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Foreword by John D. McGregor 

Software Product Lines: Research Issues in Engineering and Management comes at an 
opportune time in the maturation of software product line engineering. The product line 
strategy has reached the point of being noticed by the “Early Majority” technology 
adopters. Many basic issues have been resolved and standard practices have begun to 
emerge. This volume furthers our understanding of product line engineering by reporting 
the results of a number of applied research studies that will serve to direct future practice. 
The software product line strategy has allowed many organizations to significantly 
improve productivity, reduce the time required to produce a new product, and  address 
niche markets that were previously not viable. The strategy has proven successful in a 
variety of settings, including large and small organizations in business, industry, and 
governmental sectors, and across a variety of domains. In particular, the strategy provides 
a framework within which organizations can target and achieve specific goals through 
analytic product selection from the pool of potential products as defined by the common 
and variable features, design for architectural qualities, and appropriate production 
techniques. 

Markets that are changing too much too rapidly to permit payback, products that are too 
diverse, and domains whose futures are uncertain pose great risk to the success of a 
product line organization. Unlike one-at-a-time product development, a product line 
organization must anticipate changes that will occur over the full time horizon of its 
planned product producing lifetime. Economic modeling of a proposed product line is one 
technique I have used to evaluate these risks. Wesselius presents an economic modeling 
technique that accounts for risk by using scenarios to address the uncertainty of the future. 
A comprehensive model of the product line aids in decision making by classifying costs 
and benefits. This makes tradeoff analyses less complex and more accurate. 

threads including Parnas’ notion of product families, the software architecture-centric
development approach of Bass, Clements, and Kazman, and the production planning 
techniques of companies such as Toyota. The product line organization benefits from the 
experience in each of these separate areas but the synergy of their integration enables even 
more powerful opportunities such as the ability to provide highly customized products and 
the agility to address new opportunities rapidly. 

line organization. You will find a number of investigations into front-end activities, 
including requirements representation, architecture evolution, and modeling. Bühne et al. 
address the issue of developing product specifications from the product line requirements. 
They provide a conceptual tool that assists the application requirement engineer in 
traversing the various combinations of variability values made possible by the domain 

The product line strategy does not fit into the development plans of every organization. 

The product line approach to software development is the result of integrating many 

The topics covered in this book reflect some of the most important practices in a product 
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engineer. The theme of developing product-specific assets from the product line assets, 
usually by resolving variabilities, is seldom discussed. Most of the variability literature 
focuses on recognizing and representing variability choices in the various assets instead of 
when actual choices of variants are made. This important issue is addressed in several 
chapters.

which we consider reusing. The code reuse techniques of the 1990s’ consistently 
produced 10–15% savings for their users. By including the front-end activities and by 
considering the interactions of technical activities with management activities, product 
line engineering organizations routinely achieve a return on investment of over 100% after 
just three products. Product line organizations use the architecture as leverage for reuse of 
many assets. The architecture is the driving force behind many product line practices. 
Immonen presents a method for predicting reliability and availability from architectural 
information. That method is one of a growing number of practices that use a detailed 
architectural model to make decisions earlier in the development process than can be done 
with vague, high-level architectures. Other chapters provide investigations into active use 
of the architecture. Hallsteinsen et al. describe how to manage architectural variation. 
Fægri et al. describe a security architecture that cuts across the product line architecture. 

software engineering, technical management, and organizational management practices 
that constitute the strategy. These synergies support the coordination needed to exploit the 
commonalities among products and to control their variations. Traditional approaches to 
software reuse have missed these essential interactions and, as a result, failed to deliver 
substantial benefits. Mansell addresses the interaction of managerial and technical 
concerns by examining the concerns of organizations implementing systematic reuse 
programs.  

been recognized and the projects scheduled with the intention of exploiting the 
commonality. In some cases, a separate “platform” team was formed to facilitate sharing 
of the common behavior among products. In the 1980s and 1990s these attempts often 
ended in failure when technical problems combined with insufficient, or short sighted, 
managerial planning prevented the use of artifacts across multiple products from 
happening. The software product line community has developed approaches that more 
closely coordinate the business planning and product implementation techniques for 
producing multiple products so that these opportunities are not lost.

