Richard O. Sinnott and Kenneth J. Turner. Applying the architectural
semantics of ODP to develop a trader specification (pre-publication
version). Computer Networks and ISDN Systems, 29(4):457-471, March 1997.

Applying the Architectural Semantics of ODP
to Develop a Trader Specification

Richard O. Sinnott and Kenneth J. Turner,
Department of Computing Science and Mathematics,
University of Stirling,

Stirling FK9 4LA,

Scotland
email: ros || kjt@cs.stir.ac.uk

October 2, 1995

Abstract

This paper provides an introduction to the role of Formal Description Techniques in
the development of an architectural semantics for Open Distributed Processing (ODP).
Following a brief overview of ODP and the Reference Model for ODP, an outline of the
reasons for developing of an architectural semantics is given. The dilerent approaches
currently being taken for an ODP architectural semantics are presented. Finally, an
ODP infrastructure component — the ODP Trader — is specified using the architectural
semantics work.

1 Introduction

It is often the case that writing specifications proves to be di [culit due to poor specification
structure to begin with. Having a good ® architecture upon which specifications can be based
eases many of the di Cculties involved in the actual writing of specifications. By a similar
argument, specifications that are not based on a well-structured architecture tend to be not
only di [Cculit to write but also hard to understand, modify and extend. Having a good
specification architecture is also very useful for problems that are not well defined, because
it requires detailed consideration of the informal problem. Attempting to formalise “messy”
problems directly may lead to “messy” specifications.

The advantages of developing a specification architecture are argued in detail in [17, 18]
which focus on the architectural semantics for Open System Interconnection (OSI). This
paper presents the development of an architectural semantics for Open Distributed Processing
(ODP), focusing in particular on its application to develop an ODP common function — the
ODP Trader.

The rest of the paper is structured as follows. Section 2 provides an overview of ODP
and the reference model of ODP (RM-ODP). Section 3 focuses on Part 4 of the RM-ODP —
the development of an architectural semantics for ODP. Section 4 introduces the ODP trader
and shows how it may be specified in LOTOS using the architectural semantics work. Section

1The architecture must already have been applied to develop specifications which solved a similar problem
successfully, i.e. they were clear, precise, easy to extend etc.



5 shows the relationship (or lack of one) between the formalisation of the basic concepts
and those of the viewpoint language concept formalisations. Finally section 6 draws some
conclusions on the advantages of developing the trader specification through the architectural
semantics work.

2 Introduction to ODP and the RM-ODP

One property of a distributed system is that a user of the system is unaware of the dilert
ences in computers and operating systems in which their applications run. Such systems are
inherently complex. Despite this distributed processing is growing rapidly, primarily due to
the computer industry’s ability to produce cheaper, more powerful computers. As a result of
this growth, the need for the coordinated production of standards for distributed processing
has been identified.

ODP is already a major e [ant between the International Organization for Standardization
(ISO) and International Telecommunications Union (ITU-T) which will lead to significant
product development in the coming years. The ODP work identifies and attempts to provide
a framework for distributed systems. This has been set out in a Reference Model of ODP (RM-
ODP). It defines an architecture through which distribution, interworking and portability can
be achieved.

The RM-ODP recognises that it cannot provide an infrastructure to meet all of the needs
of distribution. Dilerent systems will almost certainly have di[erent demands on the infras-
tructure. The RM-ODP does, however, provide a framework for describing these infrastruc-
ture components and their configuration. Given applications may then select the components
they need for their particular concerns. Thus the RM-ODP is in e [edt a framework for devel-
oping standards for distribution, where the standards to be developed reflect infrastructure
components needed to overcome problems inherent in distribution.

The RM-ODP is based upon concepts derived from current distributed processing develop-
ments and, as far as possible, on the use of Formal Description Techniques (FDTs) to specify
the architecture. The RM-ODP uses an object-oriented approach, where an object may be
regarded as an identifiable encapsulated aspect of some real world entity. The advantages of
this with regard to systems development generally are well documented in the literature, e.g.
[11, 12, 13].

The RM-ODRP itself is divided into four main parts.

Part 1 - Overview and Guide to Use ([1]): contains an overview and guide to use of the
RM-ODP.

Part 2 - Descriptive Model ([2]): contains the definition of concepts and gives the frame-
work for descriptions of distributed systems. It also introduces the principles of confor-
mance and the way it may be applied to ODP.

In e [edt Part 2 provides the vocabulary with which distributed systems may be reasoned
about and developed, i.e. it is used as the basis for understanding the concepts contained
within Part 3 of the RM-ODP.

Part 3 - Prescriptive Model ([3]): contains the specification of the required characteris-
tics that qualify distributed system as open, i.e. constraints to which ODP systems



must conform. One particular part of Part 3 which is currently the focus of much of
the recent architectural semantics work, is that of the viewpoint languages.

ODP uses the notion of a viewpoint as it recognises that it is not possible to capture
e [edtively all aspects of design in a single description. Each viewpoint captures certain
design facets of concern to a particular group involved in the design process. In doing
so, the complexity involved in considering the system as a whole is reduced. ODP
recognises five viewpoints, each with its own associated language:

Enterprise Viewpoint: this focuses on the expression of purpose, policy and bound-
ary for a given ODP system;

Information Viewpoint: this focuses on the information and information processing
functions in a given ODP system;

Computational Viewpoint: this focuses on the expression of functional decompo-
sition of a given ODP system, and of the interworking and portability of ODP
functions;

Engineering Viewpoint: this focuses on the expression of the infrastructure required
to support distributed processing;

Technology Viewpoint: this focuses on the expression of suitable technologies to
support distributed processing.

These viewpoint languages will be considered in more detail in section 4.1, when they
are used to develop a trader specification.

