The Bulletin of Symbolic Logic Volume 12, Number 2, June 2006

2005 SUMMER MEETING OF THE ASSOCIATION FOR SYMBOLIC LOGIC LOGIC COLLOQUIUM ’05

Athens, Greece July 28–August 3, 2005

Logic Colloquium ’05, the 2005 European Summer Meeting of the Association for Symbolic Logic, was hosted by the University of Athens from July 28 to August 3, 2005. The opening session was held in the impressive Great Hall of the University’s Main Building and was followed by a Welcome Reception in the adjoining Courtyard. Thereafter, lectures were held in the Mathematics Building on the University Campus.

The sponsors of the meeting include: the Association for Symbolic Logic, Athens Chamber of Commerce and Industry, the Bank of Greece, Graduate Program in Logic and Algorithms, IVI Loutraki Water, Hellenic Parliament, Katoptro Publications, Kleos S.A., the Ministry of National Education and Religious Affairs, Mythos Beer, National and Kapodistrian University of Athens, National Bank of Greece, and the Sigalas Wine Co. Ltd. We thank them for their support.

The success of the meeting was due largely to the hard work of the Organizing Committee under the leadership of its Chair, Costas Dimitracopoulos, the other members being D. Anapolitanos, L. Kirousis, G. Koletsos, M. Mytilinaios, S. Papastavridis, Th. Pheidas, P. Rondogiannis, G. Stavrinos, A. Synachopoulos, A. Tzouvaras, and S. Zachos. The Program Committee consisted of C. T. Chong, C. Dimitracopoulos, H. Field, G. Jaeger, G. Metakides, L. Newelski, D. Normann, R. Parikh, J. Steel, S. Todorcevic, J. Tucker, F. Wagner, and S. Wainer (Chair).

The main conference topics were: Computability Theory, Computer Science Logic, Model Theory, Philosophy of Logic, Proof Theory and Constructivism, and Set Theory. The program included four short tutorial courses, twelve invited plenary lectures, and eight invited lectures in four special sessions corresponding to the first four main topics. There were 100 contributed papers and just over 200 participants from 32 different countries. Forty-one student or postdoctoral participants were assisted by ASL grants, and a further 39 participants received grants from other sources.

The following short tutorial courses were delivered: P. Aczel, Constructive set theory.

I. Ben Yaacov, Model theory in positive and continuous logics. P. Kolaitis, Constraint satisfaction, complexity and logic.

G. Restall, The shape of proofs: inference and meaning in classical and non-classical logics. The following invited plenary lectures were presented: J. Bergstra, Decision problems for pushdown threads.

S. Goncharov, Isomorphisms and definable relations on computable models. D. Haskell, Independence for types in algebraically closed valued fields. E. Jaligot, Simple groups of finite Morley rank.

© 2006, Association for Symbolic Logic 1079-8986/06/1202-0007/$6.20 310

LOGIC COLLOQUIM ’05 311

J. Moore, Uncountable linear orders. A. Nies, Algebras with finite descriptions.

C. Parsons, Paul Bernays’ later philosophy of mathematics. H. Schwichtenberg, Minimal logic for computable functionals. M. Sheard, A transactional approach to the logic of truth.

S. Tupailo, Monotone inductive definitions and consistency of New Foundations. K. Weihrauch, Computable analysis. J. Zapletal, Forcing idealized.

The proceedings of Logic Colloquium ’05, edited by C. Dimitracopoulos, L. Newelski, D. Normann, and J. Steel, will contain many of the invited lectures and will be published in the ASL series Lecture Notes in Logic.

More information about the meeting can be found at the conference webpage http://

www.math.uoa.gr/lc2005/.

Abstracts of invited and contributed talks given in person or by title by members of the Association follow.

For the Program Committee Stan S. Wainer

Abstracts of invited plenary talks

▶ JAN A. BERGSTRA, INGE BETHKE, AND ALBAN PONSE, Decision problems for pushdown threads.

Department of Philosophy, Utrecht University, Heidelberglaan 8, 3584 CS Utrecht, The Netherlands, and Programming Research Group, Informatics Institute, University of Amsterdam, The Netherlands. E-mail: janb@science.uva.nl.

Programming Research Group, Informatics Institute, University of Amsterdam, The Netherlands.

E-mail: inge@science.uva.nl. E-mail: alban@science.uva.nl.

A challenging question in language theory is to decide whether the languages accepted by two different machines in some given class are the same. This question is called the equivalence problem. Another important question, known as the inclusion problem, is that of determining whether one language is a subset of another. The connection between these two problems is that the latter implies the former, that is, that any algorithm that decides inclusion for some family of languages can also be used to decide equivalence. The question then arises whether the converse also holds, i.e., whether every language family with a decidable equivalence problem does also have a decidable inclusion problem.

In the early 70’s the languages accepted by two-tape Rabin and Scott machines, and deterministic finite-turn and one-counter pushdown automata were proved to possess a decidable equivalence problem and an undecidable inclusion problem. More recently, e.g., erasing and nonerasing pattern languages and deterministic context-free languages have been added to this growing list.

In this talk we shall investigate yet another class: pushdown threads, i.e., regular threads that may use an internal stack—a form of processes describing sequential program behaviour and using the services offered by a single stack. we shall show that equivalence between pushdown threads is decidable by reducing the equivalence problem for deterministic pushdown automata as treated by Sénizergues to our equivalence problem. Moreover, we shall prove

312 LOGIC COLLOQUIM ’05

that inclusion is undecidable for pushdown threads. Here we shall make an appeal to the halting problem for Minsky machines.

▶ SERGEY S. GONCHAROV, Isomorphisms and definable relations on computable models.

Institute of Mathematics of SB RAS, 4 Koptyug Avenue, Novosibirsk, 630090, Russia. E-mail: gonchar@math.nsc.ru.

We will discuss the problems about characterization of theoretical-model complexity of computable models up to isomorphism and definable relations on computable models. It is connected with problems of algorithmic dimensions and complexity index sets for different classes of models. We will consider the connection of complexity definable relations of computable models with computable numberings in general sense relative to classification of sets.

Partially supported by grant RFBR–05-01–00819.

[1] C. J. Ash and J. F. Knight, Computable structures and the hyperarithmetical hierarchy, Elsevier, Amsterdam, 2000.

[2] Yu. L. Ershov and S. S. Goncharov, Constructive models, Siberian School of Algebra and Logic, Kluwer Academic/Plenum Publishers, New York, 2000.

[3] Yu. L. Ershov, Theory of numberings, Nauka, Moscow, 1977 (Russian). [4] S. S. Goncharov, Countable Boolean algebras and decidability, Plenum, Consultants Bureau, New York, 1997.

▶ DEIRDRE HASKELL, Independence for types in algebraically closed valued fields.

Department of Mathematics and Statistics, McMaster University, Hamilton, ON L8S 4K1 Canada.

E-mail: haskell@math.mcmaster.ca.

The property of non-forking yields a notion of independence for types in a stable theory. In a particular stable theory, for example, the theory of algebraically closed fields, there may be several ways to define an independence notion, all of which are equivalent to non-forking. In an unstable theory, one expects there to be competing notions of independence, each of which captures different properties of non-forking. In this talk, I will describe ways in which different notions of independence in an algebraically closed field can be modified to make them appropriate for a language with a valuation. I will give examples illustrating how the notions differ in an algebraically closed valued field, and a general theorem characterising when they coincide.

▶ ERIC JALIGOT, Simple groups of finite Morley rank.

Institut Camille Jordan, Batiment Braconnier (ex-101), Université Claude Bernard Lyon 1, 43 boulevard du 11 novembre 1918, 69622 Villeurbanne cedex, France. E-mail: jaligot@math.univ-lyon1.fr.

The Morley rank appeared in model theory when M. Morley proved is famous theorem on the categoricity in any uncountable cardinal of first-order theories categorical in one uncountable cardinal. This rank can be seen as an abstract version of the Zariski dimension in algebraic geometry over an algebraically closed field. One of the most striking problem arising is the classification of simple groups of finite Morley rank, motivated since the seventies by the Algebricity Conjecture which postulates that they are algebraic. There is now a huge amount of ideas coming from the classification of finite simple groups which have been transfered in this context. I will try to give a panoramic view on what is known and what is unknown.

▶ JUSTIN MOORE, Uncountable linear orders.

Department of Mathematics, Boise State University, Boise, ID 83725-1555, USA. E-mail: justin@math.boisestate.edu.

LOGIC COLLOQUIM ’05 313

When studying the class of linear orderings, it is natural to consider the quasi-order of embeddability. Since the countable linear orderings are well understood—they can all be embedded into the rationals—one is led to ask about the uncountable linear orders and their relationship to each other in this quasi-order. In particular: Do the uncountable linear orderings have a finite basis? If so, then to what extent are the elements canonical? Since any non-minimal element of a finite basis is redundant, a finite basis can be assumed to contain only minimal elements.

By an old result of Sierpinski, the Continuum Hypothesis implies that (1) any basis for the uncountable separable orders—the real types—must have cardinality 2^{2ℵ0} and (2) there are no minimal real types. On the other hand, building on work of Abraham, Baumgartner, Shelah, and Todorcevic, I recently proved the following result, which confirms a conjecture of Shelah.

Theorem 1. The Proper Forcing Axiom implies that the uncountable linear orders have a five element basis consisting of X , �_1, �^∗_1 , C , and C^∗, where X is any set of reals of cardinality ℵ_1 and C is any Countryman line.

While �_1 and �^∗_1 are minimal assuming only ZFC, existence of minimal real types requires some additional set theoretic assumption. One is led to speculate about the minimality of the other members of the basis in ZFC. Recently I proved that they also require set theoretic assumptions for their minimality.

Theorem 2. It is relatively consistent with ZFC that the only minimal uncountable ordertypes are �_1 and �^∗_1 .

One can consider the latter result as indicating that the X , C , and C^∗ are somewhat less canonical than �_1 and �^∗_1 in that they may consistently not be minimal (hence redundant in a basis). I will discuss both of these results and give them some context.

▶ ANDRE NIES, Algebras with finite descriptions.

Department of Computer Science, University of Auckland, Private Bag 92019, Auckland, New Zealand.

E-mail: andre@cs.auckland.ac.nz.

How can one determine a countably infinite algebra in a finite signature by a finite amount of information? I discuss two ways to do so that have received considerable attention recently. The first approach is via finite automata, and is mostly of interest for infinitely generated algebras. The second is restricted to finitely generated algebras, where the description is a single first order sentence. For both approaches, I discuss interesting examples of groups which can be described that way.

1. To be finite automaton (FA)-presentable seems to be a rather strong restriction: the domain can be represented by a regular set, in a way that finite automata can also verify that the atomic relations hold (where the strings representing elements are written one below the other, using symbols in a power alphabet). This notion goes back to Khoussainov and Nerode (1995), extending work of Hodgson, 1982. Examples include the integers with addition, and the Boolean algebra B of finite or co-finite subsets of N. The isomorphism problem for FA-presentable associative semigroups is Sigma-1-1 complete, so that in this case the class is quite rich after all [1]. However, for several classes of interest, the FApresentable structures are quite limited: for instance, the only FA-presentable infinite BA’s are finite powers of B [1]. Nies and Thomas have shown that the f.g. subgroups of each FAP group have an abelian subgroup of finite index, and that each FAP ring with 1 is locally finite [5]. On the positive side, Nies and Semukhin have found FA-presentable torsion free abelian groups of arbitrary finite rank which are not a proper direct product. It is still unknown if the group of rationals with addition is FA-presentable.

2. We say that a f.g. algebra A is quasi-finitely axiomatizable (q.f.a.) if there is a first order sentence such that A is, up to isomorphism, the only f.g. algebra (in the same signature)

314 LOGIC COLLOQUIM ’05

satisfying the sentence [3]. There are no obvious examples of q.f.a. groups; for instance the group of integers with addition is not q.f.a. The simplest known example is the Baumslag- Solitaer group ⟨a, d | d^{−1}ad = a^2⟩ [4]. Morozov and Nies have shown that a q.f.a. algebra has hyperarithmetic word problem, and that there are q.f.a. groups arbitrarily high in the hyperarithmetic hierarchy [2]. A f.g. algebra is a prime model of its theory iff there is a definable orbit of generators. This condition looks very similar to being q.f.a. In fact Oger and Sabbagh have shown that being prime and being q.f.a. are equivalent for nilpotent groups. However, I have proved that there are continuum many f.g. prime groups, so not all are q.f.a. [4]. Recently researchers have started to look at q.f.a. commutative rings with 1. The conjecture is that each f.g. (and hence finitely presented) ring is q.f.a.

[1] B. Khoussainov, A. Nies, S. Rubin, and F. Stephan, Automatic structures: richness and limitations, Proceedings of LICS 04, Helsinki, 2004.

[2] A. Morozov, and A. Nies, Finitely generated groups and first-order logic, Journal of London Mathematical Society, vol. 71 (2005), no. 3, pp. 545–562.

[3] A. Nies, Separating classes of groups by first order sentences, International Journal of Algebra and Computation, vol. 13 (2003), no. 3, pp. 287–302.

[4] , More on q.f.a. and prime groups, to appear. [5] A. Nies and R. Thomas, FA-presentable groups and rings, to appear.

All papers are available under cs.auckland.ac.nz/~nies.

▶ CHARLES PARSONS, Paul Bernays’ later philosophy of mathematics.

Department of Philosophy, Emerson Hall, Harvard University, Cambridge, MA 02138, USA.

E-mail: parsons2@fas.harvard.edu.

Paul Bernays (1888–1977) is well known for his contributions to mathematical logic and for his collaboration in David Hilbert’s proof-theoretic program culminating in the monumental [5].

His philosophical writings can be divided into several periods: (1) essays written as a student under the tutelage of Leonard Nelson, a champion of the Kantian philosophy of J. F. Fries (1773–1843), (2) items written 1922–34 during his active collaboration with Hilbert, (3) transitional writings (1934–45), and (4) post-war writings reflecting the influence of and collaboration in organizational matters with his Zürich colleague Ferdinand Gonseth (1890– 1975).

By his later philosophy I mean chiefly (4), although two essays from (3), his well known [2] and his almost unknown [3], are significant. I will argue that Bernays by the late 1930s had concluded that the traditional notion of the a priori is not helpful in understanding mathematical knowledge. Gonseth probably helped him to articulate an alternative. Characteristic of Bernays’ later position are reserve toward the a priori but giving a place to “intellectual experience” (geistige Erfahrung) that would be incompatible with empiricism, although he allows experience a role in the formation of conceptual schemes. Bernays also had his own form of structuralism, differing from the views that have gone by that name more recently. The view of mathematical objects expressed in [4] also has points of contact with Carnap’s.

[1] Paul Bernays, Abhandlungen zur Philosophie der Mathematik, Wissenschaftliche Buchgesellschaft, Darmstadt, 1976.

[2] , Sur le platonisme dans les mathématiques, L’enseignement mathématique, vol. 34 (1935), pp. 52–69. Translation in Philosophy of Mathematics: Selected readings, (Paul Benacerraf and Hilary Putnam, editors), 2d edition, Cambridge University Press, 1983.

[3] , Grundsätzliche Betrachtungen zur Erkenntnistheorie, Abhandlungen der Fries’schen Schule N. F., vol. 6 (1937), pp. 279–290.

LOGIC COLLOQUIM ’05 315

[4] , Mathematische Existenz und Widerspruchsfreiheit, Reprinted in [1], pp. 92– 106. First published 1950.

[5] David Hilbert and Paul Bernays, Grundlagen der Mathematik, 2 vols. Springer, Berlin, 1934, 1939. 2d ed., 1968, 1970.

▶ HELMUT SCHWICHTENBERG, Minimal logic for computable functionals.

Mathematisches Institut der Universitaet Muenchen, Theresienstr. 39, D-80333 Muenchen, Germany.

E-mail: schwicht@mathematik.uni-muenchen.de.

We present a logical system which has the Scott-Ershov partial continuous functionals as its intended model. It is based on minimal (not classical or intuitionistic) logic, and is well suited for program extraction (via modified realizability). Moreover, it is easy to identify a fragment which ensures polynomial time complexitiy of the extracted programs.

More precisely, constants denote computable functionals, and quantifiers range over the partial continuous functionals, with free algebras as base types. However, the theory is first order, in the sense that type and predicate variables are only allowed as parameters (as placeholders for types and formulas). The fragment without inductive definitions is conservative over Heyting arithmetic, hence follows Kreisel’s plea for theories with a strong language but weak existence axioms.

▶ MICHAEL SHEARD, A transactional approach to the logic of truth.

Department of Mathematics, Computer Science, and Statistics, St. Lawrence University, Canton, NY 13617, USA. E-mail: msheard@stlawu.edu.

Formal systems which axiomatize the logic of a truth predicate can differ as they try to capture differing aspects of our conception of truth. This talk explores a “transactional” approach: one which seeks to embody the principles governing the use of truth talk as a tool of communication. It examines the question of which axioms and rules of inference are necessary to encode, decode, and evaluate information conveyed by sentences which contain a truth predicate.

▶ SERGEI TUPAILO, Monotone inductive definitions and consistency of New Foundations.

Institute of Cybernetics at TTU, Akadeemia tee 21, 12618 Tallinn, Estonia. E-mail: sergei@cs.ioc.ee.

New Foundations, NF, is a system of set theory named after Quine’s 1937 article “New foundations for mathematical logic”, where it was introduced. It was meant as a foundations of mathematics, alternative to Zermelo-Fraenkel set theory ZF and others. Obvious advantages of NF are that it’s very easily formulated and many mathematical notions can be expressed in NF in a much more “natural” way than in ZF. However, in spite of efforts by many researches and many brilliant results, NF is still not known to be consistent relative to any theory in which we have reasonable confidence.

We investigate a possibility of reducing the Consis(NF) problem to consistency of various extensions of Jensen’s NFU, “NF with Urelements”, which is known to be consistent due to Jensen 1969. Extensions of NFU by different “large cardinal axioms” and their consistency strength have been studied by R. Jensen, S. Feferman, M. Boffa, R. Holmes, R. Solovay. Specifically, we describe a surprising connection between the Monotone Inductive Definitions principle and consistency of New Foundations.

▶ KLAUS WEIHRAUCH, Computable Analysis.

Theoretische Informatik I, FernUniversitat Hagen, D-58084 Hagen, Germany. E-mail: Klaus.Weihrauch@FernUni-Hagen.de.

316 LOGIC COLLOQUIM ’05

Computable Analysis studies those functions on the real numbers and related sets which can be computed by machines such as digital computers. It connects two traditionally disjoint fields, namely Analysis/Numerical Analysis on the one hand and Computability/Computational Complexity on the other hand, combining concepts of approximation and of computation. In particular, Computable Analysis supplies an algorithmic foundation of numerical computation.

While essentially all computablity models for number functions are equivalent (Church’s Thesis) several non-equivalent mathematical models for real number computation are still being discussed. In this lecture we concentrate mainly on the representation model of computation (TTE) which is based on a definition of computable real functions introduced by A. Grzegorczyk and D. Lacombe in 1955. In TTE, infinite sequences of symbols (more generally and informally, of rational numbers, rational balls, finite rational step functions etc.) are used as “names” of the points of sets like real numbers, continuous real functions, open subsets of Euclidean space or square-integrable functions. Computability is defined by Turing machines which read from infinite files and write to infinite files. We introduce and explain basic concepts, discuss examples, and present applications.

Despite remarkable progress during recent years Computable Analysis is still in its infancy, still only the surface of what can be done has been scratched. Numerous secrets are waiting for becoming detected.

▶ JINDRICH ZAPLETAL, Forcing idealized.

University of Florida, 358 Little Hall, P. O. Box 118105, Gainesville FL 32611-8105, USA. E-mail: jinzap@yahoo.com.

I will give an outline of the theory of definable proper forcing as developed in the last five years. I will describe connections to fields outside of logic—such as measure theory, potential theory, or dynamical systems—as well as connections with more traditional areas of logic—such as descriptive theory or the methodology of forcing.

Abstract of invited talk in the short course on Computer Science Logic

▶ PHOKION G. KOLAITIS, Constraint satisfaction, complexity, and logic.

IBM Almaden Research Center, 650 Harry Road, San Jose, CA 95120, USA. E-mail: kolaitis@almaden.ibm.com.

Constraint satisfaction problems constitute a broad class of algorithmic problems that arise naturally in several different areas of computer science and artificial intelligence. The aim of this tutorial is to present an overview of results in constraint satisfaction with emphasis on the computational complexity of constraint satisfaction problems and on the connections of this area of research with logic, universal algebra, and database theory.

Abstract of invited talk in the short course on Model Theory

▶ ITAY BEN-YAACOV, Model theory in positive and continuous logics.

Mathematics Department, University of Wisconsin-Madison, 480 Lincoln Dr., Madison, WI 53706-1388, USA.

E-mail: pezz@math.wisc.edu.

Classically, model theory studies elementary classes using full first order logic. I will discuss two alternatives to this setting which have been studied in recent years, allowing to apply model-theoretic methods to a larger family of classes of structures:

— Positive model theory consists of restricting the language to a “positive fragment” of the full first order logic, which needs only be closed for positive boolean combinations.

LOGIC COLLOQUIM ’05 317

Motivated originally by the inability of first order logic to accommodate hyperimaginary elements, positive model theory turned out to be a very general setting which nevertheless satisfies the Compactness Theorem (for sets of positive formulas). It is a particularly natural setting for the study of simple theories.

— Continuous first order logic [joint project with Alexander Berenstein, C. Ward Henson and Alex Usvyatsov] consists of replacing the discrete set of truth values {0, 1} with the compact interval [0, 1]. It is particularly well-adapted for the study of classes of complete metric structures, such as classes of Banach spaces and probability algebras. It has many advantages over previous logics used for the study of such classes: its proximity to first order logic allows to generalise many classical results such as various definability theorems (e.g., Beth’s Theorem) and local (i.e., formula-by-formula) stability theory.

