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Abstract. Over the past twenty years, there have been many contri-
butions in the area of feature model automated analysis of variability
models. We propose that the knowledge obtained during recent years to
automatically analyse diverse variability models. In this paper we present
FaMa OVM and FaMa DEB, which are prototypical implementations for
the automated analysis of two distinct variability models, namely Or-
thogonal Variability Models and Debian Variablity Models, respectively.
In order to minimise efforts and benefit from the feature model know–
how, we use FaMa Framework which allows the development of analysis
tools for diverse variability modelling languages. This framework pro-
vides a well tested system that guides the tool development. Due to the
structure provided by the framework, FaMa OVM and FaMa DEB tools
are easy to extend and integrate with other tools. We report on the main
points of both tools, such as the analysis operations provided and the
logical solvers used for the analysis.

Keywords: Variability models, Intensive variability systems, Automated anal-
ysis

1 Introduction

Variability modelling is an important task in software product line engineering
(SPLE). In the literature, there are many kinds of models used for modelling
variabilities [1]. The automated analysis of these models is a thriving research
area. Over the past twenty years, there have been numerous contributions in
this area including both, research papers and tools[2]. The automated analysis
of variability models is defined as the computer-aided extraction of informa-
tion from such models [2]. Some examples of analysis on models are: checking
whether a configuration is valid, checking whether a model is void, etc. Although
there are other variability modelling techniques, the majority of the research on
analysis has focused on feature models. In this paper, we show an example of
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how to implement the automated analysis of other variability models, particu-
larly Orthogonal Variability Model (OVM) [3] and Debian Variability Model.
For implementing these analysis we used the FaMa framework (FaMa FW) [4],
which is an open source Java framework that simplifies the development of tools
for the analysis of variability models. It is worth highlighting that in this pa-
per we address OVMs and Debian variability models, however these are only two
possibilities, amongst others. In this paper we show how we extended automated
analysis beyond feature models.

This paper is structured as follows, in Section 2 we present our tools FaMaOVM
and FaMaDEB and the common parts they share. The concretes parts of each
tool are described in subsection 2.1 for FaMaOVM and in subsection 2.2 for
FaMaDEB. Finally in Section 3 we present our conclusions and future work.

2 The tools

FaMa OVM and FaMa DEB are tools for the automated analysis of OVMs
and Debian Variability Models, respectively. Both tools are extensions of the
FaMa FW. This framework provides a number of extension points to plug in
new components called metamodels, readers/writers and reasoners. FaMa FW
provides a set of analysis operations to observe the properties of a model without
modifying it. Each operation takes a model as input and provides a response as
result. More details about analysis operations can be found in [2]. FaMa OVM
and FaMa DEB operations:

– Void model : checks whether a model is void or not, i.e. if it represents at
least one valid product. A model may become void due to the wrong usage
of constraints.

– #Products: returns the total number of valid products represented by the
model received as input.

– Valid Product : takes a model and a product (set of variability elements) as
input and returns a value that determines whether the input product belongs
to the set of products represented by the model or not.

– All Products : takes as input a model and returns all the valid products
represented by this model.

– Valid Partial Configuration: takes a model and a partial configuration as
input and returns a value informing whether the partial configuration is
valid or not, i.e. a partial configuration is valid if it does not include any
contradiction.

– Filter : takes as input a model and a configuration (potentially partial) and
returns the set of valid products including the input configuration that can
be derived from this model.

– Dead Node: returns a set of dead nodes (if any), i.e. those that cannot appear
in any of the valid products represented by the model. Dead nodes are caused
by the wrong usage of constraint dependencies.

– Commonality : takes a model and a configuration as inputs and returns the
percentage of valid products including the input configuration.
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Fig. 1. OVM notation

2.1 The FaMa OVM tool

OVM is a modelling language for defining the variability of a software product
line separately without change the base models (e.g. requirement model, design
model). The base models realise the variability defined by the variability ele-
ments in the OVM model. In OVM the first-classes are: variation points (VP)
and variants. A variation point documents the aspects that can vary in the
product line, which must be chosen by the customer or engineer of the software
product line. A variant is related to a variation point and documents how this
variation point can vary. Figure 1 shows an example of an OVM diagram. We
have successfully used this tool to analyse OVM models using attributes in an
industrial case study in the automotive domain [5]. The main ideas behind the
mapping of OVM to constraint programming were presented in [5].

The OVM metamodel. → In the context of automated analysis, an OVM is
interpreted as a set of possible products that can be derived from the product
line. Thus, the OVM metamodel describes the different variability elements and
the rules that constraint the combination of these elements in a product line.

2.2 The FaMa DEB tool

We found that Debian–based Linux distributions use a language to describe
dependencies in software packages repositories. Later, we realised that this lan-
guage can be interpreted as a variability language similar to those of feature
models, OVMs and other variability description languages. If we consider a soft-
ware package as a feature of a distribution, a Debian–based Linux distribution
could be interpreted as a product line and the individual installations could be
therefore considered the products of the product line. In this context, a product
is a set of installed packages, i.e. a Debian installation. Similarly, we assume that
a set of repositories define an SPL of Debian-based distributions.

The DEB Metamodel. → The FaMa DEB metamodel is needed to represent
and store the information present into Debian repositories. It is composed by
packages (varibility elements) and relationships. Note that not all information
stored in the Debian repository describes the variability of the linux distribution
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(i.e. the homepage of the software maintainer). In [6] you can find a detailed
description of those relations and the required mapping.

3 Conclusion and Future Work

We provided a prototypical implementation for the automated analysis of OVMs
and Debian variability models. The development of these tools were based on
a framework for the analysis of feature models, which is a research area with
more know–how. We realised that the framework simplified the development of
our tools, we did not have to start from scratch and we reused most of the
analysis operations applied to feature models. Both tools offer a simple public
interface, by which the user just need to entry with the model (sometimes with
some more data, it depends on the operation) and to select the operation to be
answered by the tool. It is worth highlighting that, on the one hand, we used
small–scale models to test FaMa OVM and the analysis results were obtained
in an acceptable time for all analysis operations performed with both sat4j and
choco solvers. On the other hand, with FaMaDEB we were able to deal with
realistic large-scale variability models.
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