Part 4 - Architectural Semantics ([4, 5]) : contains a formalisation of a subset of the
ODP concepts. This formalisation is achieved through “interpreting” each concept in
terms of the constructs of a given FDT. The architectural semantics is considered in
detail in the next section.

3 An Architectural Semantics for ODP

An architectural semantics is the expression of a given architecture defined intuitively in a
formal language, e.g. a formal description technique. The architecture considered here is the
RM-ODP.

There are numerous advantages to be gained from “formalising” the architecture of the
RM-ODP. Many of these advantages are argued in detail in [14, 15, 17]. The majority of
advantages stem from the higher level of precision that is introduced through interpreting
concepts formally, and the more detailed consideration of concepts required in doing so. This
paper does not attempt to repeat an exposition of the advantages, but instead focuses on the
practical advantages in applying the architectural semantics work to develop a specification.

An overview of the work on formalising the architecture of ODP is now given, and the
approaches put forward so far are described.

3.1 The Scope of the Architectural Semantics Work

Ideally the architectural semantics work in Part 4 should formalise all of the RM-ODP. This,
however, is not feasible due to both time and technical limitations. As a result the early



standardisation work focused on developing an architectural semantics for the basic modelling
and specification concepts of Part 2. More recently, work has focused on formalising the
viewpoint languages of the RM-ODP.

3.2 The FDTs Used in the Architectural Semantics Work

The FDTs currently being used in developing an architectural semantics for ODP are LOTOS
[7], Z [8], SDL’92 [9] and ESTELLE [10]. These have been used as they satisfy the criteria
for usage in ODP, namely that the FDT must be widely known or standardised. This raises
questions over the use of new FDTs, e.g. Object-Z [20] or RAISE [19]. It may be the case that
the introduction of new FDTs for developing an architectural semantics for ODP is prohibited
more by political reasons than technical reasons. It may also be the case that it might be too
late already for new FDTs to be used to develop an architectural semantics for ODP, as the
work is already well advanced in the standards making process.

3.3 Formalising the Basic Concepts

As stated in section 2, Part 2 of the RM-ODP introduces the basic concepts necessary for con-
sidering Part 3. These basic concepts may be of a fundamental modelling nature, e.g. object,
action, interface, etc; specific to specification languages, e.g. type, class, behaviour compat-
ibility, etc; or of an nature related specifically to issues of distribution, e.g. organizational
concepts, naming concepts, etc.

Previous work in developing an architectural semantics for ODP focused on the modelling
and specification concepts. However, recent work [21, 22] has also focused on those concepts
related to issues of distribution, e.g. policy, domain, etc.

The formalisation of all of these concepts o [er numerous advantages. For example, for-
malising the basic modelling concepts and concepts related to issues of distribution gives a
precise understanding of the architectural concepts used in the RM-ODP. This then enables
a solid architectural basis for writing specifications of ODP systems (and standards) to be
achieved. Formalising the specification language specific concepts enables a comparison to be
made of the suitability of FDTs to modelling concepts that arise in the RM-ODP. This then
aids in the selection of the most apt FDT for the specification task at hand. Through these
formalisations a uniform and consistent comparison of formal descriptions of standards writ-
ten in dilerent FDTs is possible, with the formal interpretation acting as a bridge between
the ODP and FDT semantic models.

The approach taken towards formalisation in Part 2 is through interpretation: description
is used to show how the architectural concepts of the RM-ODP may best be represented in
a given formal method. There is no high level of prescriptivity in this approach; rather, a
given concept representation might have many di [erknt formalisations in any one FDT. The
following list summarises some of the basic concept definitions of Part 2 from the RM-ODP.

action: something which happens; all actions are associated with objects and can be interac-
tions or internal actions.

interaction: an action that occurs with the environment of the object.
internal action: an action that occurs without the environment of the object.

environment: the part of the model that is not part of the object.



interaction point: a location at which a set of interfaces exist.

behaviour: a collection of actions with a set of constraints on their occurrence.
location in space: an interval in space at which an action can occur.
interface: a subset of the interactions of an object.

object: a model of an entity characterised by its state and its behaviour; all objects are unique
and encapsulated, i.e. state changes can only occur via internal actions or through
interactions with the environment.

composition (of objects): a combination of two or more objects yielding a new object; the
characteristics of the new object are determined by the objects being combined and the
way they are combined.

obligation: A prescription that a particular behaviour is required.
permission: A prescription that a particular behaviour is allowed to occur.

prohibition: A prescription that a particular behaviour must not occur.

The following list highlights briefly the way in which the above concepts are represented in
the FDT LOTOS.

action: a LOTOS event;

interaction: an event that occurs via synchronisation on a common gate.
internal action: an event at a hidden gate or the internal event symbol, i.

environment: all of the behaviour expressions that may synchronise with the object 2.

interaction point: a gate with a possibly empty list of associated values.

behaviour (of an object): determined by the behaviour expression associated with the ob-
ject template.

location in space: a gate for interactions; hidden for internal actions.

3

interface: an abstraction of the behaviour of an object obtained by hiding all observable

actions that do not constitute part of the interface under consideration.
object: an instantiation of a LOTOS process definition which can be uniquely referenced.

composition: an object described through the application of one or more of the LOTOS
composition operators, i.e. |||, ||, Illl, [I, [> and >=>.

2This may include behaviour not specified within the specification if the specification is parameterised with
gates, e.g. through a simulator.

