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Modern complex technical systems usually consist not only of physical components, but also
of computer equipment interacting with these physical components. As a consequence, such
systems cannot be modeled based on physical laws formulated in the language of continuous
mathematics alone. In addition, one needs discrete modeling formalisms. Hybrid (dynamical)
systems are a formalism for modeling the resulting combined continuous-discrete behavior. In
the talk we will describe this formalism, and discuss algorithms for the automatic analysis of
such hybrid systems.

When restricted to their continuous part, such hybrid systems amount to ordinary differential
equations, when restricted to their discrete part, to finite state machines. However, the inter-
action between those two parts introduces significant additional difficulty that obstructs the use
of classical numerical error analysis. Moreover, such systems are usually non-deterministic, in
the sense that they not only have a single initial state, but a whole set of initial stats, and in the
sense that starting from a given unique state, they may allow an uncountable set of trajectories
(e.g., resulting from differential inequalities). A further difficulty results from the fact that one
is often interested in analyzing the behavior of hybrid systems over an unbounded time horizon.

As a consequence, more or less all problems of analyzing hybrid systems are undecidable [4],
although one can get much further with a weaker notion of quasi-decidability [3, 1, 5].

In the talk we will discuss discuss algorithms for proving that a given hybrid system does not
reach an element of a set of states considered to be unsafe (in whatever unbounded time) [6, 2].
Moreover, we will discuss the use of optimization techniques to find trajectories the violate this

property [7].
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