I will discuss these two frameworks, the relations between them, and some applications and open problems concerning them.

Abstract of invited talk in the short course on Philosophical Logic

▶ GREG RESTALL, The shape of proofs: inference and meaning in classical and non-classical logics.

Philosophy Department, University of Melbourne, Melbourne 3010, Australia. E-mail: restall@unimelb.edu.au.

In this course, we will cover central techniques in proof theory, such as normalisation for natural deduction and cut elimination for sequent systems. We will look at the corollaries of these results for technical properties like the subformula property, conservative extensions and decidability, and their implications for theories of meaning and the nature of logical consequence. While it has been claimed that these considerations favour intuitionistic logic over its rivals, the application to classical logic of techniques from proofnets allow a proof-first account of even classical logic and modal logic.

Abstract of invited talk in the short course on Proof Theory and Constructivity

▶ PETER ACZEL, Constructive Set Theory.

Schools of Mathematics and Computer Science, The University of Manchester, Manchester M13 9PL, UK.

E-mail: petera@cs.man.ac.uk, petera02@yahoo.co.uk.

Constructive Set Theory (CST) was initiated in [9] as an extensional set-theoretical system to represent the brand of constructive mathematics introduced in [5]. A closely related system, CZF, was introduced and given an interpretation in Martin-Löf’s Intuitionistic Type Theory, [8], in [1] and, in [2, 3], extensions of CZF obtained by adding various axioms such as choice principles or the Regular Extension Axiom, were also shown to be interpreted. A generalisation of that interpretation may be found in [6].

CZF is a proof theoretically weak subsystem of ZF using intuitionistic logic which has the same theorems as ZF when classical logic is used, but has the same proof theoretic strength as the classical system KP, [7].

Our aim is to introduce CST as a setting in which constructive mathematics can be developed and presented in essentially the same extensional style as classical mathematics is usually presented while only using principles that are generally accepted as constructively correct.

Some notes on CST may be found in [4].

[1] P. Aczel, The type theoretic interpretation of constructive set theory, Logic Colloquium ’77, pp. 55–66, North-Holland, 1978.

[2] , The type theoretic interpretation of constructive set theory: choice principles,

318 LOGIC COLLOQUIM ’05

The L. E. J. Brouwer Centenary Symposium, pp. 1–40, North-Holland, 1982.

[3] , The type theoretic interpretation of constructive set theory: inductive definitions, Logic, Methodology and Philosophy of Science VII, pp. 17–49, North-Holland, 1986.

[4] P. Aczel and M. Rathjen, Notes on Constructive Set Theory, Technical Report 40, Mittag-Leffler Institute, 2001. Available at http://www.cs.man.ac.uk/^∼ petera/

papers.html.

[5] E. Bishop and D. Bridges, Constructive Analysis, Springer, 1985. [6] N. Gambino and P. Aczel, The generalised type-theoretic interpretation of constructive set theory, To appear in The Journal of Symbolic Logic, March, 2006. Available at http://

www.cs.man.ac.uk/^∼ petera/papers.html.

[7] E. R. Griffor and M. Rathjen, The strength of some Martin-Löf type theories, Archive for Mathematical Logic, vol. 33 (1994), pp. 347–385.

[8] P. Martin-Löf, Intuitionistic Type Theory — Notes by G. Sambin of a series of lectures given in Padua, June 1980, Bibliopolis, 1984.

[9] J. R. Myhill, Constructive Set Theory, The Journal of Symbolic Logic, vol. 40 (1975), pp. 347–382.

Abstracts of invited talks in the Special Session on Computability in Analysis

▶ VASCO BRATTKA, Computability on non-separable Banach spaces.

Department of Mathematics and Applied Mathematics, University of Cape Town, Private Bag, Rondebosch 7701, South Africa. E-mail: BrattkaV@maths.uct.ac.za.

In computable analysis computability on the real numbers and other topological spaces is studied. In order to represent these spaces effectively (e.g., on Turing machines), it is usually important to assume separability of the spaces. However, in some branches of analysis non-separable spaces occur naturally, for instance as dual spaces of separable spaces. For a computational treatment of duality it is desirable to obtain a way to handle non-separable spaces effectively. In this talk we will discuss Landau’s Theorem as an example of a theorem which expresses a duality result for sequence spaces. It turns out that it depends on the underlying axiomatic setting and the version of the Axiom of Choice whether certain nonseparable sequence spaces admit an effective representation or not.

▶ DIETER SPREEN, On some problems in computable topology.

Theoretische Informatik, Fachbereich Mathematik, Universität Siegen, 57068 Siegen, Germany.

E-mail: spreen@informatik.uni-siegen.de.

Computations in spaces like the real numbers are not done on the objects of the space itself but on some representation. If one considers only computable elements, finite objects as the natural numbers can be used for this. In the case of the real numbers such a numbering can e.g., be obtained by taking the Gödel numbers of those total computable functions that enumerate a fast Cauchy sequence of rational numbers. Obviously, this numbering is only a partial map. It can be shown that this is not the consequence of a bad choice, but is so by necessity. We will discuss some consequences.

Abstracts of invited talks in the Special Session on Computer Science Logic

▶ STEPHAN KREUTZER, Gaifman’s theorem and approximation schemes.

Institut für Informatik, Humboldt-Universität zu Berlin, Unter den Linden 6, 10099 Berlin, Germany.

E-mail: kreutzer@informatik.hu-berlin.de.

LOGIC COLLOQUIM ’05 319

In 1982, Gaifman proved his locality theorem stating that every first-order formula over a relational signature is equivalent to a local sentence, i.e., a sentence that only makes statements about the neighbourhood of elements which are pairwise far apart in the structure. Gaifman’s and similar theorems exhibiting the “local” nature of first-order logic have found numerous applications in finite model theory and related areas.

In this talk we will present a variant of Gaifman’s theorem for formulae with free setvariables. In particular we will show that any first-order formula which is positive in a set-variable X is equivalent to a local formula which is also positive in X .

Formulae like this can be used to define minimization problems on graphs. For instance, we can easily construct a first-order formula ϕ(X ) which defines X to be a vertex cover. The optimization problem is then to find a minimal set X satisfying the formula. We will use Gaifman’s theorem to show that every optimization problem on graphs defined by such a formula has a polynomial-time approximation scheme on classes of graphs excluding a minor.

▶ WIEBE VAN DER HOEK, Dynamic epistemic logic.

Department of Computer Science, University of Liverpool, Liverpool L69 7ZF, United Kingdom.

E-mail: wiebe@csc.liv.ac.uk.

Since the work of Hintikka on Logic for Knowledge, researchers from Computer Science, Artificial Intelligence and Multi-Agent Systems have appreciated and added to this formal theory, in which one can reason about how agents (participants in a communication protocol, or in a secret exchange, or in a game like scenario) are guaranteed to either obtain knowledge or remain ignorant. We will briefly present the basics of this logic, in which in particular the Multi-Agent notions of knowledge are intriguing, like common knowledge as illustrated in the muddy children example.

An important issue of such scenarios that is only recently formally analyzed, however, is that of the dynamics. How do the agents update their knowledge, and how does their newly acquired knowledge influence their decision making? We argue that in a true Dynamic Epistemic Logic, in which one wants to represent both higher order (knowledge about knowledge) epistemic notions, and the change of knowledge, raises some problems not present in traditional Belief Revision. We then give some logics in which the change of information is central: Public Announcement Logic and variuos logics in which one can model ‘private communication’.

This is based on work with Hans van Ditmarsch and Barteld Kooi.

Abstracts of invited talks in the Special Session on Model Theory

▶ MARIO EDMUNDO, O-minimal cohomology, definable groups and Lie groups.

CMAF Universidade de Lisboa, Av. Prof. Gama Pinto 2, 1649-003 Lisboa, Portugal. E-mail: edmundo@cii.fc.ul.pt.

We will explain a conjecture by Anand Pillay connecting definable groups and Lie groups and how o-minimal cohomology theories are used in this context.

▶ PIOTR KOWALSKI, Projective iterative �-varieties.

Instytut Matematyczny Uniwersytetu Wroclawskiego, pl. Grunwaldski 2/4, 50-384 Wroclaw, Poland.

E-mail: pkowa@math.uni.wroc.pl.

Let (K, �) be a differentially closed field of characteristic O. Finite Morley rank sets definable in (K, �) are closely related to Buium’s �-varieties. A �-variety is an algebraic variety V definable over K together with a section s : V → �(V ) of its prolongation bundle

320 LOGIC COLLOQUIM ’05

(being a torsor of the tangent bundle). To a given �-variety (V, s) we associate a (K, �)- definable set (V, s)^♯ = {x ∈ V (K) : s(x) = (x, �(x))}. Then (V, s)^♯ has a finite Morley rank and any definable finite Morley rank set X is essentially of the form (V, s)^♯ for a �-variety (V, s).

Model-theoretical properties of (V, s)^♯ are related to geometric properties of (V, s). Buium proved that if V is projective, then any �-variety (V, s) is �-isotrivial.

We extend the definition of a �-variety to the context of a Hasse field (K, �). In this case the set (V, s)^♯ is type-definable and of finite U -rank. However there many type-definable sets of finite U -rank not being of the form (V, s)^♯. We prove a part of Buium’s isotriviality theorem in the Hasse case.

This is joint work with Anand Pillay.

Abstracts of invited talks in the Special Session on Philosophical Logic

▶ HANNES LEITGEB, A type-free theory of modality and truth.

Fachbereich Philosophie, Universität Salzburg, Franziskanergasse 1, A-5020 Salzburg, Austria.

E-mail: Hannes.Leitgeb@sbg.ac.at.

We are interested in developing a type-free theory of modality and truth in which modalities are treated syntactically in the same way as truth, i.e., as predicates of sentences. As Tarski [1935] has shown, given a first-order language that both contains the truth predicate and the arithmetic language, the unrestricted truth scheme is inconsistent with arithmetic. Accordingly, Montague [1963] proved that if necessity is expressed by a predicate of sentences, the unrestricted predicate counterparts of the axioms and rules of the standard modal system T turn out to be inconsistent with a sufficiently strong background theory of syntax. Similar theorems have been derived for the predicate versions of other modal systems, including the minimal system of temporal logic (Horsten and Leitgeb [2001]). On the semantic side, Halbach, et al. [2003] show that certain modal frames do not allow for possible worlds evaluations if the standard satisfaction clause for modal operators is translated to the predicate case unrestrictedly. In contrast to Tarski and Montague, we do not conclude from these results that truth predicates have to be typed or that modal predicates are to be replaced by sentential operators. Just as ZF combines the standard first-order language of set theory with adequate restrictions on the comprehension scheme, we suggest to hold on to an unrestricted syntax but rather to restrict the admissible instances of the truth scheme and the modal axiom schemes and rules. We are going to present a possible worlds semantics for modal predicates in which these restrictions are taken care of: the semantics does not exclude any modal frames; the standard modal axioms and rules hold for a restricted but plausible class of instances; the language is type-free and much more expressive than the usual operator languages of modal logic. The possible worlds semantics for the reflexive frame that contains exactly one world coincides with the theory of truth in Leitgeb [2005].

[1] V. Halbach, H. Leitgeb, and P. Welch [2003], Possible worlds semantics for modal notions conceived as predicates, Journal of Philosophical Logic, vol. 32, no. 2, pp. 179–223.

[2] L. Horsten, and H. Leitgeb, 2001: No future, Journal of Philosophical Logic, vol. 30, no. 3, pp. 259–265.

[3] H. Leitgeb [2005], What truth depends on, Journal of Philosophical Logic, vol. 34, no. 2, pp. 155–192.

[4] R. Montague [1963], Syntactical treatments of modality, with corollaries on reflexion principles and finite axiomatizability, Acta Philosophica Fennica, vol. 16, pp. 153–167.

[5] A. Tarski [1935], Der Wahrheitsbegriff in den formalisierten Sprachen, Studia Philosophica, vol. 1, pp. 261–405.

LOGIC COLLOQUIM ’05 321

▶ SARA NEGRI, Proof analysis in non-classical logics.

Department of Philosophy, P. O. Box 9, 00014 University of Helsinki, Finland. E-mail: negri@mappi.helsinki.fi.

A method is presented by which it is possible to formulate calculi with good prooftheoretical properties for modal logic and related logics. The method starts from the G3-class of cut- and contraction-free sequent calculi for pure logic. Frame properties characterizing systems of non-classical logics are converted into rules that extend the purely logical calculi. By a general theorem, all frame properties expressible as universal formulas for the accessibility relation give cut- and contraction-free sequent calculi. Standard systems of modal logic fall within this category. By a stronger result, frame properties that correspond to what are known as geometric implications, as those characterizing deontic, intermediate, and substructural logics, lead to similar sequent calculi. Finally, cases of frame properties are treated that cannot be expressed as first-order formulas, the most important example being the Noetherian condition of Gödel-Lob provability logic, for which a cut- and contraction-free sequent calculus is given.

Abstracts of contributed talks

▶ ZOFIA ADAMOWICZ AND LESZEK ALEKSANDER KOŁODZIEJCZYK, Partial collapses of the Σ_1 formula hierarchy in models for fragments of bounded arithmetic. Polish Academy of Sciences, Institute of Mathematics, Śniadeckich 8, 00-956 Warsaw, Poland.

E-mail: zosiaa@impan.gov.pl.

Department of Logic, Institute of Philosophy, Warsaw University, Krakowskie Przedmieście 3, 00-047 Warsaw, Poland.

E-mail: l.kolodziejczyk@zodiac.mimuw.edu.pl.

We show that for any n ≥ 1, there exists a model of S^n_2 (or T^n_2 ) satisfying ¬ exp in which every ∃sΠ^b_{n+1} formula is equivalent to an ∃Π^b_n formula.

We first use a standard iterative construction to obtain a model of S^n_2 + ¬ exp which is maximal with respect to sΣ^b_{n+1} formulae (i.e., all Σ^b_n -elementary extensions to a model of S^n_2 are also sΣ^b_{n+1}-elementary). It then turns out that in any such model, a sΣ^b_{n+1} formula is equivalent to an infinite conjunction of Π^b_{n+1} “consistency statements”, which can be expressed as a single ∀Σ^b_n formula. This also gives ∀sΣ^b_{n+1} ⊆ ∀Σ^b_n , from which the main result follows by transposition.

▶ SEMIHA AKINCI, Actualism in possible world realism.

Anadolu University, Faculty of Communication Sciences, Yunusemre Campus, 26470 Eskiflehir, Turkey.

E-mail: sakinci@anadolu.edu.tr.

There are many different versions of Actualism. All versions hold the following five characteristics. 1. All the possible worlds, the actual world included, exist, are real in a sense. 2. However, there is an ontological distinction between the actual and the other non-actual possible worlds. The actual world is the instantiated, obtained world. 3. The contents of the other possible worlds are derived from the actual world. 4. The content of possible worlds are modal entities such as, ‘obtainable states of affairs’. 5. Transworld Identity is possible because in the other worlds although an individual posseses its essential characteristics, some of its accidental characteristics change and therefore what exist in different possible worlds are not identical individuals.

In this paper I divide Actualism first into two main group: Modal Actualism and Non- Modal Actualism (Linguistic Instrumentalism). I divide also Modal Actualism into two:

322 LOGIC COLLOQUIM ’05

De-Re Modal Actualism and De-Dicto Modal Actualism. I divide De-Re Modal Actualism into two: Plantinga’s Version and Stalnaker’s Version. After I clarified and criticised the characteristics of all the versions, I give the modal notions which they explain and couldn’t explain and which have theoretical benefits over other views.

▶ S. ALEKSANYAN AND A. HOVAKIMYAN, Some characteristics of Frege proofs.

Department of Applied Mathematics, State Engeneering, University of Armenia, 105 Teryan str., Yerevan 375075, Armenia. E-mail: sonush@rambler.ru.

It is well-known, that the investigations of the propositional proof complexity are very important because of its tight relation to the problem P^?= NP. In particular, it is interesting to obtain the good lower and upper bounds in Frege system—the most natural calculi for propositional logic.

In [1] it was shown that (1) proof complexity of every tautology φ in Frege system is no more than c · s(φ) · |φ|, where s(φ) is some parameter, depending on φ, by |φ| is denoted the size of φ and c is constant; (2) for sufficiently large n and every i ` 1 � i �

^_n 2 log_n 2 ~´ there is a sequence of such tautologies φi , that |φi | = �(n) and s(φi ) = n^i . In particular, for the tautology

φ_k = _ (ε1 ,...,εk )∈Ek

2k −1^

j=1 k_ i=1 P^{εi}_{i j}

|φ_k | = � “ k · 2^{2k} ” and s(φ_k ) = 2^{�(k·2k )}.

It is interesting to investigate how long must be (can be) the size of F-proof, in order to obtain sufficiently large values of s(φ) for provable φ (note that the parameter s is small for each Frege axiom). Let F be a Frege system and t^F_φ is the number of the lines in the shortest F-proof of formula φ.

We show that 1. For every formula φ, provable in F, if t^F_φ � t, then s(φ) � 2^{c1·t} for some constant c_1. 2. For every sufficiently large k there is such formula φ_k (for example the above tautology φ_k ), that s(φ_k ) = 2^{�(|φk |)} and t^F_{φk} � c_2 · |φ_k |^3 for some constant c_2. Thus the great value of s(φ) can be “quickly” obtained.

An open problem: whether every tautology φ with s(φ) = 2^{�(|φ|)} has polimonially bounded F-proof ? If yes, then NP = coNP.

[1] A. A. Chubaryan, On the complexity of proofs in Frege systems, CSIT Conference, Yerevan, 2001, pp. 129–132.

▶ THEODORE ANDRONIKOS, GEORGE KOLETSOS, AND GEORGE STAVRINOS, An alternative tableaux method for propositional linear temporal logic. Computer Science Division, Department of Electrical and Computer Engineering, National Technical University of Athens, Zografou Campus, 15780, Athens, Greece. E-mail: tedandro@cslab.ntua.gr. E-mail: koletsos@math.ntua.gr.

MPLA, Department of Mathematics, University of Athens, GR-157 84 Athens, Greece. E-mail: g.stavrinos@math.ntua.gr.

This article presents a sound and complete tableau decision algorithm for propositional linear temporal logic (PLTL). The first tableau method for PLTL was proposed by Wolper in [4], [5]. His method, which actually builds a graph whose nodes are sets of PLTL formulae, performs various checks during the construction of the tableau and is, as a result, prohibitively expensive in practice. A different approach was advocated in [2], where formulae

LOGIC COLLOQUIM ’05 323

are augmented with integer constraints, and in [3], where the tableau nodes also contain time intervals. Time intervals are also used in [1], where a tableau system for finite time structure is presented.

In our algorithm each tableau node contains one PLTL formula augmented with one integer. To decide the validity of φ we construct the tableau for ¬φ, which is a tree with root node ⟨0 : ¬φ⟩. All nodes of this tree are ordered couples of the form ⟨n : �⟩, where n ∈ N and � is a PLTL formula. The intuition here is that formula � is true at moment n. The novelty of our method is the following: a tableau branch is either open or closed; here we introduce a third type of branch that we call “don’t care” branch. A don’t care branch is not eligible for expansion, but is not closed (a closed branch is known to be unsatisfiable). If upon completion of the algorithm there is an open branch, then the tableau is open, otherwise the tableau is closed. Don’t care branches play no role at all in deciding whether the tableau is open or closed. The concept of don’t care branches is a tool that accelerates the tableau construction because it stops the expansion of branches that would, if expanded, be copies of existing branches. Upon completion, every open branch corresponds to a model of the root formula and the information incorporated in the tableau nodes (viz. n in ⟨n : �⟩) greatly facilitates the construction of the model. It is a well-known fact that the satisfiability problem for PLTL is PSPACE-complete [6]. We expect however our procedure to handle relatively efficiently many PLTL formulae that appear in many practical situations.

[1] S. Cerrito and M. Cialdea Mayer, Bounded model search in linear temporal logic and its application to planning, International Conference on Automated Reasoning with Analytical Tableaux and Related Methods, Lecture Notes in Computer Science, Springer-Verlag, pp. 124–140, 1998.

[2] R. Hahnle and O. Ibens, Improving temporal tableaux using interger constraints, Proceedings of the International Conference on Temporal Logic, Lecture Notes in Computer Science, Springer-Verlag, vol. 827, pp. 535–539, 1994.

[3] P. H. Schmitt and J. Goubault-Larrecq, A tableau system for linear-time temproal logic, 3rd Workshop on Tools and Algorithms for the Construction and Analysis of Systems (TACAS’97), Lecture Notes in Computer Science, Springer-Verlag, 1997.

[4] Pierre Wolper, Temporal logic can be more expressive, Information and Control, vol. 56 (1983), nos. 1–2, pp. 72–99.

[5] , The tableau method for temporal logic: An overview, Logique et Analyse, vols. 110–111 (1985), pp. 119–136.

[6] Pierre Wolper, Moshe Y. Vardi, and A. Prasad Sistla, Reasoning about infinite computation paths, Proceedings of the 24th IEEE Symposium on Foundation of Computer Science, Tucson, pp. 185–194, 1983.

▶ EVANGELIA ANTONAKOS, Comparing justified and common knowledge.

Graduate Center CUNY, Ph.D. Program in Mathematics, 365 Fifth Avenue, New York, NY 10016, USA.

E-mail: Eva@Antonakos.net.

What is public information in a multi-agent logic of knowledge such as Tn , S4n or S5n ? Traditionally this notion has been captured by common knowledge, which is an epistemic operator Cφ given roughly as^∞ V n=0 E^n φ where Eφ = K_1φ ∧ K_2φ ∧ · · · ∧ Kn φ (everyone knows φ) and Ki s are individual agent’s knowledge operators. In common knowledge systems T^C_n , S4^C_n , and S5^C_n , C depends directly on the agents’ logic ([2]).