SUsing the LOTOS hide ... in construction to make internal, gates (and hence the associated actions) not
making up part of the interface.



permission: an event o [erd which must occur before a particular behaviour of interest can
occur. This is an inherent feature of the temporal ordering of events associated with
every LOTOS specification. The evaluation of a guard to true, or the satisfaction of a
selection predicate, may also be used to model a permission.

obligation: In LOTOS, behaviour is modelled directly through writing behaviour expressions.
This behaviour either occurs or does not occur depending upon the interactions with the
environment. However, if the specification is written so that at any one time only a
single event can occur, then this event is obliged to occur (at some time).

prohibition: represented using the temporal ordering of events “. A prohibited behaviour

may be placed after a permission event so the behaviour is prohibited until the permis-

sion event occurs. Alternatively a guard or selection predicate can be used to model

a prohibition, i.e. the behaviour cannot occur until the guard or selection predicate is

satisfied.

As can be seen, these definitions and their interpretations in LOTOS o[ed guidance to
the specifier without being overly prescriptive. For example, the definition of an object states
nothing about the way in which the unique identity of an object can be established. This
might be when the process is instantiated, as some value parameter which is used in all
object interactions. Alternatively the identity might be some global value used directly in
the behaviour expression associated with the object template (process definition). Another
possible choice is for the object to have some initial behaviour which establishes its identity.
Thus the specifier is left with choices as to the best way to model an object in LOTOS. The
choice that is made should, however, be consistent with the architectural semantics work.

3.4 Formalising the Viewpoint Languages

The relationship between Part 2 and Part 3 of the RM-ODP may be seen as specialisation.
That is, Part 2 gives a basic interpretation of a given concept and Part 3 gives a more
specialised version. For example, Part 2 introduces the concept of an interface and Part 3
specialises this into stream, operational and signal interfaces. An example of this specialisation
relation is given in section 5. One way of considering this specialisation relationship is that
Part 2 provides the vocabulary for consideration of Part 3 concepts. Whilst it is essential to
have a precise definition in Part 2, it is likely that ODP systems developers and standards
writers will, in practice, use the viewpoint languages of Part 3 to develop their systems. Hence
FDTs should be applied — where possible — to the viewpoint languages.

In formalising the viewpoint languages three main approaches have been put forward.
One approach is based on interpretation, just as for the formalisation of the basic modelling
and specification concepts. Another approach is based on providing specification templates.
The third approach gives a direct formal semantics in mathematics for a subset of the compu-
tational language. These approaches have their own advantages and disadvantages, many of
which are highlighted in [14]. For example, the direct formal approach captures the genericity
of the computational language, but might be seen as overly mathematical. The interpretation
approach brings a higher level of understanding of all concepts in all viewpoints, through re-
quiring a detailed consideration of the semantics associated with the textual definitions. This

“4Actually prohibited behaviours are more often simply not specified in LOTOS.



includes identifying terms which are not formally defined in the RM-ODP. For example, the
term structure was used when considering objects in the enterprise viewpoint. Whilst this
term had an intuitive meaning, it lacked precision. Instead, this term was replaced by the
phrase, “the result of a composition”, which had a precisely defined meaning, i.e. defined in
the RM-ODP.

Whilst an approach based on interpretation o[erk a means to check in detail the textual
definitions, it does not oled a means to build ODP compliant specification directly. The
template based approach is an attempt at achieving this. A template based approach enables
ODP concepts to be structured in specifications thereby easing the specifier’s task. However
templates are not possible for all viewpoint languages or all concepts.

As identified in [14], the ideal approach would be to develop specification fragments (be-
haviour templates) for all concepts in all viewpoints. These could then be used to develop
ODP compliant specifications and to ensure consistency between viewpoints. Two or more
viewpoints must not o [edbehaviours (as given in the specification templates) which contradict
one another.

The reality is somewhat di [erent, however. Specification templates cannot be given for all
viewpoint concepts due to their generic nature. For example, the information viewpoint gives
very few prescriptions on legal behaviours of information objects. The approach taken there
is to model behaviour through dynamic schemas (see section 4.3). The only prescription that
is applied to dynamic schema occurrence is that they must satisfy any invariant schemas (see
section 4.3) that might be given for this viewpoint. Hence it is not possible to be prescriptive
at all when dealing with behaviour from the information viewpoint.

Other viewpoints, e.g. the computational viewpoint, are more prescriptive. However, it
is not possible to be prescriptive enough to provide specification templates for all concepts.
For example, interface templates require consideration of behavioural specifications and envi-
ronmental constraints as well as interface signatures. However, the computational viewpoint
language can only prescribe the form of the signature. This is not surprising as the computa-
tional viewpoint attempts to provide a generic framework whereby interworking of interfaces
can be achieved. Thus it cannot prescribe a single behavioural specification and the language
is necessarily generic.

As a result of this, the development of an architectural semantics is constrained to some
extent in what can be achieved through prescription. Thus the ideal development of an archi-
tectural semantics as identified in [17, 18] of a specification library filled with formalisations
of all of the architectural concepts seems very attractive, but is not realistic for ODP due to
the necessary lack of prescription for some concepts and some viewpoints in the RM-ODP.

With regard to this paper and the development of a trader specification, an approach based
on the interpretation of ODP concepts in LOTOS is employed. Whilst not as immediately
useful for building specifications, this approach does generate a higher level of understanding
of concepts, including how they may best be modelled. Hence it does simplify the specification
development process.



4 Specifying the ODP Trader in LOTOS using the Architec-
tural Semantics

4.1 Introduction to the ODP Trader

A trader [6] is an object that performs trading, which is an ODP common function. A trader
therefore must therefore fit into the architectural framework of ODP.

ODP aims to provide distribution-transparent utilisation of services over heterogeneous
environments. In order to use services, users need to be aware of potential service providers
and to be capable of accessing them. Since sites and applications in distributed systems are
likely to change frequently, it is advantageous to allow late binding between service users
and providers. If this is to be supported, a component must be able to find appropriate
service providers dynamically. The ODP trading function provides this dynamic selection of
service providers at run time. The interactions that are necessary to achieve this are shown
in figure 1.

