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Algorithms
The Design of Approximation
Algorithms
Cambridge University Press Discrete optimization problems are everywhere, from
traditional operations research planning (scheduling, facility location and network
design); to computer science databases; to advertising issues in viral marketing. Yet
most such problems are NP-hard; unless P = NP, there are no eﬃcient algorithms to
ﬁnd optimal solutions. This book shows how to design approximation algorithms:
eﬃcient algorithms that ﬁnd provably near-optimal solutions. The book is organized
around central algorithmic techniques for designing approximation algorithms,
including greedy and local search algorithms, dynamic programming, linear and
semideﬁnite programming, and randomization. Each chapter in the ﬁrst section is
devoted to a single algorithmic technique applied to several diﬀerent problems, with
more sophisticated treatment in the second section. The book also covers methods
for proving that optimization problems are hard to approximate. Designed as a
textbook for graduate-level algorithm courses, it will also serve as a reference for
researchers interested in the heuristic solution of discrete optimization problems.
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Approximation Algorithms
Springer Science & Business Media Covering the basic techniques used in the latest
research work, the author consolidates progress made so far, including some very
recent and promising results, and conveys the beauty and excitement of work in the
ﬁeld. He gives clear, lucid explanations of key results and ideas, with intuitive proofs,
and provides critical examples and numerous illustrations to help elucidate the
algorithms. Many of the results presented have been simpliﬁed and new insights
provided. Of interest to theoretical computer scientists, operations researchers, and
discrete mathematicians.

Approximation Algorithms and
Semideﬁnite Programming
Springer Science & Business Media Semideﬁnite programs constitute one of the
largest classes of optimization problems that can be solved with reasonable
eﬃciency - both in theory and practice. They play a key role in a variety of research
areas, such as combinatorial optimization, approximation algorithms, computational
complexity, graph theory, geometry, real algebraic geometry and quantum
computing. This book is an introduction to selected aspects of semideﬁnite
programming and its use in approximation algorithms. It covers the basics but also a
signiﬁcant amount of recent and more advanced material. There are many
computational problems, such as MAXCUT, for which one cannot reasonably expect
to obtain an exact solution eﬃciently, and in such case, one has to settle for
approximate solutions. For MAXCUT and its relatives, exciting recent results suggest
that semideﬁnite programming is probably the ultimate tool. Indeed, assuming the
Unique Games Conjecture, a plausible but as yet unproven hypothesis, it was shown
that for these problems, known algorithms based on semideﬁnite programming
deliver the best possible approximation ratios among all polynomial-time algorithms.
This book follows the “semideﬁnite side” of these developments, presenting some of
the main ideas behind approximation algorithms based on semideﬁnite
programming. It develops the basic theory of semideﬁnite programming, presents
one of the known eﬃcient algorithms in detail, and describes the principles of some
others. It also includes applications, focusing on approximation algorithms.

Algorithms
McGraw-Hill Education This text, extensively class-tested over a decade at UC
Berkeley and UC San Diego, explains the fundamentals of algorithms in a story line
that makes the material enjoyable and easy to digest. Emphasis is placed on
understanding the crisp mathematical idea behind each algorithm, in a manner that
is intuitive and rigorous without being unduly formal. Features include: The use of
boxes to strengthen the narrative: pieces that provide historical context, descriptions
of how the algorithms are used in practice, and excursions for the mathematically
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sophisticated. Carefully chosen advanced topics that can be skipped in a standard
one-semester course, but can be covered in an advanced algorithms course or in a
more leisurely two-semester sequence. An accessible treatment of linear
programming introduces students to one of the greatest achievements in algorithms.
An optional chapter on the quantum algorithm for factoring provides a unique
peephole into this exciting topic. In addition to the text, DasGupta also oﬀers a
Solutions Manual, which is available on the Online Learning Center. "Algorithms is an
outstanding undergraduate text, equally informed by the historical roots and
contemporary applications of its subject. Like a captivating novel, it is a joy to read."
Tim Roughgarden Stanford University

Understanding Machine Learning
From Theory to Algorithms
Cambridge University Press Introduces machine learning and its algorithmic
paradigms, explaining the principles behind automated learning approaches and the
considerations underlying their usage.

Approximation Algorithms for NPhard Problems
Course Technology Ptr This is the ﬁrst book to fully address the study of
approximation algorithms as a tool for coping with intractable problems. With
chapters contributed by leading researchers in the ﬁeld, this book introduces
unifying techniques in the analysis of approximation algorithms. APPROXIMATION
ALGORITHMS FOR NP-HARD PROBLEMS is intended for computer scientists and
operations researchers interested in speciﬁc algorithm implementations, as well as
design tools for algorithms. Among the techniques discussed: the use of linear
programming, primal-dual techniques in worst-case analysis, semideﬁnite
programming, computational geometry techniques, randomized algorithms,
average-case analysis, probabilistically checkable proofs and inapproximability, and
the Markov Chain Monte Carlo method. The text includes a variety of pedagogical
features: deﬁnitions, exercises, open problems, glossary of problems, index, and
notes on how best to use the book.

