var’’ variable-declaration ‘‘;>* { variable-declaration ‘‘;>* } ].
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variable-identifier = identifier .

variable-parameter-specification = ‘‘var’’ identifier-list ‘“:’” type-identifier .

variant = case-constant-list ¢“:>> *‘(*’ field-list <)’ .

XL

variant-part = ‘‘case’’ variant-selector *‘of*’ variant { *‘;>’ variant } .

IS0 9074:1989 (E)

variant-selector = [ tag-field *“:”’ ] tag-type .

while-statement = *‘while’’ Boolean-expression ‘‘do’’ statement .

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

word-symbol =
‘Gand,’ | “array)’ I “bcgin”
] ““const’’ | “div’’ | “do”’
| “else’’ | “end”’ | “for”’
| ““function”’ | “‘goto”’ | b | i
I “labﬁl,, l “mod?) l “nil”
I “of,, I ¢6or,! l “packed!,
| “record”’ | repeat’’ | “‘set’’
| G&then’, ' “to’, I ‘Ctym”
| “var”’ ] “‘while”’ | “with’” .

“‘case”
“downto”’

s

not”’
€ ‘procedure’ k]

“uﬂtﬂ”
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ANNEX B

(informative)

User guidelines

B.1 User data management

B.1.1 Purpose of user data management

User data management is an important part of a protocol specification:

—1 (N)-user data are received by the (N)-layer from the (N+l)-layer and combined with (N)-PCI to
form (N)-PDUs, after possible fragmentation and/or concatenation. Then the ((N)-PDUs are put
info (N-1)-SDUs and passed to the (N-1)-layer.

— when (N-1)-SDUs are received they are decoded (i.e., the (N)-PCI are fecognized and removed
and the (N)-SDUs are built (after possible reassembly) from the received data and passed to the
(N+1)-layer.

B.1.2 Principles

procedires encode and decode which may be used to pérform mappings between Pascal record types

This i}i{deline describes preferred means for the manipulation of user date in Estelle in the form of twg
and codled representations of such types as strings of octets.

PDU manipulations should be effected by .mfeans of two primitive polymorphic procedures called
encode|and decode with headings as follows:

procedure encode (var d : datatype ; r\rectype); primitive;
prooedure decode (d : datatype ;~var'r : rectype); primitive;
The effect of these functions Should be to map variables of any record type onto variables of datatypg

(as defined in 1.3 of Afnex B). They should, in general, perform component-wise mapping of records
onto cqded octet strings-and vice versa,

B.1.3 Encode procedure

strmg types. Thxs procedure should be pnmmve The procedure headmg 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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aray [1..C]Jof 0. 255

and C denotes a positive integer constant,

and where rectype denotes any Pascal record-type.

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

T
at

fa

1.4 Decode procedure

procedure called decode should be used to convert values of octet string types into yalues of ]
cord types. This procedure should be primitive. The procedure heading should be of the form:

p]](;cnedure decode ( d : datatype ; var r : rectype );

imitive ;
here datatype and rectype denote types as defined in B.1.3.
he formal specification acconipanying the use of this procedure should express the representat

hich represents a number in the range O to 255 in binary notation.

1.5 Guidelines

he two above defined procedures (encode and)decode) provide a means to describe any OSI pr

dgscription be desirable, the specifier may-use a more detailed manipulation of data type and p

r a more detailed description of encoding and decoding as illustrated below.

Pascal

on of

glues of the type datatype in terms of the integral value represented by a sequence of octets each of

btocol

an appropriate level of abstraction. However, should a less abstract (more implementation orifnted)

ovide

Bi1.5.1 Constants and types
A} the top level of the specification, the following declarations are included:
cqnst
‘maxdata = any integer;  { the maximum size of any piece
of data that a specification
may handle }
type
octet = (..255; { one byte }

len_type = 0..maxdata; { for data_type length }
id_type = 1..maxdata; { for index in a data_type )

data_type = record { this is a data-type record }
1: len_type; { actual length )
d : array[id_type] of octet;{ actual data }

end;
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NOTE — The fact that Pascal does not define how the array of “‘octet’’ is actually stored is not relevant since the
specification of an OSI protocol defines only the relationship between the (N) and (N-1)-services in an abstract way.

However problems may arise for physical layer protocols .

Whenever data must be declared, the type ‘‘data_type’’ will be used (i.c., some parameters of interac-

tions and some variables in the body of modules will be of type ‘‘data_type’’).

B.1.5.2 Procedures and functions

At the top level 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;

{ initialize the variable data to a null data_type; i.e., d_length will return 0-}
procedure d_null ( var data : data_type); primitive;

{ copy from_data into to_data )
procedure d_copy ( from_data : data_type;
var to_data : data_type); primitive;

{ prepare a data variable for holding data }
procedure d_create ( var data : data_type;
length : id_type); primitive;

{ return the octet at the specified offset; 1 is-the first }
function d_get ( data : data_type;
offset : id_type) : octet; primitive;

{ put the octet at the specified offset; 1 is the first }
procedure d_put ( var data : data_type;

offset :id-type;

value.; octet); primitive;

{ append the data-contained in ‘‘addition’’ to the variable ‘‘base’’,
and set ‘‘addition’’ 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;

(X3 2 - - b

- ]
procedure d_fragment ( var head : data_type;

var old : data_type;

Ien : len_type); primitive;

