An On-line Problem Database

Nachum Dershowitz^{1⋆} and Ralf Treinen^{2⋆⋆}

1 Department of Computer Science, University of Illinois, Urbana, IL 61801, U.S.A.

2 L.R.I., Université de Paris-Sud, F91405 Orsay cedex, France

Preface

The RTA list of open problems was created in 1991 by Jean-Pierre Jouannaud, Jan Willem Klop, and the first author [21] on the occasion of the Fourth International Conference on Rewriting Techniques and Applications (RTA). Updated lists have since been published at RTA ’93 [22] and RTA ’95 [23]. Bending to these electronic times, we have recently placed a combined list on the world-wide web at

http://www.lri.fr/∼rtaloop

This list can also be accessed from the “Rewriting Home Page”, currently at

http://www.loria.fr/∼vigneron/RewritingHP

The RTA list seeks to summarize open problems and subsequent solutions in fields of interest to this conference. For the current proceedings, the main subjects were

Term rewriting systems Symbolic and algebraic computation Unification and matching Completion techniques String and graph rewriting Conditional and typed rewriting Rewriting-based theorem proving Parallel rewriting and deduction Constrained rewriting and deduction Constraint solving Higher-order rewriting Lambda calculi Functional and logic programming languages We continue to solicit electronic contributions of new problems, progress reports, solutions, and comments. These should be mailed electronically to

rtaloop@lri.fr

Of the 87 problems included in previous lists (problems 1–44 in [21]; 45–77 in [22]; and 78–87 in [23]), seventeen have been solved (specifically 7, 20, 33, 39, 42, 76, and 77 in [22]; 4, 44, and 68 in [23]; and 3, 41, 51, 52, 78, 81, and 87 here), and many others have seen progress. Thus, the lists have indeed helped promote and focus research in rewriting. In this report, we provide a brief update on problems about which we know of significant progress since the appearance of [23].

⋆ Supported in part by the National Science Foundation under grant CCR-97-00070. ⋆⋆ Supported in part by the Esprit working group CCL II (22457).

Solved Problems

Problem #3 [Deepak Kapur]

A term t is ground reducible with respect to a rewrite system R if all its ground (variable-free) instances contain a redex. Ground reducibility is decidable for ordinary rewriting (and finite R) [11, 34, 61], but n^{nn} is the best known upper bound in general, 2^{dn log n} and 2^{cn/ log n} are the best upper and lower bounds, respectively, for left-linear systems, where n is the size of the system R and c, d are constants [34]. Can these bounds be improved?

Ground-reducibility is EXPTIME-complete [13].

Problem #41 [Participants at Unif Val d’Ajol]

The complexity of the theory of finite trees when there are finitely many symbols is known to be PSPACE-hard [44]. Is it in PSPACE? The same question applies to infinite trees.

The problem is non-elementary [83].

Problem #51 [Hubert Comon, Max Dauchet]

For an arbitrary finite term rewriting system R, is the first-order theory of one-step rewriting (→_R) decidable? Decidability would imply the decidability of the first-order theory of encompassment (that is, being an instance of a subterm) [9], as well as several known decidability results in rewriting. (It is well known that the theory of →^∗_R is in general undecidable.)

This has been answered negatively in [78]. Sharper undecidability results have been obtained for the following subclasses of rewrite systems: linear, shallow, ∃^∗∀^∗-fragment [69]; linear, terminating, ∃^∗∀^∗∃^∗-fragment [84]; right-ground, terminating, ∃^∗∀^∗-fragment [46]. Decidability results have been obtained for the positive existential theory [52], the case of unary signatures [32], and for left-linear right-ground systems [73].

Problem #52 [Richard Statman]

It has been remarked by C. Böhm [5] that Y is a fixed point combinator if and only if Y ↔^∗ (SI)Y (Y and SIY are convertible). Also, if Y is a fixed point combinator, then so is Y (SI). Is there is a fixed point combinator Y for which Y ↔^∗ Y (SI)? This was solved by B. Intrigila [31] who showed that there is no such fixed point combinator.

Problem #78 [Pierre Lescanne]

There are confluent calculi of explicit substitutions, but these do not preserve termination (strong normalization) [16, 48], and there are calculi that are not confluent on open terms, but which do preserve termination [42]. Is there a calculus of explicit substitution that is both confluent and preserves termination?

