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Abstract . Today, Information Systems are often distributed and heterogeneous. Thus, software systems
become more and more complex and their evolution is difficult to manage. Our works deal with engineering
of heterogeneous distributed systems based on reuse. Such systems need a distributed adaptable software
architecture to be implemented. In this paper, we propose a component model for developing adaptable
software. First, we briefly present the component paradigm in which we place our works. Then we position
our component moadel with regard to related works. The interface of the component is described by the way
of points of interaction. These points are used to manage different types of interactions in order to build a
graph of interactions allowing the integration of the reused components. We finish with the presentation of
the distributed adaptable software architecture allowing to implement this graph. Each part of this paper is
illustrated with a concrete case, the European ASMIL project.

Introduction

Technological and economical mutations of these last years have really modified the life of organizations.
They have engendered the multiplication and the dissemination of heterogeneous information [SING98]. So,
more and more, we have to quaify Information Systems (1S) as distributed and heterogeneous ones.

Because of the increasing complexity of IS and their constant evolution, it is becoming more and more
difficult to develop them. Moreover, developed applications are more expensive and are less reliable.
Therefore, a strong need of reuse has been expressed by firms. The reuse provides a set of solutions
developed in the research and development domain to face on the software crisis. It is defined as a new
approach of system engineering alowing to build systems from existing e ements, compared to traditional
approach where a new system starts from scratch and needs to be re-invented each time.

The two previous points deal with interoperability. More and more, the idea of interoperability becomes a
need to answer to new organizational demands and benefit of technical improvements, especialy with
networks and Internet. We can compare this approach to a monolithic vision of systems and their heavy
evolutions in terms of complexity, delay and costs.

The research domain linked to these problems is very wide. We are interested in the engineering of
heterogeneous distributed information systems based on reuse. Our approach is in keeping with the recent
research in developing High Confidence Software and Systems (HCSS) [HCSSO01]. It is based on the
“component” paradigm. The objective is to reuse software existing components and to integrate them in order
to make them cooperate. The application field in the context of our laboratory gives us a certain experience
with the re-engineering of distributed applications [ANIOO1b]. The challenge consists of conserving the
quality of the existing application made of several dispatched elements devel oped independently.

The problem of these works is shared with several well identified research domains : distributed IS, reuse,
interoperability, cooperation. The difficulty lies in the cross feature of our approach. Indeed, it is the actual
trend. For example, CIS (Cooperation Information Systems) have concerns close to ours. CIS are presented
as a new domain of research [DEMI97] in synergy with IS technology, CSCW (Computer Supported
Caollaborative Work), modeling and planning theories. Some of the encountered problems with this approach
[HERIO1] are near to us. Thisis the case with interactions between autonomous parts which is the support of
coordination activities. Nevertheless, the objective is relatively far because CIS want to operate a managerial
change, presented as the ultimate goa of the three activity fields related with CIS.

Our contribution in this paper consists of an original component model for devel oping adaptable software. At
first, we do a brief state of the art on reuse and about de-coupling between components which constitute the
two paradigms on which our works are based. Next, we will present our component model and we will
position it with regard to the reuse paradigm and with related works. We will follow using this moddl in



order to construct a graph of interactions between components. We will finish with a presentation of the
distributed adaptable software architecture allowing to implement the graph and therefore to integrate the
components.

1 Stateof theart

1.1 Thereuse

We propose a brief overview of the different activities linked to the reuse. The interested reader can
get details in [CAUV99]. To provide the reuse, we need methods and techniques for reusable component
engineering (design for reuse) and for system engineering by reuse of components (design by reuse).

1.1.1 Reusable components engineering

The reusable components engineering’s goal is to produce an infrastructure for reuse. It covers the
identification and the specification of components, their organization and their implementation.

The activity of identification and specification of reusable components is essentia in the process
because they have the objective to produce reusable resources.

The approach with reverse-engineering is considered as down-top. It is characterized with the exploitation of
existing development products to provide components. This approach can be declined under severa forms as
reuse models [CALD91], analysis of similarities [CAST92] or research of analogies[MAID91] [MAID93].
The domain analysis approach is the second trend. This is a top-down approach which may be smply
defined as the identification of objects and the identification of afield of application. Today, several methods
of domain analysis exist [NEIG84] [CAMP90] [KANG90][BAIL92][WART92][SEMM98] with strong
differences about tools used, processes and results provided.