B.1.5.3 Definition of procedures and functions
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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

d_length := data.l; { actual length of data_type }
end;

{ initialize the variable data to a null data_type; i.c d_length will return 0 }

'Y
I\:E index : id_type; { index over the array of octets }

begin

for index := 1 to maxdata do
data.d[index] := O;

datal = 0;

epd;

{|copy from_data into to_data )
procedure d_copy ( from_data : data_type;
var to_data : data_type);
ar index : id_type; { index over the array of octets }
egin
for index := 1 to maxdata do
to_data.d[index] := from_data.d[index];
to_data.l := from_data.l;
end;

o <

{| prepare a data variable for holding data }
procedure d_create ( var data : data_type;
length : id_type);

begin
d_null(data);
data.l := length;
end;

{| return the octet at thespecified offset; 1 is the first )
fpnction d_get ( data;'data_type; '
offset : id_type) : octet;
Begin
if ( offsét> data.l) then
d=get = 0 { return O if offset greater than length ]
else\d__get := data.d[offset];
gnd;

{ 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;
end;
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{ append the data contained in *‘addition’’ to the variable ‘‘base’’,
and set ‘‘addition’’ to the null data_type }
procedure d_assemble ( var base : data_type;
var addition : data_type);
var tot_length : integer; { total length }
index : len_type;
begin
{ compute total length and limit it to maxdata }
tot_length := base.l+addition.];
if (tot_length > maxdata) then
—totlength-=maxdata;
{ append octets to base }
for index := 1 to tot_length - base.l do
base.d[index+base.l] := addition.d[index];
{ update length of base }
base.l := tot_length;
{ set addition to the null data_type }
d_null(addition);
end;

{ 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);
var index, length : len_type;
begin
if (len > old.l) then length := old.1
else length := len; { length is at most. the length of old }
d_create(head, length); { initialize-head to hold *‘length’’ octets }
if (length > Q) { if length is zero, nothing to do } then begin
{ move length octets from old to head )
for index := 1 to length-do
head.d[index] :=rold:d[index];
{ move tail of old at the beginning }
for index := 1(fo,old.l-length do
old.d[index} := old.d[index-+length];
{ set to.zero the tail of old )
for index = old.l-length+1 to old.1 do
old.d(index] := 0; .
old.l := old.l-length;
end;
énd;

B.1.5.4 Example

The following gives a short example of user data manipulation based on the description in Estelle of the
OSI transport protocol, class 0 [ISO 8073].

const .
no_eot=0; { not end of TSDU mark )
eot = 128; { end of tsdu mark }
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li_dt0 =2; { length indicator for data in class 0 ISO 8073 }
cd_dt0 = 240; { pdu code for data }

var
TDSU : data_type; { tsdu being assembled before passing it to the user }
pdu_len :integer; ( pdu length as negotiated during connection phase }

state
OPEN, WENC, WECC, NONC; { state of transport module }

1SO 9074:1989 (E)

-

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 v
d_create ( nsdu, 3); { header is 3 octet in IS 8073 class 0 }
d_put ( nsdu, 1, Li_dt0); { set the length indicator }
d_put ( nsdu, 2, cd_di0); { set the PDU code )
d_put ( nsdu, 3, eot_mark); { set the end-of-tsdu mark )}
d_assemble ( nsdu, frag); { append the fragment of user data }
end;

begin { transition block }
while ( d_length ( T_user_data) > pdilen - 3) do
begin
d_fragment ( frag, T_user.data, pdu_len - 3);
build_dt0 ( no_eot);
output NS.N_DT_RQ( nsdu);
end;
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
provided (  { data pdu and eot }
( d_get ( N_user_data, 1) = li_dt0 )

and (d_get ( N_user_data, 2) = cd_dt0)
and ( d_length ( N_user_data) <= pdu_len )
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 }
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provided (  { data pdu and no eot }
( d_get ( N_user_data, 1) = li_dt0 )

and ( d_get ( N_user_data, 2) = cd_dt0 )

and ( d_length ( N_user_data) <= pdu_len )

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 following specifies an alternating bit protocol that provides, reliable cpmmun-
ication over a network service that sometimes loses messages. This simple protacol uses a| one-bit
sequence number (which alternates between 0 and 1) in each message or acknowledgement to dgtermine

when messages must be retransmitted.

The specification text includes complete definitions of most module types. ‘By using primitive fiinctions

and procedures, it omits certain implementation details.

The following diagram illustrates the global structure of the’ network and alternating bit
described in the specification.

User{low] User.,". . Userfhigh]
A_Bllow] AB.. . A_Blhigh]
Network

Structure of Alternating Bit System

entities

Specification Example; timescale seconds;
{ This is the top level module body (specification)
The specification has no atiribute,
and all its children ( user, ab, network ) are systems,
The time scale for delays is in seconds. }

const { “‘any”’ base-type
is used to specify that an implementer must
define these constants for his environment. }
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low = any integer; { Bounds of interaction point }
high = any integer; { subscripts. }
Retran_time = any integer; { retransmission time }

type { “...” is used to specify that an implementer

must define these types for his environment. }

1SO 9074 :1989 (E)

{

{

[s-]

Cep_type = low .. high;

U_Data_type =..; { user data }

Seq_type =0.1; { sequence number range }

Id_type = (DATA, ACK);