The calculus presented in [51] enjoys both properties.

Problem #81 [Andreas Weiermann]

If the termination of a finite rewrite system over a finite signature can be proved using a simplification ordering, then the derivation lengths are bounded by a Hardy function of ordinal level less than the small Veblen number ϕ_Ωω 0. (See [85].) Is it possible to lower this bound by replacing the Hardy function by a slow growing function? That is, is it possible to bound the derivation lengths by a multiply recursive function?

H. Touzet [74] has shown in her thesis that the answer is negative, exhibiting a simplifying rewrite system that has derivation bounds “longer” than multiply recursive. What now remains open is what complexity can be achieved using simplifying rewrite systems.

Problem #87 [Hans Zantema]

Termination of string-rewriting systems is known to be undecidable [30]. Termination of a single term-rewriting rule was proved undecidable in [18, 41]. It is also undecidable whether there exists a simplification ordering that proves termination of a single term rewriting rule [49] (cf. [33]). Is it decidable whether a single term rewrite rule can be proved terminating by a monotonic ordering that is total on ground terms? (With more rules it is not [87].)

A negative solution has been provided in [28].

Significant Progress

Problem #13 [Jean-Jacques Lévy]

By a lemma of G. Huet [29], left-linear term-rewriting systems are confluent if, for every critical pair t ≈ s (where t = u[rσ] ← u[lσ] = gτ → dτ = s, for some rules l → r and g → d), we have t →^‖ s (t reduces in one parallel step to s). (The condition t →^‖ s can be relaxed to t →^‖ r ←^‖ s for some r when the critical pair is generated from two rules overlapping at the roots; see [76].) What if s →^‖ t for every critical pair t ≈ s? What if for every t ≈ s we have s →^= t? (Here →^= is the reflexive closure of →.) What if for every critical pair t ≈ s, either s →^= t or t →^= s? In the last case, especially, a confluence proof would be interesting; one would then have confluence after critical-pair completion without regard for termination. If these conditions are insufficient, the counterexamples will have to be (besides left-linear) non-right-linear, nonterminating, and nonorthogonal (have critical pairs). See [36].

Significant progress is reported in [60].

Problem #21 [Max Dauchet] Is termination of one linear (left and right) rule decidable? Left linearity alone is not enough for decidability [17].

In [22], the following remark was added:

A less ambitious, long-standing open problem (mentioned in [20]) is decidability for one (length-increasing) monadic (string, semi-Thue) rule. Termination is undecidable for nonlength-increasing monadic systems of rules [8]. For one monadic rule, confluence is decidable [40, 86]. What about confluence of one nonmonadic rule?

Termination and uniform termination of one string rule of the form 0^p1^q → v, where p, q > 0, v ∈ {0, 1}^∗, has been shown decidable [70]. For a fixed system of this form the termination problem is of linear complexity. A simple characterisation of the systems of the above form which are not uniformly terminating has been givem in [37]. It would be nice to extend these results to more general non-overlapping left sides. See also Problem #87.

Problem #32 [John Pedersen]

Is there a finite term-rewriting system of some kind for free lattices? As mentioned in Problem #77 [23], it has been shown in [25] that there is no finite, normal form, associative-commutative term-rewriting system for lattices.

Problem #43 [Jean-Pierre Jouannaud]

Design a framework for combining constraint solving algorithms. The combination approach of [1] has been extended in [2] to constraints involving predicate symbols other that equality, and [3] in turn extends this approach to constraint-solving over solution domains that are not free structures. These results are presented in a uniform framework by [4].

The work of [66] has been extended to the case of “shared constructors” by [24].

Problem #59 [M. Kurihara, M. Krishna Rao]

One of the earliest results established on modularity of combinations of termrewriting systems is the confluence of the union of two confluent systems which share no symbols [75]; if symbols are shared modularity is not preserved by union [39]. Some sufficient conditions for modularity of confluence of constructorsharing systems that are terminating have been found [39, 50]. Are there interesting sufficient conditions that are independent of termination?

Left-linearity is a sufficient condition, as shown long ago in [65]. In [55], it is established that confluence is modular in the presence of the weak normalization property. (This result has been extended in [64, 63] for hierarchical combinations.) In [19], some results are given when only one of the systems is terminating.

