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Context: An increasing number of publications in product line engineering address product derivation,
i.e., the process of building products from reusable assets. Despite its importance, there is still no consen-
sus regarding the requirements for product derivation support.
Objective: Our aim is to identify and validate requirements for tool-supported product derivation.
Method: We identify the requirements through a systematic literature review and validate them with an
expert survey.
Results: We discuss the resulting requirements and provide implementation examples from existing
product derivation approaches.
Conclusions: We conclude that key requirements are emerging in the research literature and are also con-
sidered relevant by experts in the field.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction and motivation

There is a clear trend away from single systems to product lines
in software engineering [1,2]. More and more organizations adopt
software product lines to leverage extensive reuse in development
and to deal with many challenges of today’s software development
[1,3]. Software product line engineering (SPLE) involves the devel-
opment, management, and actual use of product lines to build soft-
ware systems [4]. During domain engineering the variability and
commonalities of diverse reusable assets such as software compo-
nents, documentation, or test cases are defined, typically in form of
variability models. A significant body of research is available on ap-
proaches and notations for variability modeling and management,
e.g., [5–7]. During application engineering concrete products are
built based on the reusable assets. Product derivation is a key
activity in application engineering and addresses the selection
and customization of assets from the product line [8].

Compared to the vast amount of research results on developing
and modeling product lines, only few approaches and tools are
available for product derivation. Research has so far focused more
on how to scope, define, and develop product lines rather than on
how to effectively utilize them. However, the underlying assump-
tion in SPLE is that ‘‘the investments required for building the reus-
ll rights reserved.
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able assets during domain engineering are outweighed by the
benefits of rapid derivation of individual products” [8]. This assump-
tion might not hold if inefficient product derivation diminishes the
expected gains. A number of publications discuss the difficulties
associated with product derivation. For instance, Hotz et al. [9] de-
scribe the process as ‘‘slow and error prone even if no new develop-
ment is involved”. Griss [10] identifies the inherent complexity and
the coordination required in the derivation process by stating that
‘‘. . .as a product is defined by selecting a group of features, a carefully
coordinated and complicated mixture of parts of different components
are involved”. Therefore, according to Deelstra et al. [8] the deriva-
tion of individual products from shared software assets is still a
time-consuming and expensive activity in many organizations.

An increasing number of publications, conference tracks, and
workshops in recent years show the growing interest of research-
ers and practitioners in product derivation. Unfortunately, there is
still no clear picture regarding the requirements for product deri-
vation support. For instance, there is no generally accepted refer-
ence model for product derivation. Available product derivation
approaches and tools have been developed fairly independently
to address requirements in different product line contexts or do-
mains [11]. Some approaches apply model-driven development
techniques; others are merely a collection of guidelines. Yet other
approaches provide a high-level methodology or process frame-
work. Also the tool landscape is still very diverse.

A systematic survey and analysis of existing product derivation
approaches is still lacking. A clear definition of requirements for
product derivation support would be useful both for building and

http://dx.doi.org/10.1016/j.infsof.2009.11.001
mailto:rabiser@ase.jku.at
mailto:gruenbacher@ase.jku.at
mailto:deepak.dhungana@lero.ie
http://www.sciencedirect.com/science/journal/09505849
http://www.elsevier.com/locate/infsof


R. Rabiser et al. / Information and Software Technology 52 (2010) 324–346 325
enhancing product derivation approaches and for evaluating exist-
ing ones. Understanding the requirements for product derivation
support also would help companies introducing a product line ap-
proach in their own development environment.

The goals of this research are thus to identify and define key
requirements for product derivation support and to understand
their relative importance. Our research method considers both
the state-of-the-art in product derivation and expert knowledge
from practitioners and academics. More specifically, we investigate
three research questions in this paper:

� RQ1: What are key requirements for product derivation support in
software product line engineering? We systematically identify
and analyze these requirements using a systematic literature
review [12].

� RQ2: What is the relevance and relative importance of the require-
ments? We analyze the relative priority of these requirements by
involving SPLE experts.

� RQ3: How can the requirements be implemented? We investigate
how existing SPLE approaches and tools realize the require-
ments and provide implementation examples.

After a short introduction to product derivation we give an
overview of our research method. We then present the process
and results of the systematic literature review we conducted to
get an overview of existing product derivation approaches. The re-
sults of the review reveal that almost half of the selected publica-
tions stress the need for product derivation support. A much
smaller number of publications (14%) describe concrete support.
This seems to indicate that despite increasing interest and impor-
tance, product derivation is not yet the main focus of the product
line research community.

Based on the results of our systematic literature review, we
developed an initial definition of requirements for product deriva-
tion support. To increase confidence about their relevancy and rel-
ative importance, we conducted a survey among experts at two
relevant international events on product lines (a conference and
a workshop). The results of the survey were used when defining
six requirements for product derivation support. For each of these
requirements we present implementation examples demonstrat-
ing their realization. We also provide references to existing litera-
ture on product derivation identified during the systematic
literature review.

It was not our intention to develop an assessment model for
product derivation. We believe that the area of product derivation
is still not mature enough to develop such a model. However, our
findings structure the area of concern and might provide a good
starting point for developing such an assessment model in the fu-
ture. We hope that both researchers in product derivation as well
as practitioners adopting SPLE in their own organization can ben-
efit from the results of this research. This paper might further be
useful for software engineering researchers considering conduct-
ing a systematic literature review.
2. Product derivation in application engineering

The ultimate process in SPLE is ‘‘the activity of turning out prod-
ucts” [3]. Products bring the return on investment needed to oper-
ate a product line economically. The investments for building up a
product line have to be outweighed by the benefits of rapid deriva-
tion of customized products during application engineering [8].
‘‘The main goal of application engineering is to derive a software prod-
uct line application by reusing as many domain artifacts as possible.
This is achieved by exploiting the commonality and variability of the
product line established in domain engineering” [4]. ‘‘During applica-
tion engineering individual, customer-specific software products are
ideally being developed by selecting and configuring shared assets
resulting from domain engineering” [13].

Fig. 1 depicts a high-level application engineering process. The
upper white vertical arrows represent the product derivation pro-
cess of selecting and customizing reusable assets during applica-
tion engineering. The lower white arrows indicate deployment
activities necessary to arrive at a final product (e.g., deploying
and integrating new components developed to address customer
requirements with the existing derived components).

The application engineering process in SPLE involves require-
ments engineering, design, implementation, and testing. However,
in contrast to single-system software engineering, each of these
processes needs to consider the existing reusable assets and their
variability to effectively utilize the product line. Product derivation
is about selecting and customizing shared assets during application
engineering. It is the process of making decisions to select a particular
product from a product line and to customize it for a particular pur-
pose. In product derivation, the variability provided by the product
line is communicated to the users of the product line (e.g., custom-
ers, domain experts, sales people, project managers, developers).
Based on customers’ requirements, variants are selected from the
product line thus resolving the available variability. While sales
people, project managers, or architects make high-level choices,
technical product configuration is often performed by engineers.
In practice, product derivation is rarely a sequential process and
several iterations are necessary for eliciting customer require-
ments and resolving variability.

Product derivation faces a number of challenges: Software
product lines are inherently big and complex. Communicating var-
iability to heterogeneous stakeholders is thus challenging and te-
dious. The knowledge required for derivation is often distributed
in the heads of different people who might be unavailable during
derivation. Furthermore, a product line’s variability is typically
documented in rather complex models defining possible choices
among reusable assets and diverse interdependencies. Utilizing
such models in actual projects is often not straightforward and
intuitive. Also, it is hardly possible to satisfy customers’ require-
ments solely by reusing existing assets from the product line. In-
stead, customers typically articulate new requirements not yet
covered by the product line that require additional development
effort. Managing such ‘‘deviations from the standard” is thus an
important task in product derivation.
3. Research method

An increasing number of publications, conference tracks, and
workshops in recent years show the growing interest of both
researchers and practitioners in product derivation. Unfortunately,
there is still no clear picture regarding the requirements for product
derivation support. Our research method aimed at analyzing the
available literature on product derivation research and at involving
experts in the field. After an initial analysis of existing literature in
2006, we conducted the systematic literature review between
November 2007 and February 2008. We developed an initial defini-
tion of the requirements based on which we conducted expert sur-
veys to validate and refine the requirements. Finally, we mapped
the requirements with existing approaches and tools identified in
the systematic review and aggregated our results. Fig. 2 depicts
an overview of our research process comprising five main activities:
3.1. Conduct systematic literature review (cf. Section 4)

We performed a systematic literature review (SLR) [12,14] to
identify research issues in product derivation investigated by the



Fig. 1. SPLE processes (adapted from [4]). The upper white vertical arrows represent the product derivation process of selecting and customizing reusable assets during
application engineering.