Ndata_type——=

record

Id: 1d_type; { type of message }
Conn: Cep_type; { cep of sender }

Data: U_Data_type; [ user data }
Seq:  Seq_type { sequence number }
end;

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:
RECEIVE_response(Udata: U_Data_type);

channel N_access_point(User,Provider);

by User:

DATA_request(Ndata: Ndata_type);
by Provider:

DATA_response(Ndata; Ndata_type);

Module header definitions }

module User_type systemprocess

( Conn_end_pt.id: Cep_type); {parameter list}
ip U: U_access_point(User) common queue;
nd; { of module header definition ]

{/Thé interaction point is named ‘“U’’; its channel-type

is named ‘“U_access_point’’ and the role of the module

with respect to “"U”" is named ~User . The queue of ~"U
is shared with other interaction points designated
‘‘common queue’’ within the module named ‘‘User’’. }

module Alternating_bit_type systemprocess

( Conn_end_pt_id: Cep_type); {parameter list}
ip {interaction point list }
U: U_access_point(Provider) common queue;
N: N_access_point(User) individual queue;
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end; { of module header definition }

{ The module has two interaction points named ““U’” and *“N’’;
the roles of the module are named:
*“Provider’’ with respect to ““U’’, and
““User”” with respect to ““N”’,
Notice that there is an individual queue associated
with the interaction point ‘“N”’. If the queue would
have been common (with the queue of ‘“‘U’’) a
SEND_request interaction output by the user while
——themoduteis-the-in-the ACK-WAIT-state-would-Jead

to a deadlock (since the modu_l-e would not be able
to process a network interaction put in the same queue).}

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-bélow: }

body Alternating_bit_body for Alternating_bit_type;

fype
Msg_type =
record { ¥ecord introduces a data structure }
Msgdata:CU: Data_type; { to be “*...”" }
Msgseq:) Seq_type
end;
Buffer’type = ..
var

send_butfer, Recv_butler: Builer_type;
Send_seq, Recv_seq: Seq_type;

P, Q: Msg_type;

B: Ndata_type;

state ACK_WAIT, ESTAB; { state definition part }

stateset  { state-set-definition-part }
EITHER = [ACK_WAIT, ESTAB];

124


https://standardsiso.com/api/?name=76567d1a89ad875e88648299e2c6fe25

ISO 9074 : 1989 (E)

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;

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 imptememnter:
initialize a variable holding user data to
the value *‘no user data’ }

pllocedure Format_data(Msg: Msg_type; var B: Ndata_type);
gin

B.Id := DATA;

B.Conn := Conn_end_pt_id;

{ connection reference given in the instantiation )

copy( B.Data, Msg.Msgdata); { copy data }

B.Seq := Msg.Msgseq;

end;

priocedure Format_ack (Msg: Msg_type; var B: Ndata_type);
pgin

B.Id ;= ACK;

B.Conn := Conn_end_pt_id;

empty (B.Data); { no data for an ACK }

B.Seq := Msg.Msgseq;

end;

-2

{ two variables of type ‘‘buffer_type’” ‘are used to hold messages ( of type ‘‘msg_type™’):
Bend_buffer for sending, Receivenbuffer for receiving.

[he following procedures and functions are used

manipulate buffer_type variables }

p:locedure Empty_buf(var Buf: Buffer_type);
pilimitive; { procedure provided by implementer :
set-a ‘buffer to ‘‘empty’’ i.e. contains no messages)

prjiocedure.Siore(var Buf: Buffer_type; Msg: Msg_type);
prlimitive; [" procedure provided by implementer :

store a message into a buffer_type

variable such that the messages can be
retrieved or removed in a FIFO manner}

procedure Remove(var Buf: Buffer_type);
primitive; { procedure provided by implementer :
remove the first message)

function Retrieve(Buf: Buffer_type): Msg_type;

primitive; { function provided by implementer :
retrieve the first message and return it;
the message is not removed }
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function buffer_empty(Buf: Buffer_type) : boolean;
primitive; { function provided by implementer :
check if a buffer contains a message)

procedure Inc_send_seq;
begin

Send_seq := (Send_seq + 1) mod 2
end;

procedure Inc_recv_seq;

—begin
Recv_seq := (Recv_seq + 1) mod 2
end;

initialize { 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 specific }
Empty_buf (Recv_buffer); { implementation specific }
end;

trans { transition-declaration-part of the alternating bit-process }

from ESTAB
to ACK_WAIT
when USEND_request
begin { transition 1 }
copy(P.Msgdata,Udata); { copy user data in 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 URECEIVE_request
provided not buffer_empty(Recv_buffer)
begin { transition 2 }
Q := Retrieve(Recv_buffer); { retrieve received message }
output URECEIVE_response(Q.Msgdata);

Remove(Recv_bulfer) [ remove message from receiving butfer J
end;

from ACK_WAIT

to ACK_WAIT
delay (Retran_time) )
begin { transition 3 }
P := Retrieve(Send_buffer); { retrieve message to be retranmitted }
Format_data(P,B); { format a network message )

output N.DATA _request(B);
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end;

from ACK_WAIT
to ESTAB
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 { transition 5 }
copy (Q.Msgdata,Ndata.Data);
Q.Msgseq := Ndata.Seq;
Format_ack(Q,B);
output N.DATA_request(B);
if Ndata.Seq = Recv_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; v
Alternating_bit: array{Cep_type] of Alternating_bit_type;
Network: Network_type;

injitialize { initializdtion-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
interaction point has end points at two modules. }

all Cep: Cep_type do
begin
init User[Cep] with User_body(Cep);
init Alternating_bit{Cep] with Alternating_bit_body(Cep);
{ connect interaction points }
connect User[Cepl.U to Alternating_bit[Cep].U;
connect Alternating_bit[Cep].N to Network.N[Cep];
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end;
end; { of module initialization within the specification’s initialization-part }

end. { End of specification; the specification has no transition part }
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The following text is a modification of {ISO 7185]. Original clause numbers and page numbers should
help the reader note the changes. '

N
agpear in clause 8.

