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Verification of Real-Time Systems with Time Multi-Pushdown Net
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Abstract  Multi-Pushdown Net (MPDN) is a model of pushdown systems that makes use of
multiple stacks to describe the interaction between threads of concurrent recursive programs. In
order to model real-time concurrent recursive procedures based on thread interaction, a new
model, i. e. time multiple stack pushdown network (TMPDN), is proposed by introducing a
clock into MPDN to describe the continuous time. We give the syntax and operational semantics
of TMPDN. Based on this definition, an optimization technique of clock domain equivalence that
makes use of key time points is proposed to reduce the space of equivalence domains. Then static
conversion methods are presented to obtain all reachable domains and based on which to convert a
continuous time TMPDN into a discrete MPDN. Next a dynamic conversion method, the so-called
on-the-fly technique, is used to further reduce the state space obtained by static methods, and
in this process it is concerned only with the state transformation of the stack-top domains.
Corresponding model transformation algorithms are given in this paper. It is proved that the state

¢y in TMPDN can be reached if and only if the transition state ¢} in the corresponding MPDN can
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be reached. The MPDN obtained by the above transformation can be verified using existing model

checkers.
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Background

With the development of multi-core processors and
intelligent devices, the research of real-time concurrent
programs has drawn world-wide attention. The uncertainty
of the interactions between two processors makes it difficult
to find out hidden errors by traditional testing methods. This
situation does occur in the execution of real-time concurrent
programs. Model checking, as an automatic formal verification
technology, has become an important method to verify real-
time concurrent programs. Reachability analysis is the core
technology of model checking. Currently, as a model for
describing recursive concurrent programs, Multi-Pushdown
Net (MPDN) has become a hot research area. Context-bound
method is used by most researchers to describe concurrent
programs to make the reachability problem decidable. This
paper is not an exception. The key difference between real-
time systems and non-real-time systems lies in the analysis of

time factor authentication. This paper uses clock domain

equivalence to make the continuous-time and discrete-time on
integer domain equivalent. Specifically, TMPDN is first used
to create models for concurrent programs, and then clock
equivalence technology is applied to implement the conversion
between TMPDN and MPDN. Finally, the existing verifica-
tion tools, such as ESBMC, JMOPED, can be used to verify
the concurrent program.
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