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Software Product Lines (SPLs) are fami-
lies of products that share common func-
tionality but also have variations tailored
for different customer needs. Many of
the benefits expected from SPLs are
based on the assumption that the addi-
tional investment in setting up a product
line pays off later when products are cre-
ated. However, product line assets have
to evolve continuously in order to keep
the economic benefits of a product line
at an optimal level. Managing this evo-
lution therefore becomes a key issue
when maintaining a product line. 

In the MULTIPLE project, we defined a
framework to support the development
and evolution of high-quality SPLs. This
framework is based on the definition of
a multimodel that represents the dif-
ferent system views and the relation-
ships among them. The variability man-
agement involves the manipulation of
features, represented as cardinality-
based feature models, and the support of
such variability in the so-called product

line core assets. Specifications of the
system variability, functionality, and
quality can be dealt with models that are
independent from each other but where
their inter-consistency is assured by
means of the relationships defined in
this multimodel.

The SPL production plan is parameter-
ized by means of the multimodel which
specifies the corresponding model
transformations that are needed to
obtain a specific product with the
desired features, functions, and quality.

Figure 1 shows the multimodel playing
a pivotal role in the SPL production
plan. In the domain engineering phase it
is used to express the impact and con-
straints among features, functional
components and quality attributes,
describing in this way, the extension of
the product line. In the application engi-
neering phase, it guides the product
configuration, allowing the selection of
features and functional components that

meets the quality attributes selected by
the application engineer. This approach
leads us to re-consider the problems
related to the intra (eg internal consis-
tency of the feature model) and inter-
model consistency (eg correspondences
among elements of the feature and
quality models) in a broader and real-
istic context. 

Model-based evolution of software sys-
tems implies the evolution by using
models, eg applying model-driven tech-
niques to support product evolution, or
the evolution of models, ie the evolution
of the models/metamodels that describe
the product. In our framework these
evolutions are done by means of reifica-
tion of software artifacts at the met-
alevel. When the evolution affects the
types then the metamodels need to be
reified and evolved. A reflection
process translates to the source level the
evolved artifact. At a model level, the
process is similar. The models are rei-
fied at the metalevel, evolved, and then
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reflected. In the MOF hier-
archy, the evolution behaves in
a similar way in each level and
the consequences over the
instances of the evolved artifact
can be computed automatically.

Figure 2 shows the main steps
of a production plan to develop
a software system by applying
model transformations for the
automotive domain. The
quality attributes that the
product must fulfill are used as
the decision factor when alter-
native transformations appear.
In this way, the application
engineer can experiment with
different quality-driven model
transformations (which repre-
sent design alternatives) and
choose the one that better satis-
fies the functional and quality
requirements. 

The output of the process is the product
represented by means of its architec-
tural models. These architectural
models can be completed in successive
model transformation processes to gen-
erate the fully functional version of the
product. In addition, in each step of the
process, the quality model can be used

to determine whether the artifacts
obtained (eg product architecture) meet
the expected quality levels by automati-
cally applying metrics defined on the
quality model. This assessment pro-
vides evidence about the correctness of
the individual models as well as the
multimodel relationships. 

Finally, the multimodel helps to
establish the traceability and to
ensure the consistency among
the system views. Furthermore,
the model transformations are
guided by the structural con-
straints established by the mul-
timodel and the quality view
contributes to the quality assur-
ance and improvement of the
product line artifacts.
Currently, we are building a
tool to give support to this
approach.
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