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feel overwhelmed by all the information available about nutrition,? In this program, a ProHealth Care 
dietitian helps you cut ...
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The Mathematics of Knots

The present volume grew out of the Heidelberg Knot Theory Semester, organized by the editors in 
winter 2008/09 at Heidelberg University. The contributed papers bring the reader up to date on the 
currently most actively pursued areas of mathematical knot theory and its applications in mathematical 
physics and cell biology. Both original research and survey articles are presented; numerous illustra-
tions support the text. The book will be of great interest to researchers in topology, geometry, and 
mathematical physics, graduate students specializing in knot theory, and cell biologists interested in 
the topology of DNA strands.

Knots and Physics

An introduction to knot and link invariants as generalised amplitudes for a quasi-physical process. The 
demands of knot theory, coupled with a quantum-statistical framework, create a context that naturally 
and powerfully includes an extraordinary range of interrelated topics in topology and mathematical 
physics.

Low-dimensional and Symplectic Topology

Every eight years since 1961, the University of Georgia has hosted a major international topology 
conference aimed at disseminating important recent results and bringing together researchers at 
different stages of their careers. This volume contains the proceedings of the 2009 conference, which 
includes survey and research articles concerning such areas as knot theory, contact and symplectic 
topology, 3-manifold theory, geometric group theory, and equivariant topology. Among other highlights 
of the volume, a survey article by Stefan Friedl and Stefano Vidussi provides an accessible treatment 
of their important proof of Taubes' conjecture on symplectic structures on the product of a 3-manifold 
and a circle, and an intriguing short article by Dennis Sullivan opens the door to the use of modern 
algebraic-topological techniques in the study of finite-dimensional models of famously difficult problems 
in fluid dynamics. Continuing what has become a tradition, this volume contains a report on a problem 
session held at the conference, discussing a variety of open problems in geometric topology.

What's Next?

William Thurston (1946-2012) was one of the great mathematicians of the twentieth century. He 
was a visionary whose extraordinary ideas revolutionized a broad range of mathematical fields, 
from foliations, contact structures, and Teichm ller theory to automorphisms of surfaces, hyperbolic 
geometry, geometrization of 3-manifolds, geometric group theory, and rational maps. In addition, he 
discovered connections between disciplines that led to astonishing breakthroughs in mathematical 
understanding as well as the creation of entirely new fields. His far-reaching questions and conjectures 
led to enormous progress by other researchers. What's Next? brings together many of today's leading 
mathematicians to describe recent advances and future directions inspired by Thurston's transforma-



tive ideas. Including valuable insights from his colleagues and former students, What's Next? discusses 
Thurston's fundamental contributions to topology, geometry, and dynamical systems and includes 
many deep and original contributions to the field. This incisive and wide-ranging book also explores 
how he introduced new ways of thinking about and doing mathematics, innovations that have had a 
profound and lasting impact on the mathematical community as a whole.

Knots, Low-Dimensional Topology and Applications

This proceedings volume presents a diverse collection of high-quality, state-of-the-art research and 
survey articles written by top experts in low-dimensional topology and its applications. The focal topics 
include the wide range of historical and contemporary invariants of knots and links and related topics 
such as three- and four-dimensional manifolds, braids, virtual knot theory, quantum invariants, braids, 
skein modules and knot algebras, link homology, quandles and their homology; hyperbolic knots and 
geometric structures of three-dimensional manifolds; the mechanism of topological surgery in physical 
processes, knots in Nature in the sense of physical knots with applications to polymers, DNA enzyme 
mechanisms, and protein structure and function. The contents is based on contributions presented at 
the International Conference on Knots, Low-Dimensional Topology and Applications – Knots in Hellas 
2016, which was held at the International Olympic Academy in Greece in July 2016. The goal of 
the international conference was to promote the exchange of methods and ideas across disciplines 
and generations, from graduate students to senior researchers, and to explore fundamental research 
problems in the broad fields of knot theory and low-dimensional topology. This book will benefit all 
researchers who wish to take their research in new directions, to learn about new tools and methods, 
and to discover relevant and recent literature for future study.

