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Improvement on Real-time Model Checking
Using Abstraction-Refinement

HaJIME NAKAJIMAt and YUKIYOSHI KAMEYAMAT 1t

‘We address the state explosion problem in real-time model checking. Real-time model
checking automatically verifies real-time systems described as timed automata. This method
suffers from the state explosion problem: the size of the state space grows exponentially with
the number of real-valued clock variables. We use abstraction-refinement for reducing the
state space. Using this method, an initial abstract system, which is an over-approximation to
behaviors of the timed automaton, is constructed by removing all clock variables, and then
the abstract system is verified. This kind of conservative abstraction may lead to a false
result, that is a spurious counterexample. In this case, the abstract system is refined on the
basis of the counterexample and the refined system is verified. The process is repeated until
a correct result is obtained. The difficulty in this method is how the system is refined. In our
approach, we extract clock variables needed in the refinement. Additionally, we do not refine
the whole system but a part of the system. Besides this refinement, we introduce another
refinement removing transitions which are proved to never fire in the timed automaton. Our
approach avoids the state explosion problem by combining these refinements. In this work,
we apply our techniques to reachability analysis of timed automata.
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Fig.9 M(A, V) obtained by the transition elimination refinement.
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Table 2 Comparison of excution times in the verification

of Fischer’s protocol.
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Fischer’s protocol.
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Table 3 Comparison of the number of states in the
verification of Fischer’s protocol.
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