Model Checking for Combined Temporal Logics

Massimo Franceschet^1 Angelo Montanari^1 Maarten de Rijke^2

1 Dip. di Matematica e Informatica, Università di Udine, Via delle Scienze 206 33100 Udine, Italy. E-mail: {francesc|montana}@dimi.uniud.it 2 ILLC, University of Amsterdam, Pl. Muidergracht 24 1018 TV Amsterdam, The Netherlands. E-mail: mdr@wins.uva.nl

February 12, 2001

Concerns about modularity and the wish to join together different kinds of information have inspired various combinations of logics. As any interesting real-world system is a complex entity, decomposing its descriptive and inferential requirements for design, verification, or maintenance purposes into simpler reasoning tasks is often the only plausible way forward [7]. Assuming that we have methods and tools available to tackle restricted tasks, how do we combine them to solve complex tasks? In particular, how do we combine them in such a way that features of the components are inherited by the combination? This question is known as the transfer problem [1]. Whether properties transfer from the components to the combination depends on the amount of interaction between the component logics; even in the presence of very weak forms of interaction (such as shared symbols), transfer may fail [9]. In the absence of interaction between the component logics, we often have transfer; such positive results are usually based on a divide and conquer strategy: split problems into sub-problems and delegate these to the components [4, 10].

From a computational point of view, the natural question in the setting of combining logics is: does it work? Can we re-use tools and procedures in a modular fashion? So far, most of the work towards answering this question has gone into putting together deductive engines. While there are no uniform solutions, there are many successful instances of combined proof procedures, especially for modal and modal-like logics; these are often based on calculi satisfying special criteria or on translating the component logics into a background logic.

We studied the combination of model checking procedures [6]. Our motivation for studying model checking algorithms for combined logics comes from two concrete examples: granular reactive systems [11, 13] and mobile agent systems [2, 3, 12, 5]. We showed that both these formalisms can be captured in terms of various kinds of combinations of logics, viz. so-called temporalizations, joins, and independent combinations. This implies that model checking methods for them can be synthesized from suitable combinations of model checkers for simpler component logics. More generally, in contrast to combining deductive engines, combinations of model checking procedures are well behaved, even in the presence of interaction, thus supporting the general believe that modularity is easier to achieve in model checking than in theorem proving approaches [8].

References

[1] P. Blackburn and M. de Rijke, editors. Special Issue on Combining Structures, Logics, and Theories. Notre Dame Journal of Formal Logic, 37, 1996.

[2] L. Cardelli and A. D. Gordon. Anytime, anywhere: Modal logics for mobile ambients. In Conference Record of POPL’00: The 27th ACM SIGPLAN- SIGACT Symposium on Principles of Programming Languages, pages 365– 377, Boston, Massachusetts, January 19–21, 2000.

[3] L. Cardelli and A. D. Gordon. Mobile ambients. Theoretical Computer Science, 240(1):177–213, June 2000.

[4] K. Fine and G. Schurz. Transfer theorems for multimodal logics. In Jack Copeland, editor, Logic and Reality: Essays on the Legacy of Arthur Prior, pages 169–213. Oxford University Press, Oxford, 1996.

[5] M. Franceschet and A. Montanari. Branching within time. Technical Report UD/03/2000/RR, Dipartimento di Matematica e Informatica, Università di Udine, 2000. Submitted to the Journal of Language and Computation 2001.

[6] M. Franceschet, A. Montanari, and M. de Rijke. Model checking for combined logics. In Proceedings of Advances in Modal Logic - International Conference on Temporal Logic – AiML-ICTL, 2000. Submitted to the Journal of Logic and Computation 2001.

[7] D. M. Gabbay and M. de Rijke, editors. Frontiers of Combining Systems 2, volume 7 of Studies in Logic and Computation. Research Studies Press/Wiley, 2000.

[8] J. H. Halpern and M. Y. Vardi. Model checking vs. theorem proving: A manifesto. In Proc. KR’91, pages 325–334, 1991.

[9] E. Hemaspaandra. Complexity transfer for modal logic. In Logic in Computer Science (LICS ’94), pages 164–175, Los Alamitos, Ca., USA, 1994. IEEE Computer Society Press.

[10] M. Kracht and F. Wolter. Properties of independently axiomatizable bimodal logics. Journal of Symbolic Logic, 56(4):1469–1485, 1991.

[11] A. Montanari, A. Peron, and A. Policriti. Decidable theories of ω-layered metric temporal structures. Logic Journal of the IGPL, 7(1):79–102, 1999.

[12] A. Montanari, A. Peron, and A. Policriti. The taming (timing) of the states.

Logic Journal of the IGPL, 8(5):681–699, 2000.

[13] A. Montanari and A. Policriti. Decidability results for metric and layered temporal logics. Notre Dame Journal of Formal Logic, 37:260–282, 1996.