The Lambda Calculus in Different Scenarios

Looking at the ˘-calculus as a theory of “programs”, we are naturally lead to define what is, in a

˘-term, a “stable relevant minimal information” directly observable in the term. This is the token

of information which cannot be altered by further reductions but can only be added upon. If one organizes all the stable relevant minimal information which can be obtained from a computation and orders it according to the order it is produced, then it is quite natural to obtain a tree representation of the information implicit in the original term. There are many tree representations in the literature, depending on the possible notions of stable relevant minimal information, the most commonly used being Berarducci trees [2], Lévy-Longo trees [10], Böhm trees [1], Böhm trees modulo finite or infinite ȷ-expansions (Böhm trees modulo infinite ȷ-expansions are in one-one correspondence with Nakajima trees [9]).

There exist precise correspondences between the tree representations of ˘-terms and the local structures of certain topological ˘-models, as shown in [11, 1, 8, 4].

In this talk we will focus on the relations between the tree representations of the terms and the observational equivalences inside calculi obtained by adding parallel and non-deterministic features to the pure ˘-calculus.

In [11] Wadsworth shows that two ˘-terms have the same Böhm tree modulo infinite ȷ-expansions iff they are observational equivalent, assuming that the set of values is the set of head normal forms. The same property holds even considering Böhm trees modulo finite ȷ-expansions and normal forms, as proved by Hyland in [7].

Instead, Lévy-Longo trees correspond to observational equivalence with respect to weak head normal forms in suitably enriched versions of the ˘-calculus, see [10, 3, 6].

Lastly we will show that by adding to the pure ˘-calculus a non-deterministic choice operator and an adequate numeral system we obtain a calculus which internally discriminate ˘-terms having different Böhm trees [5].

References

[1] H.P. Barendregt, The Lambda Calculus: Its Syntax and Semantics, 2nd ed., North-Holland, Amsterdam, 1984.

[2] A. Berarducci, “Infinite Lambda-calculus and Non-sensible Models”, Logic and Algebra, Lecture Notes in Pure and Applied Mathematics 180, Marcel Dekker Inc., 1996, 339-378.

[3] G. Boudol, C. Laneve, “The Discriminating Power of Multiplicities in the ˘-calculus”, Info. and Comp.

126(1), 1996, 83–102.

[4] M. Coppo, M. Dezani-Ciancaglini, M. Zacchi, “Type Theories, Normal Forms and D1 Lambda Models”, Info. and Control 72(2), 1987, 85-116.

[5] M. Dezani-Ciancaglini, B. Intrigila, M. Venturini-Zilli, “Böhm’s Theorem for Böhm Trees”, ICTCS’98 , World Scientific Pub., Oxford, to appear.

[6] M. Dezani-Ciancaglini, J. Tiuryn, P. Urzyczyn, “Discrimination by Parallel Observers”, LICS ’97 , IEEE Comp. Soc. Press, 1997, 396–407.

[7] M. Hyland, “A Syntactic Characterization of the Equality in Some Models of the ˘-calculus”, J. London Math.Soc. 12(2), 1976, 361-370.

[8] G. Longo, “Set Theoretical Models of Lambda calculus: Theory, Expansions and Isomorphisms”, Ann.

of Pure and Appl. Logics 24, 1983, 153–188.

[9] R. Nakajima, “Infinite Normal Forms for the ˘-calculus”, ˘-calculus in Computer Science Theory, LNCS 37, Springer-Verlag, Berlin, 1975, 62-82.

[10] D. Sangiorgi, “The Lazy ˘-calculus in a Concurrency Scenario”, Info. and Comp. 111(1), 1994, 120–153. [11] C.P. Wadsworth, “The Relation between Computational and Denotational Properties for Scott’s D1 Models of the Lambda-calculus”, Siam J. Comput. 5, 1976, 488-521.