Fig. 2. Research method and research questions.
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SPLE research community. Reviewing existing research in a fully
objective way is not possible. A systematic review however re-
duces researchers’ bias through pre-defined data forms and criteria
that limit the room for interpretation.

Systematic literature reviews – often also termed systematic re-
views – have been defined as ‘‘a means of identifying, evaluating and
interpreting all available research relevant to a particular research
question, or topic area, or phenomenon of interest” [14]. Such reviews
have started to make their way into software engineering research
[12,15] but are still not widely used. Performing a systematic re-
view can be grouped into the phases of planning, conducting,
and reporting. A key element in systematic reviews is the explicit
definition of a review protocol in the planning phase that guides
its execution. It aims to reduce researchers’ bias and helps in
structuring the retrieved results. The protocol defines the research
questions for the SLR (focus); the search strategy (sources and
timeframe for searching, rationale for choosing particular sources);
selection criteria (terms used for searching, general restrictions);
quality assessment criteria (inclusion and exclusion criteria for
selecting a relevant subset of the found publications from a quality
perspective); and the data extraction process (storage procedures
for retrieved files, data extraction forms). The review protocol
has to be validated, typically by consulting experienced research-
ers. In our case, the review protocol was developed by one of the
authors as part of a PhD thesis [16] and was validated by two se-
nior researchers.

We conducted the SLR and identified the relevant research by
following a search strategy and by applying selection criteria. We
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assessed the quality of the selected publications by applying pre-
defined quality criteria and collected data about the chosen publi-
cations in prepared extraction forms. Finally, we integrated and
consolidated the collected data for reporting.

3.2. Define requirements (cf. Section 5)

We developed initial requirements for product derivation sup-
port based on the research issues identified in the SLR.

3.3. Conduct survey (cf. Section 5)

We used a survey [17] among experts to assess the relevancy,
completeness, and relative importance of our initial requirements.
Surveys are the preferred research technique for developing gener-
alized suggestions based on collecting information from a certain
population [18]. The most common means for data collection are
questionnaires and interviews. We created questionnaires based
on our initial definition of requirements for product derivation
support. To ensure data quality we did not simply send out the
questionnaires; instead, we personally handed out the question-
naire to particular participants and answered clarifying questions
during the completion of the forms. We involved participants of
the 12th International Software Product Line Conference (SPLC
2008, http://www.splc.net) and the 2nd International Workshop
on Variability Modelling of Software-Intensive Systems 2008 (Va-
MoS 2008, http://www.vamos-workshop.net).

3.4. Refine requirements (cf. Section 6)

We prioritized and refined the requirements based on experts’
opinion to investigate research questions 1 and 2. We merged
Table 1
SLR sources used in the search.

Source(s) Digi

Journals/magazines
IEEE Software IEEE
IEEE Transactions on Software Engineering (TSE) IEEE
Journal of Systems and Software (JSS) Scie
Informatik Forschung und Entwicklung Spri
Communications of the ACM ACM
IEEE Intelligent Systems IEEE
IEEE Transactions on Knowledge and Data Engineering (TKDE) IEEE
Journal on Empirical Software Engineering Spri
Journal of Automated Software Engineering (JASE) Spri
ACM Transactions on Software Engineering and Methodology (TOSEM) ACM

Conferences
(International) Software Product Line Conferences (SPLC) and Workshops on

Product Family Engineering (PFE)
IEEE
(PFE

International Conferences on Software Reuse (ICSR) Spri
International Conferences on Software Engineering (ICSE) IEEE
International Conferences on Automated Software Engineering (ASE) ACM
International Conferences on Requirements Engineering (RE) IEEE
European Software Engineering Conferences/ACM SIGSOFT Symposia on the

Foundations of Software Engineering (ESEC/FSE)
ACM

Workshops
International Workshop on Visualisation in Software Product Line Engineering

(ViSPLE)
Ava

Workshops on Variability Modeling of Software-intensive Systems (VaMoS) vam

Workshop on Software Variability Management for Product Derivation
(SVMPD)

Spri

Workshop on Requirements Engineering for Product Lines (REPL) epri
International Workshops on Product Line Engineering: The Early Steps (PLEES) epri

Others
SEI Technical Reports sei.c
Fraunhofer Technical Reports epri
Books on SPLE Ava
some requirements based on the experts’ suggestions and re-
phrased some requirements to address misunderstandings and
ambiguities found during the survey. Furthermore, when refining
the requirements we also took into account additional require-
ments suggested by the experts.

3.5. Map requirements with approaches and tools (cf. Section 6)

Finally, to address research question 3, we analyzed how exist-
ing approaches and tools (identified in the SLR before) implement
the identified requirements and collected examples of the require-
ments’ realization.
4. Product derivation research: a systematic literature review

The review includes publications reporting on existing ap-
proaches and tools as well as publications discussing research is-
sues for product derivation. We conducted the SLR in 24 relevant
sources and retrieved a total of 275 publications using well-de-
fined search criteria. From these 275 publications, we chose 118
for further analyses based on our set of selection and quality crite-
ria. The complete list of all 275 retrieved publications and details
about the conducted searches can be found in Appendix.

4.1. Conducting the systematic review

The first step in conducting the SLR was the development of a
review protocol containing the following elements:

The rationale for conducting the systematic review was to get an
extensive overview of existing product derivation approaches and
tools and to understand key issues for product derivation. Our sys-
tematic review was guided by the following research questions:
tal libraries/resources Publisher(s)

DL (www.computer.org) IEEE
DL IEEE

ncedirect (sciencedirect.com) Elsevier
ngerlink (http://www.springerlink.com) Springer

DL (portal.acm.org/dl.cfm) ACM
xplore (ieeexplore.ieee.org) IEEE
xplore IEEE
ngerlink Springer
ngerlink Springer

DL ACM

xplore (SPLC 2007), IEEE DL (SPLC 2006), Springerlink
98-03, SPLC 00-05), sei.cmu.edu

IEEE, Springer, CMU
SEI

ngerlink (2000–2006), IEEE DL (1996, 1998) IEEE and Springer
xplore IEEE

DL ACM and IEEE
xplore IEEE

DL ACM

ilable from publisher Kindai Kagaku Sha
Co Ltd.

os-workshop.net Lero/Univ. of
Duisburg-Essen

ngerlink Springer

nts.fraunhofer.de Fraunhofer IESE
nts.fraunhofer.de Fraunhofer IESE

mu.edu CMU SEI
nts.fraunhofer.de Fraunhofer IESE
ilable from publishers Diverse

http://www.splc.net
http://www.vamos-workshop.net
http://www.computer.org
http://www.sciencedirect.com
http://www.springerlink.com
http://www.portal.acm.org/dl.cfm
http://www.ieeexplore.ieee.org
http://www.sei.cmu.edu
http://www.vamos-workshop.net
http://www.sei.cmu.edu
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� (SLR-RQ1) Which approaches exist in SPLE that support product
derivation?

� (SLR-RQ2) Which research issues are reported for product deriva-
tion in SPLE?

