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Component-oriented software development is becoming
more and more important for the production of large-scale
software applications. Today's systems are constructed by
combining different software components rather than built
from scratch. Therefore, one of the most challenging tasks
during the development process of such systems is the one
of the software architect: He or she is responsible for the
combination of software components on the highest design
level. One of the most important problems in this connec-
tion is, that in most cases the components themselves are
not designed for playing the role of building blocks of big-
ger systems. The software architect has to deal with com-
ponents having different characteristics concerning, for ex-
ample, their heterogeneity, distribution, and interfaces. Es-
pecialy legacy systems are hard to handle in this respect,
because they are not designed to be reused at all. Of-
ten, different styles are used to describe the architecture of
components, so that a direct combination of these compo-
nents isimpossible. Examplesfor these architectural styles
are pipe-and-filter style to describe input/output behavior,
event-based style to describe how a component reacts on
certain events, process-oriented style to describe the com-
ponent as independent interacting processes, etc., just to
mention a few. Because of these low-level, technical prob-
lems concerning the component composition it is very im-
portant to provide meansthat allow system design on ahigh
level of abstraction. Otherwise, if only the technical prob-
lems are solved on the implementation level to perform the
composition, one might run into danger to neglect the over-
all design problems of the system.

Software architecture is a discipline that addresses the
design of these high-level structures of complex systems.
According to several researchers[4], there are many defini-
tions for software architecture around. This partly reflects
the immaturity of this active area within software engineer-
ing. However, we understand this term as a framework for
describing system components and their relationships, es-
pecially those attributes, that are consistent across time and
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implementations and can be regarded as a specification of
a class of systems at the same level of abstraction. In the
following, we will describe how we solve the problem of
composing heterogenous components on the level of archi-
tectural descriptions.

Because of the earlier mentioned heterogeneity and
complexity of many of todays software developments, it is
often not possible to fix a certain architectural style for the
design process of the whole software system. The need for
multiple styles can come from either the problem domain
or the subparts used to construct the system. For example,
if a robot control system shall be combined with a com-
ponent providing a graphical user interface, the robot con-
trol component may be described using a process-oriented
style, while the architecture of the user interface compo-
nent is given in an event-based description. In general, try-
ing to combine different software componentsimplies solv-
ing the problem of composing different architectural styles.
However, only afew approaches cover this aspect of system
design; software architects mostly have to rely on ad hoc
methods in trusting their own personal experiences while
composing different architectural styles [6]. Current prac-
tice relies on little more than informal diagrams and nota-
tions between these styles [7]. Because of this informality,
there is wide space for individual interpretation of these di-
agrams.

Service Layer For Component Composition

On the implementation level, the problem of composing
components has already been solved by humerous commu-
nication protocol implementations as, for example, remote
procedure call, remote method invocation, tuple spaces,
etc.. Once we know the overall structure of our system
including the interplay between the different components,
we have reached our goal; the remaining problems can be
solved on a technical implementation level. Therefore, our
approach addresses the much more challenging task of de-
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Figurel. Service layer for the composition of com-
ponents

riving the component structure of a system from its overall
specification having in mind the existing components that
can be used. In order to realize this approach we propose
the concept of a composition service layer as sketched in
Figure 1. Assuming, that we have access to the overal
system specification S as well as to the descriptions of the
existing components that shall be integrated in the system
C4,...,Cy, the functioning of a service layer can be de-
scribed as follows: Depending on the problem domain, we
select a composition description language (CDL) which we
will use for performing the composition task. Architectural
description languages (ADLS) like ControlH [5], Rapide
[9], Darwin [10], GenVoca[3], ACME[7] may typically be
chosen as CDL, but also more general description methods
like Petri-Nets, Abstract State Machines [8], or Z are can-
didates for being chosen as CDL. It is also possible, that a
domain-specific specification language, that has explicitly
been designed for that composition task, is given as CDL
[2]. Asthe next step the description S and C1,...,C), are
mapped to corresponding CDL descriptions S',C1 ..., C),
which must be consistent with their unmapped versions.
This mapping can be done by using standard techniques,
like language tranglation, or the definition of adaptors and
wrappers. Finaly, as the most challenging task, we trans-
formthe overall system specification S’ step by stepin such
away that it finally contains explicit referencesto theinter-
faces of the existing components C ..., C’,. An example
of thiskind of transformation is the use of refinement tech-
niques in formal description methods [1].1 The result of
these stepwise transformations represents the composition
specification of the system. We will call thisfinal specifica-
tion St in order to emphasize that it realizes the “sum” of
the components. Finally, we can now analyze the resulting
specification S aiming at the i dentification of new compo-
nents that need to be developed besides the existing ones.
As a side-effect, the specification of these newly identified
components can then automatically be obtained from the
specification S+ and developed accordingly.

We think, that in contrast to existing approaches for
component composition, the idea presented here takes the

1in our project, we are using the Abstract State Machine refinement
techniques to perform these transformations.

overall system specification directly into account while
most other approaches focus on composition of compo-
nents on a technical level. In case of safety critical soft-
ware systems, we think that our approach is also of great
relevance, because it reduces the number of possible error
sourcesin the process of transforming overall system spec-
ifications into realistic system architectures.
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