Quandles and Topological Pairs

This book surveys quandle theory, starting from basic motivations and going on to introduce recent 
developments of quandles with topological applications and related topics. The book is written from 
topological aspects, but it illustrates how esteemed quandle theory is in mathematics, and it constitutes 
a crash course for studying quandles.More precisely, this work emphasizes the fresh perspective that 
quandle theory can be useful for the study of low-dimensional topology (e.g., knot theory) and relative 
objects with symmetry. The direction of research is summarized as “We shall thoroughly (re)interpret 
the previous studies of relative symmetry in terms of the quandle”. The perspectives contained herein 
can be summarized by the following topics. The first is on relative objects G/H, where G and H are 
groups, e.g., polyhedrons, reflection, and symmetric spaces. Next, central extensions of groups are 
discussed, e.g., spin structures, K2 groups, and some geometric anomalies. The third topic is a method 
to study relative information on a 3-dimensional manifold with a boundary, e.g., knot theory, relative 
cup products, and relative group cohomology.For applications in topology, it is shown that from the 
perspective that some existing results in topology can be recovered from some quandles, a method 
is provided to diagrammatically compute some “relative homology”. (Such classes since have been 
considered to be uncomputable and speculative). Furthermore, the book provides a perspective that 
unifies some previous studies of quandles.The former part of the book explains motivations for studying 
quandles and discusses basic properties of quandles. The latter focuses on low-dimensional topology 
or knot theory. Finally, problems and possibilities for future developments of quandle theory are posed.

Guts of Surfaces and the Colored Jones Polynomial

This monograph derives direct and concrete relations between colored Jones polynomials and the 
topology of incompressible spanning surfaces in knot and link complements. Under mild diagrammatic 
hypotheses, we prove that the growth of the degree of the colored Jones polynomials is a boundary 
slope of an essential surface in the knot complement. We show that certain coefficients of the 
polynomial measure how far this surface is from being a fiber for the knot; in particular, the surface 
is a fiber if and only if a particular coefficient vanishes. We also relate hyperbolic volume to colored 
Jones polynomials. Our method is to generalize the checkerboard decompositions of alternating knots. 
Under mild diagrammatic hypotheses, we show that these surfaces are essential, and obtain an ideal 
polyhedral decomposition of their complement. We use normal surface theory to relate the pieces of 
the JSJ decomposition of the complement to the combinatorics of certain surface spines (state graphs). 
Since state graphs have previously appeared in the study of Jones polynomials, our method bridges 
the gap between quantum and geometric knot invariants.



Virtual Knots

The book is the first systematic research completely devoted to a comprehensive study of virtual knots 
and classical knots as its integral part. The book is self-contained and contains up-to-date exposition of 
the key aspects of virtual (and classical) knot theory. Virtual knots were discovered by Louis Kauffman 
in 1996. When virtual knot theory arose, it became clear that classical knot theory was a small integral 
part of a larger theory, and studying properties of virtual knots helped one understand better some 
aspects of classical knot theory and encouraged the study of further problems. Virtual knot theory finds 
its applications in classical knot theory. Virtual knot theory occupies an intermediate position between 
the theory of knots in arbitrary three-manifold and classical knot theory. In this book we present the 
latest achievements in virtual knot theory including Khovanov homology theory and parity theory due 
to V O Manturov and graph-link theory due to both authors. By means of parity, one can construct 
functorial mappings from knots to knots, filtrations on the space of knots, refine many invariants and 
prove minimality of many series of knot diagrams. Graph-links can be treated as "diagramless knot 
theory": such "links" have crossings, but they do not have arcs connecting these crossings. It turns out, 
however, that to graph-links one can extend many methods of classical and virtual knot theories, in 
particular, the Khovanov homology and the parity theory.

Surface-Knots in 4-Space

This introductory volume provides the basics of surface-knots and related topics, not only for re-
searchers in these areas but also for graduate students and researchers who are not familiar with 
the field.Knot theory is one of the most active research fields in modern mathematics. Knots and 
links are closed curves (one-dimensional manifolds) in Euclidean 3-space, and they are related 
to braids and 3-manifolds. These notions are generalized into higher dimensions. Surface-knots or 
surface-links are closed surfaces (two-dimensional manifolds) in Euclidean 4-space, which are related 
to two-dimensional braids and 4-manifolds. Surface-knot theory treats not only closed surfaces but also 
surfaces with boundaries in 4-manifolds. For example, knot concordance and knot cobordism, which 
are also important objects in knot theory, are surfaces in the product space of the 3-sphere and the 
interval.Included in this book are basics of surface-knots and the related topics of classical knots, the 
motion picture method, surface diagrams, handle surgeries, ribbon surface-knots, spinning construc-
tion, knot concordance and 4-genus, quandles and their homology theory, and two-dimensional braids.