We defined the following search strategy: The sources (pre-
sented in Table 1) were selected based on an analysis of product
line literature already known by the authors and the reference lists
of these publications. Regarding the Software Product Line Confer-
ence (SPLC) we searched several sources (cf. www.splc.net) to cov-
er the five European workshops on product family engineering
(1996, 1998, 2000, 2001, 2003) and the three US Software Product
Line Conferences (2000, 2002, 2004). In 2005 both events were
merged into the International Software Product Line Conference.
Searching conferences includes searching workshops held jointly
with these conferences if published in the same digital library
(DL). Relevant sources were explored further. For all primary stud-
ies found in these sources we also followed their relevant cited ref-
erences to find additional contributions outside the above-
mentioned subset. All searches have been conducted between
November 2007 and February 2008, except one search (in the
ACM TOSEM journal) which has been conducted in April 2008 after
the suggestion of a colleague. This search did however not lead to
any additionally selected publications (cf. Section 4.2). The re-
search dates back to the year 1996 thus covering over 12 years of
SPLE research.

Depending on the source, different search terms were used.
For the more general conferences (i.e., conferences except SPLC
and ICSR) and for journals and magazines we used the search
term ‘‘product line” OR ‘‘product family” OR ‘‘product-
line” OR ‘‘product-family” appearing in the full-text of the
publications (excluding references). In sources with many prod-
uct line papers (e.g., SPLC and ICSR) this search term was too
broad making it difficult to identify the relevant publications.
In such cases we iteratively refined the search term, for exam-
ple leading to the search term ‘‘product derivation” OR
‘‘product configuration” OR ‘‘application engineering”.
In some searches many papers were found that did not use the
word product line in a SPLE context but rather to describe
some ‘‘line of products”. In these cases we used ‘‘software
product line” OR ‘‘software product family” or added

OR ‘‘product line engineering” OR ‘‘product family

engineering”.
We defined the following restrictions and quality criteria for

selection of publications:

� (Restriction R1) The study only includes papers available in elec-
tronic form. Books were analyzed based on information avail-
able online and using the hard copy versions.

� (Restriction R2) Only publications written in English were
included. For the journal ‘‘Informatik Forschung und Entwick-
lung”, which includes German and English papers, only English
articles were analyzed.

� (Restriction R3) Introductions to special issues, workshops, tuto-
rials, conferences, or conference tracks were excluded.

� (Quality criterion Q1) For journal, conference, and workshop
publications only peer-reviewed papers were taken into
account. We did not exclude books and technical reports as in
the SPLE community many books and technical reports of high
quality are available, often even containing peer-reviewed
papers.

� (Quality criterion Q2) Only publications that have been cited in at
least five other peer-reviewed publications (evaluated using
scholar.google.com and citeseer.ist.psu.edu) were selected.
Exceptions from this rule are publications that are newer than
January 2006.
� (Quality criterion Q3) Each publication was checked for com-
pleteness. Publications containing several unsupported claims
or frequently referring to existing work without providing cita-
tions were excluded.

The retrieved publications were first analyzed regarding the
restrictions R1–R3. The remaining publications were carefully as-
sessed regarding quality criteria Q1–Q3. For each retrieved publi-
cation the following information was collected in a data
extraction form:

� Date of search, source, and used search term.
� Authors, title, and publication year.
� Type of publication (conference, workshop, journal, report, or

book).
� Classification of publication (research, experience, or position

paper).
� Short summary (main claims, presented approach/tool).
� Restrictions R1, R2, R3 (yes or no)?
� Quality criterion Q1, Q2, Q3 fulfilled (yes or no)?
� Addressed SLR research question(s).
� Selected (yes or no)? . . .based on restrictions and quality criteria.
� Comments/rationale regarding selection.

For each selected publication the following additional informa-
tion was captured in a second form to increase confidence regard-
ing their relevancy for product derivation support:

� Product derivation focus. The main focus of the publication is on
product derivation (yes) vs. product derivation is only addressed
as part of presenting another approach (no)?

� Need for product derivation tools. The publication stresses the
need for product derivation tool support (yes or no)?

� Specific product derivation tool features. The publication describes
tool support for product derivation (yes) vs. the publication only
mentions tool support or points out that tool support would be
required as a proof of concept (no)?

� Product derivation research issues. What are the key issues for
product derivation (if any) the publication raises (list)?

As our goal was to get an overview of existing product deriva-
tion approaches and tools and research issues in product deriva-
tion, we did not to perform a formal meta-analysis defined in a
data synthesis strategy. Our data synthesis is descriptive in nature.
We used the results of our SLR as an input for defining the require-
ments for product derivation support. This also explains lack of
publications newer than February 2008: our further research steps
were based on the SLR results available at that time.

4.2. Results overview

Thirty-seven searches in 24 sources were carried out using the
search terms described above. In total 275 publications were re-
trieved (cf. Appendix), out of which 12 were not directly found in
the 24 sources but by following relevant cited references. Fig. 3
shows the continuous growth of research results on product deri-
vation between 1996 and 2007.

In total we chose 118 publications for further analyses based on
the selection and quality criteria. Table 2 presents the number of
retrieved and selected publications for each source, the SLR re-
search questions addressed by the selected publications, and issues
frequently discussed in the selected publications. We identified
these issues by listing them in our data extraction forms. We final-
ly were able to group them into eight key issues. Searching the
software product line conferences led to most results (86), out of
which 31 (36%) were selected. In total 143 conference papers were

http://www.splc.net
http://www.scholar.google.com
http://www.citeseer.ist.psu.edu


0

10

20

30

40

50

60

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

publication year

# retrieved 
publications

Fig. 3. Number of publications on product derivation (1996–2007).

R. Rabiser et al. / Information and Software Technology 52 (2010) 324–346 329
found in the sources of which 54 (38%) were selected. A minimum
of six papers was found in all searched conferences. Searching jour-
nals and magazines led to 57 results out of which we selected 27
(47%). Most results (30) were found in IEEE Software and Commu-
nications of the ACM. 39 results were retrieved from workshops,
out of which we selected 18 (46%), most of them from the VaMoS
series of workshops. Regarding other sources, 19 technical reports
were retrieved out of which we selected 7. We further selected 12
of 17 identified books on SPLE. The overall selection rate for all
sources is 43% (118 selected/275 retrieved publications).

Table 3 shows the focus of the selected publications based on
data additionally captured in a second data extraction form (see
Section 4.1). Only 22% of all selected publications deal primarily
with product derivation. This indicates that despite increasing
interest and agreed importance, product derivation is not yet the
main focus of the research community. Few of the selected publi-
cations (14%) describe tool support for product derivation, whereas
a much higher number of publications (47%) explicitly stress the
need for product derivation tool support (however, mostly without
defining what these tools should support). All selected publications
either raise issues for product derivation or at least agree that
product derivation support is important.

4.3. Results on SLR research question 1: existing product derivation
approaches

We identified the following approaches in the selected publica-
tions. We briefly describe how they support product derivation and
mention supporting tools (if available). If more than one selected
publication describes the same approach and/or is by the same re-
search group, we only reference one current publication (refer to
the Appendix for a complete list).

3-Tiered methodology [19]. Krueger presents a pattern for soft-
ware product line methodologies composed of three tiers, each
describing roles, problems, solutions, benefits, and sources from a
high-level point of view. The base tier is focused on variation man-
agement and automated production. The middle tier motivates
core asset development. The top tier emphasizes feature-based
portfolio evolution. The basic ideas of this methodology are real-
ized in the tool GEARS [20] by BigLever Software Inc. (http://
www.biglever.com). Product derivation is centered on automation
by using feature profiles and (code) assets as input for generators.

AHEAD methodology [21]. Based on the well-known concept of
step-wise refinement, this methodology defines products as ‘‘a
sequence of refinements applied to the core artifacts”. Fine-grained
pieces are assembled into components which are then assembled
to products. The AHEAD tool suite (http://www.cs.utexas.edu/
~schwartz/ATS.html) supports specifying the ‘‘product build-pro-
cess” based on build files. The tool suite also provides feature selec-
tion and component composition capabilities. The AHEAD
methodology and tool suite are mainly focused on code assets.

