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Preface

This book contains the proceedings of the 5th International Workshop on Product
Family Engineering, PFE-5. This workshop was held in Siena, Italy, November 4-6,
2003. This workshop was the fifth in the series, with the same subject, software
product family engineering. These workshops have been held initially irregularly
about every 18 months since 1996. Since 1999 the workshop has been held every
second year in the fall. The proceedings of the second, third and fourth workshops
were published as Springer LNCS volumes 1429, 1951 and 2290.

The workshops were organized within co-operation projects of European industry.
The first two were organized by ARES (Esprit IV 20.477) 1995-1999; this project
had 3 industrial and 3 academic partners, and studied software architectures for
product families. Some of the partners continued in the ITEA project if99005 ESAPS
(1999-2001). ITEA is the software development programme (X! 2023) within the
European Eureka initiative. ITEA projects last for 2 years, and ESAPS was succeeded
by CAFE (ITEA if00004) for 2001-2003 and FAMILIES (ITEA if02009). This fifth
workshop was initially prepared within CAFE and the preparation continued in
FAMILIES.

As usual Henk Obbink was the workshop chair, and Linda Northrop and Sergio
Bandinelli were the co-chairs.

The programme committee was recruited from a collection of people who have
shown interest in the workshop on earlier occasions:

Felix Bachmann André van den Hoek Rob van Ommering
Sergio Bandinelli Kari Kénsala Dewayne Perry
Len Bass Peter Knauber Serge Salicki

Joe Bauman Philippe Kruchten Juha Savolainen
Giinter Bockle Frank van der Linden Klaus Schmid

Jan Bosch Alessandro Maccari Steffen Thiel

Paul Clements Nenad Medvidovic David Weiss
Jean-Marc DeBaud Robert Nord

Stefania Gnesi Henk Obbink

This workshop attracted many more papers than the previous ones. This is an
indication that product family engineering has spread across the world, and has
become an accepted way of doing software engineering. Many of those ahs to be
rejected, and even now there were more papers accepted than what is good for a 3-day
workshop. Even though we had enough discussions. Only authors of accepted papers
were invited to the workshop. This time we had about 55 participants. However, we
have to think about the format, and we may change it for the next occasion, planned
for the fall of 2005.

The meeting place was again excellent. The weather was fine for that time of the
year. The medieval city of Siena has a nice atmosphere and the famous Chianti wine
is produced in the neighboring countryside. During the week of the workshop the first
local wine of 2003 was opened in Siena. Alessandro Fantechi of the University of
Florence, and Alessandro Maccari of Nokia acted as local hosts. It was done
perfectly.

February 2004 Frank van der Linden
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1 Introduction

The PFE conference ended with a plenary debate revolving around research topics
and future trends in the area of product family engineering. The organizers of the
panel asked the conference participants to write down what they thought were the
most interesting areas to research on. We took some of them for discussion during the
plenary, and came out with a number of relevant trends. This paper summarizes the
main findings, outlining the main research and development issues, and proposing,
where appropriate, some hints for solutions.

2 Future Trends

The session started by summarizing the relevant future trends, as forecast by compa-
nies nowadays. The discussion highlighted a number of facts, listed below.

The size of software systems is on the continuous increase, both in the number of
functional elements and in the amount of work that is necessary to develop a single
product. An internal study by Philips indicates that the workload for development of
an average product increases by a factor of 10 every 7-8 years. Moreover, the trend
shows an increase in the number of errors that need to be corrected during the testing
phase. This can be quantified in an order of magnitude every 10 years approximately.
Studies like this also show that the trend is posed to continue in the future, as software
is the core of innovation, and often constitutes the competitive edge, especially for
companies that make mass-market products. The increase in size and errors is an
obvious result of an increase in overall complexity.

The amount of variability in software product families is also visibly increasing,
for two main reasons: i) there is a tendency to move variability from hardware to
software, thus increasing the flexibility of the system configuration and decreasing the
cost of variance; ii) design decisions are usually delayed as much as possible during
the software development process. Often, variability is totally resolved only at the
moment of installation of the software system. Both these trends imply that binding
time is also continuously pushed as closer to runtime as possible. There is speculation
that in the future all binding will be done at runtime, and a considerable amount of
research has focused on this topic in recent times.

F. van der Linden (Ed.): PFE 2003, LNCS 3014, pp. 1-5, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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3 General Trends, New Technologies, Methods and Processes

During the discussion, several new technologies were mentioned as being “hot”.
Dynamic software architectures, multi-dimensional separation of concerns, model-
driven architecture (MDA), grid computing and server farms are the object of an in-
creasing number of research papers, as well as the centre of many development pro-
jects. The recent standardization effort that several IT companies have carried out has
put web services in the centre of attention. Many define web services as the new
paradigm in distributed computing, and all major companies are trying to agree on a
successful business model that would ramp up the adoption of the technology.

