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Algebra and Algebraic
Geometry

Geometric
Representation
Theory and Extended
Affine Lie Algebras
Erhard Neher and Alistair
Savage, University of Ottawa,
ON, Canada, and Weiqiang
Wang, University of Virginia,
Charlottesville, VA, Editors

Lie theory has connections to many other disciplines such as
geometry, number theory, mathematical physics, and algebraic
combinatorics. The interaction between algebra, geometry and
combinatorics has proven to be extremely powerful in shedding
new light on each of these areas.

This book presents the lectures given at the Fields Institute Summer
School on Geometric Representation Theory and Extended Affine
Lie Algebras held at the University of Ottawa in 2009. It provides a
systematic account by experts of some of the exciting developments
in Lie algebras and representation theory in the last two decades.
It includes topics such as geometric realizations of irreducible
representations in three different approaches, combinatorics and
geometry of canonical and crystal bases, finiteW -algebras arising
as the quantization of the transversal slice to a nilpotent orbit,
structure theory of extended affine Lie algebras, and representation
theory of affine Lie algebras at level zero.

This book will be of interest to mathematicians working in Lie
algebras and to graduate students interested in learning the basic
ideas of some very active research directions. The extensive
references in the book will be helpful to guide non-experts to the
original sources.

Titles in this series are co-published with the Fields Institute for
Research in Mathematical Sciences (Toronto, Ontario, Canada).

Contents: J. Kamnitzer, Geometric constructions of the irreducible
representations of GLn; S.-J. Kang, Introduction to crystal bases;
A. Savage, Geometric realizations of crystals; W. Wang, Nilpotent
orbits and finite W -algebras; E. Neher, Extended affine Lie

algebras—An introduction to their structure theory; V. Chari,
Representations of affine and toroidal Lie algebras; Bibliography;
Index.

Fields Institute Communications, Volume 59

February 2011, 213 pages, Hardcover, ISBN: 978-0-8218-5237-8,
LC 2010043432, 2010 Mathematics Subject Classification: 16G20,
17B10, 17B35, 17B37, 17B50, 17B65, 17B67, AMS members
US$79.20, List US$99, Order code FIC/59

Analysis

Wavelet Theory
I. Ya. Novikov, Voronezh
State University, Russia,
V. Yu. Protasov, Moscow
State University, Russia, and
M. A. Skopina, St. Petersburg
University, Russia

Wavelet theory lies on the crossroad of
pure and computational mathematics,
with connections to audio and video signal

processing, data compression, and information transmission.

The present book is devoted to a systematic exposition of modern
wavelet theory. It details the construction of orthogonal and
biorthogonal systems of wavelets and studies their structural and
approximation properties, starting with basic theory and ending
with special topics and problems. The book also presents some
applications of wavelets. Historical commentary is supplied for
each chapter in the book, and most chapters contain exercises.

The book is intended for professional mathematicians and graduate
students working in functional analysis and approximation theory.
It is also useful for engineers applying wavelet theory in their work.
Prerequisites for reading the book consist of graduate courses in
real and functional analysis.

This item will also be of interest to those working in applications.

Contents: Wavelets on the line; Multivariate wavelets; Compactly
supported refinable functions; Wavelets with compact support;
Fractal properties of wavelets; Factorization of refinement
equations; Smoothness of compactly supported wavelets;
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Nonstationary wavelets; Periodic wavelets; Approximation by
periodic wavelets; Remarkable properties of wavelet bases;
Auxiliary facts of the theory of functions and functional analysis;
Historical comments; Bibliography; Index.

Translations of Mathematical Monographs, Volume 239

April 2011, approximately 508 pages, Hardcover, ISBN: 978-0-8218-
4984-2, LC 2010035110, 2010 Mathematics Subject Classification:
42C40, AMS members US$104.80, List US$131, Order code
MMONO/239

Differential Equations

Introduction to
Differential Equations
Michael E. Taylor, University of
North Carolina, Chapel Hill, NC

The mathematical formulations of
problems in physics, economics, biology,
and other sciences are usually embodied
in differential equations. The analysis of
the resulting equations then provides new
insight into the original problems. This
book describes the tools for performing
that analysis.

