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ABSTRACT

Component-based Development (CBD) is an important emer-
ging topic in Software Engineering, promising long sought
after benefits like increased reuse and reduced time-to-market
(and hence software production cost). However, there are
at present many obstacles to overcome before CBD can suc-
ceed. For one thing, CBD success is predicated on a stan-
dardised market place for software components, which does
not yet exist. In fact currently CBD even lacks a universally
accepted terminology. Existing component models adopt
different component definitions and composition operators.
Therefore much research remains to be done. We believe
that the starting point for this endeavour should be a thor-
ough study of current component models, identifying their
key characteristics and comparing their strengths and weak-
nesses. A desirable side-effect would be clarifying and uni-
fying the CBD terminology. In this tutorial, we present a
clear and concise exposition of all the current major software
component models, including a taxonomy. The purpose is to
distill and present knowledge of current software component
models, as well as to present an analysis of their properties
with respect to commonly accepted criteria for CBD. The
taxonomy also provides a starting point for a unified termi-
nology.

Categories and Subject Descriptors

D.2.8 [Software Engineering]: [component-based software
engineering]

General Terms

Software Component Models

Keywords

Software Components, Composition

1. INTRODUCTION

The cornerstone of any CBD methodology [16] is its un-
derlying component model, which defines what components
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are, how they can be constructed and represented, how they
can be composed or assembled, how they can be deployed
and how to reason about all these operations on components.

In this tutorial, we aim to present distilled knowledge of
current software component models, as well as an analysis of
their properties with respect to commonly accepted criteria
for CBD.

2. AN ABSTRACT MODEL

We introduce an abstract component model to act as a
reference framework for current component models, which
defines and explains terms of reference that we will use. The
abstract model can be used to explain the semantics and
syntax of components and their composition, at an abstract
level, independent of any specific model.

3. COMPONENT LIFECYCLE

An idealised life cycle of software components consists of
the following phases: design, deployment and run-time.

In the design phase, components have to be constructed,
catalogued and stored in a repository in such a way that they
can be retrieved later, as and when needed. Components in
the repository can be both source and binary code. They can
be retrieved and composed to a composite that is deposited
into the repository in binary code.

In the deployment phase, components have to be retrieved
from the repository, and compiled to binary code. These
binary components can be composed to a system that is
ready for execution.

In the run-time phase, there is no new composition, but
components of a system are instantiated with data and then
executed.

The idealised component life cycle is based on the com-
monly accepted desiderata of CBD:

e components are pre-existing reusable software units;

e components can be produced and used by independent
parties;

e components can be copied and instantiated;

e components can be composed into composite compo-
nents which in turn can be composed with (compos-
ite) components into even larger composites (or sub-
systems), and so on.

All current component models reflect these criteria, to greater
or lesser degrees.

The idealised component life cycle provides a basis for a
taxonomy of software component models.



4.

A TAXONOMY

Based on component composition in the idealised compo-

nent life cycle, current software component models can be
classified into 4 categories [7, 8]:

5.

out similarities and differences between the models.

e In Category 1, in the design phase, new components
can be deposited in a repository, but cannot be re-
trieved from it. Composition is not possible in the de-
sign phase, i.e. no composites can be formed, and so
no composites can be deposited in the repository. In
the deployment phase, components can be retrieved
from the repository, and their instances formed and
composed.

There is only one member in this category, viz. Jav-
aBeans [15].

e In Category 2, in the design phase, new components
can be deposited in a repository, but cannot be re-
trieved from it. Composition is possible, i.e. com-
posites can be formed, but composites cannot be de-
posited in (and hence retrieved) from the repository.
In the deployment phase, no new composition is possi-
ble; the composition of the component instances is the
same as that of the components in the design phase.

Enterprise JavaBeans [11], CORBA Component Model
[13], COM [3], .Net [10] and Web Services [1] belong
to this category.

In Category 3, in the design phase, new components
can be deposited in a repository, and components can
be retrieved from the repository. Composition is possi-
ble, and composites can be deposited in the repository.
In the deployment phase, no new composition is possi-
ble; the composition of the component instances is the
same as that of the components in the design phase.

Koala [17], KobrA [2] and SOFA [14] belong to this
category.

In Category 4, in the design phase, there is no repos-
itory. Therefore components are all constructed from
scratch. Composition is possible. In the deployment
phase, no new composition is possible; the composi-
tion of the component instances is the same as that of
the components in the design phase.

Architecture Description Languages [9], UML2.0 [12],
PECOS [5], Pin [6] and Fractal [4] belong to this cat-

egory.

CONCLUSION

This survey of current software component models points
The

similarities suggest a unifying terminology, or even a unified
model. The differences point out possible improvements of
the models.

In an ideal unified model, composition should be possible

in both the design and the deployment phases, in order to
maximise component reuse and design flexibility. This has
not been achieved by current models, but we believe our
survey provides a useful starting point.
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