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Foreword

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

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

Intefnational Standard ISO/IEC 10746-4 was prepared by Joint Technical Committee, 1SO/IECId tion
techhology,Subcommittee SC 3®istributed application servicesn collaboration with ITYU-T. The identicdl text is
published as ITU-T Recommendation X.904.

ISOJIEC 10746 consists of the following parts, under the generallnifilemation\technology — Open D|stributed
Progessing — Reference Model:

— Part 1: Overview
— Part 2: Foundations
— Part 3: Architecture

— Part 4: Architectural semantics
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I ntroduction

This Recommendation | International Standard is an integral part of the ODP Reference Model. It contains a
formalisation of the ODP modeling concepts defined in ITU-T Rec. X.902 O ISO/IEC 10746-2, clauses 8 and 9. The
formalisation is achieved by interpreting each concept in terms of the constructs of the different standardised formal
description techniques.

This Recommendatlon | Internatlonal Standard is accompanled by an amendment and atechnlcal report. The associated
: Bt : v = . 903 |
rence

Modgl can be applled to devel op specifications.
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INTERNATIONAL STANDARD

ITU-T RECOMMENDATION

INFORMATION TECHNOLOGY - OPEN DISTRIBUTED PROCESSING -

REFERENCE MODEL: ARCHITECTURAL SEMANTICS

1 Scope

The fapid growth of distributed processing has lead to a need for a coordinating framework for the standardizatijon of
Oper] Distributed Processing (ODP). This Reference Model of ODP provides such a frameworkoxlt creatgs an
architecture within which support of distribution, interworking, interoperability and portability can be'integrated.

The Basic Reference Model of Open Distributed Processing (RM-ODP), (see ITU-T Recs. X901 to X.904 | ISO/IEC
1074p), is based on precise concepts derived from current distributed processing devel opments and, as far as pogsible,
on the use of formal description techniques for specification of the architecture.

The RM-ODP consists of:

— ITU-T Rec. X.901 | ISO/IEC 10746-Dverview: Contains a“metivational overview of ODP giving
scooping, justification and explanation of key concepts, and~an outline of ODP architecturg. This part is
not normative.

— ITU-T Rec. X.902 | ISO/IEC 10746-Foundations;)Contains the definition of the concg¢pts and
analytical framework and notation for normalized description of (arbitrary) distributed| processing
systems. This is only to a level of detail sufficient-to support ITU-T Rec. X.903 | ISO/IEC 1(/746-3 and to
establish requirements for new specification-techniques. This part is normative.

— ITU-T Rec. X.903 | ISO/IEC 10746-RArchitecture: Containsthe specification of the tequired
characteristics that qualify distributed”processing as open. These are the constraints o which ODP
standards must conform. It uses the‘descriptive techniques from ITU-T Rec. X.902 | ISO[IEC 10746-2.
This part is normative.

— ITU-T Rec. X.904 | ISO/IEC(10746-Architectural Semantics: Contains a formalisation of the ODP
modeling concepts defined jn ITU-T Rec. X.902 | ISO/IEC 10746-2, clauses 8 and 9, and a formalisation
of the viewpoint languages of ITU-T Rec. X.903 | ISO/IEC 10746-3. The formalisation is [achieved by
interpreting each concept in terms of the constructs of the different standardized formpl description
techniques. Thispart is normative.

The purpose of this Recommendation | International Standard is to provide an architectural semanticg for ODP. This
essentially takes the foriof an interpretation of the basic modeling and specification concepts of ITU-T Rec. X.902 |
ISO/|[EC 10746-2 and-Viewpoint languages of ITU-T Rec. X.903 | ISO/IEC 10746-3, using the variojis features of
diffefent formal specification languages. An architectural semantics is developed in four different formgl specification
langliages: LOTOS, ESTELLE, SDL and Z. The result is a formalization of ODP’s architecture. Through a process of
iterafive development and feedback, this has improved the consistency of ITU-T Rec. X.902 | ISO/IEC 10746-2 and
ITU-T Rec..X.903 | ISO/IEC 10746-3.

An afchitectural semantics provides the additional benefits of:

assisting the sound and uniform development of formal descriptions of ODP systems; and

of permitting uniform and consistent comparison of formal descriptions of the same standard in different

formal specification languages.

Rather than provide a mapping from all the concepts of ITU-T Rec. X.902 | ISO/IEC 10746-2, this Recommendation |
International Standard focuses on the most basic. A semantics for the higher level architectural concepts is provided
indirectly through their definition in terms of the basic ODP concepts.

Examples of the use of some of the formal specification languages in this report can be found in TR 10167 (Guidelines
for the Application of ESTELLE, LOTOS and SDL).

In the following clauses, the concepts are numbered in accordance with the scheme used in ITU-T Rec. X.902 |
ISO/IEC 10746-2.

ITU-T Rec. X.904 (1997 E) 1
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This Recommendation | International Standard specifies an architectural semantics for ODP. Thisis required to:

This

provide formalisation of the ODP modelling concepts;
— assist sound and uniform development of formal descriptions of standards for distributed systems;

— act as a bridge between the ODP modelling concepts and the semantic models of the specification
languages: LOTOS, SDL, ESTELLE and Z;

—  provide a basis for uniform and consistent comparison between formal descriptions of the same standard
in specification languages that are used to develop an architectural semantics.

part is normative.

2
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Normative references

following Recommendations and International Standards contain provisions which, through ‘reference in this text,
fitute provisions of this Recommendation | International Standard. At the time of publigation, the ed|tions indicated
valid. All Recommendations and Standards are subject to revision, and parties\to agreements based on this
mmendation | International Standard are encouraged to investigate the possibility of applying the most recent
n of the Recommendations and Standards listed below. Members of IEC and |ISO maintain registers of currently
International Standards. The Telecommunication Standardization Bureau .6f'the ITU maintains a ljst of currently
ITU-T Recommendations.

ISO/IEC 8807:1989/nformation processing systems — Open Systeins Interconnection — LOTOY — 4
Jformal description technique based on the temporal ordering of pbservational behaviour.

— ITU-T Recommendation Z.100 (1998)CITT Specificationianid Description Language (SDL).

— ISO/IEC TR 10167:1991nformation technology — Open Systems Interconnection — Guidelines for the
application of Estelle, LOTOS and SDL.

—  ISO/IEC 13568, Information technology — Programming Languages their Environments and Spstem
Software Interfaces, Z Specification language.

— The Z NotationA Reference Manual, J M Spivey, International Series in Computer Science, S¢cond
Edition, Prentice-Hall International, 1992

— ISO/IEC 9074:1997 Information «technology — Open Systems Interconnection — Estelle: A formal
description technique based on anlextended state transition model.

Definitions

Definitions from ISO/IEC 8807
Recommendation jInfernational Standard makes use of the following terms defined in ISO/IEC 8807:

 denotation, actualisation of parameters, behaviour expression, choice, conformance, disabling, enapling,
iment, equation, event, extension, formal gate list, formal parameter list, gate, gate hiding, guard, instantigition,
eaving, internal observable event, operation, parallel composition, parameterised type definition, process
tion, reduction, selection predicate, sort, synchronisation, type definition, value parameter list.

Definitions from ITU-T Recommendation Z.100

This

Recommendation | International Standard makes use of the following terms defined in ITU-T Rec. Z.100:

action statement, active, atleast, block (type), call, channel, content parameter, continous signal, create, enabling
condition, export, exported procedure, exported variable, finalized, gate, import, imported variable, input, nextstate,
nodelay, now, output, procedure, process (type), provided, redefined, remote procedure, reset, return, revealed variable,
service (type), set, signal, signalroute, stop, system (type), task, time, timer, transition, view, viewed variable, virtual.

1) Currently at the stage of draft.

ITU-T Rec. X.904 (1997 E)
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33 Definitions from the Z-Base Standard
This Recommendation | International Standard makes use of the following terms defined in the Z-Base Standard:

axiomatic description, conjunction, data refinement, invariant, operation refinement, overriding, postcondition,
precondition, schema (operation, state, framing), schema calculus, schema composition.

34 Definitions from ISO/IEC 9074
This Recommendation | International Standard makes use of the following terms defined in | SO/IEC 9074:

activity, assignment statement, attach, channel, channel definition, connect, control state, DELAY-Clause, detach,
discopunect, exported variable, external interaction point, FROM-Clause, function, inif, instantiation, inferaction,
interqction point, module body definition, module header definition, module instance, output, parent instance, prigitive
procddure, procedure, PROVIDED-Clause, release, role, systemactivity, systemprocess, TO-Clause,~trandition,
transftion block, transition clause, WHEN-clause.

4 Interpretation of modelling concepts

4.1 Architectural semantics in LOTOS

LOTPS is a standardized (ISO/IEC 8807) Formal Specification Language (FSL).~-Tutorial material is available |n the
standard.

This flause explains how the fundamental modeling concepts can be expressed'in LOTOS (see | SO/IEC 8807). It should
be pointed out that there exist two main ways in LOTOS to model the)concepts contained in ITU-T Rec. X|902 |
ISO/IEC 10746-2. These are based upon the process algebra part of thedanguage and the ACT ONE data typing part of
the Ipnguage. Since the ACT ONE formalisation of the concepts is applicable to SDL-92 aso, the ACT |ONE
form@lization is given in an independent clause. See 4.2.