There are other sufficient conditions for modularity of confluence that do not require termination of the combined system even when function symbols are shared. One set of conditions, viz., “persistence”, “relative termination”, and lr-disjointness, is given in [80, 81]. An abstract confluence theorem without termination is given in [27].

Problem #61 [Tobias Nipkow, M. Takahashi] For higher-order rewrite formats as given by combinatory reduction systems [35] and higher-order rewrite systems [53, 71], confluence has been proved in the restricted case of orthogonal systems. Can confluence be extended to such systems when they are weakly orthogonal (all critical pairs are trivial)? When critical pairs arise only at the root, confluence is known to hold.

Weakly orthogonal higher-order rewriting systems are confluent. This has been shown both via the Tait-Martin-Löf method and via finite developments [79].

Details and extensions similar to Huet’s parallel closure condition can be found in [57, 58, 62].

Problem #70 [Jean-Claude Raoult]

There exist finite automata for words, trees, and dags. No really good comparable notion is available for graphs. (Perhaps there is one akin to the ideas in [43] on label rewriting.)

A well motivated notion of “graph acceptor” has been presented in [72].

Problem #71 [Jean-Claude Raoult]

There are good algorithms for pattern-matching for words and trees, but not yet for graphs.

An algorithm for finding the rules of a graph grammar that are applicable to a graph has been given in [7].

Problem #72 [Jean-Claude Raoult]

Graph rewritings, like term or word rewritings, are usually finitely branching. There are relations that are not finitely branching, yet satisfy good properties: rational transductions of words, tree-transductions. A good definition of graph transduction, that extends rational word transductions is still lacking.

See [14, 15].

Problem #73 [Jean-Claude Raoult]

Termination is, as we know, undecidable. Yet, there are several sufficient conditions ensuring termination for word and term rewritings. Most are suitable extensions of Higman’s or Kruskal’s embeddings [38]. Robertson and Seymour [68] have achieved a similar theorem for undirected graphs. However, no embedding theorem has yet been proved for directed graphs, and (consequently?) powerful termination orderings remain to be designed.

In [67], embedding theorems are proved for directed wqo-labelled graphs and hypergraphs.

Problem #79 [Mizuhito Ogawa]

Does a system that is non-overlapping under unification with infinite terms (unification without “occur-check” [47]) have unique normal forms? This conjecture was originally proposed in [54] with an incomplete proof, as an extension of the result on strongly non-overlapping systems [35, 10]. Related results appear in [59, 77, 45], but the original conjecture is still open. This is related to Problem #58. This problem is also related with modularity of confluence of systems sharing constructors, see [56].

The answer is yes if the system is also nonduplicating [81]. A direct technique is given in [81]. The nonduplicating condition can be relaxed under a certain technical condition [81]. Some extensions to handle root overlaps are given in [82] and a restricted version of the result in [10] is also proved using the direct technique in [82].

Acknowledgements

We couldn’t have produced this report without the advice we received from many people: Franz Baader, Witold Charatonik, Adam Cichon, Bruno Courcelle, Miki Herman, Benedetto Intrigila, Jean-Pierre Jouannaud, Pierre Lescanne, Krishna Rao Madala, Albert Meyer, Aart Middeldorp, Cesar Munoz, Tobias Nipkow, Enno Ohlebusch, Vincent van Oostrom, Michio Oyamaguchi, Detlef Plump, Michael Rusinowitich, Graud Senizergues, Wayne Snyder, Richard Statman, Hlne Touzet, Rakesh Verma, and Hans Zantema.

References

1. F. Baader and K. Schulz. Unification in the union of disjoint equational theories:

Combining decision procedures. In D. Kapur, editor, Proceedings of the Eleventh International Conference on Automated Deduction (Saratoga Springs, NY), volume 607 of Lecture Notes in Artificial Intelligence, Berlin, June 1992. Springer-Verlag.

2. F. Baader and K. Schulz. Combination of constraint solving techniques: An algebraic point of view. In Proceedings of the 6th International Conference on Rewriting Techniques and Applications, volume 914 of Lecture Notes in Artificial Intelligence, pages 352–366, Kaiserslautern, Germany, 1995. Springer Verlag.

