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1 Description of the topic

A hybrid automaton describes a computer program together with its analog environment and is a well-established
mathematical model for describing cyber-physical systems. A hybrid automaton consists of a finite number of states,
some transition rules which describe the transitions between states, and a bunch of differential equations describing
the behavior of the analog environment. The goal of the proposed internship is to develop an analyzer for affine hybrid
automata that aims at proving safety properties, i.e. proving that a given automaton cannot go into an error state. For
that we will use novel approaches that are based on strategy iteration.

Strategy iteration (also called policy iteration) was introduced by Howard for solving stochastic control problems
[16, 19] and is also applied to two-players zero-sum games [15, 18, 22] or min-max-plus systems [2]. Applied to
static analysis problems, the goal of such a strategy iteration algorithm is to compute the least solution of a system of
inequalities

x1 ≥ f1,1(x1, . . . ,xn) · · · x1 ≥ f1,k1(x1, . . . ,xn)
...

...
...

xn ≥ fn,kn
(x1, . . . ,xn) · · · x1 ≥ f1,k1(x1, . . . ,xn),

where x1, . . . ,xn are variables that take values in R := R ∪ {−∞,∞} and the fi,j’s are operators that are monotone
and concave. The existence of the least solution is ensured by the fixpoint theorem of Knaster/Tarski [21]. An extremely
simple example is given by the following system of inequalities:

x1 ≥ 0 x1 ≥
1
2
x1 + x2

x2 ≥ 3 x2 ≥ min {x2 + 1, 10}

Observe that the least solution of the above system of inequalities is x1 = 20, x2 = 10.
In order to solve such systems of inequalities using strategy iteration, one considers them as a game between

two players. One player aims at maximizing the value and the other player aims at minimizing it. The behavior of
the minimizer is described through a so-called min-strategy. Accordingly, the behavior of the maximizer is described
through a so-called max-strategy.

Adjé et al. [1], Costan et al. [3], Gaubert et al. [5] developed algorithms that iterate over min-strategies, whereas
Esparza et al. [4], Gawlitza and Seidl [6, 7, 8, 9], Gawlitza and Monniaux [10], Gawlitza and Seidl [11, 12, 13] devel-
oped algorithms that iterate over max-strategies.

Goals. Within this internship we will focus on the algorithms that iterate over max-strategies (see Esparza et al.
[4], Gawlitza and Seidl [6, 7, 8, 9], Gawlitza and Monniaux [10], Gawlitza and Seidl [11, 12, 13]). We will implement
and adapt them such that they can be used for the analysis of hybrid automata (cf. Sankaranarayanan et al. [20]). The
implementation work is preferably carried out in OCaml or C/C++.
? VERIMAG is a joint laboratory of CNRS, Université Joseph Fourier and Grenoble INP.



2 Requirements

– Experience in programming (in particular in OCaml or C/C++) and knowledge of linear algebra and Linear Pro-
gramming are welcome.

– Open-mindedness and enthusiasm.
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