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Past and future: Novel algorithms for saturation-based model checking of linear temporal properties

With the evolution of computer technology, we can witness an increasing involvement of digital techniques in safety-critical domains. These applications must be highly reliable, since in many cases, whole companies or even human lives depend on their correct behaviour. To handle the ever-increasing complexity of these systems, we need to develop creditable, automatic verification techniques. To ensure the correctness of the design process, one can use formal methods to mathematically prove the critical properties of the system under development.
In the last decades, many methods have been developed for the formal verification of safety-critical systems, and the domain is still evolving dynamically. One of these is model checking, a method that computes the states of the system model, checking them against its formal requirements looking for violating states. The saturation algorithm is a relatively new approach to the symbolic state space exploration of large, parallel and asynchronous systems that proved to be very efficient. In our previous research, we successfully utilized this algorithm for model checking linear temporal properties (LTL), proposing novel solutions to the different challenges that LTL presents compared to CTL model checking.
In this work, we introduce the numerous improvements and extensions we made to our linear-time model checker. One of our most important new results is the introduction of past-time linear temporal logics (PLTL). We also improved and optimized the intermediate steps of the model checking process, developing more efficient and general algorithms for the individual subproblems. In the terms of supported model formalisms, beside uncoloured Petri nets, we now support direct verification of coloured Petri nets as well. To the best of our knowledge, our work is unique, since we do not know about any published linear temporal model checking approaches that use the remarkably efficient saturation algorithm together with the usage of PLTL notation.



