Optimising minimal Herbrand model generation procedures for guarded formulae

Lilia Georgieva

Department of Computer Science, Heriot-Watt University Edinburgh EH14 4AS, United Kingdom, lilia@macs.hw.ac.uk

Abstract. In recent work [9, 10] we devised a hyperresolution-based decision procedure for subfragments of the guarded fragment and their extensions, and for the corresponding clausal classes. A significant computational property of the procedure is that it explicitly generates all Herbrand models of the formula under consideration. However, the procedure does not immediately generate all minimal Herbrand models. We have previously proposed three refinements of hyperresolution which ensure that all and only minimal Herbrand models are generated [8]. All refinements rely on additional model constraint propagation or local minimality test which lead to pruning all non-minimal Herbrand models. A method that employs branching lemmas and leads to either omitting or restricting the applications of model constraint propagation and the local minimality test is introduced in [11]. The aim of the current work is to study how this method relates to our framework.

Model generation is a task complementary to refutational theorem proving. Its importance is as a result of potential application areas such as disproving conjectures in classical theorem proving [7], natural language [2], deductive databases [6, 17], and model-based diagnosis [1]. Characterizing classes of inputs for which termination of the derivation is guaranteed, defining appropriate formalisms for representing such models, and providing algorithms for working with the resulting model representations is recognized as a challenge in automated deduction [5, 15].

The advantage of hyperresolution decision procedures for satisfiable causal sets of range restricted clauses [4], as well as for clausal classes resulting from formulae in classical and non-classical logic [3, 11–13, 16], for satisfiable syntactically defined clause classes [5, 14, 10], and for clausal classes originating from guarded formulae [9] is that when the derivation terminates without finding a refutation proof and outputs a counter model, the user is provided with information, suitable for subsequent optimisations.

In previous work we have shown that hyperresolution generates all Herbrand models for a subfragment of the guarded fragment GF1^− and extensions of GF1^− and that not all of these models are minimal [8–10]. We have proposed three ways of refining hyperresolution so that it is a minimal model generation procedure which constructs all and only minimal Herbrand models for GF1^−. The minimal Herbrand model generation procedures, specified by these refinements, have concrete application domains and are also relevant for multimodal and description logics that can be embedded into GF1^−.

However, all previously considered minimal Herbrand model generation procedures rely on either model constraint propagation or local minimality tests in addition to (complement) splitting and involve propagation of negative clauses rendered by already generated Herbrand models. These negative clauses are added dynamically every time a Herbrand model is generated and if there is another open branch of the derivation tree the Herbrand model, represented by this branch is tested for minimality. The disadvantage is that previously generated Herbrand models which are subsequently propagated can be large. Moreover, in some cases Herbrand model generation procedures perform unnecessary minimality tests on Herbrand models that are already minimal. Therefore the aim of our current work is to restrict the range of the applicability of a local minimality test and in some cases even omit it. We follow the approach described in [11] and adopt it to our framework.

References

1. P. Baumgartner, P. Fröhlich, U. Furbach, and W. Nejdl. Semantically guided theorem proving for diagnosis applications. In A. R. Ralescu and J. G. Shanahan, editors, Proceedings of International Joint Conference Artificial Intelligence, pages 460–465. Morgan Kaufmann, 1997.

2. P. Blackburn, J. Bos, M. Kohlhase, and H. de Nivelle. Inference and computational semantics. In Proceedings of International Workshop on Computational Semantics. Tilburg, The Netherlands, 1999.

3. F. Bry and S. Torge. A deduction method complete for refutation and finite satisfiability. In J. Dix, F. del Cerro, and U. Furbach, editors, Proceedings of Journẽes Europẽennes sur la Logique en Intelligence Artificielle, volume 1498 of Lecture Notes in Artificial Intelligence, pages 1–17. Springer, 1998.

4. F. Bry and A. Yahya. Positive unit hyperresolution tableaux for minimal model generation. Journal of Automated Reasoning, 25(1):35–82, 2000.

5. C. Fermüller, A. Leitsch, U. Hustadt, and T. Tammet. Resolution decision procedures. In A. Robinson and A. Voronkov, editors, Handbook of Automated Reasoning, volume II, chapter 25, pages 1791–1849. Elsevier, 2001.

6. J. A. Fernandez and J. Minker. Bottom-up evaluation of hierarchical disjunctive deductive databases.

In K. Furukawa, editor, Proceedings of International Conference on Logic Programming, pages 660–675. MIT Press, 1991.

7. U. Furbach, M. Khn, and F. Stolzenburg. Model-guided proof debugging. Technical Report RR-6/98, Universität Koblenz-Landau, Institut fr Informatik, 1998.

8. L. Georgieva, U. Hustadt, and R. A. Schmidt. Computational space efficiency and minimal model generation for guarded formulae. In Proceedings of Logic Programming and Non-monotonic Reasoning, volume 2250 of Lecture Notes in Artificial Intelligence, pages 85–99. Springer, 2001.

9. L. Georgieva, U. Hustadt, and R. A. Schmidt. Hyperresolution for guarded formulae. To appear in Journal of Symbolic Computation, 2002.

10. L. Georgieva, U. Hustadt, and R. A. Schmidt. A new clausal class decidable by hyperresolution. In A. Voronkov, editor, Proceedings of Conference on Automated Deduction, volume 2392 of Lecture Notes in Artificial Intelligence, pages 260–274. Springer, 2002.

11. Hasegawa, H. R., Fujita, and M. Koshimura. Efficient minimal model generation using branching lemmas. In C. Kirchner and H. Kirchner, editors, Proceedings of Conference on Automated Deduction, volume 1421 of Lecture Notes in Artificial Intelligence, pages 184–199. Springer, 2000.

12. U. Hustadt and R. A. Schmidt. Issues of decidability for description logics in the framework of resolution. In R. Caferra and G. Salzer, editors, Automated Deduction in Classical and Non-Classical Logics, volume 1761 of Lecture Notes in Artificial Intelligence, pages 191–205. Springer, 2000.

13. U. Hustadt and R. A. Schmidt. Using resolution for testing modal satisfiability and building models.

Journal of Automated Reasoning, 28(2):205–232, 2002.

14. A. Leitsch. Deciding clause classes by semantic clash resolution. Fundamenta Informaticae, 18:163–182, 1993.

15. A. Leitsch, T. Tammet, and N. Zamov. Resolution methods for the decision problem. Springer, 1993. 16. S. Torge. Überprüfung der Erfüllbarkeit im Endlichen: Ein Verfahren und seine Anwendung. PhD thesis, Herbert Utz Verlag, München, 1998.

17. A. Yahya. Minimal model generation for refined answering of generalized queries in disjunctive deductive databases. In J. Dix, U. Furbach, and A. Nerode, editors, Proceedings of Logic Programming and Non-monotonic Reasoning, volume 1265 of Lecture Notes in Computer Science, pages 325–341. Springer, 1997.