A stronger notion of public information is introduced in [1] with the new epistemic operator J. This provides evidence-based common knowledge for which Jφ (φ is justified) asserts that there is access to a proof of φ. Evidence-based systems are more flexible than their C counterparts as the logic for J can be chosen independently from that of the agents. The

324 LOGIC COLLOQUIM ’05

paper [1] considers evidence-based systems T^J_n , S4^J_n , and S5^J_n obtained from the base logics Tn , S4n , and S5n by adding a copy of S4 for J and a connection principle Jφ → Ki φ, i = 1, . . . , n.

In this paper we compare common knowledge and justified knowledge in a canonical situation of the base logic S4 and specify an exact logic principle that distinguishes them. Let I.A. stand for the “Induction Axiom”

φ ∧ J (φ → Eφ) → Jφ.

Theorem. S4^C_n ≡ ` S4^J_n + I.A.

´_∗ , where^∗is replacing J by C.

This theorem provides an alternative formulation for S4^C_n .

[1] S. Artemov, Evidence-based common knowledge, Technical Report TR-2004018, CUNY Ph.D. Program in Computer Science, 2004.

[2] R. Fagin, J. Halpern, Y. Moses, and M. Vardi, Reasoning about knowledge, MIT Press, 1995.

▶ O. ANTONOVA AND S. SOLOVIEV, On historical roots of type theory.

Saint-Peterburg State University, 5 Mendeleevskaya linia, 190000, Russia. IRIT, 118, route de Narbonne, 31062 Toulouse, France. E-mail: soloviev@irit.fr.

It is largely accepted that the origins of modern Type Theory can be traced as far as the work of Aristotle. He clearly stipulates that certain assertions make sense only when their subjects are of right types (for example, in [1]). Historically, modern Type Theory was developed as a restraint to abstractions of Cantor’s Set Theory: a major motivation for Russel was the necessity to avoid paradoxes, cf. [2] and [3]. At the same time, the philosophical intuition of set as a more or less arbitrary collection of objects remained for him essentially Cantorian. The same intuition is often “projected” to the past, when the origins of Type Theory are studied. In fact in Aristotle’s work much more restrictive intuition of set can be discerned, for example, if we consider his theory of prime- and secondary substance. This more restrictive intuition (taking, sometimes, radical forms) continued to exist and was only temporarily shadowed by the success of Cantorian set theory. In this respect modern Type Theories are very heterogenous. As a manifestation of restrictive vision of a set we may mention the theories of inductive types (the sets there require some common generative principles underlying their elements). In our work we trace in history of philosophy and logic various forms of basic intuition of a set in connection with modern Type Theory.

[1] Harold P. Cooke and Hugh Tredennick, editors, Aristotle: Categories, On interpretation, Prior analytics, Harvard University Press, Cambridge, 1996.

[2] Bertrand Russell, Mathematical logic as based on the theory of types, American Journal of Mathematics, vol. 30 (1908), pp. 222–262.

[3] Alfred North Whitehead and Bertrand Russell, Principia Mathematica, 3 vols., Cambridge University Press, Cambridge, 1910, 1912, 1913.

▶ L. Y. BELKOVA, About sufficient conditions for the existence of finite generative system in closed classes.

Department of Mechanics and Mathematics, Moscow State University, Moscow, 119992, Russia.

E-mail: lbelkova@bk.ru.

E. Post has described all classes of Boolean functions and has shown that all closed classes in P_2 are finitely generated. In P_k there are some classes that are not finitely generated.

In this paper we dealt with the closed classes that contain some set of unary functions and are finitely generated. We have obtained that the closed classes that consist of monotone

LOGIC COLLOQUIM ’05 325

functions and contain the set of all monotone unary functions are finitely generated. In addition the order diagram is given.

Also we have examples of closed classes that are finitely generated but do not satisfy classical sufficient conditions for the existence of finite generative system. These classes don’t contain the set of all unary functions or any pre-complete class of unary functions, also they have not any near unanimity function.

[1] K. A. Baker and A. F. Pixley, Polynomial interpolation and the Chinese remainder theorem for algebraic systems, Mathematische Zeitschrift, vol. 143 (1975), pp. 165–174.

[2] G. A. Burle, Klassi k-znachnoi logiki, soderjashie vse funkcii odnoi peremennoi, Diskretnii analiz, vol. 10 (1967).

[3] E. L. Post, Two-valued iterative systems of mathematical logic, Annals of Mathematical Studies, Princeton University Press, vol. 5, 1941.

[4] A. B. Ugolnikov, O zamknutih klassah posta, Izvestia vuzov, matematika, vol. 7 (1988), pp. 79–88.

▶ IZABELA BONDECKA-KRZYKOWSKA AND ROMAN MURAWSKI, Structuralistic epistemology of mathematics.

Faculty of Mathematics and Computer Science, Department of Mathematical Logic, Adam Mickiewicz University, ul. Umultowska 87,61-614 Poznan, Poland. E-mail: izab@amu.edu.pl. E-mail: rmur@amu.edu.pl.

Mathematical structuralism can be briefly characterized as a view that objects studied by mathematics are structures. The chief motivation and aim of structuralism is to avoid some ontological and epistemological problems of the latter without the necessity of rejecting realism.

Structuralism attempts to avoid these problems by maintaining that mathematical objects, such as numbers or points, are only positions in appropriate (mathematical) structures and that we cannot possess knowledge about such isolated objects outside the structures. We can cognit only structures or their parts and not single numbers or points.

The paper is devoted to structuralistic solutions to principal problems of the epistemology of mathematics, in particular to the problem: how can one get knowledge of abstract entities and what are the methods of developing mathematical knowledge. Various answers proposed by structuralistic doctrines will be presented and discussed.

G. Hellman [1989], Mathematics without numbers. Towards a modal-structural interpretation, Clarendon Press, Oxford.

R. Murawski and I. Bondecka-Krzykowska, Structuralistic epistemology of mathematics, Logique et Analysis, to appear.

Ch. Parsons [1990], The structuralist view of mathematical objects, Synthese, vol. 84, pp. 303–346.

M. D. Resnik [1982], Mathematics as a science of patterns: epistemology, Nous, vol. 16, pp. 95–105.

S. Shapiro [1997], Philosophy of Mathematics. Structure and Ontology, Oxford University Press, New York.

▶ PIOTR BORODULIN-NADZIEJA, Measures on minimally generated Boolean algebras.

Institute of Mathematics, Wroclaw University, pl. Grunwaldzki 2/4, 50-384 Wroclaw, Poland.

E-mail: pborod@math.uni.wroc.pl.

We examine the notion of minimally generated Boolean algebras and additive set functions defined on such algebras. We present few results connected with long standing question if every infinite compact space contains either a nontrivial converging sequence or a copy of �.

326 LOGIC COLLOQUIM ’05

▶ ELENA I. BUNINA AND ALEXANDER V. MIKHALEV, Elementary theories of Abelian p-groups and second-order theories of their endomorphism rings.

Department of Mathematics and Mechanics, Moscow State University, 119992, Vorobievy Gory, Moscow, Russia.

E-mail: helenbunina@yandex.ru.

Two algebraic structures U and U^′ are called elementary equivalent (denoted by U ≡ U^′) if for every first order sentence φ this sentence holds in U iff it holds in U^′. The theory of a model U in the second order language is denoted by Th_2(U). For every cardinal number κ the set of all those sentences φ of the second order language that are true for arbitrary sequence ⟨a_1, . . . , aq , b^{l1}_1 , . . . , b^{ls}_s ⟩, where a_1, . . . , aq ∈ U, b^{li}_i ⊂ U^{li} , and |b^{li}_i | � κ, is denoted by Th^κ_2 (U).

We study elementary equivalence of endomorphism rings of Abelian p-groups. If for an Abelian p-group A we have A = D ⊕ G, where the group D is divisible and the group G is reduced, then the expressible rank of the group A is the cardinal number rexp = max(�D , �G ), where �D is the rank of D and �G is the rank of the basic subgroup of G.

Note that rexp(A) = |A| in all cases except the case where |D| < |G|, any basic subgroup of A is countable, and the group G itself is uncountable. In this case rexp(A) = �.

Theorem 1. If A and A^′ are p-groups, r = rexp(A), r^′ = rexp(A^′), then End(A) ≡ End(A^′) implies Th^r_2(A) = Th^{r′}_2 (A^′).

Theorem 2. For any Abelian groups A and A^′, if Th_2(A) = Th_2(A^′), then End(A) ≡ End(A^′).

Theorem 3. If Abelian groups A and A^′ are reduced and their basic subgroups are countable, then Th^�_2 (A) = Th^�_2 (A^′) implies End(A) ≡ End(A^′).

Therefore for all Abelian groups, except the case where A = D ⊕ G, D ≠ 0, |D| < |G|, and |G| > �, a basic subgroup in A is countable, r = rexp(A), r^′ = rexp(A^′), we have End(A) ≡ End(A^′) ⇔ Th^r_2(A) = Th^{r′}_2 (A^′).

▶ JEFF BURDGES, Sylow theory for “p = 0” in groups of finite Morley rank.

Department of Mathematics, University of Manchester, Sackville Street, Manchester, M13 9PL, UK.

E-mail: burdges@math.rutgers.edu.

The Cherlin-Zilber Algebraicity Conjecture proposes that: All simple groups of finite Morley rank are algebraic groups over algebraically closed fields. One of the longstanding difficulties in the work on this conjecture has been the behavior of torsion free subgroups of a solvable group. At face value, the problem is that a torsion-free abelian group may behave as a semisimple group in one context, and as a unipotent group in another. An abstract definition of torsion-free unipotent radical resolved several major problems, but remained silent on several matters where such a unipotent radical was expected to help. Considering the failure of this notion of unipotence leads us to a notion of (mostly) torsion-free Sylow subgroup, which has several important applications.

▶ DUMITRU BUŞNEAG, FLORENTINA CHIRTEŞ, AND DANA PICIU, The prime and maximal spectra of some algebras of fuzzy-logic.

Department of Mathematics, University of Craiova, Al. I. Cuza street, 13, Craiova, RO200585, Romania.

E-mail: busneag@central.ucv.ro. E-mail: chirtes@central.ucv.ro. E-mail: danap@central.ucv.ro.

LOGIC COLLOQUIM ’05 327

By A we denote a BL (pseudo BL)- algebra and by F (A) the lattice of all filters of A. If A is a pseudo BL- algebra by Fn (A) we denote the lattice of normal filters of A. The aim of this contributed paper is to put in evidence new characterization for prime and maximal elements of F (A) (if A is a BL- algebra) and for Fn (A) (if A is a pseudo BL- algebra).

Finally, the same problems if A is a n-valued Lukasiewicz-Moisil algebra (LMn for short).

[1] D. Buşneag and D. Piciu, On the lattices of deductive systems of a BL-algebra, Central European Journal of Mathematics, vol. 2 (2003), pp. 221–237.

[2] , On the lattices of filters of a pseudo BL-algebra, submitted. [3] D. Buşneag and Fl. Chirteş, On the lattices of filters of a LMn -algebra, submitted. [4] A. Di Nola, G. Georgescu, and A. Iorgulescu, Pseudo-BL algebras: Part I, Multiple valued logic, vol. 8 (2002), nos. 5–6, pp. 673–714.

[5] , Pseudo-BL algebras: Part II, Multiple valued logic, vol. 8 (2002), nos. 5–6, pp. 717–750.

[6] P. Hájek, Metamathematics of fuzzy logic, Kluwer Academic Publishers, Dordrecht, 1998.

▶ ERICA CALARDO AND VLADIMIR V. RYBAKOV, Combining time and knowledge, a semantic approach.

Via Leopardi 57, 86010 Busso (CB), Italy. E-mail: E.Calardo@mmu.ac.uk.

Department of Computing and Mathematics, Manchester Metropolitan University, All Saints, Oxford Rd., M15 6BH Manchester, UK. E-mail: V.Rybakov@mmu.ac.uk.

The language of multi-modal logic is a good tool to study the interaction of agents’ knowledge in the flow of time. Many different axiomatic systems for multi-modal propositional logics involving time and knowledge modalities have been introduced. We study a logic of this kind, but generated in a semantic way by introducing a certain class K of multi-modal frames, called TK-frames. In these frames the flow of time is linear and agents are operating synchronously. One agent—the wise agent—plays a special role: the wise agent knowledge is the universal modality on time clusters in these frames. The multi-modal logic L(K) is the set of all TK-valid formulae. It has been already proved by us that L(K) has the fmp, and hence L(K) is decidable.

Our present research is devoted to extending this result to admissible inference rules. We consider the logic L(K_1), a weaker variant of L(K), with only one agent besides the wise agent. Our approach involves the construction of n-characterising models Ch_{L(K1)}(n) for L(K_1) and the description of free temporal algebras Fw (L(K_1)) by means of these models. A rule r is admissible in L(K_1) if and only if r is valid in the models Ch_{L(K1)}(n) with respect to all definable valuations. Using this approach we prove

Theorem 1. The logic L(K_1) is decidable w.r.t. admissible inference rules.

Corollary 2. The quasi-equational theory of free temporal algebra Fw (L(K_1)) is decidable.

▶ STEFANO CAVAGNETTO, Speed-up theorem and Kreisel’s conjecture.

Mathematical Institute ASCR, Zitna 25, 11567 Prague 1, CZ. E-mail: stefanoc@math.cas.cz.

Gödel [3] announced a speed-up of proofs that occurs when passing from first-order arithmetic to second-order (more generally, a stronger theory may speed-up proofs of a weaker theory). He did not prove the claim but subsequently proofs were given by Parikh [5], Krajíček [4], and the most general one by Buss [1].

Kreisel’s Conjecture (KC) is an open problem (cf. [2]) in the study of lengths of proofs. KC states in the following: If there exists k such that Peano Arithmetic PA proves A(s^{(n)}(0))

328 LOGIC COLLOQUIM ’05

in k steps for every n then, in fact, PA proves ∀x A(x). We briefly recapitulate some basic fact about KC and the speed-up phenomenon, and present the following statement.

Proposition. There exists a formal system T such that T has an unbounded speed-up over PA but is still a conservative extension of PA.

We show that the proposition is a corollary of KC but we also give a proof not using any unproven assumption.

[1] S. R. Buss, On Gödel’s theorems on lengths of proofs I: number of lines and speed-up for arithmetics, The Journal of Symbolic Logic, vol. 59 (1994), no. 3, pp. 737–756.

[2] H. Friedman, One hundred and two problems in mathematical logic, The Journal of Symbolic Logic, vol. 40 (1973), no. 2, pp. 113–129.

[3] K. Gödel, Über die Länge der Beweise, Ergebnisse eines Mathematischen Kolloquiums, (1936), pp. 23–24.

[4] J. Krajíček, On the number of steps in proofs, Annals of Pure and Applied Logic, vol. 41, (1989), pp. 153–178.

[5] R. Parikh, Some results on the lengths of proofs, Transactions of the American Mathematical Society, vol. 177 (1973), pp. 29–36.

▶ AN. CHUBARYAN, ARM. CHUBARYAN, AND H. BOLIBEKYAN, On the most generalized speed-up in first order logic.

Dept. of Informatics and Applied Mathematics, Yerevan State University, 1 A. Manoogyan str., Yerevan 375049, Armenia. E-mail: achubaryan@ysu.am. E-mail: chubarm@ysu.am.

E-mail: bolibekhov@hotmail.com.

There are many results about speed-up phenomena, caused by having a stronger theory. Some of them relate to size, the others to steps of proofs. Earlier An. Chubaryan introduced the common conception of proof complexity and notions of ordinary theory and its special extension, for which the most generalized speed-up of proofs (analogy of Rabin’s speed-up for calculations) was proved. Now we show, that for many pairs of the different systems of pure predicate calculus the above speed-up holds.

Definition. The theory Φ is called ordinary, if there are a pair recursively enumerable, effectively unseparable sets M^Φ_+ and M^Φ_− of the formulas of Φ and two algorithm A_1 and A_2, which produce for each formula � of Φ accordingly such formulae A_1(�) and A_2(�), that the following holds:

(a) � ∈ M^Φ_+ ←→⊢_Φ A_1(�) and � ∈ M^Φ_− ←→⊢_Φ A_2(�); (b) for each formulae � of Φ if ⊢_Φ � ∨ A_1(�) and ⊢_Φ A_2(�), then � ∈ M^Φ_+ . By C^Φ_α we denote the minimal proof-complexity of the formula α in Φ, where C is such recursive function, that for each n the equation C (x) = n has only limited number of solutions and there is an algorithm, which for every n produces the list of all solutions of this equation.

Main Theorem. Let Φ_1 be an ordinary theory, α be such formula of Φ_1, that α /∈ M^{Φ1}_+ , let, further, Φ_2 be such extension of Φ_1, that ⊢_{Φ2} α, then for every recursive function f

∃n_0 ∀n > n_0 ∃αn “ C^{Φ2}_{αn} � n ∧ C^{Φ1}_{αn} > f(n) ” . Let HPC , HPI , HPM , SPC , SPI , SPM , NPC , NPI , NPM , SP^−_C , SP^−_I , SP^−_M , RPC , RPI , RPM are accordingly Hilbert-style (H ), sequent (S), natural (N ), cut-free sequent (S^−) and resolution (R) systems of pure predicate calculus, based on classical (C ), intuitionistic (I ) and minimal (M ) logic. We show, that all of these systems are ordinary, therefore the statement of Main Theorem is valid for every pair Φ_1 ⊂ Φ_2 of above systems.

LOGIC COLLOQUIM ’05 329

▶ GABRIEL CIOBANU, Rational and irrational divergence of partial recursive functions.

Romanian Academy, Institute of Computer Science, 700506 Iasi, Romania. E-mail: gabriel@iit.tuiasi.ro.

Since the partial recursive function are while-computable, we work with the class WParray of the nondeterministic while programs with array assignments. We use the version DLarray of Dynamic Logic built over WParray. For every first-order language L, the expressive power of DLarray is between the first-order predicate calculus with equality over L (i.e., Lww ) and the infinitary language allowing countable disjunction (i.e., Lw_1 w ). Rational divergence is a divergence in which a sequence is repeated periodically, while irrational divergence is a divergence in which such a looping sequence does not exist. First, these divergence predicates are expressed as formulas of DL using arithmetics. Moreover, we express in DLarray, step by step, the predicates Div corresponding to the divergence, rationalDiv corresponding to the rational divergence, and irrationalDiv corresponding to the non-periodic divergence. Finally, for each program p in WParray, there is a DLarray formula equivalent to Div(p) = rationalDiv(p) ∨ irrationalDiv(p).

▶ STAVROS COSMADAKIS AND EUGÉNIE FOUSTOUCOS, Datalog complexity tools applied to the problem of MSO evaluation on trees.

Computer Engineering and Informatics Department, University of Patras, 26500 Rio, Patras, Greece.

E-mail: scosmada@cti.gr.

MPLA, Department of Mathematics, National and Capodistrian University of Athens, Panepistimiopolis, 15784 Athens, Greece. E-mail: aflaw@otenet.gr. E-mail: eugenie@math.uoa.gr.

The evaluation problem for MSO formulae in coloured trees is the problem of computing, for each MSO (Monadic Second Order) formula ϕ(X_1, . . . , X_k ) and each tree T , the set A_{ϕ,T} of k-tuples of subsets of the domain of T which satisfy ϕ, i.e., A_{ϕ,T} = {(B_1, . . . , B_k ) | T |= ϕ(B_1, . . . , B_k )}. The aforementioned problem is decidable ([3], Thatcher and Wright 1968) and it has been solved using model-theoretic methods like compositionality (Courcelle 1990), or automata-theoretic methods (Flum, Frick, Grohe 2002).

It has been proved in [4], [5] that (1) the evaluation problem SAT-ASSIGN(t) for MSO formulae in coloured trees of size at most t is Datalog-definable i.e., it can be formulated as a Datalog query SAT-ASSIGN(t)-QUERY (via the program Π(t) of maximal arity 2t), (2) SAT-ASSIGN(t) is Monadic Datalog-definable (via the monadic program Πmon (t)), (3) the complexity of evaluating SAT-ASSIGN(t)-QUERY on an input tree T of size t, is the same as the complexity obtained via automata-theoretic tools (i.e., linear in t, with a hyperexponential constant).

Here we investigate the complexity of SAT-ASSIGN(t)-QUERY by means of recently developed tools: a. the persistency numbers [1] and b. the linear formulae [2], both elaborated specifically for the analysis of datalog programs/queries. We show that the persistency number that characterizes the query SAT-ASSIGN(t)-QUERY is 0 and that the width of the linear formulae of Π(t) is a small constant independent of t; the same holds for Πmon (t) which, moreover, presents syntactic similarities with program ACCESS expressing the (prototypical P-complete) path accessibility query.

Research partially supported by K. Karathéodory Basic Research Program no. 2997 of University of Patras, 2002 and by MPLA (Graduate Program in Logic, Algorithms and Computation), Nat. Capod. Univ of Athens.

[1] F. Afrati, S. Cosmadakis, S., and E. Foustoucos, Datalog programs and their persistency numbers, ACM Transactions on Computational Logic, vol. 6 (2005), no. 3, pp. 481–518.

[2] S S. Cosmadakis, Inherent complexity of recursive queries, Journal of Computer and

330 LOGIC COLLOQUIM ’05

System Sciences, vol. 64 (2002), pp. 466–495.

[3] J. E. Doner, Decidability of the weak second-order theory of two successors, Notices of the American Mathematical Society, vol. 12 (March 1965), pp. 365–468.

