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Preface 

The motivation for organizing the Workshop on Logic and Computation 
was straightforward. The refined interaction of mathematics and computa-
tion theory is one of the most fascinating and potentially most fruitful devel-
opments in logic. This interaction has been accelerated by the emergence of 
computers as a powerful research tool for mathematicians; but, independent 
of this development, it has been intrinsic to various attempts at carrying 
out significant parts of mathematics in computationally informative ways. 
The broad issue is indeed a long-standing one and, historically, connected 
with particular views on the nature of mathematics and appropriate method-
ologies. It came to the fore in response to the use of analytic methods in 
number theory. I allude, of course, to Dirichlet's famous proof of the fact 
that arithmetical progressions of the form ax+ b, with a and b relatively 
prime, contain infinitely many primes; 1 but, I also allude to Dedekind's and 
Kronecker's responses. 

Let me point to one, pertinent feature of Kronecker's views; he considered 
a proof of an existential statement as completely rigorous only if it contains 
a method that allows us to find [in finitely many steps] the magnitude whose 
existence has been claimed. 2 Assuming the statement contains parameters, 
the proof presumably has to provide a uniform method for finding the mag-
nitude, i.e. an effective function. The Kroneckerian viewpoint is appealed to 
later in the French predicativists' rejection of abstract, set-theoretic methods. 
Let me quote from Borel's most interesting contribution to the controversy 
surrounding Zermelo's proof of the well-ordering principle: 

One may wonder what is the real value of these arguments that I do not 
regard as absolutely valid but that still lead ultimately to effective results. 

1 G. P. Lejeune Dirichlet, Beweis des Satzes, dass jede arithmetische Progression, deren er-
stes Glied und Differenz ganze Zahlen ohne gemeinschaftlichen Faktor sind, unendlich viele 
Primzahlen enthiilt ( 1837), reprinted in Dirichlet's Gesammelte Werke /, L. Kronecker (editor). 

2Reported by K. Hensel in his introduction to Kronecker's Vorlesungen zur Zahlentheorie, 
Leipzig, 190 I. 
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In fact, it seems that if they were completely devoid of value. They could 
not lead to anything, since they would be meaningless collections of 
words. This, I believe, would be too harsh. They have a value analogous 
to certain theories in mathematical physics through which we do not 
claim to express reality but, rather, to have a guide that aids us, by 
analogy, in predicting new phenomena which must be verified. It would 
require considerable research to learn what is the real and precise sense 
that can be attributed to arguments of this sort. 3 

Borel, however, did not have high hopes for such an enterprise· he contin-
ued in his letter: ' 

Such research would be useless, or at least it would require more effort 
than it would be worth. How these overly abstract arguments are related 
to the concrete becomes clear when the need is felt. 

Much work in mathematical logic has been concerned with constructive 
interpretations of classical mathematics and can be understood as doing just 
the kind of research Borel suggested (to be useless).-Jumping almost a cen-
tury of detailed mathematical and logical work, in particular, on subsystems 
of analysis and fragments of arithmetic, I come to recent and related devel-
opments. What seems to me to be their most important aspect is this: the 
emphasis is no longer on computability in principle, but rather feasibility in 
practice. One way of approaching this goal uses the axiomatic method to 
analyze parts of mathematics under minimal set-theoretic assumptions; that 
means, in weak formal theories T. It is in terms of the "small" class 9t ofT's 
provably recursive functions that systematic algorithmic information can be 
gained: we have immediately an effective 9t-bound in case T proves a 11~-
statement. More specific information concerning bounds may be obtained 
by a detailed investigation of the given (formal) proof or, as Kreisel puts 
matters, by unwinding it.4 

This kind of global and local information is most appropriately obtained 
by exploiting the mechanical character of formal theories, more particularly, 
by treating derivations as computations and as data for computations. From 
this perspective three topics emerge as crucial: 

( 1) mathematical developments in weak theories, 
(2) connections between weak theories and small classes of recursive 

functions, in particular complexity classes, and 
(3) (mechanical) transformations of proofs and programs. 

3Baire, Borel, Hadamard, Lebesgue, Cinq lettres sur Ia theorie des ensembles; Bulletin de Ia 
Societe Mathematique de France 33 (1905), 261-273; translated in Moore's book Zerme/o's 
Axiom of Choice, New York, Heidelberg, Berlin, 1982, 311-320. 

4See as a mathematically significant example H. Luckhardt, Herbrand-Analysen zweier Be· 
weise des Satzes von Roth: polynomiale Anzahlschranken; Journal of Symbolic Logic 54( 1), 1989, 
234-263. 
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These topics are directly reflected in the organization of the workshop; the 
resulting proceedings seem to me to be rich in results and replete with math-
ematical, logical, and computational problems. 

It is a pleasure to acknowledge the support I received from my colleagues 
Peter Andrews, Dana Scott, Rick Statman, and, most of all, Daniel Leivant. 
I am grateful to the Department of Philosophy and the Department (now: 
School) of Computer Science at Carnegie Mellon who provided the financial 
means to make the workshop at all possible. Finally, my warm thanks to the 
participants, contributors, and last, but not least, the referees of the papers 
in these proceedings. 

Wilfried Sieg 

Pittsburgh 

August 19, 1989 
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