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With the advent of approximation algorithms for NP-hard combinatorial optimization problems, several techniques from exact
optimization such as the primal-dual method have proven their staying power and versatility. This book describes a simple and
powerful method that is iterative in essence and similarly useful in a variety of settings for exact and approximate optimization. The
authors highlight the commonality and uses of this method to prove a variety of classical polyhedral results on matchings, trees,
matroids and flows. The presentation style is elementary enough to be accessible to anyone with exposure to basic linear algebra
and graph theory, making the book suitable for introductory courses in combinatorial optimization at the upper undergraduate and
beginning graduate levels. Discussions of advanced applications illustrate their potential for future application in research in
approximation algorithms.
Algebraic topology is a basic part of modern mathematics, and some knowledge of this area is indispensable for any advanced
work relating to geometry, including topology itself, differential geometry, algebraic geometry, and Lie groups. This book provides a
detailed treatment of algebraic topology both for teachers of the subject and for advanced graduate students in mathematics either
specializing in this area or continuing on to other fields. J. Peter May's approach reflects the enormous internal developments
within algebraic topology over the past several decades, most of which are largely unknown to mathematicians in other fields. But
he also retains the classical presentations of various topics where appropriate. Most chapters end with problems that further
explore and refine the concepts presented. The final four chapters provide sketches of substantial areas of algebraic topology that
are normally omitted from introductory texts, and the book concludes with a list of suggested readings for those interested in
delving further into the field.
Mathematical Techniques of Operational Research is a seven-chapter text that covers the principles and applications of various
mathematical tools and models to for operational research. Chapter I provides the basic mathematical ideas used in later chapters.
Chapters II and III deal with linear programming, including the special cases of transportation and assignment, as well as their
applications such as the Trim Problem. Chapters IV and V discuss the theory of queues and describe the general stationary
properties of the single-channel queue, and of simple queues in series and in parallel. These chapters also examine some
transient properties of queues. Chapter VI focuses on machine interference, which is an aspect of queueing theory, while Chapter
VII deals with the important and mathematically subject of Stock Control or Inventory Theory. This book is intended primarily to
graduate mathematicians, business manages, and industrial leaders.
This book is designed to be a practical progression of experimental techniques an investigator may follow when embarking on a
biochemical project. The protocols may be performed in the order laid out or may be used inde pendently. The aim of the book is
to assist a wide range of researchers. from the novice to the frustrated veteran, in the choice and design of experiments that are to
be performed to provide answers to specific questions. The manual describes standard techniques that have been shown to work,
as well as some newer ones that are beginning to prove important. By following the promi nently numbered steps. you can work
your way through any protocol. whether it's a new technique or a task you've done before for which you need a quick review or
updated methodology. This manual will assist the experimentalist in designing properly controlled experiments. There will be no
advice for dealing with specific pieces of equip ment other than encouragement to read the manual, if you can find it. Through out
all manipulations try to be objective. Be on the lookout for unexpected findings. You will learn the most from unexpected results.
and they are often the beginning of the next project. It is never possible to record too much in your lab notebook. Do not get
discouraged. Remember, things will not always run smoothly.
In this broad introduction to topology, the author searches for topological invariants of spaces, together with techniques for their
calculating. Students with knowledge of real analysis, elementary group theory, and linear algebra will quickly become familiar with
a wide variety of techniques and applications involving point-set, geometric, and algebraic topology. Over 139 illustrations and
more than 350 problems of various difficulties help students gain a thorough understanding of the subject.
Education is an admirable thing, but it is well to remember from time to time that nothing worth knowing can be taught. Oscar
Wilde, “The Critic as Artist,” 1890. Analysis is a profound subject; it is neither easy to understand nor summarize. However, Real
Analysis can be discovered by solving problems. This book aims to give independent students the opportunity to discover Real
Analysis by themselves through problem solving.