TRADER

import
replies

import
requests exports
service
replies

service
invocations

Figure 1: A Trader and its Users

Thus a trader accepts a service o[erd from an exporter wishing to advertise its services.
A service olerl contains the characteristics of a service that a service provider is willing to
provide®. The trader then stores these service o [efs for use by importers.

A trader accepts service requests from importers of services. These represent requirements
on available services that a trader may or may not have access to. Upon receipt of a request
from an importer, the trader searches its store of service o [erk to see if any o[erk match the
importers service request. If any matching o [erk are found they are returned to the importer,
which may then interact directly with the service.

It should be pointed out that a trader might not itself have a service o [ed that matches an
importer’s request. In this case, a trader can check whether any other traders it “knows” can
satisfy the import request. This is known as federated trading. The establishment of trading
links between traders is not addressed in this paper, although an architectural approach can
be applied to develop a trading federation.

51t should be noted that the service provider need not necessarily be the exporter. Similarly the service
user need not necessarily be the importer.



4.2 A Trader from the Enterprise Viewpoint

In the enterprise viewpoint, the objectives, functional requirements and policy statements
that govern the activities of a trading enterprise are identified.

From an architectural semantics viewpoint there is little that can be said directly regarding
the scope and purpose of the trader enterprise viewpoint. That is, FDTs may not easily allow
for such general statements to be made about a given system. These notions are normally
given in the informal commentary associated with a specification.

Formal techniques can be applied to develop explicit policy rules, however. A policy is
defined in [2] as “a set of rules related to a particular purpose”. These rules may be: obliga-
tions; prohibitions; or permissions. The definitions of the concepts and their representation
in LOTOS may be found in section 3.3.

As a result of the modelling consequences of these concepts in LOTOS, it can be seen that
little can be written from an architectural semantics perspective regarding a generic trader.
FDTs in general and LOTOS in particular allow for predicates on behaviour to be written.
However, without explicit statements being made, nothing definite can be written from the
enterprise viewpoint. Hence in order to consider the enterprise viewpoint as well as the other
viewpoints in this paper, some explicit policy statements will be given.

Numerous policy statements can be considered when trading, e.g. security policy, service
o[er acceptance policy and resource consumption policy. Examples of these policies are
represented in the statements:

Only importers and exporters with the highest security level may trade services
with service type “Secret Service”. This service type will always have the service
property, “very trustworthy” and service o [er property “unlimited expiry date”.
There will be an unlimited resource consumption policy to satisfy all requests.

Thus from these statements a security policy rule is prescribed limiting user access to
certain service o [erk a trader may have. A service o [eflacceptance policy is prescribed which
ensures that certain service olers have associated with them service properties and service
o [ed properties. Finally, the resource consumption policy is explicitly given.

As stated, a trader o [erk importers and exporters a means to select and advertise services.
It achieves this through import and export operations °. These operations have associated
with them various parameters, e.g. the client identity. See section 4.4 for elaboration of these
parameters.

An outline of the structure of a trader olering only import and export operations with
some of the policy rules given previously is as follows:

process trader[imp,exp ...]J(formal parameters):noexit:=
imp ?user_id: ID ? .... other parameters;
( [ security level(user_id) eq highest ]=>
(* other behaviour with further checks on service type, etc *) (*1*)
[l
[ security_level(user_id) ne highest ]=>
imp luser_id lerror;
trader[imp,exp ...](formal parameters))

S A trader also olers several other operations, e.g. withdraw a service, obtain the details about a service,
etc. but these are not considered here.



L1

exp ?user_id: ID ? .... other parameters;
( [ security_level(user_id) eq highest ]=>
(* other behaviour with further checks on service type, etc *) (*2*%)
[1
[ security_level(user_id) ne highest ]=>
exp luser_id lerror;
trader[imp,exp ...](formal parameters))
endproc (* trader *)

This specification fragment satisfies some of the policy rules given previously. For example,
guards are used ’ to represent prohibitions. If a guard is rewritten to a true value, then this may
be seen as a permission. Thus following synchronisation at the gate imp say, an importer is
either granted access (permitted) to the behaviour represented by (* 1 *) which was previously
prohibited, or an error message is returned and this behaviour is still prohibited to that user.
Following this, the behaviour represented by (* 1 *) becomes obligatory as it is the only
behaviour that is possible in the specification; this is due to the nature of the choice operator.
The use of this operator satisfies the resource consumption policy, i.e. no other behaviour
can occur until this request has been satisfied 8.

Before going into detail about how the other policy rules can be specified, it is necessary
to consider in more detail the information items in the policy statements and how they can
be represented in LOTOS. Hence it is necessary to consider the information viewpoint of the
trader.

4.3 Trader from the Information Viewpoint

The information viewpoint identifies, the information elements, the information structures
and the requirements for information handling for a trader. Information is defined in [2] as:

Any kind of knowledge about things, facts, concepts and so on, in a universe of dis-
course that is exchangeable amongst users. Although information will necessarily
have a representation form to make it more communicable, it is the interpretation
of this representation (the meaning) that is relevant in the first place.

To give a representation-free way of modelling information, [3] uses the notion of invariant,
dynamic and static schema. These represent respectively, the properties of information that
are independent of behaviour, dependent upon behaviour and give the state and structure of
information at some particular time.

In LOTOS, exchange of data can only occur between behaviour expressions. It is not
possible in LOTOS to exchange process definitions as data, hence only the ACT ONE part of
LOTOS has been considered here for modelling information. Thus a given information item
will be represented by a value in an ACT ONE sort with associated operations and equations.