The first chapter treats single differential equations, emphasizing
linear and nonlinear first order equations, linear second order
equations, and a class of nonlinear second order equations arising
from Newton’s laws. The first order linear theory starts with a
self-contained presentation of the exponential and trigonometric
functions, which plays a central role in the subsequent development
of this chapter. Chapter 2 provides a mini-course on linear algebra,
giving detailed treatments of linear transformations, determinants
and invertibility, eigenvalues and eigenvectors, and generalized
eigenvectors. This treatment is more detailed than that in most
differential equations texts and provides a solid foundation for the
next two chapters. Chapter 3 studies linear systems of differential
equations. It starts with the matrix exponential, melding material
from Chapters 1 and 2, and uses this exponential as a key tool
in the linear theory. Chapter 4 deals with nonlinear systems of
differential equations. This uses all the material developed in the
first three chapters and moves it to a deeper level. The chapter
includes theoretical studies, such as the fundamental existence and
uniqueness theorem, but also has numerous examples, arising from
Newtonian physics, mathematical biology, electrical circuits, and
geometrical problems. These studies bring in variational methods, a
fertile source of nonlinear systems of differential equations. The
reader who works through this book will be well prepared for
advanced studies in dynamical systems, mathematical physics, and
partial differential equations.

Contents: Single differential equations; Linear algebra; Linear
systems of differential equations; Nonlinear systems of differential
equations; Bibliography; Index.

Pure and Applied Undergraduate Texts, Volume 14

March 2011, approximately 415 pages, Hardcover, ISBN: 978-
0-8218-5271-2, LC 2010037816, 2010 Mathematics Subject
Classification: 34-01, AMS members US$58.40, List US$73, Order
code AMSTEXT/14

Geometry and Topology

Tropical Geometry
and Mirror Symmetry
Mark Gross, University of
California, San Diego, CA

Tropical geometry provides an
explanation for the remarkable power of
mirror symmetry to connect complex and
symplectic geometry. The main theme
of this book is the interplay between
tropical geometry and mirror symmetry,
culminating in a description of the recent

work of Gross and Siebert using log geometry to understand how
the tropical world relates the A- and B-models in mirror symmetry.

The text starts with a detailed introduction to the notions of tropical
curves and manifolds, and then gives a thorough description of both
sides of mirror symmetry for projective space, bringing together
material which so far can only be found scattered throughout the
literature. Next follows an introduction to the log geometry of
Fontaine-Illusie and Kato, as needed for Nishinou and Siebert’s
proof of Mikhalkin’s tropical curve counting formulas. This latter
proof is given in the fourth chapter. The fifth chapter considers the
mirror, B-model side, giving recent results of the author showing
how tropical geometry can be used to evaluate the oscillatory
integrals appearing. The final chapter surveys reconstruction
results of the author and Siebert for “integral tropical manifolds.” A
complete version of the argument is given in two dimensions.

This item will also be of interest to those working in mathematical
physics.

A co-publication of the AMS and CBMS.

Contents: The three worlds: The tropics; The A- and B-models;
Log geometry; Example: P2: Mikhalkin’s curve counting formula;
Period integrals; The Gross-Siebert program: The program and
two-dimensional results; Bibliography; Index of symbols; General
index.

CBMS Regional Conference Series in Mathematics, Number 114

February 2011, 317 pages, Softcover, ISBN: 978-0-8218-5232-3,
LC 2010043384, 2010 Mathematics Subject Classification: 14T05,
14M25, 14N35, 14J32, 14J33, 52B20, AMS members US$45.60, All
Individuals US$45.60, List US$57, Order code CBMS/114
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Mathematical Physics

Motives, Quantum
Field Theory, and
Pseudodifferential
Operators
Alan Carey, Australian
National University, Canberra,
Australia, David Ellwood,
Clay Mathematics Institute,
Cambridge, MA, Sylvie Paycha,
Université Blaise Pascal, Aubiere,
France, and Steven Rosenberg,
Boston University, MA, Editors

This volume contains articles related to the conference “Motives,
Quantum Field Theory, and Pseudodifferntial Operators” held at
Boston University in June 2008, with partial support from the
Clay Mathematics Institute, Boston University, and the National
Science Foundation. There are deep but only partially understood
connections between the three conference fields, so this book is
intended both to explain the known connections and to offer
directions for further research.