Encyclopedia of Knot Theory

"Knot theory has proven to be a fascinating area of mathematical research, dating back about 150 
years. Encyclopedia of Knot Theory provides short, interconnected articles on a variety of active areas 
in knot theory, and includes beautiful pictures, deep mathematical connections, and critical applications. 
Many of the articles in this book are accessible to undergraduates who are working on research 
or taking an advanced undergraduate course in knot theory. More advanced articles will be useful 
to graduate students working on a related thesis topic, to researchers in another area of topology 
who are interested in current results in knot theory, and to scientists who study the topology and 
geometry of biopolymers. Features Provides material which is useful and accessible to undergraduates, 
post-graduates, and full-time researchers Topics discussed provide an excellent catalyst for students 
to explore meaningful research and gain confidence and commitment to pursuing advanced degrees 
Edited and contributed to by top researchers in the field of Knot Theory"--

New Ideas In Low Dimensional Topology

This book consists of a selection of articles devoted to new ideas and developments in low dimensional 
topology. Low dimensions refer to dimensions three and four for the topology of manifolds and their 
submanifolds. Thus we have papers related to both manifolds and to knotted submanifolds of dimension 
one in three (classical knot theory) and two in four (surfaces in four dimensional spaces). Some of 
the work involves virtual knot theory where the knots are abstractions of classical knots but can be 
represented by knots embedded in surfaces. This leads both to new interactions with classical topology 
and to new interactions with essential combinatorics.

Encyclopedia of Knot Theory

"Knot theory is a fascinating mathematical subject, with multiple links to theoretical physics. This 
enyclopedia is filled with valuable information on a rich and fascinating subject." – Ed Witten, Recipient 



of the Fields Medal "I spent a pleasant afternoon perusing the Encyclopedia of Knot Theory. It’s a 
comprehensive compilation of clear introductions to both classical and very modern developments in 
the field. It will be a terrific resource for the accomplished researcher, and will also be an excellent way 
to lure students, both graduate and undergraduate, into the field." – Abigail Thompson, Distinguished 
Professor of Mathematics at University of California, Davis Knot theory has proven to be a fascinating 
area of mathematical research, dating back about 150 years. Encyclopedia of Knot Theory provides 
short, interconnected articles on a variety of active areas in knot theory, and includes beautiful 
pictures, deep mathematical connections, and critical applications. Many of the articles in this book 
are accessible to undergraduates who are working on research or taking an advanced undergraduate 
course in knot theory. More advanced articles will be useful to graduate students working on a related 
thesis topic, to researchers in another area of topology who are interested in current results in knot 
theory, and to scientists who study the topology and geometry of biopolymers. Features Provides 
material that is useful and accessible to undergraduates, postgraduates, and full-time researchers 
Topics discussed provide an excellent catalyst for students to explore meaningful research and gain 
confidence and commitment to pursuing advanced degrees Edited and contributed by top researchers 
in the field of knot theory

Topics in Physical Mathematics

As many readers will know, the 20th century was a time when the fields of mathematics and the 
sciences were seen as two separate entities. Caused by the rapid growth of the physical sciences and 
an increasing abstraction in mathematical research, each party, physicists and mathematicians alike, 
suffered a misconception; not only of the opposition’s theoretical underpinning, but of how the two 
subjects could be intertwined and effectively utilized. One sub-discipline that played a part in the union 
of the two subjects is Theoretical Physics. Breaking it down further came the fundamental theories, 
Relativity and Quantum theory, and later on Yang-Mills theory. Other areas to emerge in this area are 
those derived from the works of Donaldson, Chern-Simons, Floer-Fukaya, and Seiberg-Witten. Aimed 
at a wide audience, Physical Topics in Mathematics demonstrates how various physical theories have 
played a crucial role in the developments of Mathematics and in particular, Geometric Topology. Issues 
are studied in great detail, and the book steadfastly covers the background of both Mathematics and 
Theoretical Physics in an effort to bring the reader to a deeper understanding of their interaction. Whilst 
the world of Theoretical Physics and Mathematics is boundless; it is not the intention of this book to 
cover its enormity. Instead, it seeks to lead the reader through the world of Physical Mathematics; 
leaving them with a choice of which realm they wish to visit next.

Knot Theory and Its Applications

This book introduces the study of knots, providing insights into recent applications in DNA research 
and graph theory. It sets forth fundamental facts such as knot diagrams, braid representations, Seifert 
surfaces, tangles, and Alexander polynomials. It also covers more recent developments and special 
topics, such as chord diagrams and covering spaces. The author avoids advanced mathematical 
terminology and intricate techniques in algebraic topology and group theory. Numerous diagrams and 
exercises help readers understand and apply the theory. Each chapter includes a supplement with 
interesting historical and mathematical comments.

Perspectives in Lie Theory

Lie theory is a mathematical framework for encoding the concept of symmetries of a problem, and 
was the central theme of an INdAM intensive research period at the Centro de Giorgi in Pisa, Italy, in 
the academic year 2014-2015. This book gathers the key outcomes of this period, addressing topics 
such as: structure and representation theory of vertex algebras, Lie algebras and superalgebras, as 
well as hyperplane arrangements with different approaches, ranging from geometry and topology to 
combinatorics.

