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1 Introduction
Reusing existing software is an important part of mod-

ern software engineering, promising cost reduction, faster
time to market, and improved quality. One study shows that
productivity can be increased by up to 113%, the average
fault rate can be lowered by 33% and time to market can be
shortened by 25% [11]. Another study reports a 51% defect
reduction, a 57% productivity increase, and a 57% faster
time to market [16].

The decision whether or not to introduce reuse into the
engineering process depends on two important conditions:
components must meet certain technical requirements and
their usage must be economically viable. This paper de-
scribes a technical course of action for choosing the best
alternative out of three rudimentary reuse strategies: the
development and usage of in-house components, the adop-
tion of external commercial components (the so Called Com-
mercial-Off-The-Shelf, COTS, components), and the inte-
gration of Free and Open Source Software, FOSS).

Recent studies have discussed the use of FOSS and its
effect on total cost of ownership and quality. But these stud-
ies mainly focus on the use of operating systems such as
Linux, or application software like the Apache web server.
For example, one study estimates that using FOSS can lead
to savings of about 12 million Eur (one fifth of the cost of
using commercial applications) over a five-year period [7].
Another study points to savings of about 33% compared to
commercial software over a two-year period [19].

However, with the exception of these studies, there is
hardly any knowledge about the integration of FOSS in the
software engineering process. The free concept of FOSS
opens the door to new strategies and business models that
can be executed at almost every phase of the development
process, such as using FOSS as a basis for future product
line development or contributing software components to
the FOSS community. The last point is especially interest-
ing for companies because it enables the maintenance proc-
ess of software artefacts to be outsourced.

This paper focuses on two different business models:
system vendors that develop specific software to customer
order, and software companies which develop standard soft-
ware.

2 Adapting Reuse Strategies
Figure 1 illustrates the course of action to be taken be-

fore a decision is made. The decision making process is
divided into three phases: sighting, adaptation, and com-
parison. In the first two phases, which focus on technical
aspects, the decision is taken as to whether a component
provides the desired functionality or, if not, whether it can
be extended. In phase three the economic aspects of the
remaining candidates are investigated thoroughly and the
implications for different business models are discussed.

2.1 Technical Analysis
First of all the technical requirements of the project need

to be specified. This specification is largely deduced from
the desired functionality and contains the architecture, I/O
functionality, and business logic. Based on this specifica-
tion, the software developer identifies possible places where
components can be hooked into the architecture of the ap-
plication. A good place to start searching is in I/O proce-
dures because almost every program uses file operations,
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database access, or a Graphical User Interface (GUI).
Phase one of the analysis consists of a sighting in which

possible reusable components are identified. In the case of
internal components, sources of information for this task
are reuse repositories or implicit knowledge of former
projects. The search for external components can be per-
formed by using the Internet, asking newsgroups, visiting
exhibitions, or reading magazines. A good place to start the
search for FOSS are some of the great online repositories
such as sourceforge, <http://www.sourceforge.net>, or
Apache, <http://www.apache.org>. At these repositories
FOSS can be searched for by theme, programming language,
or keywords. The Apache Foundation in particular hosts a
wide range of ready to use components, some of which have
evolved into de facto standards (log4j, xerces, xalan, etc.).

The second phase takes a deeper look into the functional-
ity provided by the components that were identified in phase
one. Possible sources of information are documentations, speci-
fications, and examples. If the provided functionality does
not comply with the technical requirements we need to check
whether their components can be extended. Naturally this
is only applicable for FOSS and internal components, be-
cause COTS do not provide the source code required for
modification. Using the components unchanged is called
black-box reuse; modifying the components before use is
called white-box reuse [22].

In the case of FOSS it is very important to address the
following issues [28]: future functional upgradability, open-
standard compatibility, adaptability and extensibility, and
reliability. To address these issues it is necessary to take a
deeper look into design and architecture which we would
hope to be described in the user manual. Unfortunately, many
FOSS projects suffer from bad documentation which makes
it very difficult to learn or extend their components, mak-
ing their integration, and in particular their extension or ad-
aptation, difficult. Therefore the existence of good docu-
mentation, examples, articles or newsgroups is indispensa-
ble for a fast and cost effective integration. There are sev-
eral systematic ways of searching for FOSS components
(e.g. <http://www.amosproject.org>) and evaluating FOSS
[9].

To ensure the quality of reusable software, especially in
long-term projects such as frameworks in product lines, the
source code must be inspected. This can be done by using
quality indicators such as object-oriented metrics or com-
mentaries [4][5][10][18].

All possible candidates that have passed the first two
stages are compared in phase three. These two phases may
require a great deal of effort, but the information gathered
provides the basis for our final economic and managerial
analysis.

2.2 Specific Software
Imagine a system vendor that implements a highly cus-

tomised solution for a client; for example, a monitoring sys-
tem for a diversified IT (Information Technology) landscape.
The requirements specification forms the basis for the offer
and every additional functionality of the customer leads to
a change request that has to be renegotiated every time.