In keeping with the organization of the conference, this book
contains introductory lectures on each of the conference themes
and research articles on current topics in these fields. The
introductory lectures are suitable for graduate students and new
Ph.D.’s in both mathematics and theoretical physics, as well as for
senior researchers, since few mathematicians are expert in any two
of the conference areas.

Among the topics discussed in the introductory lectures are the
appearance of multiple zeta values both as periods of motives
and in Feynman integral calculations in perturbative QFT, the
use of Hopf algebra techniques for renormalization in QFT, and
regularized traces of pseudodifferential operators. The motivic
interpretation of multiple zeta values points to a fundamental link
between motives and QFT, and there are strong parallels between
regularized traces and Feynman integral techniques.

The research articles cover a range of topics in areas related to the
conference themes, including geometric, Hopf algebraic, analytic,
motivic and computational aspects of quantum field theory and
mirror symmetry. There is no unifying theory of the conference
areas at present, so the research articles present the current state of
the art pointing towards such a unification.

This item will also be of interest to those working in differential
equations and algebra and algebraic geometry.

Titles in this series are co-published with the Clay Mathematics
Institute (Cambridge, MA).

Contents: Introductory articles: Y. André, An introduction to
motivic zeta functions of motives; D. Kreimer, Algebra for
quantum fields; M. Lesch, Pseudodifferential operators and
regularized traces; D. Manchon, Renormalization in connected
graded Hopf algebras: An introduction; Research articles: P. Albin
and R. Melrose, Fredholm realizations of elliptic symbols on
manifolds with boundary II: Fibered boundary; J. Bergström and
F. Brown, Inversion of series and the cohomology of the moduli
spaces Mδ

0,n; P. Bouwknegt, K. C. Hannabuss, and V. Mathai,

C*-algebras in tensor categories; J. Blümlein, Structural relations of
harmonic sums and Mellin transforms at weightw = 6; L. Foissy,
Hopf subalgebras of rooted trees from Dyson-Schwinger equations;
J. Mickelsson, From gauge anomalies to Gerbes and Gerbal actions;
R. Ponge, A microlocal approach to Fefferman’s program in
conformal and CR geometry; M. Roth and N. Yui, Mirror symmetry
for elliptic curves: The A-model (fermionic) counting; C. Schneider,
A symbolic summation approach to find optimal nested sum
representations; S. Scott, Logarithmic structures and TQFT; W. D.
van Suijlekom, Renormalization Hopf algebras for gauge theories
and BRST-symmetries.

Clay Mathematics Proceedings, Volume 12

January 2011, 349 pages, Softcover, ISBN: 978-0-8218-5199-9,
LC 2010040806, 2010 Mathematics Subject Classification: 14-02,
14F42, 16T05, 33F10, 58-02, 58J42, 81-02, 81T15, 81T18, 81Q30,

AMS members US$71.20, List US$89, Order code CMIP/12

Probability and Statistics

Mathematical
Statistics
Asymptotic Minimax
Theory

Alexander Korostelev, Wayne
State University, Detroit, MI, and
Olga Korosteleva, California
State University, Long Beach, CA

This book is designed to bridge the gap
between traditional textbooks in statistics and more advanced
books that include the sophisticated nonparametric techniques.
It covers topics in parametric and nonparametric large-sample
estimation theory. The exposition is based on a collection
of relatively simple statistical models. It gives a thorough
mathematical analysis for each of them with all the rigorous proofs
and explanations. The book also includes a number of helpful
exercises.

Prerequisites for the book include senior undergraduate/beginning
graduate-level courses in probability and statistics.

