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Preface

The present volume contains the papers selected for presentation at the EDOC 2005 Workshop
on ODP for Enterprise Computing (WODPEC 2005), which aims to provide a venue where
researchers and practitioners on the use of the RM-ODP in the realm of Enterprise Distributed
Computing can meet, disseminate and exchange ideas and problems, identify key issues related
to these topics, and explore together possible solutions and future work.

As stated in the Call for Papers (www.lcc.uma.es/~av/iwodpec2005/wodpec2005-CFP.pdf), the
Workshop focuses this year on problems and ideas related to the use of UML for ODP system
specifications, and its relationship with other architectural practices and approaches (e.g., MDA,
SOA, CBA, EDA), in the realm of Enterprise Distributed Computing.

All papers submitted to WODPEC 2005 were formally peer reviewed by at least two referees,
and 9 papers were finally accepted for presentation at the workshop. These contributions cover a
wide range of topics related to the RM-ODP, from general issues of the Reference Model, to
modelling approaches for specific ODP viewpoints.

We would like to thank the EDOC 2005 organization for giving us the opportunity to organize
the workshop, especially to the General Chairs, Marten J. van Sinderen, Maarten W.A. Steen
and Marc M. Lankhorst, and to the Workshop Chair, Bryan Wood, for their assistance and
support. Many thanks to all those that submitted papers, and particularly to the contributing
authors. Our gratitude also goes to the paper reviewers and the members of the WODPEC 2005
Program Committee, who helped in choosing and improving the selected papers. Finally, we
want to acknowledge the Department of Lenguajes y Ciencias de la Computacion of the
University of Malaga for supporting the production and distribution of this volume, and the
Spanish CICYT research project TIC2002-04309-C02 for funding some of its costs.

Enschede, The Netherlands, September 2005

Peter Linington, Akira Tanaka, Sandy Tyndale-Biscoe and Antonio Vallecillo
WODPEC 2005 Organizers
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A new viewpoint for change management in RM-ODP systems
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2 UVSQ PRIiSM 45 avenue des Etats-Unis F-78035 Versailles France

nesrine.yahiaoui@prism.uvsa.fr, bruno.traverson@edf.fr, nicole.levy@prism.uvsq.fr

Abstract

RM-ODP (Reference Model - Open Distributed
Processing) is a standardized modelling framework to
describe a distributed application, according to
different viewpoints. The standard has been published
for about nearly ten years but in a quite abstract form
and in leaving some issues pending (how to describe
the viewpoints, management of consistency between
views). Several academic and/or industrial projects,
such as ODAC (LIP6) and DASIBAO (EDF R&D),
have proposed various approaches to solve these
problems.

Our proposal supplements these past or in progress
works so that the evolution of distributed application is
better taken into account. Indeed, because of the "one-
shot" approach generally adopted, when a view
evolves, it is necessary to rebuild manually consistency
with the other views. In addition, the methodologies
generally suggested impose a "top-down" approach
which is not adapted when existing systems may evolve
according to a viewpoint.

We define a modelling framework that maintains
consistency using explicit correspondence links which
are established between the various views of the
distributed application. These links memorize the
relationships between the views, thus guaranteeing
traceability.

Keyswords. Multi-view system, ODP, UML,
change management.

1. Introduction

In the real world, a three dimensional object may be
mapped according to several viewpoints (front face,
back face, left face, right face). The result of the
projection of an object according to a viewpoint is

called a view of the object. For example, if we project
a cube on its six faces, we observe that each view is a
square. The property of a cubic object is that the six
squares that we obtained are identical. If we modify,
for example, the size of one square, we must modify
also the other views (squares), in order to preserve the
constraint of the cube. The various views are not
independent, since the global constraint must be
enforced in the various views.

The concept of viewpoint also exists in the
computer science world. A system may be described
according to several viewpoints. A viewpoint allows to
break up the system and to focus on a particular aspect
of the system. A viewpoint introduces specific
concepts which take into account the aspect considered
by this viewpoint.

Thus, RM-ODP standard enables to describe
systems according to five viewpoints: enterprise
(objective, business rules), information (data),
computational (functional decomposition), engineering
(communication and deployment) and technology
(hardware and software infrastructure). If we apply
these five viewpoints to the same system, the obtained
views must be consistent, i.e. the specification of a
view should not conflict with the specification of
another view. When a modification occurs in a view,
it may involve a modification in other views in order to
preserve the consistency of the system.

In our study, we are interested in the evolution of
multi-view systems that are described according to
RM-ODP viewpoints. The evolution means that each
view may be modified for various reasons, for
example: change of quality of service, environment,
and objective. When a modification occurs in a view,
several changes may be performed in other views, in
order to maintain the consistency of the system.



In this article, we propose a modelling framework
that maintains consistency using correspondence links,
which are established between the various views of the
system. These links memorize the relationships
between the views, thus guaranteeing traceability.

This article is structured in five parts: The first part
presents the RM-ODP standard that we use to describe
multi-view systems. The second part describes some
projects using and supplementing the RM-ODP
standard. The third part introduces our modelling
framework and insists on the interest to make explicit
the correspondence links in a multi-view system. The
fourth part gives some examples using our modelling
framework for change management. Finally, we
conclude in the fifth part.

2. RM-ODP reference model

RM-ODP reference model (Reference Model -
Open Distributed Processing) is a standardized
modelling framework to describe a distributed
application according to five viewpoints [7] [8] [9]
[13]. Each viewpoint gathers a set of concepts that take
into account the concern associated with the viewpoint.
Here are the five viewpoints of the standard:

1. Enterprise. It introduces the concepts necessary to
represent a system in the context of an enterprise
on which it operates. It is interested to the objective
and the policies of a system. A system is then
represented by a community which is a
configuration of enterprise objects formed to
achieve a goal.

2. Information. It is focused on the semantics of
information and the treatment carried out on
information. A system is then described by
information objects, relationships and behavior.
The description is expressed through the use of
three diagrams named invariant, static and
dynamic.

3. Computational. It allows a functional
decomposition of the system. The various functions
are fulfilled by objects that interact thanks to their
interfaces. The basic concepts define the type of the
interfaces which the computational objects support,
the way in which the interfaces can be bound, and
the forms of interaction which can take place.

4. Engineering. It is focused on deployment and
communication mechanisms used in the system. It

defines communication concepts (channel, stub,
skeleton) and deployment concepts (cluster,
capsule,...).

5. Technology. It describes the implementation of a
system in term of configuration of technical objects
representing the hardware and  software
components used in the implementation. The goal
of such a description is to provide additional
information for the implementation and the test, by
selecting standard solutions for the components and
the communication mechanisms.

3. RM-ODP projects and standardization

The standard has been published for about nearly
ten years but in a quite abstract form and in leaving
many issues pending (how to describe the viewpoints,
management of consistency between views). That
explains why it is still little used in industrial
applications. Nevertheless, several academic and/or
industrial projects were carried out to solve these
problems. They generally choose UML (Unified
Modelling Language) [14] as modelling language and
define one or more ways of guaranteeing consistency
between views.

ODAC (Open Distributed Application
Construction) is a project of the LIP6 laboratory. It
defines a method for constructing systems according to
an ODP semantic. It prescribes an order in the use of
viewpoints [12]. This method proposes three UML
profiles corresponding to enterprise, information and
computational viewpoints. First, the designer describes
the enterprise view, then the information view and
after that the computational view, by complying to the
correspondence rules specified by the method. These
rules describe complementary and consistent views.
The set of these three views are named behavioural
specification because they describe the behaviour of
the system independently of any platform. ODAC does
not provide UML profiles for engineering and
technology viewpoints, but it proposes an operational
specification which results in the transformation of
behavioural specification according to a target
environment reflecting the real environment for
execution, this environment being described by a UML
profile. Two UML profiles exist for mobile agent
environments [5] and for ANTS active networks [1].

DASIBAO (French acronym that means method for
building Information System Architecture based on
ODP) is a project from the EDF R&D (Electricity of



France Research and Development). It defines a
method which is close to ODAC, because it constructs
an ODP system by following a list of sequential steps
[2]. Contrary to ODAC, it enables to build the five
ODP views. First of all, the designer begins with the
enterprise view, then the information view. The two
obtained views are used to build the computational
view, after that, she constructs the engineering view
and finally the technical view. The transition from a
view to another follows correspondence rules. The first
three viewpoints are well described by UML profiles.
However, the method proposes a graphical notation for
the two last viewpoints, and a choice of UML profiles
is not yet carried out.

In addition, OMG (Object Group Management)
published in 2004 a set of UML profiles called EDOC
(Enterprise Distributed Object Computing) [4]. In
particular, ECA specification (Enterprise Collaboration
Architecture) proposes profiles for the enterprise,
information and computational viewpoints. The
profiles corresponding to the engineering and
technique viewpoints in other specifications and the
rules of projection of the concepts of ECA are defined.
Currently, the use of UML as a notation to describe the
ODP viewpoints is in the process of being
standardized by the ISO (International Organization of
Standardization) [6].

4. Our modelling framework

The various views of an ODP system must be
consistent between themselves. Consistency may be
considered like a relationship between the views of the
system in order to preserve the properties which are
expressed in a different way according to the
considered view.

In the methods which allow to build ODP systems
according to a "top-down" approach [2] [12], the
consistency of the system is verified at the time of the
construction of the various views. The rules of
transformation are applied to one or more views in
order to construct one or more consistent views. Once
the views are established, no information is saved on
the relationships which exist between the any views,
i.e. an element in a view does not have knowledge on
the element or the elements from which it is build.
However, even if these approaches build consistent
systems, this consistency is lost as soon as one of the
views is modified.

Our approach aims at providing a modelling
framework, so that the designer can explicitly describe
not only the views of his or her system (corresponding
to the ODP viewpoints) but also the correspondences
which exist between these views. More precisely, we
want to allow the designer to connect the elements in
the views which specify the same property of the
system.

To illustrate our framework, we have chosen three
viewpoints, the enterprise, the computational and the
engineering viewpoints. We express for each
viewpoint a meta-model that describes the appropriate
concepts and the relationships that exist between them,
the meta-models are inspired by [6]. In this article, we
will not present the three meta-models but only the
concepts that enable to connect the three views.

4.1 Correspondence rules

RM-ODP standard describes each concept defined
in a viewpoint independently to other concept defined
in other viewpoint, and does not stress on the concepts
that allow to express the relationships which may exist
between different viewpoints. We propose to extend
ODP viewpoints to introduce a new concept named
correspondence rule. Correspondence rule describes a
constraint applied to concepts from two different
viewpoints. A set of rules is thus already defined in an
abstract way by the standard. These correspondence
rules are between two viewpoints. Here are some
correspondence rules:

1. Between enterprise and computational
viewpoints, for instance, an enterprise object
corresponds to computational object or a configuration
of computational objects.

2. Between enterprise and engineering viewpoints,
for instance, a policy may correspond to and
determines transparency requirements that engineering
objects support.

3. Between computational and engineering
viewpoints, for instance, a computational binding,
primitive or via a binding object, corresponds to a local
or distributed binding (via a channel).

We propose to introduce these rules into the
viewpoints in order to be able to connect ODP
concepts defined in different viewpoints. The rules
may be described as OCL constraints (Object
Constraint Language) [11], they constrain the concepts
having to be related and their multiplicity.



4.2 Correspondence links

In order to connect the views, we suggest to
introduce a new viewpoint named link viewpoint. The
link viewpoint has concepts that permit to connect the
views two by two, in our case the enterprise view
with the computational view, the computational view
with engineering view. It is also possible to connect
enterprise view with the engineering view but it
represents a redundancy which we prefer to avoid,
because these are implicitly linked by a transitivity
relationship [Fig 1]:

+—>

[Enterpriseview ]

Explicit link

Implicit link < --- -»

Y W .

Figl. Connection of two views

[ Computational view ]

<

o

______________________________ *[ Engineering view ]

The relationship between two views of the
application is called a correspondence link. A
correspondence link is established between elements
belonging to two different views to indicate that there
is a certain relationship between them. The link must
comply to the correspondence rules stated between the
two considered viewpoints. The link may be governed
by one or more correspondence rules.

The link must be bidirectional, i.e. it must be
possible to navigate it from any of the two views. The
bidirectionnality enables us in particular to let no
constraint on the way of navigating the system views.
As we will see in the following part, each view may be
modified. The interest of a bidirectional link is to find
the correspondences with the other views, no matter
which view is modified. Moreover, the links
established between two ODP views has 1-N
cardinality; indeed, it may be possible to connect an
element in a view to one or more elements in another
view. It is not a priori necessary to define links of N-M
cardinality within the framework of our study because
we did not find any use of this type of link in the ODP
standard.

We propose the following link meta-model which
specify the concepts that describe a correspondence
between two views [Fig 2 ].

1

EnterpriseMM

L1

ComputationalMM

1

EngineeringMM

Concept

Concept Concept

|
LinkMM
EnterpriseExtremity ComputationalExtremity EngineeringExtremity
1 i P T~ ) Ta
Enterprise-Computational = = =
Computational-Engineering
Correspondence | 1.* -constraint Rule
=
Fig 2. Link meta-model
The correspondence relationships
are instances of the correspondence class of the link
meta-model  (LinkMM).  The  correspondence

relationship is restricted by rules, these rules are those
described previously.

The correspondence may be either a
correspondence between enterprise and computational
views (enterprise —computational), or between
computational and engineering views (computational-
engineering). Each  extremity  correspondence
(EnterpriseExtremity, = ComputationalExtremity,
EnginieeringExtremity) identifies elements belonging
to the suitable view and having to be connected. Thus
an instance of the correspondence class connects
elements in a view with elements in another view.

The figure [Fig 3] illustrates an example of
correspondence relationship. R1 and R2 are two
correspondence links, R1 connects the EntC1 object of
the enterprise view with the ComC1l, ComC2 and
ComC3 objects of the computational view, under the
constraint of the rulel which establishes that EntC1 is
an enterprise object and ComCi (i=1,2,3) are
computational objects. R2 connects the ComC3 object
of the computational view with the EngC1 and EngC2
objects of the engineering view, under the constraint of
the rule2 which establishes that ComC3 s
computational object and that EngCi (i=1,2) are basic
engineering objects.



Enterprise view

Link view

OmMEX| R2] EngE|
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\

described by a team of designers; each designer is
responsible for the building of a view by modelling
it according to the adequate UML profile.
According to the considered view, the modelling
framework prevents the designer to use other
concepts not relevant for this view.

2. Establishment of correspondence link
between the ODP system views. Once the
modelling of the view completed, the obtained

i | Engingering Wew
EnaC1

views are completely independent. The designer
binds the views by using UML profile representing
the link  viewpoint. The correspondence
relationships are thus established between elements
in two different views. In our case, enterprise view
with computational view, and computational view

Fig3. Representation of correspondence link

5. Using an framework for

management

change

The specification of a system is not static and may
evolve in order to answer to new user requirements or
new constraints of the technical environment. The
designer of the system takes into account these
changes in the concerned views by adding, removing
and/or modifying elements in the view.

In a RM-ODP vision, the system is described in
different but dependent views; any action on a view
may involve the same action or other actions in one or
more other views. If the views are not explicitly
linked, the designer does not have any means of
knowing the elements in the other views which have a
relationship with the modified element. Thus, change
management is based only on his or her expertise and
knowledge of the system.

Our modelling framework can facilitate the change
management in a multi-view system thanks to the
introduction of the link viewpoint. Contrary to the
already existing UML profiles which allow to design
views, according to viewpoints, that seem completely
independent between them, we propose to extend ODP
system descriptions, by adding a link viewpoint which
permits to the designer to connect the views two by
two. Moreover, our modelling framework guides the
designer in his or her various activities. These
activities fall in the three following categories.

1. Description of ODP system views.
The designer does not follow a particular method to
build his multi-view system. The system may be even

with engineering view. These links save and keep
traces of the correspondence which may exist
between the elements. As the correspondence links
are constrained by rules, the modelling framework
checks that these links verify the correspondence rules
stated between the concerned views.

3. Change management in the various views. The
designer may perform changes in the views by
modifying, for example, one of their elements. The
modelling framework indicates the elements which
have a correspondence link with this element. Any
action on an element generates an event which is
delivered to a change manager. The event contains
information about the element which emitted it (its
identity and in which view it is). The change manager
seeks whether there is correspondence links, in the link
view, which connect this element. Once the
correspondence links found, it is possible to know the
other elements which are connected to the modified
element. The change management can take one of the
following forms:

a. Manual. The change manager retrieves only the
correspondence links referring to the modified
element. It informs the designer by a message that
points out the modified element, the action carried
out and the elements having to be ckecked; the
designer will act according to his or her knowledge
of the system on the other views.

b. Semi-automatic. The change manager can
associate to the change a set of modification
strategies which act in the other views in order to
modify them. If a modification was not planned,
the change manager informs the designer. A new
strategy concerning this case could then be added



later to automate its management. If, for example,
an action of deletion was performed in an element
of the view, the associated strategy may specify
that the elements having a correspondence link
with this element must be removed from the other
views, if there is not other correspondence links
with other elements belonging to the modified
view.

C. Automatic. The change manager is autonomous
and can act in the other views whatever the
modification performed. This kind of manager is
able to build new scenarios which were not planned
at the time of its design.

6. Conclusion and perspectives

First of all, we have reminded the principles of the
RM-ODP viewpoints and the various past and in
progress projects and standardization efforts around it.
Then, we presented our modelling framework that
integrates, in particular, the management of
correspondence links between various views of an
application through the introduction of the link
viewpoint. We showed its interest for the various
activities of the designers of a multi-view system, in
particular the activities relative to its evolution.

Currently, we have implemented the enterprise,
computational, engineering and link meta-models. The
first three meta-models were not presented in this
article due to lack of space. This implementation is in
the form of a "plug-in™ in Eclipse [3].

In addition, we proposed a framework for change
management in only one view. It has been validated by
a prototype developed in the form of a "plug-in" [15]
in MagicDraw [10]. A use case resulting from the
context of the intelligent network for electric systems
enabled us in parallel to better apprehend the
requirements in term of business evolution.

The concept of correspondence link goes beyond the
scope of ODP systems and may be generalized for any
system which can be modelled according to several
viewpoints such as, for example, PIM (Platform
Independent Model) and PSM (Platform Specific
Model) models with regards to the MDA (Model
Driven Architecture) approach.
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Abstract

Enterprise Architecture (EA) requires modeling
enterprises across multiple levels (from markets down to
IT systems) — i.e. modeling hierarchical systems. Our
goal is to build a Computer Aided Design (CAD) tool for
EA. To be able to build this CAD tool, we need an
ontology that can be used to describe hierarchical
systems. The Reference Model of Open Distributed
Processing (RM-ODP) was originally defined for
describing IT systems and their environment. RM-ODP
can also be suited for general, hierarchical, system
modeling and, hence, can be used to model enterprises.
In this paper, we first give an overview of our CAD tool
and we present then how Part 2 and Part3 of RM-ODP
were integrated to define a computer-interpretable
ontology that is used in the CAD tool. This ontology is
formalized using the Alloy declarative language. Last, we
illustrate how the CAD tool can render Unified Modeling
Language (UML) diagrams by showing selected aspects
of the hierarchical systems.

Keywords: RM-ODP, Enterprise
Ontology, Formalization, CAD tool.

Architecture,

1. Introduction

The goal of enterprise architecture [1] is to align the
business systems and the IT systems in order to improve
an enterprise’s competitiveness. Enterprise architecture
(EA) deals with systems perceived as hierarchical. They
typically span from business entities (market, company,
department...) down to IT entities (e.g. applications,
applets, servlets, J2EE beans, COM...). Our goal is the
development of an EA design method called SEAM
(Systemic Enterprise Architecture Methodology) [1] and
of the corresponding tools. SEAM is based on Reference
Model of Open Distributed Processing (RM-ODP) [2]
and is using a UML-like notation. In this paper, we
present how the SEAM modeling ontology was
developed by combining RM-ODP Part 2 (i.e.

Foundations) and Part 3 (i.e. Architecture) and by
formalizing the result of this combination in Alloy [3].
The originality of this paper is in the application of RM-
ODRP in the context of EA, in the combination of Part 2
and Part 3 and in the realization of a CAD tool. The
snapshots used in the paper are made with our tool that
implements the SEAM ontology. At the end of the paper,
we present how UML-like diagrams can be generated
from models developed with this ontology.

The “Reference Model - Open Distributed
Processing” (RM-ODP) [2] is an ISO/ITU standard
approved in 1996. It provides the definitions and relations
between concepts useful to describe object-oriented
distributed systems. It positions itself as a “meta-
standard” for object-oriented modeling standards. The
Object Management Group community adopted in 1998
this standard as a base for describing CORBA systems.
RM-ODP has four parts: Part 1 is non-normative and
introduces the standard. Part 2 defines the foundations.
Part 3 describes the viewpoints necessary to design an IT
system. Part 4 is a formalization of the RM-ODP
concepts. RM-ODP defines the concepts in a narrative
way.

To be able to build a Computer Aided Design
(CAD)* tool based on RM-ODP particularly for modeling
hierarchical systems in EA, we need to have a formal
description of the terms defined in RM-ODP. This work
was done for RM-ODP Part 2, using the specification
language Alloy [3] and the results were published in [4]
and [5]. However, even if the terms in Part 2 are
formalized in Alloy, this is not sufficient to build a CAD
tool. In EA, the concept of hierarchical system modeling
is crucial (hierarchical models allow making simpler
representations of complicated systems). To be able to
build a CAD tool for EA, it is important to specify how
the terms defined in Part 2 can be used to represent
hierarchical systems. This is why we need to combine

! We call a visual modeling tool for hierarchical systems in EA a CAD
tool because its scope is mainly towards marketing and business
process modeling rather than software modeling (even if software
modeling is possible).



them with Part 3 that defines the modeling viewpoints.
Once the terms in Part 2 and Part 3 have been combined
and formalized, it is possible to build a CAD tool based
on this formalization. Then, the tool can generate UML-
like diagrams by filtering the elements to be shown.

Section 2 discusses the integration of RM-ODP Part
2 and Part 3. It illustrates our tool capabilities. Section 3
gives the formalization of our ontology in Alloy. Section
4 presents how UML-like diagrams can be generated
from the model defined using our ontology. Section 5
outlines the related work.

2. Model Elements Defined by Integrating
Viewpoints and Modeling Concepts of
RM-ODP

In this section, we explain which viewpoints are
necessary to make EA models (Section 2.1) and which
model elements are defined in the different viewpoints
(Section 2.2). Section 2.1 is based on RM-ODP Part 3
(i.e. Architecture) and Section 2.2 is based on RM-ODP
Part 2 (i.e. Foundations).

2.1. Viewpoints and Model Elements in EA

EA has requirements that are different from regular
IT system analysis and design. In EA, the development
teams deal with hierarchical systems that spans from
business down to IT. For example, in an EA project
implementing a new way to manage price updates in a
nation-wide department store required the development
of an enterprise with ten hierarchical levels (from market
down to Java programming classes). In a regular IT
system specification, fewer levels are considered and are
usually not represented in a systematic way. In EA, the
teams work with an enterprise model that represents all
relevant aspects of the company. Our goal is to define a
way to build such hierarchical enterprise models that
represent all levels in a systematic way. Thanks to this,
the different specialists, who are in charge of the different
levels, can share a common way to reason about the
enterprise model (because all levels represent systems)
while having level-specific heuristics to guide their
design decision (an organization with people is
essentially not designed in a same way as a software is).

Our goal is model “general systems” (regardless of
the fact that they are IT related or business related). The
main characteristic of the systems is that they can be
considered as wholes or as composite. Systems
represented as whole exhibit emergent properties.
Systems represented as composite expose their
construction. In RM-ODP Part 3, the information
viewpoints are defined to describe systems considered as
atomic (or as wholes); computational viewpoints are

defined to describe non-atomic systems (or composite
systems). In an information viewpoint, there is an
information specification describing the system properties
in terms of information objects. In a computational
viewpoint, there is a computational specification
describing the system’s construction in terms of
component computational objects. So, in SEAM, we
consider the computational specification and the
information specification as very important descriptions
of the systems.

As we model hierarchical system, we believe that it is
important to make explicit which system is described by
these specifications, so we always consider that we have
information specifications of computational objects and
computational specifications of computational objects.
Let’s illustrate this by an example. We model a group of
companies collaborating to serve a customer. We call this
group of companies a supplier value network. The
supplier value network can be considered as a
computational object. The information specification of
this computational object describes the customer
perception of this supplier value network. Figure 1 is a
snapshot of our CAD tool [6] that shows the information
specification of the supplier value network considered as
a computational object. “SellTxn” and “Sell” are the main
information object and the main localized action of the
supplier, respectively.
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Figure 1. Information specification of the
computational object “supplier value network”

The computational specification of this computational
object describes which company collaborates to serve the
customer is illustrated in Figure 2. It is a snapshot
showing 3 companies collaborating within the supplier.
Note that, in the computational specification of the
supplier, each company is described in terms of its
information specification.
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Figure 2. Computational specification of the

computational object “supplier value network”

In summary our EA models are composed of a series
of levels, called “organizational levels”, in which
computational ~ objects are  represented.  These
computational objects can be either specified by their
information specifications or by their computational
specifications.

