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Modeling Variability in Complex Software Systems’
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Abstract: A Software Product Line (SPL) is a family of related programs, called variants, generated
from a common artifact base. A Multi SPL (MPL) is a set of interdependent SPLs: Each variant may
depend on variants from other SPLs. MPLs occur frequently in practice and are challenging to model
and implement efficiently when different variants of the same SPL must coexist and interoperate.
We address this by introducing the concept of a variability module (VM), a new language construct.
A VM constitutes at the same time a module and an SPL of standard (variability-free), possibly
interdependent, modules. A set of interdependent VMs represents an MPL that can be compiled into a
set of standard modules. We instantiate the concept of a VM for the modeling language ABS.

Keywords: Delta-oriented programming, Family-based analysis, Modules, Multi product line

Problem Statement A first challenge in modeling variability aspects of complex software
systems is the situation when more than one product line is involved and these product lines
depend on each other. Such sets of related and interdependent product lines are known as a
multi product line (MPL) [HGR12]. A second modeling challenge, orthogonal to MPLs, is
the situation when different product variants from the same product line need to co-exist in
the same context and must be interoperable [Dal8]. Existing programming abstractions in
software product line engineering (SPLE) do not adequately meet these challenges [PBLO5].

In our work we encountered these two challenges in the context of an industrial case study
performed for Deutsche Bahn Netz AG [KHS 18], where several interdependent product
lines for networks, signals, switches, etc., occur while, at the same time, mechanic and
electric rail switches represent different variants of the same product line—and train stations
may include both.

Proposed Solution The central idea is to take a programming abstraction every software
engineer is familiar with and make it variability-aware, instead of coming up with new
concepts specific to SPL: We take the standard notion of a software module to structure large
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software systems as a baseline. Modules are supported in many programming and modeling
languages. Because modules are intended to facilitate interoperability and encapsulation, no
further ad hoc concepts are needed for that purposes. We merely add variability to modules,
rendering each module a product line of standard, variability-free modules. Variability at the
code level in VM is represented with deltas [Sc10]. We call the resulting language concept
variability module (VM): Each VM is a module as well as a product line of modules. This
reduction of concepts not only drastically simplifies syntax, but reduces cognitive burden
on the modeler. To substantiate this claim, Section 2 of [Da23] models a MPL from the
railway domain in terms of VMs without the need to introduce any concept formally.

VMs are implemented as an extension of the ABS modeling language [Jo10], but they
can, in principle, be added on top of any Java-like language [SH21]. The foundation on
a modeling language such as ABS has the advantage that we can spell out consistency
requirements, define a core calculus, formalize statically checkable properties of VMs,
define a formal semantics, as well as prove type-safety. In addition, we define family-based
analyses that partially check whether a VM declaration is type-safe, including the property
that all variants of all VMs can actually be generated. As long as one has control over the
parser and abstract syntax tree, it is relatively easy to realize the family-based checks and
the flattening algorithm into variability-free modules within any compiler tool chain.
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