
A lazy synchronous calculus of fully probabilistic processes

Christel Baier a and Holger Hermanns b

a Fakultät für Mathematik & Informatik, Universität Mannheim,
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Fully probabilistic systems, also known as discrete time Markov chains, have gained
attention in the area of formal verification of fault tolerant, randomized, or shared ressource
systems. Parallel composition of fully probabilistic processes is difficult if one intends to
avoid to let the processes proceed completely synchronous. In this talk, we introduce a
fully probabilistic calculus, PLSCCS (probabilistic lazy synchronous CCS) that is built
on ideas taken from synchronous languages, such as Esterelle [2], Lustre [6], or others
[4, 3, 7]. The calculus provides the standard CCS-style operators to specify systems,
where probabilistic choice replaces non-deterministic choice, and parallel composition is
lazy synchronous. Lazy synchrony refers to a form of synchronisation, where visible actions
are forced to proceed in lockstep, i.e. synchronously, while internal actions are supposed
to happen locally in some component, and hence are excluded from synchronisation, they
happen asynchronously.

We equip PLSCCS with an operational semantics defined as the least function pair
of some higher order functions, and highlight the differences to synchronous probabilistic
CCS [5]. Furthermore, we show that, in addition to strong bisimilarity [8], weak and
branching bisimilarity [1] are congruences with respect to the operators of PLSCCS as
well, with the exception (inherited from the non-probabilistic setting) of the probabilistic
choice operator. So, PLSCCS together with weak bisimilarity supports compositional
specification of fully probabilistic systems where abstraction from computations that are
internal to components can be exploited. Due to a cubic algorithm to minimize with
respect to weak bisimilarity [1], this compositional strategy can be mechanised efficiently.
We illustrate the strategy by means of a small verification exercise.

References

[1] C. Baier, H. Hermanns: Weak Bisimulation for Fully Probabilistic Processes,
Proc. CAV’97, Lecture Notes in Computer Science 1254, pp 119-130, 1997.

[2] G. Berry, G. Gonthier: The ESTEREL Synchronous Programming Language: Design,
Semantics, Implementation, Science of Computer Programming, Vol. 19, 1992.

[3] S. Campos: A Quantitative Approach to the Formal Verification of Real-Time Systems,
Ph.D.Thesis, Carnegie Mellon University, 1996.



[4] E. Clarke, O. Grumberg, and D. Long: Model Checking and Abstraction, ACM Trans-
actions on Programming Languages and Systems, Vol. 16, pp 1512-1542, 1994.

[5] A. Giacalone, C. Jou, S. Smolka: Algebraic Reasoning for Probabilistic Concurrent
Systems, Proc. IFIP TC2 Working Conference on Programming Concepts and Meth-
ods, 1990.

[6] N. Halbwachs, F. Lagnier and C. Ratel. Programming and verifying critical systems by
means of the synchronous data-flow programming language Lustre. IEEE Transactions
on Software Engineering, 1992.

[7] V. Hartonas-Garmhausen: Probabilistic Symbolic Model Checking with Engineering
Models and Applications, Ph.D.Thesis, Carnegie Mellon University, 1998.

[8] K. Larsen, A. Skou: Bisimulation through Probabilistic Testing, Information and Com-
putation, Vol. 94, pp 1-28, 1991.