Physical and Numerical Models in Knot Theory

The physical properties of knotted and linked configurations in space have long been of interest to 
mathematicians. More recently, these properties have become significant to biologists, physicists, 
and engineers among others. Their depth of importance and breadth of application are now widely 
appreciated and valuable progress continues to be made each year. This volume presents several 
contributions from researchers using computers to study problems that would otherwise be intractable. 



While computations have long been used to analyze problems, formulate conjectures, and search for 
special structures in knot theory, increased computational power has made them a staple in many 
facets of the field. The volume also includes contributions concentrating on models researchers use 
to understand knotting, linking, and entanglement in physical and biological systems. Topics include 
properties of knot invariants, knot tabulation, studies of hyperbolic structures, knot energies, the 
exploration of spaces of knots, knotted umbilical cords, studies of knots in DNA and proteins, and the 
structure of tight knots. Together, the chapters explore four major themes: physical knot theory, knot 
theory in the life sciences, computational knot theory, and geometric knot theory.

Algebraic Modeling of Topological and Computational Structures and Applications

This interdisciplinary book covers a wide range of subjects, from pure mathematics (knots, braids, 
homotopy theory, number theory) to more applied mathematics (cryptography, algebraic specification 
of algorithms, dynamical systems) and concrete applications (modeling of polymers and ionic liquids, 
video, music and medical imaging). The main mathematical focus throughout the book is on algebraic 
modeling with particular emphasis on braid groups. The research methods include algebraic modeling 
using topological structures, such as knots, 3-manifolds, classical homotopy groups, and braid groups. 
The applications address the simulation of polymer chains and ionic liquids, as well as the modeling of 
natural phenomena via topological surgery. The treatment of computational structures, including finite 
fields and cryptography, focuses on the development of novel techniques. These techniques can be 
applied to the design of algebraic specifications for systems modeling and verification. This book is 
the outcome of a workshop in connection with the research project Thales on Algebraic Modeling of 
Topological and Computational Structures and Applications, held at the National Technical University of 
Athens, Greece in July 2015. The reader will benefit from the innovative approaches to tackling difficult 
questions in topology, applications and interrelated research areas, which largely employ algebraic 
tools.

Quantum Information Science and Its Contributions to Mathematics

This volume is based on lectures delivered at the 2009 AMS Short Course on Quantum Computation 
and Quantum Information, held January 3-4, 2009, in Washington, D.C. Part I of this volume consists 
of two papers giving introductory surveys of many of the important topics in the newly emerging 
field of quantum computation and quantum information, i.e., quantum information science (QIS). 
The first paper discusses many of the fundamental concepts in QIS and ends with the curious 
and counter-intuitive phenomenon of entanglement concentration. The second gives an introductory 
survey of quantum error correction and fault tolerance, QIS's first line of defense against quantum 
decoherence. Part II consists of four papers illustrating how QIS research is currently contributing to 
the development of new research directions in mathematics. The first paper illustrates how differential 
geometry can be a fundamental research tool for the development of compilers for quantum computers. 
The second paper gives a survey of many of the connections between quantum topology and quantum 
computation. The last two papers give an overview of the new and emerging field of quantum knot 
theory, an interdisciplinary research field connecting quantum computation and knot theory. These two 
papers illustrate surprising connections with a number of other fields of mathematics. In the appendix, 
an introductory survey article is also provided for those readers unfamiliar with quantum mechanics.

Knots and Links

Rolfsen's beautiful book on knots and links can be read by anyone, from beginner to expert, who 
wants to learn about knot theory. Beginners find an inviting introduction to the elements of topology, 
emphasizing the tools needed for understanding knots, the fundamental group and van Kampen's 
theorem, for example, which are then applied to concrete problems, such as computing knot groups. For 
experts, Rolfsen explains advanced topics, such as the connections between knot theory and surgery 
and how they are useful to understanding three-manifolds. Besides providing a guide to understanding 
knot theory, the book offers 'practical' training. After reading it, you will be able to do many things: 
compute presentations of knot groups, Alexander polynomials, and other invariants; perform surgery 
on three-manifolds; and visualize knots and their complements.It is characterized by its hands-on 
approach and emphasis on a visual, geometric understanding. Rolfsen offers invaluable insight and 
strikes a perfect balance between giving technical details and offering informal explanations. The 
illustrations are superb, and a wealth of examples are included. Now back in print by the AMS, the 
book is still a standard reference in knot theory. It is written in a remarkable style that makes it useful for 



both beginners and researchers. Particularly noteworthy is the table of knots and links at the end. This 
volume is an excellent introduction to the topic and is suitable as a textbook for a course in knot theory 
or 3-manifolds. Other key books of interest on this topic available from the AMS are ""The Shoelace 
Book: A Mathematical Guide to the Best (and Worst) Ways to Lace your Shoes"" and ""The Knot Book.""