Twenty Lectures on Algorithmic
Game Theory
Cambridge University Press Computer science and economics have engaged in a
lively interaction over the past ﬁfteen years, resulting in the new ﬁeld of algorithmic
game theory. Many problems that are central to modern computer science, ranging
from resource allocation in large networks to online advertising, involve interactions
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between multiple self-interested parties. Economics and game theory oﬀer a host of
useful models and deﬁnitions to reason about such problems. The ﬂow of ideas also
travels in the other direction, and concepts from computer science are increasingly
important in economics. This book grew out of the author's Stanford University
course on algorithmic game theory, and aims to give students and other newcomers
a quick and accessible introduction to many of the most important concepts in the
ﬁeld. The book also includes case studies on online advertising, wireless spectrum
auctions, kidney exchange, and network management.

Approximation Algorithms
Springer Science & Business Media Covering the basic techniques used in the latest
research work, the author consolidates progress made so far, including some very
recent and promising results, and conveys the beauty and excitement of work in the
ﬁeld. He gives clear, lucid explanations of key results and ideas, with intuitive proofs,
and provides critical examples and numerous illustrations to help elucidate the
algorithms. Many of the results presented have been simpliﬁed and new insights
provided. Of interest to theoretical computer scientists, operations researchers, and
discrete mathematicians.

Design and Analysis of Algorithms
A Contemporary Perspective
Cambridge University Press Focuses on the interplay between algorithm design and
the underlying computational models.

An Introduction to Computational
Learning Theory
MIT Press Emphasizing issues of computational eﬃciency, Michael Kearns and
Umesh Vazirani introduce a number of central topics in computational learning
theory for researchers and students in artiﬁcial intelligence, neural networks,
theoretical computer science, and statistics. Emphasizing issues of computational
eﬃciency, Michael Kearns and Umesh Vazirani introduce a number of central topics
in computational learning theory for researchers and students in artiﬁcial
intelligence, neural networks, theoretical computer science, and statistics.
Computational learning theory is a new and rapidly expanding area of research that
examines formal models of induction with the goals of discovering the common
methods underlying eﬃcient learning algorithms and identifying the computational
impediments to learning. Each topic in the book has been chosen to elucidate a
general principle, which is explored in a precise formal setting. Intuition has been
emphasized in the presentation to make the material accessible to the
nontheoretician while still providing precise arguments for the specialist. This
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balance is the result of new proofs of established theorems, and new presentations
of the standard proofs. The topics covered include the motivation, deﬁnitions, and
fundamental results, both positive and negative, for the widely studied L. G. Valiant
model of Probably Approximately Correct Learning; Occam's Razor, which formalizes
a relationship between learning and data compression; the Vapnik-Chervonenkis
dimension; the equivalence of weak and strong learning; eﬃcient learning in the
presence of noise by the method of statistical queries; relationships between
learning and cryptography, and the resulting computational limitations on eﬃcient
learning; reducibility between learning problems; and algorithms for learning ﬁnite
automata from active experimentation.

Computational Complexity
A Modern Approach
Cambridge University Press New and classical results in computational complexity,
including interactive proofs, PCP, derandomization, and quantum computation. Ideal
for graduate students.

Parameterized Algorithms
Springer This comprehensive textbook presents a clean and coherent account of
most fundamental tools and techniques in Parameterized Algorithms and is a selfcontained guide to the area. The book covers many of the recent developments of
the ﬁeld, including application of important separators, branching based on linear
programming, Cut & Count to obtain faster algorithms on tree decompositions,
algorithms based on representative families of matroids, and use of the Strong
Exponential Time Hypothesis. A number of older results are revisited and explained
in a modern and didactic way. The book provides a toolbox of algorithmic
techniques. Part I is an overview of basic techniques, each chapter discussing a
certain algorithmic paradigm. The material covered in this part can be used for an
introductory course on ﬁxed-parameter tractability. Part II discusses more advanced
and specialized algorithmic ideas, bringing the reader to the cutting edge of current
research. Part III presents complexity results and lower bounds, giving negative
evidence by way of W[1]-hardness, the Exponential Time Hypothesis, and
kernelization lower bounds. All the results and concepts are introduced at a level
accessible to graduate students and advanced undergraduate students. Every
chapter is accompanied by exercises, many with hints, while the bibliographic notes
point to original publications and related work.