To ayoid confusion in the ODP and LOTOS terminology, the following clause uses italics to denote LOTOS specific
termg.

4.1.1 Basic modeling concepts

4.1.1J1 Object

An ixstantiation of aLOTOS process definition which can be uniquely referenced.

4.1.112 Environment (of an objéct)

The part of a model which ismnet-part of the abject. In LOTOS, the environment of an object within a specification at a
giver] time is given by the@nvironment of the specification and by the other behaviour expressions that are composed
with fhat object in the speeification at that time.

N[TE — The enyironment of a specification is empty if the specification is not parameterised.

4.1.1]13 Action

Actigns in LOTOS are modeled as either internal events or observable events. All events in LOTOS are atomif. An
intermal”action may be given explicitly by the internal event symbol, i, or by an event occurrence whose associated gate

] . I £ +a +
is hidderrfromthe-environment:

An interaction is represented in LOTOS by a synchronisation between two or more behaviour expressions associated
with objects at a common interaction point (gate). Interactions may be of the kind:

—  puresynchronisation on a commoigate with no offer: No passing of values between objects occurs;
— land ! for puresynchronisation: No values are exchanged between the objects;

— land ? for value passing provided the ? event contains the ! event: Another way of considering this is that
the ! event selects a value from a choice of values for the ? event;

— ?and ? for value establishment: Here the effect is an agreement on a value from the intersection of the set
of values. If the intersection of the values is the empty set thesyme@ronisation and hence no
interaction occurs.

ITU-T Rec. X.904 (1997 E) 3
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If anon-atomic granularity of actionsis required event refinement may be used. This will then enable non-instantaneous
and overlapping actions to be modelled. It should be noted that event refinement is a non-trivial problem, especially
when behavioural compatibility isto be maintained.

There exists no construct in LOTOS to express cause and effect relationships, although this might sometimes be possible
to represent informally.

4.1.1.4 Interface

An abstraction of the behaviour of an object that consists of a subset of the observable actions of that object. As all
observable actions of an object in LOTOS require gates with which to synchronise with the environment, the subset of
observable actions is usually achieved by partitioning the gates given in the process definition associated with the object.
In order to obtain an interface, hiding the gates not required for the interface under consideration can be achieved.
Alterpatively, synchronising on only a subset of the gates associated with an object can be used. In this casepagtions
occuring at those gates in the process definition not in the set synchronised with, may be regarded as actions'interpal to
the object as far as the environment synchronising on those gates making up the interface is concerned.

It should be noted that this definition requires that the interfaces of an object use different gare names, i.e. it |s not
possiple to distinguish between interfaces that use the same gate.

4.1.1)5  Activity

An agtivity is a single-headed directed acyclic graph of actions, where each node in the‘graph represents a systen state
and gach arc represents an action. For an action to occur it must satisfy the preconditions'of the system state.

4.1.116 Behaviour (of an object)

The Ipehaviour of an object is defined by the LOTOS behaviour expression’ associated with the process definitiop that
constjtutes the object template. A behaviour expression may consist of asequence of both externally visible event pffers
and ipternal events. The actual behaviour of an object as might be recorded in atrace, is dependent upon the behdviour
exprdssion associated with the object and how this is configured with the environment. The actual behaviour the ¢bject
exhihjits depends upon the behaviour expression of the object and’how this synchronises with its environment. An ¢bject
may exhibit non-deterministic behaviour.

4.1.17 State (of an object)

The ¢ondition of an object that determines the set'of al sequences of actions in which the object can take part] This
condition is governed by the behaviour expression defined in the object template from which the object was created and
possiply by the current bindings of any existingfocal variables.

4.1.1{8 Communication

The ¢onveyance of information (via-value passing) between two or more interacting objects. It is not possible to|write
direcjly, cause and effect relatignships. It should aso be pointed out that the synchronisation itself may be constryed as
comrunication.

4.1.1}9 Location in{space

LOTPS abstracts away from the notion of location in space. It is only possible to equate space with the structure pf the
specffication ‘model. The location of an event — the structural location with respect to the specification model — is given
by akate forinteractions in LOTOS. The notion of location in space at whiclw/@amal event can occur is abgtracted

away from in LOTOS This abstractlon is ach|eved |mpI|C|tIy usmg the LORGS... in construct WhICh makesates

used_l g
symbol,i.

It is possible for the same location in space to be used for more than one interaction point. This is made possible in
LOTOS by having a singlgate with differentaction denotations.

The location of an object is given by the union of the locations ofdle associated with that object, ithe union of
all of the locations of the actions in which that object may take part.

4.1.1.10 Location in time

LOTOS abstracts away from the concept of time, only considering temporal order so thetésslme location in
relative metric time. Location in time would be possible, however, if an extended form of LOTOS were used with time
aspects incorporated.

4 ITU-T Rec. X.904 (1997 E)
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4.1.1.11 Interaction point

A gate with apossibly empty list of associated values.

NOTE - In a specification, changes in location may be reflected by changes in the associated values.

4.1.2 Specification concepts
4.1.2.1 Composition

— of objects: A composite object is an object described through the application of one or more LOTOS
combination operators. These include:

e interleaving operator (|||);

e parallel composition operators (|| and fgate-list]|);
*  enabling operator (>);

»  disabling operator ([>);

e choice operator ([])

—  of behaviours: The composition of théehaviour expressions associated with the component gbjects in
the creation of a composite object through composition. The operatots for the composition|of behaviours
are the same as those for the composition of objects.

4.1.2]12 Composite object
An gbject described using one or more of therleaving, parallel composition, disabling, enabling and dhoice

opergtors of LOTOS.

4.1.2]3 Decomposition

of objects: The expression of a given objeetasoarposite object. There may be more than on
decompose a composite object, however:

e way to

of behaviours: The expression of a given behaviour as a composite behaviour. There may|be more than

one way to decompose a compaosite behaviour.

S Z

yi

Qo o

4.1.2
In L
langy
devel

In or]

introgluced. €onformance is concerned with assessing the functionality of an implementation against its specific

wher

DTE — It might also be considered that the-notion of decomposition of behaviours is inherently supplied by

eration application in the sequence must satisfy the necessary equations for occurrence. Whether thig
mposition is debatable though, sincedperations and equations already existed and defined all possible behaviol

4 Behavioural compatibility

DTOS, specific theories have been developed to check for behaviour compatibility. There are no specific L¢
age syntactical features to construct and ensure behaviour compatibility generally. The LOTOS standard, how
ops the notion ef\conformance which provides a basis for consideration of behaviour compatibility.

fder to determine whether or not two object behaviours are compatible, the notion of conformance needs

b here the term implementation may be taken to be aless abstract description of a specification.

the ACT ONE

erations and equations associated withiar’ That is, theseperations and equations provide all possible combinations of
ehaviours. Thus for example, sequential composition might be generated tlpaugtions applied sequentially.

Each
is behavioural
rs.

PTOS
ever,

to be
Ation,

If P
valid

ave like some process P?,

implementation of P. This mean

s that if P can perform some trace o and then beh

Disa

and if

Q can aso perform trace o and then behave like Q’ then the following conditions on P’ and Q’ must be met: whenever
Q’ can refuse to perform every event from a given set A of observable actions, then P’ must also be able to refuse to
perform every event of A.

Thus Q conf P if and only if, placed in any environment whose traces are limited to those of P, Q cannot deadlock when
P cannot deadlock. Another way of defining thisis Q has the deadlocks of P in an environment whose traces are limited
to those of P.

An object can be made behaviourally compatible with a second object after some modification to its behaviour, which
might include extending the object’'s behaviour (adding additional behaviour) eg¢daction of the object’'s behaviour
(restricting the object’s behaviour). This process of modification of an object is known as refinement (see 4.1.2.5).

ITU-T Rec. X.904 (1997 E)
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4.1.2.5 Refinement

Refinement is the process by which an object may be modified, either by extending or reducing its behaviour or a
combination of both, so that it conforms to another object. Letting P and Q be LOTOS processes, an extension of P by Q
(written as Q extends P) means that Q has no less traces than P, but in an environment whose traces are limited to those
of P, then Q has the same deadlocks. A reduction of P by Q (written as Q reduces P) means that Q has no more traces
than P, but in an environment whose traces are limited to those of Q, then P has the same deadlocks.

4.1.2.6 Trace

A trace of the behaviour of an object from its initial instantiated state to some other state is a recording of the finite
sequence of interactions (observable events) between the object and its environment.

4.1.2]7 Type of an <X>

Types that can be written down explicitly in LOTOS for objects and interfaces are template types. There is no explicit
construct in LOTOS that will permit the modeling of action types as such. A LOTOS specification consisty of a
behaviour expression which is itself composed of action denotations (action templates). These &ction templates pither
occu as part of the behaviour of the system, in which case their occurrence may loosely be.regarded as the Fion
t
h

template instantiation, or they do not occur, in which case the action template remains uninstantiated. The #ction
templ|ates themselves may be given by the internal event symbol, i, or event offers at gates which may or may nof have
finitd sequence of value and/or variable declarations.