[-a)

Requirements

[

1 Lexical tokens

v

tipnal Standard.

letter =

462
I t‘h”
l tC_ 99

I [T 1]

d1git G‘OH I ‘lep I Lc2n I ‘6377 I tt4$’ I tt5)’ I tt6s? | ‘¢7n l “8” l ‘ng .

“b” I Nc7! I “d" I
“i” I “j” l “k" I
ch)’ l th’a l 661,’5 '
66w” l t‘x’9 I “y” l

NOTE — Clause 8 extends the production rule for letter.

[Original Page 6]

66 29
4‘111
[P E)

66,09

rules

NPTE. The syntax given in this subclause (6.1) describes the formation of lexical tokens from characters and the
dparation of these tokens, and therefore does not adhere to the same rules as the-syntax in the rest of this Ihterna-

6J1.1 General. The lexical tokens used to construct Pascal programs shall be classified into special-
symbols, identifiers, directives, unsigned-numbers, labels and-character-strings. The representation of
y letter (upper-case or lower-case, differences of fonf; etc.) occurring anywhere outside|of a
character-string (see 6.1.7) shall be insignificant in that Occurrence to the meaning of the specificatjon.

€6 .29

TEE AN BT
‘ “m” l t‘n,i
I “t’, I 6‘u7’

6.1.2 Special-symbols. The special-symbols are tokens having special meanings and shall be used to
delimit the syntactic units of the language.
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special-symbol =
¢‘+” ' GG_!’ l G‘*!’ I “/7, l tl=!’
I ‘6<” | ‘G>,’ I ‘l[” ' Gl]” l GG',’
I “,1’ | tt:1’ I 6‘;)’ I G‘T,Q ' ‘&(71
I [X2% 24 l “<>11 | “<=11 I “>=” | “.=’1
| “. {  word-symbol .
word-symbol =
l‘and1! I ‘Garray71 | “beginii I GGcase77
| “‘const” I “div”’ I *do” 1 *‘downto”
| “else’”” l “‘end”’ 1 *“for”’
I “function”’ I “‘goto”’ R | i I “in”’
I ‘Llabel,1 I ‘Cmod91 I Ltnil’, I “nOt”
I “of”’ I “or”’ I “‘packed” 1 Aprocedure’’
| “record”’ |~ ‘“‘repeat”’ | ‘set’’
' “theﬂ” ‘ “to” | “tyw” I “until,’
| “var”’ { “‘while’’ | “with”

NOTE — The reserved words “‘file’” and *‘program’’ have been deleted.

6.1.3 Identifiers. ldentifiers may be of any length. All-¢haracters of an identifier shall be significant in
distinguishing between identifiers. No identifier shall' have the same spelling as any wordisymbol.

Identifiers that are specified to be required shall have ‘special significance (see 6.2.2.10 and 6.10).

identifier = letter { letter | digit } .

Examples:
X
time
readinteger
WG4
AlterHeatSetting

Inquire WorkstationTransformation
Inquire WorkstationIdentification

tr_connect-réq
Ss_sync/major

NOTE = see clause 8 for directive.

6.1.5 Numbers. An unsigned-infeger shall dénofe in decimal notafion a value ol InEger-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
‘‘¢”’ preceding a scale factor shall mean times ten to the power of. The value denoted by an unsigned-

integer shall be an integer.
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signed-number = signed-integer | signed-real .

signed-real = [ sign ] unsigned-real .

signed-integer = [ sign ] unsigned-integer .

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

sign = 477

unsigned-real = unsigned-integer *‘.”” fractional-part [ *‘¢” scale-factor ]
| unsigned-integer ‘‘e’’ scale-factor . '

unsigned-integer = digit-sequence .

fractional-part = digit-sequence .

scale-factor = signed-integer .

digit-sequence =—digit{digit

[Original Page 7]

Bxamples:
. 1el0
1
+100
-0.1
5e-3
87.35E+8

alues and shall be in the closed interval 0 to 9999:

" label = digit-sequence .

the required char-type (see 6.4:2.2). A character-string containing more than. one string-elemen|

e restriction that no such/value shall be denoted by more than one string-element.
haracter-string =~\"*"" ** string-element { string-element } ** * >
ing-element <=-apostrophe-image | string-character .
strophe-image = *“’° "’

(o}

OTE. Conventionally, the apostrophe-image is regarded as a substitute for the apostrophe character, which
a-string-character.

