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Abstract. Modal transition systems (MTSs) and featured transition
systems (FTSs) are widely recognised as fundamental behavioural mod-
els for software product lines. This short paper summarises the contri-
butions published in [3]: MTSs with variability constraints (MTSwvs) are
equally expressive as F'T'Ss. This is proved by giving sound and complete
transformations of the latter into the former, and of the former into the
latter. The benefits of this result are twofold. First, it contributes to the
expressiveness hierarchy of such basic models studied in the literature.
Second, it provides an automatic algorithm from FTSs to MTSwvs that
preserves the original (compact) branching structure, thus paving the
way for model checking FT'Ss with the variability model checker VMC.
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1 Background

Software systems are more and more often developed and managed as software
product lines (SPLs) to tackle the variability inherent to a collection of individual
customization [15]. The variability among the instances of highly-configurable,
variant-rich systems is expressed in terms of features, which conceptualise pieces
of functionality or aspects of a system that are relevant to the stakeholders [1].
Formal models for the specification and verification of SPL behaviour have been
the subject of extensive research throughout the last decade.?

Behavioural models for SPLs are based on the superimposition of multiple
labelled transition systems (LTSs), each of which represents a different variant
(a product model), in a single LTS enriched with feature-based variability (a
family model). A family’s product variant (ordinary LTS) can be derived from
the enriched LTS by resolving this variability. This boils down to deciding which
‘variable’ behaviour to include in a specific product and which not, based on the
combination of features defining the product.

3 The reader is referred to [3] for a complete list of references
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MTSs and FTSs are some of the best known enriched LTS models for SPLs.

An MTS is an LTS that distinguishes between admissible (may) and neces-
sary (must) transitions. MTSs were originally introduced in [14] to capture the
refinement of a partial description into a more detailed one, reflecting increased
knowledge on the admissible (but not necessary) behaviour. In [5], MTSs were
equipped with an additional set of variability constraints, resulting in MTSws,
to compactly model SPL behaviour, whose individual product behaviour, in the
form of LTSs, can be obtained by means of a special-purpose refinement relation,
or by an equivalent operational derivation procedure.

An FTS is an LTS equipped with a function that labels each transition with
a feature expression which needs to hold for this specific transition to be part
of executable (product) variant behaviour (according to some feature model).
FTSs were introduced in [11, 10] to concisely model SPL behaviour, where again
the behaviour of its (product) variants is modelled by LTSs. An FTS captures a
family of LTSs, one per (product) variant, which can be obtained by projection
(pruning away transitions not belonging to the variant).

In [9, 16, 17], these and other behavioural SPL models (with possibly infinite
states) were compared with respect to their expressive power. The expressiveness
results in [9] state that MTSs are less expressive than FTSs (with a generalised
product-derivation relation), whereas in [17] FTSs are encoded into equivalent
sets of multiple MTSs. In [3], we demonstrated instead that finite-state MTSwvs
are equally expressive as finite-state FTSs, by defining transformations of the lat-
ter into the former, of the former into the latter, and proving the soundness and
completeness of both transformations, thus contributing to the expressiveness
hierarchy of such basic behavioural SPL models studied in [9, 16, 17].

2 Contributions

In this section, we summarise the main results of [3] and mention their benefits.
We say that a behavioural SPL formalism M’ is at least as expressive as a
behavioural SPL formalism M, denoted by M < M, iff there exists a transforma-
tion from M into M’, denoted by 7: M — M’, such that for all models M e M,
the sets of derived variants Its(M) and Its(7(M)) coincide. If also the vice-versa
holds, we say that M’ and M are equally expressive, denoted by M'= M.

As anticipated, in [3] we formally proved that finite-state MTSws are equally
expressive as finite-state FTSs. To this aim, we extended the automatic tech-
nique to transform an FTS into an MTSv presented in [2], where we moreover
merely sketched a proof of the soundness. More precisely, to show that finite-
state MTSwvs are equally expressive as finite-state FTSs we proved that:

1. FTSs < MTSws by defining an algorithm, FTS2MTSv that transforms any
FTS into an MTSwv and by proving its soundness and completeness (i.e. an
MTSw results with the same set of variant LTSs as the original FTS).

2. MTSwvs = FTSs by defining an algorithm, MTSv2FTS, that transforms any
MTSw into an FTS and by proving its soundness and completeness (i.e. an
FTS results with the same set of variant LTSs as the original MTSwv).
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Furthermore, in [3] we also pinpoint the specific features of MTSws that make
them at least as expressive as FTSs by illustrating the transformation into an
MTSwv of an FTS that was introduced in [9] and for which it was demonstrated
that it cannot be encoded as an MTS.

The defined FTS2MTSwv transformation algorithm leads to an MTSwv that
generally could be optimised in several ways without changing its behaviour nor
its variants, such as reducing the so-called descriptional complexity of the MTSv
(like the number of variability constraints) or improving the efficiency of model
checking properties over the MTSwv or deriving variants from it. Notably, the
FTS2MTSv transformation algorithm preserves the original (compact) branch-
ing structure of the FTS.* This paves the way for using (optimised) versions of
the MTSwvs for family-based SPL model checking of FTSs with the variability
model checker VMC [7, 6], which currently accepts only MTSv. VMC is a tool
for modeling and analysing behavioural SPL models, which accepts MTSwvs de-
fined as MTS (specified in a high-level modal process algebra) together with a
set of variability constraints (specified as propositional logic formulae).

3 Conclusion and Future Work

In [3], we proved that finite-state MTSwvs are equally expressive as finite-state
FTSs by defining an algorithm to transform any MTSv into an FTS and vice-
versa and proving the soundness and completeness of these transformations.
This result complements the expressiveness results that were reported in [9, 16]
for behavioural SPL formalisms with possibly infinite states, viz. MTSs are less
expressive than FTSs (with a generalised product-derivation relation).

Since one of the aims of [3] was to complement the expressiveness hierarchy
of fundamental behavioural models for SPLs studied in [9, 16], the theoretical
result of [3] that MTSwvs are equally expressive as FTSs is of interest by itself.
However, since the FTS2MTSv transformation algorithm preserves the original
(compact) branching structure of FTSs, this result moreover paves the way for
using (optimised) versions of the resulting MTSws for family-based SPL model
checking of FT'Ss with the variability model checker VMC (7, 6].

A related approach, outlined in [4], uses the fact that any FTS can be trans-
formed into an MTS and if the FTS is unambiguous, then the corresponding
MTS is live, thus allowing to carry over a result from [5] to facilitate family-
based model checking of such FTSs for a rich temporal logic.

In the future, we plan to implement an optimised version of the FTS2MTSwv
transformation algorithm (e.g. by creating must transitions whenever possible)
as a front-end of VMC and to further explore the approach from [4], to offer SPL
model checking of rich temporal logic properties against either FTSs or MTSwvs.

Currently, efficient SPL model checking over FTSs is possible by using dedi-
cated family-based model checkers like ProVeLines [12] or, alternatively, by using
highly optimised off-the-shelf model checkers like SPIN or mCRL2, which were
recently made amenable to family-based SPL model checking over FTSs [13, §].

* The resulting MTSw has one additional state and dummy transitions to that state [3].
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