Faster than zChaff: Tuning SAT Heuristic for Bounded Model Checking

Emmanuel Zarpas IBM Haifa Research Laboratory {zarpas}@il.ibm.com

Abstract

We have been using bounded model checking for formal hardware verification with GRASP and later with zchaff. However, in order to cope with very large hardware designs we try to exploit bounded model checking specific characteristics to enhance SAT algorithms for our problem.

We tuned the VSIDS (Variable State Independent Decaying Sum) decision heuristic embedded in zchaff [4] in order to make the DPLL SAT algorithm especially efficient for Bounded Model Checking (BMC) problems and to check the conclusions of [5]. From our experimental results on a real life benchmark, we conclude differently than [5]; however our tuning significantly increases SAT efficiency for BMC problems.

The use of SAT methods for hardware verification by symbolic model checking has been introduced in the framework of Bounded Model Checking [1] and, since then, has enjoyed several successes in the formal verification community [2].

Optimizations have already been implemented on top of CMU BMC [1] and GRASP [6] in order to tune SAT solvers for bounded model checking [5]. We reproduced the main optimization (i.e. static ordering) of [5] on the top of the zchaff SAT solver [4] and benchmarked it on an internal IBM benchmark from real life bounded model checking problems. We have great variance in the results; sometimes this heuristic behaves extremely good - more than one order of magnitude faster than regular zchaff - but sometimes extremely bad - several order of magnitudes slower. We then focused on tuning the VSIDS [4] decision heuristic on the top of zchaff and we obtained significantly better results than with original zchaff.

References

[1] E. C. A. Biere, A. Cimatti, and Y. Zhu. Symbolic Model Checking Without BDDs. In Proceedings of the workshop on Tools and Algorithms for Construction and Analysis of Systems (TACAS99), 1999.

[2] R. R. A. Biere, E. Clarke, and Y. Zhu. Verifying Safety Properties of a Power PC (tm) Microprocessor Using Symbolic Model Checking Without BDDs. In N. Halbwachs and D. Peled, editor, Proc. 11st Intl. Conference on Computer Aided Verification (CAV’99). Lecture Notes in Computer Science. Springer-Verlag, 1999.

[3] E. A. Emerson and C. L. Lei. Modalities for Mdel Checking: Branching Time Strikes Back. In Science of computer programming, 8:275-306, 1986.

[4] M. W. Moskewicz, C. F. Maadigan and S. Malik. Chaff: Engineering an Efficient SAT Solver. In 38th Design Automation Conference, page 530-535. ACM/IEEE, 2001.

[5] O. Shtrichman. Tuning SAT Checkers for Bounded Model Checking. In Computer-Aided Verification: 12th International Conference, pages 480-494. Lecture Notes in Computer Science, 1855. Springer-Verlag, 2000.

[6] J. Silva and K. Sakallah. Grasp - a New Search Algorithm for Satisfiability. In Technical Report TR-CSE-292996. University of Michigan, 1996.