Solving Matching Problems in Unions of Non-Disjoint Equational Theories

Christophe Ringeissen

LORIA — INRIA 615, rue du Jardin Botanique BP 101, 54602 Villers-lès-Nancy Cedex France E-mail: ringeiss@loria.fr Tel: +33 3 83 59 30 53 Fax: +33 3 83 27 83 19

Matching problems appear naturally in the definition of rewriting. Indeed, for performing a basic rewrite step, one has to solve an equation between the left-hand side of a rule (the pattern) and a term (the subject) in which the instantiation of variables is forbidden. This special case of equation, where one side can be considered as ground, is called match-equation. Many declarative programming languages use rewriting and equational rewriting as operational semantics. These languages enable the programmer to write rule-based specifications/programs involving operators which, for the sake of expressivity, may satisfy some structural axioms like associativity, commutativity, identity, idempotency, etc... Consequently, it is crucial to develop matching algorithms for equational theories. Moreover, since different equational theories must be implemented in the same framework, we face the problem of combining matching for unions of equational theories possibly sharing function symbols.

The combination problem for the union of non-disjoint equational theories has been already studied for an adequate notion of shared free constructors, and a result on the combination of matching algorithms is known [3]. More recently, some new results have been obtained for non-free constructors, in the context of combining decision procedures for the satisfiability problem [7] and for the word-problem [1, 2, 4]. In this talk, we study the possibility of extending results on the combination of matching algorithms [6], in order to allow shared non-free constructors but also shared non-constructor symbols.

The talk will be organized as follows. First, we present a particularly interesting equational theory T_E, which can be seen as a specific non-disjoint union of two given equational theories T and E. For this particular theory, a combined T_Ematching algorithm can be easily derived from matching algorithms known for T and E, whilst T_E -matching with additional free function symbols is as difficult as E-unification. This non-disjoint union T_E has been used to prove the existence of a theory for which matching is decidable whilst matching with additional free symbols is not [5]. Despite this negative result, we want now to generalize the techniques used for this particular case in order to obtain a way to construct unions of theories where matching problems can still be solved using matching algorithms available in component theories. Then, we compare this approach with the results we could expect by reusing, in the context of matching, the notion of non-free constructors introduced initially for the satisfiability problem and for the word-problem. Finally,

Matching in Unions of Non-Disjoint Equational Theories 19

as a related work, we report the approach investigated in [8] for solving matching problems thanks an extension of the Nelson-Oppen combination procedure for the satisfiability problem in unions of non-disjoint theories.

References

1. Franz Baader and Cesare Tinelli. Deciding the word problem in the union of equational theories sharing constructors. In P. Narendran and M. Rusinowitch, editors, Proceedings of the 10th International Conference on Rewriting Techniques and Applications (Trento, Italy), volume 1631 of Lecture Notes in Computer Science, pages 175–189. Springer- Verlag, 1999.

2. Franz Baader and Cesare Tinelli. Combining equational theories sharing non-collapse-free constructors. In H. Kirchner and Ch. Ringeissen, editors, Proceedings of the 3rd International Workshop on Frontiers of Combining Systems, FroCoS’2000, Nancy (France), volume 1794 of Lecture Notes in Artificial Intelligence, pages 260–274. Springer-Verlag, March 2000.

3. Eric Domenjoud, Francis Klay, and Christophe Ringeissen. Combination techniques for non-disjoint equational theories. In A. Bundy, editor, Proceedings of the 12th International Conference on Automated Deduction, Nancy (France), volume 814 of Lecture Notes in Artificial Intelligence, pages 267–281. Springer-Verlag, 1994.

4. Camillo Fiorentini and Silvio Ghilardi. Path rewriting and combined word problems.

Technical Report 250-00, Department of Computer Science, Università degli Studi di Milano, Milan, Italy, May 2000.

5. Ch. Ringeissen. Matching with Free Function Symbols — A Simple Extension of Matching? In Rewriting Techniques and Applications, 2001.

6. Christophe Ringeissen. Combining decision algorithms for matching in the union of disjoint equational theories. Information and Computation, 126(2):144–160, May 1996.

7. Cesare Tinelli and Christophe Ringeissen. Non-disjoint unions of theories and combinations of satisfiability procedures: First results. Technical Report UIUCDCS-R-98-2044, Department of Computer Science, University of Illinois at Urbana-Champaign, April 1998. (also available as INRIA research report no. RR-3402).

8. Cesare Tinelli and Christophe Ringeissen. Unions of non-disjoint theories and combinations of satisfiability procedures. Technical report n. 01-02, Department of Computer Science, University of Iowa, April 2001.