[4] E. Foustoucos and L. Kalantzi, The MSO-evaluation problem on colored binary trees: a database-theoretic approach, Submitted (February 2005).

[5] E. Foustoucos and L. Kalantzi, MSO querying over trees via datalog evaluation, PSL2005, (satellite symposium to the Logic Colloquium 2005), Athens, Greece, July 25–28, 2005.

▶ GIOVANNA D’AGOSTINO AND GIACOMO LENZI, On modal mu-calculus over transitive frames.

Dipartimento di Matematica, Universita’ di Pisa, Largo Bruno Pontecorvo 5, 56127 Pisa, Italy.

E-mail: lenzi@mail.dm.unipi.it.

In this contribution we will discuss two extensions of modal logic, one with fixpoints, and one with bisimulation quantifiers.

The first extension is widely used in computer science in the area of verification of computer systems, whereas the second has a more logical flavor, in fact it has been introduced as a tool for the study of uniform interpolation.

It is known that over arbitrary frames (that is, over the logic K) fixpoints are much more expressive than bisimulation quantifiers: the first gives the modal mu-calculus, the second gives nothing more than K itself.

On the other hand, over transitive frames (that is, over the logic K4), every fixpoint is expressible by bisimulation quantifiers.

So, if a logic above K4 is closed under bisimulation quantifiers, then it is closed under fixpoints as well, and the two extensions trivially coincide. This is the case of logics such us GL, Grz, S4Grz, S5. On the other hand, we will see the existence of logics over K4 where the two extensions are nontrivial but nonetheless coincide, such as K4 and S4.

If time permits, we will also discuss the problem of whether, and to which extent, the fixpoint hierarchy of the modal mu-calculus above K4 collapses.

▶ ANUJ DAWAR, DAVID RICHERBY, AND BENJAMIN ROSSMAN^∗, Choiceless polynomial time, counting and the Cai–Fürer–Immerman graphs.

University of Cambridge Computer Laboratory, William Gates Building, J.J. Thomson Avenue, Cambridge, CB3 0FD, UK.

E-mail: Anuj.Dawar@cl.cam.ac.uk. URL: http://www.cl.cam.ac.uk/~ad260/. E-mail: David.Richerby@cl.cam.ac.uk. URL: http://www.cl.cam.ac.uk/~dmr25/. E-mail: brossman@sas.upenn.edu.

In the quest for a logical characterization of polynomial-time computability, several authors have considered extensions of fixed-point logics with choice mechanisms. Choiceless polynomial time (C̃PT) is a language introduced by Blass, Gurevich and Shelah [1] that can be seen as an attempt to characterize what can be done without choice. It is not a traditional logic but a machine model that operates directly on finite relational structures via their hereditarily finite sets.

Blass et al. show that C̃PT is strictly more expressive than inflationary fixed-point logic (IFP) but still cannot define simple cardinality properties. In [2], they show that the natural extension of C̃PT with counting is strictly more expressive than the corresponding extension of IFP, by using a padded version of the query originally defined by Cai, Fürer and Immerman [3] to separate IFP with counting from P. Blass et al. leave open the questions of whether C̃PT with counting captures P and whether it can express the unpadded version of the CFI query.

LOGIC COLLOQUIM ’05 331

We show that the unpadded version is definable in C̃PT. Our program does not use counting but depends crucially on using sets of unbounded finite rank. We demonstrate that the query cannot be defined by any program, even in C̃PT with counting, that has a constant bound on the rank of sets used [4].

∗Research carried out during an internship at Microsoft Research, One Microsoft Way, Redmond, WA 98052, USA.

[1] A. Blass, Y. Gurevich, and S. Shelah, Choiceless polynomial time, Annals of Pure and Applied Logic, vol. 100 (1999), nos. 1–3, pp. 141–187.

[2] , On polynomial time computation over unordered structures, The Journal of Symbolic Logic, vol. 67 (2002), no. 3, pp. 1093–1125.

[3] J.-Y. Cai, M. Fürer, and N. Immerman, An optimal lower bound on the number of variables for graph identification, Combinatorica, vol. 12 (1992), no. 4, pp. 389–410.

[4] A. Dawar, D. M. Richerby, and B. Rossman, Choiceless polynomial time, counting and the Cai–Fürer–Immerman graphs, Proceedings of 12th Workshop on Logic, Language, Information and Computation, Electronic Notes in Theoretical Computer Science, Elsevier, to appear.

▶ IOANNA MATILDE DIMITRIOU, Fragments of choice and determinacy.

Graduate Programme in Logic, Institute for Logic, Language and Computation, Universiteit van Amsterdam, Plantage Muidergracht 24, 1018 TV Amsterdam, The Netherlands. E-mail: idimitri@science.uva.nl.

It is known that the axioms of determinacy and choice are inconsistent together but weaker forms of choice, for example countable choice for reals, are consequences of determinacy. Fragments of choice referring to the real line have been investigated in detail in papers by Keremidis, Tachtsis, Howard, Rubin and Stanley [1], [2], [3] as part of the “consequences of the axiom of choice project” that gathers results from over 100 years of “choice studies”.

We investigate these fragments of the axiom of choice and classify them according to their status under the axiom of determinacy. The paper is no original research but should be understood as a survey of the connections between the areas of determinacy theory and fragments of the axiom of choice.

[1] K. Keremidis and E. Tachtsis, Some weak forms of the axiom of choice restricted to the real line, Mathematical Logic Quarterly, vol. 47(3) (2001), pp. 413–422, [2] , Choice principles for special subsets of the real line, Mathematical Logic Quarterly, vol. 49(5) (2003), pp. 444–454.

[3] P. Howard, K. Keremidis, J. E. Rubin, A. Stanley and E. Tachtsis, Non-constructive properties of the real numbers, Mathematical Logic Quarterly, vol. 47 (2001), number 3, pp. 423–431.

▶ NATASHA DOBRINEN, κ-stationary subsets of P_{κ+} �.

The Kurt Gödel Research Center for Mathematical Logic, University of Vienna, Währingerstrasse 25, 1040 Wien, Austria.

E-mail: dobrinen@logic.univie.ac.at.

URL: http://www.logic.univie.ac.at/~dobrinen/.

Consider the following when κ^{<κ} = κ. A set C ⊆ P_κ+ � is κ-club if it is cofinal and closed under increasing sequences of length exactly κ. S ⊆ P_κ+ � is κ-stationary if S ∩ C ≠ ∅ for all κ-club sets C . We present the general theory of κ-club and κ-stationary sets. What is particularly nice about this class of stationary sets is that there is a Kueker Theorem for them on < κ-ary functions. This allows us to push through to κ-stationary sets general results about stationary sets which hinge on Kueker’s Theorem for stationary sets. We give sufficient conditions for preserving some or all κ-stationary sets. Included in this discussion is a game generalizing the proper game Γ^κ . If Player II has a winning strategy for Γ^κ played

332 LOGIC COLLOQUIM ’05

in P and P is (< κ, κ)-distributive, then P preserves all κ-stationary sets. We will also show that κ-stationarity is exactly the notion needed to completely characterize the relationship between the (κ, �, < �)-distributive law in complete Boolean algebras and a related game G^κ_{<�}(�), when � ≤ κ ≤ �. We show how to construct Boolean algebras in which many games are undetermined, using only GCH.

▶ PHILIP EHRLICH, The Peircean linear continuum: a surreal model.

Department of Philosophy, Ohio University, Athens OH, 45701. E-mail: ehrlich@ohiou.edu.

In [2] and [3] we suggested that whereas the real number system should merely be regarded as constituting an arithmetic continuum modulo the Archimedean axiom, Conway’s ordered field No of surreal numbers [1] may be regarded as a sort of absolute arithmetic continuum (modulo NBG). In the present paper we introduce a formal replacement for the intriguing linear continuum sketched by Charles Sanders Peirce (cf. [5], [6]) at the turn of the twentieth century, and point out that by limiting No to the real-closed integral domain consisting of its finite and infinitesimal members one obtains a well-suited arithmetization of the formal replacement whose properties mimic those of No established in [3] and [4].

[1] J. H. Conway, On numbers and games, Academic Press, 1976.

[2] P. Ehrlich, Universally extended continua, Abstracts of Papers Presented to the American Mathematical Society, vol. 10 (January, 1989), p. 15.

[3] , Universally extending arithmetic continua, Le Continu Mathematique, Colloque de Cerisy, (H. Sinaceur and J. M. Salanskis, editors), Springer-Verlag France, Paris, 1992, pp. 168–178.

[4] , Number systems with simplicity hierarchies: A generalization of Conway’s theory of surreal numbers, The Journal of Symbolic Logic, vol. 66 (2001), no. 3, pp. 1231– 1258. Erratum (September, 2005).

[5] C. S. Peirce, The logic of continuity (1898), Collected papers of Charles Sanders Peirce, (C. Hartshone and P. Weiss, editors), vol. VI, Harvard University Press, 1935, pp. 132–146.

[6] , Infinitesimals (1900), (C. Hartshone and P. Weiss, editors), Collected papers of Charles Sanders Peirce, vol. III, Harvard University Press, 1935, pp. 360–365.

▶ PANTELIS ELEFTHERIOU AND SERGEI STARCHENKO, Groups definable in ordered vector spaces over ordered division rings.

Department of Mathematics, University of Notre Dame, Notre Dame, IN 46556, USA. E-mail: pelefthe@nd.edu. E-mail: starchenko.1@nd.edu.

Let M = ⟨M, +, <, 0, {d }_{d ∈D} ⟩ be an ordered vector space over an ordered division ring D, and G = ⟨G, ⊕, e⟩ an n-dimensional group definable in M, equipped with the t-topology ([1]). We show that if G is abelian, definably compact, and definably connected, then there is a convex subgroup U of M^n , such that G is definably isomorphic to a definable quotient U/L with topological group structure induced by M^n , for some lattice L of rank n. This constitutes an o-minimal analogue of the classical theorem that every compact, connected, abelian topological group in the Euclidean space is isomorphic to a real torus.

[1] A. Pillay, On groups and fields definable in o-minimal structures, Journal of Pure Applied Algebra, vol. 53 (1988), pp. 239–255.

▶ A. A. ESIN, Precomplete subclasses of functions in P_3 with regard to a certain strengthened closure operator.

Faculty of Mechanics and Mathematics, Moscow State University, Moscow, 119992, Russia. E-mail: esin@lpcs.math.msu.su.

LOGIC COLLOQUIM ’05 333

Classical Post’s theorem describes the five precomplete classes of the Boolean algebra. In 1958 S. V. Yablonskij proved that there are 18 precomplete classes in P_3. Those papers regarded a closure of set of functions with regard to substitution operator. It is easily seen that if the functions differing by dummy variables only are not considered to be equivalent it will result in the same precomplete classes.

This paper considers the closure operators that are the strengthening of classical substitution operator on the set of 3-valued logic functions. Let M be a subset of P_3. R(M ) denotes the following set: the closure of set of functions M with regards to the substitution operation, and the addition of a function f ∼ g for every g in M , where

f ∼ g ⇔ ∀⃗x ^` f(⃗x) = g(⃗x) ´ ∨ ` f(⃗x), g(⃗x) ∈ {0, 1} ´~ . We will consider two types of such closure operator:

(1) R_1—the functions are considered equivalent if they differ from each other by dummy variables only.

(2) R_2—the functions differing by dummy variables only are not considered equivalent In this paper it is proved that for R_1 only three following classes are precomplete: T_2—the set of all functions in P_3 that preserve 2, T_{01}—the set of all functions in P_3 that preserve the set {0, 1}, T∼—the set of all functions in P_3 that preserve the ∼ relation.

For the T_{01} and T∼ classes the structures of closed subclasses (which are countable) are fully described. We set up a hypothesis that T_2 has denumerable lattices of closed subclasses too.

For the R_2 operator only two additional precomplete subclasses exist: P_3(x)—the set of all unary functions, C_2—the set of all constants and functions f(x_1, . . . , xi , . . . , xn ), that for every i in {1, . . . , n} the equation f(x_1, . . . , x_{i−1}, 2, x_{i+1}, . . . , xn ) = 2 holds.

For this operator it is also proved, that the number of closed subclasses is infinite. [1] E. L. Post, Two-valued iterative systems of mathematical logic, Annals of Mathematical Studies, Princeton University Press, vol. 5, 1941.

[2] S. V. Yablonkij, Funkcionalnie postroeniya v k-znochnoy logike, Works of Steklov’s mathematical inst., vol. 51, 1958

▶ HORACIO FAAS, Heterogeneous inference from the standpoint of information flux.

Centro de Investigaciones, Facultad de Filos. y Humanidades, Universidad Nacional de Córdoba, Pabellón Agustin Tosco, Ciudad Universitaria, 5000 Córdoba, Argentina. E-mail: horacio@ffyh.unc.edu.ar.

Since long ago, validity of inferences is the main subject of logic, and whenever a new logical system appears it immediately attempts to fit to it. Heterogeneous inference intends such validity and if reaching that target it would be able to explain some of the mistakes of several erroneous mathematical conjectures led by misleading intuitions. As is well known, heterogeneous inference relates distinct representation systems and there are computer programs such as Barwise & Etchemendy’s “Hyperproof” that make and control inferences from and to linguistic and diagrammatic representations. Visualization plays a fundamental role in diagrammatic representations, but in mathematics it has been only accepted as helpful for, but not as a rigorous component of proofs. Notwithstanding, things are slowly changing during the last twenty years or more, and there is a renewed interest in visualization based on three different sources: the development of visualization techniques in computer science that produced results not attainable without them; the role of ‘mental imagery’ in neurosciences; and the promising level of rigor reached by diagrammatic inference. One may conjecture that in all these three cases there is valid inference when information is extracted that already was in the premises, i.e., information flux holds validity. In this paper the notion of logical consequence is considered as making explicit information already implicit, and it is so applied to heterogeneous inference to show how several mathematical problems—some of the

334 LOGIC COLLOQUIM ’05

so called ‘mathematical monsters’—could be so explained, by means of the notion of ‘infon’. It is also commented how these conjectures would influence standpoints in philosophy of mathematics.

▶ NIKOLAOS GALATOS, Algebraic methods in Substructural Logics.

Department of Mathematics, Vanderbilt University, 1326 Stevenson Center, Nashville, TN 37240, USA, and Japan Advanced Institute of Science and Technology, 1-1 Asahidai, Nomi, Ishikawa 923-1292, Japan.

E-mail: ngalatos@math.vanderbilt.edu and galatos@jaist.ac.jp. URL: http://math.vanderbilt.edu/~ngalatos.

Logics that when formulated in Gentzen systems lack one or more of the structural rules of exchange, weakening and contraction are called substructural logics. We focus on systems related to the full Lambek calculus, a sequent calculus system that encompasses intuitionistic, relevant and multi-valued propositional logic, as well as the multiplicative-additive fragment of propositional linear logic.

Many substructural logics are algebraizable and their algebraic semantics are varieties of residuated lattices. Recall that a residuated lattice is an algebra L = ⟨L, ∧, ∨, ·, \, /, 1⟩, such that ⟨L, ∧, ∨⟩ is a lattice, ⟨L, ·, 1⟩ is a monoid, and for all elements a, b, c ∈ L,

ab ≤ c ⇔ a ≤ c/b ⇔ b ≤ a\c.

Because of the lack of the rule of exchange, the logic contains two conditionals \ and /, instead of the usual →. Moreover, unlike in intuitionistic logic where the conditional is the residual of conjunction, the conditionals are the residuals of fusion, because of the lack of the rules of contraction and weakening.

We discuss the algebraization and the decidability of substructural logics. In particular, we provide an algebraic proof of the cut elimination theorem for the full Lambek calculus, obtaining in this way the decidability of the logic, as well as of the equational theory of the corresponding variety of residuated lattices. Also, we prove that the full Lambek calculus with exchange and distribution has a decidable set of theorems, but an undecidable provability relation.

Furthermore, we establish a weak form of the deduction theorem for substructural logics, called parametrized local deduction theorem. A stronger from of a local deduction theorem holds for logics with the exchange rule, since the corresponding varieties have the congruence extension property.

▶ OLEG GRIGORIEV, On the approach to construction of analytic tableaux for priorian temporal logics.

Department of Philosophy, Moscow State University, Russia. E-mail: grig@philos.msu.ru.

There are many approaches to development of analytic tableaux for temporal logics nowadays. Among them tableaux with prefixed formulae appeared to be relatively easy for use and flexible in the sense of providing general framework for logics, formalizing different properties of time. Prefixes themselves are intended to name possible worlds or states in a Kripke frame. An accessibility relation on a frame can be encoded into a prefix structure or shown explicitly. We use the later case in our constraction.

An elementary building block of tableau construction is so called R–� pair, where R is a set of pairs of natural numbers (used for prefices) and Γ is a set of prefixed formulae. Explanations of rules: � [�] means that the set � contains distinguished formula �; �^∗ under the horizontal line of rule is the set � above the line without distinguished element. These rules are for the system Kt . Extensions of this system can be obtained by adding some family of rules for the set R, simulating first order properties of Kripke frames, corresponding to particular logic.

LOGIC COLLOQUIM ’05 335

[¬¬]

⟨R | � [n¬¬φ]⟩ ⟨R | �^∗ ∪ {nφ}⟩ [∧] ⟨R | � [n(φ ∧ �)]⟩ ⟨R | �^∗ ∪ {nφ, n�}⟩

[¬∧]

⟨R | � [n¬(φ ∧ �)]⟩ ⟨R | �^∗ ∪ {n¬φ}⟩ ⟨R | �^∗ ∪ {n¬�}⟩

[G] ⟨R[(m, n)] | � [mGφ]⟩ ⟨R | � ∪ {nφ}⟩

[H ]

⟨R[(m, n)] | � [nHφ]⟩ ⟨R | � ∪ {mφ}⟩

[¬G]

⟨R | � [m(¬Gφ)]⟩ ⟨R ∪ {(m, k)} | �^∗ ∪ {k¬φ}⟩ where k is a fresh prefix

[¬H ]

⟨R | � [m(¬Hφ)]⟩ ⟨R ∪ {(k, m)} | �^∗ ∪ {k¬φ}⟩ where k is a fresh prefix

▶ PAVEL HRUBEŠ, Two hierarchies of universal predicates.

Mathematical Institute, Institute of Theoretical Informatics (1M002162080), Žitná 25, Praha 1, 115 67, The Czech Republic. E-mail: pahrubes@centrum.cz.

For every countable structure M on natural numbers there exist subsets of N undefinable in M. However, there are subsets of N which, though not definable in M, can be obtained by reflection on the semantics of M. The truth and the universal predicate for M are prominent examples of such sets. The structure M thus points to a richer structure M^′ and we can consider a transfinite sequence of such structures and we can try to determine which subsets of N can be reached in such fashion.

We investigate two hierarchies of arithmetical structures, denoted as Tarski and proper Tarski hierarchy. Both the hierarchies are defined in terms of transfinite addition of a certain minimum universal predicate (a canonic universal and a proper canonic universal predicate respectively) to a given initial structure. It is shown that the Tarski hierarchy reaches only the first non-recursive ordinal, �_1, and is equivalent to the class of hyperarithmetical sets (see [2]). The proper Tarski hierarchy, on the other hand, goes far beyond �_1 and HYP. The sets obtained in the proper Tarski hierarchy are characterised as a particular model of a second-order arithmetic (see [1]).

[1] R. Boyd, G. Hensel, and H. Putnam, A recursion-theoretic characterisation of the ramified analytic hierarchy, Transactions of the American Mathematical Society, vol. 141 (1969), pp. 37–62.

[2] Pavel Hrubeš, On hierarchies of universal predicates, unpublished

▶ KOICHIRO IKEDA, The stability spectrum of generic graphs.

Department of Mathematics, Hosei University, 2-17-1 Fujimi, Chiyoda, Tokyo 102-8160, Japan.

E-mail: ikeda@i.hosei.ac.jp.

In [2], [3], Hrushovski used an adaptation of the Ehrenfeucht-Fraïssé homogeneous universal relational structures to refute two well-known conjectures. The way of his construction is called a generic construction. To construct new structures, many model theorists are still applying Hrushovski’s techniques. However all known generic stable examples are strictly stable or �-stable. In [1], Baldwin asked whether or not there exists a ‘generic’ structure which is superstable but not �-stable. In [4], I have proved that there is no generic pseudoplane which is strictly stable or �-stable. In this talk, I will sketch the proof of the following result:

336 LOGIC COLLOQUIM ’05

Any saturated generic graph is strictly stable or �-stable.

[1] , J. T. Baldwin, Problems on pathological structures, Proceedings of 10th Easter Conference in Model Theory, (Helmut Wolter and Martin Weese, editors), pp. 1–9, 1993.

[2] , E. Hrushovski, A stable ℵ_0-categorical pseudoplane, preprint, 1988. [3] , , A new strongly minimal set, Annals of Pure and Applied Logic, vol. 62 (1993), no. 2, pp. 147–166.

[4] , K. Ikeda, A remark on the stability of saturated generic graphs, Journal of the Mathematical Society of Japan, to appear.

▶ VLADIMIR KANOVEI AND VASSILY LYUBETSKY, A cofinal family of equivalence relations generated by Borel ideals.

Laboratory 6, Institute for the Information Transmission Problems, Bolshoi Karetnyi per 19, Moscow 127994 GSP-4, Russia. E-mail: kanovei@mccme.ru.

Institute for the Information Transmission Problems, Bolshoi Karetnyi per 19, Moscow 127994 GSP-4, Russia. E-mail: lyubetsk@iitp.ru.

Following Rosendal’s construction in [1], we present an explicit definition of an increasing �_1-sequence of Borel equivalence relations on a Polish space, cofinal in the family of all Borel equivalence relations, in the sense of Borel reducibility. We prove that equivalence relations in this sequence are generated by explicitly defined Borel ideals.

