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Abstract. We advocate an approach towards the characterisation of
components where their qualifications are deduced systematically from a small
set of elementary assumptions. Using the characteristics that we find, we
discuss some implications for components of real-time and distributed systems.
Also we touch upon implications for design-paradigms and some disputed
issues about components.
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Introduction

From different perspectives on software engineering, it is considered highly desirable
to build flexible systems through the composition of components. However, no
method of design exists that is tailored towards this component-oriented style of
system development. Before such a method can emerge, we need a clear notion of
what components should be. However, although the component-oriented approach can
be dated back to the late 1960’s (see [McI68]), recent publications list many different
opinions about what components should be [Br98], [Sa97], [Sz98]. This abundance of
definitions indicates that we do not yet understand what components and componentoriented software engineering are about.
The discussion on what components should be is complicated by the absence of an
explicit statement of (and agreement on) the fundamental starting points. As a result,
the motivations behind opinions are often unknown, implicit or unclear. Also,
presuppositions are implicitly made that are unnecessarily limiting.
The goal of this paper is twofold: firstly, to make explicit the fundamental starting
points of component-based engineering, and secondly, to systematically deduce
characteristics of the ideal component.
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Basic Component Model and Qualification

First we shall introduce a basic model and discuss its consequences for components in
general. Next, we consider some implications for components for real-time and
distributed systems.

Basic component model
In this section we introduce our basic model for reasoning about components. Our aim
is to introduce concepts only when necessary. As a result, a lot of possible aspects of
components are intentionally not present in our model.
The model we consider consists of the following:
− There are things called components.
− Components may be composed by some composition mechanism.
We use the following terminology:
− A configuration of a number of composed components is called a composition.
− Everything outside a component is called its environment.
A pitfall in reasoning about components is that we presuppose they have features
that we are familiar with from programming methodology to such a degree that we
cannot imagine that the issues addressed by these features can be approached in
another way. Typically, many people endow components with features from the
object-oriented paradigm. In order to prevent us from doing so, we will adhere to a
strict regime for reasoning about components. We fit our reasoning in the form of a
logical theory that has axioms and corollaries. We postulate our basic assumptions
about components as axioms. From these axioms we aim to deduce corollaries that
qualify components and their composition mechanism.
Next, we present our first axioms.
A1

A component is capable of performing a task in isolation; i.e. without being
composed with other components.

(1)

A2

Components may be developed independently from each other.

(2)

A3

The purpose of composition is to enable cooperation between the
constituent components.

(3)

Axioms A1 and A2 are generally agreed upon. Already in [Pa72], axiom A2
appears explicitly and A1 is close in spirit to Parnas’ observation “.. we are able to cut
off the upper levels [of the system] and still have a usable and useful product.” The
intention of axiom A1 is more explicitly present in recent formulations such as “[a
component is an] independent unit of deployment” [Sz98].
To build larger systems out of smaller ones, we want to combine the effects of
components. In order to be able to do so, we need a composition mechanism (axiom
A3). Note that axiom A3 does not imply that it is a component’s purpose to cooperate.
In fact, for the functioning of a component it should be immaterial whether it is
cooperating with other components (cf. A1). It is the designer (composer) of a

composition who attributes meaning to the combined effect of the components.
(Meaning [of a composition] is “in the eye of the composer.”)
Next, we present a first corollary.
C1

A component is capable of acquiring input from its environment and/or of
presenting output to its environment.

(4)

This corollary can be motivated in two ways. The first is that performing some task
(axiom A1) would be futile without some means to observe its effect. The second can
be inferred from A3: in order to achieve cooperation between components, there must
be some mechanism that facilitates their interaction.
We proceed by deducing some more qualifications of components.
C2

A component should be independent from its environment.

(5)

This corollary follows from axiom A1: In order for a component to fulfill its task in
isolation, it should have no dependencies on this environment. Put more
constructively, a design principle for components is to optimize their autonomy.
C3

The addition or removal of a component should not require modification
of other components in the composition.

(6)

Corollary C3 follows from C2. Suppose that the opposite of C3 was true; i.e. the
addition (or removal) of a component does require modification of other components
in the composition. Then, clearly, there is a dependency of the components that
require modification on the one that is added to (or removed from) the composition.
Corollary C3 expresses the flexibility or openness generally required of componentbased systems.
Implications for distributed real-time systems
From the preceding general observations we next shift attention to the design of
components for real-time and distributed systems. The corollaries that we present
follow straightforwardly from C2. To start with timeliness, C2 leads to the following
corollary.
C4

Timeliness of output of a component should be independent from
timeliness of input.

