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1 INTRODUCTION

Using ‘Commercial Off-The-Shelf” (COTS) software
components to build systems has been proposed as a
means of developing software with reduced risk and cost
while increasing functionality and capability of the sys-
tem. Building a system based on COTS components
involves buying a set of pre-existing, proven compo-
nents, building extensions to satisfy local requirements,
and gluing the components together. The advantages
claimed are that the COTS components are honed in the
competitive marketplace resulting in increased capabil-
ity, reliability, and functionality for the end user over
what would be available from customer built compo-
nents. COTS software components from different ven-
dors are expected to be integrated easily, work in a range
of environments, and support extensions and tailoring
to local requirements.

The reality of the situation is quite different. The de-
velopment of COTS-based systems, and the migration
of legacy systems towards COTS practices are complex.
New products and technologies constantly emerge into
the marketplace. The vendors seek to distinguish their
products from those of their competitors. This leads to
a marketplace characterised by several different prod-
ucts with different capabilities and claims, and many
product incompatibilities, even when the vendors claim
compatibility. COTS-based systems, as they stand,
present a number of challenges. It is difficult to under-
stand the actual functionality and capability of a prod-
uct, and to select the best among the available pack-
ages according to the customers requirements. Once a
package 1s selected, it is difficult to foresee and resolve
mismatches between the package and the system into
which it is inserted.

As noted elsewhere, building systems from off-the-shelf
components is a type of software re-use [10], where com-
ponents are bought from third party developers and
then integrated into the system. Inserting a compo-
nent into a system also resembles the ‘feature addi-
tion’ to software systems, a problem well known in the
telecommunication systems community. Qur research
program explores some of the ideas developed for spec-

ification of software re-use and particularly feature ad-
dition, and explores their suitability to software specifi-
cation of COTS-based systems.

2 MOTIVATION

Requirements elicitation

The acquisition of requirements for acquiring COTS-
based systems is interactive and incremental [4]. The
initial requirements based on the customer’s under-
standing of the domain and operational environment
constraints are revised on the basis of advertisements,
descriptions and demonstrations provided by suppliers.
These requirements are prioritised according to several
factors. For example, some requirements might be irrel-
evant for some customers, while others are essential for
the addition of the component to the system in ques-
tion. It 1s important to consider specific constraints of
the operating environment into which the package is go-
ing to be inserted. These have to be combined with the
necessity for flexibility to accommodate the fluctuations
of the commercial marketplace and to provide the possi-
bility to use the same package in different environments.

Understanding and evaluating components

A component which is worth buying is likely to be a
complex piece of software. In order to use such a compo-
nent effectively it is necessary to understand it at quite
a deep level. Customers have to understand whether
packages satisfy their requirements. Equally, it is im-
portant to understand the consequences of the integra-
tion of a package into the initial system, as well as the
interaction between several packages that might be al-
ready integrated. Extensive evaluation of the COTS
component will be required to ensure not only that the
component has the functionality to perform the required
tasks within the system, but also that the additional
functionality inherent within the component does not
interfere with the system.

Evolution of software

Systems and COTS components within systems are con-
stantly changing. Organisations implementing COTS-
based systems strategies for new or legacy systems must
consider not only immediate system requirements but
also the unceasing evolution of computing and software



technology [9]. Upgrading a COTS-based software sys-
tem means that as new releases of the commercial com-
ponents are made available by the various vendors, the
system will have to incorporate them. However, multi-
ple component upgrades can result in numerous unfore-
seen problems. New releases of the COTS components
will probably entail changes in the behaviour or assump-
tions; specialisation and extensions to the older version
of the COTS-component must be integrated into the
new component. Whenever a new version of a compo-
nent is purchased, it is necessary to remove the older
version and add the new one.

3 RESEARCH AGENDA

Hierarchic (default) specifications

When purchasing a software package, the customer be-
gins with a set of requirements (organised by priorities),
and revision of these requirements are introduced at a
later stage. Therefore, it would be desirable to be able
to revise a specification en route. Defaults can be seen
as a high-level method of revising specifications; if a
way of handling defaults is available, it is possible to
say that we want as much as possible of a specification,
given that we also want certain property. Thus defaults
can be used to specify requirements of software packages
and their revisions.

In order to have several levels of priorities among (possi-
ble contradictory) requirements, it is desirable to assign
different levels to the defaults. The same idea has been
used in specifications of object-oriented systems [1]. Pri-
oritised defaults set up a way of dealing with inheritance
hierarchies in object-oriented specifications: defaults for
general objects are implicitly inherited by more specific
objects; but defaults applying to more specific objects
override those applying to less specific when there is a
conflict. This ideas are formalised by the concept of hi-
erarchic specifications, where defaults are organised by
different priority levels.

Introducing a software component may refine the set of
possible behaviours of a specification, but more likely it
will revese it. This is an important distinction. When
refining a set of behaviours we get a subset of the orig-
inal set (taking account of the new constraints). Re-
vising a set of behaviours, on the other hand, intro-
duces new behaviours which do not correspond to any
old ones. This is desirable when the new constraints
are inconsistent with the old specification. Introducing
a software package might lead to non-monotonic exten-
sions of the initial behaviour. Therefore, adding a new
component does not simply involve the addition of fur-
ther axioms. It involves removing axioms, or prefer-
ably, 1t involves some way of generating non-monotonic
extensions. Defaults have been suggested as a way of
dealing with similar problems in feature addition [6, 8],
and their applicability to the specification of COTS-

components is promising. In this case, hierarchic speci-
fications would be considered, where the defaults of the
COTS-components are assigned higher priority than the
ones of the system where they are being inserted.

COTS-components as specification units

The need to add, remove or respecify software compo-
nents requires us to build specifications in a way that
enables those components to be handled easily. In the
same way specifications can be described in terms of
their features, we proposed a coarse framework where
specifications are described in terms of their packages.

The specification of a software package should be easy to
add (possibly into several different specifications) and,
as importantly, easy to remove. However, typically a
software component is widely spread over the whole sys-
tem. In order to promote the evolution of COTS-based
systems, the specification of a component should be as
minimally dependent on the underlying specification as
possible. Thus, the idea of providing a ‘COTS-oriented’
approach to software specification is natural.

Another issue from the description of features that
seems important to the specification of COTS-based
systems is related to the minimal assumptions the fea-
ture makes about the specification to which it is being
inserted. Although we might want to apply the same
component to more than one specification, a given soft-
ware package cannot be applied to any system. In or-
der to be applicable to a specification, a component
will require the system to have a certain form or sat-
1sfy some conditions. If these elements are not present,
then the component cannot be added. If the elements
are present, then adding the component will transform
the specification by extending it to include the new be-
haviour of the component added.

If components and systems are hierarchic specifications,
we can get the extended specification if we compose the
specifications. Much formal work have been devoted
to the composition of specifications [5]. Formal work
has also addressed composition of default specifications,
which would provide the ‘glue’ to integrate components
and a framework to understand the consequences of
integration. Similar ideas have been proposed for the
specification of feature addition.

4 CONCLUSION

In this paper we review some of the problems of COTS-
based systems specification and compare them with re-
lated work. We propose a research agenda based on
ideas suggested for the specification of features. This

agenda pursue a theoretical approach to the specifica-
tion of COTS-based systems.
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