The reuse approach needs models of components representation. Two principles are essentia : the
abstraction principle and the variability principle.

The organization and the implementation of reusable components concerns the design and the
implementation of the infrastructure for reuse. We can point out two main approaches for the design of
architecture for reuse.

The static approach defines a static organization of the components. This organization describes the whole
process of research and/or composition of component. It is widely used with components library in which the
heritage defines statically a link between classes. This approach is used with frameworks which pre-defines
the structure of the final product.

The dynamic approach consists of defining an architecture for reuse as the coupling of a set of
components and a process which automates and/or guides the construction of a product by reuse of
components. With this approach, we do not pre-define the research of components or their composition. We
construct dynamically the product according to the specifications of the system currently devel oped.

The architecture of reuse congtitutes a coupling device between the two essential activities of the
reuse, the engineering of components and the engineering of systems. We will now focus on this last point.

1.1.2  System engineering by reuse of components

Engineering by reuse of components consists of using a specific architecture to produce the system.
This engineering may be very different relative to the available architecture.

We have to notice that the engineering of reusable components and engineering of systems by reuse
of components are still considered as two different independent activities on which the activity of one may
just be an input for the other. The coupling between these two activities is weak, a model does not exist to
really integrate them.

Practically, the most used forms of organization are the organization producer/consumer and the interlaced
organization. With the first one, the system engineering uses reusable components provided by the
components engineering.

With the interlaced organization, we do not only use components but aso contributes to the
development of these components. Such an organization is used in the Care system [CALD91].

The first activity is the research and the selection of components. It consists of researching into the
library one component which corresponds to the specific problem of development. In most of situations,
there is not only one candidate but several. Therefore, a comparison is needed to select the one which
corresponds more to the needs expressed.

The adaptation and the integration of components constitute the second activity. Adaptation techniques are
numerous : modification of the component, instantiation mechanism, parameterization and specialization.
With some approaches, the adaptation may be guided if the reuse system proposes aternatives with
arguments helping the choice. The reuse becomes effective if the component is integrated to the product
currently developed. This integration problem can be simple if the development language and the
specification language of components are the same : the integration is done with communication mechanisms




integrated to a common language. It becomes more difficult if the development and the specification
languages are different.

The problems of these different activities are complex. Today, works in this domain are dispatched.
Few solutions realize an integration to propose a systematic reuse approach.

This synthetic presentation of reuse allows us to show the wide research field with this domain. It has
also shown the variety of approaches proposed to answer sometime to the same preoccupations. It allows one
to bring to the fore new problems to study : the definition of components model respecting the abstraction
and the variability principles, the proposition of component-based methodologies, and the development of
tools alowing the devel opment by reuse.

1.2  Theprinciple of de-coupling between components

The term “component” is widely used in the reuse paradigm with a generic connotation of reusable
entity. The “component” paradigm is emerging in the more specific domain of software components on
which we are more concerned. In this part, we will present the principle of de-coupling which we are
working on.

Component-based approach rests on the principle of de-coupling between components. The interest is
that dependencies between entities are no more used into these entities, but defined out of the components.
Therefore, this approach can be seen as a superior paradigm to the objects one [PESCO0].

Component-based approach proposes a mechanism of communication. For example, with the
component model MALEVA [MEURO1], components have communication marks to allow components to
connect each other. Each component can be specified by its input/output marks. Authors use the term of
interface. Each output mark is potentialy linked with a connection to an input mark of another component to
congtitute a graph of interconnections. The general idea is to provide a communication abstraction
independent of operational choices.

Absence of references to the called entity in the definition of the calling entity contains two major
advantages. On the first hand, the communication mechanism authorizes modification of graph connections
without modifying components. The encapsulation principle is respected. On the second hand, components
become entities potentialy reusable if their definition is independent to their software environment. This
aspect is interesting because of our objectives shown in the introduction.

Approach with components is not totally opposed to the object world, even if it often tries to solve
problems inherent to the whole object. The coupling is one of the more significant points. In the object world,
when an object communicates with another, implicitly with a message, a structural and a behavioral coupling
appears. An exchange of data and an exchange of control takes place. Approach with components tries to
loosen this coupling. With a static point of view, a component does not reference directly with another
component. With a dynamic point of view, the message passing between components does not imply the
control passing. As an illustration, MALEVA [LHUI98] proposes a component model based on the
separation of the data flow and the control flow between components, and lets two kinds of marks appear.
Firstly, the data marks allow communication of data between components. Secondly, control marks are used
to provide control.

