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Abstract: Hybrid automata can be used to describe formally dynamical systems with discrete and continuous
components. Looking for the existence of certain states in the reachability tree of an automaton is a way of verifying
the satisfaction of behavioural modes of the system that can be related to these states. The method of reachability tree
construction attempts to compute the set of reachable states by successive approximation, starting from a set of initial
states and adding new reachable states until convergence to a state is achieved (Post Procedure). In some special cases
the reachability construction does not terminate and as a result it fails to find the reachable region of a hybrid
automaton. To solve this problem the reachability verification method has been proposed. According to this method
the user makes a guess for a region of reachable states, by studying the results of the Post Procedure. To avoid
guessing for a reachable region in such cases, a new method is proposed in this paper, for finding algorithmically the
reachable region, which the required state belongs to. The duration δ that the system stays at each location of the
automaton is estimated and the relationships that exist between the successive values of each duration are found. As a
result, each variable in each location is expressed in terms of duration. Then, from the relationships found among the
values of duration, an arithmetic progression is derived expressing each location variable in terms of its initial state
and of another variable i, the values of which are natural numbers. This last variable i, represents the number of
iterations of the Post Procedure. The use of the proposed method is demonstrated by its application to the automaton
that describes a water-tank controller.
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1 Introduction
Hybrid automata are generalised finite state machines,
which can be used for analysing the behaviour of
systems involving mixed continuous and discrete
evolutions of the variables [1]. Exploring the state space
of the automaton that describes the dynamic operation
of a physical system in order to find whether one or
more states exist and are reachable can base this
analysis.
Two methods have been reported in the literature for
examining whether a state can be reached from an
initial state. The first is the reachability tree
construction [4]. It attempts to compute the set of
reachable states by successive approximation, starting
from a set of initial states and adding new reachable
states until convergence to a state is achieved.  The
second is the reachability verification according to
which the user makes a guess for a region of reachable
states that may contain the required one, and verifies its
existence by the use of a theorem prover [4]. The first

method cannot find the required state when the
reachability tree does not terminate and the second
might require a large number of trials until the right
guess is made.
The scope of this paper is to present a different method
that finds the reachable region, instead of making
arbitrary guesses. This method establishes relationships
between values of duration in each location of the
hybrid automaton. As a result, the reachable region is
expressed in the form of a logical formula, which is true
for the reachable states.

The paper is organised as follows. In Section 2, the
subsection 2.1 and the subsections 2.2 and 2.3 the linear
hybrid automaton model, the semantics of hybrid
automata, and the existing verification methods are
presented respectively. In Section 3 the proposed
method for finding the reachable region is presented and
through an  example it is demonstrated its application to
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