LOTPS does not offer facilities to characterise actions directly, however, a limitéd form of action characterisat|on is
built [into the synchronisation feature of LOTOS. That is, it might be considered that synchronised action denotdtions
(actign templates) must satisfy the same action type in order for the action-t@ occur. However, LOTOS does not clgssify
the characterising features of these arbitrary action denotations and thus\t is not possible to put a formal type tp any
giver] action. It might be the case that informally the event offers invelved in an interaction are given a cause and gffect
role, put thisis generally not the case. See 4.1.1.8.

The fnternal event symbol may be used to represent an action type, where the common characteristics of this coll¢ction
of acfions are that they have no characteristics.

It shuld be noted that by stating that the only predicate possible in LOTOS for objects (and interfaces) are thaf they
satisfly their template type, the concepts of type and template type as given in ITU-T Rec. X.902 | ISO/IEC 10y46-2
reduge to the same modeling technique in LOTOS. Thus there is no distinction in LOTOS between a type in its proad
chardcterisation sense, and atemplate typelin,its more restrictive sense of template instantiation.

4.1.2{8 Class of an <X>

The notion of class is dependent Upon the characterising type predicate which the members of the class satisfy. Ohjects,
interflaces and actions can &atisfy many arbitrary characterising type predicates. A type that can be written dowp is a
template type. When thisisithe case, the class of objects, interfaces and actions associated with that type is the template
class

NOTE — It should-be noted that by stating that the only classification possible in LOTOS for objects, interfaces apdthetions is
they satisfy‘their template type, the concepts of class and template class as given in ITU-T Rec. X.902 | ISO/IEQ 10Zd6-2 redu
tg the same*modeling technique in LOTOS. Thus there is no distinction in LOTOS between a class in its gengral classification
s¢nse; and a template class in its more restrictive sense as the set of instances of a given template type.

4.1.2.9 Subtype/Supertype

As the types that can be written down in LOTOS for objects, interfaces and, to a lesser extent, actions, are template
types, a subtyperelation in LOTOS is arelation that may exist between template types. In LOTOS, however, there exists
no direct feature to write down subtyping relations directly. If subtyping is required then extension can be used to give a
subtype relation based on substitutability, however, thisis not afeature explicitly provided for in LOTOS.

4.1.2.10 Subclass/Superclass
As the types that can be written down in LOTOS for objects, interfaces and, to a lesser extent, actions, are template

types, a subclass relation exists between two classes when a subtyping relation exists between their corresponding
template types.

6 ITU-T Rec. X.904 (1997 E)
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4.1.2.11 <X> Template

Object Template: A process definition with some means by which it can be uniquely ident
instantiated. If no value parameter list is given, then object identification will not be possi
than one object instantiated from the object template.

With regard to combination of object templates in LOTOS there are no existing combinat
except for a limited form of scoping using the LOTG&hére” term.

8 (E)

ified once
ble for more

ion operators

Interface Template: Any behaviour obtained from @rocess definition by considering only the

interactions at a subset of theres associated with therocess definition. This subsetting of thgates is

achieved byiiding the gates not required for the interactions under consideration.

With regard to combination of interface templates in LOTOS there are no_existing combina
except for a limited form of scoping using the LOTG&hére” term.

Action Template: An action denotation where anaction denotation may be either anpternal]
symbol, a gate-identifier or a gate-identifier followed by a finite sequence of walue an
declarations.

te
to
g

mplate. In LOTOS, possible behaviours are specified by gixirign denotations combined in sorhe)form. To relate 3
anaction denotation is the closest that can be achieved in LOTOS. However, the text of ITU~T Rec. X.902 | 1S(
quires an action template to group the characteristics of actions. This is not part of LOTOS as evemntriftetsnord
ist in isolation and it is not possible to collect them and apply a template to characterisethem.

D =

pbmposition of action templates may loosely be likeneg#ohronisation with value-passing or value generation. In
0 (or more) action templates agree on a common action template fgwtheonisation to occur, i.e. an action temp

tion operators

event
H/or variable

DTE — The definition here dfction denotation is contrived as LOTOS does not really support’the concept ¢f an action

template
/IEC 10746-2

tions)

this case,
late with

thle common characteristics of all of the action templates involved iythéronisation (composition).
4.1.2{12 Interface signature
An interface signature as a set of action templates associated with:the interactions of an interface is represented in
LOTPS by a set of action denotations. The members of this set arethose action denotations that require synchroni§ation
with fhe environment in order to occur.
4.1.2{13 Instantiation (of an < X > Template)

— of an Object Template: The result of-a process which uses an object template to create a hew object in
its initial state. This process involves t&ualisation of the formal gate list andformal parametery of a
process definition by a one-one‘relabelling from a specified gate list and list of actual parameters. The
features of the object created will be governed by the object template and any parameters used to
instantiate it.

— of an Interface Template: The result of a process by which an interface is created from pn interface
template. The interface created can thereafter be used by the object it is associated with [to interact with
the environment. The features of the interface created will be determined by the interfacg¢ template and
any parameéters used to instantiate it.

— of an Action Template: This is given as action occurrence in LOTOS. This may involve the fewriting of
ACTONE expressions.

4.1.2{14 Role
A ngmeassociated with grocess definition in the template for a composite object (i.e. LOTOS composition of
behaviour expressions). As such, roles cannot be used as parameters. However, it is possible to assign| data values to

each role in a composition in order to distinguish or address them specifically.

4.1.2.15 Creation (of an < .X>)

of an object: The instantiation of an object template as part of the behaviour of an existing o

bject.

of an interface: As objects and interfaces are modelled the same way in LOTOg-{¢ias definitions),

creation of objects corresponds to creation of interfaces. Thus the definition for interface creation is given

by the creation of objects.

4.1.2.16 Introduction (of an object)

Theinstantiation of the behaviour associated with a LOTOS specification.

ITU-T Rec. X.904 (1997 E)
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4.1.2.

4.1.2.

17 Deletion (of an < X>)

LOTOS disabling operator, the LOTOS inactionstop) behaviour expression which does not all
the passing of control, or the successful terminaéein) behaviour expression where passing of
is possible via thenabling operator.

which did not require the participation of the given interface to be deleted.

18 Instance of a type

instantiation of that object template or an acceptable substitution for an instantiation

of an object: The termination of a procesastantiation. This may be achieved through the use of the

ow for
control

of an interface: The process by which the future behaviour of an object is limited to that behaviour

of an Object Template: An instance of a given object template is represented in LOTOS by an

f that object

4.1.2

A prg
an a

4.1.2

The
ano

D

4.1.2

If the
class

LOT
the b

Ther

template. Here the acceptable substitute should capture the characteristics that identify ¢hi
acceptable substitute might be another template that is behaviourally compatible with.the fi

characteristics of the type under consideration are included. It might be the case;however
form of type satisfaction relation can be found which does not require all chargcteristics as
given template to be included, but some subset of the total characteristics.

of an Interface Template: As an interface template is represented the_same way as an ok
(via aprocess definition in LOTOS), the above text applies equally well{ieplace all occurre
object with interface) for instance of an interface template.

of an Action Template: An instance of an action template-tion @epotation) is represented in
by anothewction denotation offering an equivalent event offer,

19 Template type (of an < X>)

pdicate expressing that ank<> is an instance of a given template, where ah>may be an object, an int
Ction.

20 Template class (of an < X >)

emplate class of anX> is the set of all & >'s.that are instances of that\¥<> template, where an X > n
bject, an interface or an action.

DTE — The notion of the template class of an”action is limited in its application to LOTOS, as LOTOS dg
plicitly for action templates, action template-instantiations or action template types.

21 Derived class/Base class

of the second class, and the/sesend class is a base class of the first.

bhaviour. Problems arise’'with the behaviour modifications however, specificaly:

subtyping: Non-determinism may be introduced into the system when the initials of the inhg
and.ifs modification are the same, thus subtyping cannot be guaranteed;

the need for a redirection of self-reference: Any reference to a derived template from a p
should be redirected to the derived template, which is not always possible.

5 type. Thus an
st. This might

be achieved througkxtension as defined in section 4.1.2.4. Using this relation guarantg¢es that all

, that a weaker
ociated with a

ject template
nces of

L OTOS

prface or

ay be

es not provide

template of aclassis an incremental modification of the template of a second class, then the first classis a dérived

DS templates can be inerementally modified by extending, enriching and modifying the data types or by modifying

rited template

arent template

P iS)no satisfactory solution to these problems in standard LOTOS.

4.1.2.

22 Invariant

In LOTOS, the only invariants which can be written downgateess definitions. There is no way to attach an invariant
to aprocess definition which is not therocess definition itself.

4.1.2.

23 Precondition

A precondition is a predicate that a specification requires to be true in order for an action to occur and may be expressed
directly in LOTOS using one or more of:

sequencing of actions;

guards andselection predicates.
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4.1.2.24 Postcondition

In LOTOS, the occurrence of an action is independent of the state of the system after the occurrence of the action. As
such, LOTOS does not provide the means to directly express postconditions.