Support of grants RFBR 03-01-00757 and DFG 436 RUS 17/68/05 acknowledged. Support of Minpromnauka grant RF 37-053-11-0061 acknowledged. [1] C. Rosendal, Cofinal families of borel equivalence relations and quasiorders, January 2003, Preprint.

▶ VINCENT KIEFTENBELD, Notions of strong compactness without the Axiom of Choice.

Faculteit der Natuurwetenschappen, Wiskunde en Informatica, Plantage Muidergracht 24, 1018 TV Amsterdam, The Netherlands. E-mail: kieftenb@science.uva.nl.

For large cardinal axioms, there are often different definitions that are equivalent in ZFC. For instance, ‘there is a κ-complete nonprincipal ultrafilter on κ’ is ZFC-equivalent with ‘there is an elementary embedding from V to an inner model with critical point κ’.

Without the Axiom of Choice, these definitions may not be equivalent anymore. Depending on which definition you choose, the consistency strength of the large cardinal axiom may change with the ambient set theory. An example is the axiom X: ‘there is a κ with a normal measure on ℘κ (κ^+)’. The consistency strength of ZFC + X is much larger than that of ZF + AD, but ZF + AD proves X. Therefore, the consistency strength of ZF + X must be strictly less than the consistency strength of ZFC + X. For details, cf. [1, Kapitel 6].

In this talk, we discuss similar questions for notions of strong compactness without the Axiom of Choice. Very little is known so far, and we point out mostly basic answers and open questions whose solution would require the development of new techniques.

[1] Stefan Bold, AD und Superkompaktheit, Diplomarbeit, Rheinische Friedrich- Wilhelms-Universität Bonn, April 2002.

▶ JONATHAN KIRBY, Exponential and Weierstrass differential equations.

Mathematical Institute, University of Oxford, 24-29 St. Giles’, Oxford, OX1 3LB, UK. E-mail: kirby@maths.ox.ac.uk. URL: http://www.maths.ox.ac.uk/~kirby.

The theory of exponential and Weierstrass differential equations in a differential field can be explained in terms of an amalgamation construction in the style of Hrushovski. This

LOGIC COLLOQUIM ’05 337

gives a simple means of determining when a system of such equations has a solution in some differential field, simply by computing the “predimension” of the system.

Part of this work is contained in J. Kirby, A Schanuel condition for Weierstrass equations, The Journal of Symbolic Logic, vol. 70, (2005), pp. 631–638.

▶ MIROSŁAWA KOŁOWSKA-GAWIEJNOWICZ, Some connections between bilinear logics and Grishin algebras.

Adam Mickiewicz University, Faculty of Mathematics and Computer Science, Umultowska 87, 61-614 Poznań, Poland. E-mail: mkolowsk@amu.edu.pl.

We consider bilinear logics, being non-commutative versions of Girard’s linear logics and examples of a substructural logics [1], [2].

First, we introduce definition, dualities and an equivalent axiomatization of Grishin algebra [3], [5]. Next, we give the selected connections between bilinear logics and Grishin algebras. In particular, we discuss a weak version of bilinear logic and Grishin’s laws, a sequent calculus for weak bilinear logic and Grishin’s mixed associative laws [4].

Finally, we present some results concerning a new view on Grishin algebra.

[1] V. M. Abrusci, Phase semantics and sequent calculus for pure noncommutative classical linear propositional logic, The Journal of Symbolic Logic, vol. 56 (1991), pp. 1403–1451.

[2] Y. Girard, Linear logic, Theoretical Computer Science, vol. 50 (1987), pp. 1–102. [3] V. N. Grishin, On a generalization of the Ajdukiewicz-Lambek system, Studies in noncommutative logics and formal systems, Nauka, Moscow, 1983, pp. 315–343.

[4] J. Lambek, From categorial grammar to bilinear logic, Substructural logics, (K. Dos̆en and P. Schroeder-Heister, editors), Oxford University Press, 1993, pp. 207–237.

[5] , The metamathematics of sentence structure, American Mathematical Monthly, vol. 65 (1958), pp. 154–169.

▶ ROMAN KONTCHAKOV, AGI KURUCZ, AND MICHAEL ZAKHARYASCHEV, Undecidability of first-order intuitionistic and modal logics with two variables. Department of Computer Science, King’s College London, Strand, London WC2R 2LS, UK. E-mail: romanvk@dcs.kcl.ac.uk. E-mail: kuag@dcs.kcl.ac.uk. E-mail: mz@dcs.kcl.ac.uk.

It is well known that the two-variable fragment of classical first-order logic is decidable, while the fragment with three variables is undecidable, even without constants and equality. Our main result is the following:

Theorem 1. The two-variable fragment of first-order intuitionistic logic (without constants and equality) is undecidable.

The undecidability of the two-variable intuitionistic logic extended with the constant domain principle was first proved in [1]. For first-order modal logics we have an even stronger result:

Theorem 2. The two-variable monadic fragments of almost all standard first-order modal logics (e.g., K, K4, GL, S4, S5, K4.1, S4.2, GL.3, etc.) interpreted in models with expanding (or constant) domains are undecidable.

[1] D. Gabbay and V. Shehtman, Undecidability of modal and intermediate first-order logics with two individual variables, The Journal of Symbolic Logic, vol. 58 (1993), pp. 800– 823.

338 LOGIC COLLOQUIM ’05

▶ KRZYSZTOF KRUPINSKI AND FRANK WAGNER, Small profinite groups and rings.

Mathematical Institute of the Polish Academy of Sciences, ul. Kopernika 18, 51-617, Wroclaw, Poland.

E-mail: kkrup@math.uni.wroc.pl.

Institut Camille Jordan, UMR 5028, Batiment Braconnier, Universite Lyon I, 21, avenue Claude Bernard, 69622 Villeurbanne Cedex, France. E-mail: wagner@igd.univ-lyon1.fr.

We investigate profinite groups and rings as profinite structures in the sense of Newelski [1], [2], i.e., we consider a profinite group [or ring] together with a distinguished group of automorphisms (called the structural group) respecting the appropriate inverse system. We say that a profinite group [or ring] is small if there are only countably many orbits over any finite set under the action of the structural group. The main conjecture concerning small profinite groups, which was stated by Newelski in [1], is the following:

Conjecture (*). Each small profinite group contains an open abelian subgroup. To show this conjecture it is reasonable to investigate small profinite rings. More precisely, we have formulated the following conjecture:

Conjecture (**). Each small commutative profinite ring has an open nilpotent subring. If this conjecture was true, we would get an important step in the proof of Conjecture (*). We show a partial result that each small commutative profinite ring has an open subring which is nil of finite nilexponent. We also show some other results describing the structure of small profinite rings.

[1] L. Newelski, Small profinite groups, The Journal of Symbolic Logic, vol. 66 (2001), pp. 859–872.

[2] , Small profinite structures, Transactions of the American Mathematical Society, vol. 354 (2002), pp. 925–943.

▶ OLIVER KULLMANN, Generalised clause-sets and hypergraph colouring.

Computer Science Department, University of Wales Swansea, Swansea, SA2 8PP, UK. E-mail: O.Kullmann@Swansea.ac.uk. URL: http://cs-svr1.swan.ac.uk/~csoliver/.

In [4] it was shown that a minimally non-2-colourable hypergraph has at least as many hyperedges as vertices. In [3] this result has been shown to be closely related via autarky theory to the well-known property of minimally unsatisfiable boolean clause-sets of having more clauses than variables.

I want to discuss the framework for these investigations, and how hypergraph theory and the theory of (generalised) clause-sets can enrich each other via these new links. An important notion here is the notion of matching autarkies (see [2]), and the related questions of polynomial time satisfiability decision for clause-sets with bounded maximal deficiency as shown in [1]; generalising these notions to the non-boolean framework poses some challenging problems.

Supported by EPSRC Grant GR/S58393/01.

[1] Herbert Fleischner, Oliver Kullmann, and Stefan Szeider, Polynomial–time recognition of minimal unsatisfiable formulas with fixed clause–variable difference, Theoretical Computer Science, vol. 289 (November 2002), no. 1, pp. 503–516,

[2] Oliver Kullmann, Lean clause-sets: Generalizations of minimally unsatisfiable clausesets, Discrete Applied Mathematics, vol. 130 (2003), pp. 209–249.

[3] , Conjunctive normal forms with non-boolean variables, autarkies and hypergraph colouring, Technical Report CSR 5-2005, University of Wales Swansea, Computer Science Report Series, March 2005.

[4] P. D. Seymour, On the two-colouring of hypergraphs, The Quarterly Journal of Mathematics, vol. 25 (1974), pp. 303–312.

LOGIC COLLOQUIM ’05 339

▶ MILOŠ S. KURILIĆ, Splitting families and forcing.

Department of Mathematics and Informatics, University of Novi Sad, Trg Dositeja Obradovića 4, 21000 Novi Sad, Serbia and Montenegro. E-mail: milos@im.ns.ac.yu.

A family S of infinite subsets of � is called a splitting family iff for each infinite set X ⊆ � there is S ∈ S satisfying |X ∩ S| = |X \ S| = ℵ_0. If P is a forcing notion, then we say S is P-stable iff ⊩_P “S is a splitting family”. In [2], for P = the Cohen forcing, the following characterization is given:

Theorem 1. A splitting family S ⊆ [�]^� is not Cohen-stable iff there is a bijection f : � → Q such that for all S ∈ S the boundary of the set f[S] is a nowhere dense set in the space Q of rational numbers.

A characterization of Cohen-stable maximal almost disjoint families on �, given in [2], was generalized in [1] for a wide class of forcings including the Sacks, Miller, Laver, Solovay, and the Hechler forcing. Using a similar method we obtain characterizations of stable splitting families for the forcings mentioned above. Also we consider the existence of stable and unstable splitting families and, regarding the forcing notions mentioned above, we investigate the hierarchy of forcing stability of splitting families.

[1] J. Brendle and S. Yatabe, Forcing indestructibility of MAD families, Annals of Pure and Applied Logic, vol. 132 (2005), nos. 2–3, pp. 271–312.

[2] M. S. Kurilić, Cohen-stable families of subsets of the integers, The Journal of Symbolic Logic, vol. 66 (2001), no. 1, pp. 257–270.

▶ THIERRY LIBERT, Class abstraction as functional abstraction.

Université Libre de Bruxelles, Département de Mathématique, CP211, Boulevard du Triomphe, B-1050 Brussels, Belgium. E-mail: tlibert@ulb.ac.be.

It has often been suggested that there is some relation between class abstraction ‘{x | φ(x)}’ and functional abstraction ‘�x.f(x)’. Besides, historically, the former was already conceived as a particular case of the latter in Frege’s work. The purpose of this talk is to review and compare some attempts in that direction, as in [2] or more recently in [1].

[1] T. Libert, Positive abstraction and extensionality revisited, submitted. [2] D. Scott, Combinators and classes, �-Calculus and Computer Science, vol. 37 of Lecture Notes in Computer Science, Springer, Berlin, 1975, pp. 1–26.

▶ ROBERT S. LUBARSKY, Reflection in constructive set theory.

Florida Atlantic University, 777 Glades Rd., Boca Raton, FL 33431, USA. E-mail: Robert.Lubarsky@alum.mit.edu.

It is a classical result that, under the other axioms of ZF, Replacement, Collection, and Reflection are equivalent. The proofs from right to left are all soft proofs, and carry over to (any sufficiently strong) intuitionistic set theory. However, the proofs from left to right are not and do not. That Replacement does not imply Collection has already been investigated, most notably by Friedman and Scedrov [1], and, for classical systems weaker than ZF, by Zarach [2]. Here we consider the case of Reflection, and show that various forms of Reflection do not follow from various axiomatizations of intuitionistic set theory. There are some obvious but difficult open questions remaining, which will be mentioned.

[1] Harvey Friedman and Andrej Scedrov, The lack of definable witnesses and provably recursive functions in intuitionistic set theories, Advances in Mathematics, (1985), pp. 1–13.

[2] Andrzej Zarach, Replacement ↛ Collection, Gödel ’96 (Petr Hájek, editor), Lecture Notes in Logic, Springer, no. 6, 1996, pp. 307–322.

340 LOGIC COLLOQUIM ’05

▶ LARISA MAKSIMOVA, On a form of interpolation in modal logics.

Institute of Mathematics, Siberian Branch of Russian Acad. Sci., 630090, Novosibirsk, Russia.

E-mail: lmaksi@math.nsc.ru.

We define a new variant WIP of interpolation that is equivalent to some form WRP of Robinson’s consistency property and find its algebraic equivalent.

Let A(p) denote a formula whose all non-logical symbols are in p, L a normal modal logic. In addition to the known forms CIP, IPD and IPR [2] of interpolation, we define the weak interpolation property WIP: If A(p, q), B(p, r) ⊢L ⊥, then there exists a formula A^′(p) such that A(p, q) ⊢L A^′(p) and A^′(p), B(p, r) ⊢L ⊥.

It is easily proved that CIP ⇒ IPD ⇒ IPR ⇒ WIP. The converse arrows are, in general, not valid in normal modal logics, although CIP is derivable from WIP in the classical predicate logic. In modal predicate logics CIP is equivalent to Robinson’s consistency property [1]. We prove that WIP is equivalent to Weak Robinson’s Property WRP:

Let T_1, T_2 be two open L-theories in the languages L_1, L_2 respectively, L_0 = L_1 ∩ L_2, T_{i0} = Ti ∩ L_0. If T_{i1} ∪ T_{i2} is strongly L-consistent, then T_1 ∪ T_2 is strongly L-consistent.

An open L-theory of the language L is a set Γ ⊆ L closed with respect to ⊢L; Γ is strongly L-consistent if Γ ⊬L ⊥.

Now we find an algebraic equivalent of WIP. It is well known that there exists a duality between propositional normal modal logics and varieties of modal algebras. A logic L has CIP iff its corresponding variety V (L) is super-amalgamable, IPD is equivalent to the amalgamation property AP, and IPR to the restricted amalgamation property RAP [2]. We define a property

PRAP. For each A,B,C ∈ V such that A is a common subalgebra of B and C there exist an algebra D in V and homomorphisms � : B → D, ε : C → D such that �(x) = ε(x) for all x ∈ A, where D is non-degenerate whenever A is non-degenerate.

Theorem 1. For any normal modal logic L the following are equivalent: (1) L has WIP, (2) L has WRP, (3) V (L) has PRAP, (4) the class of simple algebras in V (L) has AP.

Proposition 1. Any normal modal logic containing S4.1 or GL has WIP. Proposition 2. There are only three propositional modal logics over S5 with WIP. For any logic containing S5, CIP ⇐⇒ IPD ⇐⇒ IPR ⇐⇒ WIP.

[1] D. M. Gabbay, Investigations to modal and tense logics with applications to problems in philosophy and linguistics, D. Reidel Publishing Company, Dordrecht, 1976.

[2] L. Maksimova, Restricted interpolation in modal logics, Advances in modal logics, vol. 4, King’s College London Publications, London, 2003, pp. 297–312.

▶ JUAN CARLOS MARTÍNEZ, On cardinal sequences of scattered Boolean spaces.

Facultat de Matemàtiques, Gran Via 585, 08007 Barcelona, Spain. E-mail: jcmartinez@ub.edu.

If X is a scattered Boolean space and α is an ordinal, we denote by Iα (X ) the α^{th}-Cantor- Bendixson level of X . The height of X is defined by ht(X ) = the least ordinal α such that Iα (X ) is finite. Then, if � = ⟨κα : α < �⟩ is a sequence of infinite cardinals, we say that � is the cardinal sequence of X , if ht(X ) = � and |Iα (X )| = κα for any α < �.

It has been proved in [1] that if � = ⟨κα : α < �_1⟩ is a sequence of infinite cardinals such that κα ≤ 2^� for each α < �_1 , then there is a scattered Boolean space whose cardinal sequence is �. However, no general consistency result is known for cardinal sequences of length greater than �_1. In [2], it was shown that for every specific regular cardinal κ, it is consistent with ZFC that for every non-zero ordinal � < κ^{++} there is a scattered Boolean space X such that ht(X ) = � and |Iα (X )| = κ for any α < �. Nevertheless, no consistency

LOGIC COLLOQUIM ’05 341

result is known for cardinal sequences ⟨κα : α < �⟩ where |�| is a singular cardinal or the successor of a singular cardinal.

Then, we shall show in this talk that if GCH holds and � = ⟨κα : α < �⟩ is a sequence of infinite cardinals of any length such that κα ≥ |�| for each α < �, then there is a cardinalpreserving partial order that forces the existence of a scattered Boolean space whose cardinal sequence is �.

[1] I. Juhász and W. Weiss, Cardinal sequences, Annals of Pure and Applied Logic, to appear.

[2] J. C. Martínez, A forcing construction of thin-tall Boolean algebras, Fundamenta Mathematica, vol. 159 (1999), pp. 99–113.

▶ HEIKE MILDENBERGER AND SAHARON SHELAH, Specializing Aronszajn trees and preserving some weak diamonds.

Universität Wien, Kurt Gödel Research Center for Mathematical Logic, Währinger Str. 25, 1090 Vienna, Austria.

E-mail: heike@logic.univie.ac.at.

Institute of Mathematics, The Hebrew University of Jerusalem, Givat Ram, 91904 Jerusalem, Israel, and Mathematics Department, Rutgers University, New Brunswick, NJ, USA. E-mail: shelah@math.huji.ac.il.

This is a talk about [2]. We show that (R; N ; ∈) together with “Aronszajn trees are special” is consistent relative to ZFC. The weak diamond for the covering relation of Lebesgue null sets was the only weak diamond in the Cichoń diagramme for relations whose consistency together with “Aronszajn trees are special” was not yet settled. Our forcing proof gives also new proofs to the known consistencies of several other weak diamonds stemming from the Cichoń diagramme together with “Aronszajn trees are special” and CH. The main part of our work is a strengthening of [3, Chapter V, §§1–7], by using a genericity game. We extend with the forcings from [1], for which we show new preservation properties.

[1] Uri Abraham and Saharon Shelah, A Δ^2 well-order of the reals and incompactness of L(Q^{MM} ), Annals of Pure and Applied Logic, vol. 59 (1993), pp. 1–32.

[2] Heike Mildenberger and Saharon Shelah, Specializing Aronszajn trees and preserving some weak diamonds, [MdSh:848], submitted, 2005.

[3] Saharon Shelah, Proper and improper forcing, 2nd edition, Springer, 1998.

▶ GEORG MOSER AND RICHARD ZACH, Complexity of elimination procedures in the epsilon calculus.

Institut für Informatik, Universität Innsbruck, 6020 Innsbruck, Austria. E-mail: georg.moser@uibk.ac.at.

Department of Philosophy, University of Calgary, Calgary, Alberta T2N 1N4, Canada. E-mail: rzach@ucalgary.ca.

Hilbert’s ε-calculus [1] is a powerful but complex logical formalism based on an operator allowing the formation of terms εx A(x) (A(x) any formula). The ε-operator is axiomatized by critical formulas A(t) → εx A(x). It extends the first-order predicate calculus in the sense that formulas and proofs with quantifiers can be translated into the ε-calculus by mapping ∃x A(x) to A(εx A(x)). The First Epsilon Theorem, due to Paul Bernays [3, 4], establishes a fundamental result about the ε-calculus, viz., that ε-terms can be eliminated from proofs of εfree formulas. The Extended First Epsilon Theorem also establishes a version of Herbrand’s Theorem for existential formulas. We give an analysis of the ε-elimination procedure and establish bounds on the complexity of the resulting Herbrand disjunctions. It has been claimed [2] that the ε-calculus with equality is unsuitable for automated deduction since the length of Herbrand disjunctions in that case is not bounded by any function which depends on the size of the proof. We give an alternative formulation of the ε-calculus with equality for

342 LOGIC COLLOQUIM ’05

which the length of the Herbrand disjunction extracted from by the ε-elimination procedure can be so bounded.

[1] Jeremy Avigad and Richard Zach, The epsilon calculus, Stanford Encyclopedia of Philosophy, http://plato.stanford.edu/entries/epsilon-calculus/, 2002.

[2] Matthias Baaz and Aalexander Leitsch, Methods of function extensions, Collegium Logicum—Annals of the Kurt Gödel Society, vol. 1 (1995), pp. 87–122.

[3] Paul Bernays, Logical calculus, unpublished typescript, Institute for Advanced Study, Princeton, 1935–36.

[4] David Hilbert and Paul Bernays, Grundlagen der Mathematik, vol. 2, Springer, Berlin, 1939.

▶ ANDREY NOVIKOV, On decidability of a class of program invariants.

Department of Mechanics and Mathematics, Moscow State University, Moscow, 119992, Russia.

E-mail: novikov@lpcs.math.msu.su.

Consider a program in an object-oriented language, for distinctness C#. Let us assume that the methods of all classes defined and used by the program contain only the following constructs:

• while, if, break, {};

• assignments of variables with additive expressions on class members (and members of members, etc.) in the right part;

• method calls.

Let us consider any first-order formulas φ_1, φ_2 in the signature {+, =, >} on class integertyped members or members of object-typed class members, etc.

Denote by φ_1 → ◯φ_2 the fact that “for any initial state S if S |= φ_1 then in the next state S^′ holds S^′ |= φ_2.

By adapting the model from [3] and building the language semantics in terms of the adapted model (see [4] for details), we prove the following.

Theorem 1. For any φ_1, φ_2 as described above the formula φ_1 → ◯φ_2 is decidable.

[1] Abstract State Machines academic web page, http://www.eecs.umich.edu/gasm/ [2] E. Boerger, N. Fruha, V. Gervasi, and R. Staerk, A high-level modular definition of the semantics of C#, Theoretical Computer Science, (2004), pp. 1–35.