Contents: Parametric models: The Fisher efficiency; The Bayes and
minimax estimators; Asymptotic minimaxity; Some irregular
statistical experiments; Change-point problem; Sequential
estimators; Linear parametric regression; Nonparametric
regression: Estimation in nonparametric regression; Local
polynomial approximation of regression function; Estimation of
regression in global norms; Estimation by splines; Asymptotic
optimality in global norms; Estimation in nonparametric
models: Estimation of functionals; Dimension and structure
in nonparametric regression; Adaptive estimation; Testing of
nonparametric hypotheses; Bibliography; Index of notation; Index.

Graduate Studies in Mathematics, Volume 119

February 2011, approximately 243 pages, Hardcover, ISBN:
978-0-8218-5283-5, LC 2010037408, 2010 Mathematics Subject
Classification: 62F12, 62G08; 62F10, 62G05, 62G10, 62G20, AMS

members US$50.40, List US$63, Order code GSM/119
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New AMS-Distributed
Publications

Algebra and Algebraic
Geometry

Algebraic Geometry I
Schemes. With Examples
and Exercises

Ulrich Görtz, University of Bonn,
Germany, and Torsten Wedhorn,
University of Paderborn,
Germany

This book introduces the reader to
modern algebraic geometry. It presents

Grothendieck’s technically demanding language of schemes that is
the basis of the most important developments in the last fifty years
within this area. A systematic treatment and motivation of the
theory is emphasized, using concrete examples to illustrate its
usefulness. The two example classes of Hilbert modular surfaces
and determinantal varieties are used methodically to discuss the
covered techniques. For the reader the further development of the
theory yields a better understanding of these fascinating objects.

The text is complemented by many exercises that serve to enhance
comprehension, treat additional examples, or give an outlook on
further results. This book, the first of two volumes, serves as an
introductory volume on schemes. The second volume concerns the
cohomology of schemes.

Volume I requires only basic knowledge in abstract algebra and
topology. Essential facts from commutative algebra are assembled
in an appendix.

A publication of Vieweg Verlag. The AMS is exclusive distributor in
North America. Vieweg Verlag Publications are available worldwide
from the AMS outside of Germany, Switzerland, Austria, and Japan.

Contents: Prevarieties; Spectrum of a ring; Schemes; Fiber
products; Schemes over fields; Local properties of schemes;
Quasi-coherent modules; Representable functors; Separated
morphisms; Finiteness conditions; Vector bundles; Affine and
proper morphisms; Projective morphisms; Flat morphisms and
dimension; One-dimensional schemes; Examples.

Vieweg Advanced Lectures in Mathematics

June 2010, 615 pages, Softcover, ISBN: 978-3-8348-0676-5, AMS
members US$81.90, List US$91, Order code VWALM/12

Algebraic Geometry in
East Asia (Seoul, 2008)
JongHae Keum, Korea Institute
for Advanced Study, Seoul,
Korea, Shigeyuki Kondō, Nagoya
University, Japan, and Kazuhiro
Konno and Keiji Oguiso, Osaka
University, Japan, Editors

The international conference “Algebraic
Geometry in East Asia, III” was held at the Korea Institute for
Advanced Study in Seoul, Korea in November 2008. The 21 invited
lectures (including four lectures by Europeans and Americans) were
presented at the conference.

This volume consists of three survey articles and 10 research
articles. The papers explore a wide variety of topics, including
algebraic surfaces, Fano varieties, variety of general type, bundles,
Cremona groups, Mordell–Weil groups, fundamental group scheme,
and quantum rings.

Published for the Mathematical Society of Japan by Kinokuniya,
Tokyo, and distributed worldwide, except in Japan, by the AMS.

Contents: Survey Articles: I. V. Dolgachev, Finite subgroups of the
plane Cremona group; M. Schütt and T. Shioda, Elliptic surfaces;
X. Sun, Frobenius morphism and semi-stable bundles; Research
Articles: J.-X. Cai, Automorphisms of an irregular surface with
low slope acting trivially in cohomology; J. -C. Chen, On Fano
varieties with large pseudo-index; M. Chen, On pluricanonical
systems of algebraic varieties of general type; H. Esnault and P. H.
Hai, Two small remarks on Nori fundamental group scheme;
J. Keum, Projective surfaces with many nodes; Y. Lee, Complex
structure on the rational blowdown of sections in E(4); H. -W. Lin,
Quantum invariance underP1 flops of type (k+2, k); N. Nakayama,
Separable endomorphisms of surfaces in positive characteristic;
K. Oguiso, The third smallest Salem number in automorphisms
of K3 surfaces; I. Shimada, Topology of curves on a surface and
lattice-theoretic invariants of coverings of the surface.