3. F. Baader and K. Schulz. On the combination of symbolic constraints, solution domains, and constraint solvers. In Proceedings of the International Conference on Principles and Practice of Constraint Programming, CP95, volume 976 of Lecture Notes in Artificial Intelligence, Cassis, France, 1995. Springer Verlag.

4. F. Baader and K. Schulz. Combination of constraint solvers for free and quasi-free structures. Theoretical Computer Science, 1998. To appear.

5. H. P. Barendregt. The Lambda Calculus, its Syntax and Semantics. North-Holland, Amsterdam, second edition, 1984.

6. M. Bidoit and M. Dauchet, editors. Theory and Practice of Software Development, Lecture Notes in Computer Science, vol. 1214, Lille, France, April 1997. Springer- Verlag.

7. H. Bunke, T. Glauser, and T.-H. Tran. An efficient implementation of graph grammars based on the RETE-matching algorithm. In H. Ehrig, H.-J. Kreowski, and G. Rozenberg, editors, Graph Grammars and Their Application to Computer Science, volume 532 of Lecture Notes in Computer Science, pages 174–189, 1991.

8. A.-C. Caron. Linear bounded automata and rewrite systems: Influence of initial configurations on decision properties. In Proceedings of the International Joint Conference on Theory and Practice of Software Development, volume 1: Colloquium on Trees in Algebra and Programming (Brighton, U.K.), volume 493 of Lecture Notes in Computer Science, pages 74–89, Berlin, April 1991. Springer-Verlag.

9. A.-C. Caron, J.-L. Coquidé, and M. Dauchet. Encompassment properties and automata with constraints. In C. Kirchner, editor, Proceedings of the Fifth International Conference on Rewriting Techniques and Applications, volume 690 of Lecture Notes in Computer Science, Montreal, Canada, 1993. Springer-Verlag.

10. P. Chew. Unique normal forms in term rewriting systems with repeated variables. In Proceedings of the Thirteenth Annual Symposium on Theory of Computing, pages 7–18. ACM, 1981.

11. H. Comon. Unification et Disunification: Théorie et Applications. PhD thesis, l’Institut National Polytechnique de Grenoble, 1988.

12. H. Comon, editor. 8th International Conference on Rewriting Techniques and Applications, Lecture Notes in Computer Science, vol. 1232, Sitges, Spain, June 1997. Springer-Verlag.

13. H. Comon and F. Jacquemard. Ground reducibility is EXPTIME-complete. In Twelfth Annual IEEE Symposium on Logic in Computer Science, pages 26–34, Warsaw,Poland, June 1997. IEEE.

14. B. Courcelle. Monadic-second order graph transductions: A survey. Theoretical Computer Science, 126:53–75, 1994.

15. B. Courcelle. The expression of graph properties and graph transformations in monadic second-order logic. In G. Rozenberg, editor, Handbook of graph grammars and computing by graph transformations, vol. 1: Foundations, chapter 5, pages 313– 400. World Scientific, New-Jersey, London, 1997.

16. P.-L. Curien, T. Hardin, and J.-J. Lévy. Confluence properties of weak and strong calculi of explicit substitutions. RR 1617, Institut National de Rechereche en Informatique et en Automatique, Rocquencourt, February 1992.

17. M. Dauchet. Simulation of Turing machines by a left-linear rewrite rule. In N. Dershowitz, editor, Proceedings of the Third International Conference on Rewriting Techniques and Applications (Chapel Hill, NC), volume 355 of Lecture Notes in Computer Science, pages 109–120, Berlin, April 1989. Springer-Verlag.

18. M. Dauchet. Simulation of Turing machines by a regular rewrite rule. Theoretical Computer Science, 103(2):409–420, 1992.

19. N. Dershowitz. Innocuous constructor-sharing combinations. In Comon [12], pages 202–216.

20. N. Dershowitz and J.-P. Jouannaud. Rewrite systems. In J. van Leeuwen, editor, Handbook of Theoretical Computer Science, volume B: Formal Methods and Semantics, chapter 6, pages 243–320. North-Holland, Amsterdam, 1990.

