C ONTEMPORARY

MATHEMATICS

Logic and
Its Applications

Andreas Blass
Yi Zhang
Editors

American Mathematical Society



http://dx.doi 90/conm/38

CONTEMPORARY
IMATHEMATICS

380

Logic and
Its Applications

Andreas Blass
Yi Zhang
Editors

American Mathematical Society
Providence, Rhode lsland



Editorial Board
Dennis DeTurck, managing editor

George Andrews Carlos Berenstein Andreas Blass Abel Klein

A. Blass was partially supported by NSF grant DMS-0070723 at the time of the confer-
ences. Y. Zhang was partially supported by grant CNSF 10471158 during the preparation
of this volume.

2000 Mathematics Subject Classification. Primary 03-06; Secondary 03C35, 03C45,
03C60, 03C95, 03C98, 03E05, 03E15, 03F30, 03H15.

Library of Congress Cataloging-in-Publication Data

International Conference on Logic and Its Applications in Algebra and Geometry (2003 : Univer-
sity of Michigan)

Logic and Its applications : International Conference on Logic and Its Applications in Algebra
and Geometry, April 11-13, 2003, and Workshop on Combinatorial Set Theory, Excellent Classes,
and Schanuel Conjecture, April 14-15, 2003, University of Michigan, Ann Arbor, Michigan /
Andreas Blass, Yi Zhang, editors.

p- cm. — (Contemporary mathematics, ISSN 0271-4132 ; 380)

Includes bibliographical references.

ISBN 0-8218-3474-6 (acid-free paper)

1. Algebraic logic—Congresses. 2. Algebraic geometry—Congresses. 1. Blass, Andreas, 1947—
II. Zhang, Yi, 1964 Aug. 22— III. Workshop on Combinatorial Set Theory, Excellent Classes, and
Schanuel Conjecture (2003 : University of Michigan) IV. Title. V. Contemporary mathematics
(American Mathematical Society) ; v. 380.

QA10.I578 2003
511.3/24—dc22 2005041239

Copying and reprinting. Material in this book may be reproduced by any means for edu-
cational and scientific purposes without fee or permission with the exception of reproduction by
services that collect fees for delivery of documents and provided that the customary acknowledg-
ment of the source is given. This consent does not extend to other kinds of copying for general
distribution, for advertising or promotional purposes, or for resale. Requests for permission for
commercial use of material should be addressed to the Acquisitions Department, American Math-
ematical Society, 201 Charles Street, Providence, Rhode Island 02904-2294, USA. Requests can
also be made by e-mail to reprint-permissionQams.org.

Excluded from these provisions is material in articles for which the author holds copyright. In
such cases, requests for permission to use or reprint should be addressed directly to the author(s).
(Copyright ownership is indicated in the notice in the lower right-hand corner of the first page of
each article.)

© 2005 by the American Mathematical Society. All rights reserved.
The American Mathematical Society retains all rights
except those granted to the United States Government.
Copyright of individual articles may revert to the public domain 28 years
after publication. Contact the AMS for copyright status of individual articles.
Printed in the United States of America.

The paper used in this book is acid-free and falls within the guidelines
established to ensure permanence and durability.
Visit the AMS home page at http://www.ams.org/

10987654321 10 09 08 07 06 05



Contents

Preface

Ehrenfeucht-Mostowski Models in Abstract Elementary Classes
JOoHN T. BALDWIN

Unsplit Families, Dominating Families, and Ultrafilters
ANDREAS BLASS

Several Proofs of PA-Unprovability
ANDREY BOVYKIN

Ultrafilter Semirings and Nonstandard Submodels of the Stone-Cech
Compactification of the Natural Numbers
- MAURO D1 NASSO AND MARCO FORTI

Unitary Group Actions and Hilbertian Polish Metric Spaces
Su Gao

Abstract Decomposition Theorem and Applications
RAMI GROSSBERG AND OLIVIER LESSMANN