Advanced Studies in Pure Mathematics, Volume 60

September 2010, 382 pages, Hardcover, ISBN: 978-4-931469-63-1,
2010 Mathematics Subject Classification: 14-06; 14E07, 14J27,
06B05, 11G05, 11G07, 11G50, 14J20, 14J50, 14E30, 14E05, 14E25,
14L15, 14J17, 14J29, 14J10, 53D05, 14N35, 53D45, 14J26, 14J28,
14H50, 14E20, 14J60, AMS members US$53.60, List US$67, Order
code ASPM/60
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Quantum Groups
and Noncommutative
Spaces
Perspectives on Quantum
Geometry

Matilde Marcolli, California
Institute of Technology, Pasadena,
CA, and Deepak Parashar,
University of Cambridge, UK,
Editors

This book aims to present different
methods and perspectives in the theory of quantum groups and to
provide a bridge between the algebraic, representation-theoretic,
analytic, and differential-geometric approaches. It also covers
recent developments in noncommutative geometry which have
close relations to quantization and quantum group symmetries.
The volume includes surveys by experts. The surveys originated
from an activity at the Max Planck Institute for Mathematics in Bonn.

A publication of Vieweg Verlag. The AMS is exclusive distributor in
North America. Vieweg Verlag Publications are available worldwide
from the AMS outside of Germany, Switzerland, Austria, and Japan.

Contents: Contributions by Tomasz Brzezinski, Branimir Cacic,
Rita Fioresi, Rita Fioresi and Fabio Gavarini, Debashish Goswami,
Christian Kassel, Avijit Mukherjee, Alfons Van Daele, Robert
Wisbauer, and Alessandro Zampini.

Vieweg Aspects of Mathematics, Volume 40

September 2010, 240 pages, Hardcover, ISBN: 978-3-8348-1442-5,

2010 Mathematics Subject Classification: 17B37, 58B32, 20G42,

16T05, 19D55, 81T75, AMS members US$67.50, List US$75, Order

code VWAM/40

Motivic Aspects of
Hodge Theory
Chris Peters, Université Grenoble
I, St. Martin d’Heres, France

These notes are based on a series of
lectures given at the Tata Institute of
Fundamental Research, Mumbai, in 2007,
on the theme of Hodge theoretic motives
associated to various geometric objects.
Starting with the topological setting, the
notes go on to Hodge theory and mixed

Hodge theory on the cohomology of varieties. Degenerations,
limiting mixed Hodge structures and the relation to singularities
are addressed next. The original proof of Bittner’s theorem on
the Grothendieck group of varieties, with some applications, is
presented as an appendix to one of the chapters.

The situation of relative varieties is addressed next using the
machinery of mixed Hodge modules. Chern classes for singular
varieties are explained in the motivic setting using Bittner’s
approach, and their full functorial meaning is made apparent using
mixed Hodge modules.

An appendix explains the treatment of Hodge characteristic in
relation with motivic integration and string theory. Throughout

these notes, emphasis is placed on explaining concepts and giving
examples.

A publication of the Tata Institute of Fundamental Research.
Distributed worldwide except in India, Bangladesh, Bhutan,
Maldavis, Nepal, Pakistan, and Sri Lanka.

Contents: Motives and topology; The Hodge characteristic makes
its appearance; The Hodge characteristic: examples; Hodge theory
revisited; Mixed Hodge theory; Motivic Hodge theory; Motivic
aspects of degenerations; Motivic nearby fibre: examples; Motivic
aspects of degenerations: Applications; Motives in the relative
setting: Topological aspects; Variations of Hodge structure; Hodge
modules; Motives in the relative setting: Mixed Hodge modules; The
motivic Chern class transformation; Bibliography; Index.

