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1 Introduction

We study the stability analysis of discrete-time switched sys-
tems on M ∈ N modes of the form

x(k+1) = fσ(k)(x(k)), (1)

where the state x(k) ∈ Rn for any k ∈ N, and the switching
signal σ : N→ {1, . . . ,M} determines the current dynamics
at each time step. In particular, we study the stability under
arbitrary switching, i.e. when there is no constraints on the
switching signal. In this work, we merge two recently in-
troduced tools; the path-complete Lyapunov framework [1]
(PCLF) which is a graph-based generalization of the
multiple Lyapunov function approach for switched systems,
and FOSSIL [2] a software for the formal synthesis of
Lyapunov functions based on neural networks.

On one side, the PCLF framework generalizes multiple Lya-
punov functions for switched systems, and involves two
structural parameters. First, a labeled and directed graph
whose edges encode the Lyapunov inequalities, and a tem-
plate which defines the search space for the Lyapunov func-
tions as quadratic functions for instance. This framework
provides in particular a characterization of the validity of
a graph-based certificate thanks to the path-completeness
property. Therefore, this formalism offers a large range
of stability certificates, and the question of finding the best
ones among them is still the focus of active research [3].
On the other side, FOSSIL [2] is a sound counterexample-
guided inductive synthesis (CEGIS) method which is used to
find one Lyapunov function for general dynamical systems.
This software features two main components as illustrated
in Figure 1: as a first step, the learner suggests a candidate
Lyapunov function valid over a finite sets of points to the
verifier which checks the validity of the function over the
whole domain. If the verifier finds a point where the Lya-
punov constraints are not satisfied, the point is added to the
training set and the algorithm loops. Otherwise, the algo-

Figure 1: CEGIS loop of the FOSSIL software [2].

rithm stops and produces a valid Lyapunov stability certifi-
cate. In FOSSIL, the learner trains a neural network while
the verifier is an SMT solver.

2 Results

In this work, we managed to adapt the FOSSIL architec-
ture to graph-based stability certificates for switched sys-
tems in order to synthesize path-complete Lyapunov func-
tions where the template is a neural network.

Concluding, the adaptation of the software FOSSIL to PCLF
certificates allows to fully exploit the flexibility of both for-
malisms. In the future, we plan to leverage this flexibility in
order to develop further the comparison of PCLF certificates
in terms of performance by studying the modifications on
the Lyapunov function when we add new layers, new neu-
rons or when we modify the graph.
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