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Preface

CiE 2007: Computation and Logic in the Real World
Siena, Italy, June 18-23, 2007

Computability in Europe (CiE) is an informal network of European scientists
working on computability theory, including its foundations, technical develop-
ment, and applications. Among the aims of the network is to advance our the-
oretical understanding of what can and cannot be computed, by any means
of computation. Its scientific vision is broad: computations may be performed
with discrete or continuous data by all kinds of algorithms, programs, and ma-
chines. Computations may be made by experimenting with any sort of physical
system obeying the laws of a physical theory such as Newtonian mechanics,
quantum theory, or relativity. Computations may be very general, depending
upon the foundations of set theory; or very specific, using the combinatorics of
finite structures. CiE also works on subjects intimately related to computation,
especially theories of data and information, and methods for formal reasoning
about computations. The sources of new ideas and methods include practical
developments in areas such as neural networks, quantum computation, natural
computation, molecular computation, computational learning. Applications are
everywhere, especially, in algebra, analysis and geometry, or data types and pro-
gramming. Within CiE there is general recognition of the underlying relevance
of computability to physics and a broad range of other sciences, providing as it
does a basic analysis of the causal structure of dynamical systems.

This volume, Computation and Logic in the Real World, is the proceedings
of the third in a series of conferences of CiE that was held at the Dipartimento
di Scienze Matematiche e Informatiche “Roberto Magari,” University of Siena,
June 18-23, 2007.

The first two meetings of CiE were at the University of Amsterdam, in 2005,
and at the University of Wales Swansea in 2006. Their proceedings, edited in
2005 by S. Barry Cooper, Benedikt Lowe and Leen Torenvliet, and in 2006 by
Arnold Beckmann, Ulrich Berger, Benedikt Lowe, and John V. Tucker, were
published as Springer Lecture Notes in Computer Science, Volumes 3526 and
3988, respectively. As the editors noted in last year’s proceedings, CiE and its
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conferences have changed our perceptions of computability and its interface with
other areas of knowledge. The large number of mathematicians and computer
scientists attending those conference had their view of computability theory
enlarged and transformed: they discovered that its foundations were deeper and
more mysterious, its technical development more vigorous, its applications wider
and more challenging than they had known. The Siena meeting promised to
extend and enrich that process.

The annual CiE conference, based on the Computability in Europe network,
has become a major event, and is the largest international meeting focused on
computability theoretic issues. The series is coordinated by the CiE Conference
Series Steering Committee:

Paola Bonizzoni (Milan)

Barry Cooper (Leeds)

Benedikt Lowe (Amsterdam, Chair)
Elvira Mayordomo (Zaragoza)

Dag Normann (Oslo)

Andrea Sorbi (Siena)

Peter van Emde Boas (Amsterdam).

We will reconvene in 2008 in Athens, 2009 in Heidelberg, and 2010 in Lisbon.

Structure and Programme of the Conference

The conference was based on invited tutorials and lectures, and a set of special
sessions on a range of subjects; there were also many contributed papers and
informal presentations. This volume contains 36 of the invited lectures and 29.9%
of the submitted contributed papers, all of which have been refereed. There
will be a number of post-proceedings publications, including special issues of
Theoretical Computer Science, Theory of Computing Systems, Annals of Pure
and Applied Logic, and Journal of Logic and Computation.

Tutorials

Pieter Adriaans (Amsterdam), Learning as Data Compression
Yaakov Benenson (Cambridge, Massachusetts), Biological Computing

Invited Plenary Talks

Anne Condon (Vancouver), Computational Challenges in Prediction and Design
of Nucleic Acid Structure

Stephen Cook (Toronto), Low Level Reverse Mathematics

Yuri Ershov (Novosibirsk), HF-Computability

Sophie Laplante (Paris), Using Kolmogorov Complezity to Define Individual
Security of Cryptographic Systems

Wolfgang Maass (Graz), Liquid Computing
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Anil Nerode (Cornell), Logic and Control

Piergiorgio Odifreddi (Turin), Conference Introductory Lecture

Roger Penrose (Oxford), A talk on Aspects of Physics and Mathematics

Michael Rathjen (Leeds), Theories and Ordinals in Proof Theory

Dana Scott (Pittsburgh), Two Categories for Computability (Lecture sponsored
by the European Association for Computer Science Logic.)

