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1 Summary

Software Product Line (SPL) engineering is a reuse strategy to develop families of
related systems. From common assets, different software products are assembled
reducing production costs and time–to–market. Products in SPLs are defined
in terms of features. A feature is an increment in product functionality. Feature
models are widely used to represent all the valid combinations of features (i.e.
products) of an SPL in a single model in terms of features and relations among
them. The automated analysis of feature models deals with the computer–aided
extraction of information from feature models. Typical operations of analysis al-
low determining whether a feature model is void (i.e. it represents no products),
whether it contains errors (e.g. features that cannot be part of any product) or
what is the number of products of the SPL represented by the model. Cata-
logues with up to 30 analysis operations on feature models and multiple analysis
solutions have been reported.

Feature model analysis tools deal with complex data structures and algo-
rithms. This makes the implementation of analyses far from trivial and easily
leads to errors increasing development time and reducing reliability of analysis
solutions. Gaining confidence in the absence of faults in these tools is especially
relevant since the information extracted from feature models is used all along
the SPL development process to support both marketing and technical decisions.
Thus, the lack of specific testing mechanisms in this context appears as a major
obstacle for engineers when trying to assess the functionality and quality of their
programs.

In [1], we gave a first step to address the problem of functional testing on the
analyses of feature models. In particular, we presented a set of manually designed
test cases, the so-called FaMa Test Suite (FaMa TeS), to validate the implemen-
tation of the analyses on feature models. Although effective, we found several
limitations in our manual approach that motivated this work. First, evaluation
results with artificial and real faults showed room for improvement in terms of
efficacy. Second, the manual design of new test cases relied on the ability of
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the tester to decide whether the output of an analysis was correct. We found
this was time–consuming, error–prone and in most cases infeasible due to the
combinatorial complexity of the analyses. As a result, we were force to use small
and in most cases oversimplistic input models whose output could be calculated
by hand. This limitation, also found in many other software testing domains, is
known as the oracle problem i.e. impossibility to determine the correctness of a
test output.

Metamorphic testing was proposed as a way to address the oracle problem.
The idea behind this technique is to generate new test cases based on existing
test data. The expected output of the new test cases can be checked by using
known relations (so–called metamorphic relations) among two or more input
data and their expected outputs. Key benefits of this technique are that it does
not require an oracle and it can be highly automated.

In [2], we propose using metamorphic testing for the automated generation
of test data for the analyses of feature models. In particular, we present a set
of metamorphic relations between feature models and their set of products and
a test data generator based on them. Given a feature model and its known set
of products, our tool generates a set of neighbouring models together with their
associated sets of products. Complex feature models representing millions of
products can be efficiently generated by applying this process iteratively. Once
generated, products are automatically inspected to get the expected output of
a number of analyses over the models. Key benefits of our approach are that
it removes the oracle problem and is highly generic being suitable to test any
operation extracting information from the set of products of a feature model.
In order to show the feasibility of our approach, we evaluated the ability of our
test data generator to detect faults in three main scenarios. First, we introduced
hundreds of artificial faults (i.e. mutants) into three of the analysis components
integrated into the FaMa framework and checked the effectiveness of our gener-
ator to detect them. As a result, our automated test data generator found more
than 98.5% of the faults in the three reasoners with average detection times
under 7.5 seconds. Second, we developed a mock tool including a motivating
fault found in the literature and checked the ability of our approach to detect
it automatically. As a result, the fault was detected in all the operations tested
with a score of 91.4% and an average detection time of 23.5 seconds. Finally, we
evaluated our approach with recent releases of two real tools for the analysis of
feature models, FaMa and SPLOT, detecting two defects in each of them.
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Abstract. The automated detection of faults on variability analysis
tools is a challenging task often infeasible due to the combinatorial com-
plexity of the analyses. In previous works, we successfully automated the
generation of test data for feature model analysis tools using metamor-
phic testing. The positive results obtained have encouraged us to explore
the applicability of this technique for the efficient detection of faults in
other variability-intensive domains. In this paper, we present an auto-
mated test data generator for SAT solvers that enables the generation
of random propositional formulas (inputs) and their solutions (expected
output). In order to show the feasibility of our approach, we introduced
100 artificial faults (i.e. mutants) in an open source SAT solver and com-
pared the ability of our generator and three related benchmarks to detect
them. Our results are promising and encourage us to generalize the tech-
nique, which could be potentially applicable to any tool dealing with
variability such as Eclipse repositories or Maven dependencies analyzers.

1 Introduction

Variability models are a key asset to represent the common and variable features
of a configurable software system. The automated analysis of variability models
deals with the automated extraction of information from the models [1], e.g.
determining the number of possible configurations of a software product. The
analysis operations that can be performed on variability models are often very
complex [1, 4]. This hinders the testing of these applications making it difficult,
often infeasible, to determine the correctness of the outputs, i.e. oracle problem.

Feature models are de-facto standard to manage variability in software prod-
uct lines [1]. In previous works [4], we presented an automated test data gen-
erator for the analysis of feature models overcoming the oracle problem using
metamorphic testing [5]. Roughly speaking, we proposed a set metamorphic re-
lations (so-called metamorphic relations) between feature models (inputs) and
the set of products that they represent (expected output). Using these relations,
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