21. N. Dershowitz, J.-P. Jouannaud, and J. W. Klop. Open problems in rewriting.

In R. Book, editor, Proceedings of the Fourth International Conference on Rewriting Techniques and Applications (Como, Italy), volume 488 of Lecture Notes in Computer Science, pages 445–456, Berlin, April 1991. Springer-Verlag.

22. N. Dershowitz, J.-P. Jouannaud, and J. W. Klop. More problems in rewriting. In C. Kirchner, editor, Proceedings of the Fifth International Conference on Rewriting Techniques and Applications (Montreal, Canada), volume 690 of Lecture Notes in Computer Science, pages 468–487, Berlin, June 1993. Springer-Verlag.

23. N. Dershowitz, J.-P. Jouannaud, and J. W. Klop. Problems in rewriting III. In Proceedings of the Sixth International Conference on Rewriting Techniques and Applications (Kaiserslautern, Germany), Lecture Notes in Computer Science, Berlin, April 1995. Springer-Verlag.

24. E. Domenjoud, F. Klay, and C. Ringeissen. Combination techniques for nondisjoint equational theories. In A. Bundy, editor, CADE 94, volume 814 of Lecture Notes in Artificial Intelligence, pages 267–281, Nancy, France, 1994. Springer- Verlag.

25. R. Freese. personal communication, 1993.

26. H. Ganzinger, editor. 7th International Conference on Rewriting Techniques and Applications, Lecture Notes in Computer Science, vol. 1103, New Brunswick, NJ, USA, July 1996. Springer-Verlag.

27. A. Geser. Relative Termination. PhD thesis, Universitt Passau, Passau, Germany, 1990.

28. A. Geser, A. Middeldorp, E. Ohlebusch, and H. Zantema. Relative undecidability in the termination hierarchy of single rewrite rules. In Bidoit and Dauchet [6], pages 237–248.

29. G. Huet. Confluent reductions: Abstract properties and applications to term rewriting systems. J. of the Association for Computing Machinery, 27(4):797–821, October 1980.

30. G. Huet and D. S. Lankford. On the uniform halting problem for term rewriting systems. Rapport laboria 283, Institut de Recherche en Informatique et en Automatique, Le Chesnay, France, March 1978.

31. B. Intrigila. Non-existent statman’s double fixed point combinator does not exist, indeed. Information and Computation, 137(1):35–40, 1997.

32. F. Jacquemard. Automates d’arbres et Réécriture de termes. PhD thesis, Université de Paris-Sud, 1996. In French.

33. J.-P. Jouannaud and H. Kirchner. Construction d’un plus petit ordre de simplification. RAIRO Theoretical Informatics, 18(3):191–207, 1984.

34. D. Kapur, P. Narendran, and H. Zhang. On sufficient completeness and related properties of term rewriting systems. Acta Informatica, 24(4):395–415, August 1987.

35. J. W. Klop. Combinatory Reduction Systems, volume 127 of Mathematical Centre Tracts. Mathematisch Centrum, Amsterdam, 1980.

36. J. W. Klop. Term rewriting systems. In S. Abramsky, D. M. Gabbay, and T. S. E.

Maibaum, editors, Handbook of Logic in Computer Science, volume 2, chapter 1, pages 1–117. Oxford University Press, Oxford, 1992.

37. Y. Kobayashi, M. Katsura, and K. Shikishima-Tsuji. Termination and derivational complexity of confluent one-rule string-rewriting systems. Technical report, Toho university, Japan, 1997.

38. J. B. Kruskal. Well-quasi-ordering, the Tree Theorem, and Vazsonyi’s conjecture.

Transactions of the American Mathematical Society, 95:210–225, May 1960. 39. M. Kurihara and A. Ohuchi. Modularity of simple termination of term rewriting systems with shared constructors. Theoretical Computer Science, 103:273–282, 1992.

40. W. Kurth. Termination und Konfluenz von Semi-Thue-Systems mit nur einer Regel. PhD thesis, Technische Universitat Clausthal, Clausthal, Germany, 1990. In German.

41. P. Lescanne. On termination of one rule rewrite systems. Theoretical Computer Science, 132:409–420, 1992.

42. P. Lescanne and J. Rouyer-Degli. The calculus of explicit substitutions λυ. Technical Report RR-2222, INRIA-Lorraine, January 1994.