The reduction of development effort and the resulting
decrease of costs is the most important managerial aspect
to be considered. Time to market may be another constraint
that needs to be kept in mind. The use of existing compo-
nents, both internal and external, is therefore extremely ad-
visable because it is cheaper to reuse them than to imple-
ment the same functionality over and over again, and the
development schedule can also be shortened. Developing
internal reusable components is not cost-efficient because
their intended functionality is tailored to just one specific
case and it is highly unlikely that they will be reusable in
future projects.

The integration of COTS or FOSS also enables systems
with highly sophisticated technologies to be produced even
when no in-house knowledge is available [2]. Security
mechanisms in particular have proven so difficult to imple-
ment correctly that developers should be spared the risk of
producing major bugs by using suitable COTS [17]. How-
ever, the integration of COTS invariably involves license
costs.

FOSS provides the same advantages as COTS but there
is no license to pay for. The impact of a FOSS component
license is not significant in the case of specific software.

Figure 1: Model for Evaluating Reusable Components.
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Even if the application is an extended version of a FOSS
component covered by a copyleft license, it is of no real
significance. A copyleft license does not prevent the ven-
dor from selling a derived product and the purchaser has
the right to redistribute the program and obtain its source
code. In the case of developing specific applications it is
common practice to give the source code to the customer
anyway. And the customer has nothing to gain from giving
its customised solution away to anyone else. But we will
later be pointing out that while FOSS licenses are not sig-
nificant in the case of specific software, they do have im-
plications on the development of proprietary software.

To sum up, in the case of specific software the overall
costs for the different types of components must be esti-
mated and the cheapest alternative should be chosen.

2.3 Proprietary Software
Now imagine a software company that has built up ex-

tensive knowledge in a specific field – e.g. document man-
agement – and wants to provide a desktop application that
will help to organise everyday paperwork. The company’s
marketing division has spotted additional demands, – e.g.
other office work tasks – which should be integrated into
the application. The company wants to extend its market
share and sell licenses that are valid for one workplace only.
This situation is completely different from developing spe-
cific software because the time horizon is much longer and
the business model is based on selling licenses.

The tasks for the software engineer are the same as be-
fore: To identify the required functionalities, spot possible
components, and investigate the candidates. But in addi-
tion it is essential to identify and specify future require-
ments very thoroughly, especially if the components are an
important part of the design, such as a framework architec-
ture for a product line development. To be open for
upcoming features the components must be highly
customisable, modular and trustworthy.

Developing internal components for reuse is the most flex-
ible reuse alternative with regard to reusability and functional-
ity. As components can be designed from scratch, their func-
tionality is tailored to suit the company’s needs. The greatest
disadvantage of establishing an internal reuse strategy is the
very high initial investment for developing reusable compo-
nents. Due to the great need for modularity, software quality,
and documentation, the cost of developing reusable software
can be significantly higher than if the same functionality is
developed for a single application only. One study indicates
that the break-even point can be reached after just three times
of reusing software components [1]. For a successful reuse
strategy a repository for the reusable components is manda-
tory and this must be integrated in the development process.
This can lead to higher organisational costs.

Choosing COTS does not require any initial investment
apart from purchasing the license. But there are several dis-
advantages outweighing this advantage.

Flexibility is limited as components cannot be adapted
to meet special needs. Additional functionality must be re-

alized in wrappers. Development of this glue code can take
up to three times as long as the in-house development of
the software [24][27].

The fact that COTS are black-boxes gives rise to two
important risks: the risk of undetermined interior behav-
iour and the risk of interaction with the environment. The
first may lead to invalid/wrong results or even to unreliability
of the whole application. To prevent this from happening, a
great many tests need to be conducted, leading to an in-
crease in integration costs. The latter risk gives rise to a
number of security risks such as accessing unauthorised
resources, accessing resources in an unauthorised manner,
or abusing authorised privileges [30][17].

Another major problem is maintenance since COTS con-
sumers depend on the vendors’ efforts in this regard [2].
The frequency and number of updates can be uncertain,
making it very difficult for the consumer to maintain the
application. Therefore it is very important to have an over-
view of the development and maintaining cycles of COTS
so that they can be synchronised with the actual develop-
ment process. For these reasons the additional costs involved
in maintaining COTS-based systems can equal or even ex-
ceed those of custom software development [24].

Adapting existing FOSS components can be the basis
for a company’s reuse strategy because FOSS combines the
advantages of an internal reuse and COTS strategy: No ini-
tial investment is needed, existing functionalities can be
used, and the source code is available.

The free availability of source code is what makes this
strategy so powerful. On the one hand it provides the nec-
essary flexibility to extend or adapt FOSS components and
on the other hand it enables inspection and debugging which
reduces the risk of unexpected behaviour. Despite the cost
of learning and adaptation there is no initial investment needed
for integrating the components into the engineering process.
Furthermore, the company can cut its maintenance costs be-
cause maintenance is carried out by the community. But these
steps need to be given careful consideration because any know-
how contained in the software may become generally avail-
able to the community and other users (see below).