of assembling products from those parts into different teams. This division allows each 
role to focus more clearly and precisely on their specific responsibilities. The group 
creating product parts focuses on enabling sufficient breadth of variation in those parts to 
accommodate the entire product portfolio. The group assembling products focuses on 
selecting the appropriate feature variations for their product. The two groups must 
collaborate. The assets produced by parts developers must be of use to the product 
builders. The product builders must provide feedback to the parts developers where assets 
are not sufficient. Oldevik et al. discuss the evaluation of product line engineering tools 
that will enable this coordination and collaboration. 

the products in the product line. These assets are not limited to code. The assets include 

Product line engineering has been successful because it has broadened the scope of assets 

The success of the product line strategy is directly related to the interactions among the 

I have participated in several projects where the similarity among a set of products had 

Many product line organizations separate the role of producing product parts and the role 

The successful product line organization achieves strategic levels of reuse of assets across 
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the requirements, software architecture, and testing assets. This strategic level of reuse 
results in savings of production costs and time. These savings only take place if the 
organization has discipline in planning, process, and execution. Several of the chapters in 
this book present interesting perspectives on these assets, how they are created, managed, 
and evolved. Isabel John, for example, investigates bootstrapping a new product line by 
mining requirements from user documentation of legacy products. Rommes and America 
consider using scenarios to create architectures. 

even in the same direction. The product line organization needs techniques for managing 
evolution of all the assets, including the goals of the product line itself. Arciniegas et al. 

Engelsma addresses evolution of individual assets and presents a technique for 
coordinating the evolution of sets of assets that interact. 

certain assets such as tools that automate development tasks. Developing generators for 
producing product-specific assets such as documentation becomes a cost-effective 
solution. Bertolino et al. take advantage of product line requirements to derive test cases 
to be reused for the products of the line, while Nebut et al. take advantage of the strategic 
levels of reuse to offer a comprehensive test strategy that includes automatic generation of 
test assets. 

perspective of specifying variability options in the assets and resolving variabilities in the 
products. A variety of modeling approaches have been proposed for capturing variability 
in a software design. This is a difficult problem since there is a broad range of variability 
mechanisms that are applied at a variety of binding times. Bayer et al provide a 
comprehensive description and evaluation of a number of modeling approaches and 
provide a metamodel for variability modeling. In product line organizations the 
specification of variation often begins with developing scenarios that describe product 
situations. Reuys et al. illustrate this technique as they discuss how to define and then use 
generic test cases. As with many product line activities, their generic test cases begin with 
use cases and their scenarios, the identification of variation points in the scenarios, and 
then developing test cases with corresponding decision points. 

much of my recent work. I have found that much of the product line literature focuses on 
issues about the assets that will be used to produce products. Less attention is given to 
actually producing the products on the grounds that we have been doing this for a long 
time. The problem is, in a product line, product production is different from previous 
practices. Ziadi et al. report on an investigation into model transformations that can be 
used to derive products from a description of the product line. 

particular, they provide descriptions of hypothesized theories for new practice which are 
supported by industry-based studies. The practical nature of these studies greatly enhances 
the value of this book. The constraints on validation and the decisions necessary to fit the 
studies into an industrial context are useful examples of how research can be conducted in 
industrial settings. 

strategy forward and for those charged with translating state-of-the-art ideas into state-of-

Assets evolve over the life of the product line. They do not all evolve at the same rate or 

The similarity among the products in the product line reduces the cost of developing 

The roles of building product parts and building products can be viewed from the 

Producing products is the ultimate goal of any product line organization and the focus of 

The chapters of this book contribute to the evolution of the product line strategy. In 

This volume is a valuable resource for researchers wishing to move the product line 

describe a holistic approach to managing the evolution of assets through the architecture. 
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the-art practice processes and activities. Those interested in the product line strategy 
should be familiar with the results presented here and consider how the results can be 
applied to their product lines. 

John D. McGregor 
Clemson University 

johnmc@cs.clemson.edu 
Clemson, South Carolina 29634-0974, USA 



Foreword by Frank van der Linden 

Introduction

Between July 1999 and June 2005 a group of European companies, research institutes, 
and universities executed the EUREKA-ITEA projects ESAPS, CAFÉ, and FAMILIES on 
the topic of product line engineering. The projects originated from the need of the industry 
to improve software engineering performance by organizing product development in 
product lines. The results obtained within the projects have been implemented in several 
large industries (e.g., automotive, e-business, medical systems, and mobile phones). They 
involve a radical shift in software construction and production. The most important 
research results of the projects are collected in this book. 

presumably earlier. In the 1980s, good architects in many telecommunications com-
panies based their architectures on the ideas of David Parnas, who published on the 
subject of “program families”. They were facilitated by the CHILL language widely 
used by the telecommunications companies. This language deploys the same modularity 
principles as the Modula programming language family. Modularity is a crucial 
ingredient for implementing systems with a component-based architecture. Being able 
to compose the products of components is an important mechanism in all product line 
architectures.

