Model theory is a branch of mathematical logic that has found applications in several areas of algebra and geometry. It provides a unifying framework for the understanding of old results and more recently has led to significant new results, such as a proof of the Mordell–Lang conjecture for function fields in positive characteristic. Perhaps surprisingly, it is sometimes the most abstract aspects of model theory that are relevant to these applications.

This book gives the necessary background for understanding both the model theory and the mathematics behind the applications. Aimed at graduate students and researchers, it is unique in that it contains surveys by leading experts covering the whole spectrum of contemporary model theory (stability, simplicity, o-minimality and variations), and introducing and discussing the diverse areas of geometry (algebraic, diophantine, real analytic, p-adic and rigid) to which the model theory is applied.

The book begins with an introduction to model theory by David Marker. It then broadens into three components: pure model theory (Bradd Hart, Dugald Macpherson), geometry (Barry Mazur, Ed Bierstone and Pierre Milman, Jan Denef), and the model theory of fields (Marker, Lou van den Dries, Zoé Chatzidakis).

Mathematical Sciences Research Institute Publications 39

Model Theory, Algebra, and Geometry

Mathematical Sciences Research Institute Publications

Vol. 1 Freed and Uhlenbeck: Instantons and Four-Manifolds, second edition Vol. 2 Chern (editor): Seminar on Nonlinear Partial Differential Equations Vol. 3 Lepowsky, Mandelstam, and Singer (editors): Vertex Operators in Mathematics and Physics Vol. 4 Kac (editor): Infinite Dimensional Groups with Applications Vol. 5 Blackadar: K-Theory for Operator Algebras, second edition Vol. 6 Moore (editor): Group Representations, Ergodic Theory, Operator Algebras, and Mathematical Physics Vol. 7 Chorin and Majda (editors): Wave Motion: Theory, Modelling, and Computation Vol. 8 Gersten (editor): Essays in Group Theory Vol. 9 Moore and Schochet: Global Analysis on Foliated Spaces Vol. 10–11 Drasin, Earle, Gehring, Kra, and Marden (editors): Holomorphic Functions and Moduli I, II Vol. 12–13 Ni, Peletier, and Serrin (editors): Nonlinear Diffusion Equations and Their Equilibrium States I, II Vol. 14 Goodman, de la Harpe, and Jones: Coxeter Graphs and Towers of Algebras Vol. 15 Hochster, Huneke, and Sally (editors): Commutative Algebra Vol. 16 Ihara, Ribet, and Serre (editors): Galois Groups over Q Vol. 17 Concus, Finn, and Hoffman (editors): Geometric Analysis and Computer Graphics Vol. 18 Bryant, Chern, Gardner, Goldschmidt, and Griffiths: Exterior Differential Systems Vol. 19 Alperin (editor): Arboreal Group Theory Vol. 20 Dazord and Weinstein (editors): Symplectic Geometry, Groupoids, and Integrable Systems Vol. 21 Moschovakis (editor): Logic from Computer Science Vol. 22 Ratiu (editor): The Geometry of Hamiltonian Systems Vol. 23 Baumslag and Miller (editors): Algorithms and Classification in Combinatorial Group Theory Vol. 24 Montgomery and Small (editors): Noncommutative Rings Vol. 25 Akbulut and King: Topology of Real Algebraic Sets Vol. 26 Judah, Just, and Woodin (editors): Set Theory of the Continuum Vol. 27 Carlsson, Cohen, Hsiang, and Jones (editors): Algebraic Topology and Its Applications Vol. 28 Clemens and Kollar (editors): Current Topics in Complex Algebraic Geometry Vol. 29 Nowakowski (editor): Games of No Chance Vol. 30 Grove and Petersen (editors): Comparison Geometry Vol. 31 Levy (editor): Flavors of Geometry Vol. 32 Cecil and Chern (editors): Tight and Taut Submanifolds Vol. 33 Axler, McCarthy, and Sarason (editors): Holomorphic Spaces Vol. 34 Ball and Milman (editors): Convex Geometric Analysis Vol. 35 Levy (editor): The Eightfold Way Vol. 36 Gavosto, Krantz, and McCallum (editors): Contemporary Issues in Mathematics Education Vol. 37 Schneider and Siu (editors): Several Complex Variables Vol. 38 Billera, Björner, Green, Simion, and Stanley (editors): New Perspectives in Geometric Combinatorics

Volumes 1–4 and 6–27 are available from Springer-Verlag

Model Theory, Algebra, and Geometry

Edited by

Deirdre Haskell

Holy Cross College

Anand Pillay

University of Illinois at Urbana–Champaign

Charles Steinhorn

Vassar College

Deirdre Haskell Mathematical Sciences Holy Cross College Research Institute Department of Mathematics 1000 Centennial Drive Worcester, MA 01610 Berkeley, CA 94720 United States United States

Anand Pillay University of Illinois Series Editor Department of Mathematics Silvio Levy 1409 W. Green St. Urbana, IL 61801 United States MSRI Editorial Committee Joe P. Buhler (chair) Charles Steinhorn Alexandre Chorin Vassar College Silvio Levy Department of Mathematics Jill Mesirov Poughkeepsie, NY 12604 Robert Osserman United States Peter Sarnak

The Mathematical Sciences Research Institute wishes to acknowledge support by the National Science Foundation.

published by the press syndicate of the university of cambridge The Pitt Building, Trumpington Street, Cambridge, United Kingdom

cambridge university press The Edinburgh Building, Cambridge CB2 2RU, UK http://www.cup.cam.ac.uk 40 West 20th Street, New York, NY 10011-4211, USA http://www.cup.org 10 Stamford Road, Oakleigh, Melbourne 3166, Australia Ruiz de Alarcón 13, 28014 Madrid, Spain

© Mathematical Sciences Research Institute 2000

Printed in the United States of America

A catalogue record for this book is available from the British Library.

Library of Congress Cataloguing in Publication data:

Model theory, algebra, and geometry / [edited by] Deirdre Haskell, Anand Pillay, Charles Steinhorn. vii, 227 p. ; 24 cm. (Mathematical Sciences Research Institute publications ; 39) ISBN 0-521-78068-3 (hbk.)

1. Model theory. 2. Geometry. 3. Fields (Algebra) I. Haskell, Deirdre, 1963– II. Pillay, Anand. III Steinhorn, Charles. IV. Series. QA9.7.M595 2000 511^′.8–dc21 00–020294

ISBN 0 521 78068 3 hardback