4.2 Architectural semantics in ACT ONE

This subclause provides a formalisation of the basic modelling and specification concepts contained in ITU-T
Rec. X.902 | ISO/IEC 10746-2. Whilst ACT ONE is not by itself a standardised FSL, it is used in the standardised FSLs
LOTOS and SDL-92 and provides an alternative way in which to formalise the aforementioned concepts. Therefore the
ACT ONE formalisation of the concepts contained in ITU-T Rec. X.902 | ISO/IEC 10746-2 is presented in its own

separate clause.

4.2.1 Basic modelling concepts

4.2.1]1 Object

An injstance of asort which can be uniquely referenced. It should be pointed out that objects modelléd-this way myst be

specified so that they have some form of existence. This can be achieved through a process algebra specification
Examples of this style include recursion in process definitions, where the object is an element of\the value paramet
assodiated with that process definition. Alternatively, let...in clauses can be used to medel objects with a fo
existence. In both these styles, guards and/or selection predicates are required to ensure’that instantiations o
defin|tions are unique.

4.2.1]2 Environment of an object

The g¢nvironment of an object is not provided for in ACT ONE. This notior’carn only be considered through the p

style.
by list
m of

sort

CESS

algelfra and the ACT ONE expressions that exist there. In effect, the envitonment of an object may be regarded asjall of

not
ch as
outside agency -

interaction and

s |n the

e ACT ONE
NE. It might be
algebra.

used to satisfy
hs internal

is uses the
garded

no notion of

in the process
something
nce of a

lve ACT ONE

expressions causes an mteractlon to take placetheogigh an event offer occurrence which results intkentiation

of aprocess definition whosevalue parameter list contains amwperation (interaction) on an object (or objects).
4.2.1.4 Interface
Theoperations andequations associated with an object.

42.1.5  Activity

A sequence obperation applications on a givesort. Theseoperations must satisfy thequations associated with the
sort. Each operation in the sequence obperations that occurs, i.eeach operation in the activity, must have
preconditions that satisfy the postconditions of the prewpusation occurrence. Preconditions and postconditions on

operations are defined in 4.2.2.23 and 4.2.2.24 respectively.

ITU-T Rec. X.904 (1997 E)
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4.2.1.6 Behaviour (of an object)

The behaviour of an object modelled in ACT ONE is dependent upon the operations associated with the object template
and the current value the state of the object is bound to. That is, the value the state of an object is bound to can be used
to limit the possible operations that can take place, e.g. through excluding certain operations from occurring whose
equations are not valid for that value of the state.

ACT ONE does not explicitly provide for constraints on operation occurrences such as sequencing, non-determinism,
concurrency and real-time constraints as such. Rather, ACT ONE provides operations and equations which in
themselves denote all possible constraints, i.e. al possible behaviours with their associated constraints.

There does not exist the feature in ACT ONE to model internal actions specifically. That is, there is no notion of
spontaneous transitions as might occur in the process algebra with the internal event symbol i for example.

It sh(LuId be pointed out that there is no real notion of behaviour actually occurring solely in ACT ONE. The not’ilgn of
ACT|ONE behaviour occurring is normally associated with the ACT ONE expressions that are evaluated inthe priocess
algelfra.

4.2.1]7 State (of an object)

The gurrent value that an instance of a sort modelling an object is bound to. It should be(pointed out that & sort
modaelling an object should contain an identifier used to distinguish between different instances'of the sort. The value of
this iplentifier does not represent part of the state though, i.e. this value should remain immutable in the operationts and
equalions associated with the sort.

4.2.118 Communication

This|notion is not supported in ACT ONE. It might be the case that an, abstract form of communication might be
modglled through a process algebra specification style. This does nottreflect the text of ITU-T Rec. X.p02 |
ISO/IEC 10746-2, however, i.e. it is not the case that one object conveys information to another object. Rather, it|is the
envirpnment (the process algebra) being used to communicate with and.not other objects.

4.2.119 Location in space

The otion of alocation in space is not explicitly supportedin ACT ONE. If required, this notion can be engineerefl into
the specification model, e.g. through a sort modelling-adocation in space that is used in operations whose location in
spacg is to be ascertained.

4.2.1]10 Location in time

The motion of alocation in time is not explicitly supported. However, if the notion of time is related to the currenf state
of a;q[‘iven object, i.e. to the state changes that have occurred and those that can occur, then the location in time at yvhich
agiven action can occur may be determmined, to some extent, by the current state of a given object.

The location in time at which_an-action can occur may also be engineered into the specification, e.g. through @ sort
modédlling alocation in timethat is used in operations whose location in time is to be ascertained.

4.2.1{11 Interaction point

This hotion is not.ditectly supported in ACT ONE. It might be the case, however, that this concept can be engirjeered
into @ specification. For example, through a sort used in the operations that are in the set of interfaces at the|same
locatjon. That-is, al operations in the set of interfaces at the same location require an input parameter (sort) indigating
the [qcationvat which this operation exists. If required, several interaction points can be modelled so that they exist gt the
same Iocatlon ThIS could be ach|eved through an operanon to create a Iocatlon sort that requwed several |nter i
points
interaction p0| nts and locations.

4.2.2 Specification concepts

4.2.2.1 Composition

— of objects: It is not generallyhe case that two arbitrary objects can be combined in ACT ONE and have a
meaningful result, i.ea composite object with its own behaviour, etc. The most likely form of
composition in ACT ONE is through a constructgieration which has two or more objects as input
parameters and a means whereby it can be uniquely identified. Consider the following ACT ONE
constructompperation:

makeCO: Id, Obl, Ob2 -> CO
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Here a composite object is being created from two other objects which have their own associated
operations and equations, i.e. their own behaviours. Whilst it is the case that co: CO = makeCO
(idl,0b1,0b2) is composed of objects ob] and 0b2, object co has no behaviour as such. That is the
behaviours associated with ob1 and ob2 are not applicable to instances of CO.

To solve this problem, the composite object can have additiona operations and equations specified. The
form of these operations and equations and their relationship to the component objects, then determines
the form of the composition. For example, if the operations and equations of the composite object simply
enable access to isolated component objects, then a form of delegation is achieved, with the component
object composition representing an aggregation. If the operations and equations of the composite object
are specified in such a way that they modify the behaviour of the component objects, then a form of
composition is achieved that more closely resembles the text of ITU-T Rec. X.902 | ISO/IEC 10746-2. It
should be pointed out, however, that the notion of composition given in ITU-T Rec. X.902 |
ISO/IEC 10746-2 does not require further specification to be made, i.e. it involves composingcexisting
objects and behaviours to generate new objects and behaviours, and not specifying additional.\behaviour
to enable the component object composition meaningful.

— of behaviours: Since ACT ONE does not provide specific composition operators, the notion of
composition of behaviours is not explicitly provided for. It should be pointed out thal a form of
composition does exist in ACT ONE: that @frichment. This may not be ¢lassified as composition
generally, however, as it does not provide explicit composition of behaviours (or objects) ag such. Rather,
enrichment by itself, i.e.without further specification, offers no compasition features. All of dime
types exist independently wheewnrichment is applied. It is only wheroperations and equations are
specified which use therzs made available througénrichment, thatthe notion of compositiony can be
applied. This may not adequately reflect the text of ITU-T Rec-X.902 | ISO/IEC 10746-2 hpweiter, i.e.
is not the case that two behaviours are simply combined. Further specification is required {o combine the
behaviours. It should be added thatichment does make,available all of the existingerations and
equations of thesorts being combined though. Thus theé respecification necessary to combirfe behaviours
does not include theperations andequations of thesorfs/introduced througlenrichment.

A fofm of composition of behaviours might also be achieved througladielisation of parameterised data fypes.

Thege require théata type actualisations satisfy anyformal §orts, operations and equations of the data type peing
actudlised. This is the closest that can be achieved in ACT-ONE to capture the notion of composition of bghaviour as put
forward in ITU-T Rec. X.902 | ISO/IEC 10746-2. It-is* debatable whether this represents composition |of behaviours
though, since there can be no behaviour pframeterised data type until it has beenictualised, i.e. it is not the case

that @n instance of thisr# can occur in the process algebra apelations applied.

4.2.2]12 Composite object

The fesult of a composition of objects.

4.2.213 Decomposition

— of objects: Objects may be decomposed in ACT ONE provided #patations exist in the signature
associated with) the object to permit the decomposition. For example the folldwingpe permits a
compositerobject to be decomposed into its component objects.

type Zis X, Y, IdType
sorts Z
opns makeZ: Id, X, Y ->Z
getX: Z ->X
getY: Z->Y
eqns forall x: X, y: Y, id: ID
ofsortX
getX (makeZ(id,x,y)) = x;
ofsort Y
getY (makeZ(id,x,y)) =y;
endtype (* Z *)

Thus givenz: Z = makeZ(idl,x,y), wherex andy are instances oforts modelling objects and/!/ is a

unique identifier, this can be decomposed mntndy, i.e.it's component objects, througferX(Z) and

getY(Z) respectively.
NOTE — This interpretation is based upon the idea of being able to separate out a composite object into its component parts
(objects). The text given in ITU-T Rec. X.902 | ISO/IEC 10746-2, however, requires only that decomposition specify a given
object as a combination of two or more objects,a.eomposition. In ACT ONE, it is always the case that composite objects are
specified from combinations of component objects. Hence the distinction between composition and decomposition as given in
ITU-T Rec. X.902 | ISO/IEC 10746-2 is somewhat blurred when represented in ACT ONE.
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— of behaviours: The notion of decomposition of behaviours is dependent upon the specification of
behavioural composition. This concept is not explicitly provided for in ACT ONE (see 4.2.2.1). That is,

behaviours are represented dyyerations and equations acting on asort. It is not the case t
arbitrarysort behaviours can be combined and a new behaviour yielded.

hat two

NOTE - It might also be considered that the notion of decomposition of behaviours is inherently supplied by the ACT ONE
operations and equations associated with aort. That is, theseperations and equations provide all possible combinations of
behaviours. Thus for example, sequential composition might be generated thyaughons applied sequentially. Each
operation application in the sequence must satisfy the necessanyrions for occurrence. Whether this is behavioural
composition is debatable though, sincedperations andequations already existed and defined all possible behaviours.