ThedepthandcomplexityofthetheoryofAnalysiscanbeappreciatedbytakingaglimpseatits developmental history. Although Analysis
was conceived in the 17th century during the Scienti?c Revolution, it has taken nearly two hundred years to establish its
theoretical basis. Kepler, Galileo, Descartes, Fermat, Newton and Leibniz were among those who contributed to its genesis. Deep
conceptual changes in Analysis were brought about in the 19th century by Cauchy and Weierstrass. Furthermore, modern
concepts such as open and closed sets were introduced in the 1900s. Today nearly every undergraduate mathematics program
requires at least one semester of Real Analysis. Often, students consider this course to be the most challenging or even
intimidating of all their mathematics major requirements. The primary goal of this book is to alleviate those concerns by
systematically solving the problems related to the core concepts of most analysis courses. In doing so, we hope that learning
analysis becomes less taxing and thereby more satisfying.
Beginning Topology is designed to give undergraduate students a broad notion of the scope of topology in areas of point-set,
geometric, combinatorial, differential, and algebraic topology, including an introduction to knot theory. A primary goal is to expose
students to some recent research and to get them actively involved in learning. Exercises and open-ended projects are placed
throughout the text, making it adaptable to seminar-style classes. The book starts with a chapter introducing the basic concepts of
point-set topology, with examples chosen to captivate students' imaginations while illustrating the need for rigor. Most of the
material in this and the next two chapters is essential for the remainder of the book. One can then choose from chapters on map
coloring, vector fields on surfaces, the fundamental group, and knot theory. A solid foundation in calculus is necessary, with some
differential equations and basic group theory helpful in a couple of chapters. Topics are chosen to appeal to a wide variety of
students: primarily upper-level math majors, but also a few freshmen and sophomores as well as graduate students from physics,
economics, and computer science. All students will benefit from seeing the interaction of topology with other fields of mathematics
and science; some will be motivated to continue with a more in-depth, rigorous study of topology.

A readable introduction to the subject of calculus on arbitrary surfaces or manifolds. Accessible to readers with
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knowledge of basic calculus and linear algebra. Sections include series of problems to reinforce concepts.
The third edition of this well known text continues to provide a solid foundation in mathematical analysis for
undergraduate and first-year graduate students. The text begins with a discussion of the real number system as a
complete ordered field. (Dedekind's construction is now treated in an appendix to Chapter I.) The topological background
needed for the development of convergence, continuity, differentiation and integration is provided in Chapter 2. There is a
new section on the gamma function, and many new and interesting exercises are included. This text is part of the Walter
Rudin Student Series in Advanced Mathematics.
Aimed at second year graduate students, this text introduces them to cohomology theory (involving a rich interplay
between algebra and topology) with a minimum of prerequisites. No homological algebra is assumed beyond what is
normally learned in a first course in algebraic topology, and the basics of the subject, as well as exercises, are given prior
to discussion of more specialized topics.
The amount of algebraic topology a graduate student specializing in topology must learn can be intimidating. Moreover,
by their second year of graduate studies, students must make the transition from understanding simple proofs line-by-line
to understanding the overall structure of proofs of difficult theorems. To help students make this transition, the material in
this book is presented in an increasingly sophisticated manner. It is intended to bridge the gap between algebraic and
geometric topology, both by providing the algebraic tools that a geometric topologist needs and by concentrating on
those areas of algebraic topology that are geometrically motivated. Prerequisites for using this book include basic settheoretic topology, the definition of CW-complexes, some knowledge of the fundamental group/covering space theory,
and the construction of singular homology. Most of this material is briefly reviewed at the beginning of the book. The
topics discussed by the authors include typical material for first- and second-year graduate courses. The core of the
exposition consists of chapters on homotopy groups and on spectral sequences. There is also material that would
interest students of geometric topology (homology with local coefficients and obstruction theory) and algebraic topology
(spectra and generalized homology), as well as preparation for more advanced topics such as algebraic $K$-theory and
the s-cobordism theorem. A unique feature of the book is the inclusion, at the end of each chapter, of several projects
that require students to present proofs of substantial theorems and to write notes accompanying their explanations.