RM-ODP defines five viewpoints to represent
systems;  enterprise, information,  computational,
engineering and technology viewpoints. We have
discussed our use of the information and computational
viewpoints which are central in SEAM. We analyze now
the other viewpoints.

In SEAM we do not use the enterprise viewpoints.
When designing an IT system, it is important to represent
the environment in which the IT system exists. In SEAM,
this is done through modeling all the organizational levels
which are above the IT system: e.g. department level,
company level or market level. In an enterprise
viewpoint, all these levels are “collapsed” in the
enterprise viewpoint. In SEAM, we keep all these levels
separate. Note that some of the concepts defined in the
enterprise language are still used in our modeling
approach. The only real difference with the enterprise
language is that we keep the organizational levels
separate [7].

The engineering viewpoints and the technology
viewpoints can be found in each organizational level.
They are used to define the behavior templates that will
have to be implemented in each level. For example, in an
EA model, in the organizational level that represent
people, the engineering viewpoint and the technology
viewpoint are used to generate job descriptions. In the
organizational level that describes Java programs, the
engineering and technology viewpoints are used to
generate the Java source code. The detailed discussion of
the engineering viewpoints and of the technology
viewpoints are outside the scope of this paper. Related
information can be found in [8].

In RM-ODP Part 3, it is stated that each viewpoint is
composed of model elements that are defined in RM-
ODP Part 2.

An information specification (of a computational
object) is defined as made of information objects. In
SEAM we consider that these information objects are
modified by actions that represent the computational
object’s behavior. In SEAM, we call these actions
localized actions — a term borrowed from Catalysis [9].
For instance, in the example of a supplier value network
in Figure 1, the supplier value network information
specification represents the products and the customer
information as information objects and the exchanges
with the customer as a localized action.

A computational specification (of a computational
object) is defined as made of computational objects that
participate to actions. In SEAM, we call these actions,
joint actions; a term also borrowed from Catalysis. For
example, in the supplier value network, the computational
specification represents the companies (i.e. computational
objects described by their information specifications)
participating to joint actions.

Information specifications can be described at
different levels of details. This is useful to represent the
goal of the systems (typically represented as localized
actions or joint actions seen as a whole) or the way the
goal is achieved (typically represented as localized
actions or joint actions seen as a composite). For instance,
the supplier value network has a “Sell” localized action in
Figure 2 that represents, as a whole, its capability to sell
books. This action can be broken down into “Get Order”,
“Deliver Book” and “Get Payment” as shown in Figure 3.
This composite localized action represents a means to
achieve the goal. In SEAM, we call “functional levels”
this capability to describe information specifications at
different levels of details.
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Figure 3. Information specification of computational
object “supplier value network” seen at a lower
functional level than that in Figure 2

In summary, to define an EA model, it is necessary
to have organizational levels that describe the
construction of the hierarchical systems (e.g. value
networks made of companies, companies made of
departments, departments made of IT systems and people,



IT system made of Java programs...). In each
organizational level, we have computational objects that
represent systems and joint actions between them. These
computational objects can be described with their
information specifications (defined as localized actions
and information specifications) or computational
specifications (defined as computational objects and joint
actions). The information specification of a
computational object describes the object as a black-box.
Its computational specification describes its construction.
The difference between both is substantial as both
descriptions correspond to different levels of reality. For
example, the computational specification of an enterprise
might include departments and the concept of department
would likely not appear at all in its information
specification. So, the difference between both is not a
simple behavioral refinement. The information
specifications can be defined at different functional
levels. The definition of these concepts is published in
[10]. A concrete and real application of our approach is
detailed in [11]. The problem now consists in
understanding how these terms can be defined from RM-
ODRP Part 2.

2.2. Definition of Model Elements

According to RM-ODP Part 2, an entity is any
concrete or abstract thing of interest in the universe of
discourse. An entity is represented in the model as a
model element. Each model element can be characterized
by a basic modeling concept (BMC) and by a
specification concept (SC) [12]. Examples of basic
modeling elements are: object, action, state. Examples of
specification concepts are: composite object, type, and
instance.

The main concept is the computational object. A
computational object is a kind of object as defined in
RM-ODP Part 2. As stated in Part 2, an object has states
and actions.

- The state of the computational object is
described by information objects that have
states. The behavior is described by actions that
modify information objects. We call this kind of
action a localized action. The localized actions
are defined in terms of pre-conditions and post-
conditions that change the state of the
information objects (the dynamic schema
defined in Part 3). Additional specification can
be captured such as static schemas and invariant
schemas that represent the states of the
information objects at a given time or at all time.
This description corresponds to the information
specification of a computational object.

- The computational objects interact with other
computational objects. So, we have another kind

of actions that represent the collaboration of a
computational ~ object with  the  other
computational objects in its environment. We
call this action a joint action. The joint actions
change the state of the information objects of the
computational objects participating in the
collaboration.

In summary, to build an EA model, we have the
following basic modeling concepts: computational
objects, information objects, localized actions, joint
actions and states. RM-ODP defines all the concepts even
if it does not name them explicitly (for example, the joint
action is not defined but actions can involve more than
one object). Our contribution to RM-ODP was to name
some of these already existing concepts explicitly.

As we should be able to describe different functional
levels, all information objects, joint actions and localized
actions can be represented as whole or as composite. Of
course, to be able to represent organizational levels, the
computational objects can be represented as whole or as
composite as well. This means that we need to have
computational objects as whole or as composite,
information objects as wholes or as composite, joint
actions as wholes or as composite, localized actions as
whole or as composite.
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Figure 4. The 16 modeling elements can be defined
by combining necessary BMCs and SCs

RM-ODP defines model elements by combining a
basic modeling concept (such as object or action) and a
specification concept (such as type or instance). To
generate our ontology, instead of combining generic
objects and actions with type and instance, we combine
computational objects, information objects, localized
action and joint actions with type and instance (as
illustrated in Figure 4). In addition, we need to add if the
model element is considered as a whole or as a
composite. In summary, our model elements are defined
by the following statements:

- <x>type as awhole

- <x>type as composite



- <x>instance as a whole

- <x>instance as composite
Where <x> is computational object, information object,
localized action or joint action.

3. Formalization

Although we consider that <x> seen as whole and
<x> seen as composite are two separate model elements,
we notice that these two model elements always go
together. In fact, they represent a single entity in reality.
In the EA model, depending on the context, <x> seen as
whole or <x> seen as composite is used. To simplify the
formalization, when we define <x>, we always consider
both aspects (whole and composite).

The formalization is done in Alloy 2.0 [3]. Alloy is a
lightweight modeling language based on relations and
takes the syntax of the first-order logic. Since version 2.0,
the language also has object-oriented constructs. The
language is accompanied by a tool called Alloy
Constraint Analyzer (ACA) that can be used for
simulating and checking models written in Alloy.

The entire Alloy code is given in the appendix at the
end of this paper. Note that the Alloy code formalizes the
types (<x> type), so all terms in the Alloy could be
prefixed with “Type”. For clarity reasons, we decided not
to do so.

Table 1 shows signature CompuObject (sig iS a
keyword in Alloy) that formalizes the computational
object. Each computational object optionally mediates a
joint action (field ja), refers to an information object
(field info) and a localized action (field 1a), has a
number of child computational objects (field
compu_children) and optionally has a parent
computational object (field compu_parent). We can
interpret that the field ja and the field compu_children
correspond to a computational object seen as composite,
whereas the field compu_parent, the field info and the
field 1a stands for that computational object but seen as
whole. In other words, the computational object as whole
and as composite are formalized in one Alloy signature:
CompuObject.

Table 1. Alloy code for the computational object

sig CompuObject // definition of the computational object
{ // declaration of all fields of the computational object
Jja : option JointAction,
info : option InfoObject,
la : option LocalizedAction,
compu_children : set CompuObject,
compu_parent : option CompuObject
3} { /7 invariants concerning the computational object
#compu_parent>0 => this in compu_parent::compu_children
all c : compu_children | c::compu_parent = this
#ja > 0 => ja::compu_med = this
all j : JointAction - ja | j::compu_med = this =>
J in ja.”joint_children
#info > 0 => info::compu_host = this
all io : InfoObject - info | io::compu_host = this =>
io in info.”info_children
#la > 0 => la::compu_owner = this

all 1 : LocalizedAction - la | I::compu_owner = this =>

1 in la.~localized_children

The second block between curly brackets, right after
the declaration of all fields of signature CompuObject,
lists all invariants that must be held for any
computational objects. The first line of this block assures
that any computational object must be a child
computational object of its parent. The second line
implies that all child computational objects have the same
parent. The rest of this block concerns the way each
computational object relates to information objects, joint
actions and localized actions. In short, these invariants
mandate the way model elements are related to one
another in our ontology.

In EA models, having individual model elements is
not enough. Indeed, we need to put them in relation. First,
each model element has child elements which are of the
same kind as the parent element. Second, to express static
schema in the information specification, information
objects need to be related to other information objects by
associations. Third, to express the activity of each
computational object, its localized actions need to be
related by action transitions. Fourth, to correctly show the
interaction between computational objects, links between
computational objects and joint actions they participate in
must be kept. As a summary, the following relations need
to be addressed in the ontology

- parent-child relation

- association

- action transition

- collaboration link

One way to formalize these relations is to declare
additional fields in the signatures that formalize model
elements. This first approach applies to the child-parent
relation. For example, in signature CompuObject we can
put a field such as compu_children : set CompuObject
that results in all child computational objects of the
declared computational object. Another approach is to
declare a particular signature dedicated for each kind of
relation. This signature must have at least two fields
referencing the source and the destination model element
of the declared relation. In this approach, it is easy to put
additional attributes such as role name, cardinality... to
declared relations. The second approach applies to
association, action transition and collaboration link. Their
corresponding signatures in Alloy code are named
10210, LA2LA, CO2JA and JA2CO respectively. This
naming convention is put in place to emphasize which
kinds of model elements are connected by the formalized
relations.



Figure 5. A simulation of the formalization
written in Alloy

The entire formalization code is simulated using
ACA at the size of 4 (i.e. at most 4 instances shall be
created for each signature). Figure 5 shows one possible
solution. The signature instances are represented as
eclipses. For each instance, the fields are drawn as out-
going arrows. The eclipse that an arrow points to
represents the value of the field represented by that
arrow. Note that to fully formalize the ontology, we also
need to declare attributes in the signatures of model
elements such as pre/post condition (of the localized
action and the joint action), role name or cardinality (of
the association and the collaboration link). These
declarations will lead to defining special Alloy signatures
to represent primitive data types (e.g. Integer, String...)
and will make the simulation unnecessarily complicated.
For this reason, we omit all primitive attributes and only
declare the ones that represent child-parent relation.

Table 2 list some correspondences between the
model of the supplier value network shown in Figure 1, 2,
3 and the Alloy solution shown in Figure 5.

Table 2. Comparison between a model done in our
CAD tool and the solution found by ACA

Model Model in CAD tool | Solution by ACA
Element
Computational Supplier Customer CompuObject_0
Object World
Computational Supplier Value CompuObject_1
Object Network
Computational Customer CompuObject_3
Object
Computational Sale Company CompuObject_2
Object
Joint Action Sell JointAction_0
Information SellTxn InfoObject_2
Object
Localized Sell LocalizedAction_2
Action
Joint Action sell_collaboration JointAction_2

The design of the CAD tool follows Model-View-
Controller approach. Each modeling concept declared in

Alloy corresponds to a design class in the part “Model”
and is rendered by, nevertheless, two classes in the part
“View”: one class for <x> as whole and the other for <x>
as composite.

4. Example of UML Representation

The information specification of the Supplier Value
Network can be filtered to show only the class diagram
(Figure 6 a) or the activity diagram (Figure 6 b). The
modeler can easily do so while selecting the pictogram of
the Supplier Value Network in the diagram illustrated in
Figure 3.
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Figure 6 a) Filtered information specification shows
a class diagram of “supplier value network”
in its context.
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Figure 6 b) Filtered information specification shows
an activity diagram of “supplier value network”
in its context.

The value of this representation lies in the fact that
the modeler can ultimately reason about each system by
using individual UML diagrams. Future versions of our
tool will allow her to edit these diagrams in separate
windows, making it more UML-compatible.

5. Related Work

RM-ODP based modeling has increasingly attracted
researchers in the field of EA and formal methods. [13]
proposes a tool environment for viewpoint-oriented EA.
This framework allows the modeler to define various
viewpoints (that are not necessarily limited to RM-ODP
viewpoints) of an EA project. [14] aims at relating RM-
ODP enterprise viewpoint and computational viewpoint



to make consistency checking feasible. [15] explores the
possibility of formally writing computational viewpoint
specifications in Maude, an object-oriented executable
rewriting logic language. [16] proposes a declarative
language (with specialized constructs for security) to
specify enterprise viewpoints. [17] describes a formal
interpretation to viewpoint consistency and proposes
some strategies for checking viewpoint consistency in
general. [18] focuses on the consistency between the
computational viewpoint and the engineering viewpoint.
Our work addresses hierarchical systems in EA and tries
to integrate the information viewpoint and the
computational viewpoint of RM-ODP to make a
computer-interpretable tool-supported ontology with
quite precise semantics of model elements. We use Alloy,
a lightweight modeling language based on set theory with
object-oriented constructs, to formalize our ontology.

One of the big concerns about RM-ODP viewpoints
is the transition between them. [19] defines information
actions and proposes the articulation between them and
messages in computational view. [20] establishes one-to-
one mapping from an information action to a stateless
object. In our ontology, information objects representing
the transactions are similar to stateless objects [20]. We
believe that, for a certain computational object, its
composite view is quite dependent from its whole view.
The decomposition made on a composite computational
object is just a choice of the modeler, although it can be
inspired by the whole view. Our tool manages the
connection between the two views. However, it leaves the
decomposition to the modeler as her own decision.

Conclusions

In this paper, we an ontology that is suited to
modeling hierarchical systems in EA. We base our work
on RM-ODP. To define the necessary model elements
and their relations in the ontology, we integrate the
computational viewpoint and the information viewpoint
of RM-ODP. The resulting ontology is formalized in
Alloy and simulated using Alloy Constraint Analyzer.
The computer-interpretable version of the ontology is
implemented in a CAD tool. This tool allows the modeler
to build models for hierarchical systems where every
model element can be seen either as whole or as
composite. This tool can also render UML diagrams
according to some filtering option to reflect particular
aspects of the system of interest.

Our future work investigates the possibility to
translate the formalization written in Alloy to partial Java
code (mainly in the “Model” part of the entire Model-
View-Controller design of the tool) that implements our
CAD tool so that we can achieve some automation
between the ontology specification and the ontology
implementation. We also consider developing advanced

features that allows the modeler to separately edit UML
diagrams of the system of interest.
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Appendix: Ontology Formalization in Alloy

module seamcad

sig CompuObject{
ja : option JointAction,
info : option InfoObject,
la : option LocalizedAction,
compu_children : set CompuObject,
compu_parent : option CompuObject
o
#compu_parent > 0 => this in compu_parent::compu_children
all c : compu_children | c::compu_parent = this
#ja > 0 => ja::compu_med = this
all j : JointAction - ja | j::compu_med = this => j in ja.”joint_children
#info > 0 => info::compu_host this
all io : InfoObject - info | io::compu_host = this => io in info.~info_children
#la > 0 => la::compu_owner = this
all 1 : LocalizedAction - la | I::compu_owner = this => I in la.”~localized_children }

fact compu_acyclic {
all ¢ : CompuObject | (c 'in c.”~compu_parent && c 'in c.”compu_children) }

sig InfoObject{
compu_host : CompuObject,
info_children : set InfoObject,
info_parent : option InfoObject
o
all c : info_children | c::info_parent = this && c::compu_host = this::compu_host
#info_parent > 0 => this in info_parent::info_children }
fact info_acyclic {
all c : InfoObject | (c !in c.”info_parent && c !in c.”~info_children) }

sig JointAction {
compu_med : CompuObject,
joint_children : set JointAction,
Jjoint_parent : option JointAction
o
all c : joint_children |
#joint_parent > 0 => this

t_parent = this && c::compu_med = this::compu_med
nt_parent::joint_children }

t_acyclic {
all ¢ : JointAction | (c 'in c.joint_parent & c !in c.®

nt_children) }

sig LocalizedAction {
compu_owner : CompuObject,
localized_children : set LocalizedAction,
localized_parent : option LocalizedAction
o
all c : localized_children | c::localized_parent = this && c::compu_owner = this::compu_owner
#localized_parent > 0 => this in localized_parent::localized_children }

fact localized_acyclic {
all c : LocalizedAction | (c 'in c.”localized_parent && c !in c.”localized_children) }

sig 10210 { // association
source : InfoObject,
destination : InfoObject
o

source: :compu_host = destination::compu_host }

sig LA2LA { // action transition
source : LocalizedAction,
destination : LocalizedAction
o
source::localized_parent = destination::localized_parent
source: :compu_owner = destination::compu_owner }

sig CO2JA { // collaboration link
source : CompuObject,
destination : JointAction

L

source: :compu_parent = destination::compu_med }

sig JA2CO { // collaboration link
source : JointAction,
destination : CompuObject

3L

source::compu_med = destination::compu_parent }
sig 102C0 { // trace dependency

source : InfoObject,

destination : CompuObject }

fact oneRoot {
sole co : CompuObject | #co.compu_parent = 0 }

fun hasLifecycle() {
some co : CompuObject | one co.ja && no co.la && no co.info && #co.compu_children = 2 }

run hasLifecycle for 4
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Abstract

The RM-ODP definition of interaction is subtle and
difficult to understand. On closer inspection, we find that
it is in fact invalid. We then attempt to establish the
author’s original intentions for this concept, and to
provide an effective definition. Our investigations lead us
to discover some fundamental flaws in the definitions of
interface and of behaviour of an object.

1. Introduction

ISO has performed excellent work with the RM-ODP
Foundations [1]. Unfortunately, this work has failed to
influence the most popular object-oriented modelling
techniques and languages (UML being a case in point),
and methodologies. Their creators have either ignored the
RM-ODP, or failed to understand it. To their credit, some
definitions are excessively subtle or obscure, and the RM-
ODP lacks explanations, and references to relevant
literature.

In this paper, we analyse one of these subtle definitions:
that of the concept of interaction. This definition is
dependent on that of environment (of an object). While
both definitions may seem crisp and clear on a first read,
they turn out to be meaningless since based on an
apparent circularity. We then investigate whether new
definitions, making use of the concept of role, would
work. Having hopefully understood, through our analysis,
the intentions of the RM-ODP authors, we provide an
explanation for the concept of interaction. This analysis
allows us to propose alternate definitions. Finally, armed
with our new understanding that interactions have roles,
we find fundamental flaws in two RM-ODP definitions,
those of interface and behaviour (of an object).

2. The Environment of an Object

The RM-ODP foundations provide this definition:

8.2 Environment (of an object): the part of the
model which is not part of that object.

NOTE - In many specification languages, the
environment can be considered to include at least

one object which is able to participate without
constraint in all possible interactions (see 8.3),
representing the process of observation. [1]

While its note is unlikely to be helpful to most readers,
this definition seems at first to be straightforward. But
now, consider the 4™ note in the very next definition in
the standard, that of action:

8.3 Action: Something which happens.

Every action of interest for modelling purposesis
associated with at least one object.

The set of actions associated with an object is
partitioned into internal actions and interactions.
An internal action always takes place without the
participation of the environment of the object. An
interaction takes place with the participation of the
environment of the object.

NOTES

1-"Action" means "action occurrence".
Depending on context, a specification may express
that an action has occurred, is occurring or may
occur.

2 - The granularity of actionsis a design
choice. An action need not be instantaneous.
Actions may overlap in time.

3 - Interactions may be labelled in terms of
cause and effect relationships between the
participating objects. The concepts that support this
arediscussed in 13.3

4 - An object may interact with itself, in which
caseit isconsidered to play at least two rolesin the
interaction, and may be considered, in this context,
as being a part of its own environment.

5 - Involvement of the environment represents
observability. Thus, interactions are observable
whereas internal actions are not observable,
because of object encapsulation. [ 1]

We have 2 contradictory statements: the environment of
an object is “the part of the model which is not part of
that object,” and “an object can be a part of its own
environment.” We assume that it is the second statement,
of minor status since in a note, which is incorrect. Peter
Linington, one of the fathers of the RM-ODP, confirmed
to us that the idea of an object being part of its own



environment is metaphorical (as suggested by the phrase
“in this context”). Therefore, an object cannot actually be
a part of its own environment.

This metaphorical note is unfortunate, not only because it
can confuse readers of the standard, but also because it
hides the fact that the concept of interaction is ill-defined.
If taking place with the participation of the environment
is not a discriminator of an interaction (vs. an internal
action), then what is an interaction of an object? We will
investigate this question in Section 3.

As for the notion of environment, we believe that it
requires further explanations, as we discuss below.

2.1. Observability.

Studying the standard, it is clear that observability was
the main concern, if not the only concern, for introducing
the notion of environment (“Involvement of the
environment [in an action] represents observability.” [1,
Definition 8.3 Action, Note 5]). But why does the RM-
ODP speak of observability, and not of observation?

A possible answer could be that the readers of a
specification do not know whether an observer object in
the environment actually does observe the action. That is,
they do not have full knowledge of the environment of an
object — there might be objects in the environment they
know nothing about.

But what about specification techniques, such as classical
UML [2], in which at most two objects may participate in
an interaction? When an object interacts only with itself,
no other object may observe this interaction. So why does
ODP consider such an action as observable, when in fact
it actually cannot be observed?

2.2. Asynchronousinteractions.

In a recent paper [3], Peter F. Linington mentions another
concern for the environment of an object. As he explains,
the RM-ODP enables objects to interact either in a
synchronous way (the objects are simultaneously in the
interaction, as if they were shaking hands!), or in an
asynchronous way (e.g., the exchange of a message
consists of a sequence of synchronous interactions,
initiated by the submission of the message, and
terminated by its delivery). The notion of environment
plays a key role in achieving this capability:

Interactions in ODP are synchronous?, but are

defined between an object and its environment. I

' The notion of synchronicity discussed here has nothing to do
with the notion of synchronicity in remote procedure calls.

2 P. F. Linington probably meant to write that atomic
interactions are synchronous. Otherwise, the communication
of a message, a composite action, could not be considered to
be an interaction...

we then constrain the way objects are composed so
that each object binds directly to another object in
its environment, the resulting communication is
synchronous, but if objects bind to link ends in their
environment, the resulting communication is
asynchronous. [ 3]

Such explanations would be interesting and very helpful
to the many object-modellers who consider that objects
only interact by exchanging messages (the authors of
UML among them). Unfortunately, there is not even a
hint about this idea in the RM-ODP Foundations. There is
not even an explanation that communication links exist in
a model (as binding objects), even though they are not
specified explicitly (e.g., UML and ESTELLE [4]).

2.3. Areall communications observable?

The idea of asynchronous communication via (implicit)
communication links suggests that all asynchronous
communications are observable (if an object sends a
message to itself, this composite action would be
observed by communication links in its environment).
However, was this the RM-ODP authors intention?. We
are not so sure.
The notion of observation of actions is important with
respect to behavioural compatibility? [1, definition 9.4]: if
an object’s behavioural specification is substituted for
another, would some environment be able to notice the
difference? However, since implicit (unspecified)
communication links are unable to tell other objects any
differences they may notice, should they count as
observers? We think not.
The actions of submitting a message, or delivering it,
would then never be (directly) observable (even though
asynchronous communications may or may not be
observable). Therefore, we would have some actions
(e.g., sending a message) which involve participation of
the environment, but which are nevertheless
unobservable. Or perhaps, the definition of the
environment of an object needs being revisited?
The RM-ODP definition of environment is therefore
deceivingly simple, and perhaps even misleading. The
following is a list of questions, which we think the
standard should answer:
e Is the environment of an object the same thing as all
the other objects in the model?
e Are all the other objects in a model necessarily
known to a specifier?
e If an object sends a message to itself, using implicit
communication links, 1is that necessarily an
observable action?