4.2.2

In LOTOS, behavioural equivaence of data types is based on name equivalence of sorts and possibly also by the
that these sorts are bound to. As a result of this, it is not generally the case that an object can replace another-obj
someg

may
This
are t

.4 Behavioural compatibility

ne same. For example, sorts representing a stack of integers and a queue of integers might be behavio

value
Bct in

environment if the objects are obtained from different object templates, i.e. they are instances of diffexent sopzs. It
sometimes be possible to replace one object with another object derived from a different object templéate, however.
requires that the environment offer operations that are applicable to both sorts and the results.gbthese operdtions

Urally

comgatible in some environment if the environment offers only a fop operation, and the queue.and stack have the|same

number of integers pushed onto them. That is, the result in both cases will be an integer. 1f/an environment offers
or a push operation, then behavioural compatibility will not exist between the objectsiéas the operations return
and queue sorts. Since in general, the environment of an object may invoke any\operation in the signaturg, this

sorts
form

4.2.2

Whil
conf

of behaviour compatibility is limited.

5 Refinement

5t the notion of refinement has been explicitly provided for.inithe process algebra of LOTOS, eg. th

AL pop
stack

ough

rmance testing and equivalence relations, there has been little work done on refinement in ACT ONE. Intuitjvely,

howgver, refinement in ACT ONE might take many forms. For example, through extending the signature of a giver sor,

i.e.p

equa
4.2.2

Sincs
guara
algeh
trace
assod
operd

incofrect. For example; thgeration applications of aush followed by apop on aqueue are likely to be rewr

queu

4.2.2

Obje

ions associated with the operations on asort. Ensuring behaviour compatibility is unlikely to be trivial in this
6 Trace
interactions are not explicitly provided for in ACT ONE, the notion of a trace is limited, i.e. it cann

ra and internal actions as the-operations used to evaluate the equations associated with these operations, t
may be modelled to a limited extent. In this case it corresponds to the sequence of operation applic
iated with an instance of-a sort modelling an object. It should be pointed out that if the equations associateq
tions modelling interactions are rewritten, then the record of an object’s interactiortbeiteace, is likel

as opposed tothe expressiamp (push(x,q)). Hence the notion of a trace is limited in ACT ONE.

7 Typeofan <X>

Ctsyinterfaces and actions specified in ACT ONE can satisfy many different arbitrary characteris

Type

oviding more operations. Thisform of refinement should generate natural behaviour compatibility, i.e. the exjsting
opergtions and equations remain unchanged. Other forms of refinement might aso be possible, e.g. modification

pf the
Case,

ot be

Inteed not to contain internal actions. If interactions are considered as the operations that occur in the process

hen a
btions
with
y to be
tten as

ing predicates.

s that can be written down explicitly are template types.

4.2.2.8 Class of an <X>

The notion of class is dependent upon the characterising type predicate which the members of the class satisfy. Objects,
interfaces and actions can satisfy many arbitrary characterising type predicates. A type that can be written down is a

template type. When this is the case, the class of objects, interfaces and actions associated with that type is the template
class.

NOTE — It should be noted that by stating that the only classification possible in LOTOS for objects, interfaces andthaetions is

they satisfy their template type, the concepts of class and template class as given in ITU-T Rec. X.902 | ISO/IEC 10246-2 reduc
to the same modelling technique in LOTOS. Thus there is no distinction in LOTOS between a class in its general classification
sense, and a template class in its more restrictive sense as the set of instances of a given template type.

12
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4.2.2.9 Subtype/Supertype

The notion of subtype and supertypeis not generally supported in ACT ONE since LOTOS uses name equivalence when
type checking. For example, two object types are only the same when they are represented by the same sort. Thusit is
not generally the case that one sort can be substituted for another sorz. It might be the case, however, that alimited form
of subtyping exists between two different sorts if the characterising type predicate is based on some aspect of the sorts
other than their name, e.g. this operation is valid on this sort and returns this result. This is a limited form of typing
though and is unlikely to exist in most cases.

4.2.2.10 Subclass/Superclass

The notion of subtypes and supertypes are only supported to a very limited extent in ACT ONE, i.e. where the
characterlsmg type predlcate is based upon some aspect of the sort. As a result the not|ons of subclass and superclass are

4.2.2

4.2.2
The

4.2.2

4.2.2

The
a be
acce

4.2.2

11 <X> Template

12 Interface signature

iperations that apply to a variable declared as an instance@ftamodelling an object.

13 Instantiation (of an < X' > Template)

14 Role

hotion of a role may best be modelled througdyain ACT ONE. This is because a role represents an ig
haviour. That is, threugh the declaration ebra the operations and equations that apply to thatort are
Ssible.

15 Creation (of an < X'>)

Object Template: A sort definition with associatedperations andequations modelling/an object,
Interface Template: The set ofoperations andequations associated with sorz.definition modell

ng an

object. It should be noted, that the notions of interface and object templates may be regargled as identical

sinceoperations andequations must always act onsart definition. It is also the case that the d
of an instance of aort in the process algebra has implicitly assoeiated with it,ofeation
equations as specified in the ACT ONE part of the specification.

Action Template: An operation with associatedquations.

of an object template: Instantiation of an objecttemplate requires the initialisationsofiamodell
object to a valid initial state. Thisrz initialisation should ensure that thert instance can be U
referenced.

of an interface template: Instantiation of an interface template occurs when an object
instantiated. As such, an object has a single interface given bydhegions andequations acting
sort from which the object is instantiated.

of an action template: The occurrence of an ACT ONdperation in the process algebra. Thige
must satisfy thequations ‘associated with thaiperation.

of an object/interface: Since objects and interfaces only have a form of existence when A
used in conjunction with the process algebra, ACT ONE by itself may not be used to m
ACT ONE used in conjunction with the process algebra may be used to model creation

pclaration
and

ng an
niquely

template is
pn the

ation

entifier for
made

CT ONE is
pdel creation.
bf objects and
@ron

interfaces to a limited extent provided a certain specification style is followed. For exampbe;

associated with grt modelling an object, i.@noperation on an already existing object, which

results in

the generation of a new object. It should be possible to uniquely reference the newly generated object.
This new object should also be used in the process algebra so that it has some form of existence

(see 4.2.1.1 for further details on how this can be achieved.)

4.2.2.16 Introduction (of an object)

Introduction of an object may be achieved in several ways in ACT ONE when used in conjunction with the process
algebra. For example, through event offers occurring wlwosen denotations result in a new instance of sart

modelling an object being generated. These new instances should be in a valid initial state, be uniquely referenceable,
and have some form of existence in the process algebra. Alternatively, objects may be introducedethrough

clauses. Here too they should have a valid initial state, be used in the process algebra so that they have a form of
existence, and it should be possible to uniquely identify them.

ITU-T Rec. X.904 (1997 E)
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4.2.2.17 Deletion (of an < X>)

of an object/interface: Deletion of an object or interface may be achieved in ACT ONE when used in
conjunction with the process algebra through the rewriting that occurs withuttsons associated with

the operations on sorts modelling objects. For example, aperation which removes an elemen

t from a

set can be used to model deletion, argobject with a certain identifier is removed (deleted) from the set

of instantiated objects existing as part of th&ie parameter list of a recursiverocess definition.