Ant Colony Optimization
MIT Press An overview of the rapidly growing ﬁeld of ant colony optimization that
describes theoretical ﬁndings, the major algorithms, and current applications. The
complex social behaviors of ants have been much studied by science, and computer
scientists are now ﬁnding that these behavior patterns can provide models for
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solving diﬃcult combinatorial optimization problems. The attempt to develop
algorithms inspired by one aspect of ant behavior, the ability to ﬁnd what computer
scientists would call shortest paths, has become the ﬁeld of ant colony optimization
(ACO), the most successful and widely recognized algorithmic technique based on
ant behavior. This book presents an overview of this rapidly growing ﬁeld, from its
theoretical inception to practical applications, including descriptions of many
available ACO algorithms and their uses. The book ﬁrst describes the translation of
observed ant behavior into working optimization algorithms. The ant colony
metaheuristic is then introduced and viewed in the general context of combinatorial
optimization. This is followed by a detailed description and guide to all major ACO
algorithms and a report on current theoretical ﬁndings. The book surveys ACO
applications now in use, including routing, assignment, scheduling, subset, machine
learning, and bioinformatics problems. AntNet, an ACO algorithm designed for the
network routing problem, is described in detail. The authors conclude by
summarizing the progress in the ﬁeld and outlining future research directions. Each
chapter ends with bibliographic material, bullet points setting out important ideas
covered in the chapter, and exercises. Ant Colony Optimization will be of interest to
academic and industry researchers, graduate students, and practitioners who wish
to learn how to implement ACO algorithms.

Introduction To Algorithms
MIT Press The ﬁrst edition won the award for Best 1990 Professional and Scholarly
Book in Computer Science and Data Processing by the Association of American
Publishers. There are books on algorithms that are rigorous but incomplete and
others that cover masses of material but lack rigor. Introduction to Algorithms
combines rigor and comprehensiveness. The book covers a broad range of
algorithms in depth, yet makes their design and analysis accessible to all levels of
readers. Each chapter is relatively self-contained and can be used as a unit of study.
The algorithms are described in English and in a pseudocode designed to be
readable by anyone who has done a little programming. The explanations have been
kept elementary without sacriﬁcing depth of coverage or mathematical rigor. The
ﬁrst edition became the standard reference for professionals and a widely used text
in universities worldwide. The second edition features new chapters on the role of
algorithms, probabilistic analysis and randomized algorithms, and linear
programming, as well as extensive revisions to virtually every section of the book. In
a subtle but important change, loop invariants are introduced early and used
throughout the text to prove algorithm correctness. Without changing the
mathematical and analytic focus, the authors have moved much of the mathematical
foundations material from Part I to an appendix and have included additional
motivational material at the beginning.

Artiﬁcial Intelligence
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A Modern Approach
Createspace Independent Publishing Platform Artiﬁcial Intelligence: A Modern
Approach oﬀers the most comprehensive, up-to-date introduction to the theory and
practice of artiﬁcial intelligence. Number one in its ﬁeld, this textbook is ideal for one
or two-semester, undergraduate or graduate-level courses in Artiﬁcial Intelligence.

Algorithms and Programming
Problems and Solutions
Springer Science & Business Media "Primarily intended for a ﬁrst-year undergraduate
course in programming"--Page 4 of cover.

Quantum Computation and
Quantum Information
Cambridge University Press First-ever comprehensive introduction to the major new
subject of quantum computing and quantum information.

Algorithm Design
Pearson Higher Ed This is the eBook of the printed book and may not include any
media, website access codes, or print supplements that may come packaged with
the bound book. Algorithm Design introduces algorithms by looking at the real-world
problems that motivate them. The book teaches students a range of design and
analysis techniques for problems that arise in computing applications. The text
encourages an understanding of the algorithm design process and an appreciation of
the role of algorithms in the broader ﬁeld of computer science. August 6, 2009
Author, Jon Kleinberg, was recently cited in the New York Times for his statistical
analysis research in the Internet age.