A bigger freedom to express control results. Therefore, it is possible to manage active and
independent components. This last point is very interesting in relation to our objective. This new powerful
expression is provided with the graph of interconnections and no longer into the internal code of the
component. As a consequence, components become more generic because a part of the control description is
extracted of the component to be included into the graph. The graph provides to the component integrator the
capacity to modify the execution policy between components.

The distinction between the data flow and the control flow is not new. In another context, it has been
introduced into SADT [MARCS87]. Nevertheless, this separation is mainly proposed at the design level for
the management of projects. In the component approach it is accessible at the implementation level.

2  Thepointsof interaction

The reuse paradigm lets two activities appear : the engineering of reusable components, and the
engineering of system by reuse of components, with a weak coupling between these two activities. Even if
we first present the component model, then its use, we want to have an interlaced approach.

Our component model is the formalization of our reuse infrastructure, the traditional goal of the
engineering of reusable components. In our case, essentialy, these are the results of a specification phase.
We can point out that we are working on autonomous software components to re-deploy. Identification
activities, organization activities and implementation activities do not present interest here.

Our component model also supports the separation between the data flow and the control flow, and
lets two kinds of interaction points appear : input/output information points and control points. At this level,



our approach is comparable to the one of [MEURO1]. We will now enter into the detail to show the
originality of our approach.

2.1  Input/output information points

Intuitively, Input Information Points (I1P) are acquisition points for a component. On the contrary,
Output Information Points (OIP) are points to restitute. The following schemas illustrate this with a graphical
representation associated to our component mode! :

|

Figurel: OIP of a component Figure?2: 11P of a component

2.2 Control points

The component model MALEVA only offers one type of control marks. We propose severa types
of control points : synchronization points and resource sharing points.

Synchronization points

Synchronization points are dedicated to the synchronization of components. When a component
synchronizes another one, the first one is called “the synchronizer” and the second one is caled “the
synchronized”. The synchronizer has a Signal Emission Point (SEP) whereas the synchronized has a Signal
Reception Point (SRP). The following schemas show the corresponding graphical representation.

Figure 3 : SEP of a component Figure4 : SRP of a component

Resource sharing points

Resource sharing points congtitute an answer to the problems of sharing of resources. This is
typically encountered with concurrent executions. This is the case with autonomous software components we
propose to manage. Moreover, the resource sharing and the synchronization that we have previously
presented, appear in works dealing with coordination. To provide the resource sharing, we use Resource
Access Points (RAP) and Resource Release Points (RRP). The first ones alow to get the resource when
available. The second ones is to release the resource when used. The following schema show the graphical
representation.

Figure5: RAP (upper arrow) and RRP (lower arrow)

In our presentation of components, we focalized on the graphical representation associated to
introduce the following part which deals with its use. Nevertheless, we have to note that we have developed a
description language to describe the different interaction points.

2.3 lllustration : the European ASIMIL project

Aero user-friendly SIMulation-based distance Learning (ASIMIL)[ASIMO02] is an European project to
improve training for aeronautical staff with the help of Intelligent Agents. Different programming languages
(Java, C, C++, Macromedia Director, script CGl...) have been used to develop these different parts. Each
part represents a component which must be reused to develop a distributed application. The job of our
research team is to integrate these different components on a net. In these sense, the ASIMIL project is a



good field of application of our research domain. Let us present the interface of different components of
ASIMIL:

PFC : Procedure Follow-up Component. It managestraining procedures and exercises. It tracks
learner’s progression during the procedure. After each action performed by the trainee on the
simulator and after each step of the procedure, PFC sends a « Reqguired Action » value to its
OIP. PFC is able to synchronize other components using a SEP. Therefore, PFC has its own
RAP and RRP, which serve to alow printing of a procedure or data showing in a shared
window. A II1P alowsto PFC to get the error type and gravity of trainee’ s action.

Error Type,
: PFC
Gravity Reguired Action
P OIP
_______________________ )
SEP

Figure 6 :Procedure Follow-up Component

FSimu : Flight Simulator. Every action performed by the trainee on FSimu, is put in a OIP. The
learner uses directly the graphic interface in order to pilot the aircraft. This component can be
started by another one viaa SRP.