43. I. Litovski, Y. Métivier, and E. Sopena. Definitions and comparisons of local computations on graphs. Mathematical Systems Theory, to appear. Available as internal report 91-43 of LaBRI, University of Bordeaux 1.

44. M. J. Maher. Complete axiomatizations of the algebras of the finite, rational and infinite trees. In Proceedings of the Third IEEE Symposium on Logic in Computer Science, pages 348–357, Edinburgh, UK, July 1988. IEEE, Computer Society Press.

45. K. Mano and M. Ogawa. A new proof of Chew’s theorem. Technical report, IPSJ PRG94-19-7, 1994.

46. J. Marcinkowski. Undecidability of the first order theory of one-step right ground rewriting. In Comon [12], pages 241–253.

47. A. Martelli and G. Rossi. Efficient unification with infinite terms in logic programming. In International conference on fifth generation computer systems, pages 202–209, 1984.

48. P.-A. Melliès. Typed λ-calculi with explicit substitutions may not terminate, 1995.

To appear.

49. A. Middeldorp and B. Gramlich. Simple termination is difficult. Applicable Algebra in Engineering, Communication and Computing, 6(2):115–128, 1995.

50. A. Middeldorp and Y. Toyama. Completeness of combinations of constructor systems. In R. Book, editor, Proceedings of the Fourth International Conference on Rewriting Techniques and Applications (Como, Italy), volume 488 of Lecture Notes in Computer Science, pages 174–187, Berlin, April 1991. Springer-Verlag.

51. C. Muñoz. Confluence and preservation of strong normalisation in an explicit substitutions calculus (extended abstract). In Eleventh Annual IEEE Symposium on Logic in Computer Science, pages 440–447, New Brunswick, New Jersey, July 1996. IEEE Computer Society Press.

52. J. Niehren, M. Pinkal, and P. Ruhrberg. On equality up-to constraints over finite trees, context unification and one-step rewriting. In 14th International Conference on Automated Deduction, Townsville, Australia, July 1997. To appear.

53. T. Nipkow. Higher-order critical pairs. In Proceedings of the Sixth Symposium on Logic in Computer Science, pages 342–349, Amsterdam, The Netherlands, 1991. IEEE.

54. M. Ogawa and S. Ono. On the uniquely converging property of nonlinear term rewriting systems. Technical report, IEICE COMP89-7, 1989.

55. E. Ohlebusch. On the modularity of confluence of constructor-sharing term rewriting systems. In 19th Colloquium on Trees in Algebra and Programming, volume 787 of LNCS, pages 261–275. Springer-Verlag, 1994.

56. E. Ohlebusch. On the modularity of confluence of constructor-sharing term rewriting systems. In Proceedings of the Colloquium on Trees in Algebra and Programming, 1994.

57. V. v. Oostrom. Confluence for Abstract and Higher-Order Rewriting. PhD thesis, Vrije Universiteit, Amsterdam, 1994.

58. V. v. Oostrom. Developing developments. Theoretical Computer Science, 175:159– 181, 1997.

59. M. Oyamaguchi and Y. Ohta. On the confluent property of right-ground term rewriting systems. Trans. IEICE, J76-D-I:39–45, 1993.

60. M. Oyamaguchi and Y. Ohta. A new parallel closed condition for Church-Rosser of left-linear term rewriting systems. In Comon [12], pages 187–201.

61. D. A. Plaisted. Semantic confluence tests and completion methods. Information and Control, 65(2/3):182–215, May/June 1985.

62. F. v. Raamsdonk. Confluence and Normalization for Higher-Order Rewriting. PhD thesis, Vrije Universiteit, Amsterdam, 1996.

63. M. K. Rao. Modular aspects of term graph rewriting. Theoretical Computer Science. To appear. Special issue on Rewriting Techniques and Applications conference RTA’96.

64. M. K. Rao. Semi-completeness of hierarchical and super-hierarchical combinations of term rewriting systems. In Theory and Practice of Software Development,

TAPSOFT’95, volume 915 of Lecture Notes in Computer Science, pages 379–393. Springer-Verlag, 1995.

65. J.-C. Raoult and J. Vuillemin. Operational and semantic equivalence between recursive programs. J. of the Association for Computing Machinery, 27(4):772– 796, October 1980.