Working on these projects allows students to grapple with the ``big picture'', teaches them how to give mathematical
lectures, and prepares them for participating in research seminars. The book is designed as a textbook for graduate
students studying algebraic and geometric topology and homotopy theory. It will also be useful for students from other
fields such as differential geometry, algebraic geometry, and homological algebra. The exposition in the text is clear;
special cases are presented over complex general statements.
Elements of Algebraic Topology provides the most concrete approach to the subject. With coverage of homology and
cohomology theory, universal coefficient theorems, Kunneth theorem, duality in manifolds, and applications to classical
theorems of point-set topology, this book is perfect for comunicating complex topics and the fun nature of algebraic
topology for beginners.
Climate modeling and simulation teach us about past, present, and future conditions of life on earth and help us
understand observations about the changing atmosphere and ocean and terrestrial ecology. Focusing on high-end
modeling and simulation of earth's climate, Climate Modeling for Scientists and Engineers presents observations about
the general circulations of the earth and the partial differential equations used to model the dynamics of weather and
climate, covers numerical methods for geophysical flows in more detail than many other texts, discusses parallel
algorithms and the role of high-performance computing used in the simulation of weather and climate, and provides
supplemental lectures and MATLAB® exercises on an associated Web page.
TOPOLOGY OF METRIC SPACES gives a very streamlined development of a course in metric space topology
emphasizing only the most useful concepts, concrete spaces and geometric ideas to encourage geometric thinking, to
treat this as a preparatory ground for a general topology course, to use this course as a surrogate for real analysis and to
help the students gain some perspective of modern analysis. In this second revised and enlarged edition, based on the
extensive feedback sent by the readers, some material has been removed, some new material included and nearly all
problems are given comments, hints and solutions.
Combining concepts from topology and algorithms, this book delivers what its title promises: an introduction 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.
"The clarity of the author's thought and the carefulness of his exposition make reading this book a pleasure," noted the Bulletin of the
American Mathematical Society upon the 1955 publication of John L. Kelley's General Topology. This comprehensive treatment for beginning
graduate-level students immediately found a significant audience, and it remains a highly worthwhile and relevant book for students of
topology and for professionals in many areas. A systematic exposition of the part of general topology that has proven useful in several
branches of mathematics, this volume is especially intended as background for modern analysis. An extensive preliminary chapter presents
mathematical foundations for the main text. Subsequent chapters explore topological spaces, the Moore-Smith convergence, product and
quotient spaces, embedding and metrization, and compact, uniform, and function spaces. Each chapter concludes with an abundance of
problems, which form integral parts of the discussion as well as reinforcements and counter examples that mark the boundaries of possible
theorems. The book concludes with an extensive index that provides supplementary material on elementary set theory.
A Mathematical Introduction to Logic, Second Edition, offers increased flexibility with topic coverage, allowing for choice in how to utilize the
textbook in a course. The author has made this edition more accessible to better meet the needs of today's undergraduate mathematics and
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philosophy students. It is intended for the reader who has not studied logic previously, but who has some experience in mathematical
reasoning. Material is presented on computer science issues such as computational complexity and database queries, with additional
coverage of introductory material such as sets. * Increased flexibility of the text, allowing instructors more choice in how they use the textbook
in courses. * Reduced mathematical rigour to fit the needs of undergraduate students
A rigorous introduction to the theory and applications of state estimation and association, an important area in aerospace, electronics, and
defense industries. Applied state estimation and association is an important area for practicing engineers in aerospace, electronics, and
defense industries, used in such tasks as signal processing, tracking, and navigation. This book offers a rigorous introduction to both theory
and application of state estimation and association. It takes a unified approach to problem formulation and solution development that helps
students and junior engineers build a sound theoretical foundation for their work and develop skills and tools for practical applications.
Chapters 1 through 6 focus on solving the problem of estimation with a single sensor observing a single object, and cover such topics as
parameter estimation, state estimation for linear and nonlinear systems, and multiple model estimation algorithms. Chapters 7 through 10
expand the discussion to consider multiple sensors and multiple objects. The book can be used in a first-year graduate course in control or
system engineering or as a reference for professionals. Each chapter ends with problems that will help readers to develop derivation skills
that can be applied to new problems and to build computer models that offer a useful set of tools for problem solving. Readers must be
familiar with state-variable representation of systems and basic probability theory including random and stochastic processes.
