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Abstract

Product derivation is the process of constructing prod-
ucts from the core assets in a product line. Guidance and
support are needed to increase efÞciency and to deal with
the complexity of product derivation. Research has, how-
ever, devoted comparatively little attention to this process.
In this paper we describe an approach for supporting prod-
uct derivation. We show that variability models need to be
prepared for concrete projects before they can be effectively
utilized in the derivation process. Project-speciÞc informa-
tion and sales knowledge should be added and irrelevant
variability should be pruned. We also present tool support
and illustrate the approach using examples from ongoing
research collaboration.

1. Introduction

Software product line engineering (PLE) comprises do-
main engineering, i.e., modeling the commonalities and
variability of the product line’s core assets; and applica-
tion engineering, i.e., deriving products from the product
line by selecting, configuring, and integrating the core as-
sets [22]. Domain engineering models describe the com-
monalities and the variability of relevant core assets such as
requirements, features, architectural elements, or solution
components. These variability models can get quite com-
plex due to the diversity of core assets and complex interde-
pendencies among them. Utilizing them in actual projects is
not as straightforward and intuitive as it may appear at first
glance. This has also been pointed out by Deelstra et al.[8]:
”Deriving individual products from shared software assets
can be a time-consuming and expensive activity”. The un-
derlying assumption in PLE that ”the investments required
for building the reusable assets during domain engineering
are outweighed by the benefits of rapid derivation of indi-
vidual products” [7] might not hold if inefficient derivation
diminishes the expected gains.

In our research collaboration with Siemens VAI, the

world’s leader in the domain of engineering and building
plants for the iron, steel, and aluminum industry, we are de-
veloping an approach for supporting the product derivation
and sales processes. A focus of our research is on how to
effectively utilize variability models during product deriva-
tion. A key observation is that variability models do not
contain all the information necessary for derivation. For
instance, sales knowledge (e.g., hints or recommendations
useful in sales processes) and information concerning the
roles of people involved in derivation are usually not part
of variability models. This can complicate communicating
a system’s variability to sales people and customers during
requirements elicitation [14]. It can also complicate the evo-
lution of product line assets as sales knowledge is vital to
maintain and evolve a product line [8].

In this paper we present an approach that aims at facili-
tating product derivation by augmenting and adapting vari-
ability models. Irrelevant parts need to be pruned and ad-
ditional project-specific information needs to be added to
variability models, as illustrated in Figure 1. A project-
specific derivation model is an adapted and augmented ver-
sion of the original variability model. For example, pre-
defined products significantly reduce the decision space for
decision-takers such as sales people or project managers
during derivation. Variability models can be enriched with
hints and recommendations to provide valuable information
guiding stakeholders during decision-taking. Furthermore,
when communicating variability to different stakeholders
involved in product derivation, irrelevant aspects for a par-
ticular stakeholder need to be filtered out. Dependencies
among decisions and between decisions and assets need to
be visualized to ensure comprehensibility [21]. All these
activities take place in application engineering. Tool sup-
port is crucial for this purpose.

In previous work we have described our approach to
variability modeling [11, 10] and accompanying tool sup-
port [9, 12, 26]. Our earlier work also addresses support for
the integration of product configuration and requirements
engineering in product derivation [25]. The contribution of
this paper is to describe an approach for adapting and aug-
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ager assigns several sales people to the customization pro-
cess and defines their rights and responsibilities. This is
done in parallel to developing a project plan. Furthermore,
the lead software architect, the technical project manager,
and subsystem owners are defined as decision-takers in the
derivation process.

8. The actual customization process starts and several
meetings of sales people and customers take place to elicit
and negotiate concrete requirements and to take the remain-
ing configuration decisions.

3. Approach

We have been developing the tool-supported ap-
proach DOPLER1 to support the scenario described
in Section 2. The approach consists of integrated capa-
bilities for domain engineering and application engineering:

DOPLERVM [9] supports variability modeling and
management based on orthogonal variability modeling as
applied by Schmid and John [27] in their approach. Our
model-driven approach provides meta-modeling features
for defining domain-specific meta-models that can then be
used to create domain-specific variability models [10]. The
main modeling elements are assets and decisions. Assets
capture the variability of core assets in the product line.
Decisions represent the variation points. Dependencies
between assets and decisions are explicitly modeled
via inclusion conditions establishing trace links [11, 10].

DOPLERUCon [26] is a tool-supported approach for
product configuration with capabilities for adapting and
augmenting variability models to guide sales people and ap-
plication engineers through product derivation as shown in
the scenario. A particular emphasis lies on support for re-
quirements acquisition and management in application en-
gineering [25].