Advances in Applied and Computational Topology

What is the shape of data? How do we describe flows? Can we count by integrating? How do we plan 
with uncertainty? What is the most compact representation? These questions, while unrelated, become 
similar when recast into a computational setting. Our input is a set of finite, discrete, noisy samples that 
describes an abstract space. Our goal is to compute qualitative features of the unknown space. It turns 
out that topology is sufficiently tolerant to provide us with robust tools. This volume is based on lectures 
delivered at the 2011 AMS Short Course on Computational Topology, held January 4-5, 2011 in New 
Orleans, Louisiana. The aim of the volume is to provide a broad introduction to recent techniques from 
applied and computational topology. Afra Zomorodian focuses on topological data analysis via efficient 
construction of combinatorial structures and recent theories of persistence. Marian Mrozek analyzes 
asymptotic behavior of dynamical systems via efficient computation of cubical homology. Justin Curry, 
Robert Ghrist, and Michael Robinson present Euler Calculus, an integral calculus based on the Euler 
characteristic, and apply it to sensor and network data aggregation. Michael Erdmann explores the 
relationship of topology, planning, and probability with the strategy complex. Jeff Erickson surveys 
algorithms and hardness results for topological optimization problems.

Knot Theory

Over the last fifteen years, the face of knot theory has changed due to various new theories and 
invariants coming from physics, topology, combinatorics and alge-bra. It suffices to mention the 
great progress in knot homology theory (Khovanov homology and Ozsvath-Szabo Heegaard-Floer 
homology), the A-polynomial which give rise to strong invariants of knots and 3-manifolds, in particular, 
many new unknot detectors. New to this Edition is a discussion of Heegaard-Floer homology theory and 
A-polynomial of classical links, as well as updates throughout the text. Knot Theory, Second Edition is 
notable not only for its expert presentation of knot theory’s state of the art but also for its accessibility. It 
is valuable as a profes-sional reference and will serve equally well as a text for a course on knot theory.

Introduction to Knot Theory

Knot theory is a kind of geometry, and one whose appeal is very direct because the objects studied are 
perceivable and tangible in everyday physical space. It is a meeting ground of such diverse branches 
of mathematics as group theory, matrix theory, number theory, algebraic geometry, and differential 
geometry, to name some of the more prominent ones. It had its origins in the mathematical theory 
of electricity and in primitive atomic physics, and there are hints today of new applications in certain 
branches of chemistryJ The outlines of the modern topological theory were worked out by Dehn, 
Alexander, Reidemeister, and Seifert almost thirty years ago. As a subfield of topology, knot theory 
forms the core of a wide range of problems dealing with the position of one manifold imbedded within 
another. This book, which is an elaboration of a series of lectures given by Fox at Haverford College 
while a Philips Visitor there in the spring of 1956, is an attempt to make the subject accessible to 
everyone. Primarily it is a text book for a course at the junior-senior level, but we believe that it can be 
used with profit also by graduate students. Because the algebra required is not the familiar commutative 
algebra, a disproportionate amount of the book is given over to necessary algebraic preliminaries.



Sum of Squares: Theory and Applications

This volume is based on lectures delivered at the 2019 AMS Short Course “Sum of Squares: Theory 
and Applications”, held January 14–15, 2019, in Baltimore, Maryland. This book provides a concise 
state-of-the-art overview of the theory and applications of polynomials that are sums of squares. This is 
an exciting and timely topic, with rich connections to many areas of mathematics, including polynomial 
and semidefinite optimization, real and convex algebraic geometry, and theoretical computer science. 
The six chapters introduce and survey recent developments in this area; specific topics include the 
algebraic and geometric aspects of sums of squares and spectrahedra, lifted representations of convex 
sets, and the algorithmic and computational implications of viewing sums of squares as a meta 
algorithm. The book also showcases practical applications of the techniques across a variety of areas, 
including control theory, statistics, finance and machine learning.