4.2.2.18 Instance of a type

of an Object/Interface/Action Template: An instance of a type depends upon the characterising

predicate defining the type. If the type predicate is the template type for objects and interfac

es, an instance

of the object or interface type corresponds to an occurrence ofothenodelling the objects and

4.2.2]119 Template type (of an < X>)

4.2.2120 Template class (of an < X>)

4.2.2121 Derived class/Base class

Deriyed classes and base classes:are not supported in ACT ONE. This is because classes in ACT ONE
through template classes|. f@. objects, the set of instances of a giverr modelling an object in the
ra. It is not the case thatzs/can be incrementally modified. That ésr#s and the labels that are attache
i.e.the name of theort, do-nat’allow reference to another, i.e. self-reference always exists. Thus tperation
equafions associated with.a’'givesar are only applicable to thabrs and not anothesor.

aoel

It shpuld also be pointed out that the notiometialisation of parameterised classes, whilst intuitively poss
featdres of derived/base class relationships, do not in effect represent such a relationship. This is bec

of an Object: The set of instances of a givesrzmaodelling an object in the process algebra.
of an Interface: The set of instances of a-givesn+ modelling an interface to an object in the proces|

of an Action: The set of instances of a'giveperation in the process algebra.

interfaces under consideration In the process algebra. Similarly, If the type predicate 1S ihe
for actions, an instance of an action type is given by the occurrencespéranon modelling_the
type under consideration in the process algebra.

of an Object/Interface: A predicate on instantiations of ther used tol model an obj
instantiations (occurrences) of the templatersqf in the process algebra *have thgeration
equations that are associated with thatz. Since a template for an objeCt and an interface ar
the same way, i.day asort definition with associatedperations andegidtions, the template typ
object and the template type of the interface to that object ares/synonymous in ACT ONE
both correspond to an occurrence ebe in the process algebra.

of an Action: A predicate oroperation occurrences in thecprocess algebra. That is, all in
(occurrences) of the templatepération) in the processtalgebra must fulfill the requireme

template type
action

pct. All

and

e modelled

e of an

That is, they

Stantiations
Nts of the

template, i.ethey must have the same inputs and_produce the same results as giveroppydtien

definition, and theperation evaluation is governed by‘theuations associated with thaiperation.

5 algebra.

are normally only
process

| to them,

s and

essing the
huse it is not the

case| that instances of a parameterised class can occur in the process algidenanuest bercrualised so that & class
can gxist.

4.2.2122 )Invariant

This notion is implicit within ACT ONE, i.eobjects must always satisfy tlperations and equations that apply to

them.

4.2.2.23 Precondition

In ACT ONE alloperations must satisfy alequations (and any associategliards) that apply to them before they can

occur.

4.2.2.24 Postcondition

This notion is implicit within ACT ONE, i.ethe occurrence of a givesperation (action) requires the associated
equations to be defined (true).
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4.3 Architectural semantics in SDL-92

SDL-92 is a standardised FSL. Tutorial material is annexed to the ITU-T Rec. Z.100. A number of SDL textbooks exist
as well as commercial tools, which support different aspects of SDL from graphics handling to analysis and generation
of programming code based on SDL.

SDL models a system as a set of extended finite state machines communicating by messages, called signals. The data
concept of SDL is based on ACT ONE. The state machines are extended in that they may define local variables to hold
part of their history. The signals are communicated asynchronously, thereby offering loose coupling between
components in a distributed system.

This subclause expresses one way in which modelling concepts can be expressed in SDL. The representation is not
regarded as unique. However it establishes that almost all of the fundamental concepts can be expressed in SDL. It
shoul[dbe pointed out here that an alternailive approach 10 modelling many of the concepts given here also exists| This
focuges on the use of ACT ONE. Details of this approach may be found in 4.2.

The yersion used is SDL-92, as defined in the ITU-T Rec. Z.100. SDL-92 contains a number of extensions compared
with BDL-88. The most important ones are:

—  object-oriented constructs;
—  possible nondelayinghannels;
— non-determinism;

—  possible inclusion of alternate data conceptsremote procedure calls:

The most significant feature of the alternate data typing is that they enable-combined usage of ACT QNE and ASN.1
within SDL. The semantics of the combination of SDL-92 with ASN.1 is defined in the ITU-T Rec. Z.105.

To ayoid confusionitalics have been used in the text to indicate SDK concepts, whenever it has been felt necessary.
4.3.1 Basic modelling concepts

43.1|1 Object

Objects in SDL are instances gfstem type, block type,Sprocess type, service type, timer, channel, and signalfoute.
Thede instances are characterised by a state and abehaviour.

Each instance is encapsulated, i.e. any change.in its state can only occur as a result of an internal actioh or as a result o
an interaction with its environment.

References for some kind of objects have to be provided explicitly.

4.3.112 Environment (of an object)

The gnvironment of an object 'depends on the object kind. See Table 1.

Table 1 — Object environment

Objfect kind Environment constraints
system — incomingsignals of channels
blo¢k — global datatypes

— incomingsignals of channels

— calls ofexported procedures

— imported variables

process —gfobat datatypes

— incomingsignals of implicit or explicit signalroutes
— calls ofexported procedures

— viewed/imported variables

— time constraints foput actions

service — global variablesimers/datatypes, shared signal buffer (owned by enclogingess instance)
— incomingsignals of implicit or explicit signalroutes
— calls ofexported procedures

— viewed/imported variables

— time constraints foinput actions

timer — calls ofser andreset, stop of the owneprocess
channel — incomingsignals from the connectetllocks (resp.system environment env)
signalroute — incomingsignals from the connectegrocess/service instances

ITU-T Rec. X.904 (1997 E) 15


https://standardsiso.com/api/?name=f2fd30932f2c292b7433a03077b65a28

ISO/TEC 10746-4 : 1998 (E)

4.3.1

3 Action

An action in SDL is a single input or save, an action statement, a whole transition or the complete execution of a
procedure. Possible single action statements are:

The
Inter

varigbles (globaprocess variables ofservices, revealed/viewed and import/export of process yarsiables). The
sequence of sending, conveying and eventually receivingighal (output-input) can be considered as one int

4.3.1

Depénding on the kind of an object there are different means in SDL to describe\interfaces, as shown in

In cdse of alock object the set ofemote procedures exported/imported tolfromithe outside of thélock as well
set dfsignals sent/received byrocesses of thatblock should be encapsulated,in one or more processes. fitug

then

are defined, where each interface describes a subset of potential igteractions of an object.

—  task, import, export, view,
- output;

- create;

—  set, reset, active;

—  procedure call;

staonlrotiixcia .
SHOPA-CHHHS
- nextstate.

transmission of &gnal by a channel or asignalroute is an action also, as is the generation-afraer s
hctions are theput/output of asignal, the call and thereturn action of aremote procedure, and the use of

4 Interface

act as the interfaces of theck object. With those interface descriptions only the potential interactions

Table 2 — Object Interfaces

gnal.
shared
action

Braction.

[able 2.

as the
BEsCs
of an object

pro

ser

Objct kind Interface’is characterised by
system —  system gates With their signal lists

— ingoing/outgoing channels with their signal lists
blo¢k —  block gates with their signal lists

— ingoing/outgoing channels withiheir signal lists

— ingoing/outgoing signalroutes-with their signal lists

— set of remote procedures\(exported/imported tolfrom outside of block)
— set of remote variables.(@xported/imported tolfrom outside of block)
ess — process gates With their signal lists

— setof al valid input/output signals

— set of al expdrted/imported procedures

— set of shared variables (revealed/viewed tolfrom outside of process)
ice —  service(gates with their signal lists

— setofalvalid input/output signals

— setof @l exported/imported procedures

timgr — timer identification

chapnel - “sets of al signals carried in each direction

sigalroute ~, setsof al signals carried in each direction
4.3.1{5C~ Activity

In general an activity cannot be denoted explicitly, since it may span several objects.

One special case of an activity is the execution of a locaaste procedure with the call action being the head of the
activity and the potential return actions being the tail actions.

4.3.1.6 Behaviour (of an object)

The behaviour of arocess/service is the set of all transitions of thatrocess/service. The input actions provide

constraints on the circumstances in which the transitions may occur. Additional constraints can be introduced using the

provide construct or theontinuous signal construct. An object may exhibit non-deterministic behaviour.

The behaviour of &alock is aggregated from the behaviour of fhecesses contained in thablock. The behaviour of a
system is aggregated from the behaviour oftheks contained in thagystem.

16
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The behaviour of a channel or a signalroute is the conveyance of signals (instantaneously or delayed when specified).

The behaviour of a timer is predefined in SDL in the sense of an alarm clock.

4.3.1.7 State (of an object)

The set of all sequences of actions in which an object can take part at a given instant in time is determined in case of a
process/service by the current SDL state at that time, the values of the local variables, and the content of the input port.

The state of a block or a system is the total of the states of all contained processes, blocks plus all contained channels or
signalroutes.

The state of a channel is given implicitly or explicitly by a block. The state depends whether the channel has a delay

prope¥ty-er-het:

The gstate of signalroute is always given implicitly.

The s
sendi

4.3.1
The

procddures Or imported/exported variables) channels or signalroutes. Information is carriedby signals.

4.3.1

Actigns occur within process instances and service instances. TransmisS§ion actions occur within channd
signdiroutes.

4.3.1
Each

instaptaneous. The duration of an action cannot be denoted explicitly. Actions can be scheduled for a concrete d

after
N

a
b
c

4.3.1

Intergction points are the gates.of-block/process/service instances and the endpoints of (possibly implicit) channel
U-routes. Shared variables‘are interaction points too. They have a location. An object can have severa intergction

signa
point

4.3.2

4.3.2

hg atimeout signal.

8 Communication

ronveyance of information between two or more objects is done by explicit or (implicit (in case of r¢

9 Location in space

10 Location in time

action is characterized by a date when the action begins ‘and a date when the action ends. Actions ¢

p specified delay.

DTE —

There is a global time in SDL accessiblerbyNothing is said about the time units.
Two consecutive actiong anda2, hold the-relatiomow(al) <= now(a2).

The only ways to address explicitly-time are the set actiondoreaand the application ofow in enabling conditio
continuous signals. Scheduling of actiens for a fixed point in time should be avoided.

