Knowledge Based Simplification of Termination Proofs

Bernhard Gramlich^∗ Institut für Computersprachen, TU Wien Favoritenstr. 9, E185-2, A-1040 Wien, Austria

February 2, 2001

Extended Abstract

There are many known approaches, methods and techniques to tackle termination proofs of rewrite systems. One of the less frequently used (abstract) approaches is to systematically investigate which knowledge can be used a priori to simplify the given termination proof task (before actually trying to prove termination) without sacrificing, of course, the essential logical and operational properties of the rewrite system under consideration. To this end, there exist at least two different approaches:^1

(1) Using known general / abstract / structural results that reduce termination of a given system to a simpler termination property of (subsystems of) the same system.

(2) Transformational techniques that reduce termination of a given system to termination of a transformed (usually simpler) one.

These two abstract approaches as well as combinations thereof are particularly useful in the sense that one may use them as optional preprocessing steps that simplify the given termination proof tasks, and potentially render certain problems tractable that would have been intractable with the used underlying termination proof approach (e.g., using some class of precedence-based reduction orderings like rpos, recursive path ordering with status).

In previous works we had already obtained various results of type (1), including in particular several criteria which guarantee the equivalence of (general) termination and weakened termination properties like innermost or weak termination, cf. e.g. [5, 7, 6]. The underlying abstract and structural results^2 of [5, 7]

∗email: gramlich@logic.at www: http://www.logic.at/staff/gramlich/ 1Of course, the whole field of (non-)modularity analysis of termination properties of rewrite systems could explicitly be mentioned here, too. In fact, it is subsumed by (1).

2It seems that the first significant results of type (1) date back to A. Church [3] and M.H.A. Newman [12].

have turned out to be very powerful and useful, also in other contexts (cf. e.g. [10], [4], [1, 2], [11]).

Partially based on these results, more recent results along the line of (2) are presented in [9, 8]. These latter results provide the theoretical basis for sound (and automatic) preprocessing steps when proving termination (semicompleteness) of (orthogonal) non-overlapping rewrite systems and equational programs defined by such systems. Here, soundness means that the relevant logical and operational properties are preserved.

In this paper we investigate to what extent and how (some of) the above mentioned results of [5, 6, 7, 9] can be extended and generalized. In particular we focus on the following extensions / generalizations:

• Regarding the criteria for equivalence of termination and innermost (weak) termination in [5, 7, 6], we study the conditional case, i.e., consider 2- CTRSs and also the more general – and practically very important – case of 3-CTRSs (cf. e.g. [13],[14]) in which extra variables are allowed not only in conditions, but also in right-hand sides.

• Concerning the transformational approach of [9], where certain simplifications of right-hand sides and conditions were allowed, we show how to relax the conditions for simplifying right-hand sides, and moreover, instead of only 2-CTRSs we also consider 3-CTRSs.

In the talk we shall concentrate on the most significant progress made in the directions sketched above, as well as on substantial difficulties encountered.

References

[1] T. Arts and J. Giesl. Proving innermost normalisation automatically. In H. Comon, editor, Proc. 8th Int. Conf. on Rewriting Techniques and Applications (RTA’97), LNCS 1232, pages 157–171, Sitges, Spain, June 1997. Springer-Verlag.

[2] T. Arts and J. Giesl. Applying rewriting techniques to the verification of Erlang processes. In Proc. Computer Science Logic (CSL’99), 8th Annual Conference of the EACSL, LNCS 1683, pages 96–110, Madrid, Spain, Sept. 1999. Springer-Verlag.

[3] A. Church. The calculi of lambda conversion. In Annals of Mathematical Studies, volume 6. Princeton University Press, 1941.

[4] N. Dershowitz. Hierarchical termination. In N. Dershowitz and N. Lindenstrauss, editors, Proc. 4th Int. Workshop on Conditional and Typed Rewriting Systems (CTRS’94), Jerusalem, Israel (1994), LNCS 968, pages 89–105. Springer-Verlag, 1995.

[5] B. Gramlich. Abstract relations between restricted termination and confluence properties of rewrite systems. Fundamenta Informaticae, 24:3–23, 1995.

[6] B. Gramlich. On proving termination by innermost termination. In H. Ganzinger, editor, Proc. 7th Int. Conf. on Rewriting Techniques and Applications (RTA’96), LNCS 1103, pages 93–107. Springer-Verlag, July 1996.

[7] B. Gramlich. Termination and Confluence Properties of Structured Rewrite Systems. PhD thesis, Fachbereich Informatik, Universität Kaiserslautern, Jan. 1996.

[8] B. Gramlich. On interreduction of semi-complete term rewriting systems.

Theoretical Computer Science. 20 pages, accepted in June 1999, to appear in 2001.

[9] B. Gramlich. Simplifying termination proofs for rewrite systems by preprocessing. In M. Gabrielli and F. Pfenning, editors, Proc. 2nd Int. ACM SIGPLAN Conf. on Principles and Practice of Declarative Programming (PPDP 2000), pages 139–150, Montreal, Canada, Sept. 2000. ACM Press. September 20 - 23, 2000, Montreal Canada,.

[10] M. Krishna Rao. Semi-completeness of hierarchical and super-hierarchical combinations of term rewriting systems. In P. Mosses, M. Nielsen, and M. Schwartzbach, editors, Proc. 6th Int. Joint Conf. on Theory and Practice of Software Development, LNCS 915, pages 379–393. Springer-Verlag, Aug. 1995.

[11] T. Nagaya and Y. Toyama. Decidability for left-linear growing term rewriting systems. In M. Rusinowitch and P. Narendran, editors, Proc. 10th Int. Conf. on Rewriting Techniques and Applications (RTA’99), LNCS 1631, pages 256–270, Springer-Verlag, Trento, Italy, July 1999.

[12] M. Newman. On theories with a combinatorial definition of equivalence.

Annals of Mathematics, 43(2):223–242, 1942.

[13] T. Suzuki, A. Middeldorp, and T. Ida. Level-confluence of conditional rewrite systems with extra variables in right-hand sides. In J. Hsiang, editor, Proc. 6th Int. Conf. on Rewriting Techniques and Applications (RTA’95), LNCS 914, pages 179–193, Kaiserslautern, Germany, Apr. 1995. Springer-Verlag.

[14] T. Yamada, J. Avenhaus, C. Loría-Sáenz, and A. Middeldorp. Logicality of conditional rewrite systems. Theoretical Computer Science, 236(1,2):209– 232, 2000.