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ABSTRACT

We propose a conceptual framework for assessing the reusability
of modules. To do so, we define reusability of a module as the
product of its functionality and its applicability. We then general-
ize the framework to the assessment of modularization techniques.

1. INTRODUCTION

Reusability is one of the most important benefits of modulariza-
tion. One of the purposes of a module is to act as a unit of reuse.
Reusability means that the module can be copied and used in pro-
jects other than the one it was originally developed for. While not
all modules may be reusable, copying, adapting and reusing mod-
ules such as functions, classes, aspects, or components is a fre-
quent activity in any development project. Ideally, the need to
adapt the module is minimal. Typical modularization techniques
actively support the reuse of modules by giving a module clearly-
defined boundaries in the source file, or even requiring that the
module be put into a file of its own.

Unfortunately, similar to most software qualities, reusability of a
module is an abstract property that is hard to assess or measure.
Not only is it an abstract property, it is also a subjective and con-
text-dependent property. Nonetheless, a method of assessing the
reusability of modules — and, going further, a method of assessing
the reusability of modularization techniques — is needed.

In order to be able to better choose between alternative modulari-
zation techniques — such as functions, components, or aspects —
one needs to be able to assess the reusability of a modularization
technique. In order to assess the reusability of a modularization
technique, one needs to be able to assess the reusability of indi-
vidual modules built using this modularization technique.

It has been observed before that a measure of reusability should
be based on the context in which code can be being reused, and
not only on the internal structure of the code [3].

2. ASSESSING REUSABILITY

We model reusability as a function of applicability and functional-
ity.

The functionality of a module is the number of situations in which
a client project might want to use the module, based on its specifi-
cation. A module that addresses many general, important prob-
lems will have a high functionality, while a module that addresses
a few specific, rare problems will have a low functionality. Func-
tionality is roughly correlated to the size of the module: larger
modules will have more features, which will make them attractive
in more situations. However, functionality is based on the specifi-
cation of the module, not its code size, since the size of the code
itself does not directly contribute to the usefulness of the module.

Applicability measures the number of situations in which a module
can be reused. The applicability of a module is 100% if in any
situation that calls for features provided by the module, the mod-
ule can actually be applied. If the module can only be applied in
50% of the situations where its specified features are needed, then
its applicability is 50%. There are many reasons why a module's
applicability might be less than 100%, including:

e technical limitations, such as programming languages and
platforms. The module cannot be used because its language
or platform is incompatible to the required language or plat-
form;

e incompatibilities through details of the interface, such as
incompatibility of basic types (e.g., 32-bit integer support is
required, but the module can deal only with 16-bit integers);

e incompatibilities through external dependencies. The module
may depend on another module, which in turn is incompati-
ble with the requirements in some way;

e  problems caused by unspecified nonfunctional qualities, e.g.,
insufficient performance;

e architectural mismatches [1], e.g., a business-tier module
performs user /O, thus violating an architectural constraint
that may be expected by the requirements.

Note that both applicability and functionality are dependent on the
specificity of the module's specification. For a given module, if
the specification is made more specific by introducing more de-
tail, its functionality will decrease, because more specific re-
quirements mean that the module is less general and fewer prob-
lems will be solved. However, its applicability will increase, be-
cause there will be fewer situations of hidden incompatibilities
that were not made explicit by the module's specification.



Table 1. The table shows the relative applicability and functionality of two concrete modules (not italicized), and several types

of modules (italicized).

error  printing | Gui library procedure aspect class component
aspect
applicability very high medium medium high medium low
functionality very low very high low low medium very high

We define reusability as the product of applicability and function-
ality. Thus, a module is most reusable when both its applicability
and its functionality are high. See Table 1 for a comparison of the
relative reusability of several sample modules.

Sometimes, a tradeoff occurs between applicability and function-
ality. The larger a module becomes, the higher its functionality,
but at the same time its applicability may suffer, since larger mod-
ules tend to have more hidden incompatibilities. For example,
larger modules often have more dependencies on other modules,
which is likely to reduce their applicability. Also, larger modules
are more likely than smaller modules to have constraints on per-
formance and architecture.

As a consequence, when one wants to maximize reusability one
needs to attempt to maximize applicability and functionality.
While there sometimes is a tradeoff between the two, this is
clearly not always the case (see Table 1), so for any given module,
there may be an optimum. However, the power of the designer of
an individual module in a given project is limited: the designer is
severely constrained by the conventions and constraints of his or
her language and environment. When one looks at modularization
techniques as opposed to individual modules, the number of vari-
ables that can be manipulated increases drastically.

Note that a well-known method to increase the applicability of a
module is to minimize its interface [2]. The smaller the interface,
the smaller is the probability that there are hidden incompatibili-
ties or complex dependencies. The pipe-and-filter architecture of
Unix shells is a famous example [4]: the interface of filter mod-
ules is extremely simple, since the only data type that can be
passed through a pipe is a plain text file consisting of a sequence
of space-separated strings. But minimizing the interface of a mod-
ule may at the same time reduce its functionality, exemplifying
the discussed tradeoft.

Both measures, applicability and functionality, depend on the
number of situations in which a module can be used. They give a
measurable number if one is interested in actual cases of reuse.
However, generally designers are interested in future potential for
reuse rather than in past cases. To assess future potential, one
cannot avoid the need for a certain amount of speculation. Thus
the real (i.e., interesting) measure of module reusability will have
to be based on some expectation of the future use of the module.
As all design, design for reusability is based on predicting the
future in the form of future requirements.

To assess the reusability of a modularization technique, we have
to abstract one step further. Instead of looking at the future reuse
potential of actual modules, one must look at the future reuse
potential of potential modules that could be implemented using
the given modularization technique. Thus, to assess the reusability
of a modularization technique, one has to perform the following
steps:

1. Determine likely modules that can be implemented using the
modularization technique.

2. Determine likely situations in which these modules can be
reused.

3. Determine the functionality of the modules based on these
situations.

4. Determine the applicability of the modules based on these
situations.

5. Multiply functionality and applicability to calculate reusabil-
ity.

3. CONCLUSIONS

We proposed and discussed a conceptual framework for assessing
the reusability of modules and modularization techniques. The
assessment may be precise in the context of actual modules and
actual reuse situations. In practice, however, one will be interested
in assessing the future reusability of modules — and this introduces
a large element of intractability into the method. Nonetheless, we
believe the proposed framework may be useful in framing and
structuring discussions about module reusability.
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