FSImu
Performed Action

N,
7

OIP

Figure7 : Flight Smulator

MultiAgentSystem (MAS): The goa of this component is to interpret trainee's errors. Every
couple of data (Waiting Action, Performed Action ) it receives via lIP (Input Information Point)
is analyzed . When an error is detected an characterized , MAS may perform an action by
sending a signal on a SEP (Signa Emission Point).With the help of RAP and RRP , MAS is
able to print of show the help instruction in another shared resource like printer or window in
order to help the trainee during his exercise. This component can be activated by another one
viaa SRP (Signal Reception Point)

Required Action, MAS Required Action
Performed Action P 10P R
SEP
_______________________ )
___________________________ SR —
RRP

Figure 8: MultiAgentSystem



HistoryManager : This component is intended to manage the history of learner’s interactions
with the system , for pedagogical analysis purposes. The SRP isintended to allow to it to start.

HM [P

Figure9: Historic Manager

3  Thegraph of interaction

The reengineering by reuse of components consists of using our component model. This use concerns
mainly the components integration and, a bit less, their adaptation. The selection activity is not suitable with
our objectives. Components integration consists of managing interactions between components [ANIO014].
We find information interactions, control interactions and mixed interactions.

Before entering into details, we have to notice that we follow the idea that components integration
consists of making a de-coupling as strong as possible between components. With a general point of view,
this idea is interesting because the reuse can be more systematic, a bigger number of components may be
candidates to the reuse. With a practical point of view, this approach is absolutely necessary with our
application field.

3.1 Information interactions

We can transfer information between components. This transfer may be preceded by the Building of
Information (BI).

Concerning the transfer, we can point out two cases. The first one is the stream transfer [SHAW96].
The OIP of acomponent is linked to the I1P of another component.
The second one is the transfer via mailbox. Let us notice that our purpose is not at the implementation level.
In this case, contrary to the stream transfer, the information is not directly addressed to a component but
deposited into a mailbox from where an unnecessary identified component will get it.

Figure 10 : continuous flow transfer

O

Figure 11 : mailbox transfer

When we write “building of information” we mean producing a needed piece of information from
one or several pieces of information provided by one or several components.



"\
'./

Figure 12 : building of infor mation from two pieces of information from two
components

This offers very interesting perspectives because it alows to create “ad hoc” interactions and thus
facilitates the integration of components. The unique constraint is that the building of information have to be
algorithmically expressible. More generally, we offer a solution to the classical problem of the finite number
of devices, not enough to process the variety of problems.

If we compare our approach with [MEURO1], we note that our proposition is richer than theirs in
terms of information interactions. In fact, we add the mailbox transfer at the stream transfer. The experience
we got with enterprises convinced us of this need. Moreover, we offer the possibility to build “ad hoc”
interactions facilitating alot the integration of components.

3.2  Control interactions

Control interactions deal with the synchronization of components, the resources sharing between
components and the complex control interaction. Concerning the synchronization, we only have to link a SEP
with a SRP. Then, the component whose SEP is used synchronizes the one with the SRP.

Figure 13 : synchronization of two components

If several components need the same resource during their execution, we need to provide the resource sharing
thanks to RAP and RRP of the concerned components :

[

Figure 14 : resour ce sharing between two components

Complex interaction control is similar to the building of information. In other words, it allows to create
another element of control from several elements of control.



Figure 15 : complex interaction control

3.3 Mixed interactions

We had the idea to generalize the building of information and the complex control interactions. To do
that, we propose mixed interaction where information and control can be mixed together. Its goal is to
provide a piece of information or an element of control from both a piece of information and/or an element of
control.

P

Figure 16 : mixed interactions

After we have provided al needed interactions to solve a problem, we obtain a graph where each
component represents a node. During the work to integrate components we create other nodes as we showed
previoudly. The set of these nodes and the totality of arcs express the level of the de-coupling between
components. If we compare graphs obtained with our approach and interconnection graphs obtained with
MALEVA, we can measure the effort we made to manage dependencies between components and put them
on the graph. This allows to modify substantially the application without intervening on components. With
regard to the reuse paradigm, we situate our works clearly on a reverse-engineering approach based on
“components/connection”.

3.4 lllustration : theintegration of ASIMIL components

This part shows the integration of the ASIMIL components in order to develop the ASIMIL application.
This integration in represented as a graph of interaction (Figure 17) which uses pre-defined interaction
(continuous flow transfer, mailbox transfer, synchronization and resource sharing) and dedicated interactions.

