Visibly Pushdown Languages and Term Rewriting

Jacques Chabin, Pierre Réty LIFO, Université d’Orléans

Rapport n^o RR-2006-14

2

Visibly Pushdown Languages and Term Rewriting (Extended abstract)

Jacques Chabin Pierre Réty

LIFO - Université d’Orléans, B.P. 6759, 45067 Orléans cedex 2, France E-mail : {Jacques.Chabin, Pierre.Rety}@univ-orleans.fr http://www.univ-orleans.fr/lifo/Members/rety

Abstract. To combine tree languages with term rewriting, we introduce a new class of tree languages, that both extends regular languages and restricts context-free languages, and that is closed under intersection (unlike context-free languages). To do it, we combine the concept of visibly pushdown language, with top-down pushdown tree automata, and we get the visibly pushdown tree automata. Then, we use them to express the sets of descendants for a sub-class of growing term rewrite systems, and thanks to closure under intersection, we get that joinability and (restricted) unifiability are decidable.

Keywords : tree languages, term rewriting.

1 Introduction

Tree languages allow to express, manipulate, and decide properties over infinite sets of first-order terms. This is why tree languages have been combined with several other domains, like term rewriting [2, 8], logic programming [9], concurrency [11, 4] (process algebra), protocol verification [3],...

We want to combine tree languages with term rewriting. However, to get something interesting, it is desirable that the considered tree languages have both a big expressivity and good properties. Since these two requirements are contradictory, one will look for a middle-way in between. Regular tree languages have good properties, but have a poor expressivity. Context-free tree languages are much more expressive, but have fewer good properties, in particular they are not closed under intersection. Some other expressive tree languages have the same disadvantages [13, 4, 10], or do not extend regular languages [6].

In this paper, we introduce a new class of tree languages, that both extends regular languages and restricts context-free languages, and that is closed under intersection. To do it, we combine the concept of visibly pushdown language, already used for string languages [1], with the top-down pushdown tree automata of I. Guessarian [5]. We call these new languages Visibly Pushdown Tree Languages (VPTL), and show that they are closed under union and intersection. As a sub-class of context-free languages, membership and emptiness are decidable.

Next, we define the Visibly Context-free Term Rewrite Systems (VCF-TRS) as a sub-class of growing term rewrite systems. In [7] it is proved that the set of predecessors of a given regular tree language by a linear (weakened to leftlinear in [12]) growing rewrite system, is also regular. Consequently reachability is decidable. However, nothing has been proved about descendants (successors). In this paper, we prove that the descendants of a given VPTL (which may be regular) by a VCF-TRS, is also a VPTL. Since VPTL’s are closed under intersection, joinability is decidable in VCF-TRS’s, whereas it is undecidable in growing rewrite systems. As a consequence, it is decidable whether two linear terms with disjoint variables are unifiable modulo a confluent VCF-TRS. Thanks to expressivity and closure under intersection, other applications of VPTL’s should arise.

References

1. R. Alur and P. Madhusudan. Visibly Pushdown Languages. In Proc. 36th ACM Symposium on Theory of Computing (STOC’04), pages 202–211. ACM Press, 2004.

2. H. Comon, M. Dauchet, R. Gilleron, D. Lugiez, S. Tison, and M. Tommasi.

Tree Automata Techniques and Applications (TATA). http://www.grappa.univlille3.fr/tata.

3. T. Genet and F. Klay. Rewriting for cryptographic protocol verification. In Proceedings 17th International CADE, Pittsburgh (Pen., USA), volume 1831 of LNAI. Springer-Verlag, 2000. (extended version in Technical Report RR-3921, Inria 2000).

4. V. Gouranton, P. Réty, and H. Seidl. Synchronized Tree Languages Revisited and New Applications. In Proceedings of 6th Conference on Foundations of Software Science and Computation Structures, Genova (Italy), LNCS. Springer, 2001.

5. Irène Guessarian. Pushdown Tree Automata. Mathematical Systems Theory, 4(16):237–263, 1983.

6. M. Hermann and R. Galbavý. Unification of Infinite Sets of Terms Schematized by Primal Grammars. Theoretical Computer Science, 176, 1997.

7. F. Jacquemard. Decidable approximations of term rewrite systems. In editor H. Ganzinger, editor, Proceedings 7th Conference RTA, New Brunswick (USA), volume 1103 of Lecture Notes in Computer Science, pages 362–376. Springer-Verlag, 1996.

8. S. Limet and P. Réty. A New Result about the Decidability of the Existential One- Step Rewriting Theory. In Proceedings of 10th Conference on Rewriting Techniques and Applications, Trento (Italy), number 1631 in LNCS. Springer, 1999.

9. S. Limet and G. Salzer. Proving properties of term rewrite systems via logic programs. In proceedings of RTA 2004, volume 3091 of LNCS, pages 170–184. Springer Verlag, 2004.

10. Sébastien Limet and Gernot Salzer. Manipulating tree tuple languages by transforming logic programs. In Ingo Dahn and Laurent Vigneron, editors, Electronic Notes in Theoretical Computer Science, volume 86. Elsevier, 2003.

11. D. Lugiez and P. Schnoebelen. The Regular Viewpoint on PA-Processes. Theoretical Computer Science, 2000.

12. T. Nagaya and Y. Toyama. Decidability for Left-Linear Growing Term Rewriting Systems. In Proceedings of 10th Conference on Rewriting Techniques and Applications (RTA’99), Trento (Italy), number 1631 in LNCS. Springer, 1999.

13. J.C. Raoult. Rational Tree Relations. Bulletin of the Belgian Mathematical Society Simon Stevin, 4:149–176, 1997.