3.1.6 Labels. Labels shall be digit-sequences and-shall be distinguished by their apparent integral

6.1.7 Character-strings. A character-string containing a single string-element shall denote a vglue of

[ shall

denote a value of a string-type.(see 6.4.3.2) with the same number of components as the charactertstring
gontains string-elements. Each string-character shall denote a value of the required char-type, subject to
|4

cannot

Examples

6.1.8 Token separators. The construct

“‘{>> any-sequence-of-characters-and-separations-of-lines-not-containing-right-brace *‘}”’

shall be a comment if the { does not occur within a character-string or within a comment. The substitu-

tion of a space for a comment shall not alter the meaning of a specification.
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Comments, spaces (except in character-strings), and the separation of consecutive lines shall be con-
sidered to be token separators, Zero or more token separators may occur between any two consecutive
tokens, or before the first token of a specification text. There shall be at least one separator between any
pair of consecutive tokens made up of identifiers, word-symbols, labels or unsigned-numbers. No

separators shall occur within tokens.

6.1.9 Lexical alternatives. The representation for lexical tokens and separators given in 6.1.1 to 6.1.8
shall constitute a reference representation for these tokens and separators. The reference representation

shall be used for specification interchange.

To facilitate the use of Estelle processors that do not support the reference representation, the fo
lternatives have been defined. All processors that have the required characters in their_charal
hall provide both the reference

[Original Page 8]

representations and the alternative representations, and the corresponding tokens or separators s
be distinguished.

The alternative representations for the tokens shall be:

Reference token | Alternative token
T @
[ (-

] )

NOTE 1. The character T that appears ifi $ome national variants of ISO 646 is regarded as identical to the
er *. In this standard, the character T has been used because of its greater visibility.

The altemative forms of comment shall be all forms of comment where one or both of the fo
substitutions are made:

Delimiting) character Alternative delimiting

pair of characters
N l *
} *)

llowing
cter set

hall not

charac-

llowing

NOTES

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

3. If the sequence (*) occurs in a comment, it is equivalent to (} and marks the end of the comment, bec
substitution is only for a delimiting character.

6.2 Blocks, scope and activations

132
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6.2.1 Block. A block closest-containing a label-declaration-part in which a label occurs shall closest-
contain exactly one statement in which that label occurs. The occurrence of a label in the label-
declaration-part of a block shall be its defining-point as a label for the region that is the block.

block = label-declaration-part

TH

6.2.

Se

6.2

6.2
Wi

iable-declaration-part = [ ‘‘var” variable-declaration *‘;* { variable-declaration **;” } 1.
prpcedure-and-function-declaration-part = { ( procedure-declaration | function-declaration ) *‘;’ }|.

stqtement-part = compound-statement .

e 7.1,

.3 Activations

constant-definition-part
type-definition-part
variable-declaration-part ,
procedure-and-function-declaration-part
statement-part .

S.‘
e
(o )

—- A label-declaration-part is restricted to one label.

stant-definition-part = [ ‘‘const’’ constant-definition ‘‘;"* { constant-definition ‘%Y ].
-definition-part = [ “‘type” type-definition **;"* { type-definition *;"* } ] .

e statement-part shall specify the algorithmic actions to be executed-pon an activation of the blpck.

[Original Page-9]

2 Scope

.3.1 A procedure-identifier or function-identifier having a defining-point for a region that is a plock
fhin the procedure-and-function-declaration-part of that block shall be designated local to that blgck.

[Original Page 10]

6.2.3.2 The activation 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 label in a statement having a defining-point in the label-declaration-part of the block, a
program-point in the algorithm of the activation of that statement;
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(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;

(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 corre:

sponding

to, and the result type associated with, the function-identifier, and the formal parameters of that

function-block;

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

NOTE. Each activation contains its own algorithm, set of program-points, set of variables;\set of proceflures, and

set of functions, distinct from every other activation.

6.2.3.3 Activation of a procedure or function shall be the activation of the’block of its procedpre-block

or function-block, respectively, and shall be designated as within:
(a) the activation containing the procedure or function; and

(b) all activations that that containing activation is within.

NOTE. An activation of a block B can only be within-activations of blocks containing B. Thus an activation is not

within another activation of the same block.

Within an activation, an applied occurrence of a label or variable-identifier, or of a procedure;
or function-identifier local to the block of the activation, shall denote the corresponding progrj
variable, procedure, or function, respectively, of that activation; except that the function-identil
assignment-statement shall, within an activation of the function denoted by that function-i
denote the result of that activation.

identifier
hm-point,
fier of an
dentifier,

6.2.3.4 A procedure:statement or function-designator contained in the algorithm of an activItion and

that specifies thecactivation of a block shall be designated the activation-point of that activati
block. .

6.2.3.5 CAll' variables contained by an activation, and any result of an activation, shall bq
undefined at the commencement of that activation. The algorithm, program-points, variab
cedures and functions, if any shall exist until the termination of the activation.

n of the

- totally-
les, pro-

6.3 Constant-definitions. A constant-definition shall introduce an identifier to denote a value.

constant-definition = identifier ‘‘="" constant .
constant = [ sign ] ( unsigned-number | constant-identifier ) | character-string .
constant-identifier = identifier .

[Original Page 11]
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The occurrence of an identifier in a constant-definition of a constant-definition-part of a block shall con-
stitute its defining-point for the region that is the block. The constant in a constant-definition shall not
contain an applied occurrence of the identifier in the constant-definition. Each applied 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-definition shall introduce an identifier to denote a type. Type-shall be'an attri-
bute that is possessed by every value and every variable. Each occurrence of a new-type shall-denote a
that is distinct from any other new-type.