As concerns new methods and processes, software variability management is defi-
nitely a key part of the development and maintenance activities for product families.
Also, agile software development and evolution methods seem to be among the most
debated topics, at least in the research world, and their application to organizations
that develop product families must be investigated (for instance, by means of experi-
ence reports and case studies). Finally, to reflect the importance of web services, the
concept of web service centric software engineering is gaining popularity, and a vast
take-up can be forecast if web services really turn out to be a major development in
computer science and business alike.

These new methods, however, are refinements (at different levels of detail) of the
“traditional” software engineering methods that are already used by organizations that
develop software product family. The general agreement was that the community
hasn’t recently witnessed any radical technological innovation of a substantial impor-
tance. In contrast, it was remarked that the need for innovation, at least on the Euro-
pean front, seems to be pressing. Software development companies have a tendency
to outsource most of their development (and therefore most of their knowledge) to
countries where programmers’ wages are low. The general trend for companies based
in the European Union is to buy infrastructure (e.g. operating systems) from the
United States, and develop the software applications that run on top of it outside the
Union. This generates a lack of innovation and drive that is threatening Europe’s
position as one of the world’s leading countries for software development. The par-
ticipants to the conference remarked that the research and development community
should tackle this problem, and find solutions that keep competitiveness in the conti-
nent.

The discussion then switched to a number of technical topics that were deemed
important for future research. The following sections briefly analyze the main ones.

3.1 Variability Management

The conference participants felt that the topic of variability management, though ex-
tensively treated in research and even dedicated workshops, still left some important
research questions unanswered. Dependencies between variation points and variants,
for instance, have not yet been understood. A parallel problem is feature interaction,
which looks at the same issues, but centered on requirements. This brings up research
questions on the relationship among variability points across abstraction levels, and
along the product lifecycle.
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Another topic that deserves attention is unsystematic variability. Do the same
methods apply when the variability factors cannot be assumed to behave in the same
way across time?

In general, there was a general feeling that the phenomenon of variability needs to
be better understood, perhaps by means of practical or empirical research. People
remarked that variation is still not (easily enough) manageable, and that a definition
and implementation of appropriate variation mechanisms is needed before the topic is
fully understood and companies can apply the corresponding methodologies.

3.2 Product Family Lifecycle (Requirements, Architecture, Implementation)

The discussion covered the interesting topic lifecycle management for product family.
We know that managing the development and evolution of a product family requires
somewhat different approaches and methodologies than those used with a self-
standing software system. In particular, the conference delegates underlined the im-
portance of architectural assessment before evolutionary maintenance activities take
place. People also advocated a unified approach and technology for all the activities
in a product family lifecycle (requirements, architecture, design, code, documentation,
test cases, and so forth in a product family).

In general, there was a common agreement on the need to narrow the gap between
research on new features and applications and the actual implementation of these
features and applications in real products. The community should get closer to the
“real” world, and continuously test the methods, processes and features that are object
of research against the needs of companies and non-profit organizations that operate
in the sector.

3.3 Product Derivation and Tool Support

In this line of discussion, it was remarked that some sort of “expert-system” deriva-
tion of product family instances would help the maintenance and evolution process.
Certainly, in many cases tools can effectively support the management complexity
(especially for architectural model generation and reverse engineering).

During the discussing it was emphasized that, in order to be effective and widely
adopted, tools must be simple and must not require more work than what they are
supposed to save.

3.4 Evolution

The conference participants spent some time discussing the topic of product family
evolution. It was remarked that, especially in the requirements and architecture areas,
evolution patterns haven’t been studied well enough, and mechanisms that help com-
panies evolve a product line are still relatively unexplored. More research is advo-
cated on this topic.



4 Jan Bosch, Henk Obbink, and Alessandro Maccari

3.5 Validation of Product Family Benefits

Validation was felt to be an essential issue. A relevant slice of the software product
family methodologies that this community has researched in the past years still lack
experimental validation. This holds for qualitative aspects, as the impact of product
family engineering approaches on software quality has not yet been estimated. How-
ever, we also miss an extensive quantitative estimation of the (mostly economical)
trade-off between the costs that the introduction of a product family approach bears
and the benefits it brings. It was remarked that economic models should focus on cost,
but not limit to it.