Generally, there are many information items that need to be considered when trading.
However, from the policy rules given in section 4.2 only service o[ers and the trading object
itself will be considered.

For brevity sake, the operation security level and sort highest have not been given. Their meaning here is
expected to be obvious. In e[edt their modelling is dependent upon information and computational viewpoint
considerations which are discussed in the following two sections.

8This is an unlikely scenario, but serves to show how such policy rules can be established in LOTOS.
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A service oler describes an advertised service which is provided at a computational in-
terface. It consists of a service type — which is itself represented by an interface type, a
set of service properties, a set of service o[erd properties and an identifier at which the inter-
face can be found. In eledt service properties and service o[er properties represent partial
specifications of an interface giving more information than that conveyed by its interface
signature.

The following LOTOS fragment shows how a service o[erd may be represented:

type service_offer is service, service_offer_properties, id_type
sorts service_offer

opns make_offer : service, sop_set, id_sort -> service offer
get _service : service offer -> service
get_sops : service_offer -> sop_set
get_id : service_offer -> id_sort

eqns forall st: service, sops: sop_set, id: id_sort

ofsort service

get_service(make offer(st,sops,id)) = st;
ofsort sop_set

get _sops(make offer(st,sops,id)) = sops;
ofsort id_sort

get_id(make offer(st,sops,id)) = id;

endtype (* service_offer *)

The operations given here other than make alerdwill be applied to verify the example policy
rules relating to service o[erk. The type service may be represented by the following LOTOS
fragment:

type service is interface type, service properties
sorts service

opns make_service : interface, sp_set -> service
_IsSubtype  : service, service -> Bool
get_interface : service -> interface
get_sps : service -> sp_set

eqns forall stl, st2: service, int: interface, sps: sp_set

ofsort Bool
stl IsSubtype st2 = get_interface(stl) IsSubtype get interface(st2);

ofsort interface
get_interface(make_service(int,sps)) = int;

ofsort sp_set
get_sps(make_service(int,sps)) = sps;

endtype (* service_type *)

It should be noted that the sort interface is generated through an approach whereby signature
subtyping can be established. This approach is documented in [16].

The types service properties and service aler properties may be represented by the fol-
lowing LOTOS fragments:

type service_properties is Set type service_offer_properties is Set
actualizedby sp using actualizedby sop using

11



sortnames sp_set for Set sortnames sop_set for Set

sp for Element sop for Element
Bool for FBool Bool for FBool
endtype (* sp_set *) endtype (* sop_set *)

Here the sort Set is taken from the LOTOS standard library. For brevity sake, the sorts sp,
sop and id sort are not given. It is su [cieht to say that these are represented by sets of values
which can be distinguished from one another.

Having decided how service olerk (and other necessary information items used to model
service o[erk) are represented from an information viewpoint, the next consideration is how
to represent a trader object from an information viewpoint. A trader with the functionality
of import and export is represented in the following LOTOS fragment:

type trader_object is service_offers, match_constraint
sorts trader_object
opns make_trader: -> trader_object
export: service_offer, trader_object -> trader_object
import: trader_object, service, mc -> so_set
eqns forall to: trader object, some mc: mc,
so: service_offer, st: service
ofsort so_set
import(make_trader,st,some_mc) = {};
((not(get_service(so) IsSubtype st)
or (not(get _mc_sps(some_mc) IsSubsetOf get sps(get _service(so))))
or (not(get_mc_sops(some_mc) IsSubsetOf get sops(so)))))=>
import(export(so,to),st,some_mc) = import(to,st,some mc);
((get_service(so) IsSubtype st)
and (get_mc_sps(some_mc) IsSubsetOf get sps(get _service(so)))
and (get_mc_sops(some_mc) lIsSubsetOf get _sops(so))) =>
import(export(so,to),st,some_mc) = Insert(so, import(to,st,some mc));
endtype (* trader_object *)

The equations here state that importing from a newly created trader returns an empty set
of service olerk. Importing from a trader with previously exported service o[erk requires a
check on the service type, service properties and service o [erl properties associated with the
service olerl This results in either the service o [ed matching the constraints and hence being
added to a set to be returned to the user, or the o[erbeing ignored and other o [erk checked.

The type service o [erk is used to model sets of service o Lers. It has the following structure:

type service offers is Set actualizedby service offer
using sortnames so_set for Set
service_offer for Element
Bool for FBool
endtype (* service_offers *)

Type match constraint represents the matching constraints; these are predicates on service
properties and service oLer properties which act as a filter for service o[erk. This type has
the following structure:
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type match_constraint is service_properties, service offer_properties

sorts mc

opns make_mc : sp_set, sop_set -> mc
get_mc_sps : mc -> sp_set
get_mc_sops : mc -> sop_set

eqns forall sps: sp_set, sops: sop_set
ofsort sp_set
get_mc_sps(make_mc(sps,sops)) = sps;
ofsort sop_set
get_mc_sops(make_mc(sps,sops)) = sops;
endtype (* match_constraint *)

Thus when matching constraints are applied to satisfy the policy rules given previously in
section 4.2, the sp set and sop set associated with importing an acceptable service o [edwould
contain the service property very trustworthy and service o [erd property unlimited expiry date
respectively.

It should be pointed out that there are also likely to be scope criteria that have to be
considered, i.e. which traders have to be searched if the request cannot be satisfied locally,
and selection preferences, i.e. order the service olerk returned according to some criteria,
such as in order of cheapest cost. For simplicity sake, these have been ignored here.

The type definitions supplied so far gives the static and invariant schemas which determine
the legal states and structures of the information elements service o[erand trader object, e.g.
one invariant schema is that a trader abject contains no service o [erk initially, hence an import
request returns an empty set of service o[erk. It is also necessary to consider the behavioural
aspects that are associated with these information elements. Thus dynamic schemas need
to be considered. To deal with dynamic schemas, the computational viewpoint needs to be
considered.