-definition = identifier ‘="’ type-denoter .
-denoter = type-identifier | new-type .
ngw-type = new-ordinal-type | new-structured-type | new-pointer-type .

defining-point for the region that is the block. Each applied occurrence of that identifier shall be a
-identifier and shall denote the same type as that which is denoted by the type-denoter of the|type-

s shall be classified as simple, structured or pointer types. The required type-identifiers and

simple-type-identifier = type-identifier .
ctured-type-identifier = type-identifier-
inter-type-identifier = type-identifier.)
-identifier = identifier .

Al type-identifier shall be considered as a simple-type-identifier, a structured-type-ldenuﬁer or a
pointer-type-identifier, according to the type that it denotes.

64.2 Simple-types

64.2.1 General. A simple-type shall determine an ordered set of values. The values of each orflinal-
type shall-have integer ordinal numbers. An ordinal-type-identifier shall denote an ordinal-type.

ordmal-type = new-ordmal typc | ordmal type 1denuﬁer
new-ordinal-type = enumerated-type | subrange-type .
ordinal-type-identifier = type-identifier .
real-type-identifier = type-identifier .

6.4.2.2 Required simple-types. The following types shall exist:
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(a) integer-type. The required ordinal-type-identifier integer shall denote the integer-type. The

values shall be the set of the whole numbers, denoted as specified in 6.1.5 by signed-inte
also 6.7.2.2). The ordinal number of a value of integer-type shall be the value itself.

(b) real-type. The required real-type-identifier real shall denote the real-type. The

[Original Page 12]

values shall be the real numbers denoted as specified in 6.1.5 by signed-real.

ger (see

(c) Boolean-type. The required ordinal-type-identifier Boolean shall denote the Boolean-type. The
values shall be the enumeration of truth values denoted by the required constant-identifiers false

and true, such that false is the predecessor of true. The ordinal numbers of the truth values
by false and true shall be the integer values O and 1 respectively.

(d) char-type. The required ordinal-type-identifier char shall denote-the char-type. The val
be the enumeration of the set of characters specified in ISO 646: The ordinal numbers of
acter values shall be values of integer-type that are the numerical codes specified in ISO 64

NOTE. Operators applicable to the required simple-types are specified in 6.7.2.

6.4.2.3 Enumerated-types. An enumerated-type shall determine an ordered set of values by ¢
tion of the identifiers that denote those values. The ordering of these values shall be determine

denoted

es shall
e char-
6.

numera-
d by the

sequence in which their identifiers are enumerated, i.e. if x precedes y then x is less than y. ThI ordinal

number of a value that is of an enumerated:type shall be determined by mapping all the valu
type on to consecutive non-negative values of integer-type starting from zero. The mapping
order preserving.

enumerated-type = ‘‘(’’ identifier-list **)’ .
identifier-list = identifier { (‘)" identifier ) .

s of the
shall be

The occurrence of afi-idéntifier in the idendfier-list of an enumerated-type shall constitute its defining-

point as a constant-identifier for the region that is the block closest-containing the enumerated-ty

Examples: _ _
(red, yellow, green, blue, tartan)
(club, diamond, heart, spade)

pe.

(married, divorced, widowed, single)

|~ (scanning, found, notpresent)

(Busy, InterruptEnable, ParityError, OutOfPaper, LineBreak)

6.4.2.4 Subrange-types. A subrange-type shall include identification of the smallest and the largest

value in the subrange. The first constant of a subrange-type shall specify the smallest value,

and this

shall be less than or equal to the largest value which shall be specified by the other constant of the
subrange-type. Both constants shall be of the same ordinal-type, and that ordinal-type shall be desig-

nated the host type of the subrange-type.
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[Original Page 13

subrange-type = constant ‘‘..’” constant .

Examples:

1..100
-10..+10
red..green

6.4

6.4
ac
ay

strj

.3 Structured-types

tording to the unpacked-structured-type closest-contained by the new-structured-type. A compong
alue of a structured-type shall be a value.

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

ne
un

p
de.

NG

6.4

index-type on to a distinct compenent. Each component shall have the type denoted by the type-de

of

_ampy-type = ‘‘array}” ‘‘[*’ index-type { ¢‘,” index-type } “‘}’’ “‘of”’ component-type .

index-type = ordinal-type .
component-type' = type-denoter .
Example 1:

-structured-type = [ ‘‘packed’’ ] unpacked-structured-type .
acked-structured-type = array-type | record-type | set-type.

—- The symbol file-type has been deleted.

occurrence of the token packed in a new-structured-type shall designate the type thereby denot
ked. Only array types having component-type char and index-type with a least value of 1 shg
ignated as packed types.

3.2 Array-types. An array-type shall be structured as a mapping from each value specified t

the component-type of the afray-type.

3.1 General. A new-structured-type shall be classified as an array-type, record-type, or setr

type

nt of

ed as
11 be

TE. The ways in which the treatment of entities of a type is affected by whether or not the type is designated
pagked are specified in 6.4.3.2, 6.4.5, 6.6.3.,3,°6.:6.5.4 and 6.7.1.

y its
noter

array {1..100] of real

array [Boolean] of colour

An array-type that specifies a sequence of two or more index-types shall be an abbreviated notation for
an array-type specified to have as its index-type the first index-type in the sequence, and to have a
component-type that is an array-type specifying the sequence of index-types without the first and speci-
fying the same component-type as the original specification. The component-type thus constructed shall
be designated packed if and only if the original array-type is designated packed. The abbreviated form
and the full form shall be equivalent.
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NOTE 1. The following example thus contains different ways of expressing its array-type.