66. C. Ringeissen. Unification in a combination of equational theories with shared constants and its application to primal algebras. In A. Voronkov, editor, Proceedings of the Conference on Logic Programming and Automated Reasoning (St. Petersburg, Russia), volume 624 of Lecture Notes in Artificial Intelligence, Berlin, July 1992. Springer-Verlag.

67. N. Robertson and P. Seymour. Graph minors 23: Nash-williams’ immersion conjecture. Preprint, March 1996.

68. N. Robertson and P. D. Seymour. Graph minors IV. Tree-width and well-quasi-ordering. Submitted 1982; revised January 1986.

69. F. Seynhaeve, M. Tommasi, and R. Treinen. Grid structures and undecidable constraint theories. In Bidoit and Dauchet [6], pages 357–368.

70. G. Snizergues. On the termination problem for one-rule semi-Thue system. In Ganzinger [26], pages 302–316.

71. M. Takahashi. λ-calculi with conditional rules. In M. Bezem and J. F. Groote, editors, Proceedings of the International Conference on Typed Lambda Calculi and Applications (Utrecht, The Netherlands), volume 664 of Lecture Notes in Computer Science, pages 406–417, Berlin, 1993. Springer-Verlag.

72. W. Thomas. Automata theory on trres and partial orders. In Bidoit and Dauchet [6], pages 20–38.

73. S. Tison. Automates comme outil de décision dans les arbres. Dossier d’habilitation à diriger des recherches, December 1990. In French.

74. H. Touzet. Proprits combinatoires pour la terminaison de systmes de rcriture.

PhD thesis, Universit Henri Poincar – Nancy 1, Nancy, France, September 1991. In French.

75. Y. Toyama. On the Church-Rosser property for the direct sum of term rewriting systems. J. of the Association for Computing Machinery, 34(1):128–143, January 1987.

76. Y. Toyama. Commutativity of term rewriting systems. In K. Fuchi and L. Kott, editors, Programming of Future Generation Computers II, pages 393–407. North- Holland, 1988.

77. Y. Toyama and M. Oyamaguchi. Church-Rosser property and unique normal form property of non-duplicating term rewriting systems. In N. Dershowitz and N. Lindenstrauss, editors, Workshop on Conditional Term Rewriting Systems (Jerusalem, July 1994), Lecture Notes in Computer Science. Springer-Verlag, to appear.

78. R. Treinen. The first-order theory of one-step rewriting is undecidable. In Ganzinger [26], pages 276–286.

79. V. v. Oostrom and F. v. Raamsdonk. Weak orthogonality implies confluence: the higher-order case. In A. Nerode and Y. V. Matiyasevich, editors, Third International Symposium on the Logical Foundations of Computer Science, volume 813 of Lecture Notes in Computer Science, pages 379–392, St. Petersburg, Russia, July 1994. Springer-Verlag.

80. R. M. Verma. Unique normal forms and confluence for rewrite systems. In Int’l Joint Conf. on Artificial Intelligence, pages 362–368, 1995.

81. R. M. Verma. Unicity and modularity of confluence for term rewriting systems.

Technical report, University of Houston, 1996.

82. R. M. Verma. Unique normal forms for nonlinear term rewriting systems: Root overlaps. In Symp. on Fundamentals of Computation Theory, volume 1279 of Lecture Notes in Computer Science, pages 452–462. Springer-Verlag, September 1997.

83. S. Vorobyov. An improved lower bound for the elementary theories of trees. In M. A. McRobbie and J. K. Slaney, editors, 13th International Conference on Automated Deduction, Lecture Notes in Computer Science, pages 275–287, New Brunswick, NJ, july/august 1996. Springer-Verlag.

84. S. Vorobyov. The first-order theory of one step rewriting in linear noetheran systems is undecidable. In Comon [12], pages 254–268.

85. A. Weiermann. Bounding derivation lengths with functions from the slow growing hierarchy. Preprint Münster, 1993.

86. C. Wrathall. Confluence of one-rule Thue systems. In Proceedings of the First International Workshop on Word Equations and Related Topics (Tübingen), volume 572 of Lecture Notes in Computer Science, pages 237–246, Berlin, 1990. Springer- Verlag.

87. H. Zantema. Total termination of term rewriting is undecidable. Technical Report UU-CS-1994-55, Utrecht University, December 1994.