4.4 Trader from the Computational Viewpoint
4.4.1 Specification

As identified in [5], dynamic schemas are represented in value expressions that are present
in the process algebra, i.e. the process algebra represents a behavioural framework on which
information (sorts) can be hung and manipulated.

It is argued in [5] that the computational language is best represented through the process
algebra part of a LOTOS specification. The computational language deals with behaviours
and the interfaces that exist between them to enable interworking.

From a trading perspective, only a subset of the interfaces identified in the computational
viewpoint are considered: the operational interfaces. Operational interfaces consist of inter-
actions between binding objects and computational objects, where a binding object may be
regarded as an object through which interactions between other computational objects can
occur. They are used, amongst other things, to ensure quality of service. Thus it is likely that
a given importer or exporter will interact with a trading object via a binding object. These
interactions may be either announcements or interrogations. Announcements and interro-
gations are modelled as sequences of signals, where a signal may be regarded as an atomic
interaction. A signal signature is an action template for a signature consisting of: a name for
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the signal; the number names and types of parameters for the signal; and an indication of
causality.

An announcement consists of an invocation, where an invocation is a sequence of interac-
tions comprising two signals. The first called invocation submit occurs between a client object
and binding object and the second called invocation deliver occurs between the same binding
object and a server object.

An interrogation consists of an invocation followed by a termination, where a termination
is a sequence of interactions comprising two signals. The first called termination submit occurs
between a server object and binding object and the second called termination deliver occurs
between the same binding object and a client object.

The specialisation relationship between the formalisation of the basic concepts, as given
in section 3.3, and those of the computational viewpoint may be seen clearly here. A higher
level of prescription is required when modelling the basic concepts of interface and objects.
Instead of dealing with generic interfaces and objects, the computational viewpoint is more
specific with regard to the form that these concepts should take. A further illustration of
the relationship between Part 2 and the computational viewpoint language may be found in
section 5.

From a trading point of view, interrogations are predominantly used. That is, importers
and exporters request a trading service from the trader, which in turn gives an appropriate
response depending upon whether it can satisfy their request. Thus the notion of announce-
ments is not as applicable for trading.

The structure of signals suitable for importing from a trader and exporting to a trader
are given by the following LOTOS fragments:

imp ?user_id: id_sort exp ?user_id: id_sort
?serv_type_imp: service ?serv_type_exp: service
?ip: import_policy ?sp_values: sp_set
?some_mc: match_constraint ?sop_values: sop_set
?sel_pref: selection_preference ?serv_id: id_sort
?serv_prop_of_int: sp_set ?serv_off _eval _int: id_sort
?serv_offT_prop_of_int: sop_set Tinv_deliver;

Yinv_deliver;

Here the gate name imp/exp acts as the signal name. The value inv deliver indicates the
causality of the signal. inv deliver is used here as opposed to inv submit as it is likely that the
initial request (inv submit) from an importer or exporter will be received by a binding object
which in turn passes (inv deliver) the request to the trader. It should also be noted that in
LOTOS this is only an informal notion of causality. It is not the case that one event olend
“causes” another event olerl Event o[ers which synchronise on a single event do so simulta-
neously and instantaneously. Thus attaching a causality label can only be done informally.
This is often achieved through interpreting the value-passing form of synchronisation in LO-
TOS as a client/server role or, as done here, through a parameter which indicates informally
a client or server role.

The other parameters are those specifically identified as mandatory in the trader stan-
dard [6]. For the import operation: user id is used to distinguish between dilerent users;
serv _type imp describes the type of service required by the importer; ip represents an im-
porter’s policy requirements which can restrict the scope of a search; some mc represents the
importer’s matching criteria, i.e. the constraints on service properties and o [er properties for
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an acceptable service olert sel pref represents a selection preference which orders matching
service olerk by some means, e.g. cheapest; serv prop of int and serv o Lprop of_int repre-
sent the service properties and service oler properties of interest to an importer, i.e. the
values of these will be returned to an importer along with the selected olerl For the export
operation: serv type exp describes the type of service on o[er by the exporter, with sp values
and sop values representing the values of service properties and o [erl properties associated
with this service; serv id represents an identifier for an interface at which this service can
be found; and serv o[elal int represents an identifier for an interface at which additional
properties (likely to change frequently) for a service can be established.

Due to the complexity involved in dealing with a fully operational trader, only a subset
of these parameters have been dealt with, i.e. those that are required to satisfy the policy
rules given in section 4.2. Thus import policy constraints, selection preferences, service oler
evaluation interfaces, values of service properties and service o [er properties of interest which
are returned with acceptable o[ers have not been considered in depth here. For simplicity,
only those properties necessary for matching acceptable services o[erk have been considered.