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

[Original Page 14]

array [Boolean] of array [1..10, size] of real
array {Boolean, 1..10, size] of real
array [Boolean, 1..10] of array [size] of real

Let i denote a value of the index-type; let v[i] denote a value of that component of the array-t

corresponds to the value i by the structure of the array-type; let the smallest and largest values

by the index-type be denoted by m and n; and let k = (ord(n)-ord(m)+1) denodte the number ©

specified by the index-type; then the values of the array-type shall be the. distinct k-tuples of thej
(vim], ... ,v[n)).

NOTE 2. A value of an array-type does not therefore exist unless .allof its component values are defing
component-type has ¢ values, then it follows that the cardinality of ‘the set of values of the array-type is ¢
the power k.

Any type designated packed and denoted by an array-type having as its index-type a denotat]

ype that
pecified
f values
form

ed. If the
raised to

jon of a

subrange-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 in

dividual

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-stririg-type possess additional properties which define their use with relational
(see 6.7. 2.5).

bperators

6.4.3.3 Record-types. The structure and values of a record-type shall be the structure and valugs of the

field-list of the record-type.

record:type = ‘‘record’’ field-list “‘end’’ .

field~list = [ ( fixed-part [ ‘‘;”’ variant-part ]| variant-part ) [ **;’ 1] .
fixed-part—=record-section{**;”* record-sec

— i,

tHon 1
y B

record-section = identifier-list ‘“:>” type-denoter .

variant-part = ‘‘case’’ variant-selector ‘‘of’’ variant { ‘‘;”’ variant } .
variant-selector = [ tag-field **:”’ ] tag-type .

tag-field = identifier .

variant = case-constant-list *“:>* ‘(" field-list *)"" .

tag-type = ordinal-type-identifier .

case-constant-list = case-constant { *‘,”’ case-constant } .
case-constant = constant .
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A field-list that contains neither a fixed-part nor a variant-part shall have no components, shall define a
single null value, and shall be designated empty.

The occurrence of an identifier in the identifier-list of a record-section of a fixed-part of a field-list shall
constitute its defining-point as a field-identifier for the region that is the record-type closest-containing
the field-list, and shall associate the field-identifier with a distinct component, which shall be designated
a field, of the record-type and of the field-list. That component shall have the type denoted by the
type-denoter of the record-section. '

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

[Original Page 15]

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

(V1,V2, .., Vm).

NOTE 1. If the type of the i-th component has Fi values, then the cardinality of the set of values of the field-list
hall be (F1 * F2 * ... * Fm).

w

A tag-type shall denote the type denoted by the.ordinal-type-identifier of the tag-type. A case-cgnstant
shall denote the value denoted by the constant©f the case-constant. '

The type of each case-constant in the case-constant-list of a variant of a variant-part shall be compatible
ith the tag-type of the variant-selector of the variant-part. The values denoted by all case-constgnts of
type that is required to be compatible with a given tag-type shall be distinct and the set thereof shall
equal to the set of values.Specified by the tag-type. The values denoted by the case-constants |of the
e-constant-list of a variant-shall be designated as corresponding to the variant.

ith each variant-part shall be associated a type designated the selector-type possessed by the variant-

. If the variant-selector of the variant-part contains a tag-field, or if the case-constant-list of each

iant of the_variant-part contains only one case-constant, then the selector-type shall be denofed by

e tag-typ€, and each variant of the variant-part shall be associated with those values specified py the

lector-type denoted by the case-constants of the case-constant-list of the variant. Otherwide, the

splector<type possessed by the variant-part shall be a new ordinal-type constructed such that there is

actly one value of the type for each variant of the variant-part, and no others, and each variang shall
be associaied with a distinct value of that type. :

Each variant-part shall have a component that shall be designated the selector of the variant-part, and
which shall possess the selector-type of the variant-part. If the variant-selector of the variant-part con-
tains a tag-field, then the occurrence of an identifier in the tag-field shall constitute the defining-point of
the identifier as a field-identifier for the region that is the record-type closest-containing the variant-part,
and shall associate the field-identifier with the selector of the variant-part. The selector shall be desig-
nated a field of the record-type if and only if it is associated with a field-identifier.
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Each variant of a variant-part shall denote a distinct component of the variant-part; the component shail
have the values and structure of the field-list of the variant, and shall be associated with those values
specified by the selector-type possessed by the variant-part associated with the variant. The value of the
selector of the variant-part shall cause the associated variant and component of the variant-part 1o be in
a state that shall be designated active,

The values of a variant-part shall be the distinct pairs

(k, Xk)

where k represents a value of the selector of the variant-part, and Xk is a value of the ﬁeld—lidt of the
active variant of the variant-part.

INOTES

2. If there are n values specified by the selector-type, and if the field-list of the(variant associated with the i-th
value has Ti values, then the cardinality of the set of values of the variant-part i$ (T1 + T2 + ... + Tn). There is no
component of a value of a variant-part corresponding to any non-active variant 6fthe variant-part.

