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through systematic assets reuse

! Q: How to ensure such quality ?

! Need for SPL QA

‣ Model checking [Asirelli2011, Classen2010, Classen2011, 
Fischbein2006, Gruler2008, Lauenroth2009, Li2002]

‣ Testing [Oster2010, Perrouin2011, Weiβleder2010]
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20 22 years of features...
! As many meanings as there are SPL researchers 

[Classen2008] :)

! Distinguishable units of interest => abstract

‣ Mapping features to models if needed

! Organised in Feature Models (FM)

‣  Graphical Notation: FODA-style [Kang1990]

‣ Textual: Guidsl [Batory2005], TVL [Classen2010b]...  

! Formalisations exist [Batory2005,Czarnecki2007, 
Schobbens2007]

! Automated analyses [Benavides2010]

! Enables Model-Driven QA of SPL :)
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Once upon a time... (2009)
! There was a postdoc working on (structural) product 

derivation for SPLs...

‣ Compositional approach [Perrouin2008]

! Q: How to design model fragments so that they 
compose well together ?

‣  Methodological hints are insufficient

‣  Need for an automated approach to validate SPL models...

! Testing view: Extract relevant configurations of the SPL 
and build them (composition = oracle)  
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Initial Requirements
! Model-based Testing (FM = Model) [Utting2006]

‣ Integration in the whole SPL lifecycle

‣ Automation through model transformations

! Product-by-Product: 2N tests for N features :)

! Assumed no a priori knowledge of the SPL

‣ Incremental testing [Uzu08] infeasible (where to start ?)

‣ Needed to cope with combinatorial explosion and 
interactions



Initial Vision
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Combinatorial Interaction Testing
! Most bugs are provoked by a small number of 

interactions [Kuhn2004]

! T-wise coverage criteria:  “all interactions of size t must 
be covered in test cases at least once”

!  T= [1..6].  T= 2 (pairwise) often enough (>70%)

! Pros:

‣ Addresses the feature interaction problem

‣ Small test suites (compared to 10^X possible tests)

! Cons (for SPL)

‣ Poor support for constraints 

‣ Limited SPL support (2009) [Cohen2006,Cohen2007] 
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T-wise SPL Testing  as a SAT problem
! MBT approach considering FMs as inputs

‣  Viewed as a set of constraints between boolean features

! T-wise

‣ Can be seen as a SAT problem: “Set of valid products that 
satisfy the conjunction of all t-tuples of features”

!  Rely on SAT solvers for SPL T-wise testing

! Questions

‣ How to encode the FM +  T-wise problems from higher 
models ?

‣ Scalability (NP-Complete problem) ?
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Approach overview [Perrouin2010]
! Automatic translation of FD+T-wise towards SAT 

solvers

‣ Idea: Use Alloy [Jackson2006] as an intermediate 
representation between FD+T-wise and SAT solvers

‣ Use model-driven techniques (EMF and Kermeta) to 
generate alloy specifications

! Scalability

‣ Split T-tuples in solvable sets according to strategies

‣ Generate  appropriate Alloy commands and solve sets

‣ Recompose solutions in an unique test suite

! Configurable JAVA-based toolset performing test 
selection and analysis of the selection strategies
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Evaluating T-wise Generation
! Generation time

! Generated test suite size

! T-tuple occurrence: how many times a given T-tuple 
appears ?

! Number of duplicates (engendered by “divide and 
compose” strategies)  

! Similarity: how different are my generated test cases ?

! Tciv :  Variant features [Benavides2010] of test case ‘i’
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Comparing Pairwise Approaches 

! Comparing two radically different approaches to give 
insights to the tester [Perrouin2012]

‣ Alloy-based solution [Perrouin2010]

‣ CSP-based solution [Oster2010]

! Conflicting philosophies

‣ Generality for Alloy-based

‣ Specialization for CSP-based 
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Key Differences 
! FM  Expressivity

! Scalability

‣ ‘A priori’:  Flattening of the FM

‣ ‘A posteriori’ : “divide-and-compose” strategies

! Determinism

‣ CSP-based provides always the same suite on a given FM

‣ Alloy-based can produce very different test suites due to 
random tuple combinations and scope influence



Experiments



Experiments
! Ran experiments on SPLOT [Mendonca2009]

‣ T=[2..3]



Experiments
! Ran experiments on SPLOT [Mendonca2009]

‣ T=[2..3]

! Execution times (T=2)



Experiments
! Ran experiments on SPLOT [Mendonca2009]

‣ T=[2..3]

! Execution times (T=2)



Experiments
! Ran experiments on SPLOT [Mendonca2009]

‣ T=[2..3]

! Execution times (T=2)

! CSP-Dedicated 1000 times faster
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Experiments cont’d
! Test Suite Size (T=2)

! Test Suite Size (T=3)

! Observed also increasing  numbers of duplicates when 
T is higher or for larger FM for Alloy-based

! There is a clear winner :) 
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Also...
! Other approaches emerged

‣ Pacogen [Hervieu2011]

‣ SPLCAT [Johansen2011,2012a,2012b]

‣ Search-based techniques 

- GA + Fitness: T-wise coverage [Ensan2012]

- GA + Fitness: Similarity: http://research.henard.net/SPL/ 

! Scalability greatly improved

‣ From dozens to thousands of features (linux FM)

! T-wise is “blind” => new challenges

‣ Prioritization, Non-boolean feature models... 



Beyond pairwise....
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FTS cont’d
! Designed for Model-Checking

‣ Exponentially more efficient than product-by-product 
verification

‣ Tool-support: SNIP [Classen2012], NuSMV [Classen2011]

‣ Real-time [Cordy2012a], adaptive systems [Cordy2012b]

! SPL-dedicated

‣ From product to set of products

‣ From application to domain engineering

! Goal: Combination with Testing

‣ MC properties as test selection criteria

‣ Verification of feature interactions
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‣ No structuring mechanism 

‣ Higher-level models (fPromela, fSMV)  still requires MC 
expertise 

! Use of UML  instead

‣ Broaden the scope of this techniques to any SPL engineer

‣ Abstraction:  Hierarchical states, orthogonal regions

‣ FTS as underlying formal semantics

! Challenges

‣ UML 2 FTS : flattening...   

‣ Testable FTS:  Extended Actions, test criteria, FTS-ioco...  

Leveraging FTS
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Conclusions
! SPL Testing was ignored for long, but...

‣ Gaining momentum

‣ Huge progress in applicability and scalability for T-wise 
techniques => ready for industry ?

! T-wise is “blind”

‣ prioritisation (weights, ordered suites...)

‣ flexibility (time/budget constraints)

! Move to behavioural SPL Testing & QA

‣ Tough Challenge: collaboration between Verification and 
Testing communities required



Thanks...
! Benoit Baudry, Sagar Sen, Jacques Klein, Yves Le Traon, 

Sebastian Oster

! Arnaud Gotlieb, Aymeric Hervieu

! Xavier Devroey, Maxime Cordy, Patrick Heymans, Pierre-
Yves Schobbens, Axel Legay, Eun-Young Kang, Andreas 
Classen

! Christopher Hénard, Mike Papadakis
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