From these considerations of computational parameters, the basic outline of a trader given
in section 4.2 needs to be extended. This extension should incorporate both the information
viewpoint considerations, e.g. the dynamic schemas which manipulate the information items,
and the computational viewpoint considerations, e.g. the operational interfaces. An outline
of such a trader extension is given through the following LOTOS fragment.

process trader[imp,exp](trader_info object: trader_object):noexit:=
imp ?user_id: id_sort ?serv_type_imp: service
?ip: import_policy ?some_mc: match_constraint
?sel_pref: selection_preference ?serv_prop_of int: sp_set
?serv_off_prop_of _int: sop_set linv_deliver;
( [ (security_level(user_id) eq highest) and
(serv_type_imp eq Secret_Service) ] ->
imp luser_id
import(trader_info_object,serv_type_imp,some_mc)
I'term _submit;
trader[imp,exp](trader_info_object)
[
[ (security_level(user_id) ne highest) and
(serv_type_imp eq Secret_Service) | ->
imp luser_id lerror !term_submit;
trader[imp,exp](trader_info_object)
1
[ (serv_type_imp ne Secret_Service) | ->
imp luser_id
import(trader_info_object,serv_type_imp,some_mc)
Iterm_submit;
trader[imp,exp](trader_info_object))
0
exp ?user_id: id_sort ?serv_type_exp: service
?sp_values: sp_set ?sop_values: sop_set
?serv_id: id_sort ?serv_off _eval_int: id_sort 'inv_deliver;
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( [ (security_level(user_id) eq highest) and

(serv_type_exp eq Secret_Service) and

(sp_values eq Insert(very_trustworthy,{})) and

(sop_values eq Insert(unlimited_expiry_date,{}))]->
exp luser_id ?new_id: id_sort !term submit;
trader[imp,exp](export(make offer(serv_type exp,sop_values,serv_id),

trader_info_object))
[l

[ (serv_type_exp eq Secret_Service) and
((security_level(user_id) ne highest) or
(sp_values ne Insert(very_trustworthy,{})) or
(sop_values ne Insert(unlimited_expiry_date,{}))) 1->
exp luser_id lerror !term_submit;
trader[imp,exp](trader_info_object)

[

[ (serv_type_exp ne Secret Service) ] ->
exp luser_id ?new_id: id_sort !term submit;
trader[imp,exp] (export(make offer(serv_type exp,sop_values,serv_id),

trader_info_object)))
endproc (* trader *)

4.4.2 Discussion

Some general comments should be noted about this specification outline:

Service O [end Identity: When an export o[edis accepted, an identifier is returned to the
exporter. This should be unique within a trading system. For simplicity, the explicit
generation of this unique identifier has not been made here.

Computational Errors: Dilerent computational errors have not been catalogued here.
Rather, the approach has been to return the response error with terminations, without
exposing the cause of the failure. This has been done for simplicity.

From this specification outline, various points specific to the viewpoint languages should
be noted:

Enterprise Viewpoint Considerations: The enterprise rules are satisfied through a com-
bination of guards and the LOTOS choice composition operator. For example, the
restriction of only certain users (importers/exporters) to trade the service type Se-
cret _Service has been achieved through guards. Similarly the policy rule that the service
type Secret Service should have the service property very trustworthy and service o [ed
property unlimited exiry date has been satisfied in the guards.

Information Viewpoint Considerations: The static and invariant schemas of the infor-
mation viewpoint are given through the type definitions of a given specification, whilst
the dynamic schemas are represented through the value expressions present in the pro-
cess algebra. As an example, consider the expression given in the recursive call of the
trader: export(make o [er(serv type exp,sop values,serv id), trader info object)). Here,
a service o [er details (service type, service o[er properties and identifier of an interface
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at which the service can be found) are being registered with the trader information ob-
ject, i.e. they are being exported to the trader trader info object. It is this expression
that is dynamically manipulating (processing) the information items in the system. This
dynamic manipulation must satisfy the ACT ONE part of a specification. Hence the in-
variant and static schemas must always be satisfied implicitly °. Following this recursive
call, the static schema associated with this trader information object has been modified,
i.e. the state of the information object has been modified through the acceptance of
this service olern

Computational Viewpoint Considerations: The specification outline above shows how
operational interactions may be represented. It should be noted that the causality
identifiers inv deliver and term submit are used for the reasons put forward in section
4.4. This is not the only way in which computational signals may be represented in
LOTOS, however. It seems likely that if a template-based approach is to be used to
develop specifications (as opposed to an interpretation-based approach), then much of
the action denotation associated with operational event o[ers can be replaced with a
parameter list. For example, the import invocation signal given above could be replaced
by the event o[edimp !parameter list linv deliver, where parameter list represents a list
of those parameters identified as mandatory. Through this approach, di[erent trading
systems could be assured of interactions which did not deadlock immediately. Whether
these interactions were meaningful would then depend upon the parameters associated
with a given parameter list.

4.5 Trader from the Engineering and Technology Viewpoints

From the engineering point of view, the main focus is on the realisation (implementation)
of computational objects. As a result, it could be argued that this is outside the scope of
specification. Thus this viewpoint has not been addressed in the architectural semantics work
will not be discussed in detail here.

It is unlikely that very much should be said from an architectural semantics perspective
regarding the technology viewpoint, so the technology viewpoint of a trader will not be
considered here.

4.6 Combining the Viewpoint Specifications

The approach given in this paper is not the only one that could be taken when developing
specifications using the viewpoint languages. Another alternative might be to specify systems
from the di[erknt viewpoints independently and then use a constraint-oriented style of spec-
ification to combine them. The problem with this approach though, is that the viewpoints
are not independent of one another. Viewpoints are inherently linked to one another, e.g.
a single behaviour can be used to satisfy a policy rule, to satisfy an information processing
constraint, and to represent a computational activity. Hence the necessity is to consider all
of the viewpoints simultaneously.

Ideally there should be a mechanism whereby a proof of consistency between dilerent
viewpoints could be achieved. In this paper, this has been largely avoided. The simple rules

®This is a strange (but correct) interpretation, as the ACT ONE specification is not a “watch-dog” looking
over illegal manipulations; it defines the manipulations and so cannot be “wrong”.
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put forward in the enterprise viewpoint were realised through an initial specification structure
which was “filled out” using the computational and information viewpoints.

There are several advantages of the approach taken to modelling the information viewpoint
predominantly through data types and the computational viewpoint in the process algebra
has several advantages. For example, the notion of behaviour as an information processing
activity (dynamic schema) and computational activity is catered for directly. The process
algebra acts as a behavioural framework on which information can be hung and manipulated,
olering an approach whereby information processing and computational activities can be
accommodated.