Calculating the Secrets of Life

As researchers have pursued biology's secrets to the molecular level, mathematical and computer 
sciences have played an increasingly important roleâ€"in genome mapping, population genetics, and 
even the controversial search for "Eve," hypothetical mother of the human race. In this first-ever survey 
of the partnership between the two fields, leading experts look at how mathematical research and 
methods have made possible important discoveries in biology. The volume explores how differential 
geometry, topology, and differential mechanics have allowed researchers to "wind" and "unwind" 
DNA's double helix to understand the phenomenon of supercoiling. It explains how mathematical 
tools are revealing the workings of enzymes and proteins. And it describes how mathematicians are 
detecting echoes from the origin of life by applying stochastic and statistical theory to the study of 
DNA sequences. This informative and motivational book will be of interest to researchers, research 
administrators, and educators and students in mathematics, computer sciences, and biology.

In the Tradition of Thurston

This book consists of 16 surveys on Thurston's work and its later development. The authors are math-
ematicians who were strongly influenced by Thurston's publications and ideas. The subjects discussed 
include, among others, knot theory, the topology of 3-manifolds, circle packings, complex projective 
structures, hyperbolic geometry, Kleinian groups, foliations, mapping class groups, Teichmüller theory, 
anti-de Sitter geometry, and co-Minkowski geometry. The book is addressed to researchers and 
students who want to learn about Thurston’s wide-ranging mathematical ideas and their impact. At the 
same time, it is a tribute to Thurston, one of the greatest geometers of all time, whose work extended 
over many fields in mathematics and who had a unique way of perceiving forms and patterns, and of 
communicating and writing mathematics.

The Knot Book

Knots are familiar objects. Yet the mathematical theory of knots quickly leads to deep results in topology 
and geometry. This work offers an introduction to this theory, starting with our understanding of knots. 
It presents the applications of knot theory to modern chemistry, biology and physics.

Computational Topology

Combining concepts from topology and algorithms, this book delivers what its title promises: an intro-
duction to the field of computational topology. Starting with motivating problems in both mathematics 
and computer science and building up from classic topics in geometric and algebraic topology, the 
third part of the text advances to persistent homology. This point of view is critically important in turning 
a mostly theoretical field of mathematics into one that is relevant to a multitude of disciplines in the 
sciences and engineering. The main approach is the discovery of topology through algorithms. The 
book is ideal for teaching a graduate or advanced undergraduate course in computational topology, as 
it develops all the background of both the mathematical and algorithmic aspects of the subject from 
first principles. Thus the text could serve equally well in a course taught in a mathematics department 
or computer science department.

Teaching and Learning of Knot Theory in School Mathematics



�This book is the result of a joint venture between Professor Akio Kawauchi, Osaka City University, 
well-known for his research in knot theory, and the Osaka study group of mathematics educa-
tion, founded by Professor Hirokazu Okamori and now chaired by his successor Professor Tomoko 
Yanagimoto, Osaka Kyoiku University. The seven chapters address the teaching and learning of knot 
theory from several perspectives. Readers will find an extremely clear and concise introduction to the 
fundamentals of knot theory, an overview of curricular developments in Japan, and in particular a series 
of teaching experiments at all levels which not only demonstrate the creativity and the professional 
expertise of the members of the study group, but also give a lively impression of students’ learning 
processes. In addition the reports show that elementary knot theory is not just a preparation for 
advanced knot theory but also an excellent means to develop spatial thinking. The book can be highly 
recommended for several reasons: First of all, and that is the main intention of the book, it serves as a 
comprehensive text for teaching and learning knot theory. Moreover it provides a model for cooperation 
between mathematicians and mathematics educators based on substantial mathematics. And finally 
it is a thorough introduction to the Japanese art of lesson studies–again in the context of substantial 
mathematics.

Finite Frame Theory: A Complete Introduction to Overcompleteness

Frames are overcomplete sets of vectors that can be used to stably and faithfully decompose and 
reconstruct vectors in the underlying vector space. Frame theory stands at the intersection of many 
areas in mathematics such as functional and harmonic analysis, numerical analysis, matrix theory, nu-
merical linear algebra, algebraic and differential geometry, probability, statistics, and convex geometry. 
At the same time its applications in engineering, medicine, computer science, and quantum computing 
are motivating new research problems in applied and pure mathematics. This volume is based on 
lectures delivered at the 2015 AMS Short Course “Finite Frame Theory: A Complete Introduction to 
Overcompleteness”, held January 8–9, 2015 in San Antonio, TX. Mostly written in a tutorial style, the 
seven chapters contained in this volume survey recent advances in the theory and applications of finite 
frames. In particular, it presents state-of-the-art results on foundational frame problems, and on the 
analysis and design of various frames, mostly motivated by specific applications. Carefully assembled, 
the volume quickly introduces the non-expert to the basic tools and techniques of frame theory. It then 
moves to develop many recent results in the area and presents some important applications. As such, 
the volume is designed for a diverse audience including researchers in applied and computational 
harmonic analysis, as well as engineers and graduate students.

