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Abstract. We introduce a formal semantic-based modelling framework
to model, specify and verify the functional and adaptive behaviour of
synchronous adaptive systems.

1 Motivation

Self-adaptive embedded systems, e.g. in the automotive domain, autonomously
adapt to changing environment conditions and increase their dependability by
downgrading functionality in case of failures. However, adaptation in embedded
systems significantly complicates system design, in particular, as adaptations
trigger further adaptations in other modules potentially leading to inconsistent
and unstable configurations. Hence, stabilisation of adaptation in self-adaptive
systems is crucial. Formal verification as applied in safety-critical applications
must therefore be able to consider not only temporal and functional properties,
but also dynamic adaptation according to external and internal stimuli.

2 Modelling Synchronous Adaptive Systems

While most approaches formalizing self-adaptation [1] so far intertwine func-
tionality and adaptation, the proposed modelling framework [3] decouples func-
tional and adaptive behaviour providing a clear formal account of both aspects
in separation. This reduces design complexity and enables explicit and uniform
reasoning about functional, adaptive and combined properties. The modelling is
based on state-transition systems. It describes adaptation of module behaviour
in terms of an adaptation aspect on top of a set of possible predetermined con-
figurations. Restricting adaptation to predetermined reconfiguration makes sys-
tems predictable and improves analysis results. Figure 1 depicts the intuitive
notion of a module. The configurations specify local state transitions and com-
putation of output. Before executing the actual functionality, the adaptation
aspect evaluates the configuration guards and selects an applicable configura-
tion. Furthermore, it computes adaptation signals for other system modules.
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Fig. 1. Separating Functionality and Adaptation in a Module

Synchronous adaptive systems are composed from a set of modules connected
via links between input and output variables where data and adaptation flow
do not follow the same links. Adaptations in one module may trigger adapta-
tions in other modules by propagation of adaptation signals. The systems are
open systems with a non-deterministic environment and operate synchronously
as simultaneously invoked actions are executed in true concurrency.

3 Verifying Stabilisation of Adaptation

For specification purposes, we adopt a variant of the linear time logic LTL by
adding special basic predicates for functional and adaptive behaviour to standard
first-order and temporal connectives. Stabilisation of adaptation with respect to
a property ϕ is defined along the lines of [2]. It can be re-phrased in linear logic
as G (ψ → FGϕ) where ψ is a formula which first becomes true in a state
in which the adaptation occurs. The proposed framework enables modular rea-
soning exploiting the system’s modular specification. A global system property
can be decomposed into local properties of single modules entailing the global
property. Furthermore, incorporating abstraction mechanisms, for instance to
reduce unbounded data domains to finite discrete domains, facilitates the effi-
cient integration of existing model checking techniques into the verification of
self-adaptive systems for discharging certain sub-proof goals automatically.
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