COVAMOF [9,22]. The COnfiguration in Industrial Product Fami-
lies (ConIPF) VAriability MOdeling Framework supports modeling
variation points and dependencies at different levels, e.g., feature,
architecture, and implementation. A derivation process is explicitly
defined using the Software Process Engineering Meta-model
(SPEM) notation by the Object Management Group. COVAMOF is
supported by the COVAMOF-VS tool suite (http://www.cov-
amof.com/) implemented as Microsoft Visual Studio add-ins. It
provides variation point and dependency views on variability mod-
els and allows defining, configuring, and realizing products follow-
ing the COVAMOF derivation process.

Decision-Oriented Product Line Engineering for effective Reuse
(DOPLERUCon) [23] supports decision-oriented variability modeling
and product derivation (UCon: User-centered Configuration). The
DOPLER tool suite (http://.ase.jku.at/dopler/) supports preparing
the product derivation process by defining tasks and roles based
on variability models. A wizard then supports interactive product
derivation and provides role-specific views on variability models.

KobrA [24,25]. This approach is centered on component-based
product line development and integrates existing software engi-
neering technologies like framework and process modeling. KobrA
has been described as an ‘‘object-oriented customization of the
PuLSE method” [26]. The application engineering process is explic-
itly defined and is based on decision models to present variability
to the customer and to instantiate a concrete application based on
‘‘framework models”.

Kumbang/Koalish [27] is based on an extension to the architec-
ture description language Koala [28] to enable variability model-
ing. It is centered on the idea of integrating feature and
architecture models in a combined meta-model with formally de-
fined semantics (the ‘‘Kumbang ontology”). Based on such models
the Kumbang Configurator tool (http://www.soberit.hut.fi/Kum-
bangTools/) supports the configuration of product models by using
an AI inference engine called smodels.

Orthogonal variability modeling [4,13]. In this approach product
line variability is documented in dedicated models independent
of the variability realization in assets. Product derivation is ad-
dressed by providing extensions to standard notations like UML
use cases in order to visualize the variation points. The application
engineering process is organized in application requirements
engineering, design, realization, and testing phases based on the

http://www.biglever.com
http://www.biglever.com
http://www.cs.utexas.edu/~schwartz/ATS.html
http://www.cs.utexas.edu/~schwartz/ATS.html
http://www.covamof.com/
http://www.covamof.com/
http://www.ase.jku.at/dopler/
http://www.soberit.hut.fi/KumbangTools/
http://www.soberit.hut.fi/KumbangTools/


Table 2
Overview of the results of the SLR.

Source Retrieved Selected ad. SLR
research
question
1

ad. SLR
research
question
2

Product derivation issues frequently discussed in the selected publications

Inadequate
knowledge and
variability
management

Lack of
support for
domain
experts

Weak process
integration and
tool
interoperability

Missing
support for
project
management

Low degree of
automation of
product
derivation

Weak integration
with application
requirements
management

Visualization
inadequate
for end-users

Missing
consideration of
product line
evolution

Journals/magazines
IEEE Software 15 10 7 4 1 1 2 2 1 1
IEEE TSE 1 0 0 0
JSS 4 3 2 1 1 1 1 1
Informatik F&E 4 1 1 1 1 1 1
Communications

of the ACM
15 8 4 5 3 4

IEEE Intelligent
Systems

3 2 2 1 1

IEEE TKDE 1 0 0 0
Journal on

Empirical
Software
Engineering

4 1 0 1 1 1

JASE 2 2 2 2 2 1
ACM TOSEM 8 0 0 0

Total for
journals/
magazines

57 27 18 15 2 5 4 2 8 4 1 2

Conferences
SPLC/PFE 86 31 25 19 11 4 6 7 12 4 5 8
ICSR 12 5 4 5 5
ICSE 13 8 6 3 2 1 1 1 2
ASE 6 2 0 2 1 2 1
RE 10 6 6 4 1 3 2 1 4
ESEC/FSE 16 2 2 2 � 2 2

Total for
conferences

143 54 43 35 15 8 7 9 22 9 6 12

Workshops
ViSPLE 4 4 4 4 2 3 3 4
VaMoS 18 10 8 8 6 3 3 2
SVMPD 9 2 2 2 2 1 2
REPL 4 2 1 1 1 1
PLEES 4 0 0 0

Total for
workshops

39 18 15 15 10 6 2 0 8 1 6 0

Others
SEI Reports 11 3 2 3 1 2 2
Fraunhofer

Reports
8 4 3 3 2 2 2

Books 17 12 12 8 7 2 5 2 3 2 4 5
Total for others 36 19 17 14 9 2 8 6 5 2 4 5

Overall total 275 118 93 79 36 21 21 17 43 16 17 19
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Table 3
Product derivation focus of selected publications.

Selected publications that Total %

Are mainly focused on product derivation 26/118 22
Stress the need for product derivation tool support 56/118 47
Describe specific product derivation tool features 17/118 14
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domain artifacts. The VARMOD-Prime tool environment (http://
www.sse.uni-due.de/wms/en/index.php?go=139) is currently un-
der development. Tool support for product derivation is not yet
available.

PLUS [6]. The Product Line UML-based Software engineering
method provides techniques to extend single-system, UML-based
design methods with product line concepts. Application engineer-
ing is carried out by tailoring the UML product line models (e.g.,
use case, application analysis, and architecture models) by select-
ing application features using a feature dependency model.

PRS [29]. Product-line Requirements Specification is based on
the idea of creating a requirements specification for product lines
including a description of variability. Variations are described as
decisions that allow deriving product requirements specifications
based on text-replacement mechanisms.

PuLSE/PuLSE-I [26,30]. The Product-Line Software Engineering
Method developed by the Fraunhofer IESE includes the application
engineering process PuLSE-I (I for instantiation). Several process
steps are defined based on other PuLSE artifacts, e.g., the reference
architecture, the domain decision model, or the scope definition.
PuLSE-I activities cover planning product derivation, instantiating
a product architecture from the reference architecture using the
decision model, and additional activities for design, implementa-
tion, and test. Delivery and maintenance processes are also
addressed.

SEI Product Line Practice Initiative [3,31]. The SEI provides a high-
level framework of practices for deciding when to automate prod-
uct derivation, choosing the right technology, and planning and
carrying out the derivation process. According to the framework,
production plans have to be developed to prepare the derivation
process. Such production plans are documents describing inputs,
necessary activities, and desired outputs.

Staged configuration [32]. Based on several extensions to FODA
feature models [33] Czarnecki et al. propose to perform derivation
in stages, where some choices are eliminated in each stage. The
output of each stage is a more specialized feature model. A config-
uration (where all choices have been eliminated) is derived from
the most specialized feature model.

VISIT-FC [34]. Based on a self-defined feature meta-model, Vi-
sual and Interactive Tool for Feature Configuration (VISIT-FC) rep-
resents large feature models for particular stakeholders using
techniques known from the software information visualization
community and allows selecting features.

4.4. Results on SLR research question 2: research issues in product
derivation

Table 2 presented research issues in product derivation fre-
quently discussed in the selected publications. Here, we briefly dis-
cuss these issues and point out references to publications
discussing them in more detail:

Inadequate knowledge and variability management [8,35,36].
About one third of all selected publications describe this issue.
Authors emphasize that product derivation heavily relies on expert
involvement as the tacit knowledge regarding variability and reus-
able assets can hardly be captured completely in models. There is
agreement that models can never replace the human expert; how-
ever, they should be more usable to support subsequent product
derivation. Managing variability is challenged by the size of prod-
uct lines. From the perspective of product derivation, variability
models are difficult to use if not properly structured and
modularized.

Lack of support for domain experts [13,22]. Product derivation ef-
fort is often centered too much on software engineers and archi-
tects who lack knowledge about customer requirements. This can
easily lead to products that only inadequately fulfill customers’
requirements. Communicating the variability of a product line to
domain experts is thus a frequently discussed issue. For example,
sales people need to interact with customers when tailoring a
product to their very specific needs. Project managers need to
monitor and track the status of derivation. The complexity of sys-
tems makes is difficult to communicate variability to these domain
experts who typically have problems understanding variability at a
technical level.