[3] Y. Gurevich and R. Yavorskiy, Observations on decidability of transitions, Proceedings of the American Mathematical Society, Lecture Notes in Computer Science, Springer, vol. 3052, 2004, pp. 163–168.

[4] A. Novikov and R. Yavorskiy, Applying formal semantics of an object-oriented language to program invariant checking, Proceedings of the American Mathematical Society, (2005), pp. 305–313.

▶ MARCIN PETRYKOWSKI, Examples and applications of weak generic types.

Mathematical Institute, Wrocław University, pl. Grunwaldzki 2/4, 50-384 Wrocław, Poland. E-mail: petryk@math.uni.wroc.pl.

Assume G is a definable group in some first order structure M . We call a definable set A ⊆ G weak generic if there exist a generic set B and a non-generic definable set C such that A = B \ C . A complete type p is weak generic if every formula from p defines a weak generic subset of G.

We give some interesting examples of weak generic types and show that their structure can be very complicated.

We also consider the possible ways of using weak generic types to explore model-theoretic properties of groups.

LOGIC COLLOQUIM ’05 343

▶ DAVID PIERCE, Model-theory of Lie-rings.

Mathematics Department, Middle East Technical University, Ankara 06531, Turkey. E-mail: dpierce@math.metu.edu.tr. URL: http://www.math.metu.edu.tr/~dpierce/.

The prototypical Lie-ring is (End(E), ∘ − ∘^′), where E is an abelian group, End(E) is the abelian group of its endomorphisms, ∘ is composition, and x ∘^′ y = y ∘ x. Then an arbitrary ring (E, ·) is a Lie-ring if

x · y + y · x = 0, (x · y) · z = x · (y · z) − y · (x · z).

The latter identity means that the map u → (z → u · z) is a homomorphism from (E, ·) to (End(E), ∘ − ∘^′). Commutative rings then have a parallel definition: x · y − y · x = 0, and u → (z → u · z) is a homomorphism from (E, ·) to (End(E), ∘). Other rings can be defined in terms of different linear combinations ∗ of ∘ and ∘^′, but they don’t behave so nicely: we do not in general have that u → (z → u ∗ z) is a homomorphism from (End(E), ∗) to (End(End(E)), ∗) unless ∗ is ∘ or ∘ − ∘^′ or trivial.

To what extent will the model-theory of Lie-rings parallel that of commutative rings (integral domains, fields)? The set of derivations of a commutative ring is naturally a Liering. Hence, for example, the model-theory of differential fields gives rise to model-complete and �-stable theories of (expansions of) Lie-rings.

▶ TOMASZ POŁACIK, Quantified intuitionistic propositional logic on pseudo-trees and trees.

Institute of Mathematics, University of Silesia, Katowice, Poland. E-mail: polacik@us.edu.pl.

We investigate intuitionistic logic in the language of the standard propositional connectives— negation, disjunction, conjunction, implication—augmented with the propositional quantifiers. Our approach is semantical: we focus on the topological and Kripke-style semantics. In particular, we consider the so-called principal Kripke semantics for propositional quantification and identify the propositions with the upward-closed (or open in the natural topology of a Kripke frame) subsets of the frame and then let the quantifiers range over the set of all propositions. It is known that the set of all propositional second-order formulae which are valid in the class of all Kripke frames, is recursively isomorphic to full classical second-order predicate logic. So, looking for a more plausible interpretation of intuitionistic propositional quantification, we focus on the class of pseudo-trees, the class of trees, and the class of finite trees and consider the sets of all formulae which are valid in the classes in question; we also consider the full binary tree (Cantor space). In our investigation we tackle such issues as Explicit Definability, decidability, and axiomatizability. We show, among others, that the second-order propositional intuitionistic logic of the class of trees enjoys the Explicit Definability Property. We also provide a natural axiomatization of the class of rooted Kripke frames whose logic enjoys this property. Finally, we point to different properties of propositional quantification in the cases of the class of pseudo-trees, trees and finite trees and, as an important case, we study the logic of the full binary tree.

▶ ALEXANDER RABINOVICH, On decidability of monadic logic of order over the naturals expanded by unary predicates.

School of Computer Science, Tel Aviv University, Israel 69978. E-mail: rabinoa@post.tau.ac.il.

We deal with the decidability of monadic second-order theory of the natural numbers expanded by unary predicates. Elgot and Rabin [2] found many interesting unary predicates P such that the monadic theory of ⟨N, <, P⟩ is decidable. Their results and techniques have been extended over the years. In [1] a class of effectively profinitely ultimately periodic (e.p.u.p.) predicates was introduced. Many examples of e.p.u.p. predicates were provided,

344 LOGIC COLLOQUIM ’05

and it was shown that if P is an e.p.u.p. predicate then the monadic theory of ⟨N, <, P⟩ is decidable. We show that this is a necessary condition.

Theorem. The monadic second-order theory of ⟨N, <, P⟩ is decidable if and only if P is effectively profinitely ultimately periodic.

[1] O. Carton and W. Thomas, The monadic theory of morphic infinite words and generalizations, Information and Compututation, vol. 176 (2002), number 1, pp. 51–65.

[2] C. C. Elgot and M. O. Rabin, Decidability and undecidability of extensions of second (first) order theory of (generalized) successor, The Journal of Symbolic Logic, vol. 31 (1966), number 2, pp. 169–181.

▶ GEMMA ROBLES, FRANCISCO SALTO, AND JOSÉ M. MÉNDEZ, A constructive negation defined with a negation connective for logics including Bp+.

Department of Philosophy and Logic and Philosophy of Science, Universidad de Salamanca, Edificio F.E.S., Campus Unamuno, E-37007 Salamanca, Spain. E-mail: gemm@usal.es.

Department of Philosophy, Universidad de León, Campus Vegazana, 24071 León, Spain. E-mail: dfcfsa@unileon.es.

Department of Philosophy and Logic and Philosophy of Science, Universidad de Salamanca, Edificio F.E.S., Campus Unamuno, E-37007 Salamanca, Spain. E-mail: sefus@usal.es.

The concept of constructive negation we refer to in this paper is (minimally) intuitionistic in character (see [1]). The idea is to understand the negation of a proposition A as equivalent to A implying a falsity constant of some sort. Then, negation is introduced either by means of this falsity constant or, as in this paper, by means of a propositional connective defined with the constant. But, unlike intuitionisitc logic, the type of negation we develop here is, of course, devoid of paradoxes of relevance.

The logic Bp+ is the result of adding the prefixing axiom to the well-known Basic positive logic B+ of Routley and Meyer. We have claimed in [2] and [3] that B+ is too weak a positive logic to introduce the full reductio axioms. The aim of this paper is to prove that any logic including Bp+ can be endowed with a (strong) constructive negation including the full reductio axioms.

[1] I. Johansson, Der Minimalkalkül, ein reduzierter intuitionistischer Formalismus, Compositio Mathematica, (1936), pp. 119–136.

[2] G. Robles and J. M. Méndez, The logic B and the reductio axioms, Bulletin of the Section of Logic, vol. 33 (2004), pp. 43–54.

[3] G. Robles, J. M. Méndez, and F. Salto, Minimal negation in the ternary relational semantics, Reports on Mathematical Logic, vol. 39 (2005), pp. 47–65.

▶ N. M. RUBTSOVA, Evidence-based knowledge for S5.

Moscow State University, Department of Mathematics and Mechanics, 119992, Moscow, Russia.

E-mail: natalya rubtsova@mail.ru.

Logics of evidence-based knowledge was proposed by S. Artemov (see S. Artemov. Evidence-Based Common Knowledge. Technical Report TR-2004018, CUNY Ph.D. Program in Computer Science, 2005). It is multi-agent logic of knowledge enriched by evidence assertions of the form t : φ where t is an evidence term. Knowledge of every agent is axiomatized by a modal logic L (L is T or S4 or S5), evidence-based knowledge operator is described by the logic of proofs LP (see S. Artemov. Explicit provability and constructive semantics. The Bulletin of Symbolic Logic, vol. 7 (2001), no. 1, pp. 1–36). The resulting systems Ln LP are provided with Kripke-style semantics. The corresponding completeness

LOGIC COLLOQUIM ’05 345

theorems are proven. For L = T, S4 it is shown that forgetful projection which replace all evidences by a uniform modality J coincides with Ln S4. We introduce the multi-agent logic of evidence-based knowledge S4n LP(S5) in which the evidence component corresponds to S5-modality. In order to do this we extend the language of S4n LP by new unary operation of negative checker “?”.

Axioms and rules of S4n LP(S5) are those of S4n LP plus a new axiom describing negative checker:

¬[[t]]φ → [[?t]]¬[[t]]φ.

For this logic we define Kripke-style models and prove the completeness theorem. A model is a structure M = (W, R_1, . . . , Rn , R, ε, ⊩) where W ≠ ∅ is a set of states, Ri , R are reflexive transitive accessibility relations on W . An evidence function ε is a mapping from states and evidence terms to sets of formulas. It is monotonous (uRv implies ε(u, t) ⊆ ε(v, t)) and respects operations on evidence terms. ⊩ is a validity relation between states and sentence variables. The validity of formulas is defined in the usual way with the only new clause: u ⊩ [[t]]φ iff φ ∈ ε(u, t). We require that φ ∈ ε(u, t) implies v ⊩ φ for all v ∈ W with uRv.

Theorem. S4n LP(S5) ⊢ φ iff φ holds in all S4n LP(S5)-models.

▶ S. SAYADYAN AND AN. CHUBARYAN, On the relative efficiency of different propositional proof systems.

Dept. of Informatics and Applied Mathematics, Yerevan State University, 1 A. Manoogyan str., Yerevan 375049, Armenia. E-mail: sayadyans@yahoo.com. E-mail: achubaryan@ysu.am.

It is well-known that there is some hierarchy of the proof systems under the p-simulation relation, which determines the relative efficiency of proof systems for Classical Propositional Logic (CPL). But the natural, real conclusions in most cases have constructive character, therefore the investigation of the proofs complexities is important for the systems of Intuitionistic Propositional Logic (IPL) and in some cases also for Minimal (Johansson’s) Propositional Logic (MPL). Note, that the analogies of some interesting systems of CPL are described for IPL recently, but they haven’t analogies for MPL.

We constructed a hierarchy for the well-known systems of IPL (Frege, sequent, cut-free sequent, natural, resolution, cut-free sequent tree, resolution tree, Frege with substitution), as well as for analogous systems of MPL, some of which are described by us. It is natural, that the technique for obtaining of the upper and lower bounds of proofs complexities in CPL is not always applicable for the systems of IPL and MPL, but some modifications of them allow us to obtain the same hierarchy for the systems of non-classical logic as the hierarchy for the systems of CPL.

It is shown also, that some of the systems of CPL have the superpolinomial speed-up over the analogous systems of IPL and MPL.

For some “weak” systems of IPL and MPL the tautologies of the size n are described, the proofs complexities of which in these systems are by order n, n^2, n^3, . . . , n[^{n2 logn 2}] (the similar result for CPL was obtained by An. Chubaryan earlier).

▶ PAVEL SCHREINER, Automatized recognition of interpolation over S4.3.

Siberian University of Consumer Cooperation, Institute of Mathematics, Siberian Branch of Russian Academy of Science, 4, Acad. Koptyug avenue, 630090, Novosibirsk, Russia. E-mail: schr@bbx.ru.

Larisa Maksimova in [1], [2], [3] and [4] proved that exist only finitely many modal logics with Craig Interpolation Property (CIP) and Deducibility Interpolation Property (IPD) which contain the logic S4. In particular, there are exactly nine extensions of S4.3 with CIP

346 LOGIC COLLOQUIM ’05

and there are precisely thirteen extensions of S4.3 with IPD.

Due to these results in order to check up when modal logic which contains S4.3 have CIP it is enough to find out whether it will coincide with one of above-mentioned nine logics.

Similarly in order to check up when modal logic have IPD it is enough for us to find out whether it will coincide with one of above-mentioned thirteen logics.

Denote by L + {A_1, . . . , An } the extension of logic L by extra axiom schemes A_1, . . . , An . The algorithms of automatized recognition of the CIP (IPD) for logic in the form S4.3 + {A_1, . . . , An } is obtained by modifying description from above-mentioned papers.

The author creates the program realizing above described algorithms. The work is supported by grants of Russian Foundation for Basic Research 03-06-80178 and INTAS 04-77-7080.

[1] L. L. Maksimova, On a classification of modal logics, Algebra and Logic, vol. 18 (1979), pp. 328–340.

[2] , Interpolation theorems in modal logics and amalgamable varieties of topoboolean algebras, Algebra and Logic, vol. 18 (1979), pp. 556–586.

[3] , Interpolation theorems in modal logics: Sufficient conditions, Algebra and Logic, vol. 19 (1980), pp. 194–213.

[4] , Absence of interpolation in modal companions of Dummett’s logic, Algebra and Logic, vol. 21 (1982), pp. 690–694.

▶ DAVID SCHRITTESSER, Lightface indescribable cardinals and generic absoluteness.

Kurt Godel Research Center for Mathematical Logic at the University of Vienna, Wahringer Straße 25, A-1090 Wien, Austria. E-mail: david@logic.univie.ac.at.

Σ^1_3-absoluteness for ccc forcing means that for any ccc forcing P, H�_1^V ≺_{Σ2} H�_1^{V P} . “�_1 inaccessible to reals” means that for any real r, �_1^{L[r]} < �_1. To measure the exact consistency strength of “Σ^1_3-absoluteness for ccc forcing and �_1 is inaccessible to reals”, we introduce a weak version of a weakly compact cardinal, namely, a (lightface) Σ^1_2-indescribable cardinal; It turns out that κ has this property exactly if it is inaccessible and Hκ ≺_{Σ2} H_κ+ .

▶ BRIAN SEMMES, A generalization of the Wadge and backtrack games.

Institute for Logic, Language, and Computation, Plantage Muidergracht 24, 1018 TV Amsterdam, The Netherlands.

E-mail: bsemmes@science.uva.nl.

It is well known that the Wadge game characterizes the set of continuous functions, in the sense that a function f :^� � →^� � is continuous if and only if there is a strategy for Player II in the Wadge game that induces f.

It was shown by Alessandro Andretta in 2003 that the set of first level Borel functions is characterized in the same way by the backtrack game. (A function is first level Borel if the preimage of every Σ^0_2 set is Σ^0_2).

We present the multitape game, which is a generalization of the Wadge and backtrack games. We show that the multitape game characterizes the set of second level Borel functions that have a countable decomposition. (A function is second level Borel if the preimage of every Σ^0_3 set is Σ^0_3. A second level Borel function f has a countable decomposition if there is a Π^0_2 partition ⟨An : n ∈ �⟩ of^� � such that f↾An is first level Borel).

▶ ALEXANDRA A. SOSKOVA, Minimal pairs and Quasi-Minimal degrees for Joint spectra of structures.

Faculty of Mathematics and Computer Science, Sofia University, 5 James Bourchier Blvd., 1164 Sofia, Bulgaria.

E-mail: asoskova@fmi.uni-sofia.bg.

LOGIC COLLOQUIM ’05 347

The Degree spectrum DS(A) of a countable structure A is the set of all enumeration degrees generated by all enumerations of A. The Co-spectrum of the structure A is the set of all enumeration degrees which are lower bounds of the DS(A).

We present a generalization of the notions of Degree spectra and Co-spectra for countable many (finitely or infinitely) structures [2], [3]. Let � be a constructive ordinal, and A_0, A_1, . . . A_� . . . , � ≤ � be a sequence of countble abstract structures. The Joint spectrum of the sequence {A_� }_{�≤�} is the set DS({A_� }_{�≤�} ) of all elements of DS(A_0), such that a^{(�)} ∈ DS(A_� ), for each � ≤ �.

The properties of the Degree spectra for a structure A are presented in [1]. We prove an analogue of the Minimal Pair Theorem and an existence of Quasi-Minimal degree from [1] for the Joint spectrum of sequence of structures.

Theorem 1. For any sequence of structures {A_� }_{�≤�} , there exist enumeration degrees f and g in DS({A_� }_{�≤�} ), such that for any enumeration degree a and α < �:

a ≤ f^{(α)} & a ≤ g^{(α)} ⇒ a ∈ CS^α ({A_� }_{�≤�} ).

Theorem 2. For any sequence of structures {A_� }_{�≤�} there exists an enumeration degree q such that:

1. q^{(α)} ∈ DS(Aα ), for 0 < α < � and q /∈ CS({A_� }_{�≤�} ); 2. If a is a total degree and a ≥ q, then a ∈ DS({A_� }_{�≤�} ); 3. If a is a total degree and a ≤ q, then a ∈ CS({A_� }_{�≤�} ).

[1] I. N. Soskov, Degree spectra and co-spectra of structures, Annuaire de l’Université de Sofia, vol. 96 (2003), pp. 45–68.

[2] A. A. Soskova adn I. N. Soskov, Co-spectra of joint spectra of structures, Annuaire de l’Université de Sofia, vol. 96 (2003), pp. 35–44.

[3] A. A. Soskova, Co-spectra of joint spectra of sequences of structures, 4th Panhellenic Logic Symposium, Thessaloniki, Greece 2003, pp. 175–179.

▶ CLAES STRANNEG � ARD, A proof system for modeling reasoning processes in propositional logic.

Intelligent Systems Design, IT University of Göteborg, SE 402 75 Göteborg, Sweden. E-mail: claes.strannegard@ituniv.se.

Logical problem-solving can be investigated in timed psychological experiments in which subjects are asked questions such as the following:

• Is the propositional sentence A valid? • Is the propositional sentence A consistent? • Is the propositional sentence A true in the model M ?

In [1] and [2], experiments on the logical consequence relation were performed and then analyzed in terms of algorithms for reasoning in natural deduction systems.

Cognitive modeling using natural deduction is sometimes problematic, however, since the working memory content at each stage of the reasoning process is not being represented explicitly. The same holds, e.g., for sequent calculi and Hilbert systems.

A proof system for propositional logic is presented in the form of a transition system, whose states represent working memory content. These states are sets containing information of two kinds, called facts and goals. Proofs are modeled as computations in this transition system. This makes it relatively easy to model reasoning with limited cognitive resources. The proofs may be used for showing validity, consistency or truth/falsity and they may contain both datadriven (forward) and goal-driven (backward) reasoning steps. The main focus here is not on the particular system, but rather on the format for modeling logical reasoning processes.

[1] D. P. O’Brien and M. D. S. Braine, Mental logic, L. Erlbaum Associates, 1998. [2] L. Rips, The psychology of proof, Bradford, 1996.

348 LOGIC COLLOQUIM ’05

▶ MARINA V. STUKACHEVA, On canonical formulas for extensions of minimal logic.

Sobolev Institute of Mathematics, Acad. Koptyuga Prosp. 4, Novosibirsk, 630090, Russia. E-mail: shinkore@math.nsc.ru.

Zakharyaschev [1] introduced canonical formulas for intermediate logics and proved the Refutability Criterion and Completeness Theorem for intuitionistic canonical formulas.

Denote by THN the class of all proper paraconsistent extensions of minimal logic. We define canonical formulas for logics in THN, give a necessary and sufficient condition for the refutability of such canonical formulas in general frames and prove the following Theorem. There is an algorithm which, for any formula Φ, constructs canonical formulas J_1, . . . , Jn such that

Lj + Φ = Lj + J_1 + · · · + Jn .

[1] M. V. Zakharyaschev, Syntax and semantics of intermediate logics, Algebra and Logic, vol. 28 (1989), pp. 262–282.

▶ DIMITER VAKARELOV, On a generalization of the Ackermann Lemma for computing first-order equivalents of modal formulas.

Sofia University, Faculty of Mathematics and Computer Science, Blvd. James Bouchier 5, 1126 Sofia, Bulgaria.

E-mail: dvak@fmi.uni-sofia.bg.

An algorithm based on a lemma of Ackermann for computing first-order equivalents of modal formulas is presented in [1]. A refined and implemented version of this algorithm is known under the name of DLS-algorithm. DLS works successfully for the classical Sahlqvist formulas (SF), but there are generalized SF, called complex SF (see [2]), for which DLS does not work successfully. An example of such a formula is the following one:

♦□(p_1 ∨¬p_2)∧♦□(¬p_1 ∨p_2)∧♦□(p_1 ∨p_2) ⇒ □(p_1 ∨¬p_2)∨□^2(p_1 ⇔ p_2)∨□^3(p_1 ∧p_2) In this work we consider a generalization of the Ackermann lemma from [1] in order to be applicable for complex Sahlqvist formulas. A special version of this generalization is for instance the following one.

Generalized Modal Ackermann Lemma. Let B be a modal algebra, ai ∈ B, i = 1, 2, 3, 4 and A(q_1, q_2, q_3) be a modal formula considered as an expression over B with only positive occurrences of q_1, q_2, q_3. Consider the following system of equations with respect to x_1, x_2:

(∗) ‚ ‚ ‚ ‚ ‚ ‚ ‚ a_1 ≤ x_1 ∨ x_2 = D_1 a_2 ≤ x_1 ∨ ¬x_2 = D_2 a_3 ≤ ¬x_1 ∨ x_2 = D_3 a_4 ≤ A(¬D_1, ¬(D_1 ∧ D_2), ¬(D_1 ∧ D_2 ∧ D_3)).

Then (∗) has a solution in B iff a_4 ≤ A(¬a_1, ¬(a_1 ∧ a_2), ¬(a_1 ∧ a_2 ∧ a_3)). The full version of the lemma is for arbitrary finite number of 2^n equations on the variables x_1, . . . , xn , where Di , i = 1, . . . , 2^n − 1 is a fixed sequence of different elementary disjunctions. The algebraic modal generalization of the original Ackermann lemma is for n = 1. Such an algebraic form of the Ackermann Lemma makes possible to obtain firstorder equivalents of ordinary and complex Sahlqvist formulas without translating them into the second-order logic, and working directly in the modal algebras over the corresponding Kripke frames.