1995, the company experiences reached the academia and since then people in companies 
and academia have collaborated widely on this subject. The ESAPS, CAFÉ, and 
FAMILIES projects manifest an institutionalized form of this collaboration. 

three projects. Although initially we needed some time to get acquainted with, for 
example, the varying terminologies and aims of partners from numerous countries, the 
level of mutual understanding between project partners got better and better throughout 
the projects. People from all partners in the projects participated in regular meetings and 
learned good and not-so-good practices from each other. Academia obtained research 
ideas and presented the results within the projects, often leading to improved insights 
within the companies. Several bilateral collaborations with companies and academia 
started in this way. 

Product line engineering was already applied within industry in the 1980s and 

In the 1990s, the product line ideas started to gain ground in other industries. Around 

As the project leader I was very happy with the excellent collaboration spirit within the 
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As can be seen from this book, the research results were not obtained just within academia 
and research institutes. In fact, because of the working collaboration, people in industry 
found ways to introduce their ideas into research leading to new approaches that could not 
have been obtained within industry or academia alone. This means that the research 
results are based on company experiences founded, in turn, by the results. 

the field was available to be applied in practice and further developed in academia and 
there was no need to continue collaborating in such a broad scope any more. Instead, new 

development of software by introducing managed reuse, supported by managed variability. 
It enables the companies to focus more on new features, leading, for example, to a shorter 

legacy systems find their way as parts of other products in the product line. Therefore the 
time spent on maintaining legacy software is still valuable for the companies.  

available at even shorter times to market. The improvements brought by software product 
line engineering have not got to an end. Further improvements need to be made, partially 

automation only gives reliable results if it is based on good theory. This book presents the 
early steps in the theory development needed to achieve an ever more extensive, reliable, 
and comprehensible software product line engineering environment in future. 

software developed by third parties. This is a challenge for companies leveraging software 
product line engineering, since that is a well-managed way of producing software. 
Software obtained from third parties cannot be controlled as well as own software. The 
situation that large parts of the software are beyond full control can only be dealt with 
effectively if software product line engineering is a well-understood discipline easily 
deployable by third parties as well. This book provides research results to be used to 
provide and acquire such an understanding. 

This book has been designed to meet the highest quality criteria with respect to both new 
scientific knowledge validated using rigorous research methods and practical relevance. 
Only chapter submissions with careful scientific validation and interesting, new, and 
enduring contributions to the knowledge base in the software product line field have been 
incorporated in this book by the editors. All chapters have been reviewed and revised 

initiatives have been and will be started, which focus on more narrow issues like the 
ones addressed by individual chapters in this book. 

Quality Assurance 

The series of collaboration projects ended in 2005 because the basic knowledge base in 

Software product line engineering has shown to be an important way to improve the 

Companies still feel the increasing demand for having even more software functionality 

As the demand for software is growing fast, companies are increasingly dependent on 

by automating activities needed during software product line engineering. But 

time-to-market. Legacy software still needs attention and maintenance, but large parts of 
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several times, some even more than 10 times. The revisions have typically taken several 
months of exhaustive work. The reviewers of the chapters, some of whom have been 
external to the three projects that have lead to this book, have worked enthusiastically and 

authors have really made the difference in this book. They delivered the best results of 
their research but did not know when they submitted the first drafts how much work 
would lay ahead of them. They have successfully met all the requirements of the editors 
and reviewers due to their willingness and ability to deliver an exceptionally high-quality 
book.

consolidation process. The results of this effort are well worth the time spent: the 
stakeholders involved have had a unique learning experience, the results of which have 
been consolidated into a coherent set of chapters. I expect this book to set the frontier of 
scientific knowledge for product line engineering research, upon which the communities 
of research and practice can pursue further research. 

the editor-in-chief, has reviewed all chapters several times; participated in the writing of 
chapters when authors have needed extensive guidance in revisions; managed the review 
process so the authors have been able to evaluate, take into account, and participate in the 

Frank van der Linden 
Philips Medical Systems 
Postbus 10.000, 5680 DA, Best, The Netherlands 
Frank.van.der.Linden@philips.com 

Foreword by Frank van der Linden

hard. They are acknowledged in the acknowledgment sections of the chapters. And the 

To ensure maximum coherence and cross-referencing across the chapters, Timo Käkölä, 

development of all related chapters; written the preface, part introductions, and the

holders; and coordinated the publication process with the publisher. Juan Carlos Dueñas,
glossary and index of this book in collaboration with the authors and other key stake-

the associate editor, has also reviewed most chapters many times. Without the enthusiasm 
and diligent work of the editors the quality objectives could not have been met. 