3 The RM-ODP should make this point clear, as soon as
introduces the notion that some actions are observable.



3. Interactions

3.1. Which actions ar e inter actions?

Intuitively, one would define an interaction as an action
in which more than one object participates, and an
internal action as an action in which a single object
participates. However, this is not the idea that was
retained for the RM-ODP. Instead, the participation of the
environment was elected to be the discriminating
criterion:

“Aninternal action always takes place without the
participation of the environment of the object. An
interaction takes place with the participation of the
environment of the object.” [1, Definition 8.3
Action].

This definition is unsatisfactory, for at least two reasons:

1) Environment is not a crisp and clear concept, as we
have seen.

2) An object may interact with itself, without the
participation of its environment (assuming that an
object cannot be part of its own environment).

Regarding the second point, we suppose that the authors’
intention was to classify some actions as interactions,
independently of the actual involvement of the
environment. So, for example, when a Java runtime
object invokes one of its own methods, ODP would
categorize this action as an interaction rather than as an
internal action (because other objects may also invoke the
same method). The fact that the RM-ODP considers
interactions to be those actions that are observable [1,
Definition 8.3 Action, Note 1], rather than those that are
actually observed, comforts us in this interpretation.
Involvement of the environment is therefore not a
necessary criterion for an action to be considered an
interaction of an object®.

3.2. Rolesin interactions

As we have seen, the RM-ODP authors deliberately
attempted to classify some unobserved actions as
interactions (observable) rather than as internal actions
(unobservable). However, they failed in their attempt of
defining a classification.

When being presented with these contradictions, Peter
Linington and Jean-Bernard Stefani, two of the most
prominent authors of the RM-ODP, proposed to
discriminate between interactions and internal actions by
referring to the notion of role [5, 6]. However, they did
not elaborate much on their respective answers. We will

4 In the RM-ODP Overview, Section 7.1.2, it is said explicitly
“Note that these interactions do not necessarily occur with
other objects: an object can interact with itself.”

now examine if such a classification based on roles is
indeed possible.

In fact, the 4™ note of the RM-ODP definition of action
already makes a reference to the concept of role: “an
object may interact with itself, in which case it is
considered to play at least two roles in the interaction”).
This yields an interesting observation: an interaction has
multiple roles. And indeed, it seems true that every
interaction has multiple roles:

1) In classical object-orientation, there is only one type
of interaction between objects: the exchange of a
message between two objects. This is a composite
interaction® with two roles, which we may call the
sender and the receiver. An object may send a
message to itself, in which case it is both the sender
and the receiver of that composite interaction.

2) A rendezvous between two objects is an example of
a synchronous interaction. Such an action serves the
purpose of synchronising two activities, the
rendezvous being a common action in both
activities. There are two roles because two activities
are required (otherwise, the rendezvous action
would be pointless). Generally, two different objects
will participate in a rendezvous, but it is also
possible for a single object to play both roles in the
rendezvous.

For every interaction type that we may conceive, it seems
indeed possible and natural to consider that it has multiple
roles. So, we may consider that an action with multiple
roles is an interaction, and that an action with just one
role, or with no role at all, is an internal action.

However, the question that we must answer is not, given
an action, whether this action is an interaction of some
object(s). Rather, the question is, given an object and one
of its actions, whether this action is an interaction of that
object, or one of its internal actions. Answering this
second question is not straightforward, because as we will
now see, an object can be a composite object.

3.3. Interactions of composite objects

In the RM-ODP, an object can be a composite object,
expressed as the composition of more elementary objects.

9.1 Composition:

a) (of objects) A combination of two or more
objects yielding a new object, at a different level of
abstraction. The characteristics of the new object
are determined by the objects being combined and
by the way they are combined. The behaviour of a
composite object is the corresponding composition
of the behaviour of the component objects. [ 1]

5> This interaction is composite since composed of sub-actions,
among them submitting the message onto the implicit
communications channel, and the message delivery.



Considering the behaviour obtained by pure composition
(i.e., without applying any abstraction®), all the actions of
the component objects are also actions of the composite.
Obviously, any action internal to one of the components
is an internal action of the composite. And any interaction
of a component object with the environment of the
composite is an interaction of the composite. But what
about the interactions of component objects among
themselves? Are they interactions of the composite with
itself, or are they internal to it?

If we were to use the criterion that an interaction has
roles, we would conclude that all the interactions among
the components are interactions of the composite. But this
conclusion would not reflect what happens in practice.
For example, most systems have communications among
their components that are not observable by external
entities.

But note that definition 9.1 says explicitly that a
composite object is defined not only by which objects
compose it, but also by how they are combined. Some
specification languages enable a specifier to declare, with
a hide operator, that some interactions among the
component objects will be internal actions of the
composite (therefore hiding them to the environment of
the composite; no actions are suppressed). A similar
effect can be obtained by using devices such as
interceptors that make it impossible for an external object
to access some components of the composite object. In
the ODP computational language [7], the behaviour of
components might be such that some interface references
are not communicated outside of the composite, making it
impossible for external objects to have interactions at
those interfaces: all interactions at such interfaces shall
therefore be considered to be internal actions of the
composite.

In [3], Peter Linington explains that the identification of
interfaces is a design activity. That is, it is design
decisions that allocate interactions to interfaces. The same
idea applies with respect to deciding whether an
interaction among components is an interaction of the
composite, or one of its internal actions. Note that the
design decision may not be left entirely to the specifier; it
also depends on the specification language that he or she
uses.

4. Interactions. an explanation

We have no doubts at all that the RM-ODP authors tried
to define interactions and internal actions in a sensible
and useful way. It is no accident that they did not define

® We do not understand why the RM-ODP pretends that a
composite object is necessarily at a more abstract level of
abstraction than its component objects. Surely, composition
enables abstraction, but does it always include it?

interaction in the straightforward way, that is, as an action
in which two or more objects participate. But they failed
to provide clear and unambiguous definitions. Even more
annoyingly, we do not even know what were the authors’
intentions.

What the authors should have done was to explain the
definitions they wrote, and in particular the intentions
behind the non-straightforward definitions. We will now
try, given our analysis and understanding of the issue, to
provide these missing explanations.

We suppose that the RM-ODP authors were very much
concerned with the problem of writing behavioural
specifications for objects. We also know that some ODP
authors are not always coherent with the standard, as they
entertain confusion between a term and the model
element to which it refers. In particular, they incorrectly
speak of “actions in a specification” (see for example [8]),
which does not make sense since an action is “something
which happens.” And of course, a specification is a static
entity in which nothing may happen. An “action in a
specification” may be explained as a term for an action in
a model’. Or more precisely, it is a term for one or more
actions, as a same term can be interpreted again and
again, each time referring to a different action.

In [3], Peter F. Linington provides an example of this
situation in the context of ODP. He observes that an
object can theoretically participate in infinitely many
actions. As he explains, “most objects will have a
behaviour that allows arbitrary repetition of smaller
fragments of behaviour associated with some sort of
thread or session.” We would say instead that the term
for a fragment of behaviour (itself composed of terms for
actions) can be interpreted again and again to refer to
different fragments of behaviour’. This property is
essential for enabling an object to have an infinite
behaviour, since a specification can only have a finite
number of terms. More pragmatically, this property is
also very important for writing specifications of
reasonable length, as any programmer could testify.

Thus, a term of an action generally refers to many actions.
Now, consider a term of an action that is related to actions
in which it is always the case that only one object
participates. ODP authors (we suppose) would consider
all these actions to be internal actions of this object.
Consider another term, which in general refers to an
action in which this object plays just one role, but which
may refer to an action in which this very same object
plays all the roles. ODP authors (we suppose) would
consider all these actions to be interactions of this object.

7 As we announced in Section 1, we use the term “model” in its
ODP meaning, and not in its UML meaning.

8 Strictly speaking, Linington’s sentence is incorrect, since a
fragment of behaviour, being a collection of actions
(occurrences), cannot be repeated.



Our explanation is compatible with [1, definition 8.3], in
which it is said that “An internal action always takes
place ...” Since an action takes place only once, why did
the authors of the RM-ODP wrote “always takes place”?
We suppose that they were thinking about the term of the
action.

4.1. What it means to be observable

In the RM-ODP foundations, the notion of observability
(of actions) is important in the context of another notion,
that of behavioural compatibility (between objects):

9.4 Behavioural compatibility: An objectis

behaviourally compatible with a second object with

respect to a set of criteria (see notes) if the first

object can replace the second object without the

environment being able to notice the difference in

the objects' behaviour on the basis of the set of

criteria. [1]
Since an ODP object is “the model of an entity” [1], it
servers no purpose to consider two objects, and to wonder
whether or not they are behaviourally compatible. The
question of behavioural compatibility is in fact about
object specifications, on whether one is compatible with
the other’. More precisely, the problem is to know
whether an object’s environment (i.e., the environment of
the object in some model) would be able to find out
which of two possible specifications applies to this object.
Nothing is known about the object’s environment, besides
some assumptions (derived from the set of criteria in the
above definition). For the environment to observe
anything about the object, it must participate in
interactions with it.
Therefore, we are talking here about many actions in
many models. What we really want to classify is not the
actions of an object, but the terms of its actions in a
specification. An action term is said to be “observable” if
it refers to at least one action, in some model, which may
be observed by the environment of the object. Unless an
action term can be proven to always refer to unobserved
actions of an object, it is to be considered an “observable”
action term of the object specification'.
Thus, our explanation is that ODP considers an action to
be observable if it is referred to by an “observable” action

9 Whereas object is a basic modelling concept in the RM-ODP,
behavioural compatibility is a specification concept.

10 Tt is in general an undecidable problem to determine which
action terms of an object specification may refer to (in some
interpretation) an observed action. For that reason, the
principle of precaution applies: in case of doubt, an action
term of an object specification is considered to be
“observable.” This matters, for example, when trying to
determine whether an object specification is equivalent to
another.
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term; otherwise it is non-observable. And the name
“interaction” is a synonym for “observable action”.

Thus, in a given model, some interactions of an object are
observed while others are not. But they are all considered
to be observable, in this particular ODP sense. This is the
case even though the environment, in this given model,
cannot in fact observe them. On the other hand, no
internal actions of the object are ever observed, in any
model, and they are therefore non-observable.

4.2. An alter native explanation

In a recent private communication, Peter Linington
provided us with an interesting explanation of what it
means for an object to interact with itself, and to be in
such context a part of its own environment:

“ The text about an object contributing to its own
environment isin a note and is clearly not the
defining occurrence. In fact the phrase "in this
context" isa strong hint that the usage is
metaphorical. The point being made hereis that
when an object interacts with itself, thereisa
degree of decoupling, so that the constraints on the
interaction arise from the object playing two roles,
and for each role the actions of the other are asif
from the environment. Thisimplies that static
analysis of the behaviour of an object asa
configuration component may indicates liveness
that is not guaranteed if the two roles are closely
coupled by the internal behaviour of the object; the
situation goes from possible liveness to necessary
deadlock.”

We do agree with the above explanation, but we are not
sure that it is sufficient. We therefore choose to stick to
our own explanations, until convinced otherwise.

5. Proposed new definitions

Having (hopefully) understood the original ODP authors’
intentions, we are now in a position to propose some
alternate definitions of the concepts of environment and
interaction. But first of all, we would like to stress that
what matters first and foremost is the message we want to
communicate to the readers of the standard. It would be
better to leave the RM-ODP Foundations with its current
deficient definitions, but to add proper explanations, than
to provide revised but obscure (or excessively subtle)
definitions. And after all, the new definitions might prove
be defective again, in which case the explanations would
be sorely missing.



5.1. Environment, and communications

The following is our proposed revised definition for the
environment of an object:

8.2 Environment (of an object): all the objects in
the model which are not part of that object.

NOTES

0- An object is never a part of its own environment.
1 - In many specification languages, the
environment can be considered to include at least
one object which is able to participate without
constraint in all possible interactions (see 8.3),
representing the process of observation.

2- In some specification languages, an object can be
considered to include, as parts of itself, outbox and
inbox objects, even though those are not explicitly
specified. An internal outbox object enables a
sender object to submit a communication (see 8.9)
with its environment, without that action being
observed directly (the communication as a whole is
observed, but not its initiation). Likewise, an
internal inbox object enables the delivery of a
communication, without that action being observed
by the environment of the receiver object.

Note 0 is provided here to stress the change in this new
definition from what is said in the original RM-ODP
Foundations standard.

Note 1 may need to be suppressed or amended, since it
explains the process of observation in a narrow way, valid
only in the case of some specification languages. But it
has the merit to introduce a reference to the notions of
interaction and observation, which are the very reasons
behind the definition of environment. And they also help
with Note 2. But whether or not this not remains, it is
essential for the revised standard to explain the very
reasons behind the concepts of environment and
observability.

Note 2 may need to refer to complementary explanations
regarding the exchange of asynchronous communications
between objects. In particular that a communications
channel consists of a configuration of objects, among
which an outbox object (or inbox object) which is part of
the object itself, and other binding objects which are parts
of the object’s environment. The standard should explain
that inbox and outbox objects are internal to an object for
reasons of evaluating whether two object specifications
are behaviourally compatible or not. Since implicit
communication channels are beyond the control of any
specifier, it is not necessary, but preferable, to consider
that submitting a communication or receiving it are
internal actions of the sender and the receiver,
respectively.

5.2. Interactions

We do not see a way to define interaction without
referring to specifications and terms. We first need this

definition:
Observable action term (of an object): An action
term is observable in an object specification, if it
refers to at least one action, in some model, which
may be observed by the environment of the object.
Otherwise, this action term is non-observable.
NOTE: In case of doubt, an action term is
observable: if an action term cannot be proven to be
non-observable, it is to be considered as being
observable.

Internal action (of an object): an action of an
object which is referred to by a non-observable
action termin the specification of that object.
NOTE: Not a single internal action of an object is
observed by its environment.

Interaction (of an object): an action of an object
which is referred to by an observable action termin
the specification of that object.

NOTES:

1- An object may play all the roles of an interaction,
in which case this action is unobserved (by this
object’s environment). This action is still
categorized as an interaction of this object because
it is referred to by an observable action term in the
object’s specification.

2- Some specification techniques are such that an
action is referred to by several action terms. In this
case, it is sufficient for one of these action terms to
be deemed observable for the action to be an
interaction.

Since observable in ODP has a non-obvious, counter-
intuitive meaning, we propose to deprecate the use of the

phrase “observable action”.

6. Other issuesin the RM-ODP

In our investigation, we have realized that interactions are
characterized by having multiple roles. This fact was not
taken into account when writing some of the definitions
of the RM-ODP Foundations, which as a result are

flawed.
6.1. Interface

The definition of interface needs revisiting:

8.4 Interface: An abstraction of the behaviour of an
object that consists of a subset of the interactions of
that object together with a set of constraints on
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when they may occur.

Each interaction of an object belongsto a unique
interface. Thus the interfaces of an object forma
partition of the interactions of that object.

NOTES

1 - Aninterface constitutes the part of an object
behaviour that is obtained by considering only the
interactions of that interface and by hiding all other
interactions. Hiding interactions of other interfaces
will generally introduce non-determinism as far as
the interface being considered is concerned.

2 - The phrase "an interface between objects’ is
used to refer to the binding (see 13.4.2) between
interfaces of the objects concerned.[1]

The second paragraph, which associates an interaction to
a single interface, is wrong. It would be true in the ANSA
architecture [9], in which a binding establishes a shared
interface between several objects. The RM-ODP was
largely inspired from ANSA, but its concept of interface
is different: an ODP interface belongs to a single object,
and an ODP binding binds two or more interfaces (see [1,
definition 13.4.2] and [7, clause 7.2.3.2]). Therefore, each
ODP interaction is necessarily associated with two or
more interfaces.

It is also wrong to pretend that an interaction is
necessarily associated with a single interface of a
participant object. Applied in the context of the ODP
computational language, such a statement would disallow
an object to bind two of its own interfaces, client and
server, and therefore to interact with itself. Peter
Linington and Jean-Bernard Stefani confirmed that these
two statements do not reflect the RM-ODP authors’
intention [5, 6].

We propose to rewrite these two statements as follows:
“Each interaction role played by an object belongs to a
unique interface of that object. Thus the interfaces of an
object form a partition of the interaction roles played by
that object.” The first note of the definition would need to
be revised accordingly, since the roles at other interfaces
must be hidden as well.

6.2. Behaviour

Interaction roles are not mentioned at all in the definition
of behaviour in the RM-ODP, of which we reproduce
here its first sentences:

8.6 Behaviour (of an object): A collection of
actions with a set of constraints on when they may
occur.

The specification language in use determines the
constraints which may be expressed. Constraints
may include for example sequentiality, non-
determinism, concurrency or real-time constraints.

(1]

Knowing which role an object plays in an interaction is
critical to knowing its behaviour. For example, asking a
question is not quite the same thing as answering it. But
the current definition of behaviour implies that it is
sufficient to say that an object participates in an
interrogation...

7. Summary and conclusions

In writing this paper, we spent a lot of time and efforts
trying to understand just one concept, that of interaction.
We indeed discovered that it was not really defined in the
RM-ODP. In doing so, we had to go past some subtle
statements and metaphors, and second-guess the author’s
original intentions behind them. Our work would have
been much simpler, and more effective, had these
intentions been documented in the standard itself, or in a
companion document.

Our investigations lead us to discover some fundamental
flaws in the definitions of Interface and of Behaviour of
an object. These flaws have remained unnoticed (or at
least unreported) for more than ten years. However, when
one is armed with the understanding that interactions
have roles, these flaws are fairly obvious.

While performing our research, we came to better
appreciate the considerable difficulty of writing the RM-
ODP Foundations: the definitions must be notation
independent (even syntax independent), grounded in
semantics, very general and widely applicable, and yet
precise. Compared with other works of the same nature,
ISO has performed excellent work. Unfortunately for the
object and software engineering communities, the RM-
ODP Foundations have not had yet the impact that they
deserve. One reason is that the standard lacks proper
explanations and references. We invite ISO experts to
provide these missing explanations, rather than just fix
the flawed definitions. After all, the new definitions might
prove be defective again, in which case the explanations
would be sorely missing.
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Abstract more user-friendly notations. In this respect, the general-
purpose modeling notation UML (Unified Modeling Lan-
The advent of UML 2.0 has provided a new set of con- guage) is clearly the most promising candidate, since it is
cepts more apt for modeling the structure and behavior of familiar to developers, easy to learn and to use by non-
distributed systems. These concepts and mechanisms catechnical people, offers a close mapping to implementa-
be effectively used for representing the ODP concepts, intions, and has commercial tool support.
particular those from the Computational Viewpoint. In this Until the advent of UML version 2.0, both the lack of
paper we present an example that uses the UML 2.0 profileprecision in the UML definition and the semantic gap be-
for the ODP computational viewpoint to illustrate its bene- tween the ODP concepts and the UML constructs hindered
fits and limitations. its application in this context. The UML (1.4) Profile for
EDOC [13] tried to bridge this gap. But from our perspec-
tive, the gap was so big that the Profile ended up being too
large and difficult to understand and use by both ODP and
UML users. With the advent of UML 2.0 the situation may
have changed, since not only its semantics have been more
Thecomputational viewpoindescribes the functionality  precisely defined, but it also incorporates a whole new set of
of an ODP system and its environment through the decom-concepts more apt for modeling the structure and behavior
position of the system, in distribution transparent terms, into of distributed systems.
objects which interact at interfaces. In the computational |n addition, the wide adoption of UML by industry, the
viewpoint, applications and ODP functions consist of con- number of available UML tools, and the increasing interest
figurations of interacting computational objects. for model-driven development and the MDA initiative, mo-
Although the ODP reference model provides abstract tivated ISO/IEC and ITU-T to launch a joint project in 2004,
languages for the relevant concepts, it does not prescribevhich aims to define the use of UML for ODP system speci-
particular notations to be used in the individual viewpoints. fications (ITU-T Rec. X.906 — ISO/IEC 19793 [9]). Thus,
The viewpoint languages defined in the reference model areODP modellers could use the UML notation for express-
abstract languages in the sense that they define what coning their ODP specifications in a standard graphical way,
cepts should be used, not how they should be representedand UML modellers could use the RM-ODP concepts and
Several notations have been proposed for the different view-mechanisms to structure their UML system specifications.
points by different authors, which seem to agree on the In this paper we explore the use of the UML 2.0 profile
need to represent the semantics of the ODP viewpoints confor modeling the ODP computational viewpoint concepts
cepts in a precise manner [2, 4, 8, 12, 10, 11]. For exam-presented in [17] and detailed in [18]. More specifically, we
ple, formal description techniques such as Z and Object-show how this profile can be used to model operational ODP
Z have been proposed for the information and enterprisesystems by representing, as an example, the Templeman’s
viewpoints [21], and LOTOS, SDL or Z for the computa- library management system.
tional viewpoint [8, 20]. Lately, rewriting logic and Maude The structure of this document is as follows. First, sec-
have also shown their adequacy for modeling the ODP lan-tions 2 and 3 serve as a brief introduction to the compu-
guages [6, 5, 19]. tational viewpoint and UML 2.0, respectively. Section 4
However, the formality and intrinsic difficulty of most presents a summary of the UML 2.0 Profile for the ODP
formal description techniques have encouraged the quest foComputational Viewpoint, describing how to model compu-

1 Introduction
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tational specifications in UML. This profile is used in Sec- collection of <X>s in sufficient detail that arcX> can
tion 5 for specifying the Templeman'’s library system. Fi- be instantiated using it"<X> can be anything that has a
nally, Section 6 draws some conclusions and outlines sometype. Thus, an interface of a computational object is usually

future research activities. specified by @omputational interface templatehich is an
interface template for either a signal interface, a stream in-
2 Computational Viewpoint in RM-ODP terface or an operation interface. A computational interface

template comprises a signal, stream or operaitiberface
signatureas appropriate; dehaviorspecification; and an

The computational viewpoint is directly concerned with environment contracspecification.

the (::str_lbutlcm c;f prot():lescilrlgbbl:.t nott with th(_arr:nteractm? An interface signatureconsists of a name, a causality
mechanisms that enable distribution to occur. The computa-,q o (producer, consumer, etc.), and set of signal signa-

tional specification decomposes the system into objects PeTiyres, operation signatures, or flow signatures as appropri-

forming individual functions and interacting at well-defined . £, 1 of these signatures specify the name of the inter-

interfaces. - .
. . . action and its parameters (names and types).
The heart of the computational language is the object P ( ypes)

model which defines the form of interface that an object can i ) .

have; the way that interfaces can be bound and the forms ofNteractions.  RM-ODP prescribes three particular types

interaction which can take place at them: the actions an ob-Of interactions: signals operations andflows A signal

ject can perform, in particular the creation of new objects M@y be regarded as a single, atomic action between com-

and interfaces; and the establishment of bindings. putatloqal quects. Slgnals'constlt.ute the most bas'lc unit of
The computational object model provides the basis for Interaction in the computational viewpoint. Operations are

ensuring consistency between engineering and technology'S€d 10 model object interactions as represented by most

specifications (including programming languages and com-Message passing object models, and come in two flavors:

munication mechanisms) thus allowing open interworking INterrogationsand announcementsAn interrogation is a

and portability of components in the resulting implementa- Wo-way interaction between two objects: the client object
tion. invokes the operatiorirfvocatior) on one of the server ob-

ject interfaces; after processing the request, the server ob-

ject returns some result to the client object, in the form of

atermination An announcement is a one-way interaction

) between a client object and a server object. In contrast to
In the ODP Reference Model, the computational 1an- 5, jnterrogation, after invocation of an announcement op-

guage uses a basic set of concepts and structuring ruleSy aiion on one of its interfaces, the server object does not

including those from ITU-T Recommendation X.902, (o4, a termination. Terminations model every possible
ISO/I'EC 10746—2,_ and several concepts specific to the COM-g jtcome of an operation. Flows model streams of infor-
putational viewpoint. mation, i.e., a flow represents an abstraction of a sequence
of interactions from a producer to a consumer, whose ex-
Objects and interfaces. ODP systems are modeled in act semantics depends on the specific application domain.
terms ofobjects An object contains information and of- In the ODP computational viewpaoint, operations and flows
fers services. A system is composed as a configuration ofcan be expressed in terms of signals [8].
interacting objects. In the computational viewpoint we talk
aboutcomputational objectswhich model the entities de-
fined in a computational specification. Computational ob-
jects are abstractions of entities that occur in the real world
in the ODP system, or in other viewpoints [8].
Computational objects hawtateand can interact with

2.1 Computational language concepts

Environment contracts. Computational object templates

may have environment contracts associated with them.
'These environment contracts may be regarded as agree-
ments on behaviors between the object and its environ-

- . ! - . ment, including Quality of Service (Qo0S) constraints, us-
their environment ainterfaces An interface is an abstrac- age and management constraints, etc. These QoS con-

tion of the behavior of an object that consists of a subsetgiraints involve temporal, volume and dependability con-
of the interactions of that object together Wlt_h a set of con- straints, amongst others, and they can imply other usage and
straints on when they may occur. ODP objects may havemanagement constraints, such as location and distribution
multiple interfaces. transparency constraints.