Weak process integration and tool interoperability [3,9]. Authors
argue that product derivation is not or only weakly integrated with
existing development processes and environments in organiza-
tions. SPLE and product derivation often fail because staff contin-
ues to follow single-system software engineering processes and
practices they are used to. Also, product derivation tools are often
not integrated with existing tools in organizations.

Missing support for project management [37,38]. Deriving a prod-
uct from a product line is a project in itself, which has to be thor-
oughly planned and managed. This aspect is often not taken into
account by existing product derivation approaches. For instance,
the roles and responsibilities of the involved stakeholders are often
not considered adequately. Also, project managers often lack an
overview of the derivation process and therefore cannot decide
whether higher-level business goals are fulfilled.

Low degree of automation in product derivation [32,39]. 36% of all
selected papers stress the lack of automation and tools available
for product derivation. Authors argue that the technical aspects
of product derivation have to be automated as far as possible.
Stakeholders need guidance for making decisions and resolving
conflicts in case of open decisions or problems that cannot be auto-
matically inferred.

Weak integration with application requirements management
[40,41]. Integrating requirements engineering and product deriva-
tion is not easy or straightforward and needs explicit attention.
Only in an unrealistic ‘‘blue-sky scenario” all customer require-
ments can be fulfilled by a product line’s core assets. It is common
that additional wishes and requirements arise during derivation.
Capturing and managing these requirements and tracing them to
the existing assets and their variability is seen as critical for prod-
uct derivation.

Visualization inadequate for end-users [13,34]. Visualizing prod-
uct line models during product derivation is not trivial. Stakehold-
ers require different forms of visualization supporting them in
understanding the relevant domain concepts and dependencies
among them. The heterogeneity of the people involved in product
derivation makes it very challenging to devise visualization
features.

Missing consideration of product line evolution [42,43]. Product
lines inevitably evolve due to changing customer requirements
and technology. Product derivation results and experiences such
as product-specific requirements, resolved conflicts, or the ratio-
nale of configuration decisions provide important input for product
line evolution that needs to be properly managed.

4.5. Summary

The systematic literature review shows that the interest in
product derivation increased considerably over the last decade.
However, research is still fragmented and diverse. This strongly

http://www.sse.uni-due.de/wms/en/index.php?go=139
http://www.sse.uni-due.de/wms/en/index.php?go=139
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motivates our goal of defining and validating requirements for
product derivation support (cf. research questions in Section 1).

The research issues addressed in the selected publications
show that product derivation support needs to focus on the in-
volved stakeholders to take into account their specific needs
and to guide them through the product derivation process. Ap-
proaches and tools need to be adaptable and flexible to allow
their integration with existing processes and environments. A
particular challenge lies in mechanisms to facilitate managing
and visualizing product line variability together with the knowl-
edge required for product derivation. The relationship between
product line evolution and product derivation needs special
attention as continuous changes such as changing customer
requirements or evolving technology have to be considered. In
this context capabilities for application requirements manage-
ment are important. Given all these issues it is not surprising
that the existing approaches only support some of these
requirements.
5. Requirements for product derivation support: an expert
survey

Based on the issues for product derivation resulting from our
SLR, we developed an initial definition of the requirements for
product derivation support. We then performed a survey among
experts at the VaMoS 2008 workshop and the SPLC 2008 confer-
ence to gain confidence about their relevancy, relative importance,
and completeness. Please note that after VaMoS 2008 we extended
the SLR by searching relevant papers published at this workshop
(fulfilling the defined selection and quality criteria). Analyzing
these additional publications confirmed the issues and require-
ments we identified and defined so far.
5.1. Designing the survey

The main goal of our survey was to validate the relevancy of the
initial requirements and to understand their relative importance.
Furthermore, we wanted to find additional requirements that
might have been overlooked. Our questionnaire (cf. Appendix) con-
tains three questions:

Question 1 (How many years of experience do you have in the fol-
lowing fields? . . .Domain Engineering, Application Engineering,
Requirements Engineering, Project Management, Sales/Marketing,
Product Management) was intended to define a threshold for ana-
lyzing the respondents’ experience in six relevant fields. Our
assumption was that at least basic experience in domain engineer-
ing is required to understand product derivation requirements. Gi-
ven the focus of the survey we expected respondents to be even
more experienced in application engineering. Our threshold was
as follows: Only questionnaires from respondents with at least
three years experience in application engineering and at least
one year experience in domain engineering were further consid-
ered. Information about respondents’ experience in the four other
fields was used to better understand their primary roles and inter-
est (focus on business or technology).

Question 2 (How important do you rate the following require-
ments for product derivation?. . . list of requirements:) was intended
to assess the initially defined requirements for product derivation
support (see list below). To make the questionnaire easily under-
standable, we phrased some requirements as sentences and also
provided examples where adequate (cf. Appendix). We chose to
use a 4-point rating scale: �2 (totally irrelevant), �1 (unimpor-
tant), 1 (important), 2 (very important) to rate the initial
requirements:
� Support for resolving variability. Given the complexity of variabil-
ity models, tool support is needed to support stakeholders in
selecting and customizing products by resolving variability.
Tools must present variability in an understandable manner that
abstracts from technical details and shows only the information
necessary for variability resolution. Generally, tools should hide
technical details like constraints or dependency conditions and
support resolving variability just by enabling users making their
choices. This requirement mainly addresses the research issues
low degree of automation in product derivation and inadequate
knowledge and variability management (cf. Section 4.4).

� Support for application requirements management. During prod-
uct derivation customers usually express special requirements
and wishes that are not fulfilled by the existing product line. A
product derivation tool must take care of managing product-
specific requirements. To understand the effects of such require-
ments and their potential impact on the evolution of the product
line, product derivation tools must also provide support for trac-
ing requirements to the existing variability. This requirement
mainly addresses the research issues weak integration with
application requirements management and missing consider-
ation of product line evolution (cf. Section 4.4).

� Guidance for decision-making. Support for resolving variability
may be insufficient when stakeholders have difficulties under-
standing the choices presented to them. Guidance is therefore
needed in order to explain the why and how of making choices
together with further background information and rationale on
product derivation decisions. This requirement mainly
addresses the research issue inadequate knowledge and vari-
ability management (cf. Section 4.4).

� Support for domain experts. A product derivation tool must take
into account the specific needs of different domain experts.
For example, technical details won’t help sales people; they
need to know the implications and effects of a particular choice
from a higher-level point of view. Usability is particularly
important in this context. This requirement mainly addresses
the research issue lack of support for domain experts (cf.
Section 4.4).

� Flexibility and adaptability. A product derivation tool must be
adaptable to the specifics of different domains and/or organiza-
tions. For example, product derivation tools must be adaptable
to domain changes (e.g., if new types of assets or dependencies
are defined). It must also be possible to integrate the tools into
existing environments and processes. The changing needs of
users and the continuous evolution of the product line further
motivate flexibility and adaptability of product derivation tools
for addressing future needs. This requirement mainly addresses
the research issues weak process integration and tool interoper-
ability and missing consideration of product line evolution (cf.
Section 4.4).

� Interactivity and automation. Variability should be presented to
stakeholders in an interactive manner by providing instant feed-
back on users’ choices. Such interactivity relies on automation
such as reasoning techniques for evaluating dependencies and
constraints on the fly. Users need support for ‘‘walking” through
the decision-space step-by-step and want immediate feedback
on the effects of their choices. Product derivation benefits from
automating tasks to make variability resolution as convenient as
possible. Evaluation and execution of conditions and constraints
must work automatically in the background without requiring
further input from the user. This requirement mainly addresses
the research issue low degree of automation in product deriva-
tion (cf. Section 4.4).

� Project management support. Different people are responsible for
different aspects of the available variability. Product derivation
tools must thus manage users, their roles, and their responsibil-
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ities with respect to resolving the available variability. Further-
more, it must be possible (e.g., for project managers) to track the
progress of the product derivation process. This requirement
addresses the research issue missing support for project man-
agement (cf. Section 4.4).