The main drawback of COTS, the unspecified behav-
iour, also applies for FOSS. But as the source code is avail-
able, bugs and flaws can be fixed immediately.

And even if the community no longer supports the prod-
uct, users can extend and maintain it on their own.

Other advantages stem from the FOSS developing proc-
ess, which is characterised by the peer-review principal [23].
In a peer-review approach the program is reviewed by at
least two experts (in a vivid FOSS community probably
more). This critical judgement helps to improve the design,
functionality and quality of the program. Furthermore, open-
ness of source code is necessary for security applications
because the user can verify the functionality and reliability
of the program, such as encrypted data transmission.

But availability of source code does not necessarily mean
good programs. A program is only as good as its program-
mers. It is therefore necessary to take a close look at the
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community’s activities in terms of the number of contribu-
tors involved, the project’s maturity (alpha, beta, stable),
and the frequency of releases [14][15].

Only projects with several contributors, a high degree of
programming activity, and well defined road maps are worth
using in company’s product lines [21]. Projects that only have
a handful of contributors or where the contributed work is
highly concentrated may die or remain in an unstable state.

In this case any benefit of using FOSS is lost as there is
no community to maintain and evolve the product. The in-
tegration of early releases (snapshot release, beta, etc.)
should be avoided as these components may be buggy, or
future changes in design or functionality may require an
additional integration effort.

Other important aspects to be considered are legal is-
sues. Usage in commercial applications gives rise to a
number of issues that need to be addressed. Richard Stallman
was the first person to coin the term "free software" [26]. In
his view, FOSS software, and especially the programs that
adapt it, should be distributed freely. This idea leads to the
well known GNU General Public License (GPL) which
means that the any program using GPL software is covered
under the same license. As we mentioned above, selling a
GPL covered application is not prohibited but the company
does not hold a copyright preventing the user from redis-
tributing the software.

Furthermore the source code of the derived work must
be available to anyone using this software. This can be a
no-go criteria for the usage of GPL products in a propri-
etary application. The Library/Lesser GNU Public License
(LGPL) is less restrictive and allows closed software using
LGPL products to be distributed, but any changes made to
the FOSS must be contributed to the community. The least
restrictive one is the Berkeley-license, BSD (and its deriva-
tives), which allows the FOSS to be used and modified with-
out having to publish the source code of the modification
[6][9][8].

In the case of the document management application we
mentioned above, using a copyleft license could lead to a
decrease in market share, because the software can be dis-
tributed freely and, even worse, the knowledge contained
in the documents managed must be made available to eve-
ryone using the program. The matter of whether a program
that uses GPL components is a derived work or not is a
thorny one and currently the subject of much debate
[29][12][25]. The use of GPL should therefore be avoided.
The LGPL is less restrictive but the constraint of publish-
ing changes to the FOSS community must be carefully con-
sidered. Even small changes may reveal insight into the com-
pany’s core business. So the adaptation of BSD style FOSS
should be preferred as this is the most flexible license.

3 Conclusion and Further Work
We have looked into and compared three different reuse

strategies and identified the overall costs for adapting reus-
able components as a primary issue, especially for the de-
velopment of highly customised specific software. In the

case of proprietary software, additional aspects need to be
considered. The integration into a product line requires very
flexible, modular, and reliable components. Therefore COTS
is not suitable due to the drawbacks of black-box reuse.
Using FOSS as white-box reuse is a good alternative to an
internal reuse strategy because it promises savings both for
maintenance and for the implementation of upcoming fea-
tures. But the impact of the various FOSS licenses must be
given careful consideration.

Unfortunately we are unaware of any empirical studies
that have compared the overall costs of the three reuse strat-
egies. The reason for this lack of knowledge is obvious.
The functionality of the applications investigated ideally
need to be identical and the development effort needs to be
measured. It is very difficult to find enough comparable
projects and companies that are willing to publish internal
metrics that can be used to determine their productivity or
development methods.

Another way of gathering information is by means of an
experiment. An experiment can be used to compare at least
two different settings supervised by an independent scien-
tist. The nature of software reuse involves long-term activ-
ity which makes it very difficult to conduct such a test in an
academic setting (three groups of students developing the
same application using different reuse strategies). Further-
more, any such experiment would produce an indicator rather
than a substantiated result since the universe is too small.

We suggest comparing the different reuse strategies with
existing models for effort estimation, e.g. the COCOMO II
(COnstructive COst MOdel) model [3]. This model is based
on the evaluation of over hundred software projects and
contains a module for software reuse. The impact of several
quality indicators – e.g. documentation and understandability
– can be integrated. There is some research currently in
progress into the economic evaluation of FOSS using esti-
mation models [13][20].
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