An environment constraint can thus describe both re-
Computational templates. Computational objects and quirements placed on an object’'s environment for the cor-
interfaces can be specified by templates. In ODR:Xn> rect behavior, and constraints on the object behavior in the
templateis “the specification of the common features of a correct environment.
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2.2 Structure of ODP computational specifica- 4 Modeling Computational Viewpoint Con-
tions ceptsin UML 2.0

The UML 2.0 Profile for the ODP Computational View-
point (which is fully described in [18]) consists of three
main parts. First, it defines the ODP computational view-
point metamodel, which is an evolution of the metamodel
presented in [19], and defines the semantics, properties and
related elements of each metaclass. Second, ODP concepts
i . i . are mapped to UML elements. This mapping contains infor-

A compu';atlonal _spemﬁcatlon glso deﬂ_nes an |n|t|al_set mation about every ODP computational concept, the UML
of computational objects and their behavior. The configu- base element that represents each concept, and the stereo-

][at'?]n will change aslthgicomputatlonal Ob,JeCtT .|nste;nt|at<j:~ type that extends the metaclass so that the specific domain
urther computational objects or computational interfaces; o minology can be used.

perform binding actions; effect control functions upon bind- This section summarizes how the main concepts of the

ing objects; delete computational interfaces; or delete com-5pp computational language are mapped to UML 2.0 con-
putational objects. cepts |

A computational specification describes the functional
decomposition of an ODP system, in distribution transpar-
ent terms, asa) a configuration of computational objects;
(b) the internal actions of those objec(s) the interactions
that occur among those objectst) environment contracts
for those objects and their interfaces.

3 Unified Modeling Language 2.0 4.1 Computational objects and interfaces

Computational object templates and objects. A key

UML is a visual modeling language that provides a wide concept of the ODP computational viewpoint is tteenpu-
number of graphical elements for modeling systems, which tational object Eachcomputational objects instantiated
are combined in diagrams according to a set of given rules.from its correspondingomputational object template
The purpose of such diagrams is to show different views of A computational object templateill be mapped to a
the same system or subsystem and indicate what the systefdML component, which represents autonomous system
is supposed to do. units, that encapsulatgate andbehavior and interacts with

There are mainly two types of diagramstructural and their environment in terms qirovidep! and required inter-
f faces. In UML, components areclassifiers. A UML classi-

behavioral The former ones focus on the organization of ¢ h P hat ch .
the system. Structural diagrams include package diagramsfie" ¢@n have a set &atures, that characterize itastances.

object diagrams, deployment diagrams, class diagrams and OPP computational objectswill then be mapped to

composite structure diagrams. Behavioral diagrams reflect/ML component instances.

the system response to inner and outer requests and its evo-

lution in time, and include activity diagrams, use cases, stat-Computational interfaces. Computational objectster-

echarts and interaction diagrams act with theirenvironmentat interfaces These are instan-
One of the major improvements of UML 2.0 [15, 16] is tiated fromcomputational interface templateshich com-

the addition of new diagrams and the enhancements madérise theinterface signaturésignal operationor streamas

to existing ones: UML 2.0 structure, composite, commu- appropriate), éehaviorspecification and aenvironment

nication, timing and interaction overview diagrams allow contractspecification.

solving many of the UML 1.x limitations. Most of these im- There are no exact terms in UML 2.0 to provide one-to-

provements have been influenced by the integration of theone mappings for these ODP concepts. However, the se-

mature SDL language within UML. In addition, UML 2.0 mantics provided by other modeling elements can be used

now provides better constructs for modeling the software ar- with slight customizations.

chitecture of large distributed systems, with concepts such If we considercomputational interfacess interaction

ascomponents and connectors, and has promoted the use points at whichcomputational objectteract, we find that

of OCL (Object Constraint Languagenow fully aligned this concept corresponds to the UML concepintdraction

with UML 2.0 [14]. Finally, the language extension mech- point, i.e., aport at the instance level.

anisms have been greatly enhanced too, with the more pre- In ODP, acomputational interface templa@mprises

cise definition of UML Profiles to allow the customization aninterface signaturewhich is defined as the set a€tion

of UML constructs and semantics for given application do- templatesassociated with the interactions of arerface

mains. These new concepts and mechanisms of UML 2.0Each of thesection templategomprises th@amefor the

constitute the basis of our proposal. interaction the number, names and types of the parameters
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and an indication ofausalitywith respect to thebjectthat
instantiates théeemplate

Then, an ODRomputational interface signatureill be
mapped to a set of UMlinterfaces, each of which is de-
fined as a kind o€lassifier that represents a declaration of a
set of coherent publiteatures and obligations. This means
that eachinterface can be considered as the specification of
a contract that must be fulfilled by amystance of a clas-
sifier thatrealizes the interface (e.g., the UMLcomponent
instance that represents theomputational objectthrough
its correspondindnteraction point).

Different stereotypes will be used to distinguish thia-
terfaces that represent the different kinds edmputational
interface signatures

4.2 Interactions

objectswhen some timed simple constraints need to be ob-
served or applied.

4.3 Environment contracts

Environment contractplace constraints on thHeehavior
of computational objectsand usually include QoS, usage,
and management aspects. The ODP Reference Model does
not prescribe how aenvironment contractnust be speci-
fied; it just defines this concept and its basic contents.

Each system modeler might like to specify their own
constraints in the way that best suits their particular appli-
cation, and therefore the UML elements (and their seman-
tics) required to model differer@nvironment contractsan
change from one application to another. Thus, instead of in-
corporating these kind of concepts into our UMtofile, we
have decided to use separatefiles for representing QoS
and other extra-functional aspectsenfvironment contracts

In ODP, the basic one-way communication mechanism The possibility offered by UML 2.0 tapply multiple pro-

from aninitiating objectto aresponding objeds thesignal
which represents a single bagsiteraction between them.
Operationsand flows are alsointeractions although they
can be handled in terms signals as previously mentioned
in Section 2.1.

An ODP signal will be mapped to a UMLmessage,
which is the specification of the conveyance of information
from oneinstance to another. In UML, anessage can spec-
ify either the raising of a UMLsignal or thecall of an UML
operation.

In ODP, in order to specify aignalwe need to provide
its signatureand itsbehavior

An interaction signaturevill be represented by an UML
reception, which consists of a declaration stating that the
interface classifier is prepared to react to theceipt of asig-
nal. In ODP, eachinterface sighatureomprises a set of-
teraction signaturethat conform to thénterface type This
means that we need to define the proper set of QD#?-
actionsas publicfeatures of the appropriate UMlinterface
classifier.

The behavior ointeractionsrefers to the communication
process betweecomputational objectswhich will be ex-
pressed in UML withbehavioral diagrams [3]: (a) Interac-
tion models describe hownessages are passed betweeh-
jects and cause invocations of othieshaviors; (b) Activity

files to apackage—as long as they do not have conflicting
constraints—will allow the specifier use the Qo ofile(s)
of his preference.

4.4 Computational specifications

As described in 2.2, a computational specification de-
scribes the functional decomposition of an ODP system, in
distribution transparent terms. In UML, the computational
specification will be represented by a setdafgrams that
model both structural and behavioral aspects of the system.
Thesediagrams will use theelements provided by the ap-
plied profiles (using their specified semantics).

A configurationof computational objectand their inter-
actinginterfaceswill be modeled bycomponent diagrams
(at the instance level).

Theinternal actionsof thoseobjectswill be represented
by behavioral diagrams associated to the UMtomponents
that represent thosebjects

4.5 Summary of the mappings
The fact that most ODP concepts can be represented by

UML 2.0 concepts without changing their original seman-
tics (maybe imposing some additional constraints on them,

models focus on the sequence, input/outputs and conditionsat most) enables the use obalL Profile as the right kind of

for invoking othemehaviors; and(c) Finally, state machine
models show howevents (e.g.,signal events) cause changes
to theobject state and invoke othebehaviors.

mechanism for our purposes [7]. Note that pinefile mech-
anism does not allow for modifying existing metamodels.
Rather, aprofile is intended to provide a straightforward

Which of them to choose is a matter of the system per- mechanism for adapting an existing metamodel with con-
spective that the modeler needs to specify, since each oftructs that are specific to a particular domain.

these models is focused on a different aspect of the sys-

tem dynamics. For instanctming diagrams could be also
useful to represent thimteractionsamongcomputational
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As a summary, Table 1 shows the most important stereo-
types defined in the UML Profile for the ODP Computa-
tional Viewpoint [18].



Table 1. Summary of the Computational Viewpoint Profile

ODP Concept UML Base Element Stereotype
Computational object template Component < CV_CompObjectTemplate>>
Computational interface template Port < CV_ComplnterfaceTemplate>>
Signal interface signature Interface(s) < CV_SignallnterfaceSignature>>
Operation interface signature Interface(s) < CV_OperationinterfaceSignature>>
Stream interface signature Interface(s) < CV_StreaminterfaceSignature>>
Announcement signature Reception < CV_AnnouncementSignature:>
Interrogation signature Reception < CV_InterrogationSignature>>
Termination signature Reception < CV_TerminationSignature>>
Signal signature Reception < CV_SignalSignature>>
Flow signature Reception < CV_FlowSignature:>
Computational object InstanceSpecification < CV_Object>
Signal interface Port (interaction point) < CV_Signalinterface>>
Operation interface Port (interaction point) < CV_Operationinterface>>
Stream interface Port (interaction point) < CV_Streaminterface>>
Signal Message < CV_Signal>
Flow Interaction / Message < CV_Flow>
Announcement Message < CV_Announcement>
Invocation Message < CV_Invocation>>
Termination Message < CV_Termination>>
5 A Case Study 6. Borrowers who fail to return an item when it is due
will become liable to a charge at the rates prescribed
We will illustrate the use of the UML Profile for the until the book or periodical is returned to the Library,
ODP Computational Viewpoint by modeling the comput- and may have borrowing rights suspended.

erized system that supports the operations of a Templeman o ]
Library at the University of Kent at Canterbury, in particu- /- BOrrowers returning items must hand them in to an as-

lar those operations related to the borrowing process of the ~ Sistant at the Main Loan Desk. Any charges due on
Library items. overdue items must be paid at this time.

The system should keep track of the items of the Uni-
versity Library, its borrowers, and their outstanding loans.
The library system will be used by the library staff (librarian
and assistants) to help them record loans, returns, etc. The
borrowers will not interact directly with the library system.

The basic rules that govern the borrowing process of that
Library are as follows:

1.

. There are prescribed periods of loan and limits on the

8. Failure to pay charges may result in suspension by the
Librarian of borrowing facilities.

Despite they leave many details of the system unspeci-
fied, thesdextual regulationswill be the starting point for
the ODP specifications below.

Borrowing rights are given to all academic staff, and 5.1 Computational objects and interfaces
to postgraduate and undergraduate students of the Uni-

versity. In order to represent the computational specification for

. Library books and periodicals can be borrowed. the Templeman Library, we need to identify the computa-

tional elements that participate in the borrowing process.

. The librarian may temporarily withhold the circulation Each of these elements (i.e., computational objects and in-

of Library items, or dispose them when they are no terfaces) are instantiated from their corresponding compu-
longer apt for loan. tational templates. In UML, we represent the system struc-
ture using a component diagram, that describes the compu-
tational object templates and the computational interfaces at
which these objects interact.

As shown in Figure 1, there are four different kinds

number of items allowed on loan to a borrower at any
one time.

. Items borrowed must be returned by the due day andof computational objects(a) a manager{serMgr) for

time which is specified when the item is borrowed. each user (i.e., borrower)b) the system that manages
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Figure 1. Component Diagram representing ODP Computational Templates

the fines applied to users who exceed the borrowing pe-
riod (FineSystem); (c) the system that manages the library
items (temMgr); and(d) the borrowing process coordina-
tor (BorrowingSystem).

These objects interact with each other and with their en-
vironment at computational interfaces, which are instanti-
ated from their corresponding interface templates. In this
case, we use five computational interfaces, all of them op-
erational interfaces. As shown in Figure 1, each interface
is modeled by a UMLport feature and itprovided andre-
quired UML interfaces, whosereceptions represent the in-
dividual interaction signatures. For readability reasons, we
have shown interface sighatureshadls andsocketsn Fig-
ure 1. An extended notation for the signature of litiser-
Mgntinterface is shown in Figure 2, where UMéceptions
are explicitly depicted.

In this example, only operation computational interfaces
have been defined. Therefore, just two causalities are pos
sible: client or server This implies that the tagbject-
Role can be omitted because the causality is implicitly rep-

resented by the kind of dependency existing between the

UML port and the UML interface—e.g., an usage depen-
dency (equired interface) represents that the computational
interface will interact as &lient There are also cases in
which the system designer might prefer to adopt an oper-

<<CV70pera|ion\nterfaceS\gnature»O
IUserMgnt_Signature

<<CV_0
IUserMgnt_Response

O

«CV_OperationlnterfaceTemplate»
isTemination = true
invocations = addUser, getUser

<<CV_AnnouncementSignature>>
enableUser(id : Integer )
suspendUser(id : Integer )
<<CV_interogationSignature>>
addUser( detail : User )
getUser(id : Integer )

<<CV._TerminationSignature>>
addUserFailed()

addUserOk()

getUserFailed()
getUserResponse( detail : User )

Figure 2. Interface signature for  IUserMgnt

<<CV_ObjectTemplate>>c |
UserMgr

<<CV_ObjectTemplate>> |
FineSystem

«CV_InterfaceTemplate»
toUserMgr : IlUserMgnt

«CV_InterfaceTemplate»
userMgnt : IUserMgnt

IUserMgnt__Signature

a

\
\

«CV_InterfaceTempla
type = operation

«CV_InterfaceTemplate»
type = operation

<<CV_0perationlntevfacesignature»o
IUserMgnt__ Signature

<<CV_AnnouncementSignature>>
enableUser(id : Integer )
suspendUser(id : Integer )
<<CV_IntermogationSignature>>
addUser( detail : User ) : boolean
getUser(id : Integer ) : User

Figure 3. Component diagram following an
operational OO approach

ational object-oriented approach, which represents the ex2.2 Behavioral specification

change of information between objects in terms of oper-

ation interactions between computational objects. In this  We need to specify different behavior aspects of the com-
case, modeling these interactions as UML operations mightputational elements. In fact, activity, communication, inter-
probably be simpler, as shown in Figure 3. action and sequence diagrams might be useful to represent
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(item manager)
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detail: Item @

[rejected]

validUser

(item manager) detail [accepted]
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Figure 4. Activity diagram for the ~ Borrowing Process

(borrowing system)
Update loan

both the internal actions of the computational objects, and ceive that its connection to formal notations and tools might
the interactions that occur between them. In case we want tdoring along many real advantages. For instance, formal
specify how object interactions are performed, activities can analysis of the system can be achieved from the UML en-
be useful because they are an abstraction of the many waysironment (such as model checking or theorem proving),
that messages are exchanged between objects [3]. Thifreeing the system analyst from most formal technicalities.
makes activities useful at the stage of development whereln this sense, we are working in the provision of bridges be-
the primary concern is dependency between tasks, rathetween the UML 2.0 specification and the Maude language,
than interaction protocols. The activity diagram for be- so that the Maude formal toolkit can be used with the UML

rowing processs shown in Figure 4. models produced for the ODP system.

Alternatively, when messages and interaction protocols In addition, the computational viewpoint is just one of
are the focus of development, UML interaction diagrams the five ODP viewpoints. Defining and analyzing the corre-
are more appropriate, as shown in Figure 5. spondences between the different viewpoint specifications
is also required. The aforementioned ITU-T Rec. X.906
— ISO/IEC 19793 standard is defining UML profiles for all
viewpoints [9]. The example presented here tries to serve as
input to this work, both to illustrate the use of the Compu-

In this paper we have shown with an example how tational Profile and to provide with examples that help tack-
the ODP computational specifications can be expressed inling how to define and analyze viewpoint correspondences.
UML 2.0, using the Profile for the Computational viewpoint

described in [17]. We find results to be encouraging, since :
the profile has proved to be expressive enough to describéa‘CknOWIEEOIgementS This work has been supported by

the system functionality and processes, in a natural way. pSPanish Research Project TIC2002- 04309-C02-02.
is still to be proved whether ODP and UML modelers find
it natural, too, but we hope this example can help these twoReferences
kinds of audiences understand better the proposal.
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Abstract

The advance of UML® 2.0 standardization work by OMG™
provides a good opportunity for ODP community to leverage
UML 2.0 to show the value of ODP. In this paper, we examine
issues in applying UML 2.0 to ODP Engineering and
Technology Viewpoint Languages, and show how we may be
able to use UML to represent those ODP Viewpoint
specifications.

1. Introduction

With the wide acceptance of Unified Modeling Language [2]
in the industry, there is a growing interest in applying UML to
represent ODP [1] viewpoint specifications. This direction is
beneficial to both sides, since ODP modelers will eventually be
able to get ODP modeling tool based on UML tools, and UML
modelers will get a robust way of organizing their UML models.
This comes from ISO/IEC and ITU-T’s joint project called “Use
of UML for ODP system specifications,” and also comes from
various “Enterprise Architecture [6]” practices where rows in
two-dimensional matrix are usually quite similar to ODP
viewpoints. The combination of UML and ODP with OMG’s
MDA initiative [3][4] will create a good foundation for systems’
lifecycle management. The content of this paper is a
work-in-progress level, based on INTAP’s technical report [5],
and is a result of elaborating current Committee Draft of “Use of
UML for ODP system specifications’ standard by our group. In
this paper, we identify and examine issues in modeling
Engineering and Technology Viewpoints with UML 2.0, and
propose one possible UML 2 model diagrams for those
viewpoint specifications.

Issues and

2. Engineering Viewpoint
discussion for UML modeling

2.1

First we need to identify kinds of architectural diagrams to be
described in UML. Some candidates are found in RM-ODP Part
3, Clause 8 Figure 2 to 6. The following figures (R2 to R8) are
extracts from RM-ODP Part 3 standard document. In order to
avoid confusion, we will add “R”’ to refer to those diagrams.

Target Architectural Diagrams
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From those example figures, we can identify essential target
diagrams, which are Channel structure diagram (covering
Figure R2 and R3) and Capsule structure diagram (covering
Figure R4, R5, and R6).

In addition, to cover all the Engineering concepts, we will
need UML diagrams describing domains and templates.

2.2

Engineering Object:
The issue is the choice of UML elements representing

Engineering Object, which includes at least Basic Engineering
Object (we will refer it as BEO in this paper), CapsuleManager,
ClusterManager, Stub, Binder, ProtocolObject, and Interceptor.
It could be modeled with UML Object (InstanceSpecification of
Class), UML Class, UML InstanceSpecification of Component,
or UML Component. In either case, UML 2’s Structured
Classifier will help us describe the internal structure of Channel
and Capsule.

Containers:

The next are containers such as Node, Nucleus, Capsule, and
Cluster. Those elements are defined as “a configurations of
(basic) engineering objects ...” in RM-ODP Part 3. It may be
possible to use UML Node to represent ODP Node. However, if
we take this approach, only available UML diagram will be
Deployment Diagram, and UML 2 only allows certain types of
modeling elements (e.g. Node, Artifact) to be placed within a
Node. Note that it was possible to take this approach with UML
1.4, since it was legal to place Component within a Node. The
UML diagram we need has to have a capability to show the
internal and logical structure of ODP Node, similar discussion
regarding Class or Component in Engineering Object may also

apply.

Representation of Engineering Concepts

33

Nucleus:

Nucleus may either be treated as Engineering Object or
container. It could be Engineering object, since it provides
Nucleus Services to all types of Engineering Objects. It could
also be considered as a container, in which Capsule and
Containers may reside within.

Channel:

Channel may either be treated as a container or a structured
Object or Class etc. The issue associated with Channel is that
both Channel and Capsule shares the same Engineering Objects
(Stub, Binder, and ProtocolObject) and we do not have
overlapping diagrams even in UML 2.0.

Template:

<X> Template is defined in RM-ODP Part 2 as “The
specification of the common features of a collection of <X>s in
sufficient detail that an <X> can be instantiated using it. <X>
can be anything that has a type.” The templates in Engineering
Viewpoint Language are Cluster template, Checkpoint, Cluster
checkpoint. However, the definitions of those Engineering
templates seem more like “snapshot” than the Part 2 definition
implies. The choice of UML model element for template has
impact on the choice of UML model element for Engineering
Object.

23 Interactions between Engineering Objects

In Computational Viewpoint, RM-ODP Part 3 provides
various concepts to deal with interactions with interface and
signature. In Engineering Viewpoint, however, we do not have
specific concepts for this purpose, and that makes it difficult to
model interactions between Engineering Objects. One
possibility is to consider “recursive application of viewpoints.”
If we can apply Computational Viewpoint Language to
interactions between BEOs, we will get a capability to specify
this. In that case, the modeling element will represent
Engineering Object with Computational aspects. The issue
becomes how to do this in UML. For instance, do we want to
allow UML Class or Component or InstanceSpecification
stereotyped as ““«™NV_BEO» «CV_Object»?”

In addition, if we are to allow “recursive application of
viewpoints” as described here, we would need to consider the
alignment of base classes for corresponding viewpoint profile.

24

In Engineering Viewpoint, there are functionalities defined as
a part of its language. Those are Checkpointing, Deactivation,
Cloning, Recovery, Reactivation, and Migration. Those are
different from other concepts, since they are representing
functions possibly including behaviors. One possibility is to
apply “recursive application of viewpoints” again, and make use
of Enterprise Viewpoint’s Objective and Process etc. concepts to
model those functions as «EV_Objective» with behaviors as
«EV_Process» expressed with Activity Diagram.

Engineering Functions

25 ODP functions

In RM-ODP Part 3, many ODP functions are described.
When defining ODP viewpoint specifications, those common
functions may need to be explicitly included. An example of
ODP function is ODP Trader, where the ODP Trader standard
defines Enterprise, Information, and Computational Viewpoint
specifications of itself. The issues are how we can identify,



reference, and include those functions in Engineering Viewpoint
specifications.

2.6

Domain concept in RM-ODP is defined as follows. <X>
Domain is “A set of objects, each of which is related by a
characterizing relationship <X> to a controlling object. Every
domain has a controlling object associated with it.”” It is a set of
objects, rather than a configuration of objects. The issue is which
UML element is suitable for representing this “a set of objects”
concept.

Also, since the same Engineering Object may be a member of
several different kinds of domains at the same time (e.g.
NamingDomain 1, SecurityDomain 2, and PolicyDomain 3
etc.), UML element representing domain should allow sharing
of objects. If we choose Class, parts may be shared. If we
choose Component, it may become issues. If we choose
Package, we will need to use «importy«access» etc. to have
access to those elements contained in other Packages.

Domains

NamingDomain_1

SecurityDomain_2

ManagementDomain_3

Figure 1 Engineering objects and domains

2.7

Computational Viewpoint specifications are defined in
distribution transparent manner, and the degree of distribution
transparency may be specified in a “transparency schema”
associated with “a specification that uses specific ODP functions
and engineering structures to provide the required form of
masking.” This may be considered as a mapping specification
from Computational Viewpoint to Engineering Viewpoint.
And, this implies that given one Computational Viewpoint
specification, there will be a variety of Engineering Viewpoint
specifications, each corresponding to different transparency
schema. Although this issue may be mainly related with
Computational Viewpoint, it has an impact on Engineering
Viewpoint  specification and Engineering Viewpoint’s
correspondence to Computational Viewpoint specification.

Selective Transparencies

2.8 Architectural
Templates or Patterns)

Since the day RM-ODP Part 3 became International Standard,
five or more years have passed, and now there are various types
of commercial and open source middleware which in fact
implements most of the Engineering Viewpoint concerns, e.g.
CORBA ORBs, J2EE application servers. .NET, Web Services,
SOA, and Message Oriented Middleware, etc. Even more, there

Styles (or Engineering
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are new types of middleware emerging for Grid and Utility
Computing, Wireless Networking, and Collaboration
Environment etc. Also, various best practices and architectural
styles (such as MVC) were developed and in use. Now may be
a good time to define architectural styles as Engineering
Templates and publish them for use in mapping Computational
Viewpoint  specifications to  Engineering  Viewpoint
specifications. The issue is how to define those architectural
styles with UML.