3.1. Preparation for Product Derivation

Product derivation goes beyond pure utilization of vari-
ability models by taking configuration decisions. Our sce-
nario showed that variability models need to be adapted
and augmented before configuration decisions can be taken.
More specifically, several important activities need to be
carried out:

Review of current variability model.Sales and project
managers review recent changes in the variability model.
This is necessary because variability models frequently
change due to technical evolution or business considera-
tions.

1Decision-Oriented Product Line Engineering for effective Reuse.

DeÞnition of rolesand responsibilities. Diverse roles are
involved in product derivation: the customer in need of a
solution satisfying his/her specific needs, a sales or project
manager in charge of pre-configuring high-level decisions,
sales people responsible for taking finer-grained decisions
for a customer, and engineers involved in more technical
configuration tasks. These roles need to be planned and as-
signed to different stakeholders to define their rights and
responsibilities of viewing, modifying, or taking decisions.

Selection of pre-deÞned products.A pre-defined prod-
uct constitutes an existing product configuration. It could
have been created for a customer in the past or defined on
the basis of marketing considerations. Product configura-
tions can be created by assigning default values to certain
decisions. Often, pre-configured products already closely
match the requirements of a new customer and can thereby
expedite the derivation process. With proper tool support it
is even possible to use such initial configurations to start up
simulators and give the customer an idea how the final sys-
tem will look like (thereby taking into account the ”I know
it, when I see it” phenomenon) [25].

Adaptation of the variability model.Certain parts of the
variability model can become irrelevant for a project be-
cause of high-level customer requirements. E.g., if no user
interface is requested by the customer parts of the variability
model regarding the HMI (human-machine interface) be-
come irrelevant for the project and can be left out. Dropping
or hiding decisions for affected stakeholders is important to
fine-tune the variability model. Another important aspect
is to change the way in which decisions are presented to
decision-takers. For example, it can be useful to reformulate
the decisions by taking domain-specific use of languages
into account. It can furthermore be necessary to constrain
the technically feasible variability for a particular product
derivation. For instance, components that are variable in
one project may be mandatory in another project. We sup-
port such restrictions by a locking mechanism for decisions.
Locked decisions are still included in the model but cannot
not be changed during the derivation process. This can help
to avoid costly configuration errors.

Review and adapt sales knowledge.As sales people
are confronted with a large number of decisions, providing
guidance for answering them is desirable. Decision-support
can be provided in many ways. Hints added to decisions ex-
plain the consequences of answering in more detail than just
displaying the underlying constraints. Multi-media objects
such as photos or audio recordings help visualizing features
or explain modeled dependencies and restrictions. Further-
more, recommendations can be provided that show addi-
tional selling opportunities and remind sales people to em-
phasize certain features when interacting with customers.
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Figure 5. ConfigurationWizard generated by ProjectKing displaying a hint.

the scope of the product to be delivered?Ó, ÓWhich Dyna-
gap strategies shall be used?Ó, and ÓWhich models shall
be delivered?Ó. They can be changed because they are
not locked. If the user attempts to change a decision she
is warned that she is about to overwrite settings of a pre-
defined product or property.

As the ConfigurationWizard is based on the same meta-
model as ProjectKing it is possible to export the model dur-
ing a running project and edit it with ProjectKing, e.g., to
change the locked state of a decision or to model additional
hints. This is very important in the case of Siemens VAI as
typical projects can take several months or even longer (cf.
Section 2). In such long-running projects it is likely that the
underlying variability model evolves over time. In this case
the derivation model’s underlying variability model can be
changed. Pre-defined products and properties or hints and
recommendations that point to decisions which no longer
exist can either be dropped or mapped to other decisions.
Changes on element’s dependencies or newly created ele-
ments need to be taken into account. This way, derivation

models from previous projects can also be reused as a basis
for future projects.

5. Related Work

We focus the discussion of related work on papers pre-
senting problems and issues of product derivation and on
work regarding guidance for product derivation that had an
influence on our research. We also summarize capabilities
of existing tools with respect to guidance and support for
product derivation.

Problems and issues of product derivation.Deelstra et
al. [7, 8] identify two core issues faced by organizations
in product derivation: complexity and implicit properties.
Complexity emerges from a typically large number of vari-
ation points and variants defined in the variability model.
This makes the selection of variants very difficult, espe-
cially for an individual stakeholder. We believe that support
for adapting, pruning, and filtering large variability models
to a project context as provided by our approach can help
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in coping with this problem. Implicit propertiesare a result
of undocumented or unknown dependencies between vari-
ants. As a consequence product derivation strongly depends
on expert involvement. Providing explicit support for doc-
umenting dependencies and their rationale is therefore very
important. Our approach supports this with hints and rec-
ommendations. Visualization of dependencies can also help
and is provided in the ProjectKing as well as in the Config-
urationWizard.