Robert I. Soare (Chicago), Computability and Incomputability

Philip Welch (Bristol), Turing Unbound: Transfinite Computation

Special Sessions

Doing Without Turing Machines: Constructivism and Formal
Topology, organised by Giovanni Sambin and Dieter Spreen

Givanni Sambin (Padova) Doing Without Turing Machines: Constructivism and
Formal Topology

Andrej Bauer (Ljubljana), RZ: A Tool for Bringing Constructive and
Computable Mathematics Closer to Programming Practice

Douglas Bridges (Canterbury, NZ), Apartness on Lattices

Thierry Coquand (Goéteborg), A Constructive Version of Riesz Representation
Theorem

Maria Emilia Maietti (Padova), Constructive Foundation for Mathematics as a
Two Level Theory: An Example

Approaches to Computational Learning, organised by Marco Gori and
Franco Montagna

John Case (Newark, Delaware), Resource Restricted Computability Theoretic
Learning: Illustrative Topics and Problems

Klaus Meer (Odense), Some Aspects of a Complexity Theory for Continuous
Time Systems

Frank Stephan (Singapore), Input-Dependence in Function-Learning

Osamu Watanabe (Tokyo), Finding Most Likely Solutions

Real Computation, organised by Vasco Brattka and Pietro Di Gianantonio

Pieter Collins (Amsterdam), Effective Computation for Nonlinear Systems

Abbas Edalat (London), A Continuous Derivative for Real-Valued Functions

Hajime Ishihara (Tokyo), Unique Existence and Computability in Constructive
Reverse Mathematics

Robert Rettinger (Hagen), Computable Riemann Surfaces

Martin Ziegler (Paderborn), Real Hypercomputation

Computability and Mathematical Structure, organised by Serikzhan

Badaev and Marat Arslanov

Vasco Brattka (Cape Town), Computable Compactness

Barbara F. Csima (Waterloo), Properties of the Settling-Time Reducibility
Ordering
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Sergey S. Goncharov (Novosibirsk), Computable Numberings Relative to
Hierarchies

Jit{ Wiedermann (Prague), Complezity Issues in Amorphous Computing

Chi Tat Chong (Singapore), Mazimal Antichains in the Turing Degrees

Complexity of Algorithms and Proofs, organised by Elvira Mayordomo
and Jan Johannsen

Eric Allender (Piscataway, New Jersey), Reachability Problems: An Update

Jorg Flum (Freiburg), Parameterized Complexity and Logic

Michal Koucky (Prague), Circuit Complexity of Regular Languages

Neil Thapen (Prague), The Polynomial and Linear Hierarchies in Weak Theories
of Bounded Arithmetic

Heribert Vollmer (Hannover), Computational Complexity of Constraint
Satisfaction

Logic and New Paradigms of Computability, organised by Paola Bonizzoni
and Olivier Bournez

Felix Costa (Lisbon), The New Promise of Analog Computation

Natasha Jonoska (Tampa, Florida), Computing by Self-Assembly

Giancarlo Mauri (Milan), Membrane Systems and Their Applications to Systems
Biology

Grzegorz Rozenberg (Leiden), Biochemical Reactions as Computations

Damien Woods (Cork), (with Turlough Neary) The Complexity of Small
Universal Turing Machines

Computational Foundations of Physics and Biology, organised by
Guglielmo Tamburrini and Christopher Timpson

James Ladyman (Bristol), Physics and Computation: The Status of Landauer’s
Principle

Itamar Pitowsky (Jerusalem), From Logic to Physics: How the Meaning of
Computation Changed Over Time

Grzegorz Rozenberg (Leiden), Natural Computing: A Natural and Timely Trend
for Natural Sciences and Science of Computation

Christopher Timpson (Leeds), What’s the Lesson of Quantum Computing?