The editors have invested two years in designing and implementing the review and 
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Introduction

software products and software-intensive systems faster, at lower costs, and with better 
quality. 

based on the European Eureka-ITEA projects ESAPS (1999–2001), CAFÉ (2001–2003), 
and FAMILIES (2003–2005) and published by Springer. It is for systems and software 
engineering researchers, lecturers, students, and professionals alike. 

aligned the terminology to the maximum possible extent with the first book of the series: 
Software Product Line Engineering – Foundations, Principles, and Techniques by Klaus 
Pohl, Günter Böckle, and Frank van der Linden. The first book is primarily targeted for 
educational purposes, thus leveraging the most widely adopted results of the three 
projects, while this book presents research results, most of which have already been 
experimented in the industrial arena, but have not been put into the mainstream yet. 

ways: 
1. It needs two distinct development processes: domain engineering and application 

engineering. Domain engineering defines and realizes the commonality and 
variability of the software product line, thus establishing the common software 
platform for developing high-quality applications rapidly within the line. 
Application engineering derives specific applications by exploiting the variability 
of the line. 

2. It needs to explicitly define and manage variability. During domain engineering, 

Are you interested in producing differentiated software products or software-intensive 
systems at lower costs, in shorter time, and with higher quality? Or are you interested in 
researching or teaching these issues? If so, this is the book for you. 

Software product line engineering is an industrially validated methodology for developing 

This book is the second in the series of three software product line engineering books 

In this book, we use the term “software product line” or “product line” as identical to 
what is also commonly known as “software product family” or “system family.” We have also 

Software product line engineering differs from single system development in two primary 

processes, the modeling and management of variability, and the design and use of tools 
This book provides experience-based knowledge about the two distinct development 

variability is introduced in all domain artifacts such as requirements, architectural
models, components, and test cases. It is exploited during application engi-
neering to derive applications tailored to the needs of different customers.

to support the management of product line related knowledge and to automate tasks. It 
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1. Product line management 
2. Product line requirements engineering 
3. Product line architecture 
4. Product line testing 
5. Specific product line engineering issues 

line realization, a complete process to 
• design in detail and implement reusable software assets with adequate variability 

during domain engineering based on the product line reference architecture and 
• implement applications during application engineering by designing and 

implementing application-specific components and interfaces and configuring 
them with the right variants of the reusable assets into applications. 

product line realization is not completely covered in this book, we have decided not to 
include a separate part for it. Such a part would be valuable between Parts 3 and 4 to 
cover the product line engineering life-cycle even more fully. 

less developed and known than application engineering. While the concept of application 
engineering appears in all the parts of the book, specific techniques and tools for creating 
and deriving products within a product line are described in Part 5. 

Why This Book? 

The ESAPS, CAFÉ, and FAMILIES projects produced numerous results usable for 
companies leveraging or planning to adopt software product line engineering. These large 
and ambitious projects were executed during 6 years in nine European countries (Austria, 
Finland, France, Germany, Italy, the Netherlands, Norway, Spain, and Sweden) with more 
than 100 million euros of European public money. It is thus the duty and the privilege of 
the projects to publish coherently to the European community and to the world as many 
high-quality results as possible. The three books lay down three views on the experience 
obtained in the projects. 

the practical organizational and process enactment and improvement within the industry. 
This book deals with research results that have the potential to improve the practices 
within the industry even further. It is a basis for future research and improvement and, 
expectedly, for a better fundamental understanding of the issues touched upon in the other 
two books. 

during application engineering. However, little research has been performed on it. Since 

It should be noted that only a few chapters in this book address certain aspects of product 

Product line realization relies upon mature detailed design and implementation processes 

Product line engineering research has mostly focused on domain engineering that has been 