� Flexible visualizations. Different users benefit from different
notations and visualizations. The kind of representation used
should support the resolution of variability and different visual-
izations should be provided. Product derivation tools should
allow integration of arbitrary additional visualizations to meet
the specific needs of users in different domains. This require-
ment mainly addresses the research issue inadequate visualiza-
tion for end-users (cf. Section 4.4).

Question 3 (What other requirements do you regard as impor-
tant?) was intended to find additional requirements not yet men-
tioned as part of question 2.

5.2. Conducting the survey

We distributed the questionnaire to respondents in two phases:

5.2.1. Phase 1: VaMoS 2008
We first distributed the questionnaire at the 2nd International

Workshop on Variability Modelling of Software-intensive Systems
(VaMoS 2008) in Essen, Germany. Twenty-eight people from the
SPLE research community participated in this workshop. We dis-
tributed 25 questionnaires. Eighteen (72%) were returned. Four-
teen met our experience threshold.

5.2.2. Phase 2: SPLC 2008
In the second phase, we distributed the questionnaire at the

12th International Software Product Line Conference (SPLC 2008)
in Limerick, Ireland. The main purpose of this second phase was
to increase confidence on the results of the first phase. Over 200
people from research and practice participated at SPLC 2008, some
had also attended VaMoS 2008. We only distributed questionnaires
to selected participants who had not already participated in the
survey at VaMoS 2008. We distributed 30 questionnaires. Twenty
one (70%) were returned. Fifteen met our threshold requirements.

5.3. Results

We provide an overview covering the results of both phases.
Details such as the individual ratings and statistical information
are reported in Appendix.

5.3.1. Results for question 1
Most respondents meeting our criterion have significant experi-

ence in domain engineering (average experience (AvgExp) = 4.8
years) and application engineering (AvgExp = 9.2 years), many also
in requirements engineering (AvgExp = 4.1 years) and project man-
agement (AvgExp = 4.6 years). On the other hand respondents’
experience in sales/marketing (AvgExp = 0.6 years) and product
management (AvgExp = 0.8 years) was rather low. The primary ori-
entation of respondents was therefore clearly on technology rather
than business. This is consistent with the purpose of our research
and could be expected given the technical focus of the events.

5.3.2. Results for question 2
As shown in Fig. 4 in average all requirements have been rated

as relevant and important (for detailed results refer to Table 6 in
Appendix). The total average rating was 1.1. No requirement was
rated as totally irrelevant (�2). We discuss the results in the order
of the aggregated importance of the requirements:
Given the results of the systematic literature review (cf. Sec-
tion 4) the rating for the first two requirements (support for resolv-
ing variability, flexibility and adaptability) is not surprising. Support
for application requirements management was ranked third confirm-
ing the importance of support for managing product-specific
requirements. The results for the requirement flexible visualizations
– together with the second highest rating for general flexibility and
adaptability – indicate that flexibility is essential for product deri-
vation. Tools and visualizations must be adaptable to changing
user needs and needs in different domains. Ten respondents out
of 31 suggested to the authors verbally or by answering question
3 that interactivity and automation should be merged with the first
requirement on support for resolving variability. In their opinion
support should always be interactive and provide immediate feed-
back. The requirements support for domain experts and guidance for
decision-making address the understandability of variability (mod-
els) and were rated comparably low. One possible reason is that
most of the respondents were engineers (cf. the results for ques-
tion 1) that might thus underestimate the need for guidance in
product derivation. However, overall 19 people rated both require-
ments as important and 5 even as very important. Only 13 rated
the item as unimportant. Some respondents commented that both
requirements could be merged into a more general requirement
‘‘guidance for end-users”. Project management support received a
comparably low rating. However, still people rated the require-
ment as important and worth to be supported in product deriva-
tion. We believe that most of the participants associated this
requirement with features of existing project management tools
and did not feel the immediate need to integrate such features in
product derivation tools.

5.3.3. Results for question 3
Thirty additional requirements were suggested by the respon-

dents. We consolidated their comments and arrived at 11 sugges-
tions we took into account when refining the requirements (the
number of occurrences is shown in brackets):

Support for consistency checking across models (2). Adding,
renaming, and deleting model elements can easily lead to inconsis-
tencies. When following a model-driven approach, a product deri-
vation tool must support consistency checking within and across
models.

Integration with mainstream tools and development methods (5).
Many existing product derivation tools cannot be integrated with
mainstream software engineering tools (e.g., development envi-
ronments like Visual Studio or Eclipse or requirements manage-
ment tools like Doors or RequisitePro) or are only integrated in
one specific environment but cannot be integrated in another. It
is important to make product derivation tools more flexible and
interoperable.

Support for traceability (5). Product derivation tools should sup-
port traceability from the variability description (decisions or fea-
tures) to the realization of variability (assets) and to related
requirements to support making choices.

Understandable constraint resolution/guidance in case of problems
(3). Users of product derivation tools often have problems under-
standing the effects of the choices they make. Making constraint
resolution understandable and providing guidance in case of prob-
lems is therefore seen as essential.

Rich graphic representation (1). Using rich graphics (e.g., 3D visu-
alizations or semantically rich graphical notations) can help users
in understanding the available choices.

Ability to add/edit meta-information attached to features/variabil-
ity (2). Additional information added to decisions or features can
help users understanding the why and how of making choices.

Collaborative and concurrent configuration support (1). Support-
ing the collaboration of the different people in product derivation
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Fig. 4. Average importance of requirements (descending left-to-right).
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is important as typically a single person cannot resolve the vari-
ability alone. Concurrent configuration would allow people making
choices even if they are distributed.

Staged configuration support (3). Staged configuration means to
support resolving variability step-by-step [32]. Variability resolved
in past steps is removed (or marked as resolved and locked) for
decision-makers in the current step.

Support for evolution (4). Product lines inevitably evolve, e.g.,
due to changes in technology and new customer requirements.
Product derivation tools must reflect changes in the product line.
Product derivation also drives evolution of the product line due
to new customer requirements that emerged during derivation.

Generating documentation (2). The information captured in var-
iability models can also be used to generate documentation such as
requirements specifications and user documentation. Product der-
ivation tools should provide such support and allow integrating
custom generators.

Estimating the costs of product variant (2). Business-related infor-
mation like costs can help decision-makers in their choices and
also supports the negotiation of customer requirements during
product derivation.
6. Requirements for product derivation support

The requirements for tool-supported product derivation are
based on the results of both the survey among experts and the sys-
tematic literature review. We iteratively refined them based on the
initial requirements presented in Section 5.1 resulting in a final set
of six requirements. We have merged and rephrased some require-
ments based on the results of our survey. We were able to integrate
all additionally suggested requirements in the six main
requirements.

The requirements are intentionally defined at a high level and
rather define areas of functionality. We provide implementation
examples for the six requirements together with references to real-
izations in existing approaches and tools to further illustrate them.
Most requirements are supported by existing tools at least to some
extent; however, no tool supports all of them. We have thus di-
vided the implementation examples in ‘‘basic support” and ‘‘ad-
vanced support”. A feature is classified as basic support if it is
common in available product derivation tools. It is classified as ad-
vanced support if available in few tools only or not supported by
any tool. The optimal degree of support depends on the concrete
domain or context.

Table 4 shows the six requirements and examples of how they
can be realized. The order of the requirements indicates their rela-
tive importance given by the survey results (importance decreas-
ing from top to bottom).

6.1. Automated and interactive variability resolution

The most important requirement for tool-supported product
derivation is obviously to support resolving variability. Users need
tools that present the available variability and let users decide
about choices interactively. We have merged the two previously
defined requirements support for resolving variability and interactiv-
ity and automation as suggested by experts participating in the sur-
vey. An additional requirement suggested by the experts was
support for traceability as a prerequisite to provide better feedback
on diverse choices. We consider the additionally suggested
requirements support for consistency checking across models, staged
configuration support, and collaborative and concurrent configuration
support as part of automated and interactive variability resolution.