Giuseppe Trautteur (Naples), Does the Cell Compute?

Women in Computability Workshop, organised by Paola Bonizzoni and
Elvira Mayordomo

A new initiative at CiE 2007 was the adding of the Women in Computabil-
ity workshop to the programme. Women in computer science and mathematics
face particular challenges in pursuing and maintaining academic and scientific
careers. The Women in Computability workshop brought together women in
computing and mathematical research to present and exchange their academic
and scientific experiences with young researchers. The speakers were:
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Anne Condon (British Columbia)
Natasha Jonoska (Tampa, Florida)
Carmen Leccardi (Milan)

Andrea Cerroni (Milan)

Organisation and Acknowledgements

The CiE 2007 conference was organised by the logicians at Siena: Andrea Sorbi,
Thomas Kent, Franco Montagna, Tommaso Flaminio, Luca Spada, Andrew
Lewis, Maria Libera Affatato and Guido Gherardi; and with the help of Leeds
computability theorists: S Barry Cooper, Charles Harris and George Barmpalias;
and Benedikt Lowe (Amsterdam). The CiE CS Steering Committee also played
an essential role.

The Programme Committee was chaired by Andrea Sorbi and Barry Cooper
and consisted of:

Manindra Agrawal (Kanpur)
Marat M. Arslanov (Kazan)
Giorgio Ausiello (Rome)

Andrej Bauer (Ljubljana)

Arnold Beckmann (Swansea)
Ulrich Berger (Swansea)

Paola Bonizzoni (Milan)

Andrea Cantini (Florence)

S. Barry Cooper (Leeds, Co-chair)
Laura Crosilla (Leeds)

Josep Diaz (Barcelona)

Costas Dimitracopoulos (Athens)
Fernando Ferreira (Lisbon)

Sergei S. Goncharov (Novosibirsk)
Peter Griinwald (Amsterdam)
David Harel (Jerusalem)

Andrew Hodges (Oxford)

Julia Kempe (Paris)

Giuseppe Longo (Paris)

Benedikt Lowe (Amsterdam)

Johann A. Makowsky (Haifa)

Elvira Mayordomo Cédmara (Zaragoza)
Wolfgang Merkle (Heidelberg)

Franco Montagna (Siena)

Dag Normann (Oslo)

Thanases C. Pheidas (Iraklion, Crete)
Grzegorz Rozenberg (Leiden)
Giovanni Sambin (Padova)

Helmut Schwichtenberg (Munich)
Wilfried Sieg (Pittsburgh)

Andrea Sorbi (Siena, Co-chair)

Ivan N. Soskov (Sofia)

Peter van Emde Boas (Amsterdam)

We are delighted to acknowledge and thank the following for their essen-

tial financial support: the Department of Mathematics and Computer Science
“Roberto Magari” at Siena; the Fondazione del Monte dei Paschi di Siena; the
Istituto Nazionale di Alta Matematica: Gruppo Nazionale per le Strutture Alge-
briche, Geometriche e le loro Applicazioni (INDAM-GNSAGA); the University of
Siena; the Associazione Italiana di Logica e sue Applicazioni (AILA); the Associ-
ation for Symbolic Logic (ASL); the European Association for Computer Science
Logic (EACSL). We would also like to thanks our sponsors: the European As-
sociation for Theoretical Computer Science (EATCS); the Association of Logic,
Language and Information (FoLLI); the Committee on the Status of Women in
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Computing Research (CRA-W). We are pleased to thank our colleagues on the
Organising Committee for their many contributions and our research students
for practical help at the conference. Special thanks are due to Thomas Kent,
Tommaso Flaminio, Luca Spada, Andy Lewis, and Franco Montagna for their
precious collaboration, and the Congress Service of the University of Siena for
the administrative aspects of the conference.