[Original Page 16]

3. Restrictions placed on the use of fields of a record-variable pertaining to variant-parts are specified in 6.5.3.3,
6.6.3.3 and 6.6.5.3.
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Examples:

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

end

record

<

N
K

—age T 0:99;

name, firstname : string;

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

epd

r¢cord

X, y : real;
area : real;
case shape of
triangle :
(side : real; inclination, anglel, angle2 : angle);
rectangle :
(sidel, side2 : real; skew : angle);
circle :
(diameter : real);
nd

4.3.4 Set-types. A set-type shall determine the set of values that is structured as the powerset

alues of the base-type.

t-type = ‘‘set’” ‘‘of’’ base-type .
b

e-type = ordinal-type .
OTE 1. Operators applicable to values of set-types are specified in 6.7.2.4.

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

OTE 2 If the base-type of a set-type has b values then the cardinality of the set of values is 2 raised
bwer)b.

of the

6
base-type of the set-type. Thus each value\of a set-type shall be a set whose members shall be finigue

to the

For every ordinal-type S, there exists an unpacked set type designated the unpacked canonical set-of-T
type. If S is a subrange-type then T is the host type of S; otherwise T is S. Each value of the type set
of S is also a value of the unpacked canonical set-of-T type.

6.4.4 Pointer-types. The values of a pointer-type shall consist of a single nil-value, and a set of
identifying-values each identifying a distinct variable possessing the domain-type of the pointer-type.
The set of identifying-values shall be dynamic, in that the variables and the values identifying them
may be created and destroyed. Identifying-values and the variables identified by them shall be created
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only by the required procedure new (see 6.6.5.3).
NOTE 1. Since the nil-value is not an identifying-value it does not identify a variable.

The token nil shall denote the nil-value in all pointer-types.

pointer-type = new-pointer-type | pointer-type-identifier .
new-pointer-type = ‘“T** domain-type .
domain-type = type-identifier .

NOTE 2. The token nil does not have a single type, but assumes a suitable pointer-type to satisfy the asslgnment—
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 followjng four
statements is true.

(a) T1 and T2 are the same type.

[Original Page 19]

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

(c) T1 and T2 are set-types of compatible base-types.
(d) T1 and T2 are string-types with the same number of components.

6.4.6 Assignment-compatibility. A value of type T2 shall be designated assignment-compatibl¢ with a
type T1 if any of the following five statements is true.

(a) T1 and<I2 are the same type.
(b) T1 is the real-type and T2 is the integer-type.

(c) T1 and T2 are compatible ordinal-types and the value of type T2 is in the closed |interval

s oadla 4k oy 1
SIAMVEITICAL Uy UiV Aype 1.

(d) T1 and T2 are compatible set-types and all the members of the value of type T2 are in the
closed interval specified by the base-type of T1.

(e) T1 and T2 are compatible string-types.

At any place where the rule of assignment-compatibility is used:
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(1) it shall be an error if T1 and T2 are compatible ordinal-types and the value of type T2 is not in
the closed interval specified by the type T1;

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

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);
punchedcard = array [1..80] of char;
polar = record
r : real;
theta :; angle
end;
indextype = 1..limit;
vector = array [indextype] of real;
person = Tpersondetails;

[Original:Page 20]

persondetails = record
name, firstname 3 charsequence;
age : integer;
married- Boolean;
father;, child, sibling : person;
case s sex of
male :
(enlisted, bearded : Boolean);
female :
(mother, programmer : Boolean)
end;

OTE., 'In the above example count, range and integer denote the same type. The type denoted by year is cpmpati-
le with, but not the same as, the type denoted by range, count and integer.

6.5 Declarations and denotations of variables

6.5.1 Varigble-declarations. A variable shall be an entity to which a value may be attributed (see‘x
6.8.2.2). Each identifier in the identifier-list of a variable-declaration shall denote a distinct variable pos-
sessing the type denoted by the type-denoter of the variable-declaration.

66,93

variable-declaration = identifier-list *‘:”* type-denoter .
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The occurrence of an identifier in the identifier-list of a variable-declaration of the variable-declaration-
part of a block shall constitute its defining-point as a variable-identifier for the region that is the block.
The structure of a variable possessing a structured-type shall be the structure of the structured-type. A
use of a variable-access shall be an access, at the time of the use, to the variable thereby denoted. A
variable-access, according to whether it is an entire-variable, a component-variable or an identified-
variable shall denote either a declared variable, or a component of a variable, or a variable which is
identified by a pointer value (see 6.4.4), respectively.

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

NOTE — The symbol buffer-variable has been deleted.

Example of a variable-declaration-part:

yar

X, ¥, Z, max : real;

i, j : integer;

k:0.9

P, G, r : Boolean;

operator : (plus, minus, times);

a : array [0..63] of real;

¢ : colour;

huel, hue? : set of colour;

pl, p2 : person; '
m, m1, m2 : array [1..10, 1..10] of real;

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

[Original Page 21]

INOTE. Variables occurring in examples in the remainder of this standard should be assumed to have been declared
3s specified in 6.5.1°

9.5.2 Entiresvariables

ariable-identifier = identifier .

intire-vaﬁable = variable-identifier .

6.5.3 Component-variables

6.5.3.1 General. A component of a variable shall be a variable. A component-variable shall denote a
component of a variable. A reference, or access to a component of a variable shall constitute a refer-
ence, or access, respectively, to the variable. The value, if any, of the component of a variable shall be
the same component of the value, if any, of the variable. .
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