11 Interaction point

5.

Specification’concepts

1 Composition

=\ of objects:

btate of a timer is active or not active. The state of an active timer is determined by the remaining,time delgy for

bmote

/s or

N be
pte or

hs and

and

a) asycem ohject may be a concurrent compositionhffek objects which may be intercon

cted by

channels;

b) ablock object may be a concurrent compositionbifck objects (which may be interconnected by
channels) or a concurrent composition pfocess objects, which may be connectedsynalroutes;

C) aprocess object may be an interleaving compositiors@fvice objects;
d) achannel may be a composition éfocks interconnected byhannels;
—  of behaviour
a) the behaviour of gstem is a concurrent composition of the behaviour obitscks;

db) the behaviour of &lock is a concurrent composition of the behaviour ofsiig-blocks or
processes,

ITU-T Rec. X.904 (1997 E)
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c) the behaviour of a process is an interleaving composition of the behaviour of its services
sequential composition of the actions of its process graph;

d) the behaviour of aservice isasequential composition of the actions of its service graph;

or a

€) the behaviour of a channel may be a composition of the behaviour of the blocks it consists of and of

the channels interconnecting them.

4.3.2.2 Composite object

According to 4.3.2.1 the following objects can be expressed as a composition:

4.3.2

4.3.2

Therkg is no general means to describe behavioural compatibility in SDL explicitly, however the semanti
langliage in terms of transition systems allows for the definition of behavioural compatibility and its verific

An instance of a derived class can be considered restricted behavieural compatible with an instance of tf
basg class and an instance eb@efined type can be considered restricted behavioural compatible with ar
the dorrespondingirtual type.Atleast-clauses can be used to require a restricted behavioural compatibility.

4.3.2]5 Refinement

Therp are two ways to refine an SDL specification of an object:

4.3.216 Trace

Therk is no explicit means to specify traces in SDL. Traces can be obtained as the result of the interpre
spedfication according to the dynamic semantics of SDL.

N

4.3.2]7 Type (of ani<X>)

Ther¢ is no general’explicit predicate in SDL.
4.3.2|8 Class (of <X>)

This

o n

—  Ssystem;

—  block:

—  process,

—  channel.

3  Decomposition
— of objects: The specification of a given object as a composition.

— of behaviours: The specification of a given behaviour as a composition-

4 Behavioural compatibility

—  substructuring (ohlock or system level);

— use of the object-oriented featurés-(inheritance, virtuality and generic parameters).

pecifications. There is a tight-relation between the syntax and semantics of MSC and the syntax and semantics|
bfined and standardised-in1TU-T Rec. Z.120.

Concept is not supported in general, only for template types.

cal basis of the
Ation.

e corresponding
instance of

ation of an SDL

DTE — Message Sequence'Charts (MSC) provide an appropriate syntax and semantics for the representatiof of traces of SDL

of SDL. MSC are

4.3.2.9 Subtype/Supertype

This concept is not supported in general.

4.3.2.10 Subclass/Superclass

This concept is not supported in general, only for template types.

4.3.2.11 <X> Template
— Object Template: Object templates are type definitions for the appropriate object kind (system, block,

18

process, service). For timers, channels and signalroutes, the object templates are the correspol
declarations.
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— Interface Template: Dependingon the interface kind, an interface template can be given implicitly by a

declarationchannel, signalroutes) or explicitly by a type definition for arocess (see 4.3.1.4).

— Action Template: An action template is specified by the definition opracess/ procedure/ service
graph. Atomic action templates ateput, output, save, set, reset, create, task, stop, return, nextstate, call,
import, export, view.

Templates may be specified using parameters (formal parameters or formal context parameters). Parameters may have

constraints. Templates may be combined (i.e. a type definition may contain other type definitions).

4.3.2.12 Interface signature

The set okignal types andremote procedure types which are valid for the interface.

4.3.2]13 Instantiation (of an <X> template)

Therg are two ways in SDL to instantiate templates:

— implicit instantiation {ystem, block, channels, signalroutes, processes, services) IS done by |object
declaration;

— explicit instantiation usingreate (only for processes).

Instantiations are always the result of an action to instantiate a template. Formal context parameters havg to be actualized

befofe the instantiation can be obtained (lpyaess type specialization or grocess deelaration).

4.3.2]14 Role
Therg is no general means to specify roles.

Rolep may be described as formal context parameters.
N[TE —Atleast-clauses can be used for a further qualification of a role:

4.3.2|15 Creation (of an <X>)

Ther¢ are two kinds of creation (see 4.3.2.13):

— implicit instantiation;

— explicit instantiation — interpretation-efaeare action.

4.3.2]16 Deletion (of an <X>)

Only|process objectscan be deleted. prdcess can delete only itself. This is done through the interpretation|ofdpe
action. If aservice interprets astop action it results in the deletion of thigrvice, the deletion of all othesefvices
belonging to the samegocess and thedeletion of therocess.

NOTE —

a The deletion of ongrogess by anotherprocess can be modelled using thewpur of a specialsignal which eventually
consumption by the reeeiver causes the receiver to interprgt.a

b The deletion of @lbrocesses of ablock can be considered as a deletion of #iatk.

4.3.2]117 Introduction (of an object)

The implicit inStantiation (see 4.3.2.13) can be considered as introduction.

4.3.2]18 AInstance of a type

An LAet 1o AN tnctanen Af A Ll 1. Y 1f thorn 1o Aan ~Avnlicid A 1 ||C|t
fectis-an-nstance-of-asystenfpe—blocktype—processtrpe-Biservicetpe—H-there-is-an-expheioerap

instantiation for that X or a substitute of X. A substitute is an instance of atype template which is atype speciaization in
SDL.

4.3.2.19 Template type (of an <X>)

The fact that an <X> is an instantiation of an <X> template can be expressed for processes, services, blocks and systems
by the denotation that the object is an SDL instance of the type definition.

4.3.2.20 Template class (of an <X>)

Thereis no general explicit notation to characterise the template class of an <X>, however the template classis the set of
al processes, blocks, services or systems instances from a process type definition, block type definition, service type
definition or system type definition respectively.
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4.3.2.

21 Derived class/Base class

A type definition may be derived from another type definition by specialisation, which may comprise:

— binding of context parameters and addition of new context parameters;
— inheriting definitions;
— redefinition of virtual components;

— addition of further definitions.

Constraints may be applied using thizast andfinalised constructs.
NOTE — Multiple inheritance is not supported.

4.3.2

Therg is no notation for invariantsin SDL.

4.3.2
FEnab

4.3.2
Therg

4.4

The }
yet al
the Z

A de
to th
be u

To a
4.4.1

44.1

An 0
of of
sche
fragn
obje
oper
throy
that

N
(9

22 Invariant

23 Precondition
ing conditions, continuous signals and signals can be used to specify the preconditions of atransition.
24 Postcondition

P is no notation for postconditionsin SDL.

Architectural semantics in Z

’ notation is a specification notation based on strongly typed set theory and first order predicate calculus. Z

Base Standard. See clause 2.

Lfacto standard for Z exists (Spivey’s Z Notation). See.clause 4. This version of the notation is stablg
b Z-Base Standard, and tool support exists for syntax*and static semantics checking. This version of
bed for the architectural semantics of RM-ODP until an ISO version of the documentation is widely a

boid confusion in ODP and Z terminology, italics are used in the following subclauses to denote Z-sp
Basic modelling concepts

1 Object

bject may be described in Z by\a collection of specification fragments. These fragments should con

S not

N 1SO FSL but a standard is being prepared by 1SO SC22 WG19. Thelatest version of the Standard is contaifed in

and very close
the notation will
ailable.

pcific terms.

ain a collection

eration schemas (representing’the interface to the object) including appropsiate schema(s). Thes
mas may include predicates which are used to represent (fragments of) the invariants of the object.

t). This can be achigved through having an identifier isvaheschema(s) of the object that remains cons
htions defined foerZdhat object. Finally, there must exist a valid initial state for that object. This cal
gh an initialisation schema that gives legal bindings to the variables declaredrinethe@zema with a pre
bnsures thetobject is unique within the specification.

DTE — Care/has to be taken when specifying objects in Z, since the language does not possess featureq
ssential.for describing objects) as discussed in the Note of 4.4.1.3.

4.4.1

state
he specification

hents should also have)some means whereby they can be uniquely referenced (representing the identity of the

ant in all
h be achieved
dicate

of encapsulation

2-_Environment (of an object)

The environment of an object in a Z specification is described in terms of its input and output. Input to an object comes
from the environment. Output of an object goes to the environment. The environment of an object can either be specified
directly or left unspecified. If it is unspecified, then the occurrence of operation schemas producing outputs or requiring
inputs may occur with the environment either providing the inputs or recelving the outputs respectively. If the
environment of an object is specified, however, then this implies that for each operation schema associated with the
object, there exists another operation schema (possibly associated with another object) that requires inputs or outputs of
the same type as the object under consideration. These two operation schemas are then conjoined with one another with
the inputs/outputs of the operation under consideration being renamed as the outputs/inputs of the operation representing
the environment respectively.