3. Engineering Viewpoint — Possible UML 2
Models

3.1 Profile definition

The first step is to decide which UML element should be
used to represent Engineering Viewpoint Language, especially
Engineering Object. We also need to consider about related
templates. The choice we made in this paper is use of UML
Component for Engineering Objects. A Component is closer to
real world software component than Class, and UML 2 also
provides Component with structuring capability. The following
is a Class diagram showing partial UML 2 Profile definition.
The stereotypes have prefix NV _, which is a rule for defining
stereotype names for Engineering Viewpoint in Use of UML for
ODP system specifications standard. Most (not all) stereotypes
extend metaclass Component.
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Figure 2 UML 2 Profile for Engineering Viewpoint
Language

3.2

The computational to engineering correspondence, or model
transformation, is not within the scope of this paper. However, to
achieve this, we will at least need a transformation pattern and
mechanism. Assuming that there is one, the output N-tier
distributed system’s node configuration may look like the
following. In this case, there are a Node for user interaction, a
Node for front-end, a Node responsible for business logic, and
two Nodes for persistent data. In essence, BEOs derived form
computational objects and engineering objects for providing
specified transparency scheme will be deployed on those nodes.

Node configuration
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Figure 3 Example Node Configurations

33 Node Structure Diagrams

As discussed before, we need to be able to model structure of
each Node. Sample structural UML Diagram is shown in Figure
4, which is a UML Component Diagram. We have a Node
containing two Capsules, one of which has two Clusters
containing two BEOs. There are BEOs (e.g. BEO_1AA) which
have access to the services provided by Cluster Manager, which
in turn has access to services provided by Capsule Managers.
Other BEOs (e.g. BEO 1AB) have access to a Stub for
communication, and the Stub interacts with a Binder, and the
Binder interacts with a Protocol Object.
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Figure 4 Example UML 2 model for Node, Capsule,
Cluster, and BEO

Interesting observation is whether Capsule and Cluster should
have interfaces or not, since Capsule is a unit of resource
assignment, Cluster is a unit of activations/deactivations, and
they have associated Managers. If they have interfaces, then
what kind of interface should they be?

33 Channel Diagrams

A Channel may be represented with the following UML 2
diagram. The same Engineering Objects appear in Figure 4 and
Figure 5 (i.e., Stub, Binder, Protocol Object and Interceptor).
Figure 4 shows the structure, interfaces with ports, and services
in the hierarchy. Figure 5 shows membership of the Channel
Package. Those two diagrams complement with each other to
provide different views to the same set of Engineering Objects
that make up a part of Node and a Channel. In Figure 5, a
channel is defined as a package containing engineering objects,
which are the components necessary for enabling
communication between Nodes. There are three BEOs involved
(not shown): a BEO interacting with Stub_1, a BEO interacting
with Stub 2, and a BEO interacting with Stub_3. This channel
is defined to serve for those BEOs interacting with each other.
The structural aspect, e.g. Stub 1 interacts with Binder 1, is
described in structural diagram like Figure 4, and therefore this
channel diagram just defines the member engineering objects.
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Figure 5 Example UML 2 model for Channel

Figure 4 and 5 together cover most of the figures (R2 to R8)
from RM-ODP Part 3, except for control interfaces, which are
just one kind of interfaces we can add to engineering objects.

From other perspective, a channel diagram is a package
importing necessary member engineering objects from Node



structure packages for communication.
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Like in computational viewpoint, it is sometimes necessary to
specify interactions between BEOs. One of the issues is that the
diagram will become complex if BEO configuration is placed in
Node Structure diagram (Figure 4). One possibility is to isolate
Clusters from the Node Structure and use component diagram
(in our case) to describe the interaction. We may need to use e.g.
double stereotypes to represent computational aspects of
engineering object, e.g for interfaces, signatures, and
interactions for engineering objects. In Figure 7, a Cluster
contains two BEOs providing services through the Cluster’s
Port and Interface.

BEO configuration

LNV _Cluster 2]

Cluster

2 ProvidetlF < NV_EBEO®
Userlanager

a ProviderdF -

O—tx

&WY_BEO S
TtemManager

Figure 7 Example basic BEO Configuration

Figure 8 shows a case where two BEOs in a same Cluster have
dependency, or interaction. If we need to specify this interaction,
interface, and signatures, we may need to borrow stereotype
elements from already defined Computational Profile.
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Figure 8 Example BEO configuration including
computational aspects
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Domain may be represented with the following UML 2
diagrams (Packages). One missing element is a Policy that
Controlling Object is enforcing. Since Policy concept, at least
the base class for it, should be aligned with other viewpoint (i.e.
Enterprise Viewpoint), and that is not concluded yet, we did not

Domains
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include it in this diagram.

In Figure 9, CommunicationDomain A is defined as a
package containing a CommunicationControllingObject,
ProtocolObject 1 to 3, and an Interceptor A. Those objects
share the same communication protocol, and are able to
communication with each other Note that not all
ProtocolObjects included in this package may be instantiated at
certain location in time.

<<NV_P1UT.DC olChject b E
1 ProtocolOhbject |

package CommunicationDomain_ A
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MV_ProtocolObject 3> gl
ProtocolObject 2

EHV_Chject 2]

: CommunicationC ontrollingObject

ANV _ProtocolObject 3 gl
: ProtocolObject 3

<<NV_InT.erc EpT.Ur>> E
:Interceptor A

Figure 9 Example Communication Domain

Also from different perspective, a CommunicationDomain can

be described as the package importing necessary member
engineering objects.
The following diagram shows CommunicationDomain package
containing only one engineering object (in this case it is a
controlling object) accessing other member engineering objects
from various Node structure packages.
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Figure 10 Example Communication Domain (2)

3.5

From Engineering Viewpoint to Computational Viewpoint
Our assumption is that each BEO has one to one relationship

to corresponding Computational Object (from Engineering to
Computational, not vice versa). This could be expressed as
dependency from BEO sub-Package in Engineering Viewpoint
Package to Computational Objects in Computational Viewpoint
Package in UML. Note that the distribution support mechanism
part of Engineering Viewpoint Language model elements may
have one to one relationship with specified transparencies in
transparency schema.

Correspondence

From Engineering Viewpoint to Technology Viewpoint
This correspondence is closely related to OMG’s MDA

initiative where Platform Independent Model is transformed to
Platform Specific Model. In this case, Platform means real
software and hardware platforms. It is our expectation that when



MDA standards get mature, they will become an enabling
technology for specifying Viewpoint Correspondence.

Each Engineering Objects may be implemented with multiple
Technology Objects, and multiple Engineering Objects may be
implemented with one Technology Object. This could be
expressed also as dependency between two Viewpoint
Packages.

4. Technology Viewpoint — Issues and discussion
for UML modeling

4.1

In UML Deployment Diagram, main modeling elements are
Node and Artifact. Typical representation of hardware elements
such as CPU and memory is by the use of tagged values to
Node, and we follow this approach. For operating systems and
middleware, UML 2 introduced new  metaclass
ExecutionEnvironment to Node. We can add, if necessary, ODP
semantics to this model element. Software implementing BEOs
can be modeled as Artifact. CORBA Middleware and
POSIX-compliant Operating System, for instance, may be
modeled as or based on ExecutionEnvironment. Network like
the Internet and LAN can be modeled as a Node, although
hardware/software aspects of network can be treated differently.

The discussion may be regarding the extent for defining UML
Profile for Technology Viewpoint, since UML 2 provides a
similar set of modeling elements. Our approach is to define
minimal extensions and to see what is missing based on users’
experience.

Hardware, Software and Network

4.2

Technology Object
Technology Objects, covering software, hardware and

network, may be represented with UML Artifact or Node
(including Node within Node).

Implementable standard may be considered as a part of
specification Technology Objects implements. It could be
modeled as UML Class or Component.

Implementation is defined as “a process of instantiation whose
validity can be subject to test.”” A process may be represented
with UML Activity Diagram. Since “Process” concept has been
refined in Enterprise Language, we may need to refer to related
modeling elements in Engineering Viewpoint.

IXIT (Implementation eXtra Information for Testing) may be
represented with UML Comments as annotations to Technology
Viewpoint specifications. However, there may be a case where
an IXIT contains a lot of information and could not be described
within a UML Comment, we may need to introduce a
mechanism to refer external documents.

Representation of Technology Concepts

5. Technology Viewpoint — Possible UML 2
Models

5.1 Profile definition

The following is a diagram showing a partial UML 2 Profile
definition. In order to represent hardware, software, and network
as Technology Object, two base classes are used for Technology
Object. The stereotypes have prefix TV _, which is a rule for
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defining stereotype names for Engineering Viewpoint in Use of
UML for ODP system specifications standard.

Node

& stereatype B
TY_Ohject

‘ metaclass P ‘ ‘ Cmetaclass 3 ‘
Artifact

A

Emetaclass
Conponent

< sterentype 3
TV_ImplementationStandard

Emetaclass P
Comment
Kstereotype
TV_IXIT

& metaclass

Activity

& stereatype B
TY_bnplementation

Figure 11 UML 2 Profile for Technology Viewpoint
Language

5.2

In technology viewpoint, we can show network components
and hardware components as well as software components. This
is the difference with Node Configuration of engineering
viewpoint.

—
TV Object
EIS_Serverl
—
& TV_Object
ErterpriseServer

Figure 12 Example Node Configuration

Node Configuration
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Library LAN

PR
LTV Cuject
InteractionServer
‘ LTV Object»
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LTV Object’y H

EIS_Server?

5.3

The following is an example diagram showing physical
structure of a node with hardware, software, and network
elements. In this diagram, there is a Node which is connected
with the Internet, and which hosts POSIX compliant operating
system and J2EE compliant middleware, and two applications
are introduced as Artifacts to run under those execution
environments.

Node Structure Diagram

«TV_Object’>
Hode_1

- LTVt

IXIT for OperatingSystem
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T T
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12EE
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POSIX

aifest )

KTY_Objost
Intemnet

Figure 13 Example Node Structure




5.4 IXIT

IXIT stands for Implementation eXtra Information for Testing,
and is one of technology viewpoint concepts. Since this is
associated with technology objects, and since we do not have
formal way of modeling “extra information,” UML Comment is
used.

Runs on J2EE wersion 1 or later Max number of concurrent access: 100
Encoding is UNIGODE W5-1 Basic Profile 10

- e
- -

&TV_Object 3 [9
Bosrowingsystem

TV _IHT S T

TV _IKT 5 T

& ExecutionEnvironment 5>
Apache middleware

Figure 14 Example IXIT

5.5 Correspondence

From Technology Viewpoint to Engineering Viewpoint

Each Technology Object has one to one relationship to
corresponding Engineering Object. This could be expressed as
dependency from Technology Objects in Technology Viewpoint
Package to Engineering Objects in Engineering Viewpoint
Package.

6. Conclusions

There may be multiple ways to represent ODP viewpoint
specifications with UML 2.0. Regarding approaches, we
believe we have choices e.g. on class-based modeling vs.
component-based modeling and on class/component based
modeling vs. instance (object/component instance) based
modeling. In this paper we took component-based modeling
approach. And, if you compare the diagrams presented in this
paper with the diagrams in RM-ODP Part 3 (i.e. Figure R2 to
R8 in 2.1), we believe we have successfully demonstrated most
of the Engineering Viewpoint Specifications with UML 2.0 and
its Profiles. We also have demonstrated a possible UML Profile
for Technology Viewpoint, which also works. However, we
need to develop consistent UML Profiles for all the ODP
viewpoints to allow describe different viewpoint’s concern in
certain viewpoint’s specification. Another important point is
that the UML mapping should be practical and the results
should be accessible and usable. We hope that UML Profile for
ODP to be standardized soon and the profile data be developed,
published, and become openly available to interested parties,
that is, UML modelers and ODP modelers.
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Abstract

Difficulties in software architecture design come from
the lack of analysis tools to assist the architect in detecting
system errors. Current approaches in architecture design
such as Architectural Description Languages (ADLSs) are
often limited by the way they tackle quality issues separately
and only in one viewpoint. None of them addresses analysis
and verification of distributed architecture with a global
approach from functional design (i.e. liveliness or safety
properties) to its deployment in distributed environments
(i.e. the environment provides containers and servers to
host functional components), and their non-functional
qualities (i.e. performance, reliability).

This paper presents our new language for Modeling the
Engineering Viewpoint of ODP systems (MODERN)
supporting the integrated analysis for different quality
properties of RM-ODP systems. Those qualities range from
structural and behavioral properties (such as the assembly
correctness and the liveness properties) to the quality of
services properties (ex. performance).

1. INTRODUCTION

RM-ODP (Reference Model for Open Distributed
Processing) [1,2] is an International Organization for
Standardization (ISO) ‘s standard for modeling distributed
systems based on separation of concerns of stakeholders.
Although RM-ODP provides rich concepts for modeling
distributed systems, it does not provide tools and methods
for analysis and verification of software quality properties.

In this reference model, ODP provides five viewpoints
where each one represents one concern. The Enterprise
viewpoint describes client needs and organization policy,
the Information viewpoint describes system data, the
Computational viewpoint describes business functionality,
the Engineering viewpoint describes mechanism supporting
distributed communication and Technology viewpoint
describes technology utilization. However, although this
reference model provides rich concepts for modeling
distributed systems in accordance with the different
viewpoints, it does not provide languages and tools for
modeling and analyzing software qualities.
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This work presents our new language MODERN to
specify the technical architecture of ODP system, which is
specified in the Engineering viewpoint. Actually, the
Engineering viewpoint is one of the most important
viewpoints in ODP system. In this viewpoint, concerns such
as the distribution, the technical concern should be specified
in this level. Quality assurance is important in this phrase,
which helps to detect conception faults before the
implementation choices.

The MODERN language is expected to provide a
number of advantages by supporting the integrated analysis.
Firstly, analysis tools can be integrated in the same analysis
environment. Secondly, the specifications of different
analysis concerns are consistent between them. Third, one
unique language is used to address the different analysis
concerns.

The paper will be organised as following: in the Section
2, we introduce the motivation of our work. After, we
present the MODERN language, which support the
integrated analysis capacity in the Section 3. Later, we will
illustrate our approach with case study and present quickly
our prototype in the Section 4. Afterward, we will compare
our work to related work in the architectural modeling.
Finally, we conclude and give some perspectives of our
work.

2. Motivation & Problems
21 Why a new language for
viewpoint?

The engineering viewpoint focuses on mechanisms and
functions required to support distributed interactions
between components in the system. This viewpoint is
important because it addresses the problems of component
interactions: how the infrastructure and communication
mechanisms support distributed interaction.

In RM-ODP reference model, no languages or tools are
defined. The architects are free to choose their own
methods. In fact, we can use the languages like UMLJ[9], or
the architectural description languages (ADLS)[8] to specify
the Engineering viewpoint. However, as we will see in the
following, those languages fail to model the different
aspects of the ODP’s Engineering viewpoint. Moreover,

Engineering



they do not provide sufficient capacity of analysis for the
distributed system architecture.

The first choice is highly used in the industry whereas
the second choice is studied much in the research field. The
UML language, in their latest version 2.0, provides graphic
notations for modeling systems. We can access to its
dynamic diagrams such as interaction diagram or state chart
diagram. However, analysis tools are not supported for
UML diagrams. Moreover, concerns such as quality of
service assurance are not considered when using this
language.

The architectural description languages, in other hand,
can provide effective analysis tool. Wright provides
analysis tools such as type checking analysis [10], assembly
correctness and behavioral verification. However, it does
not address the quality of service analysis. Rapide provides
simulation capacity but does not provide also this kind of
analysis. AADL (The SAE Avionics Architecture
Description Language) [31] is a powerful language that
provides also a range of the quality analysis such as the
dependability properties such as performance or security.
However, no means is provided to take into account the new
quality property analysis.

2.2 Why do we need integrated analysis ?

We define integrated analysis is the capacity of
satisfying a well range of quality properties of the system
architecture. It is composed of four analysis aspects: the
structural aspect analysis, the behavior aspect analysis, the
deployment aspect analysis and the quality of service aspect
analysis of the component architecture.

The integrated analysis is required when we specify the
Engineering viewpoint because it will help us to identify
globally the different kinds of potential conception errors of
the system. When dealing with distributed system, the
architects interest not only in the functionality of the system
but also to the mechanism of deployment of the system in
the distributed environment.

The integrated analysis can bring many advantages for
the architects. The integrated analysis approach has the
following qualities:

e Integrated: number of quality properties can be

analyzed in the same and unique environment.

e Consistence: specification of the architecture is
consistence in accordance to Engineering concepts.
Different concepts in the language are verified to
assure the consistence between them.

e Unified: One unique language is used to support
different analysis aspect of the architecture. The
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architects reduce their effort in learning different
notions when dealing with analysis problems.

2.3 The integrated analysis problems

In our research, we have identified the following analysis
problems needed take into account when specifying the
Engineering viewpoint:

e Concerning the structural aspect: in this aspect, one
of the concerns of the architect is how to assure to
interaction between components?

e Concerning the behavioral aspect: we interest in
verifying the temporal properties of the architecture.
The assurance of those properties validates the
functionality of the architecture.

e Concerning the deployment aspect: when deploying
the component to the distributed environment, the
difficult is to assure the execution of the components
in the run-time.

e Concerning the quality of service aspect: the most
challenge problem is the integration of new quality
of service tool to analyze the technical architecture.
The approach is required to be open with new kind
of analysis.

MODERN, our modeling language for ODP’s
Engineering viewpoint, addresses those problems above by
introducing not only the concepts supporting the
specification of the distributed concerns, but also provide
powerful integrated analysis concepts.

3. MODERN: the language for intergrated
analysis of the engineering viewpoint
3.1 Overview of the language

The language provides basic concepts for specifying the
Engineering viewpoint. Moreover, it provides extra-
concepts that support the integrated analysis criterion.

The basic concept of our MODERN language is the
component (class Component Type). It has the hierarchy
structure and is composed of ports (class Port), which
represent functionality of the component. In the distributed
environment (class Distributed Environment), the
component is deployed to an encapsulation unit called
Capsule (class Capsule), which has component’s life cycle
management mechanism thanks to its manager (class
Capsule Manager).
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Figure 1: the MODERN meta-model

Besides the basics concepts, the MODERN
language provides others concepts in order to archive
the integrated analysis. Firstly, we use assembly
contract notion helping semantics assembly. Secondly,
we provide component’s life cycle management to
address the deployment analysis. Last but not least, the
QoS property is used to integrate new non-functional
quality which is the object for the quality analysis.

3.2 Basic concepts
3.2.1 Component

Our architecture is specified with components. The
concept of component used in this architecture is based
on the following definition from Szyperski[29]: “A
software component is a unit of composition with
contractually specified interfaces and explicit context
dependencies only. A software component can be
deployed independently and is subject to composition
by third parties.”

The elements needed to describe our component
model and the relations between them are taken into
account in the MODERN’s meta-model represented in
Figure 1.

Our approach handles component as component
type. Components may have attributes that represent
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their state. Moreover, they are described by provided
and required interfaces. A component communicates
with other components through its interfaces. In our
model, an interface is represented by a port that is
associated with a single service. A service is specified
by its signature, which is composed of a name and of
ingoing and outgoing parameters.

3.2.2 Components Assembly

The model does not include explicit connectors
between components. Nonetheless, if an architect
needs one, he can model it in a component.
Communications between components or more
precisely between their ports are specified by an
assembly link. The semantics of a link corresponds to a
synchronous call from the required port to the
provided port. The choice regarding a port structure
involves that a required port can only be bound to a
provided port whereas a provided port can be bound to
several required ports.

3.2.3 Components Composition

In order to build a complex architecture, we use
composite components. They are differentiated from
primitive  components  because they  contain



subcomponents which may be primitive components
and also composite components hence a recursive
definition of a component. The ports of a composite
component are called delegated ports. Indeed a call to
a provided port of a composite component is
forwarded to a provided port of one of its
subcomponents. Moreover, a call from a required port
of a composite component results from the forwarding
of a call from a required port from one of its
subcomponents.

3.2.4 Component Distribution

In the ODP’s Engineering viewpoint, the most
important concern is the mechanisms supporting the
distribution. Our language, as the result, uses the
following concepts to model the deployment of the
distributed architecture.

Capsule

In our model, we consider component type entity of
deployment. When component types are deployed, we
use the capsule concept to encapsulate those
components. We manage those components with
deployment policy where we specify the management
of life cycle’s component. We apply the same politic
for component in the same capsule.

Node

A node is one of the most important concepts in our
meta-model. It is an abstract concept that represents an
addressable machine in the reality. The node describes
the place where the component types are deployed
following the architect choice. The nodes interact
between them via communication network. As we
consider the node is a special case of the capsule, a
capsule manager manages it. Moreover, it can contain
other capsules.

Channel

A communication  channel  represents a
communication way between two nodes in deployment
environment. Between two nodes, there is only one
channel.

This concept is derived from ODP specification.
We consider specify the links but not show how to
make possible the binding like in ODP’s specification.
As opposed to channel concept in ODP, ours does not
take into account the binding because the
communication and interaction problem have been
considered in assembly model.

Deployment environment
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The deployment environment composes of nodes
and channels. It is where the application is deployed
and execute. Normally, this environment is distributed.

3.3 MODERN?’s Integrated Analysis concepts

In our approach, we determine three categories of
the integrated analysis. The first category of integrated
analysis concept contains the functionality contract
concept supporting structural and behavioral analysis.
The second category contains component management
policy supporting deployment analysis. The last
category contains concepts for modeling the quality of
service properties and means to integrate them to the
components.

3.3.1 Functionality Contracts

The conditions of validity of a component assembly
are improved by associating an assembly contract
composed of a pre-condition and a post-condition to
each port. These conditions focus on the attributes of
the component and on the parameters of the signature.
Thus in addition to the verification of the signature
compatibility between two linked ports, there is an
analysis that checks respectively the compatibility of
the pre-condition and pos-condition of a port with the
precondition and post-condition of the linked port.
Furthermore, behavioral contracts are added to the
components. These contracts describe the expected
behavior of a component and are used to generate the
behavior of the components assembly. An appropriate
tool has been developed to check some properties on it.

3.3.2 Component Management Policy
Capsule Manager

The components deployed in the distributed
environment are controlled by the capsule manager. In
fact, the policy which manages the component’s life
cycle can modify the level of quality of the application.
For example, the passivation of the instances of
component during it does not have there a request of
these customers can make the resources available for
other components. Another example is the
instantiation of new instance of component or the
reactivation of the existing instances for requests these
of the customers.

Then we find that it is necessary to specify the
management of life cycle of the components deployed
in the environment of reception. This specification
enables us to check the policy of management of
components which influences the level of quality of
the application.

Component’s Life Cycle Management Policy



For a component type deployed in a capsule, we
specify following information for managing the
component’s life cycle:

e the maximum number of instances of the
component type which the capsule manager can
instantiate.

e the maximum number of simultaneous requests
treated by the component.

o the policy specification of the component’s life
cycle. This specification must make it possible
to specify activation, passivation, and the
termination of the cycle of life of the instances
of component.

3.3.3 Quality of Service Property

We define the concepts for analysis the quality
properties. Three concepts have been proposed: the
QoSProperty (QoSProperty), the analysis parameters
(QoSDimension) and its values (QoSValue) associated
with component descriptions.

QoS Property

The QoS property represent the quality property
which one want to analyze.
QoS Dimension

In order to analyze a quality property, we need to
have analysis parameters concerned with this property.
For example, to analyze the performance property, we
need to provide the arrival rate and the service rate of
the service center. Other parameters include the
number of server and the server capacity.
QoS Value

QoSValue represent the value in a given time of the
QoS Dimension. For example, the dimension service
rate has the value of 1000 messages/second.

4. Case study

In the following section, we illustrate how to use
the MODERN language to model technical concerns in
Engineering viewpoint. We will show how integrated
analysis is supported by our MODERN language. The
language supports integrated analysis. Those analyses
are composed of the structural aspect analysis, the
behavioral aspect analysis, the deployment and the
quality of service analysis.

The most significant example verified by our
verification is an existing application from the
industrial case [30]. The following figure gives an idea
of the complexity of the architecture. Required and
provided ports are symbolized respectively by - and +.
The example represents the use of a generic coupler of
scientific code[30]. This coupler is used to study the
interactions between codes of different domains in
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physics. It manages the exchange of values between
the codes. The assembly model is described
graphically in the figure 4. Two scientific code
components Tree and Support communicate between
them via the coupler. We need also to analyze globally
the qualities properties of the system.
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Figure 2: the Coupler application — the assembly
view

The following specification using MODERN
describes partly the component Tree. It has three ports:
two provided port and one required port. In the
specification of the Position port, we describe the
assembly contract with the pre and post description. In
the pre condition of the contract, we specify that the
position of x must be superior of 0 and inferior of 100
and the position of y must be in the range of 0 and 100
also.