Mathematics and Computation

An introduction to computational complexity theory, its connections and interactions with mathematics, 
and its central role in the natural and social sciences, technology, and philosophy Mathematics 
and Computation provides a broad, conceptual overview of computational complexity theory—the 
mathematical study of efficient computation. With important practical applications to computer science 
and industry, computational complexity theory has evolved into a highly interdisciplinary field, with 
strong links to most mathematical areas and to a growing number of scientific endeavors. Avi Wigderson 
takes a sweeping survey of complexity theory, emphasizing the field’s insights and challenges. He 
explains the ideas and motivations leading to key models, notions, and results. In particular, he looks 
at algorithms and complexity, computations and proofs, randomness and interaction, quantum and 
arithmetic computation, and cryptography and learning, all as parts of a cohesive whole with numerous 
cross-influences. Wigderson illustrates the immense breadth of the field, its beauty and richness, and 
its diverse and growing interactions with other areas of mathematics. He ends with a comprehensive 
look at the theory of computation, its methodology and aspirations, and the unique and fundamental 
ways in which it has shaped and will further shape science, technology, and society. For further reading, 
an extensive bibliography is provided for all topics covered. Mathematics and Computation is useful 
for undergraduate and graduate students in mathematics, computer science, and related fields, as 
well as researchers and teachers in these fields. Many parts require little background, and serve 
as an invitation to newcomers seeking an introduction to the theory of computation. Comprehensive 
coverage of computational complexity theory, and beyond High-level, intuitive exposition, which brings 
conceptual clarity to this central and dynamic scientific discipline Historical accounts of the evolution 
and motivations of central concepts and models A broad view of the theory of computation's influence 
on science, technology, and society Extensive bibliography

Proceedings of the Twelfth Annual ACM-SIAM Symposium on Discrete Algorithms



Contains 130 papers, which were selected based on originality, technical contribution, and relevance. 
Although the papers were not formally refereed, every attempt was made to verify the main claims. It 
is expected that most will appear in more complete form in scientific journals. The proceedings also 
includes the paper presented by invited plenary speaker Ronald Graham, as well as a portion of the 
papers presented by invited plenary speakers Udi Manber and Christos Papadimitriou.

Proceedings of the National Academy of Sciences of the United States of America

This volume is based on lectures delivered at the 2022 AMS Short Course “3D Printing: Challenges 
and Applications” held virtually from January 3–4, 2022. Access to 3D printing facilities is quickly 
becoming ubiquitous across college campuses. However, while equipment training is readily available, 
the process of taking a mathematical idea and making it into a printable model presents a big hurdle 
for most mathematicians. Additionally, there are still many open questions around what objects are 
possible to print, how to design algorithms for doing so, and what kinds of geometries have desired 
kinematic properties. This volume is focused on the process and applications of 3D printing for 
mathematical education, research, and visualization, alongside a discussion of the challenges and 
open mathematical problems that arise in the design and algorithmic aspects of 3D printing. The articles 
in this volume are focused on two main topics. The first is to make a bridge between mathematical 
ideas and 3D visualization. The second is to describe methods and techniques for including 3D printing 
in mathematical education at different levels— from pedagogy to research and from demonstrations 
to individual projects. We hope to establish the groundwork for engaged academic discourse on the 
intersections between mathematics, 3D printing and education.

3D Printing in Mathematics

This volume is based on lectures delivered at the 2016 AMS Short Course “Rigorous Numerics in 
Dynamics”, held January 4–5, 2016, in Seattle, Washington. Nonlinear dynamics shapes the world 
around us, from the harmonious movements of celestial bodies, via the swirling motions in fluid flows, 
to the complicated biochemistry in the living cell. Mathematically these phenomena are modeled 
by nonlinear dynamical systems, in the form of ODEs, PDEs and delay equations. The presence 
of nonlinearities complicates the analysis, and the difficulties are even greater for PDEs and delay 
equations, which are naturally defined on infinite dimensional function spaces. With the availability 
of powerful computers and sophisticated software, numerical simulations have quickly become the 
primary tool to study the models. However, while the pace of progress increases, one may ask: just 
how reliable are our computations? Even for finite dimensional ODEs, this question naturally arises 
if the system under study is chaotic, as small differences in initial conditions (such as those due 
to rounding errors in numerical computations) yield wildly diverging outcomes. These issues have 
motivated the development of the field of rigorous numerics in dynamics, which draws inspiration from 
ideas in scientific computing, numerical analysis and approximation theory. The articles included in this 
volume present novel techniques for the rigorous study of the dynamics of maps via the Conley-index 
theory; periodic orbits of delay differential equations via continuation methods; invariant manifolds and 
connecting orbits; the dynamics of models with unknown nonlinearities; and bifurcations diagrams.