[1] A. Szalas, On the correspondence between modal and classical logic: an automated approach, Journal of Logic and Computation, vol. 3 (1993), no. 6, pp. 605–620.

[2] D. Vakarelov, Modal definability in languages with a finite number of propositional variables and a new extension of the Sahlqvist’s class, Advances in Modal logic, vol. 4 (Toulouse 2002), pp. 499–518.

LOGIC COLLOQUIM ’05 349

▶ GEERT VERNAEVE AND ALBERT HOOGEWIJS, A formal treatment of partial iota terms.

Ghent University, Galglaan 2, B-9000 Gent, Belgium. E-mail: Geert.Vernaeve@ugent.be. E-mail: Albert.Hoogewijs@ugent.be.

Partial functions and “undefinedness” have been around in mathematics for a long time, without causing any trouble. It was only when mathematics and computer science met in projects on “automatization” of formal reasoning that some problems came up [3]. Where humans are able to avoid the application of a partial function on an argument outside “the domain” of the function, formalizing the rules for this activity seems to be less trivial. In [1] Farmer states that there does not exist a consensus on how partial functions should be mechanized and the developer of a mechanized mathematics system must choose among many different possible ways of representing and reasoning about partial functions. We want to add one more possibility by introducing “partially defined iota terms” of the form �x� (φ) which represents the unique x satisfying φ whenever the condition � is fulfilled. We present an extension of a two-valued first order sequent calculus for predicate logic with identity [2], where we are able to reason correctly about partially defined iota terms. A sequent is sound only if all terms appearing in it are defined. In this sense the sequent Γ ⊢ �x�(φ) = z is sound only if Γ ⊢ �.

Supported by Wuytack Fonds UGent.

[1] W. M. Farmer, Mechanizing the traditional approach to partial functions, Proceedings of the Workshop on the Mechanization of Partial Functions, (W. Farmer, M. Kerber, and M. Kohlhase, editors), pp. 27–32, CADE-13, Rutgers University, New Brunswick, New Jersey, July 30, 1996.

[2] H. Hermes, Introduction to mathematical logic, Universitext, Springer-Verlag, 1973. [3] A. Hoogewijs, Partial Predicate Logic in Computer Science, Acta Informatica, vol. 24 (1987), pp. 381–393.

▶ DJORDJE V. VUKOMANOVIĆ, Implication and lattices.

Faculty of Civil Engineering of the Belgrade University, 11000 Belgrade, Bulevar Kralja Aleksandra 73, Serbia and Montenegro. E-mail: vdjordje@grf.bg.ac.yu.

The chief purpose of this paper is to show that the theory of positive implication algebras (Rasiowa) alias Hilbert algebras (Diego) alias (in dual form) implicative models (Henkin) alias finitely deductive implication algebras (Vukomanovic) provides a complete characterization of intuitionistic implication, as defined on Heyting algebras. This is accomplished by showing that every positive implication algebra can be embedded into a dual symmetrical Heyting algebra (of implicative filters of the given algebra) dually preserving intuitionistic implication, thus yielding completeness. Moreover, such a symmetrical Heyting algebra is dually isomorphic to itself. The same applies, mutatis mutandis, to the theory of S4 implication algebras which provides a complete characterization of S4 implication as defined on finitely deductive lattices. That is, every S4 implication algebra can be embedded into a dual finitely deductive lattice dually preserving S4 implication.

[1] A. Diego, Sur les Algèbres de Hilbert, Gauthier-Villars, Paris 1966. [2] I. Hacking, What is strict implication?, The Journal of Symbolic Logic, vol. 28 (1963), pp. 51–71.

[3] L. Henkin, An algebraqic characterization of quantifiers, Fundamenta Mathematicae, vol. 37 (1950), pp. 63–74.

[4] H. Rasiowa, An algebraic approach to non-classical logics, Studies in logic and the foundation of mathematics, vol. 78, North-Holland Publishing Company, Amsterdam-London, 1974.

350 LOGIC COLLOQUIM ’05

[5] Dj. Vukomanović, Deductive lattices (Abstract), The Journal of Symbolic Logic, vol. 49 (1984), p. 681.

[6] , Representation theorems for strict and non-strict deductive implicative algebras (Abstract), The Journal of Symbolic Logic, vol. 52 (1987), pp. 347–348.

▶ MLADEN VUKOVIĆ, Some notes on correspondence theory of the system IL.

Department of Mathematics, University of Zagreb, Bijenička cesta 30, PP 335, 10002 Zagreb, Croatia.

E-mail: vukovic@math.hr.

The provability logic GL (Gödel-Löb) is a simple modal description of provability. The language of the provability logic contains propositional letters p_0, p_1, . . . , the logical connectives ¬, ∧, ∨, → and ↔, and the unary modal operator �. The axioms of system GL are all tautologies, �(A → B) → (�A → �B), �(�A → A) → �A. The system GL complete expresses provability predicate of Peano arithmetic. The interpretability logic IL is an extension of provability logic with a new modal binary operator �. This operator stands for interpretability, considered as a relation between extensions of a fixed theory. The new axioms of the system IL are �(A → B) → (A � B), ((A � B) ∧ (B � C )) → (A � C ), ((A � C ) ∧ (B � C )) → ((A ∨ B) � C ), (A � B) → (♦A → ♦B) and ♦A � A. The paper [2] provides the necessary definitions and detailed explanation and gives several examples of interpretations. We are only interested in IL as a system of modal logic. The operator � is not an ordinary binary modal operator because its semantic is defined by:

w ⊢ A � B ⇔ ∀v (wRv & v ⊢ A ⇒ ∃V (vSw V & V |= B)).

We consider basic operations on generalized Veltman models as disjoint union, generated submodel, bounded morphism, and bisimulation. We show that the operations leave modal satisfaction unaffected, and that all of them are bisimulations. We prove Hennessy–Milner theorem for generalized Veltman semantic. We define standard translation of interpretability logic. Our aim is to consider correspondence theory for IL.

[1] P. Blackburn, M. de Rijke, and Y. Venema, Modal Logic, Cambridge University Press, 2001.

[2] A. Visser, An overview of interpretability logic, Advances in modal logic, vol. 1. Selected papers from the 1st international workshop (AiML’96), Berlin, Germany, October 1996, (Marcus Kracht et al., editors), CSLI Lecture Notes, CSLI Publications, Stanford, CA, vol. 87, 1998, pp. 307–359.

▶ VOJKAN VUKSANOVIC, Canonical equivalence relations on [R]^n .

Department of Mathematics, University of Helsinki, P. O. Box 68, Gustaf Hällströmin katu 2b, Helsinki, 00014, Finland.

We determine the set of canonical equivalence relations on [2^N]^n for the class of Baire equivalence relations and prove that the list of equivalences given in the paper “Canonical partition behaviour of Cantor spaces” is not complete. More precisely, we determine a finite list {E_1, . . . , EL_n } of equivalence relations on [2^N]^n , such that for every Baire equivalence relation E on [2^N]^n there is a perfect set X ⊆ 2^N and there is an equivalence Ei from the list such that:

E ↾ [X ]^n = Ei ↾ [X ]^n.

▶ DAN E. WILLARD, On two partial (and not full) respects where an axiom system can recognize its own consistency and multiplication as a total function. Computer Science Department, SUNY-Albany, Albany, New York 12222, USA. E-mail: dew@cs.albany.edu.

LOGIC COLLOQUIM ’05 351

Let A(x, y, z) and M (x, y, z) denote 3-way predicates indicating x +y = z and x ∗y = z . An axiom system α will be said to recognize addition and multiplication as Total Functions iff it can prove:

∀x ∀y ∃z A(x, y, z) AND ∀x ∀y ∃z M (x, y, z). (1) Pudlák [2] has strengthened the earlier work of Bezbourah-Shepherdson [1] to prove that there is no reasonable axiom system α that can simultaneously prove Equation (1) and prove its own Hilbert consistency. The approximate generalization of this incompleteness result for cut-free definitions of consistency, concerning semantic tableaux or Herbrand deduction, was derived by us in [4]. At the same time we showed in [3], [5] that there was a rich variety of axiom systems, called IS(A), IS-1(A) and IS-1*(A), that could verify their own cut-free consistency—where the said systems are able to recognize integer addition BUT NOT “integer multiplication” as a total function.

The chief question left unexplored by [3], [5] was what pragmatic applications could the system IS(A) and its more general analogs plausibly possess? We have found a useful application of these techniques in the context of a computer’s floating point instruction set—where an ordered pair of integers (M, E), called the “mantissa” and “exponent”, formally represents the real number M · 2^{E−log M} , and where addition, subtraction, multiplication and division among two real-numbers with mantissa-lengths of b_1 and b_2 will produce an output mantissa whose bit-length = Max(b_1, b_2) (after the usual computerized rounding operations are performed). In a context where IS(A) and its cousins can prove conventional integer addition is a total function, they can each prove all these functions are total, as well as the operation Expand(M ) that increases the mantissa’s bit-length by one.

There is also a second sense in which axiom systems recognizing their cut-free consistency can partially (and not fully) conceptualize multiplication. Let Arith(s) indicate that s is a string formally encoding a term with addition and multiplication symbols applied to digitalstyle numbers, as illustrated by say “15 × (9 + (2 × 7))”, Numb(t) specify t represents a digital number without any function symbols, such as say “345”, and NumbArith(s, t) denote both these conditions hold and t represents the numeric value for s. Then IS(A) can prove ∀s ∃t {Arith(s) → NumbArith(s, t)}, although it cannot prove Equation (1)’s statement: ∀x ∀y ∃z M (x, y, z). This counter-intuitive result holds because t’s string-length is bounded by the length of s while z’s length can potentially equal twice Max(x, y)’s string-length.

[1] A. Bezboruah and J. Shepherdson, Gödel’s second incompleteness theorem for Q, The Journal of Symbolic Logic, vol. 41 (1976), pp. 503–512.

[2] P. Pudlák, Cuts, consistency statements and interpretations, The Journal of Symbolic Logic, vol. 50 (1985), pp. 423–442.

[3] D. Willard, Self-verifying systems, the incompleteness theorem and the tangibility reflection principle, The Journal of Symbolic Logic, vol. 66 (2001), pp. 536–596.

[4] , How to extend the semantic tableaux and cut-free versions of the second incompleteness theorem almost to Robinson’s Arithmetic Q, The Journal of Symbolic Logic, vol. 67 (2002), pp. 465–496.

[5] , Some new exceptions for the semantic tableaux version of the Second Incompleteness Theorem, Proceedings of the Tableaux 2002 Conference, vol. 2381 of Lecture Notes in Artificial Intelligence, Springer-Verlag, pp. 281–297.

Abstracts presented by title

▶ SERGEI ARTEMOV AND NIKOLAI KRUPSKI, On Reflexive Combinatory Logic.

City University of New York, Graduate Center, 365 Fifth Avenue, New York, NY 10016, USA.

E-mail: SArtemov@gc.cuny.edu.

352 LOGIC COLLOQUIM ’05

Department of Mathematical Logic and the Theory of Algorithms, Faculty of Mechanics and Mathematics, Moscow State University, Moscow 119992, Russia. E-mail: nvk@lpcs.math.msu.su.

The Reflective Combinatory Logic RCL [1] is an extension of the Typed Combinatory Logic CL→ which admits typing judgments of the form “t is a term of type F ” inside types via an additional type constructor t : F . Unlike the case of the Intuitionistic Type Theory [2] where a similar type constructor is also available, the type t : F in RCL is inhabited by nontrivial terms that store a complete information about the typing judgment.

In the definition of RCL the following two judgments have been introduced by simultaneous induction: “F is a well-formed formula (or type)” and “F is derivable from F_1, . . . , Fn ”. The intended meaning of the latter is “type F is inhabited provided all types Fi are”. In this talk we give an equivalent cut-free sequent formulation for RCL and establish complexity bounds for the decision problems concerning these judgements.

Theorem 1. The well-formedness property for RCL is decidable in polynomial time. The derivability in RCL is decidable and PSPACE-complete.

[1] S. Artemov, Kolmogorov and Gödel’s approach to intuitionistic logic: current developments, Russian Mathematical Surveys, vol. 59 (2004), no. 2, pp. 203–229.

[2] P. Martin-Löf, An intuitionistic theory of types, Twenty-five years of Constructive Type Theory, (G. Sambin and J. Smith, editors), Oxford Logic Guides, vol. 36, 1998, pp. 127–172.

▶ ANATOLY P. BELTIUKOV, A polynomial programming language as a formal theory.

Udmurt University, 1, Universitetskaia str., Izhevsk, 426004, Russia. E-mail: belt@uni.udm.ru.

An arithmetic programming language (similar to Pascal) is proposed in which only all polynomial time computable functions can be programmed. All program objects in the language have strong types. The language can operate with arbitrary natural numbers with addition, non-negative subtraction, multiplication, integral division, natural numbers from bounded ranges, arrays, records, unions (records with variants), functions (defined by polynomial time algorithms), including functionals of higher orders, variables with pre bounded value ranges, assignments, branching, loops with pre computed number of steps, error processing. Function definitions do not allow recursions.

From the other side, this language can be considered as a formal ultraintuitionistic theory of the above mentioned objects. As it is usually happens in similar situations, the formulas of this theory are the value types in the programming language, and the proofs are the programs themselves. Negations are simulated by functions, that extract “error messages” from attempts to realize the negated formula. Equality formulas correspond to special data types that define a set of “permissible” modules that supply the desired number congruence. All proved formulas have polynomial time computable realizations.

In contrast with usual intuitionistic arithmetic this theory does not contain “double negated” classical Peano arithmetic statements as theorems. For example, it does not contradict to the hypothesis that exponent function (inverse to the easily defined logarithm) does not exist. Moreover, a realizational model with partial exponent function can be easily built for this theory.

▶ ADIB BEN JEBARA, About space being not a continuum.

Apt. F3, Residence Badr Manar 1, Tunis 2092, Tunisia. E-mail: adib.jebara@topnet.tn.

In “an idea about time in cosmology” in ASL Annual Meeting 2004 and in “About space and time of elementary particles” in ASL Annual Meeting 2005, we assumed that time and then space at the level of the elementary particles can be considered being U, applying the set theory ZFU, with urelements, Ui being a set of locations in the case of space with i a count

LOGIC COLLOQUIM ’05 353

of time. So, time and also space would be not linearly ordered.

About what is assumed as a particular case of the axiom of choice, see web page of Andreas Blass:

http://www.math.lsa.umich.edu/~ablass/dpcc.pdf

If no distance can be defined in U × U × U , that might lead to explain why things appear so strange with elementary particles and with the Big Bang. For instance, a particle would not need to go to a location in between two others it would go to.

As a set of paths, a cartesian product of sets of locations XUi could be the void set, then, may be, the universe comes from no-space. For U_1 × U_2 × U_3 × · · · would be equal to the void set with the number of elements of Ui being m, the number of particles in the universe, in case countable choice holds only for sets of 2 through (m − 1) elements. And no-space would be a void without even space itself and not a vacuum.

So, may be we can consider that the particles in the Big Bang come from no-space, instead of from a point, to deal with a question from Mr Andreas Blass about from where they come.

It could be that the involvement of no-space is possible only in the Big Bang. Or it could be that teleportation of elementary particles as well involves no-space.

▶ AYŞE BERKMAN, Identification of simple generic L^∗-groups of finite Morley rank.

Mathematics Department, Middle East Technical University, Ankara 06531, Turkey. E-mail: berkman@math.metu.edu.tr.

URL: http://www.math.metu.edu.tr/~berkman/.

A group of finite Morley rank is said to be of even type if its Sylow 2-subgroups are infinite and of bounded exponent. If every infinite simple proper definable section of such a group is either a simple algebraic group over an algebraically closed field, or a group with finite Sylow 2-subgroups, then we call it an L^∗-group. Let p be an odd prime.

Theorem 1. Let G be a simple L^∗-group of finite Morley rank and even type, S a 2-Sylow^∘ subgroup of G, and D a maximal p-torus of Prüfer rank at least 3 in G which normalizes S. Then N^∘_G (S) is solvable, O_2(CG (x)) = 1 for every element x ∈ D of order p, and G = ⟨B(CG (x)) | x ∈ D, |x| = p⟩.

This technical result yields the following identification theorems.

Theorem 2. Let G be a simple L*-group of finite Morley rank and even type, and S a 2-Sylow^∘ subgroup of G. Assume at least one of the following holds.

a. There is a p-torus of Prüfer rank at least 3 in G normalizing S. b. The size of M is at least 3, and for every P_1, P_2 ∈ M, O_2(⟨P_1, P_2⟩) ≠ 1. Then G is isomorphic to a Chevalley group over an algebraically closed field of characteristic 2. Above, M stands for the set of minimal 2-local^∘ subgroups which contain N^∘_G (S) as a proper subgroup. A group P is called a 2-local^∘ subgroup if P = N^∘_G (U ) for some non-trivial definable connected 2-subgroup U .

This is joint work with Alexandre Borovik.

▶ JOHN CORCORAN, Meanings of inference, deduction, and derivation.

Philosophy, University at Buffalo, Buffalo, NY 14260-4150, USA. E-mail: corcoran@buffalo.edu.

The verbs ‘infer’, ‘deduce’, and ‘derive’ used in logic are ambiguous; logicians use each with multiple normal meanings. Several of their meanings are vague in that they admit borderline cases. This paper juxtaposes, distinguishes, and analyzes several senses of these three-place action verbs, focusing on a constellation of recommended senses. In the sense to be recommended, the verb ‘infer’ is used for the epistemic activity of [a person] judging a proposition to be true by determining that it is a consequence of given propositions

354 LOGIC COLLOQUIM ’05

known to be true. The verb ‘deduce’ is used for the epistemic activity of determining that a proposition is a consequence of given propositions. Aristotle discovered that the same process of deduction used inferentially to draw a conclusion from premises known to be true is also used non-inferentially to draw a conclusion from premises whose truth or falsity is unknown, or even from premises known to be false. Applying his grasp of this point in the first few pages of Prior Analytics, he distinguished demonstrative from non-demonstrative deductions. He wrote: “Every demonstration is a deduction but not every deduction is a demonstration.” Inference, or demonstration, producing knowledge of the truth of its conclusion, and deduction, producing knowledge that its conclusion is logically implied by its premises, must both be distinguished from derivation, which consists in arriving at a string of characters by means of rule-governed manipulations starting with given strings of characters. Derivation by itself does not and cannot produce knowledge. No proposition can be inferred from a contradiction because no contradiction is known to be true. Every proposition can be deduced from a contradiction. And what can be derived from what depends upon which character-manipulating rules are allowed. This paper treats the relevant views of Aristotle, Boole, Frege, Lewis, Hilbert, Tarski, Church, and others.

▶ PIERRE JORAY, Higher order quantifiers without ontological commitment.

Institute of Logic, University of Neuchâtel, Switzerland. E-mail: pierre.joray@unine.ch.

Since Quine, quantification has been widely thought by philosophers to be the central logical tool for the access of a theory to its references. Restricting logicians practice, Quine was even able to arouse suspicion about any development of quantification theory outside the framework of a first order referential interpretation. Nevertheless, at its very begining, in Frege and also in Peirce, the use of quantifiers was seen as a very general tool, able to bind variables of any order.

In this talk, I will show that a referential interpretation is not incompatible with the idea to use in logic quantifiers of higher orders. I will present a general framework for the interpretation of quantifiers which permits to distinguish radicaly ontological questions from semantical or model-theoretical preoccupations. While preserving all classical deductive properties of quantifiers, this framework I call categorial quantification is neither referential, nor substitutional. It is essentially grounded on the notion of semantic category, which was introduced in logic by S. Leśniewski and developed by K. Ajdukiewicz. My central aim is to show that it is perfectly possible to formalise a theory on the ground of a higher order formal language, without being commited by the use of quantifiers to any ontological position concerning the nature of the valuable domains of interpretation.

▶ REINHARD KAHLE, David Hilbert and the paradoxes.

Departamento de Matemática, Universidade de Coimbra, Apartado 3008, P–3001-454 Coimbra, Portugal.

E-mail: kahle@mat.uc.pt.

100 years ago, in the summer term 1905, Hilbert gave a course on Logical principles of mathematical thinking. In this course he gave, for the first time, a detailed discussion of certain paradoxes, namely, (a variant of) Richard’s paradox, his own—Hilbert’s paradox, [2]—and Zermelo-Russell’s paradox. Up to 1920 he repeated and refined the discussion of the paradoxes in several lectures on the foundations of mathematics.

In this talk, we summarize the development of Hilbert’s treatment of the paradoxes based on the (unpublished) lecture notes of his lectures in Göttingen. Together with the early correspondence with Cantor and Frege, and some few traces in his publications, one gets a complete picture of the rôle of the (set-theoretic) paradoxes in Hilbert’s interest in the foundations of mathematics.

LOGIC COLLOQUIM ’05 355

[1] R. Kahle, David Hilbert über Paradoxien, Pré-Publicações do Departamento de Matemática, Universidade de Coimbra, Preprint Number 06-17, 2006.

[2] V. Peckhaus and R. Kahle, Hilbert’s paradox, Historia Mathematica, vol. 29 (2002), pp. 157–175.

▶ ROMAN KUZNETS, Logic of Proofs as a measure of Hilbert-style proof complexity.

Ph.D. Program in Computer Science, CUNY Graduate Center, 365 Fifth Avenue, New York, NY 10016, USA.

E-mail: kuznets@gmail.com.

Logic of Proofs LP introduced by Artemov gave an exact intended semantics for Gödel’s logic of provability S4 (see [1]). This Logic of Proofs considers statements of the form t:F , where a proof term t (called proof polynomial) denotes a proof for F . Logic of Proofs has a natural arithmetical semantics where t:F is interpreted as a formal arithmetical statement “t is a proof of F in PA.” We show that the smallest proof polynomial that proves F can serve as a measure of how long is the shortest Hilbert-style proof of t:F .