5 Relationship of Viewpoint Languages to Basic Concepts

As identified in [17, 18] developing an architectural semantics should be based on indirect
mappings of architectural concepts to their formalisations. Thus rather than formalise each
concept independently, a hierarchical relationship should be established — where possible —
between the concepts. This hierarchical relationship in many cases already exists between
the concepts in the RM-ODP.

Having established in section 3.4 that the viewpoint languages are a specialisation of the
basic concepts. It might be expected that a hierarchical relationship should exist between
the formalisation of the basic concepts and their specialised formalisations in the viewpoint
language. Currently, however, this is not always the case. When dealing with the compu-
tational viewpoint, it is the case that the concepts contained there are specialisations of the
basic concepts. For example, an operational interface is an interface whose interactions are
restricted to operations, i.e. interrogations or announcements which have given signatures.
One hierarchy of concepts both from the RM-ODP definitions and their formalisations might
be:

operational interface

e

interaction interface operation

/interrogﬂiox /announc&en\i

interaction invocation interaction

T

termination signal

interaction

Here the relationship between the computational concepts and their use of the basic
concepts is clearly illustrated, with the computational concepts in bold text and basic concepts
in italics. This hierarchical structure is reflected in both the RM-ODP concept definitions
and their formalisation in LOTOS.

When dealing with the information viewpoint language however. There is no clear re-
lationship between the formalisation of the information viewpoint concepts in LOTOS and
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the LOTOS formalisation of the basic concepts of Part 2. This relationship does, however,
exist in the text of the RM-ODP. For example, the Part 2 terms: behaviour, state, object,
etc. are used in the information viewpoint language. The reason for this discrepancy is that
the current formalisation of the basic concepts in LOTOS contained within Part 2 takes a
predominantly process algebra dominated approach to modelling the concepts, e.g. see the
definition of an object in section 3.3. This is not the only way in which objects may be mod-
elled in LOTOS, however. The data typing part of LOTOS might also be used to model many
of the basic concepts. This is not surprising, as identified in [17], developing an architectural
semantics requires choices to be made in choosing the best modelling approach. Whilst the
process algebra approach is well suited to modelling most of the concepts of the RM-ODP, it
is not as directly useful when information modelling is considered. The consequences of this
are that further work is required to extend the current formalisation of the basic concepts in
LOTOS, to give alternative modelling approaches, e.g. based on ACT ONE.

6 Conclusions

This paper has demonstrated through practical application how an architectural approach can
be used to develop specifications. Following an outline of ODP and the RM-ODP, an overview
of the work on formalising the architecture of ODP has been given. This included the basic
modelling concepts and how they can be represented in LOTOS, as well as a discussion on
the formalisation of the ODP viewpoint languages and the di[erent approaches taken.

LOTOS was then applied through an approach based on interpretation to develop a trader
specification. This approach highlighted the interrelation between the viewpoint languages
and how they need to be considered together when developing specifications. The paper has
exposed the myth that viewpoint languages can be applied in a “top-down” manner. This
is especially true when behaviour is considered which must satisfy enterprise policy rules as
well as information and computational viewpoint constraints. Thus the abstraction achieved
through a viewpoint language often becomes blurred when behaviour is considered, i.e. the
viewpoint languages have to be considered at the same time when building specifications.

The limitations in attempting to specify anything without having enterprise policy rules
clearly identified has been apparent. These rules represent predicates on the allowed behaviour
of the system. Hence without explicit rules being made, a given specification would be overly
generic. Thus simple statements were made in the enterprise viewpoint which were then
realised through an initial specification structure. This structure was then expanded upon
through consideration of the information and computational viewpoints.

Issues of consistency are likely to play a large part in developing specifications of ODP
systems using the architectural semantics work. In this paper, a simplistic approach based on
satisfying basic rules was taken to ensure consistency between the enterprise policy statements
and the information and computational viewpoint considerations. It is likely that a more
rigorous approach is required, however, which can be adapted to a much wider selection of
enterprise policy rules.

The checking of consistency between the information and computational viewpoints is
alleviated to a great extent through this approach. That is, the information viewpoint may
be specified predominantly separately from the computational viewpoint. It is only in the
area of information processing (through dynamic schemas) that the two viewpoints overlap. It
is always the case that the computational viewpoint must be consistent with the information
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viewpoint, i.e. computational behaviour cannot occur which will manipulate information
items in such a way that they are being violated. The reverse of this might not be the case,
however. For example, a computational operation to export a service olerd may fail if the
trader object has reached a maximum level of o [erk stored. Computationally, this o [ed might
be acceptable (if all of the parameters are “correct”), but from the information viewpoint it
would fail; rewriting the expression denoting the export operation would result in the previous
trader object. The consequences of this are that computational interfaces should take into
account all information and enterprise viewpoint considerations, e.g. have a guard restricting
the export operation if the trader information object is full.

The work on formalising the architecture of ODP is not yet finished. The expected
dates for standardisation are: October 1996 for the formalisation of the basic modelling and
specification concepts; and June 1997 for the formalisation of the viewpoint languages. As
identified in section 5, further work is required in formalising the basic concepts in LOTOS
through a data type based approach, as opposed to a predominantly process algebra based
approach. Thus considerable work is still required. Also, since the work is based on Parts 2
and 3 of the RM-ODP, the architectural semantics will never be finished until these documents
are in a very stable condition. Currently, however, this is not the case.

An email discussion group has been set up which debate many of the ideas involved in
developing an architectural semantics for ODP. The interested reader may contact the first
named author for more information.
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