Rigorous Numerics in Dynamics

This book, written by our distinguished colleague and friend, Professor Han-Lin Chen of the Institute 
of Mathematics, Academia Sinica, Beijing, presents, for the first time in book form, his extensive 
work on complex harmonic splines with applications to wavelet analysis and the numerical solution of 
boundary integral equations. Professor Chen has worked in Ap proximation Theory and Computational 
Mathematics for over forty years. His scientific contributions are rich in variety and content. Through his 
publications and his many excellent Ph. D. students he has taken a leader ship role in the development 
of these fields within China. This new book is yet another important addition to Professor Chen's quality 
research in Computational Mathematics. In the last several decades, the theory of spline functions 
and their ap plications have greatly influenced numerous fields of applied mathematics, most notably, 
computational mathematics, wavelet analysis and geomet ric modeling. Many books and monographs 
have been published studying real variable spline functions with a focus on their algebraic, analytic 
and computational properties. In contrast, this book is the first to present the theory of complex 
harmonic spline functions and their relation to wavelet analysis with applications to the solution of partial 
differential equations and boundary integral equations of the second kind. The material presented in 



this book is unique and interesting. It provides a detailed summary of the important research results of 
the author and his group and as well as others in the field.

Complex Harmonic Splines, Periodic Quasi-Wavelets

Discrete Differential Geometry (DDG) is an emerging discipline at the boundary between mathematics 
and computer science. It aims to translate concepts from classical differential geometry into a language 
that is purely finite and discrete, and can hence be used by algorithms to reason about geometric data. 
In contrast to standard numerical approximation, the central philosophy of DDG is to faithfully and 
exactly preserve key invariants of geometric objects at the discrete level. This process of translation 
from smooth to discrete helps to both illuminate the fundamental meaning behind geometric ideas and 
provide useful algorithmic guarantees. This volume is based on lectures delivered at the 2018 AMS 
Short Course ``Discrete Differential Geometry,'' held January 8-9, 2018, in San Diego, California. The 
papers in this volume illustrate the principles of DDG via several recent topics: discrete nets, discrete 
differential operators, discrete mappings, discrete conformal geometry, and discrete optimal transport.

An Excursion Through Discrete Differential Geometry

This volume is based on lectures delivered at the 2020 AMS Short Course “Mean Field Games: Agent 
Based Models to Nash Equilibria,” held January 13–14, 2020, in Denver, Colorado. Mean field game 
theory offers a robust methodology for studying large systems of interacting rational agents. It has 
been extraordinarily successful and has continued to develop since its inception. The six chapters 
that make up this volume provide an overview of the subject, from the foundations of the theory 
to applications in economics and finance, including computational aspects. The reader will find a 
pedagogical introduction to the main ingredients, from the forward-backward mean field game system 
to the master equation. Also included are two detailed chapters on the connection between finite 
games and mean field games, with a pedestrian description of the different methods available to solve 
the convergence problem. The volume concludes with two contributions on applications of mean field 
games and on existing numerical methods, with an opening to machine learning techniques.

Mean Field Games

Experts in the field explore the connections across physics, quantum logic, and quantum computing.

Logic and Algebraic Structures in Quantum Computing

A selection of topics which graduate students have found to be a successful introduction to the field, 
employing three distinct techniques: geometric topology manoeuvres, combinatorics, and algebraic 
topology. Each topic is developed until significant results are achieved and each chapter ends with 
exercises and brief accounts of the latest research. What may reasonably be referred to as knot theory 
has expanded enormously over the last decade and, while the author describes important discoveries 
throughout the twentieth century, the latest discoveries such as quantum invariants of 3-manifolds as 
well as generalisations and applications of the Jones polynomial are also included, presented in an 
easily intelligible style. Readers are assumed to have knowledge of the basic ideas of the fundamental 
group and simple homology theory, although explanations throughout the text are numerous and 
well-done. Written by an internationally known expert in the field, this will appeal to graduate students, 
mathematicians and physicists with a mathematical background wishing to gain new insights in this 
area.

An Introduction to Knot Theory

In July 2004, a conference on graph theory was held in Paris in memory of Claude Berge, one of the 
pioneers of the field. The event brought together many prominent specialists on topics such as perfect 
graphs and matching theory, upon which Claude Berge's work has had a major impact. This volume 
includes contributions to these and other topics from many of the participants.

Graph Theory in Paris
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