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Abstract
In product line engineering variability models capture the commonalities and variability of core assets
and guide product derivation. In large-scale systems
the knowledge that is required for creating and evolving variability models is typically distributed among
different heterogeneous stakeholders. For example,
sales people usually think in terms of features and
monetary resources while developers emphasize architectural elements, software resources, and configuration parameters. This paper is based on experiences
from an ongoing industrial research project and proposes an approach for sharing variability knowledge
in a multi-team development organization. Our approach allows different teams to create a variability
model from their point of view (e.g., for a subsystem
they are responsible for). Subsequently all created
models are combined to one integrated variability
model.

building and evolving such models for the parts of the
system they are dealing with. We are facing these challenges in an ongoing research project with Siemens
VAI, the world leader in engineering and building
plants for the iron, steel, and aluminum industries. In
this paper we propose an approach for distributed editing and integration of variability knowledge.

2. Capturing Variability Knowledge
As part of our research in bridging the gap between
stakeholders in PLE, we have been developing an integrated variability model [3]. Our model covers product
line assets (e.g., components, resources, features) and
decisions as shown in Figure 1.

1. Introduction
It has been demonstrated that product line engineering (PLE) can reduce cost and increase productivity
and quality through consequent reuse of core assets
[8]. Variability management is a key concept in PLE to
express the commonalities and variability of core assets and to understand dependencies among them [4].
Variability models can also be seen as building plans
for product instantiation and configuration.
Creating a variability model is not trivial as it relies
on information spread across the minds of numerous
heterogeneous stakeholders. Today’s software systems
are large and often different development teams are in
charge for different parts of the system. The dependencies between the communication structure of a development team and the technical structure of a system
have been addressed by Conway’s law [1, 5]. Working
with large-scale variability models requires mechanisms that support the cooperation of different teams

Figure 1: Integrated variability model
Assets address different levels of variability including customer visible properties expressed as features,
architectural elements such as components, and implementation level details such as properties. Assets
can have structural (contributes to) and logical (constrains) dependencies. Decisions are used to link the
various model elements. A decision can be seen as a
variation point, where the user is given an option. The
decision taken by a user influences the selection of
assets. Decisions can also have dependencies. Visible
if models the situation that the selection of a certain
value makes another decision relevant. Decision can
also constrain other decisions.
While this model works well for capturing different
PLE aspects such as customer-oriented perspectives
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Figure 2: Sharing and merging of variability models
and technical perspectives, it is unrealistic to assume
that such a model can be created and evolved by an
individual or by a small team for a real-world system.
Interaction with our industry partner confirmed that
teams typically have detailed knowledge of a small set
of subsystems and only rough knowledge about other
subsystems [2]. It is therefore important to support the
interaction of different teams via distributed variability
models linked through model connectors [7] to allow
teams to separately create and evolve models. Consistency is ensured through the defined model connectors
which allow combining all individual variability models into one integrated variability model.

needed by this component, rather than modeling where
this new component can be used.
The mapping between exported elements of one
model and imported elements of another model can be
automated. A match can be found for elements of the
same type and with the same name. As illustrated in
Figure 2, model 1 exports a decision d1 and a feature
f5, which are imported by model 2. By merging the
individual models a complete variability model is created that guides the instantiation of products in PLE.
We have been developing an initial prototype of this
capability as part of our ongoing tool development.
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