The environment of an object may also be given by variables referenced by an object that have a global scope, e.g. those
found in axiomatic descriptions.

20
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4.4.1.3 Action

An action is modelled in Z by the performance of an operation specified in an operation schema. The effect is the
instantaneous change in state (or the null change) of the objects with which that action is associated. An action may
produce a non-deterministic result.

Since there is no explicit notion of encapsulation in Z, it is not usual to determine whether an action is observable or
internal in Z, hence the distinction between interactions and internal actions is not clearly defined. This
Recommendation | International Standard will use the convention that an operation schema representing an action which
has either inputs, outputs or variables global to the specification interacts with its environment. The environment may or
may not be specified (see 4.4.1.2). Actions requiring inputs from an unspecified environment that produce no outputs
may be regarded as externaly invoked non-observable actions. Actions producing outputs going to an unspecified
environment may be regarded as internally invoked (spontaneous) observable actions. Actions that require inputs from
an unspecified environment and produce outputs going to that environment may be regarded as externally 4nyoked

If theg environment of an object is specified, however, then this implies that for each operation schema requiring inputs
or oytputs that is associated with an interface to an object, i.e. an observable action, there exists-another opefation
schema (possibly associated with another object) that requires inputs or outputs of the same typeas’the object bnder
consideration. These two operation schemas are then conjoined with one another with the inputs/éutputs of the opefation
undey consideration being renamed as the outputs/inputs of the operation representing the environment respectively

Alterhatively the occurrence of operations that reference variables that are global throdghout the specification can be
regarfled as interactions.

All operations in Z are atomic. That is, operation schemas in Z either happen intheir entirety or do not happen gt al.
Thus] it is not possible in Z to have actions that are not atomic.
An dbject interacting with itself can be modelled informally by compesition of Z operation schemas. For exgmple,

opergtion OpA with output a!: 4 can be composed with operation OpB), With input 4?: 4, and a predicate conjunction

The otion of cause and effect relationships are not strictly within the scope of Z. However, if an operation requifes an

input] to occur, then this might be considered as the environthent causing this operation to occur, i.e. the enviropment

acts @s the producer and the operation schema as the consumer. Similarly, if an operation schema produces an otput,

then this might be considered as the environment actingas the consumer and the operation as the producer. If agiven

operdtion schema requires both inputs and gives outputs, or has no inputs or outputs, then it is not possible to give a

causg and effect relationship to that particular actjon:

NPTE — It should be noted that this syntagtiC convention for distinguishing internal and observable actions is limitextesiisce th
semantic distinction between operations which are to be interpreted as spontaneous or internal, and thgse which require
efvironmental participation; this can .only be achieved using the natural language commentary which should accompany all

Z|specifications. As a consequence\of this, the above definition treats a lossy queue as a subtype of a queue. [Clehdy though t
intention of the extra lose operationnn a lossy queue is that it should occur non-deterministically.

>

4.4.1/4 Interface

An abstraction of the behaviour of an object obtained by identifying the operations associated with that object that pre to
form|the substance of~the interface. In al remaining operation schemas @l inputs and outputs are hidden arjd the
occutrence of the operations defined in these operation schemas are regarded as internal actions, i.e. they do not require
or inyolve the participation of the environment of the object. The resulting Z text representing that object is an intg¢rface
template. Any-instance of the interface template is an interface.

4.4.115 ~Activity

The noetten-of-an a.,tiv;ty as ao;ng:c headed-directed cu.,yb“b of aph of-actrons-doesnot-exist dilUCﬂy HrtheZ :all‘gdage.
However, the concept of an activity may be modelled to some extent by noting that if action x precedes action y in some
activity, then the postcondition of action x must imply the precondition for action y.

4.4.1.6 Behaviour (of an object)

The behaviour of an object in a given state is the set of all possible activities that may occur from that state. The actual
sequence of actions that may occur may be affected by the environment of the object and the constraints expressed in the
preconditions.

4.4.1.7 State (of an object)

A binding of the state variables declared in the state schema(s) associated with the object template used for calculating
preconditions.
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4.4.1.8 Communication

Communication may be modelled in Z through inputs and outputs to operations. Inputs to and outputs from operation
schemas are normally considered as communications with the environment of an object. Since communication occurs
between objects, the environment of an object (see 4.4.1.2) must be specified to model communication. Communication
is then achieved by firstly normalising the operation schemas associated with the interacting objects and then conjoining
them, with the outputs of one operation being renamed as the inputs to the other operation schema. This modelling of
communication requires that the inputs and outputs of the associated operation schemas are of the same type.

Alternatively, the occurrence of operation schemas that reference variables global to the specification represent
communications, with the value of the global variable following the operation occurrence being communicated with all
other operation schemas referencing that variable.

4.4.1]19 Location in space

The goncept of space is not considered primitivein Z. The location in space at which an action occurs can only be piven
in Z in terms of the specification model rather than the real world system being modelled. Thus a locatior'in space might
be infroduced as a Z type. Through this, relations can be specified associating operation schemas with-given locatipns in
spacg. Thisthen makesiit possible to reason about locations in space at which actions can occur.

4.4.1]10 Location in time

The goncept of time is not considered primitive in Z. The location in time at which aaction occurs can only be giyen in
Z inf{erms of the specification model rather than the real world system being modelted. Thus a location in time might be
introgluced as a Z type that can be associated with given actions, e.g. through some'relation. Through this, quantifi¢ation
over the time at which actions can occur, can be achieved.

4.4.1111 Interaction point

The goncept of interaction point depends upon the definitions of interaction and locations in space and time. See 44.1.3,
4.4.119 and 4.4.1.10.

4.4.2 Specification concepts

4.4.2]1 Composition

— of Objects: Composition of.@bjects is not a feature explicitly offered by the Z language, due amongst
other things to the lack‘\of encapsulation. However, it is possible to model some chafacteristics of
composition through schema inclusion and redefinition of operations through promotion.

— of Behaviours: As-a_behaviour in its most degenerate case may be considered an action, ahd an action in
Z is the performance of an operation defined byaration schema, composition of actions equates to
the combination obperation schemas in Z. Operation schemes may be combined in several|ways in Z.
such as:

J sohema calculus;
< schema composition (});

o overriding (O).

Generatty;—characteristicsof-theresuttingbehaviour-may-be—derived-fromthe—compositronwhich—may-not be derived
from the individual behaviours being combined. In addition, irrelevant details of the behaviours being combined may be
suppressed.

4.4.2.2 Composite object

See interpretation of composition above.

4.4.2.3 Decomposition
— of objects: See interpretation of composition of objects above.

— of behaviours: See interpretation of composition of behaviours above.
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4.4.2.4 Behavioural compatibility

Behaviour compatibility is based upon the notion of substitutability in a given environment. Extension is one possible
way of achieving this. An extension of a base template may have extra components in the associated state schema, a
stronger state invariant, stronger initial conditions and more operation schemas. The operation schemas associated with
the extension of the template type may have weaker preconditions and stronger postconditions than the corresponding
operation schemas in the base template type.

4.4.2.5 Refinement

Refinement is the process of transforming one specification into a more detailed specification. Since Z deals with
abstractions of systems where data and operations on that data are used to represent the given system under

consi
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—  operation refinement, and

—  data refinement.

Her to refine a specification, the refinement must ensure behaviour compatibility between the speci
bment. To account for this, certain conditions exist to ensure that a Z specification refinement produg
led specification. These are theery and liveness conditions. The safety condition”on the refinen
fication is that any circumstance acceptable to the specification must be acceptable to the refinem
ition on the refinement of a specification is that for any circumstance acceptable to the specification
b refinement must be allowed by the specification.

safety and liveness conditions need to apply to both the operation and data refinements.
6 Trace

Mmodelling of a trace in Z is limited for two reasons. Firstlyythere is no direct way to record an objeg
hdly, there is no semantic distinction between internal and“observable actions as discussed in the N

7 Type (of an < X>)

bject, interface or action can have many different ODP types. ODP types correspond to sets i
hcterising predicate is given by set membership.

8 Class (of <X >’s)

et of all <¥'>'s such that the set membership predicatethieeODP type, is true.

9 Subtype/Supertype

ypes and supertypes-inhODP correspond to subsets and supersets respectively in Z.

10 Subclass/Superclass

lasses and'superclasses in ODP correspond to the subset and superset relationships respectively i

11 <X> Template

—  Object Template: Fragments of a specification that represent the common features of

ication and the
es a valid more
nent of a

bnt. The liveness
, the behaviour

ts actions, and
pte in 4.4.1.3.

h Z, where the

the objects

possible states, have a unique (immutable) identity that can be referenced, and associaigd-sgbof

schemas that act on that state. If the object template is a generic one, the precise form of
only be given when the type of the parameterising parameters is given.

template will

— Interface Template: A set ofoperation schemas derived from the Z text representing an object template

in the way described under the interpretation of interface (see 4.4.1.4). If the object template is a generic
one, the precise form of interface template will only be given when the type of the parameterising
parameters are given. Interface templates may be combined using the Z operations for schema
combination.

Action Template: An operation schema. Action templates may be combined using the Z operations for
schema combination. If the action template is a generic one, the precise form of action template will only
be given when the type of the parameterising parameters are given.
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