<Component_Type Component_Name="Tree'>
<Attribute attribute_name="att_position_x" type="float"/>
<Attribute attribute_name="att_position_y" type="float"/>

<Provided_Port port_name="Position">
<Signature name="void Position(OUT float
OUT float position_arbre_y)"/>
<Assembly_Contract>

position_arbre_x,

<Pre
expression="position_x<=100&&position_x>0&&position_y>0&&position_y<=100"/
>

<Post
expression="position_arbre_x==position_x&&position_arbre_y==position_y"/>
</Assembly_Contract>
</Provided_Port>

2700mponent_Type>

Figure 3: the Position provided port specification

The links between the components are specified in
the figure 4. We show that the Tree component
requires the Force port of the Coupler component for
its execution whereas the Coupler requires the Speed
and the Position port.

<Assembly_Link>
<Required_Port Component_Name="Tree" Port_Name='"Force"/>
<Provided_Port Component_Name="Coupler' Port_Name="Force"/>
</Assembly_Link>
<Assembly_Link>
<Required_Port Component_Name="Coupler" Port_Name="Speed"/>
<Provided_Port Component_Name="Tree" Port_Name="Speed"/>
</Assembly_Link>
<Assembly_Link>
<Required_Port Component_Name="Coupler" Port_Name='"Position"/>
<Provided_Port Component_Name="Tree" Port_Name="Position"/>
</Assembly_Link>




Figure 4: the assembly links between the
components

The figure 5 shows the graphic representation of the
application in the distributed environment. The Tree
component is deployed into the node NodeA, the
Support component into the node NodeB and the
Coupler into the node NodeC.
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Figure 5: the Coupler application - the quality of
service analysis view

As we interest in the performance quality analysis,
the following section describes the analysis
information for the performance quality. Using

MODERN, we describe this quality by four
parameters:
e The customer service time distribution
(Service)

e The customer inter-arrival time distribution
(Arrival_Rate)

e The number of independent
instances (Max_Instances)

e The queue capacity (Max_Connections)

component

The figure 6 describes the technical architecture
containing three nodes A, B and C. In the node A, the
component Tree is specified with the following
performance parameters: the service rate equals to
500msg/second; the arrival rate equals to
100msg/second). The component Support is deployed
in the node B with the following performance
parameters: the service rate equals to 1000msg/second,;
the arrival rate equals to 200msg/seconde). The
component Coupler is deployed in the C with the
service rate equals to 5000msg/second and the arrival
rate equals to 500msg/seconde).

<Node NodeName= "NodeA™>
<Capsule CapsuleName= "'CapsuleTree'>
<Contains_Component Component_Name="Tree">
<QoSProperty QoSProperty_Name="Performance'>
<QoSDimension Dimension_Name='Service_Rate" Value="500"/>
<QoSDimension Dimension_Name="Arrival_Rate" Value="100"/>
</QoSProperty>
<Contains_Component/>
<CapsuleManager Manager_Name="Tree_Manager'>
<Policy>
<MaxInstances Component_Name="Tree" Value="3"/>
<MaxConnections Component_Name="Tree" Value="5"/>
</Policy>
</CapsuleManager>
</Capsule>
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</Node>
<Node NodeName= "NodeB'>
<Capsule CapsuleName= *‘CapsuleSupport'>
<Contains_Component Component_Name="'Support'>
<QoSProperty QoSProperty_Name="Performance'>
<QoSDimension Dimension_Name=""Service_Rate" Value="1000"/>
<QoSDimension Dimension_Name="Arrival_Rate" Value="200"/>
</QoSProperty>
<Contains_Component/>
<CapsuleManager Manager_Name=''Support_Manager'>
<Policy>
<MaxInstances Component_Name='"Support" Value="2"/>
<MaxConnections Component_Name="Support" Value="2"/>
</Policy>
</CapsuleManager>
</Capsule>
</Node>
<Node NodeName= "NodeC'>
<Capsule CapsuleName= "CapsuleCoupler'>
<Contains_Component Component_Name="Coupler'>
<QoSProperty QoSProperty_Name="Performance">
<QoSDimension Dimension_Name=""Service_Rate" Value="5000"/>
<QoSDimension Dimension_Name="Arrival_Rate" Value="500"/>

</QoSProperty>
<Contains_Component/>
<CapsuleManager Manager_Name="Coupler_Manager*>
<Policy>
<MaxInstances Component_Name='"Coupler™ Value="3"/>
<MaxConnections Component_Name="Coupler" Value="7"/>
</Policy>
</CapsuleManager>
</Capsule>
</Node>
<Channel Channel_Name="ChannelAB"/>
<Channel Channel_Name="ChannelBC"/>
<Channel Channel_Name="ChannelAC"/>
<Distributed_Environement>
<Connects_To
“ChannelAB”/>
<Connects_To Node_Name="NodeB” Node_Name="NodeC” Channel= *“ChannelBC”/>
<Connects_To Node_Name="NodeC” Node_Name="NodeA” Channel= “ChannelCA”/>

Node_Name=""NodeA” Node_Name=""NodeB” Channel=

</Distributed_Environement>

Figure 6: Engineering specification

Behavioral analysis

In order to analyze on the behavior of a component
model, we transform the behavioral elements into FSP
(Finite State Process)[25] processes. We operate this
translation first by generating a behavior formed of the
behaviors of the composition and assembly links and
the dependences and then by making a composition of
it with the synchronizations.

The analysis uses a verification tool for concurrent
systems, named LTSA (Labelled Transition System
Analyser) [26], which supports FSP and a LTL (Linear
Temporal Logic) checker to check safety and liveness
properties such as deadlocks or absence of
reachability.

Deployment analysis

The deployment analysis contains two tests: the
validity of the deployment and the component’s life
cycle management analysis. The first analysis ensures
that the components, which are assembled on the
assembly, can communicate between them after the
deployment process using mechanism provided by the
environment. The second analysis verifies the
execution correctness of the component in the run-
time.

We define this validity a correspondence between
technical architecture to be deployed and the
distributed environment. As we explain above, we
must ensure the correspondence between components
to be deployed and the distributed environment.

Quality of service Analysis




In order to analyze the performance, we transfer the
description of performance quality to queuing network
model. The following section describes the results
obtained from the analysis phase. In fact, the result is
obtained by using the MCQueue tool.

5. Related work

In the following section, we discuss approaches in
modeling the architecture of systems and its analysis
methods.

5.1 ODP’s related work

There are some efforts to define the language of
specification from the Enterprise viewpoint with the
UML [3]. In this proposal, it describes the concepts in
the viewpoint of Enterprise like the policy, the roles,
the community. In other work [4], OCL is used to
describe the obligations of objects of company.
Romero et al.[5] proposes the use of Maude, a logical
language of achievable rewriting (executable rewriting
logic), to specify the Computation viewpoint. The
rewriting logic is the logic of change which can work
with the state and calculations non-determinist. Maude
is used to specify the concepts from the Computational
viewpoint like the object, the interface, the behavior,
the constrained ones of environment.[6] This work
aims at formalizing the Computational viewpoint of by
proposing the concept action template and the causality
control.

In spite of the interesting proposals, we find that
these approaches are limited to the languages for the
Enterprise viewpoint of and the Computational
viewpoint. Other viewpoint such as that Engineering
is not treated for this moment.

5.2 Architecture Description Languages

Specifying software architecture requires an
architectural language to define all static and dynamic
aspects of architecture. These languages define the
formalism in terms of component, connector, and
configuration.

This clear separation between components,
connectors and configuration is a basic concept shared
by all ADLs. However, despite a large popularity
among the research community, no ADLs have yet
reached common practice in companies. However,
several ADLs have been introduced like ACME,
ArchJava, Aesop, C2, Darwin, Meta-H, Olan, Rapide,
SADL, UniCon, Weaves, Wright, or xADL.
Medvidovic and Taylor [7] provide a general
framework to classify and compare them.

One of the advantages of ADLs is the way the
associate with formal techniques. Traditionally, those
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methods are considered difficult to apply in company
environment. They do not provide enough notions and
tools to associate with the architecture notion. Besides,
there is a lack of methodology and software tools. To
overcome this drawback, some ADLs language use
formal method as tool for analyzing properties. Wright
use CSP for analyzing behavioral properties such as
deadlock. Darwin use pi-calculus and later use FSP to
analyze the liveness and safety property.

5.3 Quality of service analysis

In [11], Issarny and al, interest in dependability
analysis from architectural viewpoint. Their work is
based on work in ABAS[12] for dependability system.
This work is closed to our problem. However, as there
is no separation between functional and distribution
concern, it is more difficult to determine where the
faults come from. The functional architecture uses the
connector which differentiates from our approach
which considers it is only a specific component.
Moreover, the approach does not provide iterating
steps to construct technical architecture as ours.

Other quality analysis method such as queuing
network for performance analysis [13,14,15,16,17] or
block diagram[18,19] for reliability analysis provide
efficient means to analyze qualities. Those approaches
need to be integrated into architectural level to
facilitate the design and analysis of those non-
functional qualities.Some efforts have been made in
the field such as the integration of performance
technique with the ADL [20,21]. However, those
approaches treat only one aspect and only one non-
functional quality.

6. Conclusion

In this paper, we present our new language
MODERN to specify the Engineering viewpoint of
RM-ODP systems. The language provides a high
effective manner to satisfy the quality properties of
distributed software architecture.

The language has a number of original points:

e It provides rich concepts for specifying
Engineering viewpoints of distributed system.
Those concepts, which conform to RM-ODP
standard, help to model the different concerns
such as the functionality and the deployment of
the system.

e It supports the global approach for analyzing
quality properties. Those qualities contain the
functionality ~ properties  (structural  and
behavioral properties  of  components
assembly), the deployment correctness and the
quality of service property.



e It is provided with a modeling and analyses
environment. Number of properties can be
validated thanks to our integrated environment.

In our further work, we are studying a new
methodology for automatic transformation from the
Computational viewpoint. We are working on the new
transformation language that uses the architectural
figure concept [22, 23, 24] to generate the Engineering
viewpoint from a computational  viewpoint
specification.
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Abstract

This case study describes initial problems faced by
Adaptis, a mid-sized company, when it adopted the
practice of enterprise analysis. The first problem was
to distinguish enterprise analysis from the practice of
domain or business analysis. The second problem was
to create straw enterprise models for collaborative
modeling that were well-formed and, to the extent
practicable, based upon stable industry standards. The
study reviews approaches for solving these problems
and how they were applied. The results show that a
mid-sized company can successfully adopt the value-
adding practice of enterprise analysis.

1. Introduction

Adaptis is a business process outsourcer (BPO) of
administrative services for healthcare insurance plans.
The range of services Adaptis supports includes claims
processing, eligibility and benefit management,
medical management, reimbursement and financial
services, customer service, and decision support. The
company, founded in 1996, now has over 150
employees with business operations in multiple
locations, including offshore.

The company’s success is based on personalized
service, compliance with laws and regulations, meeting
quality of service and service level agreement targets,
and effective use of people, knowledge, and
technology.

To successfully deliver outsourced services in a
distributed processing environment, Adaptis must
understand both its customers’ business domains and
the business domains that are central to Adaptis’ own

core competencies: operations management and
support, professional services, account management,
database services, networking, security, system
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administration, product management, and
development and integration.

In 2004 Adaptis created an enterprise analyst
position to facilitate building intangible corporate
assets that foster competitive edge. The first-year goals
for the enterprise analyst were to prepare the
organization to use enterprise analysis effectively and
to create straw models that would jumpstart
collaborative modeling of the Adaptis enterprise.

This case study describes Adaptis’ first-year
experiences with the practice of enterprise analysis. It
is structured as follows: section 2 describes initial
problems faced in adopting enterprise analysis, section
3 describes sources investigated for problem-solving
guidance, section 4 presents the problem-solving
approaches applied and the results, section 5 presents
future and related work, and section 6 presents
conclusions.

system

2. Problems Faced
2.1. Defining the practice of enterprise analysis

A need of stakeholders (parties impacted by the
success or failure of the practice of enterprise analysis
at Adaptis) was to understand the differences between
enterprise analysis and other types of analysis, such as
domain analysis or business analysis. The terms
enterprise, domain, and business are often not defined
when used in literature or conversation. Another need
of stakeholders was to understand the differences
between enterprise analysis and enterprise architecture.

2.2.Developing straw models

The optimum means for eliciting requirements
from subject matter is a collaborative workshop.
However, in a lean and efficient service organization



that solves complex problems within short timeframes,
subject matter experts are scarce resources unable to
devote extended periods of time to modeling
workshops. So, while enterprise analysis was viewed
positively by stakeholders, day-to-day operations were
viewed as more urgent and important. The enterprise
analysis approach had to manage within this real-life
constraint. Straw models [1] were viewed as a way to
engage stakeholders and discover which enterprise
analysis techniques and assets would be of value.

A significant challenge in developing the straw
models was finding practical advice, examples, and
best practices that addressed the specific practice of
enterprise analysis.

Another challenge was locating industry
conceptual models and ontologies at an appropriate
level of abstraction for enterprise modeling.

As understanding of the environment in which
Adaptis interacts increased, it became apparent that a
stable enterprise model would require a higher level of
abstraction than anticipated. It was then necessary to
explain to stakeholders why a higher level of
abstraction would add value.

3. Sources Investigated for Guidance

3.1.Dictionaries

Interpretation and application of guidance found in
the professional literature was difficult because the
same terms were used by different authors and
authorities to convey different concepts. Dictionaries
were consulted when such a situation presented itself.

3.2.Reference Model for Open Distributed
Processing (RM-ODP)

The RM-ODP, a framework for the specification
of ODP systems, was explored as both a means to
distinguish between the kinds of analysis performed
within the organization and, as suggested by [2], a

means to “bridge communication gaps between
stakeholders.”
The framework comprises five viewpoints:

enterprise, information, computational, engineering and
technology. The viewpoints specify different kinds of
stakeholder interests (e.g., business requirements,
information modeling, software design, system design,
system installation and integration) [1]. Each viewpoint
uses a viewpoint language to specify the system
characteristics of interest to the owners or users of that
viewpoint. For example, the concepts of community,
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federation, purpose, role, resource, process, policy,
and accountability are the focus of the enterprise
viewpoint, whereas the concepts of things, actions, and
relationships (described by invariant properties and
schemas) are central to the information viewpoint [3,
4]. The following points [1] were perceived to be of
particular importance to the practice of enterprise
analysis:

e A complete specification consists of all five
viewpoints, but not all viewpoints in a
particular specification may have properties
with interesting semantics.

e Different viewpoints are not more general or
detailed representations of the same concepts.

e Abstraction levels are used to express a
viewpoint at different levels of detail.

o Concepts specific to a viewpoint, as defined
by the RM-ODP, may be used in other
viewpoint specifications when it is useful to
do so.

e All viewpoints expressed in particular
specification should be consistent.

3.3.Zachman Framework for Enterprise
Architecture

The Zachman Framework [5] is, according to [6],
“a classification schema used to organize an
enterprise’s  artifacts, thinking, reasoning, and
communicating among the participants of the
enterprise.” The Zachman Framework describes an
enterprise architecture using two independent aspects
[71:

e perspectives that frame the view of a
business, a situation, an opportunity, or a
system

e dimensions that specify a perspective based on
the basic interrogatives what, how, where,
who, when, and why

The planner and business owner perspectives of

the Zachman Framework were perceived to be the most
useful for the practice of enterprise analysis. The
contextual view of the planner considers the complete
problem area relative to a single perspective. The
conceptual view of the business owner considers the
boundary and area of concern of a project or enterprise

[6].



3.4. The Open Group Architecture Framework
Version 8 (TOGAF 8)

TOGAF 8 is an industry standard architecture
development method and resource base that has been
developed by members of The Open Group
Architecture Forum. A core part of TOGAF 8 is the
Architecture Development Method (ADM), an
approach for developing a description of an enterprise
architecture that meets the business needs of the
enterprise [8]. Another core part of TOGAF 8 is the
Enterprise Continuum, a repository concept that
facilitates use of assets such as models and patterns
during the process of developing an enterprise
architecture. A third core part of TOGAF 8, the
Resource Base, is a set of resources such as guidelines
and templates that can help implement the ADM [9].

3.5.The Object Management Group Model
Driven Architecture (MDA)

MDA is a systems development approach
sponsored by the Object Management Group (OMG).
MDA leverages the power of models by separating
their use from specific development methodologies and
specific technologies so as to preserve “a company’s
core software assets in the constantly changing world
of information technology" [8]. MDA also uses
viewpoints, which are described as a technique for
abstraction using a selected set of architectural
concepts and structuring rules to focus on particular
concerns within a system. Of particular relevance to the
practice of enterprise analysis are the concepts of
computation independent viewpoint and Computation
Independent Model (CIM). A CIM [8]:

e focuses on the business environment in which

a system will be used

e is commonly referred to as a domain or

business model

e isoriented to the stakeholders of the system

e helps understand a problem and share

vocabulary

Other points about the MDA that are relevant to
the practice of enterprise analysis are: a CIM may
consist of more than one model; a CIM typically
communicates the RM-ODP enterprise or information
viewpoint; and OMG envisions developing standard
domain models for industries (e.g., healthcare) [8].
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3.6.Ontologies

An ontology is a shared conceptualization of a
particular domain that allows people to reason about
concepts and to derive mappings for establishing
semantically correct communication channels [10].
Reviews of the ontology literature were investigated to
discover ontologies of enterprise concepts [10, 11, 12].

3.7.Industry-Specific Standards

Standards for specific industries were also
investigated to discover enterprise-level concepts.
Standards for clinical and administrative healthcare
data are developed by Health Level 7 (HL7), a
standards development organization accredited by the
American National Standards Institute (ANSI) [13].
Healthcare insurance data standards for the exchange
of information for healthcare administration are
developed by the ANSI Accredited Standards
Committee (ASC) X12 [14]. Other sources investigated
are the works of the XML.org Insurance and
Healthcare focus groups [15] and the OMG Healthcare
and Insurance domain task forces [16, 17]. The North
American Industry Classification System (NAICS) was
investigated as a means to conceptualize the industries
with which Adaptis interacts [18].

3.8. Off-the-Shelf Models

Two kinds of off-the-shelf models were
investigated as a potential source of enterprise
concepts: universal data models and process maps.
According to [19], a universal data model is “a generic
or template data model that can be used as a building
block to jump-start development of the corporate data
model, logical data model or data warehouse data
model.” Healthcare, insurance, and professional
services universal data maps [20, 21] and SAP
Business Maps for healthcare and insurance [22] were
of particular interest for this effort. Another source
investigated was the Process Classification Framework
(PCF) developed by the American Productivity &
Quality Center (APQC). The PCF is a high-level,
industry-neutral  enterprise = model that allows
organizations to view activities from a cross-industry
process viewpoint [23].



4. Problem-Solving Approaches and
Results

4.1. Approach to define the practice of
enterprise analysis

To sort out how the practice of enterprise analysis
should be integrated with other organizational
activities, such as enterprise architecture, domain
analysis, and business analysis, the following questions
were addressed.

What is an enterprise? A definition of the term
enterprise that reflects the environment in which a
BPO operates is: A group of people organized for a
particular purpose to produce a product or provide a
service [6].

What is a domain? The term domain is often used
without formal definition, which implicitly assumes
readers have a common understanding of its meaning.
In practice, it is difficult to reach a common
understanding of the term when it is used in the context
of modeling. The following dictionary definitions
reflect the two primary uses of the term found in the
literature investigated:

e a sphere of knowledge, influence, or activity

[24]
e a knowledge domain that one is interested in
or is communicating about [25]

The first dictionary definition connotes the
concepts of realm and dominion. An example of this
use is found in [26], where a domain is defined as a
“set of objects, each of which is related by a
characterizing relationship to a controlling object.”

The second dictionary definition connotes a
particular body of knowledge and associated semantics.
An example of this use is found in [27], where a
domain is defined as “an area of knowledge or activity
characterized by a set of concepts and terminology
understood by practitioners in that area.”

Although a quick Internet search revealed many
uses of the term, it was concluded that, within the
context of modeling an enterprise or business (in
contrast, for example, with modeling a data base or
network), the term domain connotes a realm of
influence or a specific body of knowledge.

What is a business? The term business is also
often used without formal definition. The following are
two definitions found in dictionaries:

e a usually commercial or mercantile activity

engaged in as a means of livelihood [24]
e a commercial or industrial enterprise and the
people who constitute it [25]
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The second definition fails to distinguish a
business from an enterprise in a meaningful way. For
the purpose of establishing context for the practice of
enterprise  analysis, the first definition best
distinguishes a business (i.e., a means of livelihood)
from an enterprise (i.e., a group of people organized to
achieve a purpose).

What is the difference between enterprise
analysis, domain analysis, and business analysis?
The following definitions clarified to stakeholders the
differences between these terms:

e Enterprise models specify the purpose,
processes, entities, and organization of one or
more enterprises [28], and creating enterprise
models is the practice of enterprise analysis.

e Domain models specify the important classes
(i.e., concepts, including entities and
processes) and vocabulary of a knowledge
domain [27], and creating domain models is
the practice of domain analysis.

e Business models specify the business and
non-physical system requirements of a
specific customer [27], and creating business
models is the practice of business analysis.

The above clarification of analytical viewpoints
and model content was helpful, because, in practice, a
variety of positions (e.g., business architect, business
analyst) routinely perform one or more of the above
analyses depending upon the needs of a particular
project. Clarification aligned efforts and prevented
duplication of effort.

What remains problematical is defining level of
abstractions to guide the universe of discourse [29] as
customer business requirements are refined during a
systems development project. The TOGAF 8 concept
of Enterprise Continuum [9] and mappings between the
RM-ODP, TOGAF 8, MDA, and Zachman Framework
[30, 31] will be investigated to address this challenge.

How is enterprise analysis different than
enterprise architecture? The following definitions
clarified to stakeholders the differences between these
terms:

e  Enterprise analysis produces high-level, non-
physical descriptions and models of an
enterprise's motivations and strategy for
survival; industry entities, events, processes,
standards, and laws; industry business
patterns, collaborations and use cases; and an
enterprise’s structure, including geographic
sites and major communication nodes. The
knowledge formalized by enterprise analysis
aligns and informs marketing, product



management, architecture, business analysis,
and system design activities.

e  Enterprise architecture is the process of
reasoning about the continual needs of

integration, alignment, change, and
responsiveness of the business to technology
and to the marketplace through the

development of models and diagrams [6].
Enterprise architecture builds the foundation
needed to survive and adapt to present and
future business challenges.

4.2. Approach to develop straw models

A BPO system may interact with systems from
more than one line of business, more than one
customer, more than one regulatory jurisdiction, and
more than one industry. To facilitate flexibility and re-
use, a BPO needs generic models that can be
instantiated to specify the system’s interactions within
a particular environment. Creating these kinds of
generic models requires mapping and harmonizing
concepts and semantics across a wide spectrum of
organizations. For example, each customer of a BPO
has an enterprise viewpoint, each industry in which a
BPO interacts has a generic enterprise viewpoint, and
the BPO itself has an enterprise viewpoint.

The following describes the efforts taken to
develop straw models, and in the process of doing so,
achieve the understanding expressed in the preceding
paragraph.

Getting started. The first step was to get gain
perspective of the problem area. The Zachman
Framework helped establish context and, when
complexity began to cloud the mind, keep focused on
the basic interrogatives of what, how, where, who,
when, and why. Creating lists [6] of things to describe
the planner perspective, though simple in practice, was
a powerful tool.

Discovering stable conceptualizations. High-
level, stable industry models helped discover and name
enterprise concepts. Particularly useful were NAICS,
universal data and process models, the PCF, SAP
Business Maps, and ASC X12 standards for electronic
data interchange. Although most industry ontologies
and domain models were viewed as too immature for
practical application during the timeframe of this case
study, they will be investigated again as the straw
models are verified and refined.

Finding a useful level of abstraction. The RM-
ODP enterprise viewpoint provided insight on how to
create well-formed, stable system specifications of the
Adaptis enterprise and the multi-industry environment
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in which it exists. Compelling arguments about the
power of abstraction to manage complexity were
helpful in persuading stakeholders to view enterprise
analysis as an investment rather than a cost [1, 32, 33,
34]. The following describes the pragmatic course
charted to develop straw models:

e To model the federation of communities with
which Adaptis interacts (including entities,
policies, relationships, and collaborations),
produce an RM-ODP enterprise viewpoint
specification.

e To specify an internal viewpoint of the
Adaptis enterprise, produce a set of lists to
specify the planner perspective of the
Zachman Framework.

e To specify the business owner viewpoint,
produce UML models suggested by mappings
of TOGAF 8 and MDA to the Zachman
Framework where they add significant value
to the enterprise architecture.

e To harmonize industry concepts and
processes, produce domain models that
provide significant value to development
projects.