This welcome boon for students of algebraic topology cuts a much-needed central path between other texts whose treatment of the
classification theorem for compact surfaces is either too formalized and complex for those without detailed background knowledge, or too
informal to afford students a comprehensive insight into the subject. Its dedicated, student-centred approach details a near-complete proof of
this theorem, widely admired for its efficacy and formal beauty. The authors present the technical tools needed to deploy the method
effectively as well as demonstrating their use in a clearly structured, worked example. Ideal for students whose mastery of algebraic topology
may be a work-in-progress, the text introduces key notions such as fundamental groups, homology groups, and the Euler-Poincaré
characteristic. These prerequisites are the subject of detailed appendices that enable focused, discrete learning where it is required, without
interrupting the carefully planned structure of the core exposition. Gently guiding readers through the principles, theory, and applications of
the classification theorem, the authors aim to foster genuine confidence in its use and in so doing encourage readers to move on to a deeper
exploration of the versatile and valuable techniques available in algebraic topology.
This textbook is a completely revised, updated, and expanded English edition of the important Analyse fonctionnelle (1983). In addition, it
contains a wealth of problems and exercises (with solutions) to guide the reader. Uniquely, this book presents in a coherent, concise and
unified way the main results from functional analysis together with the main results from the theory of partial differential equations (PDEs).
Although there are many books on functional analysis and many on PDEs, this is the first to cover both of these closely connected topics.
Since the French book was first published, it has been translated into Spanish, Italian, Japanese, Korean, Romanian, Greek and Chinese.
The English edition makes a welcome addition to this list.
This little book is especially concerned with those portions of ”advanced calculus” in which the subtlety of the concepts and methods makes
rigor difficult to attain at an elementary level. The approach taken here uses elementary versions of modern methods found in sophisticated
mathematics. The formal prerequisites include only a term of linear algebra, a nodding acquaintance with the notation of set theory, and a
respectable first-year calculus course (one which at least mentions the least upper bound (sup) and greatest lower bound (inf) of a set of real
numbers). Beyond this a certain (perhaps latent) rapport with abstract mathematics will be found almost essential.
Concise undergraduate introduction to fundamentals of topology — clearly and engagingly written, and filled with stimulating, imaginative
exercises. Topics include set theory, metric and topological spaces, connectedness, and compactness. 1975 edition.
Understand common scheduling as well as other advanced operational problems with this valuable reference from a recognized leader in the
field. Beginning with basic principles and an overview of linear and mixed-integer programming, this unified treatment introduces the
fundamental ideas underpinning most modeling approaches, and will allow you to easily develop your own models. With more than 150
figures, the basic concepts and ideas behind the development of different approaches are clearly illustrated. Addresses a wide range of
problems arising in diverse industrial sectors, from oil and gas to fine chemicals, and from commodity chemicals to food manufacturing. A
perfect resource for engineering and computer science students, researchers working in the area, and industrial practitioners.
This book is written as a textbook on algebraic topology. The first part covers the material for two introductory courses about homotopy and
homology. The second part presents more advanced applications and concepts (duality, characteristic classes, homotopy groups of spheres,
bordism). The author recommends starting an introductory course with homotopy theory. For this purpose, classical results are presented
with new elementary proofs. Alternatively, one could start more traditionally with singular and axiomatic homology. Additional chapters are
devoted to the geometry of manifolds, cell complexes and fibre bundles. A special feature is the rich supply of nearly 500 exercises and
problems. Several sections include topics which have not appeared before in textbooks as well as simplified proofs for some important
results. Prerequisites are standard point set topology (as recalled in the first chapter), elementary algebraic notions (modules, tensor
product), and some terminology from category theory. The aim of the book is to introduce advanced undergraduate and graduate (master's)
students to basic tools, concepts and results of algebraic topology. Sufficient background material from geometry and algebra is included.