The other two books deal with validated organizational and technical knowledge related to 

holistically covers the interacting domain and application engineering life-cycles from ini-

system design, component design and implementation, and testing to delivering products 
to markets and, to some extent, revising the product line and the products based on feed-
back from the markets. The book has thus been divided into five parts corresponding to the 
main areas of software product line engineering and management research: 

tial product line planning through requirements engineering, reference architecture design, 
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institutes. It is equivalently useful for software and systems engineers and project, 
product, and quality managers in industry who face problems in their daily work in 
software product line engineering. Although the research results may not always be 
immediately applicable, they give ample insights in the causes of the problems and how 
the problems can eventually be tackled. The book probes the different phases in product 
line engineering, and its five-part structure is aligned with the traditional generic system 
development phases relevant to product line engineering as well. 

structures in place. The book is thus useful for technology managers and R&D-technology 
policy makers who play central roles in steering and resourcing the organizational

The primary questions addressed by the five parts of this book are discussed next. Part 1 
provides answers to the following questions: 

– How should long-term and short-term business needs be balanced when 
designing and evaluating product line architectures? 

– Why should the expected economic values of alternative product line 
architectures be evaluated? How can a business decision be made on when and 
how much to invest in domain engineering in order to realize the product line 
benefits (e.g., reductions in time-to-market, increased development efficiency, 

are applied? 
– What are the primary organizational and managerial problems in introducing the 

software product line culture and practices in an organization and what are the 
ways to overcome these bottlenecks? 

Part 2 provides answers to the following questions: 
– How can a product line be built from legacy products by extracting commonality 

and variability information (e.g., requirements and features) from the 
documentation of the legacy products and transforming this information into 
requirements specifications and other product line models? 

– How can application requirements engineers be made aware of the capabilities of 
the product line so they can systematically and consistently reuse or adapt the 
product line requirements during application requirements engineering? 

– Which information elements compose a consolidated metamodel for software 
product line variability that can be used for all artifacts across all product line 
engineering phases to facilitate (a) the standardization of variability modeling 
with respect to terminology, representation, and concepts and (b) the creation of 
effective model-driven product line engineering tools? 

Which Questions are Answered by This Book? 

This book is a valuable resource for researchers and lecturers in universities and research 

The book recognizes that substantial organizational learning and investments are typically 
needed to fully leverage the product line strategy by establishing the common set of domain 
artifacts, building products from it, and having supportive processes and organizational 

the strategy can truly be achieved. 
learning, adoption, and execution of product line practices so that the benefits afforded by 

and improved quality) that outweigh the investments when economic criteria 
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Part 3 provides answers to the following questions: 
– How can architectural variations in product line reference architectures be 

modeled when the product line members have substantial variations in 
architecturally significant requirements and how can the models preserve the 
support for product derivation (a complete process of building products from the 
product line) normally associated with more focused product lines? 

– Is it viable to represent architectural security knowledge in a reference 
architecture? If so, is such a reference architecture useful for designing software 
product line architectures that effectively deal with security? 

– How can product line evolution be supported by leveraging architectural 
recovery and conformance methods, techniques, and tools to meet nonfunctional 
architectural security requirements for distributed system environments? 

– How can critical quality attributes such as reliability and availability of the 
product line architecture be analyzed prior to implementing the architecture, 
when changes are easier and cheaper to perform and the proper design decisions 
can still be made? 

Part 4 provides answers to the following questions: 
–

a) model common and variable product line requirements from an external 
point of view? 

b) guarantee the conformance of the derived products with respect to the 
product line requirements? 

c) derive (1) domain test plans for testing the common features across the 
product line and (2) application test case scenarios for validating that the 
derived products satisfy the user requirements? 

– How can the generation of application system tests, for any chosen product, from 
product line requirements be automated? 

– How can generic test artifacts for system and integration testing be systematically 
designed and reused? 

Part 5 provides answers to the following questions: 
– How can the domain engineering organization synchronize the work products 

from all areas of expertise engaged in developing the components so that 
increments for components can be efficiently integrated and tested before 
delivery to the application engineering organization? 

– How can product derivation be formalized using a UML model transformation in 
the context of product line engineering? 

– What are the generic requirements for product line engineering tools and how to 
evaluate such tools to partially automate tasks such as system modeling, 
variability modeling, model analysis, model transformation, system derivation, 
code generation, and model traceability? 

that let readers understand how the chapters interrelate and how they fit within the big 
All five parts have introductions to provide the chapters in this book with proper contexts 

How can the textual use cases notation be extended and modified to 
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picture of software product line engineering. In addition, we provide at the end of the 
book: 

– A glossary for software product line engineering 
– The index 
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