5. Future Problems to Be Addressed

5.1.Modeling business events

The term business event is a first-order concept in
day-to-day conversation with business owners.
Conceptualization of business events, decisions, and
event response processes is necessary for effective
specification of the enterprise, system services, and
workflow management requirements [35, 36, 37, 38,
39, 40]. Use of the RM-ODP viewpoints to model and
communicate with business owners about business
events will be explored (e.g., in the same vein that
events are specified for the planner perspective using
the Zachman Framework).

5.2.Modeling product management concepts

Product management concepts such as product and
marketing feature need to be expressed and integrated
more effectively in specifications and models of the
Adaptis enterprise. The literature addressing the use of
domain analysis as a basis for product framework
design will be investigated to address this issue. An
approach for integrating the product management
concepts with the Zachman Framework, found in [41],
will also be investigated. Patterns for specifying



product-related concepts, such as those found in [42],
may also be helpful.

5.3.Solving wicked problems

The concept of wicked problems was proposed by
[43] when, in the context of social planning, the wicked
nature of ill-defined design and planning problems was
contrasted with the relatively tame problems of
mathematics, chess, or puzzle solving [44]. A central
concept in solving wicked problems is issue. The use
of issue-based information systems, therefore, is
proposed by [45] to track the issues and decisions made
during the nonlinear process of solving a wicked
problem [46].

The reality of wicked problems became apparent
during an Adaptis project in which the possibility of
leveraging the knowledge formalized in the enterprise
straw models to improve access to the Adaptis
knowledge base was explored. When business analysts
were asked what of kinds information they need to
perform their knowledge work more effectively, they
indicated their primary need was information about the
history of a problem and the context and state of
related artifacts (e.g., issues raised, decisions made,
what still needs to be done, cross-project
interdependencies).

As a result of this needs assessment, it became
apparent that, to avoid making an existing information
overload problem worse when enterprise analysis
specifications and models are added to the Adaptis
knowledge base, the means to organize, relate, access,
and maintain corporate knowledge must be
investigated. The use of RM-ODP concepts to model
this problem will be investigated. The TOGAF 8
concept of Enterprise Continuum may also be helpful.
An ontology for group memory [47] will be reviewed
as a basis for creating an Adaptis ontology and
classification scheme for specifications, models,
designs, test cases, and procedures. Protégé-2000 [48],
an open source ontology editor and knowledge base
framework, will be investigated as a tool to support this
effort.

6. Conclusions

There was sufficient guidance available in the
sources investigated to successfully initiate the practice
of enterprise analysis at Adaptis. It is expected that
evolution of industry frameworks, standards, and
ontologies will necessitate refactoring the initial
models, even at the relatively stable enterprise-level of
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discourse. The return on investment from enterprise
analysis, however, is perceived to outweigh its cost and
the risk of failure.

Preparing the organization for the integration of
enterprise analysis has been a significant effort.
Applying organizational change management best
practices [49] was helpful in this regard, and
management support was essential.
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Abstract The SOA allows decoupling of ICT applications itie
) ) ) ) logical units of business functionality, namely the
This paper provides a broader view on services than components that can be configured and composerkétec
current Service Oriented Architecture (SOA) approaches. new or changed business function with minimal intpac
We analyse a generic concept of service from economic, the rest of the system. These components offerr thei

legal and business perspectives and discuss the functionality through their interfaces and are ofteferred

implications for the health domain. This enables us to {5 asservices in the SOA speak. Web Services are one
develop an ODP enterprise viewpoint of the service concept special case of SOA.

and its relationship with the ODP computational viewpoint,
closdly linked with the SOA concepts. The health domain
provides a rich base for developing a comprehensive view
on services. This is because of the inherent complexity of
the domain with many actors, policies and dynamics
involved in an increasingly multi-organisational and multi-

However, the SOA paradigm has also raised a nunfber
questions regarding the meaning of the term ‘setyin
particular for the business stakeholders useditditig in
terms of economic or business perspectives. Ictireept
of service is to be used by both the IT and busimesnain

jurisdictional context The paper also provides a experts, then there needs to be a clear separafion

contribution in positioning services as part of an overall concerns pertinent to this concept.

enterprise architecture for the health domain. This paper provides such a separation, by consigleri
not only the computational and engineering aspetts

Keywords: Service Model, RM-ODP, SOA, Health service, as in the SOA approaches, but also thegrarise
Domain aspects. Both aspects can be regarded as a spmiodaliof
a generic concept of service. The value of thisatien
scope is in the capability to provide a unified wief
service, so that both business and IT stakehokeblish
a common foundation for communicating among
themselves. This also ensures architectural alighme

promote modularity and enable developing and between business and IT aspects of an overall priger

restructuring of ICT service units in business coegt architecture of a system in broader sense.

structures. This is an attractive alternative ® rttonolithic We discuss the ideas in the paper by considerieg th
applications of the past, that resulted from theicstire pervasiveness of the service concept in the healthain.
clash between business systems and ICT system& SucTlhis is a highly complex domain, involving manyfdrent
monolithic applications, offered by different vemslcand actors that must effectively collaborate in a sedelivery
deployed in a fragmented way, have resulted inytesns while increasingly relying on the IT capabilities do so.
that often provide duplicated and inconsistent si@m data ~ The service concept in the health domain needsoterc
and functionality. This situation has resulted irany  activities of (and policies to apply to) health fessionals,
difficulties in managing IT systems, including clgan  some of which are increasingly relying on the utyeg IT
management in response to new requirements. Tdiisst =~ S€rvices.

1. Introduction

The recent popularity of Service Oriented Architeet
(SOA) approaches can be explained by the fact ttieat

affairs is evident in many industry domains inchglhealth The next section provides a background discussion o
care. the generic considerations for the concept of sesyi
1
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illustrated with examples from health domain. SwuttB
considers the concept of service from various &chiral
perspectives of an overall enterprise architectBeztion 4
proposes an ODP enterprise viewpoint on servickis iB
followed by an ODP computational viewpoint of sesyi
which is then mapped onto the SOA and Event-Driven
Architecture (EDA) styles. Section 7 summarises ou
approach and outlines direction for our future work

2. Service: generic aspectsand health examples

This section outlines key aspects of the serviceept,
in particular from the economic, legal and business
perspectives and reflects on their
characteristics in the health domain.

In general, a service can be defined as ‘somettioTge
to benefit others’. Service provision is then agaess that
creates benefits to consumers by facilitating angkain
consumers, a change in their physical possessmms,
change in their intangible assets [1].

In the health domain, the benefits to consumerstare
improvement of their medical condition, their hbatind
their well-being, through the delivery of health&a
services. These are provided by various specjaiistiders,
such as doctors, nurses, and allied health profesis, and
usually through coordinated interactions betweeasé¢h
professionals, e.g. in the context of the “contiyoif care”
for individual consumers, or through care packagdwe
delivery of such a combined care package can bt qui
complex and often requires synchronised and tirsetyice
delivery from all service providers involved. Filyalin the
health domain the benefits are increasingly cogerin
broader range of services for the population inegeain
including for example preventative care and commyuni
services in addition to the acute service deliveriis
broader spectrum of service delivery for all citigeduring
their life time is often referred to as ‘care cootim’.

2.1 Economic aspects

When considered from atonomic perspective, service
is an economic activity through which benefits toe t
consumer are delivered, in exchange for a paymestiroe
form to those who provide services.

In the health domain, service provision also has an

economic aspect because of the cost of servicoedg|i
arising from the labour cost or from the utilisatiof

corresponding

models. This depends on the national health system
guestion, which may include state jurisdictions.

2.2 Legal aspects

In the context ofegal frameworks that govern service
provision in most economies, including internatiotmade,
a promise to deliver service, or service offer, liegcertain
level of guarantees from the service providers. e Th
guarantees can be in terms of what functionalityrtsvided
and also in terms of non-functional variables ofteferred
to as Quality of Service (QoS). These guaranteesbea
substantiated by various mechanisms such as catiifn
requirements and reputation characteristics of idess.
The guarantees can even be taken as given, basttkon
direct trust in service providers from consumengvious
experience. The legal frameworks also provide raled
regulations for the measures to be taken in caeseth
guarantees are not met or are violated.

In the case of health care service providers, pathe
guarantees are derived from the rules that seeguésite
criteria for permitting delivery of health services.g.
requirements for passing certification tests tyijcset by
governments or medical boards. An example of suth a
organisation in Australia is the Australian CollegeHealth
Services Executives [9]. These bodies also ses figlethe
actions to be taken in cases where there is inadequ
service delivery. There are various forms of péeslthat
apply to service providers ranging from financiahplties
to the revocation of their licences or certificato for
providing services.

2.3 Business aspects

In the world ofbusiness, services are usually described
in terms of service offers, which when accepted by
consumers, form the corresponding agreements eyadly
binding contract. Contracts can be regarded aseaiap
way of defining guarantees to consumers for theatielr
of service providers. A business contract is cams&d by
the legal framework of the jurisdiction in whichist made.
The contract will specify what the service provideas
agreed to deliver and what the service consumeabaed
to accept, i.e. the consideration to be given itharge for
the use of service.

In health, contracts also exist as a way of gowerni
interactions between various actors such as betypeeate
and public providers, medical and non-medical piers

necessary resources such as medical equipment angnd so on. They are also subject to standard kmssine

medications. We note that there are various ecomomi
models for covering costs associated with serviceigion
ranging from full public subsidies to fully privapayment
with most of these being a blend of public and gev
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contracts law. However, the ‘contracts’ that appythe
interactions between health care providers are woass
have a somewhat different character. The main cosce
here are thepolicies that specify the responsibilities of



health providers and which are motivated by theetgaf Considering the importance of enterprise architector
concerns. Policies can also state the rights tbasumers  health systems, as evidenced by many new initigiivehe
have in case of inadequate service delivery by theal health domain, such as in the US Federal Enterprise
professionals. Note that consumers also have npertai Architecture [10], it is important to take into acmt a

responsibilities, for example to comply with thesthpies broader definition and model for health care savikhis is
prescribed. As opposed to business contract lawerege,
the law that applies to the consumer and healthigecs is
mostly common law.

needed to describe other characteristics of seyviech as

the policies that apply to health providers andirthe

implication on the underlying IT applications thatpport
Furthermore, in business, many standard agreemengoordinated health service delivery.

types have been developed over time, reflectintpticsl
patterns of interactions. Examples are real-estamgracts,
financial contracts, construction contracts andiserlevel Business | Improve osgjgggsede”"ew
agreements (SLAS). o
Continuity of care
In the health domain, there are standard agreentamts Patient ( mﬁgg’lfgr%'ygs&
Some involve commercial providers and others areemo ggﬂgﬁg policies ...)
within government scope, such as agreements betm@en // Information
government organisations and health service prosjdeg. Application ’/' /
Memorandums of Understandings. Access ﬁcoonn;rm / Electonic Heal
2.4 Generic aspects. summary Appicatons \\kaﬂm s Fmedications
Management / // Suﬁnvrﬁg:ies\ ralergies .
In summary, in addition to the functional aspectdhé Applications U'?,Sg?é \ Community
provided by the service (i.e. ‘something to be dprtkere functions \
are other characteristics of services such as: Technology \x \\
« the benefits or value delivered to consumers aed th SOA Web Services  opynL ‘DBZ
associated measures; in other words, these ar Tcpap HL7 messaging messaging
outcomes, which in the health domain are an impiove

health for individual consumers and for the popatat
in general

» policies that apply to those who deliver services a
possibly to those who are recipients of services; f
example in the health domain the former are quality
care, accountability, delegation and privacy while  some of the modelling concepts in business, inftiona
latter are patients' responsibility to follow tre&nt  application and technology architecture of an oVera
guidelines. Note that a subset of policies come int enterprise architecture, Fig.1 Consider patienticygol
effect in case of violation of the primary policiesg.  constraints regarding access to and sharing ofrirdtion
the measures that need to be taken when there is aj their electronic health records (EHR). These are
unsatisfactory treatment of patients important aspects for the EHR service provision trey

«  costs associated with service delivery need to be expressed as part of a business atahien an

overall enterprise architecture. This business tcaims

needs to be propagated to the definition of theesgc
control rules for the read/update functions for Ei¢R, in

the application architecture, as shown with theowasr

linking these modelling concepts. This functionali then

specified as part of the technology architectuseekample
using Web Services technology. The example alsevsho
links to the information architecture which spesifi
structure of EHR, and which uses a specific dagbas
technology, DB2.

Another example is the specification of varioaokes and
processes in the continuity of careommunity (specified in
the business architecture) that can be implemamed a

Figure 1: Different service aspects in an Enterpris
Architecture

e

We illustrate this through a simplified example st

3. Service concept and enterprise architecture

The term ‘service’ has also been used in the corgkx
IT systems, where in the past it has been primasigd to
describe functionality provided by a software comgmt,
application or the whole system. In some casestethm is
also linked with the cost aspects of service dejive
However, in IT systems services have rarely addcetseir
social, legal or economic aspects. These aspeetsrisical
for the health domain and, from the point of vievam
enterprise architecture, they belong to the busines
architecture aspects of an overall architecture.
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workflow engine which in turn may need to use rapdate
function to access the EHR system.

economic and legal activities through which thevjter
offers services with the correspondiggarantees. This

In the remainder of this paper, we propose a broade definition includes a number of modelling conceptsich

framework for defining services, by adopting th©ISDP
architectural framework. According to this framewon

we depict using the corresponding meta-classdseimeta-
model in Fig. 2. These are the Service, the Pemathd the

system or a concept can be defined from variousGuarantee meta-classes and the relationships hetthee

architecture viewpoints reflecting specific conceof the
relevant stakeholders. These viewpoints are eriserpr
computational, information, engineering and techggl! In
this paper we consider only enterprise and comioutat
viewpoints.

In the ODP standard the concept of service is roeatl
in the context of foundational concepts and isrdzfias ‘a
particular abstraction of behaviour expressing guoies
offered by a service provider’ [2]. To a signifitaaxtent,
this statement reflects the fundamental aspectemwice as
per their economic, legal and business interpati
discussed above. We will use this definition adaatiag
point for further refinements. Specifically, we Wwikfine
this definition from each
computational viewpoints allowing us to support rltidg
of services from either the IT or business perspest Our
intention is to provide a clear separation of conse
associated with service concept while ensuring fileat
fundamental properties are preserved.

Our aim is to ensure that service becomes a more

explicit modelling concept in the ODP specification a

similar way as the concept of object has the erit&p
information, computation and engineering viewpaifisis

can be also seen as a contribution to current ioggs
within the ODP standards, with the aim to promotaae

unified view on service.

We begin by considering service from the enterpris@

viewpoint in next section, followed by computatibna
viewpoints, presented in following sections.

4. Enterpriseviewpoint considerations

The ODP enterprise viewpoint is about the scope,

policies to apply and objectives of the systembdduilt.
Thus the ODP enterprise specification needs tanddfie
organisational, policy and legal constraints foe thT
systems to be built. Accordingly, the concept aliee in
the enterprise specification deals with a broadb$ésues
that include human and social behaviour in theesgsPart
of this behaviour applies to the behaviour
functionality) of an underlying IT applications aggistems
that are used by the human actors. This was disdusghe
context of health domain example in the previowsise.

From the ODP enterprise viewpoint, and by refining
service as a foundation concept, stated aboveicseis/an
abstraction ofbehaviour of a service provider in terms of
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the ODP enterprise and

Provider and the Service meta-classes, and between
Service and the Guarantees meta-classes. The Sereta-
class is an abstract meta-class, as there are spacialised
types of services. In the health domain, these loan
classified in many different ways [1]. Note thaedo space
limitation this is not a fully specified meta-modBlather, it
only includes key meta-classes and their relatipnsthile
omitting other detail such as attributes of the angasses
and full details of their relationships, e.g. theiull

Farty

Contract

Guarantess

0.7

(i.e.

eConsumer ++rolePovi
Frovider
o=
+ +
+
onsues Expresses
a.-
ffers
Senioe *
+
Wialation
+abgtraction of
+
+expresse
Behawviour

Figure 2: Service - ODP enterprise viewpoint



cardinality and navigability properties.

The service provides some value to poterdisisumers
according to the guarantees associated with theiceer
offer, and this is shown as the relationship betwée
Service and the Consumer meta-classes.

The guarantees that are offered by the serviceigeov
for the provision of service can be regarded asudigly
filled business contract (shown as specialisation
relationship between the Contract and the Guarantte-
classes). Such a contract will be instantiatedhat goint
when a consumer of service accepts the service affine
provider.

Typically, the guarantees specify the capabilitéasl
constraints of a service provider and can be imseof
functional or non-functional properties. It is alpossible
that, through a form of negotiation, the originalagantees
are updated to better reflect needs of consumeticé\that
the Service Provider and Consumer meta-classesthaire
corresponding roles in the respective contract Wsho
through the relationships between the Contract and
Consumer and Provider classes).

For a contract to be legally valid, and thus thargotees
to be accompanied by the corresponding reparatibores,
each of the roles in the contract, i.e. the praviaed the
consumer must have the legal capacity propertibis B
one of the elements of legal contract validity [4]he ODP
enterprise language includes several accountability
concepts and we use the concepipatty, defined as ‘an
enterprise object modelling natural person or atiyeio
entity to have some of the rights, powers and dutiea
natural person’ [3]. This is shown as two speciits
relationships between party and consumer and peovid
meta-classes.

Finally, we include a meta-class that describeatiim
measures that need to be applied in the case lafefdio
meet service guarantees. These measures couldfibedde
in terms of the policies that take effect in resporto
violation events. One possible approach to formally
specifying and implementing violations of guaraststated
in business contracts is given in [8].

5. ODP computational viewpoint considerations

From the ODP computational perspective a servieais
abstraction ofbehaviour of a server object in terms of a
function that it makes available to other objecibese
guarantees include computational
conveyance of information back to tkent object. This
transfer of information is initiated in responsehe client’s
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activities such as

invocation, i.e. their request for a function to geformed
by the server object.

It is important to note that the above definition
encompasses both the synchronous (e.g. RPC) and
asynchronous (e.g. message-oriented or publisteshby
styles of interactions. In the latter case, theereobject is
called producer and the client object is calledscomer.

Therefore, while the concept of service in the ODP
enterprise viewpoint required some additional midutgl
concepts in the ODP enterprise language, e.q. GleEs,
Provider and Consumer (as discussed in sectiorthé),
existing ODP computational concepts are sufficiemt
model service in the computational viewpoint.

In the following we show how these ODP abstract
computational concepts can be mapped onto the fepeci
architecture styles such as SOA and event-driven
architectures (EDA). These mappings, coupled with t
relationships  between the ODP enterprise and
computational viewpoints (which will be briefly disssed
first), enable us to provide more direct linkagesween
business and application architectures.

5.1 Rdationshipsto enterprise specification

We describe several relationships between the ODP
enterprise and computational modelling conceptsinsst
to services only. These relationships need to be
accompanied with the relationships between other
enterprise and computational modelling conceptsiesof
which are described in [3].

The function that the (computational) server object
makes available to others implements guaranteetheof
service provider stated in the enterprise viewpoirte
(computational) client object implements some o€ th
functionality of consumers specified in the entisgr
viewpoint.

The basic behaviour specified in terms of compaoitet
behaviour above needs to be augmented with thevimelrta
expressions specifying the policies that applyh® gervice
provider and consumer enterprise objects. Theskiukl
behaviour specifications can be implemented using a
special kind of computational objects, i.e. policljects
that implement obligation, permission or prohihitio
expressions. A detail description of policy objeatsl their
behaviour is presented in our earlier work [6].

The use of policy specifications can be eitheriteatly
prevent an inadequate service delivery or as ffdrtisiness
activity monitoring. In the latter case certain aggion
measures could be applied and these can be implechen
through the appropriate set of computational objeét
more detailed description of various enforcement
approaches are given in [7, 8].



5.2 SOA and mappingto ODP

The principles of SOA have been around for longetim

including the early development of open distributed

systems and the related standards such as ISO @BP [
and OMG standards.
prominent in recent years with the emergence of\ited
Service technologies and specifications. Perhapstvel
features are:

The SOA principles became

approach based on the refinement of binding object
targeting such binding styles are discussed in rdetail in

[7].

5.3 Event-driven architecture and ODP mapping

Event-driven architectures (EDA) are based on the
capabilities of components to produce events andttoér

+ the more explicit focus on the business logic to be components to consume events. This is often refdores

supported, including more direct access to humarsus
via Web-based interfaces

e the capability to link services
choreography models and

through various

publish-subscribe model of interactions. So, rattiean
through a usual synchronous communication styléc&yp
of SOA approaches, components interact by produairty
consuming events. This assumes the existence esaage
oriented middleware (referred to as message quehieh

* a more documented-oriented messages (typicallyprovides persistent storage for events, after theg

defined in XML) in communication between objects.

The use of SOA in the health domain can be seemas
enabler towards replacing monolithic and hard-tange
health applications of the past with the componehtt

produced and consumed by others. The capabilities o
EDA, also enable the specification of applicatiomserms

of events and event relationships, i.e. the evatiems, as
proposed in [5]. A similar approach was also takef6],

more directly reflect the needs of various health for the purpose of real-time monitoring of business

professionals. This would enable clearer definitiof
services of each of the health providers and ligkimem
into processes that reflect health-care specifiivities.
This applies to administrative and procurementvas,
but also linking of various service providers ire ttontext
of ‘continuity of care’ delivery.

In the following we list key SOA principles, andopide
a simplified mapping to the ODP computational
architecture framework.

Loose coupling — meaning that services are defined
solely in terms of the functionality they provideithout a
strong (or with a small and well-known) dependeiocy
other components; in ODP, this decoupling is adev

activities associated with enterprise contract rgangent.

The combined capabilities of SOA and EDA offer many
options for developing health applications in acréamental
manner, while leveraging the existing applicatiavisere
possible. For some applications in which theredsneed
for real-time access to information, the SOA maffise.
For others, the choice may be based solely on ha E
principles or more likely it would be the combirwati of
SOA and EDA solutions.

The use of EDAs and event-pattern specificationgén
health domain could be exploited to support reakti
checking of the adequacy of service delivery bylthea
providers, or the implementation of medical treattmiy

through the concept of object, which can expose itsthe patients.

functionality through one or more interfaces;

Interoperability — meaning the ability of services
implemented using different platforms and languages
communicate with each other; in ODP this is achieve
through a protocol independent computational iateef
specification

Composition — meaning a capability for services to be
assembled into applications in various ways incigdihe
ways which were not anticipated at the time of serv
definitions. This allows developing more complexsiness
logic and adding new functionality as new businessds
require.
composing objects, in particular the computatidsiatling
object which allows connecting computational iraeds of
various objects. The binding object
mechanism for linking various objects and some ifipec
styles of binding are orchestration and choreograpim
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In ODP there are various mechanisms for

In terms of the mapping to the ODP computational
model, the concept of event in the EDA correspdodie
ODP concept ofignal. This is defined as an atomic shared
action resulting in an one-way communication from a
initiating object to responding object [11]. As ogkons in
the ODP computational model can be defined in teoms
signals, so the messages communicated between
components in an EDA can be defined in terms ofitsve

6. Conclusionsand Future Work

This paper provides an input towards a genericicerv
modelling covering both the business and IT aspetts

is an abstract services. We use the ISO ODP standard as a frarkefaor

discussing the ideas. We presented an initial malpfor
extending ODP standards to give more prominendciéndo



concept of service. We then discussed

relationshipshealth domain and test this on a number existinbfature

between ODP enterprise and computational modellinginitiatives within Queensland and Australian health

concepts regarding services. When further congelitja
these relationships will allow generic mappingswesn
different viewpoints on service.

Further, each of the abstract set of ODP viewpdaiats
be made more specific. On the technology side we ha
demonstrated how the ODP computational
concepts could be mapped to more concrete aralnitéct

organisations. The concept of service is one, trtant
modelling concept in this language. We also plaprtivide

a more comprehensive mapping between various ODP
viewpoints, by following the approach we used ih [7

We believe that the maturity of ODP standards (diye

modelling or through other standards that were influencedbp),

provide a sound basis for developing an enterprise

styles such as SOA and EDA. These are still alistracarchitecture framework for health domain. The weci

models and the respective concrete models woul&/ele
Services architectures and JMS. Our approachuistifited
in Fig. 3. The mappings 2, 3 and 4 show genericpimngs
from the enterprise language concepts to the uyidgrl
technology implementations. For example, the conoép
policy in the enterprise language can be mapped te
policy objects in the computational viewpoint. Teean be
implemented using both the SOA and EA solutionshsas
WSDL and WS-eventing. Finally, the health specific
concepts could be used to refine and extend relevaxiP
concepts. This mapping (1), with the mappings an8 4,
thus provides a link from the enterprise languamehe
underlying implementation options, such as the ifipec
SOA and EDA solutions.