Other researchers have identified similar issues: For ex-
ample, Halmans and Pohl [14] emphasize the difficulty
of communicating the variability of a product line to cus-
tomers. Hunt [16] focuses on improving the organization of
large asset bases for product derivation. Nestor et al. [21]
emphasize the idea of using existing software visualiza-
tion techniques to support the management of industrial-
size product lines. They agree that product derivation can be
time-consuming and expensive and lacks appropriate sup-
port. They also identify the underlying complexity and
inherent dependencies of variants described in variability
models as a major cause of derivation problems.

Guidance in product derivation.Product derivation is
typically guided and supported by production plans pro-
duced in domain engineering. A production plan ”describes
how the products are produced from the core assets (. . . )
it is, in effect, the reuser’s guide to product development
within the product line” [5]. Chastek and McGregor have
proposed guidelines for creating, using, and evaluating such
production plans [4]. Chastek et al. [3] report on a study
on how product line organizations typically create products.
Attendees of the first and second Software Product Lines
Conferences were asked to complete a questionnaire about
product production in PLE. The results indicate that differ-
ent organizations pursue very different approaches to prod-
uct production. While [4, 3] focus on the process and man-
agement aspects of production planning, Lee et al.[20] em-
phasize technical aspects and propose a feature-based ap-
proach for product line production planning. Form and con-
tents of production plans vary from organization to organi-
zation and also depend on the concrete PLE approach. Such
plans are a good means to describe the process – that is the
inputs, activities, roles, and outputs – of deriving products
from a product line. However, production plans are usually
just a document with a rather informal description on how to
derive products from the core asset base. Production plans
are necessary but cannot replace explicit guidance and tool-
support for product derivation. They are also not meant to
be used in capturing project-specific sales knowledge. Pro-
duction plans can, however, provide valuable input for our
approach.

The specialization of variability models as proposed by
Czarnecki et al. [6] in their paper on staged configuration
using feature models also provides ideas on how to adapt

variability models. Our work also emphasizes that in a real-
istic development process variability is resolved by different
groups and people in different stages. The ConIPF Method-
ology [15] proposed by Hotz et al. also offers interesting
concepts for product derivation by combining product line
engineering and knowledge-based configuration.

Derivation support in product line tools.Several com-
mercial and research tools support different aspects of prod-
uct line derivation. Current tools do provide rather weak
support for non-technicians such as sales experts using vari-
ability models in product customization [24, 26]. Present-
ing the entire variability of the system using feature- [18] or
UML-based models [2] often overwhelms non-technicians.
Large variability models have to be pruned and guidance for
product derivation needs to be provided.

Existing tools such as pure::variants [23], Gears [19],
FeaturePlugin [1], or RequiLine [28] consider planning and
support for the derivation process as outside their scope.
Also, technical product configuration (or derivation) pro-
cesses are rather weakly integrated with sales processes.
This neglects that in real-world projects derivation deci-
sions are often taken during sales talks. Existing tools do
not provide sufficient guidance for product derivation and
sales processes. Tools from the area of customer relation-
ship management (CRM) are capable to manage customer
information to guide people from sales, marketing, and sup-
port divisions in their interaction with customers. However,
CRM capabilities are currently not integrated with existing
product line tools.

6. Conclusions and Future Work

In this paper we emphasized that a direct utilization of
domain variability models in product derivation is hardly
possible. Instead, an intermediate derivation model is
needed that contains valuable information for people in the
derivation process (e.g., sales people). We have described
key ingredients of such derivation models. We believe that
such models help narrowing the gap between domain and
application engineering and expedite the derivation process.
Using examples from our industrial partner Siemens VAI
we illustrated our idea of how sales and project managers
can adapt a variability model to produce derivation models.
We have shown tool support for this task and presented the
prototype ProjectKing capable of capturing the knowledge
necessary for such adaptation tasks.

We are still working on improving our approach and ac-
companying tools and especially plan to focus on the fol-
lowing issues in our future work:

Business decision-making in PLE. We plan to better sup-
port economic aspects of PLE with our approach. For ex-
ample, cost-benefit analyses and trade-off estimations for
product derivation projects should be supported. We are
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currently investigating existing product line cost estimation
models, as for example proposed by In et al. [17], for this
purpose.

Product line maintenance and evolution. We are cur-
rently also working on improving support for evolution. It
is already possible to match a new variability model’s de-
cisions with the decisions in the existing derivation model
by name. DecisionKing provides model merging and differ-
encing capabilities (cf. [9]) that we plan to adapt for provid-
ing such capabilities in the ProjectKing too. Further mech-
anisms, for example, support for reusing sales knowledge
modeled in past projects by making it available in the prod-
uct line’s variability model, also need to be considered.

A key to the success of the approach is that beyond the
technical aspects of tool integration a company succeeds
in integrating people. Diverse people from different disci-
plines have to contribute to and support such an integrated
derivation process. We will report experiences on this in the
future.
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