









































terms of runtime), but it’s not nearly as expensive as one might have expected after
earlier implementations.

While improving the performance of our implementation, we confirmed an almost
self-evident truth: use profiling to see which functions take a lot of time, and focus on
improving them — this is were the greatest benefits lie. This was an iterative process.
A better implementation would allow us to tackle larger SAT problems, which in turn
would uncover new performance bottlenecks. More importantly, we discovered some
inefficiencies in the implementation of the Isabelle kernel. (Instantiating a theorem with
a term, for example, was linear in the size of the term, rather than in constant time.)
These inefficiencies played no important role as long as the kernel only had to deal with
relatively small terms, but in our context, where formulae sometimes consist of millions
of literals, they turned out to have a negative impact on performance. Subsequently the
kernel implementation was modified, and these inefficiencies were removed.

Tuning an implementation to the extend presented here requires a great deal of
familiarity with the underlying theorem prover. Nevertheless our results are applica-
ble beyond Isabelle/HOL. Other interactive provers for higher-order logic, e.g. HOL 4
and HOL-Light, use very similar data structures to represent their theorems. Hasan
Amjad has confirmed that the CNF sequent representation works equally well in these
provers [Amjo6b].

We have already mentioned some possible directions for future work. There is prob-
ably not very much potential left to optimize the implementation of resolution itself
at this point. However, to further improve the performance of proof reconstruction, it
could be beneficial to analyze the resolution proof found by the SAT solver in more
detail. Merging similar resolution chains may reduce the overall number of resolutions
required, and re-sorting resolutions may help to derive shorter clauses during the proof,
which should improve the performance of individual resolution steps. Some preliminary
results along these lines are reported in [Amj06al.

The approach presented in this paper has applications beyond propositional reason-
ing. The decision problem for richer logics (or fragments thereof) can be reduced to
SAT [ABCT02, Str02, MS05, RH06]. Consequently, proof reconstruction for proposi-
tional logic can serve as a foundation for proof reconstruction for other logics. Based
on our work, only a proof-generating implementation of the reduction is needed to inte-
grate the more powerful, yet SAT-based decision procedure with an LCF-style theorem
prover. This has already been used to integrate haRVey, a Satisfiability Modulo Theo-
ries (SMT) prover, with Isabelle [Hur06]. haRVey, like other SMT systems, uses various
decision procedures (e.g. congruence closure for uninterpreted functions) on top of a
SAT solver.
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