The high scientific quality of the conference was possible through the con-
scientious work of the Programme Committee, the Special Session organisers,
and the referees. We are grateful to all members of the Programme Committee
for their efficient evaluations and extensive debates, which established the final
programme. We also thank the following referees:

Klaus Aehlig

Pilar Albert

Klaus Ambos-Spies
Andrea Asperti
Luis Antunes
Albert Atserias
George Barmpalias
Freiric Barral
Sebastian Bauer
Almut Beige

Josef Berger

Luca Bernardinello
Daniela Besozzi
Laurent Bienvenu
Christian Blum
Markus Bléser
Thomas Bolander
Roberto Bonato
Lars Borner
Abraham P. Bos
Malte Braack
Vasco Brattka
Andries E. Brouwer
Joshua

Buresh-Oppenheim

Nadia Busi
Cristian S. Calude
Riccardo Camerlo
John Case
Orestes Cerdeira
Yijia Chen

Luca Chiarabini
Jose Félix Costa

Ronald Cramer
Paola D’Aquino
Ugo Dal Lago
Victor Dalmau
Tijmen Daniéls
Anuj Dawar
Barnaby Dawson
Ronald de Wolf
José del Campo
Karim Djemame
David Doty
Rod Downey
Martin Escardo
Antonio Fernandes
Claudio Ferretti
Eric Filiol
Eldar Fischer
Daniel Garca
Parmenides Garcia
Cornejo
William Gasarch
Ricard Gavalda
Giangiacomo Gerla
Eugene Goldberg

Massimiliano Goldwurm

Johan Granstrom
Phil Grant

Dima Grigoriev
Barbara Hammer
Tero Harju
Montserrat Hermo
Peter Hertling
Thomas Hildebrandt

John Hitchcock
Pascal Hitzler
Steffen Holldobler
Mathieu Hoyrup
Simon Huber

Jim Hurford

Carl Jockusch

Jan Johannsen
Michael Kaminski
Vladimir Kanovei
Basil Karadais
Vassilios Karakostas
Iztok Kavkler
Thomas Kent

Hans Kleine Biining
Sven Kosub
Bogomil Kovachev
Evangelos Kranakis
S. N. Krishna

Oleg Kudinov

Petr Kurka

Eyal Kushilevitz
Akhlesh Lakhtakia
Jérome Lang

Hans Leiss
Stephane Lengrand
Alberto Leporati
Andy Lewis

Maria Lopez-Valdes
Michele Loreti
Alejandro Maass
Vincenzo Manca
Edwin Mares



Luciano Margara
Maurice Margenstern
Simone Martini
Ralph Matthes
Andrea Maurino
Klaus Meer
Nenad Mihailovic
Russell Miller
Pierluigi Minari
Nikola Mitrovic
Tal Mor

Philippe Moser

Mioara Mugu-Schachter

Thomas Miiller
Nguyen Hoang Nga
Ray Nickson
Karl-Heinz Niggl
Martin Otto
Jiannis Pachos
Aris Pagourtzis
Dimitrii Palchunov
Francesco Paoli

Dirk Pattinson
George Paun
Andrea Pietracaprina
Sergey Podzorov
Chris Pollett

Pavel Pudlak
Diana Ratiu

Jan Reimann

Paul Ruet

Markus Sauerman
Stefan Schimanski
Wolfgang Schonfeld
Jeremy Seligman
Peter Selinger
Mariya Soskova
Bas Spitters

Frank Stephan
Mario Szegedy
Wouter Teepe
Balder ten Cate
Sebastiaan Terwijn
Christof Teuscher
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Neil Thapen

Klaus Thomsen
Christopher Timpson
Michael Tiomkin
Edmondo Trentin
Trifon Trifonov

José Trivino-Rodriguez
Reut Tsarfaty
John Tucker
Sara Uckelman
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Tullio Vardanega
Sergey Verlan
Thomas Vidick
Heribert Vollmer
Rebecca Weber
Philip Welch
Guohua Wu
Reem Yassawi
Martin Ziegler
Jeffery Zucker
Dragisa Zunic

We thank Andrej Voronkov for his Easy Chair system which facilitated the
work of the Programme Committee and the editors considerably.

Finally, we wish to thank once again Thomas Kent of the Organising
Committee, for typesetting this volume virtually by himself.
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S. Barry Cooper
Benedikt Lowe
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