Tata Institute of Fundamental Research

April 2010, 141 pages, Softcover, ISBN: 978-81-8487-012-1, 2010
Mathematics Subject Classification: 14C30, 14D07, 32S35, 32S20,
32S60; 34M50, 32C38, 19E15, AMS members US$32, List US$40,
Order code TIFR/15

Fixed Point Theory
and Trace for
Bicategories
Kate Ponto, University of Notre
Dame, IN

The Lefschetz fixed point theorem follows
easily from the identification of the
Lefschetz number with the fixed point
index. This identification is a consequence
of the functoriality of the trace in

symmetric monoidal categories. There are refinements of the
Lefschetz number and the fixed point index that give a converse
to the Lefschetz fixed point theorem. An important part of this
theorem is the identification of these different invariants.

The author defines a generalization of the trace in symmetric
monoidal categories to a trace in bicategories with shadows. She
shows the invariants used in the converse of the Lefschetz fixed
point theorem are examples of this trace and that the functoriality
of the trace provides some of the necessary identifications. The
methods used here do not use simplicial techniques and so
generalize readily to other contexts.

A publication of the Société Mathématique de France, Marseilles
(SMF), distributed by the AMS in the U.S., Canada, and Mexico.
Orders from other countries should be sent to the SMF. Members of
the SMF receive a 30% discount from list.

Contents: A review of fixed point theory; The converse to the
Lefschetz fixed point theorem; Topological duality and fixed point
theory; Why bicategories?; Duality for parametrized modules;
Classical fixed point theory; Duality for fiberwise parametrized
modules; Fiberwise fixed point theory; A review of bicategory
theory; Index; Index of notation; Bibliography.

Astérisque, Number 333

August 2010, 102 pages, Softcover, ISBN: 978-2-85629-293-8,
Individual member US$40.50, List US$45, Order code AST/333
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New AMS-Distributed Publications

Differential Equations

Creation of Fermions
by Rotating Charged
Black Holes
Dietrich Häfner, Université
Bordeaux 1, Talence, France

This work is devoted to the mathematical
study of the Hawking effect for fermions
in the setting of the collapse of a rotating
charged star. The author shows that an
observer who is located far away from the

star and at rest with respect to the Boyer–Lindquist coordinates
observes the emergence of a thermal state when his proper time
goes to infinity.

The author first introduces a model of the collapse of the star.
He supposes that the space-time outside the star is given by the
Kerr–Newman metric. The assumptions on the asymptotic behavior
of the surface of the star are inspired by the asymptotic behavior of
certain timelike geodesics in the Kerr–Newman metric. The Dirac
equation is then written using coordinates and a Newman–Penrose
tetrad, which are adapted to the collapse. This coordinate system
and tetrad are based on the so-called simple null geodesics. The
quantization of Dirac fields in a globally hyperbolic space-time is
described.

The author formulates and proves a theorem about the Hawking
effect in this setting. The proof of the theorem contains a minimal
velocity estimate for Dirac fields that is slightly stronger than the
usual ones and an existence and uniqueness result for solutions of a
characteristic Cauchy problem for Dirac fields in the Kerr–Newman
space-time. In an appendix the author constructs explicitly a
Penrose compactification of block I of the Kerr–Newman space-time
based on simple null geodesics.

This item will also be of interest to those working in geometry and
topology.

A publication of the Société Mathématique de France, Marseilles
(SMF), distributed by the AMS in the U.S., Canada, and Mexico.
Orders from other countries should be sent to the SMF. Members of
the SMF receive a 30% discount from list.

Contents: Introduction; Strategy of the proof and organization
of the article; The model of the collapsing star; Classical Dirac
fields; Dirac quantum fields; Additional scattering results; The
characteristic Cauchy problem; Reductions; Comparison of the
dynamics; Propagation of singularities; Proof of the main theorem;
Bibliography.

Mémoires de la Société Mathématique de France, Number 117

October 2010, 158 pages, Softcover, ISBN: 978-2-85629-284-6, 2010
Mathematics Subject Classification: 35P25, 35Q75, 58J45, 83C47,
83C57, 83C60, Individual member US$37.80, List US$42, Order
code SMFMEM/117
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