Homology is a powerful tool used by mathematicians to study the properties of spaces and maps that are insensitive to small perturbations.
This book uses a computer to develop a combinatorial computational approach to the subject. The core of the book deals with homology
theory and its computation. Following this is a section containing extensions to further developments in algebraic topology, applications to
computational dynamics, and applications to image processing. Included are exercises and software that can be used to compute homology
groups and maps. The book will appeal to researchers and graduate students in mathematics, computer science, engineering, and nonlinear
dynamics.
A short introduction ideal for students learning category theory for the first time.
Among the best available reference introductions to general topology, this volume is appropriate for advanced undergraduate and beginning
graduate students. Includes historical notes and over 340 detailed exercises. 1970 edition. Includes 27 figures.
The present book is the first ever published in which a new type of eigenvalue problem is studied, one that is very useful for applications:
eigenvalue problems related to hemivariational inequalities, i.e. involving nonsmooth, nonconvex, energy functions. New existence,
multiplicity and perturbation results are proved using three different approaches: minimization, minimax methods and (sub)critical point
theory. Nonresonant and resonant cases are studied both for static and dynamic problems and several new qualitative properties of the
hemivariational inequalities are obtained. Both simple and double eigenvalue problems are studied, as well as those constrained on the
sphere and those which are unconstrained. The book is self-contained, is written with the utmost possible clarity and contains highly original
results. Applications concerning new stability results for beams, plates and shells with adhesive supports, etc. illustrate the theory. Audience:
applied and pure mathematicians, civil, aeronautical and mechanical engineers.

This text explains nontrivial applications of metric space topology to analysis. Covers metric space, point-set topology,
and algebraic topology. Includes exercises, selected answers, and 51 illustrations. 1983 edition.
Topology
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A rigorous introduction to geometric and topological inference, for anyone interested in a geometric approach to data
science.
This text contains a detailed introduction to general topology and an introduction to algebraic topology via its most
classical and elementary segment. Proofs of theorems are separated from their formulations and are gathered at the end
of each chapter, making this book appear like a problem book and also giving it appeal to the expert as a handbook. The
book includes about 1,000 exercises.
This is a book in pure mathematics dealing with homotopy theory, one of the main branches of algebraic topology. The
principal topics are as follows: Basic Homotopy; H-spaces and co-H-spaces; fibrations and cofibrations; exact sequences
of homotopy sets, actions, and coactions; homotopy pushouts and pullbacks; classical theorems, including those of
Serre, Hurewicz, Blakers-Massey, and Whitehead; homotopy Sets; homotopy and homology decompositions of spaces
and maps; and obstruction theory. The underlying theme of the entire book is the Eckmann-Hilton duality theory. The
book can be used as a text for the second semester of an advanced ungraduate or graduate algebraic topology course.
‘A Concise Introduction to the Theory of Integration’ was once a best-selling Birkhäuser title which published 3 editions.
This manuscript is a substantial revision of the material. Chapter one now includes a section about the rate of
convergence of Riemann sums. The second chapter now covers both Lebesgue and Bernoulli measures, whose relation
to one another is discussed. The third chapter now includes a proof of Lebesgue's differential theorem for all monotone
functions. This is a beautiful topic which is not often covered. The treatment of surface measure and the divergence
theorem in the fifth chapter has been improved. Loose ends from the discussion of the Euler-MacLauren in Chapter I are
tied together in Chapter seven. Chapter eight has been expanded to include a proof of Carathéory's method for
constructing measures; his result is applied to the construction of Hausdorff measures. The new material is
complemented by the addition of several new problems based on that material.
For a senior undergraduate or first year graduate-level course in Introduction to Topology. Appropriate for a onesemester course on both general and algebraic topology or separate courses treating each topic separately. This text is
designed to provide instructors with a convenient single text resource for bridging between general and algebraic
topology courses. Two separate, distinct sections (one on general, point set topology, the other on algebraic topology)
are each suitable for a one-semester course and are based around the same set of basic, core topics. Optional,
independent topics and applications can be studied and developed in depth depending on course needs and
preferences.
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