Finally, some people observed that most of the techniques and methods that the
community has investigated in the last few years have not been experimentally vali-
dated in the large scale. With the exception of a few large companies, most of the case
studies that are usually presented in research conferences concern small and medium
organizations. The scalability of the approach is not automatically guaranteed, as the
increase in the company size brings additional complexity and dependencies. This
should be further investigated.

Nevertheless, remarks were heard about the absence of a fully established practice
for product family engineering for small/medium enterprises. In such companies, the

3.6 Organization and Management

The presence of several people with experience in industrial software product family
development may have been the reason behind the large amount of discussion con-
cerning organization and management.

One of the most compelling issues was felt to be the management of product popu-
lations, or multi-level product lines, where the variation points are hierarchically dis-
tributed. Also, the debate dwelled on methods that enable to make product families a
success in a cross-organizational setting. One possible solution, which hasn’t been
looked into to a sufficient extent, is incremental introduction of product family engi-
neering. Especially for large organizations, it was felt that it could help the companies
realize the importance of the approach, and measure the benefits in a gradual way.

Interesting subjects of debate were the social issues related to product family man-
agement. In practice, a large part of the management work, especially in large com-
pany, involves contacts with other people. Social sciences have helped understand the
constraints and relationships that rule the daily life of organizations, so they could be
of help in this specific case.

Finally, it was remarked that we should focus some research effort on defining
funding and business models to support strategic reuse across products in a family.

4 Conclusion

We conclude by listing some of the research topics that, according to the general
opinion of the community, need urgent attention. One of the keynote speakers enu-
merated model-driven architecture, generative programming, and aspect-oriented
programming as three key techniques that need development. Concerning aspect-
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oriented modeling, some people remarked that it had already been listed as a topic
during the ESAPS project, but no satisfying results were achieved. In fact, the part-
ners couldn’t even agree on a common definition. We should make a new start with a
fresh approach in this research thread.

The conference ended with a discussion on what the future may bring. A number
of basic laws have governed the evolution of computing technology, proving to be
true until now despite large skepticism: Moore’s law (transistor density doubles every
18 months), Gilder’s law (communication bandwidth doubles every 12 months) and
the storage law (storage capacity doubles every 9 months).

Assuming these laws continue to be valid, in 100 years computers will be billions
of times faster. Humans will not be able to fully exploit the features of such systems,
nor to write programs that master their complexity. Now, the mathematical founda-
tions of our techniques and the techniques themselves are not progressing at the same
speed as the machines that they are supposed to help us program and manage. We can
conservatively forecast that already in 10 or 15 years we will not be able to handle
such complexity. This leaves us with a lot of unused computational power.

One way to exploit this gap in computational power will be by using it in favour of
easier programming paradigms. We will use the new power to simplify programming
languages and the general user interface of these new machines. One possible out-
come is the integration of the methodologies we have debated here into programming
languages, thus getting them closer to our way of thinking.

For sure, performance optimization techniques are likely to disappear in the long
term. However, what is to be of this new programming environment still remains the
biggest open issue in the field.
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Abstract. The derivation of system test cases for product families is difficult
due to variability in the requirements, since each variation point multiplies the
number of possible behaviors to be tested. This paper proposes an approach to
develop domain test cases from use cases that contain variabilities and to derive
application test cases from them. The basic idea to avoid combinatorial explo-
sion is to preserve the variability in domain test cases. New strategies to capture
variability in test cases are suggested, which in combination help dealing
with all basic types of variability in a use case and in its relationships (e.g.,
<<include>>).

1 Introduction

System testing in the context of a product family has the same goal as in the context
of a single system, checking the quality of software systems. Product family testing
can be separated into domain testing, i.e., testing the core assets of a product family,
and application testing, i.e., testing the artifacts of a particular customer-specific
product. Domain system testing mainly comprises the production of reusable test
artifacts. Application system testing comprises the reuse and adaptation of those arti-
facts and the development of additional ones due to customer-specific requirements.
These test artifacts are used to carry out system testing on a customer-specific prod-
uct.

In domain testing, variability prevents from directly applying test techniques
known from single system engineering, because the variation points introduce another
magnitude of complexity to the possible behaviors to be tested. The most obvious
solution to this problem is to bypass domain testing and focus on application testing.
However, it cannot be afforded to develop test cases from scratch for each applica-
tion. But products of a family differ to some extent thus the problem arises how test
artifacts developed for one product can be reused to ensure systematic testing of the
following product.

The goal of the approach proposed in this paper is to derive system test cases for
domain and application testing from use cases that contain variabilities. Efficient
derivation of application test cases is accomplished by preserving the variabilities that
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