PFC (Figure 6) and MAS (figure 8) cannot be directly connected one to another, because PFC provides
a Required Action on its OIP and MAS needs a couple Required Action, Performed Action on its [IP. To
solve the problem, we use a dedicated interaction (Bl - Building of Information) built with two pieces of
information (from PFC and Fsimu) to provide an other piece of information needed by MAS.

HM (figure 9) has an asynchronous operating mode. Thus we use a mailbox in which HM gets
messages sent by MAS.

ASIMIL application is managed by PFC which starts all the components using synchronization
interactions.

The window, in which PFC shows an error message if the action of the trainee is not required, must be
shared with MAS with a resource sharing interaction.

We can note that al the interaction points of the interfaces are not necessary used in the graph of
interaction (see MAS for example). This is an illustration of the genericity of the components. Each
component is reusable and adaptable to different applications through its points of interaction.
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Figure 17 : graph of interaction of the ASIMIL application

4  Thedistributed adaptable softwar e ar chitecture

Because we want to have an operationa approach, we are currently working on the design and the
implementation of a distributed adaptable software architecture to implement the graph of interaction. The
participation of our research team in the ASIMIL project allows us to experiment our research results.

Our architecture is composed of generic el ements independent of the considered problem and of specific
elements dedicated to the re-engineered system, making the software architecture adaptable to various kinds
of applications. These specific elements are derived from the description language associated with our
component model. In this sense, our approach to design the architecture is driven by the model and is in
keeping with the “Model Driven Architecture” trend on which the OMG is working on.

At the implementation level, we have to point out operative devices, control devices, a transfer device
and an exchange device. With operative devices, we mean the building of information, the complex control
interaction and the mixed interaction. All three have as a common point the production of a piece of
information or an element of control after a process expressed with an algorithm. These three devices are
implemented as autonomous and parallel tasks with Java. Actualy, a prototype of a building of information
deviceis under development. This prototype will connect three ASIMIL components.



Control devices are the mailbox, the synchronization and the resources sharing. Their implementation
must be realized within an heterogeneous and distributed environment [BOUG98]. This point has not been
implemented yet. We are currently studying numerous technologies available to choose the best suited to our
works.

The transfer device concerns exclusively the transfer of information. This is a critical point with
distributed systems. Thisis the role of the communication manager.

The exchange device is the interface between the architecture and the components. This role is
dedicated to component managers alowing the coupling between the components and the architecture.

Conclusion

This paper seems to us an interesting contribution for component-based software development. From
general point of view, we offer a global solution from the component model to the software architecture.
Moreover, we have the opportunity to test our component model on an industrial application, with the
ASIMIL project.

If we detail a bit more, we have to focus on different points. First of al, our approach is based on a
strong de-coupling between components. We have explained it in the first part. This allows a more important
reuse of existing components. More and more, firms express the hope to “superpose” new systemsto existing
ones. This is often encountered with cooperative systems, framework of our application field, but also with
knowledge based management systems. In these cases, objectives of these firms consist of reusing the
existing reliable system the more widely possible, before envisaging a value added thanks to a cooperative
system or a knowledge management system.

If we consider the component model, we can underline the variety of interaction points related to other
works. This alows a rich activity of component specification, adapted to the problems we propose to deal
with. Concerning the construction of the graph of interaction, numerous basic devices are completed by
devices which can be developed especially for the application. This allows a higher de-coupling between
components to reach a more systematic reuse.

To finish, the architecture warranty the implementation of the graph of interaction. A first version has
been achieved. It has been developed with Java, and especially JavaBeans. Interoperability between each
Bean is redlized with RMI (Remote Method Invocation), a “light” version of CORBA for Java environment.
Nevertheless, all of these devices have not been implemented . This is the case for the control and
consequently for some operative devices (control and mixed interactions). We are currently working on these
aspects, with the help of ASIMIL experimentation. Therefore we look for implementations issued of the
research domain as [SIRAQOQ], but also for “commercial” implementations around the domain of components.
After considering the limits of CORBA, we are interested in SOAP (Simple Object Access Protocol) based
on TCP/IP and so much better adapted to heterogeneous environment whereas CORBA use its own protocol
(I1OP). Moreover, SOAP uses XML as the description language inter-acting with UDDI (Universal
Description, Discovery, and Integration), kind of interoperable yellow page mechanism.
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