(7)

Again this is a qualification towards the autonomy of components. One possible
means to make the timeliness of output independent of timeliness of input is to build
in a mechanism that enables a component to generate output when stimuli do not
arrive as anticipated. Typically, such an output can be generated only at the cost of a
decrease in the quality of the output.
The next corollary, C5, is the justification of a principle that is known in the area of
parallel and distributed systems as location transparency. Clearly, C5 follows from
corollary C2.
C5

The functioning of a component should be independent of its location in a
composition.

(8)

Corollary C5 is a constraint on the internals of a component (internal location
transparency). The counterpart of C5, external location transparency (corollary C6)
is a qualification of the composition mechanism. Its justification is analogous to that
of C3 (by contradiction of the opposite).
C6

The change of location of a component should not require modifications
to other components in the composition.

(9)

Next, we present our final corrolary of this paper.
C7

A component should be a unit of fault-containment.

(10)

The justification of Corollary C7 is as follows: a component cannot assume that some
input is normal and some other is faulty, since this implies a dependency on its
environment. Hence, a component has to cater for all possible input.
Corollary C7 entails the following guideline for the design of components:
components should shield their output from any anomalies1 at their input.
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On Disputed Issues in Component Design

In this section we will discuss some issues in the design of components based on
the qualifications that we found in the preceding sections. When this has unexpected
1

Actually, the term “anomaly” is indicative for an assumption about, and hence a
dependency on, the environment.

implications we may refer to existing composition systems (e.g. pipe-and-filter [Ri80],
or shared tuple-spaces [CG89], [FHA99]) to illustrate that there are systems that do
not violate these implications.
Do components have state?
Let us assume that, in some composition, the task of a component is to store some
state. The openness or flexibility corollary C3 asserts that the removal of a component
should not require modifications to other components in the composition. This
suggests that using a component to store data that is to be used by other components is
a bad idea, since this storage component may be removed arbitrarily and the data it
stored will no longer be available for other components in the system. In other words,
a storage component induces dependencies on other components. This reasoning
suggests that stacks and queues should not be considered good examples of
components.
Although this is a surprising consequence, we see that neither the pipe-and-filternor the shared dataspace model require components that store data. In these cases the
composition mechanism deals with the storage of data.
The fundamental issue seems to be that of openness versus encapsulation (in the
style of abstract data types as encouraged by the object orientation paradigm). Giving
priority to openness (as we do here) seems to prohibit encapsulation of storage.
However, a component is free to build up a “state” as long as the effect of this state
cannot be observed by the environment. For example, a filter that performs a wordcount on input text clearly computes the output by incrementing some local wordcounter. However, this local state does not induce a dependency on other components.
Are objects components?
Components are often seen as the next logical step in the evolution of software
engineering after objects. Be that as it may, this does not mean that components
should be an extension of objects. It may turn out that some features of objects that
were introduced to facilitate programming may not be suitable for the purpose of
composition.
The following are examples of features of the object-oriented paradigm that seem
to hinder composition:
• The mechanism for cooperation: The object orientation paradigm uses method
invokation (based on message passing) as a mechanism for cooperation. This
mechanism requires agreement between the invoking and the invoked object on
the order in which methods are executed. Such an order is built into the definition
of objects. As a result, addition or removal of an object requires modification to
other objects in the system (methods may cease to exist or new methods may need
to be introduced), contradicting corollary C3.

In the area of coordination models and languages [PA98], this style of interaction
is called endogenous. In contrast, in exogeneous languages, the interaction
between parties is specified outside (textually separate) from the computational
code. An example of an exogenous composition language is the pipe-and-filter
mechanism from Unix. The specification of the pattern of interaction outside of
the components involved in it allows modification of the interaction pattern
without requiring modifications to the components.
Also, with method invokation, the initiative for invoking a method may not reside
with the object that the method is part of, but with some object in the
environment. This is a violation of the independence of components (corollary
C2).
•

Encapsulation of data: One argument is given in the previous subsection as
answer to the issue of components and state. Another is given by [HO93]. The
essence of that argument is that in an evolving system, the future uses of data
cannot be predicted; hence an object that encapsulates data cannot provide the
methods for which a need may arise in the future.

The above, however, does not imply that object oriented programming should not be
used for implementing components – only that this paradigm does not provide the
right abstractions for designing component based systems.
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Concluding Remarks

The fact that currently many different definitions for components are proposed,
suggests that we do not yet fully understand the implications of the requirements for
component based engineering. In this paper we pursued the implications of these
requirements further than is often done. To this end, we presented a rigorous approach
to the qualification of components that makes the fundamental assumptions explicit. In
this way, we aim to incrementally develop a model for component-based engineering.
Our investigations suggest that object-orientation has some features that hamper the
composability of software needed for component-based software development. Hence,
we should investigate alternative composition mechanisms.
We welcome comments and additions to our framework.
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