A Dichotomy Theorem for Being Essentially Countable
GREG HJORTH

Mad Families are Small
TANELI HUUSKONEN AND Y1 ZHANG

Random Logarithm and Homogeneity
TAPANI HYTTINEN

Definability, Semidefinability, and Asymptotic Structure in Analysis
Josg IoviNo

Dependence Relations in Non-Elementary Classes
ALEXEI S. KOLESNIKOV

An Introduction to Excellent Classes
OLIVIER LESSMANN

Ultrafilters and Nuclear Spaces
DANIAR MUSHTARI

Many Quotient Algebras of the Integers Modulo Co-Analytic Ideals
JURIS STEPRANS

iii

17

29

45

53

73

109

129

137

167

203

231

261

271



iv CONTENTS

What Does the Automorphism Group of a Free Abelian Group A Know
About A?
VLADIMIR TOLSTYKH 283

A Categoricity Theorem for Quasi-Minimal Excellent Classes
BoRIS ZILBER 297



Preface

The history of mathematical logic abounds with connections to other areas of
mathematics as well as other fields like philosophy. Set theory began when Can-
tor needed transfinite processes for his analysis of trigonometric series. The basic
notions of computability theory are needed in the study of topics ranging from
Hilbert’s tenth problem (in number theory) to the word problem for groups (in
algebra but motivated by topology). Model theory is the foundation of modern
infinitesimal analysis. Proof theory elucidates fundamental questions of epistemol-
ogy.

Like most fields of mathematics, logic has, in addition to its external connec-
tions, a rich internal development, motivated by questions arising from within the
field itself. Examples include forcing, large cardinals, and inner models in set the-
ory; stability in model theory; functional interpretations and ordinal analysis in
proof theory; and the priority method in computability theory. It seems fair to
say that, during the last half of the twentieth century, research in mathematical
logic was concerned more with such internal issues than with outreach to the rest
of mathematics.

Recently, however, outreach has become stronger. The proof theorists’ func-
tional interpretations have developed to the point where they can give explicit
estimates in analysis, sometimes better than what was obtained by analytic meth-
ods. Descriptive set theory, especially the branch that deals with the complexity of
equivalence relations, has established connections with fields ranging from abelian
group theory to ergodic theory. Technical constructions in model theory have been
shown to have fascinating connections with Schanuel’s conjecture in transcendental
number theory. Computably enumerable sets have infiltrated Riemannian geome-
try.

The present volume arose from two back-to-back conferences held at the Univer-
sity of Michigan in April, 2003. The first, on “Logic and Its Applications in Algebra
and Geometry,” sought to bring together logicians (particularly model theorists and
set theorists) working in these areas. The second, a workshop on “Combinatorial
Set Theory, Excellent Classes, and Schanuel Conjecture,” put more emphasis on
pure logic, though, as suggested by the presence of Schanuel’s conjecture in the
title, connections with other areas were present as well.

Yi Zhang, who works on set-theoretic questions in group theory, spent the
academic year 2002—-2003 in my department at the University of Michigan. Shortly
after he arrived, he asked me whether he could organize a conference here. I pointed
out that we had no money for that. My comment turned out to be irrelevant; he
volunteered to organize a conference anyway. I’'m not sure how one gets prominent
logicians to travel to a conference when no financial support is available, but Yi
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vi PREFACE

did it. Actually, he managed to get financial support, from existing NSF grants in
number theory (thanks to Hugh Montgomery and Trevor Wooley) and set theory,
for one invited speaker and one graduate student, but all the other participants
came at their own expense.

This seems to be the proper place to record gratitude to the NSF for the money
just mentioned; to the Mathematics Department of the University of Michigan for
inviting (through colloquium chairman Lizhen Ji) several of the conference speakers
to give colloquium talks, for providing meeting rooms, and for supplying food for
a reception; to Peter Hinman for providing excellent wine from his renowned cellar
for the reception; to John Baldwin and Rami Grossberg for their help in organizing
the workshop; to Bart Kastermans for setting up the conference web site and for
other technical help; to the participants for making the meeting a great success;
to the authors of the present papers for writing up their work for us; and to the
American Mathematical Society for agreeing to publish this volume.

Andreas Blass



Two conferences, Logic and Its Applications in Algebra and Geometry and Combinatorial
Set Theory, Excellent Classes, and Schanuel Conjecture, were held at the University of
Michigan (Ann Arbor). These events brought together model theorists and set theorists
working in these areas. This volume is the result of those meetings. It is suitable for grad-
uate students and researchers working in mathematical logic.
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