6.1.1. Basic support

� Tool support for making decisions (e.g., selecting features). Many
SPLE tools for variability resolution are model-based, e.g., they
visualize feature or decision models and allow users resolving
variability by selecting features [27,32,34] or making decisions
[23]. Feature selection is usually supported via a hierarchical
representation of the feature models with check boxes, where
users check the features required for the product to be derived
by following the tree structure. Decision models are often pre-
sented to the user in tables (comparable to spreadsheets) or
questionnaires, where users can select possible values (or
answers) for decisions. Decisions/selected features determine
the assets for the product to be derived.

� Engines for resolving constraints and dependencies. Users make
their decisions or select their features and the tools are respon-
sible for making sure that these decisions or features are not



Table 4
Requirements for product derivation with basic and advanced implementation examples.

Requirement Implementation examples

Basic support Advanced support

Automated and interactive variability
resolution

� Tool support for making decisions (e.g., selecting
features)

� Engines for resolving constraints and dependencies

� Support for the automatic inclusion and customization of
assets

� Immediate visual feedback when making choices

Adaptability and extensibility � Meta-modeling support
� Extension points for the integration of domain-spe-

cific generators

� APIs for interacting with existing tools

Application requirements management
support

� Requirements management capabilities in
derivation

� Support for relating product-specific requirements with
existing variability

� Planning support for evolution

Flexible and user-specific visualizations of
variability

� Support for filtering, sorting, searching the decision-
space

� Role- and user-specific visualizations
� Task-specific visualizations
� Modifiable visualizations

End-user guidance � Background information and rationale on choices � Hints and recommendations
� Interface to simulation support

Project management support � Tracking project-related information � User/role/task management support
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conflicting. Inference engines [27], rule engines [23], or con-
straint solvers [32] allow resolving the dependencies between
variability model elements and/or check (global) constraints
during derivation. The effects of resolving dependencies and
constraints should be made visible to the users without
bothering them with technical details during variability
resolution.

6.1.2. Advanced support

� Support for the automatic inclusion and customization of assets.
Some tools, e.g., [19,22], support the automatic inclusion and
customization of reusable assets based on selecting features or
making decisions. This is an important feature for automated
product derivation. Users’ choices can be used not only for gen-
erating executable software packages or customizing code
assets but also for generating end-user documentation like user
manuals or requirements specifications.

� Immediate visual feedback when making choices. Interactions with
the user during variability resolution benefit from immediate
visual feedback. The implications of taking certain decisions
should be communicated to the user. For example, when a fea-
ture selection leads to an inclusion of another feature, this
should be properly visualized, e.g., by highlighting the newly
included feature [32,34]. This can also mean to inform the user
about the complexity, price, or development effort of current
configurations.

6.2. Adaptability and extensibility

Product derivation tools must be adaptable and extensible to
support different organizational and technological contexts. For in-
stance, the type and granularity of product line assets varies in dif-
ferent domains and organizations and typically also changes over
time. Automated deployment of a derived product also requires dif-
ferent technologies in different domains. While in one domain this
could mean generating build files, generating code might be re-
quired in another domain. In another environment it might instead
be necessary to set parameters, remove certain parts of code from
existing source files, or to adapt documentation based on resolved
variability. This is reflected by the requirement generating documen-
tation suggested by participants of our survey. Furthermore,
product derivation tools need to interact with tools already in use
in different organizations (cf. the additionally suggested require-
ment integration with mainstream tools and development methods).

6.2.1. Basic support

� Meta-modeling support. Meta-modeling [6,27,34] is frequently
adopted to support product derivation in different domains
and organizations. Product derivation tools should adapt them-
selves based on the defined meta-model and provide support for
reacting on meta-model changes during derivation, e.g., when
adding new asset types to the product line from which a product
is derived.

� Integration of domain-specific generators. Product derivation tools
should provide extension points for easy integration of domain-
specific generators [19,23]. Based on the results of product der-
ivation, different outputs can be generated, e.g., build or make
files, configuration files, requirements specifications, documen-
tation, test cases, models, or even code.

6.2.2. Advanced support

� APIs for interacting with existing tools. Product derivation tools
should also be able to interact with existing tools like off-the-
shelf development environments, process and project manage-
ment tools, etc. This is typically facilitated by providing a pro-
gramming interface as, for example, provided by service-
oriented architectures.

6.3. Application requirements management support

Product-specific requirements which cannot be fulfilled by the
product line are likely to arise during product derivation. Users
need to capture these additional requirements without being dis-
tracted from resolving variability. This is also important for manag-
ing a product line’s evolution. We consider the additionally
suggested requirement support for evolution part of application
requirements management in our context.

6.3.1. Basic support

� Requirements management capabilities in derivation. Users need
to capture product-specific requirements arising during
derivation. Product derivation tools can either provide such
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capabilities or define interfaces to external requirements man-
agement tools. Support for text notes, sketches, audio record-
ings, and videos integrated in product derivation tools can be
useful to further illustrate such requirements.

6.3.2. Advanced support

� Support for relating product-specific requirements with existing
variability. Relationships between product-specific require-
ments and available product line features [23] are important
to support product line evolution. Engineers should be able to
analyze the new requirements to decide whether they should
become a part of the product line in the future. For instance,
product derivation tools can help engineers by providing asso-
ciative search engines. Also, support for traceability is very
important in this context.

� Planning support for evolution. The new requirements, customer
comments, and the experiences of the users arising during prod-
uct derivation need to be considered when maintaining and
evolving the product line. All these inputs need to be managed
and used when negotiating the scope of the evolving product line.

6.4. Flexible and user-specific visualizations of variability

Users find it difficult to understand variability models because
of their sheer size: several thousand model elements with thou-
sands of often complex dependencies can hardly be understood.
Domain experts like sales and marketing staff need capabilities
to communicate ‘‘high-level” variability to customers in order to
elicit their requirements. Engineers like developers or testers need
to resolve more technical variability based on these requirements.
Product derivation tools should not be limited to one kind of rep-
resentation and provide support for role- and user-specific visual-
izations. The additionally suggested requirement rich graphic
representation is a part of requirement flexible and user-specific
visualizations of variability.

6.4.1. Basic support

� Support for filtering, sorting, searching the decision-space is helpful
to navigate in visualizations of large variability models in prod-
uct derivation as for example provided by Sinnema et al.
[22,23,34]. Such features currently are rather simple and are
typically based on text without information regarding the
semantics. This can however be improved by more advanced
features based on ontologies, associative text search engines,
or machine learning.
6.4.2. Advanced support

� Role- and user-specific visualizations. Diverse stakeholders are
involved in product derivation and have to understand different
aspects of variability. Depending on the current user and his
role, different visualizations of variability in product derivation
are necessary. While business people are more used to flat and
tabular representations (e.g., spreadsheets), technical stakehold-
ers also prefer hierarchical representations (e.g., the package
structure of source code). Some approaches, e.g., [19,30],
support a role-user concept, however, they do not (or not fully)
use it for visualization purposes in product derivation tools.

� Task-specific visualizations. Depending on the task of the current
user, e.g., negotiation with customers or technical configuration,
different visualizations might be needed. For example, product
derivation tools can present an interactive wizard to support
negotiation or a simple settings dialog to support technical
configuration.

� Modifiable visualizations. Visualization support must be flexible
enough to allow adapting it to changing and future needs. It
should be possible to integrate new types of visualizations. For
example, interactive graphic elements improve user experience
and make product derivation more attractive for users.

6.5. End-user guidance

The heterogeneous users performing product derivation not
only need views on the available variability but also guidance
when making decisions in product derivation. The requirements
understandable constraint resolution/guidance in case of problems,
estimating the costs of product variant, and ability to add/edit meta-
information attached to features/variability have been additionally
suggested in this context.

6.5.1. Basic support

� Background information and rationale on choices. Different users
have different background knowledge about the product (line)
which can make it hard to understand the variability in product
derivation. Often, users can not make a choice due to a lack of
information. For example, users would benefit from technical
or economic details about a certain feature or information about
the implications of deciding for a particular functionality. Fur-
thermore, dependencies between choices must be explained
properly [13,34].

