Computational Representations of Models of First-Order Formulas

Robert Matzinger^∗ Technische Universität Wien

– Position Statement –

I am currently writing my doctoral thesis on “computational representation of models of first-order formulas”. My main motivation for investigating this topic comes from the field of automated model building (see e.g. [1, 2, 4, 5, 10, 12, 13]), a subfield of automated theorem proving that attempts to design algorithms for finding models of satisfiable firstorder formulas. Note that a model of a formula ¬A is nothing else than a counterexample of A, which may be of substantial help for finding the reason why A failed to be valid. Clearly, the ability to represent models of first-order formulas in a computationally feasible way is a necessary prerequisite for building them. However, representation mechanisms for particular models of first-order formulas play an important role in many other fields too, e.g. semantic resolution, model checking, deductive databases, etc. This makes it worthwhile to investigate mechanisms for representing interpretations of first-order formulas symbolically by their own, aiming to accompany work in the field of automated model building.

By not restricting ourselves to finite models, we come to the necessity of coping with symbolic representations. But even for finite models a concise symbolic representation may be a lot easier to deal with than the explicit table-notation of a large finite model. To call a symbolic representation of a (Herbrand) model a model representation, we require^1 to have (good) algorithms for the ground atom test (i.e. to decide whether a given ground atom is true in the given model), the equivalence check (i.e. to decide whether or not two representations represent the same model) and for clause evaluation (i.e. to decide whether a given clause is true in the given model).

From a theoretical point of view it makes sense to focus on Herbrand models of skolemized formulas (or clause sets), as Herbrand models exist for all satisfiable formulas of this kind. But this is also justified from a practical viewpoint to utilize the intuitive requirement of understandability, because in Herbrand models the domain and the interpretation of the function symbols are clear, fixed and intuitive. However a Herbrand model over a fixed signature is fully specified by a description of its potentially infinite set of (true) ground atoms, i.e. a set of terms (or strings, depending on how we want to look at them). This point of view reveals the (to our opinion) most interesting aspect of our approach: We are lead to investigating model-theoretic properties in terms of syntactical properties of the corresponding true-ground-atom set.

Various representation mechanisms, evolving from automated model building or having been developed independently (e.g. in formal language theory, automata theory, rewriting, etc.) appear as candidates for model representations. Still algorithms for using those

∗Institut für Informationssysteme, Abteilung für Wissensbasierte Systeme; Treitlstr. 3/E184-3, A-1040 Wien/Austria/Europe; phone: (+43-1)58801/18464, telefax: (+43-1)58801/18493, email: matzi@kr.tuwien.ac.at, URL: http://www.kr.tuwien.ac.at/∼matzi/

†This work was supported by the Austrian Science Foundation under FWF grant P11624–MAT. 1These requirements were first raised in [4] to characterize the term model representation.

formalisms as model representations are not so widely investigated.

I am interested particularly in characterizing the models that are representable by the different mechanisms and in comparing their expressiveness and their computational feasibility, which includes developing (good) algorithms and analyzing the complexity of the three basic evaluation problems mentioned before.

In my recent work I concentrated on classical term-set representations, in particular on tree automata and grammars. They were compared with other well known representations like atom representations (see [3, 4, 11]), congruences of equational systems, etc. and algorithms and complexity issues were investigated; see [6–9]. For the future it is planned to work towards a more accurate analysis of other representations like repetitive terms, constrained grammars, atoms with equational constraints etc. and to investigate the incorporation of equality. There is also hope that from a deeper insight into model representations, it will be possible to develop automated model building procedures for interesting classes of first-order formulas.

References

[1] R. Caferra and N. Peltier. Decision procedures using model building techniques. In Computer Science Logic (9th Int. Workshop CSL’95), pages 131–144, Paderborn, Germany, 1995. Springer Verlag. LNCS 1092.

[2] R. Caferra and N. Zabel. A method for simultanous search for refutations and models by equational constraint solving. Journal of Symbolic Computation, 13(6):613–641, June 1992.

[3] C. Fermüller and A. Leitsch. Model building by resolution. In Computer Science Logic (CSL’92), pages 134–148, San Miniato, Italy, 1993. Springer Verlag. LNCS 702.

[4] C. Fermüller and A. Leitsch. Hyperresolution and automated model building. J. of Logic and Computation, 6(2):173–203, 1996.

[5] C. Fermüller and A. Leitsch. Decision procedures and model building in equational clause logic. J.

of the IGPL, 6(1):17–41, 1998.

[6] R. Matzinger. Comparing computational representations of Herbrand models. In A. Leitsch, editor, Computational Logic and Proof Theory, 5th Kurt Gödel Colloquium, KGC’97, volume 1289 of LNCS, pages 203–218, Vienna, 1997. Springer.

[7] R. Matzinger. Computational representations of Herbrand models using grammars. In D.v. Dalen, editor, Computer Science Logic, 10th International Workshop, CSL’96, volume 1258 of LNCS, pages 334–348, Utrecht, 1997. Springer.

[8] R. Matzinger. Using grammars for finite domain evaluation. In Maria Paola Bonacina and Ulrich Furbach, editors, Int. Workshop on First-Order Theorem Proving (FTP’97), RISC-Linz Report Series No. 97-50, pages 91–96. Johannes Kepler Universität, Linz (Austria), 1997.

[9] R. Matzinger. On computational representations of Herbrand models. In Uwe Egly and Hans Tompits, editors, 13. Workshop logische Programmierung - WLP’98, Report Number 1843-1998-10, pages 86– 95. Technische Universität Wien (Austria), 1998.

[10] N. Peltier. Nouvelles Techniques pour la Construction de Modèles finis ou infinis en Déduction Automatique. PhD thesis, Institut National Polytechnique de Grenoble, 1997.

[11] R. Pichler. Algorithms on atomic representations of Herbrand models. In Proceedings of Logics in AI - JELIA’98, volume 1489 of Lecture Notes in Art. Intelligence, pages 199–215. Springer, 1998.

[12] J. Slaney. FINDER (finite domain enumerator): Notes and guide. Technical Report TR-ARP-1/92, Australien National University Automated Reasoning Project, Canberra, 1992.

[13] T. Tammet. Using resolution for deciding solvable classes and building finite models. In Baltic Computer Science, pages 33–64. Springer Verlag, 1991. LNCS 502.