Theorem 1. Let t be the smallest term such that LP ⊢ t:F . Let L_1 be the shortest Hilbertstyle derivation of t:F in LP. Then

dag(t) ≤ |L_1| ≤ 3|t|,

where |t| is the size of the syntactic tree of term t, dag(t) is the size of the syntactic direct acyclic graph (dag) of term t, and |L_1| is the number of formulas in derivation L_1.

We further extend this result to Hilbert-style proofs of propositional tautologies: Theorem 2. Let F be a propositional tautology. Let t be the smallest term such that LP ⊢ t:F . Let t^′ be the dag-smallest term such that LP ⊢ t^′:F . Let L_2 be the shortest Hilbert-style propositional derivation of F . Then

dag(t^′) ≤ |L_2| = O(|t|).

[1] Sergei N. Artemov, Explicit provability and constructive semantics, The Bulletin of Symbolic Logic, vol. 7 (2001), no. 1, pp. 1–36.

▶ PAOLO LIPPARINI, m-permutable varieties satisfy α�_h = α�_h .

Dipartimento di Matematica, Viale della Ricerca Scientifica, II Università de Roma (Tor Vergata), I-00133 Rome, Italy.

E-mail: lipparin@axp.mat.uniroma2.it. URL: http://www.mat.uniroma2.it/~lipparin.

Juxtaposition denotes intersection and^∗ denotes transitive closure. If α, �, �, � are congruences on some algebra, define

�_0 = 0 �_0 = 0 B_0(�) = � G_0(�) = � �_{n+1} = � + α�n �_{n+1} = � + α�n B_{n+1}(�) = � ∘ αGn (�) ∘ � G_{n+1}(�) = � ∘ αBn(�) ∘ �

Theorem 1. (i) Every m-permutable variety satisfies both αBm(�) = αGm(�) and α�_h = α�_h , with h = m[^{m+1}_2 ], where [ ] denotes integer part.

(ii) If a variety V satisfies αBm ⊆ (αGm )^∗ for some m then V satisfies α�_h = α�_h for some h.

[1] P. Lipparini, n-permutable varieties satisfy non-trivial congruence identities, Algebra Universalis, vol. 33 (1995), pp. 159–168.

356 LOGIC COLLOQUIM ’05

▶ JOÃO MARCOS, Generalizing truth-functionality.

Center for Exact Sciences, Unileste-MG, Cel. Fabriciano / MG, Brazil. E-mail: vegetal@cle.unicamp.br.

A common standard for the interpretation of classical propositional logic is set by the functionally complete collection of 2-valued truth-tables. The structure of the free algebra of formulas is faithfully mirrored in the semantics: In each admissible model, each sentential letter freely ranges over the set of truth-values, and to each n-ary logical constant there corresponds a convenient n-ary operator over those same truth-values. The whole approach is easily generalizable so as to define the class of truth-functional logics, i.e., many-valued logics with matrix semantics, where operators are characterized by truth-tables over some fixed set of truth-values of an arbitrary cardinality.

A further interesting generalization of the above idea is produced by the so-called nondeterministic matrix semantics (Nmatrices), where each n-ary operator is allowed to choose in between a number of possible outputs for each given n-uple of inputs. The set of admissible models may thus be enlarged, allowing for the natural adequate interpretation of more generous classes of non-classical logics. Yet another generalization of the same idea is given by the so-called possible-translations semantics with many-valued ingredients (Many-valued PTS), where each model of a logic L is given by an admissible translation of L into an appropriate many-valued logic L_k coupled with a standard many-valued valuation from L_k .

For the finite-valued case, matrices and Nmatrices share interesting meta-properties such as compacity and decidability. Finite-valued PTS are also guaranteed to share those properties as soon as all the corresponding admissible translations are recursively defined. However, several logics known to be uncharacterizable by finite-valued matrices can be adequately characterized by finite-valued Nmatrices, and several logics that have no finite-valued Nmatrix characterization can be characterized by finite-valued PTS.

The present contribution will examine the multiple relations between the three above mentioned alternative styles of semantics.

▶ ELENA NOGINA, On logic of proofs and provability.

BMCC, Department of Mathematics, City University of New York, 199 Chambers Street, New York, NY 10007, USA. E-mail: E.Nogina@gmail.com.

Joint logics of proofs and provability were studied in [1] and [5]. The latter found an arithmetically complete logic which contained both the provability logic GL ([4]) and the logic of proofs LP ([2]) in their joint language augmented by some additional operations. A recent application in the logic of knowledge [3] prompted a question of a complete axiomatization of the logic of proofs and provability in the original language of GL and LP.

In the current note we find such an axiomatization, GLA, consisting of axioms and rules of GL and LP together with axioms t : P → �P, ¬t : P → �¬t : P, t : �P → P, and the reflection rule ⊢ �P ⇒⊢ P. GLA has been supplied with a corresponding Kripke-style semantics and shown to be complete with respect to the intended arithmetical provability interpretation.

[1] S. Artemov, Logic of proofs, Annals of Pure and Applied Logic, vol. 67 (1994), no. 1, pp. 29–59.

[2] , Explicit provability and constructive semantics, The Bulletin of Symbolic Logic, vol. 7 (2001), no. 1, pp. 1–36.

[3] S. Artemov and E. Nogina, Basic epistemic logics with justifications, CUNY Ph.D. Program in Computer Science, 2005, TR-2005004.

[4] G. Boolos, The logic of provability, Cambridge University Press, Cambridge, 1993. [5] T. Yavorskaya (Sidon), Logic of proofs and provability, Annals of Pure and Applied Logic, vol. 113 (2002), nos. 1–3, pp. 345–372.

LOGIC COLLOQUIM ’05 357

▶ ZORAN OGNJANOVIĆ, ZORAN MARKOVIĆ, AND MIODRAG RAŠKOVIĆ, A logic with imprecise and conditional probabilities.

Matematički Institut, Kneza Mihaila 35, 11000 Beograd, Srbija i Crna Gora. E-mail: zorano@mi.sanu.ac.yu.

In this paper we present a propositional probability logic which allows making formulas that speak about imprecise and conditional probabilities. A class of Kripke-like probabilistic models is defined to give semantics to probabilistic formulas. Every possible world of such a model is equipped with a probability space. The corresponding probabilities may have nonstandard values. The proposition “the probability is close to r” means that there is an infinitesimal ϵ, such that the probability is equal to r − ϵ (or r + ϵ). We provide an infinitary axiomatization and prove the corresponding extended completeness theorem.

▶ ISABEL OITAVEM, Tree recursion and Pspace.

CMAF Universidade de Lisboa, Av. Prof. Gama Pinto 2, 1649-003 Lisboa, Portugal and Departamento de Matemática, Universidade Nove de Lisboa, Portugal. E-mail: isarocha@ptmat.fc.ul.pt.

In this talk we discuss recursion schemes over free algebras and we give an implicit characterization of Pspace—the class of functions computable in polynomial space, by deterministic Turing machines. The presence of pointers in the recursion on notation scheme is the main difference between this and the well-known Bellantoni-Cook characterization of the polytime functions—Ptime.

[1] , S. Bellantoni and S. Cook, A new recursion-theoretic characterization of Polytime functions, Computational Complexity, vol. 2 (1992), pp. 97–110.

[2] , D. Leivant and J. Marion, Ramified recurrence and computational complexity II: substitution and poly-space, 8th Proceedings of CSL, Lecture Notes in Computer Science, vol. 993, Springer, 1994, pp. 486–500,

▶ MAURICIO OSORIO, Computing safe beliefs.

Universidad de las Americas, Puebla, Mexico. E-mail: josorio@mail.udlap.mx.

The following notion is very important in Non-monotonic reasoning. We assume the 3-valued Gödel logic G3 in our presentation. A safe belief complete theory of a finite propositional theory T is a complete theory T^′ obtained from T after adding only negated formulas. From T , we are interested in the set of literals that can be proved in some such extension T^′ from T . Cal such sets, safe beliefs of T . We present two related algorithms to compute set beliefs from a given theory. The first one is based on a kind of the well known Davis-Putnam (that computes models in classical proposional logic). It however, adds either −a or −−a in every recursive call. When the theory becomes positive, it must prove the conjunction off all the atoms that occur in it. Here, we can however switch to classical logic to verify the desired result. We prove the correcteness of our algorithm. Our second algorithm works as follows: First translated our theory to a normal form and then we apply the first algorithm. The advantage of our second is that many pruning strategies are known to this restricted class of theories. However the size of the resulting theory is much greater than the original one. Our normal forms are based on what we call free formulas. A free formula is a formula of the form: X → Y , where X is a conjunction of literals and Y is a disjunction of literals. The translation is supported by a set of tautologies of G3 Logic, some of them are the following:

[((a → b) & y) → x] ↔ [(((−a | b) & y) → x) & (y → (x | a ∨ −b)]

[(a → b) → x] ↔ [((−a | b) → x) & (x | a | −b)]

358 LOGIC COLLOQUIM ’05

[y → (a | (c → x))] ↔ [((c & y) → (x | a)) & (y → (−c | −x | a))]

[z ↔ (a → b)] ↔ [((z & a) → b) & ((−a | b) → z) & (z | a | −b)].

[1] Mauricio Osorio, Juan Antonio Navarro Pérez, and José Arrazola, Safe beliefs for propositional theories, accepted in Annals of Pure and Applied Logic.

▶ RAFFAELE PISANO, Mathematics of logics or Logic of mathematics. Critical problems in the History of Science.

Facoltá di Architettura Valle Giulia, Via Gramsci, 53 00197 Roma, University of Rome “La Sapienza”, Italy.

E-mail: raffaele.pisano@uniroma1.it.

In the past Logic had glorious years, even in medieval times, during which it was part of the famous Quadrivium of teaching. It historically developed its solidity and identity by shouldering the development of those Sciences such as Mathematics, Physics and Chemistry; even though its methodological process has been above all influenced by the first of these. However the strong historical and cultural reasons which confirm the importance of this Science are contrasted by the difficulty of its fundaments, above all, Mathematics of Logic. How can we overcome something that seems to be an aporia? In this paper, which begins with a reflection on the ambiguity found both in natural and scientific language, I investigate a particular aspect of Logics: negative and the double negative sentences in ancient scientific books. Such an aspect would produce in fundaments of Science, still more than the validity of the Tertium non datur law, the valid distinction between classical Logic and the non-classical forms. Henceforth, I shall attempt to show that non-classical Logic may assume, besides its intellectually based role on which a theory is built, also a sharp category of historical interpretation (i.e., Sadi Carnot’s Thermodynamics), from which it is possible to understand what the author thought even implicitly, so it is possible to elevate his fundamental hypotheses beyond his written work.

[1] A. Drago and R. Pisano, S. Carnot’s Réflexions: a theory based on non-classical Logic, The Bulletin of Symbolic Logic, vol. 8 (2002), pp. 130–131.

[2] , Interpretation and reconstruction of S. Carnot’s Réflexions trough original sentences belonging to non-classical logic, Fond. Ronchi Journal, LIX, vol. 5 (2004), pp. 615– 644.

▶ WIM RUITENBURG, Models of basic arithmetic.

Department of Mathematics, Marquette University, P.O. Box 1881, Milwaukee, WI 53201, USA.

E-mail: wimr@mscs.mu.edu.

Basic Predicate Calculus BQC is the predicate logic parallel to Albert Visser’s Basic Propositional Calculus BPC, a sublogic of Intuitionistic Predicate Calculus IQC. Basic Arithmetic BA is the BQC equivalent of Heyting Arithmetic over IQC, and of Peano Arithmetic over Classical Predicate Calculus CQC. We study some elementary Kripke model theory of BA.

[1] W. Ruitenburg, Basic predicate calculus, Notre Dame Journal of Formal Logic, vol. 39 (1998), no. 1, pp. 18–46.

[2] A. Visser, A propositional logic with explicit fixed points, Studia Logica, vol. 40 (1981), pp. 155–175.

▶ SAEED SALEHI, Variants of Kleene’s Recursive Realizability.

Turku Center for Computer Science and Department of Mathematics, University of Turku, FIN-20520 Turku, Finland.

The notion of Recursive Realizability introduced by Kleene is a useful tool for measuring the strength of intuitionistic arithmetics. Various generalizations of this realizability has

LOGIC COLLOQUIM ’05 359

been proposed by restricting the class of recursive functions to a proper sub-class. As such examples one could mention Damnjanovic’s or López-Escobar’s primitive recursive realizabilities or Plisko’s Σn –realizability.

In this talk, we present definitions and basic properties of two realizabilities introduced by the author, namely that of realizability by primitive recursive functions [2] and realizability by polynomially bounded recursive functions [3]. Applying these to Ruitenburg’s Basic Arithmetic (a sub-system of Heyting Arithmetic [1]) yields interesting results about its provably total functions. Applicability of these realizabilities to Basic Arithmetic results from the observations that

(1) the Gödel codes of primitive recursive and polynomially bounded recursive functions are arithmetically definable, and

(2) the S-m-n functions in Recursion Theory can be chosen from the class of primitive recursive or polynomially bounded recursive functions.

[1] W. Ruitenburg, Basic predicate calculus, Notre Dame Journal of Formal Logic, vol. 39 (1998), no. 1, pp. 18–46.

[2] S. Salehi, Provably total functions of basic arithmetic, Mathematical Logic Quarterly, vol. 49 (2003), no. 3, pp. 316–322.

[3] , Polynomially bounded recursive realizability, to appear in Notre Dame Journal of Formal Logic.

▶ DARIUSZ SUROWIK, Towards independency of axioms of some intuitionistic tense logic system.

Department of Logic, Informatics and Philosophy of Science, University of Bialystok, Poland.

E-mail: surowik@hum.uwb.edu.pl.

In the paper [1] W. B. Ewald constructs the minimal intuitionistic tense logic system and call it IKt.. He adds the temporal operators G, H , F and P to the connectives of propositional intuitionistic calculus and offers a Hilbert axiom system for the IKt.

The Ewald’s axiomatization of IKt. is the following: (A1) All axioms of the intuitionistic propositional calculus (A2) G (α ⇒ �) ⇒ (Gα ⇒ G�) (A2^′) H (α ⇒ �) ⇒ (Hα ⇒ H�) (A3) G (α ∧ �) ⇔ (Gα ∧ G�) (A3^′) H (α ∧ �) ⇔ (Hα ∧ H�) (A4) F (α ∨ �) ⇔ (Fα ∨ F�) (A4^′) P (α ∨ �) ⇔ (Pα ∨ P�) (A5) G (α ⇒ �) ⇒ (Fα ⇒ F�) (A5^′) H (α ⇒ �) ⇒ (Pα ⇒ P�) (A6) (Gα ∧ F�) ⇒ F (α ∧ �) (A6^′) (Hα ∧ P�) ⇒ P (α ∧ �) (A7) G¬α ⇒ ¬Fα (A7^′) H ¬α ⇒ ¬Pα (A8) FHα ⇒ α (A8^′) PGα ⇒ α (A9) α ⇒ GPα (A9^′) α ⇒ HFα (A10) (Fα ⇒ G�) ⇒ G (α ⇒ �) (A10^′) (Pα ⇒ H�) ⇒ H (α ⇒ �) (A11) F (α ⇒ �) ⇒ (Gα ⇒ F�) (A11^′) P (α ⇒ �) ⇒ (Hα ⇒ P�) Rules of inference:

MP :

α ⇒ �, α � RH : α Hα RG : α Gα In the talk I will proove, that there are several dependent axioms in the set of axioms proposed by W. B. Ewald. Moreover, I will propose a new axiomatization of the IKt system. The new axiomatization is equivalent to the Ewald’s axiomatization.

[1] W. B. Ewald, Intuitionistic tense and modal logic, The Journal of Symbolic Logic, vol. 51 (1986), no. 1.

360 LOGIC COLLOQUIM ’05

▶ ALDO URSINI, Linear reasoning inside classical logic.

Dipartimento di Scienze Matematiche ed Informatiche “R. Magari”, Universitá di Siena, Pian dei Mantellini, 44, 53100 Siena, Italy. E-mail: ursini@unisi.it.

Linear Logic (LL) (see for instance [2]) is interpretable inside classical logic enriched with a constant 1 and a binary (modal) operator ⟨A, B⟩. We call MK the (sequent calculus presentation) of this binary modal logic. The idea behind the interpretation I is a follows: atomic formulas are the same in both languages, linear negation A^⊥ is defined as

¬⟨A, 1⟩

and linear implication A ⊸ B is defined as

¬⟨A, B^⊥⟩.

Thus formulas of LL are also formulas of MK. Intuitively, ⟨A, B⟩ can be read as “A, B are linearly compatible”.

Theorem 1. There is a procedure which from any proof � in LL of a sequent Γ ⊢ Δ of LL produces a proof �^∗ in MK of the sequent 1 ⊢ (⊗Γ) ⊸ (℘Δ).

Theorem 2. A sequent Γ ⊢ Δ of LL is provable in LL iff 1 ⊢ (⊗Γ) ⊸ (℘Δ) is provable in MK. There is also a complete Kripke-style semantics for MK. This logic has some relations to a fragment of the so-called Ambient Logic introduced in theoretical computer science by L. Cardelli and others (see for instance [1]).

[1] L. Cardelli and A. D. Gordon, Mobile ambients, Foundations of Software Science and Computational Structure, (M. Nivat, editor), Lecture Notes in Computer Science, Springer, vol. 1378, 1998, pp. 140–145.

[2] J.-Y. Girard, Linear Logic: its syntax and semantics, Advances in Linear Logic, (J- Y. Girard et al., editors), London Mathematical Society, Lecture Notes, vol. 222, Cambridge, 1995.

▶ LUIS A. URTUBEY, Reasoning about contextual knowledge in multi-agent systems.

CIFFyH U.N.C., Ciudad Universitaria, Córdoba, Argentina. E-mail: urtubey@ffyh.unc.edu.ar.

I investigate an extension of the formalism of interpreted systems by Halpern et al. to model the notion of contextual knowledge in a multi-agent system. Borrowing some ideas of a paper by Lomuscio and Sergot, I apply their semantical deontic model, which allows for the representation and reasoning about states of correct and incorrect functioning behavior of agents, to get a formalization of contextual reasoning. This formal framework introduces an operator representing the knowledge that an agent would have if it operates under the assumption that a group of agents share a context c.

The basic idea of interpreted systems is to describe a distributed computing system by specifying the states in which every agent and the environment can find itself. In this setting, the level of abstraction at which one chooses to operate is left open. If needed, logics similar to the ones used in philosophical logic can be defined on these semantics. One obvious advantage is the possibility of studying the logical characterization of systems defined semantically.

In this contribution I dare the following exercise. Starting from the basic notion of interpreted system and its adaptation to cope with deontic systems, I show how it can be arranged to provide a basic grounded formalism for contextual reasoning.

In particular, the allowed/disallowed labeling of states could be used to model a distinction that renders possible to pick out the normal states from the abnormal ones, which do not fit into the assumed context.

LOGIC COLLOQUIM ’05 361

Some issues on the axiomatization of the resulting system and relations with alternative notions of common knowledge are explored.

[1] R. Fagin, J. Halpern, Y. Moses, and M. Vardi, Reasoning about knowledge, MIT Press, 1995.

[2] A. Lomuscio and M. Sergot, Deontic interpreted systems, Studia Logica, vol. 75, (2003).

▶ XUNWEI ZHOU AND HONG BAO, Second level hypothetical inference.

Institute of Information Technology, Beijing Union University, 97 Beisihuandong Road, Beijing, China.

E-mail: zhouxunwei@263.net.

College of Information, Beijing Union University, 97 Beisihuandong Road, Beijing, China. E-mail: baohong@buu.com.cn.

The mutually-inversistic logic has been constructed by the authors. In the second level calculus of mutually-inversistic logic there is second level hypothetical inference. First level hypothetical inference is proposed by Socrates: From the major premise “all men are mortal” and the minor premise “Socrates is a man” to infer the conclusion “Socrates is mortal”. An example of second level hypothetical inference is from the major premise “if all P are Q, then all not Q are not P (contrapositive law)” and the minor premise “all men are mortal” to infer the conclusion “those who are not mortal are not men”. In the first level hypothetical inference “all men are mortal” is the major premise, while in the second level hypothetical inference it becomes the minor premise, the major premise is a logical theorem. Taking “all integers are rationals, all rationals are real numbers, therefore all integers are real numbers” as another example. The inference of this example made by mutually-inversistic logic is different from that made by classical logic. In mutually-inversistic logic, the inference goes like this (the second level calculus of mutually-inversistic logic is quantifier-free and ≤^{−1} denotes mutually inverse implication thereinafter):

int(x) ≤^{−1} rat(x) P (1) rat(x) ≤^{−1} real(x) P (2) {int(x) ≤^{−1} rat(x)} ∧ {rat(x) ≤^{−1} real(x)} T, (1), (2), conjunction rule (3) {P ≤^{−1} Q} ∧ {Q ≤^{−1} R} ≤^{−1} {P ≤^{−1} R} P (4) int(x) ≤^{−1} real(x) T, (3), (4), second level hypothetical inference (5) The inference of the same example made in classical logic is well known, so omitted here. The biggest advantage of second level hypothetical inference over classical logic is that with second level hypothetical inference theorem proving becomes fully automatic. Second level hypothetical inference is very useful in computer science and artificial intelligence. Based on it, the authors have established second level Prolog, second level expert systems, second level relational database, theory of automatic proving of partial correctness of structured programs, formal semantics of second level Prolog, second level machine learning, second level semantic network, mutually-inversistic robot planning, and mutually-inversistic formal language.