6.5.2. Advanced support

� Hints and recommendations. Guidance can be useful to recom-
mend particular features and also to make decision-makers
aware of important dependencies. It is also useful to provide
end-users with recommendations about which choice might
be the best under certain conditions. This can also open new
selling opportunities during product derivation [23]. Recom-
mender systems can make suggestions to end-users based on
the observed behavior of other users.

� Interface to simulation support. Understanding early in the pro-
cess how the currently derived product will finally look like
can make it easier to make choices. Simulating the end product
might not be possible for all kinds of product lines. However,
there are other ways letting users ‘‘preview” the product before
it is completely derived and configure.

6.6. Project management support

Product derivation is typically conducted as a project. Over a
possibly long period of time, several people with different respon-
sibilities and interests resolve variability with the common goal to
derive a product to fulfill customers’ requirements. Supporting
project management in product derivation means to manage the
involved people, their rights and responsibilities throughout all
product derivation activities.

6.6.1. Basic support

� Tracking project-related information. When product derivation is
performed over a long period of time, project-related informa-
tion must be available to measure the project’s progress, for
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example, information about when and by whom decisions have
been made for certain parts of the system. Such information can
be a basis for creating statistics and optimizing the product der-
ivation projects in the future.
6.6.2. Advanced support

� User/role/task management support. It must be clearly defined
who is allowed to decide on which variation points. Managers
need a derivation history with detailed information about who
decided what and when. Existing product line approaches like
for example the PuLSE method [30] describe important roles
and tasks in product line engineering in general. However, exist-
ing approaches have not (or not yet fully) implemented such a
concept in product derivation tools.
7. Threats to validity

As with any empirical research, there are threats to the validity
of our results:

Choice of quality/selection criteria of the SLR, Defining the qual-
ity criteria for a SLR is not an easy and straightforward task. For
example, our criterion Q2 (only taking into account publications
cited in at least five other peer-reviewed publications if older
than 2006) may lead to controversial opinions. In our opinion,
the number a paper has been cited by others does not have to
be a statement for its quality but is an indicator for its accep-
tance and visibility in the research community (for instance, a
similar procedure has been used at ICSE, the International Con-
ference on Software Engineering (http://www.icse-confer-
ences.org), to define the ‘‘most influential paper”). Such
acceptance and visibility in turn is a reason for selecting the pa-
per in a systematic review. Quality criterion Q3 (publications
containing several unsupported claims or frequently referring
to existing work without providing a citation were excluded)
may also lead to controversial opinions. It depends on subjective
judgments by the reviewer which can only be reduced through
feedback from peers.

Search engines used in the SLR. All retrieved results rely on the
functionality and accuracy of the search engines of the used digital
libraries. Unfortunately, many search engines of computer science
digital libraries turned out to be unreliable. For example, in rare
cases two consecutive searches with the same search term led to
different results.

Abstracts of primary studies retrieved in the SLR. It is common in
systematic literature reviews to base the selection of primary stud-
ies on reading the abstracts only. This is often not possible in the
software product line domain because of the differing quality of
the abstracts. For a more informed decision, we therefore fre-
quently also read introduction, conclusion, and other parts of the
publication. However, the decision to read or not read much more
than the abstract (for the purpose of selecting a paper) strongly de-
pends on the subjective feeling of the reviewer.

The definition of requirements was influenced by industrial and
academic partners. There is a risk that we were biased by our
own experience [16,23,44–46] as we collaborate with different
industrial and academic partners. These experiences certainly
influenced our views. However, by conducting a survey we tried
to reduce this bias.

The orientation of respondents of our survey was mainly technol-
ogy-oriented and not business-oriented. Only few respondents had
experience in sales or marketing or product management. While
this matches our research goal of defining requirements for
product derivation tools it could mean that our results are biased
towards the needs of technicians as opposed to the needs of more
business-oriented people.
8. Conclusions

An increasing number of publications in the SPLE community
show the growing interest in product derivation. The area of
product derivation is however still rather immature. Existing
work has not yet clearly defined the requirements for product
derivation support. Rather, diverse publications outline different
issues of and challenges for product derivation. Existing ap-
proaches and tools have been created independently, dealing
with challenges in particular contexts or domains [11]. The aim
of this paper was to create a systematic overview and to define
and evaluate requirements for product derivation support in
SPLE.

We presented the proceeding and results of a systematic
literature review we conducted to get an extensive overview
of existing research on product derivation. The review pro-
vides an overview of important existing approaches and tools
and reveals the issues most frequently discussed in the iden-
tified publications. Based on these issues, we defined initial
requirements for tool-supported product derivation. We pre-
sented the procedure and results of a survey we conducted
among experts at two relevant events to gain confidence
about the relevancy, completeness, and relative importance of
these requirements.

Based on the results of the survey we iteratively refined the
initial requirements. A challenge was to find a balance between
too specific vs. too generic requirements. We have deliberately
defined the requirements at a rather high-level. Researchers
and practitioners can build on our results and refine them
based on their own experiences or a concrete problem they
are facing.

Our iterative refinements resulted in a final set of six require-
ments for product derivation support (ordered by their relative
importance given through the results of the survey): (1) auto-
mated and interactive variability resolution; (2) adaptability
and extensibility; (3) application requirements management sup-
port; (4) flexible and user-specific visualizations of variability;
(5) end-user guidance; (6) project management support. For each
requirement, we provided examples on how they can be realized
and referenced existing approaches and tools identified in the
systematic literature review where appropriate. We hope that
our results are useful for researchers or practitioners when
developing derivation support or when evaluating existing
approaches.
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Appendix A. Systematic literature review: conducted searches
and retrieved publications

Table 5 presents the searches conducted and the list of publica-
tions retrieved in our systematic literature review. For brevity’s
sake, we only provide the following information: Resource, search
terms, and for each retrieved paper: name of first author, title of
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Table 6
Results of the requirements survey.
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paper, and publication year. Searches are highlighted in dark gray,
selected publications (based on selection and quality criteria as de-
fined in the review protocol, cf. Section 4.1) are highlighted in light
gray.
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Appendix B. Requirements for product derivation survey

We used the following questionnaire in our requirements sur-
vey (cf. Section 5):

(Question 1)
How many years of experience do you have in the following

fields?
Domain engineering: _____
 Application engineering:
_____
Requirements engineering:
_____
Project management: _____
Sales/marketing: _____
 Product management: _____
(Question 2)
How important do you rate the following requirements for

product derivation in large-scale product lines comprising thou-
sands of assets and variation points?

(�2. . . totally irrelevant|�1. . . unimportant|1. . . important|2. . .

very important)
Support for resolving variability (e.g.,
selecting/customizing assets by taking
decisions/selecting features)
Support for capturing and managing
product-specific requirements not yet
covered by the product line
Guidance and support for decision-making
(e.g., multimedia hints with recommendations
and background information that explain
decisions/features and provide rational for
decision-making)
Explicit support for domain experts (e.g.,
sales and marketing people)
Adaptability and flexibility (e.g., adaptability
to diverse domains, scalability to large models,
openness of the tool environment)
Interactivity and automation (e.g., instantly
presenting results after taking decisions/
selecting features)
Project management support (e.g., the
concept of tasks and roles for product
derivation)
Flexible visualization capabilities (e.g.,
different variability visualizations for different
users)
(Question 3)
What other requirements do you regard as important?
Table 6 shows the results of our survey. Gray colored cells mark

those questionnaires that do not fulfill the experience threshold of
1 year domain engineering and 3 years application engineering
experience and that therefore have not been used for analyses.
Additional requirements suggested by participants are not shown
here (cf. Section 5.3).

Key: Q: questionnaire; x: mean/average; V: variance; r: stan-
dard deviation

Question 1. DE: domain engineering, AE: application engineer-
ing, RE: requirements engineering, PM: project management, S/
M: sales/marketing, PDM: product management.
Question 2. TS: tool support for resolving variability; ARE: sup-
port for application requirements management; GDM: guidance
for decision-making; DE: support for domain experts; FAT: flexible
and adaptable tools; IA: interactivity and automation; PM: project
management support; FV: flexible visualizations.
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