Health Domain
concepts

1 H Abstract modelling concepts

ODP Enterprise 2
Viewpoint Concepts

ODP Computational
Viewpoint Concepts

VARNAN

SOA EDA
concepts concepts
: i
v 4 v 4
Web Services JMS,
WS-eventing...

Figure 3: From health domain concepts to concrete
technology solutions

The paper was motivated by a recent collaboration
between DSTC and Queensland Health regarding thgz)

establishment of an enterprise architecture framieviar
this health organisation. However, the resultsipent to
the health domain are not specific to Queenslandlthle
and could be applied to many health jurisdictions.

In future we plan to continue this study by devéeigp

more comprehensive business language conceptshéor t
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architecture of ODP, supported by the emergingfahde
tools, including model-driven engineering, is amiging
candidate for developing a business-driven, anthsable
enterprise architecture for the existing and futhealth
applications.
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Abstract

Agility for inter-enterprise collaborations requires
development of interoperability and B2B middleware
services. In the Pilarcos and web-Pilarcos projects,
such middleware solutions have been researched and
developed, in close relationship to the ODP reference
model and complementary standards. Although it has
been claimed that the ODP reference model has not
reached its audience, most of the topical trends — ser-
vice oriented computing (SOA, SOC), inter-enterprise
business process management, virtual organizations
management, and Web Services — reflect the same
foundations. This paper discusses the issues around
the concepts of services, eCommunities, and contracts
as they are visible in the web-Pilarcos architecture. The
contribution is directed two ways: for enhancing the
concept related to service within the ODP framework,
and for showing how the web-Pilarcos architecture ap-
plies the distinct concept of service type for gaining im-
proved interoperability control over what is available for
example with Web Services.

1 Introduction

The web-Pilarcos architecture provides middleware
level services for establishing and controlling inter-
enterprise collaborations (virtual organizations), also
called eCommunities. The eCommunities involve a
set of autonomous enterprise-application level services,
and are controlled by eCommunity contracts.

The eCommunity contracts capture metainforma-
tion about the community structure (roles and respon-
sibilities of the participants, behaviour in terms of in-
teractions between the roles) in the form of an agreed
business network model, agreed policies restricting that
model behaviour, and information about the current
participants (technical such as access information, and
business oriented such as cost of service, trustworthi-

ness of the partner). The eCommunity contract also
provides for controlled methods for renegotiating the
contract and making changes to partnerships, policies,
technical details, etc. The contracts capture informa-
tion from all ODP reference model viewpoints, ranging
from enterprise (and business or legal) concerns to en-
gineering (and technology) aspects.

The web-Pilarcos middleware [14] applies many of
the topical patterns for interoperable systems: SOA
(service oriented architecture) [19] and Web Services [1]
use similar separation of service offers as announce-
ments of available services, and dynamic discovery of
partners into compositions of complex services. The
architecture is also concerned with operational time in-
teroperability monitoring, and on mechanisms allowing
flexible, community-wide resolution of breaches.

This paper brings forth the concepts related to ser-
vices, service offers, and eCommunity contracts, con-
tinuing the discussion [12] of applying ODP concepts
to inter-enterprise collaboration. The discussion hope-
fully enlightens the potential expansions on these con-
cepts in the ODP reference model [3-6]. In addi-
tion, the required facilities for supporting these con-
cepts are outlined, showing some omissions in Web Ser-
vices arena. The paper is structured as follows. Sec-
tion 2 outlines the web-Pilarcos architecture and ser-
vices. The essential concepts of service, service offer,
and eContract are further discussed in Sections 3 and 4.
As the architecture can be criticized for too high costs,
Section 5 is included to show some practical measure-
ments on the eCommunity establishment phase.

2 B2B interoperability middleware

The web-Pilarcos architecture is designed to com-
pose and govern composition of services provided by
autonomous enterprises. The architecture is federated
(in contrast to unified or integrated), assuming that
services are developed independently and their inter-
faces and properties are compared during collabora-
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tion establishment and monitored for conformance dur-
ing the operational time of the collaboration. (Uni-
fied model would make an assumption that the ser-
vices would be produced using a shared collaboration
model.) Figure 1 illustrates the setup. The B2B mid-
dleware provides business-applications with concepts
and practical infrastructure-level services for eCom-
munity management through agents dealing with con-
tracts, and transparently ensuring interoperability us-
ing both statical and dynamic techniques. The archi-
tecture does not provide a shared execution platform
or enactment of the business network models. Instead,
the business applications themselves are expected to
include a technique forwarding their local workflows as
triggered either by peer requests or by internal trig-
gers. A set of metalevel protocols between middleware
level agents for the eCommunity management tasks is
completely separate from the application protocols.

collaboration

application services

internal process logic, capsuled information,
internal computational, engineering and technical solutions

B2B middleware communication services

with selectable transparencies

contract static eCommu-— .

. . . DOC middleware
management|| interopera— || nity moni—

bility tests toring

Figure 1. Architecture overview.

The issues to be addressed are interoperability be-
tween services and management of the lifecycle of the
collaboration. The lifecycle management involves

e population of the eCommunity in such a way that
the participating services are interoperable as dis-
cussed below, and a negotiation cycle between par-
ticipants to agree or refine the suggested eCom-
munity properties; the population process selects
from a service offer repository a suitable offer for
each role in the business network model suggested
by the initiator (if the business network model is
not appropriate, the process fails);

e establishment of the eCommunity so that all par-
ticipants are technically prepared for providing
services and have done all necessary contract man-
agement chores;

e monitoring of  potential  breaches  (non-
conformance to the behaviour specified by the
contract) in the interactions between participating
services;

e monitoring the global, coarse-grain progression of
the collaborative work in the eCommunity;

e reacting by renegotiations and contract changes
for change requests initiated by involved parties;

e termination of the eCommunity either by the com-
pletion of the collaboration goal, by breach reso-
lution, or timely termination of the contract.

In the management of eCommunities, interoperabil-
ity is a prominent issue [11,20]. Interoperability, or
capability to collaborate, means effective capability of
mutual communication of information, proposals and
commitments, requests and results. Interoperability
covers technical, semantic, and pragmatic interoper-
ability. Technical interoperability means that mes-
sages can be transported from one participant to an-
other. Semantic interoperability means that the mes-
sage content becomes understood in the same way by
the senders and the receivers. This may require trans-
formations of information representation or messaging
sequences. Finally, the pragmatic interoperability cap-
tures the willingness of partners for the actions neces-
sary for the collaboration. The willingness to partici-
pate involves both capability of performing a requested
action, and policies dictating whether the potential ac-
tion is preferable for the enterprise to be involved in.
In the pragmatic view, process-awareness in terms of
collaborative business process model is needed, aug-
mented with nonfunctional aspects, some of which are
related to business policies.

At the pragmatic level, issues on the business strate-
gies, values, and rules become visible. Partially these
are reflected by using business network models as a
founding element in the eCommunity contracts [12].
In addition, policies and properties embedded in to the
eCommunity contracts and service offers are used for
carrying this kind of information. Technically, most of
those features appear as plain name-value pairs, but de-
velopment of the carried semantics requires large scale
ontology and metrics development at international con-
sortia appropriate for each industrial area separately.
This theme is further discussed in Section 4.

3 Services and service types

We assume that business-application services are in-
dependently implemented and deployed on the enter-
prises’ computing system. The implementations can be
generated using MDA style tools, using specifications
of collaborations as a starting point. However, existing
legacy software can be used equally.

The available implementations establish the prac-
tical capabilities for a service in an enterprise. The
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enterprise can well support multiple, slightly different
implementations for the same kind of service. Rea-
sons for this multiplicity can be strategic (different
business rules embedded), or technical (different plat-
form and communication facilities used), or evolution-
ary (old and new software used side by side till the old
can be made obsolete as clients have become able to
interoperate with the optional ones). Thus, the service
(implementation) refers to the computational compo-
sition of application software that provides a complete
business service, or supports a step in such.

The ODP reference model differentiates between
types and templates for objects [3, cl. 9.7 and 9.11].
This separation is heavily used in our approach. The
service templates are only used within an administra-
tive domain responsible of executing a service. An ad-
ministrative domain is a term related to federations [4,
cl. 10.3, 5.1.1, and 5.1.2] and we use it for denoting a
technologically consistent system within an enterprise.
Outside that administrative domain, the service tem-
plate has no relevance, but instead, a less restrictive
concept of service type is of importance.

The ODP reference model indicates two methods by
which objects can become known in a system, namely
instantiation and introduction [3, cl. 9.13 and 9.16]. In-
stantiation is needed within the administrative domain
responsible of running a service, but at other domains,
the presence of that service is created though introduc-
tion. The introduction process is required to reveal the
type of object in question, i.e, associate the object with
a useful predicate it matches.

In an inter-enterprise environment, or a SOA en-
vironment, the service offer repositories (UDDI [17],
ODP / OMG trader [5]) reflect the introduction pro-
cess. All service offer repositories expect exporters of
offers to define the identity of the service, its service
type reference, and access information. The service
type denotations vary, as well as the level of control in
their definition. In the (web-)Pilarcos case, the service
offers are expected to include in addition attributes as
defined by the service type and the middleware itself
(in relation to environment contract, see below).

In the web-Pilarcos architecture service types are
stored into a type repository, and only those previously
defined type descriptions can be associated with service
offers. The service type descriptions can be published
either as part of a design process or independently, by
various enterprises in the global network, and have to
be verified before acceptance to the repository [10,13].

Service types are abstract descriptions of business
service functionality and they define functional and
non-functional properties for a class of business ser-
vices. Functional part of a service type comprises of

an interface signature, an interface protocol which de-
scribes the service behaviour and additionally seman-
tic annotations for exchanged documents (messages).
Engineering level information, such as binding of a ser-
vice instance into a specific communication protocol
or address, is not part of the service type. The non-
functional properties of a service type describe issues
on business level concerns, QoS requirements, and poli-
cies. The non-functional aspects are given as service
attributes (name-value pairs), where each element de-
notes a semantic concept from a shared ontology.
Technically, the service type defines

e the service interface signatures;

e associated to the interfaces, restrictions on the or-
dering of invocations (a loose way of expressing a
protocol, only giving restrictions on the necessary
ordering relationships)

e associated with the interfaces, information con-
tents of the messages; and

e set of attributes associated to the service, labeled
either optional or mandatory.

Thus the service type repository is actually defining
an application-area specific, service-type based ontol-
ogy for information about the business and legal as-
pects of the service. The attributes can reflect the
cost of service, availability, expectations on the busi-
ness networks involved, and legislation to be used for
evaluating the service and managing breaches. As some
of the attributes are optional, this gives flexibility in
making service offers with different kind of business
networks in mind. Different collaborations will depend
on different attributes.

For example, Web Services technologies are still
missing type repository type of services. The benefit
that is provided lies in the trustworthiness of the type
definition. For a repository, some quality requirements
can be placed: static verification of the models, persis-
tent and continuous availability of items, correctness of
assertions on relationships between types, etc.

Besides the attributes, the service offers are ex-
pected to contain attributes that form an offer of envi-
ronment contract [10]. The environment contract [3, cl.
11.2.3 and 13.2] of ODP refers to commitments between
an object and its environment, i.e., prerequisites under
which the service in question can be provided. In the
web-Pilarcos case, the environment contract part of the
service offers include selection of binding type, chan-
nel type, and configuration parameters for the abstract
communication layer depicted in Figure 1. The binding
type defines what services the abstract communication
layer is expected to provide and what role-related in-
terfaces for communicating peers are provided. The
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channel type denotes the architecture of the communi-
cation channel so that the middleware is able to con-
figure it appropriately. In addition, requirements on
shared computing or information repository resources
can be placed.

4 eCommunities and business services

In the eCommunity establishment process, the busi-
ness level commitment to the contract takes place, as
well as the computational setup of the collaboration.
There are two sources for regulating information in-
volved: the business network model, and the service
offers selected for the contract.

The business network model we use is a expan-
sion of the ODP enterprise description [7,8]. Several,
functionally separate community descriptions are inte-
grated by denoting which of the roles have to overlap
for the network. Each functional community is defined
in terms of roles comprising of a role name, service type
required, and free form constraints on a) properties of
the service offer to be selected to that role, and b) rules
to be used for monitoring the service behaviour during
the eCommunity operation. In the population process,
the service type requirement and selection criteria are
used for retrieving service offers. The environment con-
tract and policy requirements in the service offers fur-
ther cause interdependent requirements, thus making
the matching process quite complicated. Although this
process is at first sight very expensive, it stays within
reason, due to the time-based and memory-space re-
strictions on the searches. For further evidence, Sec-
tion 5 shows measurements done on a CCM platform.

At the level of eCommunity, the relationship be-
tween the business environment and the provided ser-
vice becomes another aspect of the environment con-
tract, thus forming another defining aspect of the ser-
vice itself. As the participants in the eCommunity are
in some extent dependent on each others’ services, the
commitments they make are made on the premises that
others fulfill their commitments according to the con-
tract too. Therefore, the concept of business service
cannot be fully defined in isolation, but is dependent
on the business network it is part of.

A business view of the service can be seen as a com-
putational service, associated with environmental con-
straints from the providing enterprise’s computing en-
vironment, its role in the business network in question,
and the business and computing restrictions set by its
peers in the business network.

Because business network models gain such an im-
portant role in interpretation of all service related con-
cepts, the web-Pilarcos architecture provides a repos-

itory for these models. The benefits of the globally
available set of verified models (with related service
types in the type repository) arise from the facilities for
reasoning from the process models, process-level inter-
operability support in the middleware, and guidance to
the service markets.

Having captured all these aspects to the eCommu-
nity contract, we still cannot claim that the correct
business behaviour or legally correct interoperation is
guaranteed. The models provided for interoperabil-
ity checking are just models indicating the intention
of the service provider. Even if the models were used
to generate the software elements from those specifi-
cations, there would be uncertainties involved. There-
fore, monitoring of the behaviour conformance against
the model is essential. Depending on the level of dis-
trust and acceptable performance penalties, the confor-
mance requirements need to be selected appropriately.
The monitoring aspects are presented in [15], so they
are not discussed here further.

Mechanisms to enforce conformance to business
needs and interoperable computing requirements must
involve dynamic methods in addition to the traditional
static analysis. One of the essential reasons for this
is the need for capturing enterprise policies and busi-
ness rules. Those can change any time, disregard of the
eCommunity contracts in use — thus causing contradic-
tions at operational time. Furthermore, the ontologies
for eCommunity contracts may omit some of the lo-
cally important policies, and therefore be unaware of
the contradiction.

We use the following terms. Enterprise policies are
used to govern the resources and services of an en-
terprise. They may oblige, permit, or prohibit ac-
cess to some service or information. Enterprise policies
or eCommunity policies are used to modify the basic
business process models; negotiation of a policy value
is used to refine which alternative path through the
model is in use. Business rules are declarative state-
ments that define or constraint some aspect of business
service behaviour. Business rules may define differ-
ent pricing policies or service availability for different
client categories. A business rule typically affects the
non-functional aspects or information exchanged in a
service interaction.

The above definition of business service did not ex-
plicitly mention the policies. However, policies are an
integral part of the context of the business service, and
is to be seen as part of the environmental constraints.
Therefore, policies come as a time dependent and en-
terprise specific element into the picture.

Finally, a few words on another time dependent
property. One of the very essential properties of a busi-
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ness service is that of trust. In the TUBE project [23],
we are extending the web-Pilarcos architecture with
trust concepts. Decisions on trusting a business ser-
vice is made first at the establishment of an eCom-
munity; business service trustworthiness is estimated
by reputation information and local experience of that
enterprise and that business service especially, and has
to exceed a treshold dependent on assumed risks and
importance of the eCommunity participation for that
enterprise. As the correct behaviour of the peers in
the eCommunity are not completely trusted even after
this, the behaviour is monitored, and new experience
information and new reputation information is gener-
ated by successes and breaches of conformance.

5 Cost of eCommunity establishment

While Pilarcos middleware provides facilities for dy-
namically forming eCommunities there is overhead cost
from the use of the middleware services. This cost has
been estimated by a series of performance measure-
ments on the prototype application and infrastructure
services. First, the overall overhead of Pilarcos middle-
ware in terms of CPU load and effect on response times
seen by a client was considered. Second, the main el-
ements of the cost were factored out at the areas of
business network population, eCommunity establish-
ment and termination and adaptation of communica-
tion across the CCM and EJB platforms. Third, some
scalability tests were run to see how the input rate of
client requests affect the response times. A set of sep-
arate measurements were done on the population pro-
cess which is critical for the feasibility and scalability
of the middleware. The measurements were performed
with a system that included all the Pilarcos infrastruc-
ture services and an application case. The application
case does not include much of application-specific pro-
cessing, but is there mainly to generate a meaningful
mixture of requests to the middleware under study.

In concrete terms, the Pilarcos prototype consists of
Pilarcos infrastructure service components and Tourist
Information Service application components that take
advantage of the Pilarcos services. The infrastructure
services and most of the application components have
been implemented on two new CORBA Component
Model platforms, the Java-based OpenCCM [18] and
the C++-based MicoCCM [16]. In addition, one of the
application domains is built on Enterprise JavaBeans
technology, running on the JBoss [9] application server.

The sample case study is built around an idea of
a Tourist Info portal service, which provides traveller
access to vertical tourist services like travel informa-
tion, hotel bookings, and weather services. Neither the

portal service nor the vertical services are free, but the
traveller has some electronic payment instrument (e.g.
credit card) available. Figure 2 shows the business enti-
ties and the communities formed by them. The tourist
info community contains three domains for tourist info
client, tourist info service, payment service and de-
scribes the business community related to providing the
portal service. The hotel info community contains roles
for hotel info client, hotel info service, and payment ser-
vice and describes the business community related to
providing the only implemented vertical service (hotel
bookings). Payment service represents a trusted third
party used to mediate the transfer of funds between
the other entities in the community.

Tourist Info Client

Tnuri.st Info || ! Hotel Info!
Service ' Cli i

1 Client

Hotel Info Service

Payment Service

Payment Service

Figure 2. Business entities and communities.

The measurement environment consists of seven
1GHz Pentium III workstations with 512MB RAM
memory, running CS Linux with kernel 2.4.18. Work-
stations were connected with closed 100 Mbps Ether-
net. Different components of the Pilarcos prototype
were distributed to the workstations. The components
related to one domain were deployed in one machine
with the exception that in Hotel service -domain CCM
and EJB components were distributed to two sepa-
rate machines. Background clients used two additional
machines and were evenly distributed in them. Be-
fore measurements the system was warmed up with
3000 measurement rounds done by the client. The
measurements themselves included 8000 rounds. Each
benchmark used one measurement client and two to
six background clients. In all measurements the IBM
Java 1.4.1-platform was used, with throughput opti-
mization flags. For the Pilarcos trader measurements,
the client program was run on one workstation and
the Pilarcos trader on another. Java-based ORBacus
trader 2.0.0 [2] was run in compiled mode on the same
workstation as the Pilarcos trader.

Looking at the measurement results, the cost of Pi-
larcos middleware use appears to be acceptable. As we
consider a “round” from a user, the application runs
the following steps:
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e request population for a business network;

e tell the business network manager to create the
community; this actually involves the population
and creation of the second community in the ap-
plication scenario;

e run a group of application scenario-specific opera-
tions and requests for the servers;

e end the session and ask the business network man-
ager to terminate the communities.

The population, eCommunity establishment, and
eCommunity termination phases can be seen in Fig-
ure 3. Under normal load conditions, the population
process takes less than 25 milliseconds, eCommunity
creation under 40 milliseconds (the measured 100 ms
includes two eCommunity creation operations and a
population operation), and eCommunity termination
about 20 milliseconds (again, the measured numbers
cover two terminate operations). Time consumption
for getInformation and makeReservation operations are
also noticeable in the measurements. This is caused by
the fact that the execution process of these operations
includes several service calls between components re-
siding in different domains.
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Figure 3. Response times for the client [22].

For the measurements presented in Figure 3 the
number of request-making client computers were in-
creased so that the input rate of requests reached a
level where saturation on one of the computers was
approaching. However, no unexpected behaviour on
response times is seen here.

Figure 4 show that the Hotel Server domain is be-
coming a bottleneck in the system as the load increases.
Within the Hotel Server domain the CCM platform
running the infrastructure services is a bit more loaded
than the EJB platform running the application com-
ponents. This ratio depends, however, on the compu-
tational complexity of the applications.

%
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0503 rounds/ [l 9.75 rounds/ [7]11.44 rounds/ [] 11.74 rounds/
second second second second
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40+

20 — —]

N | i =

T T T T
Background Tourist Hotel Server  Hotel Server Payment Trader

Client Server (JBoss) Server

Figure 4. Processor load in servers [22].

The conclusions from this behaviour are twofold.
First, additional measurements are needed in a more
realistic and complex environment where the network
latencies are longer (e.g. Internet). Second, in the
current implementation the cost of adapter creation is
considerably high for interactively used applications.
A library-based solution has been planned but was not
yet available for measurements.

To support interpretation of the above measurement
results, Figure 5 shows the same application compo-
nents running without the help of Pilarcos middleware.
The configuration of application components is here
fixed, and only OpenCCM is used as a platform. Thus,
the flexibility of finding appropriate partners for the
eCommunity is missed, and also heterogeneity support.
All application components have been selected before-
hand and their locations are resolved by a name server
at the start-up time. The measurements show that the
overhead load is mostly visible in the new operations
offered by the Pilarcos middleware. An additional few
milliseconds fixed cost is visible on all operations.

Although measurements on the prototype were
much as expected, the platforms are not mature enough
and caused scalability problems themselves, so scala-
bility tests were not done as thoroughly as we wished.
More thorough measurements could be done on the
Pilarcos trader. In this paper we only bring up a few
comments, and refer to [21,22] for details.

The population process was able to provide one
eCommunity proposal in an average of 22 milliseconds.
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Figure 5. Time used in different phases seen
by client with simulated load [22].

In addition, transferring the request and the result over
CORBA took an average of 30 ms, raising the total to
52 ms. Most of the transferring time was result of mar-
shalling delays. These times were not much affected by
the number of service offers in trader database. With
offers distributed evenly between the roles, no signifi-
cant effect on the search time was seen with database
sizes of up to 2550 offers, since the population algo-
rithm never needs to search the entire offer database.
Instead, the search time is directly proportional to the
number of requested eCommunity proposals.

Search times grow in linear proportion to the num-
ber of policies in service offers. In the baseline case, a
rather high estimat of 32 policies per offer was used.

The cost of marshalling is fairly high, because the
eCommunity proposal data structure is designed for
readability and flexibility, not speed. It contains sev-
eral nested sequences and makes heavy use of the
CORBA Any type, making marshalling very resource
consuming. The marshalling delay could be signifi-
cantly reduced by using known CORBA IDL optimiza-
tion techniques. For the rest of the results, only the
time spent in the search process is presented, since the
marshalling delay is constant and predictable.

One of the potential problems were cases where
there are very few acceptable service offers in the trader
database. However, we found that both the average
response time and its variation grow significantly with
low match ratios, but are still tolerable even at a match
ratio of 5 %. Based on these results, the practical usage
area for the Pilarcos trader is with offer match ratios
at and above 5 %. Figure 6 shows this effect.

Figure 7 shows the effect of the number of roles in
the business network model. Again, the dependency
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Figure 6. Effect of offer match ratio on search.

is linear, as expected. Based on these results, large
network models with up to ten roles would be practical;
most probably, for such large networks, other aspects
than the population process are more significant.
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Figure 7. Effect of number of roles on search.

The above results were based on measurements on
a standalone Pilarcos trader that includes its own offer
database. We also tried the effect of using ORBacus
trader for storing the service offers. The search times
are nearly ten-fold compared to the standalone case,
with significantly larger variation. These are results
from the block-wise transfer of service offers from the
ORBacus trader. When a CORBA trader is used as a
back-end, a significant speedup could be achieved by
collocating the Pilarcos trader and the CORBA trader
in the same process. This trial is interesting because it
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shows an effect that is expected when using federated
(linked) CORBA traders.

6 Conclusion

This paper discusses concepts of computational and
business services, and illustrates how business network
models and service types bring in an ontological route
for enforcing appropriate properties to be brought in
to the eCommunity contracts. The properties span-
ning over all five ODP viewpoints capture regulations
and restrictions as well from business strategical as
from computing system perspective and bring them to
the operational environment to reflect the state of the
eCommunity.

Infrastructure services like global service type repos-
itories and business network model repositories, and
trust management facilities are the latest contributions
to the arena of inter-enterprise interoperability and fed-
erated architectures.

A set of practical measurements on the prototype
infrastructure services show, that the federated archi-
tecture model is not infeasible in practice, and also il-
lustrates that the basic concepts for eCommunity man-
agement can be implemented on current distributed
computing platforms.
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