Boosting
Foundations and Algorithms
MIT Press An accessible introduction and essential reference for an approach to
machine learning that creates highly accurate prediction rules by combining many
weak and inaccurate ones. Boosting is an approach to machine learning based on
the idea of creating a highly accurate predictor by combining many weak and
inaccurate “rules of thumb.” A remarkably rich theory has evolved around boosting,
with connections to a range of topics, including statistics, game theory, convex
optimization, and information geometry. Boosting algorithms have also enjoyed
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practical success in such ﬁelds as biology, vision, and speech processing. At various
times in its history, boosting has been perceived as mysterious, controversial, even
paradoxical. This book, written by the inventors of the method, brings together,
organizes, simpliﬁes, and substantially extends two decades of research on boosting,
presenting both theory and applications in a way that is accessible to readers from
diverse backgrounds while also providing an authoritative reference for advanced
researchers. With its introductory treatment of all material and its inclusion of
exercises in every chapter, the book is appropriate for course use as well. The book
begins with a general introduction to machine learning algorithms and their analysis;
then explores the core theory of boosting, especially its ability to generalize;
examines some of the myriad other theoretical viewpoints that help to explain and
understand boosting; provides practical extensions of boosting for more complex
learning problems; and ﬁnally presents a number of advanced theoretical topics.
Numerous applications and practical illustrations are oﬀered throughout.

Foundations of Machine Learning,
second edition
MIT Press A new edition of a graduate-level machine learning textbook that focuses
on the analysis and theory of algorithms. This book is a general introduction to
machine learning that can serve as a textbook for graduate students and a reference
for researchers. It covers fundamental modern topics in machine learning while
providing the theoretical basis and conceptual tools needed for the discussion and
justiﬁcation of algorithms. It also describes several key aspects of the application of
these algorithms. The authors aim to present novel theoretical tools and concepts
while giving concise proofs even for relatively advanced topics. Foundations of
Machine Learning is unique in its focus on the analysis and theory of algorithms. The
ﬁrst four chapters lay the theoretical foundation for what follows; subsequent
chapters are mostly self-contained. Topics covered include the Probably
Approximately Correct (PAC) learning framework; generalization bounds based on
Rademacher complexity and VC-dimension; Support Vector Machines (SVMs); kernel
methods; boosting; on-line learning; multi-class classiﬁcation; ranking; regression;
algorithmic stability; dimensionality reduction; learning automata and languages;
and reinforcement learning. Each chapter ends with a set of exercises. Appendixes
provide additional material including concise probability review. This second edition
oﬀers three new chapters, on model selection, maximum entropy models, and
conditional entropy models. New material in the appendixes includes a major section
on Fenchel duality, expanded coverage of concentration inequalities, and an entirely
new entry on information theory. More than half of the exercises are new to this
edition.
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Understanding Cryptography
A Textbook for Students and
Practitioners
Springer Science & Business Media Cryptography is now ubiquitous – moving beyond
the traditional environments, such as government communications and banking
systems, we see cryptographic techniques realized in Web browsers, e-mail
programs, cell phones, manufacturing systems, embedded software, smart buildings,
cars, and even medical implants. Today's designers need a comprehensive
understanding of applied cryptography. After an introduction to cryptography and
data security, the authors explain the main techniques in modern cryptography, with
chapters addressing stream ciphers, the Data Encryption Standard (DES) and 3DES,
the Advanced Encryption Standard (AES), block ciphers, the RSA cryptosystem,
public-key cryptosystems based on the discrete logarithm problem, elliptic-curve
cryptography (ECC), digital signatures, hash functions, Message Authentication
Codes (MACs), and methods for key establishment, including certiﬁcates and publickey infrastructure (PKI). Throughout the book, the authors focus on communicating
the essentials and keeping the mathematics to a minimum, and they move quickly
from explaining the foundations to describing practical implementations, including
recent topics such as lightweight ciphers for RFIDs and mobile devices, and current
key-length recommendations. The authors have considerable experience teaching
applied cryptography to engineering and computer science students and to
professionals, and they make extensive use of examples, problems, and chapter
reviews, while the book’s website oﬀers slides, projects and links to further
resources. This is a suitable textbook for graduate and advanced undergraduate
courses and also for self-study by engineers.

Introduction to Algorithms, third
edition
MIT Press The latest edition of the essential text and professional reference, with
substantial new material on such topics as vEB trees, multithreaded algorithms,
dynamic programming, and edge-based ﬂow. Some books on algorithms are rigorous
but incomplete; others cover masses of material but lack rigor. Introduction to
Algorithms uniquely combines rigor and comprehensiveness. The book covers a
broad range of algorithms in depth, yet makes their design and analysis accessible
to all levels of readers. Each chapter is relatively self-contained and can be used as a
unit of study. The algorithms are described in English and in a pseudocode designed
to be readable by anyone who has done a little programming. The explanations have
been kept elementary without sacriﬁcing depth of coverage or mathematical rigor.
The ﬁrst edition became a widely used text in universities worldwide as well as the
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standard reference for professionals. The second edition featured new chapters on
the role of algorithms, probabilistic analysis and randomized algorithms, and linear
programming. The third edition has been revised and updated throughout. It
includes two completely new chapters, on van Emde Boas trees and multithreaded
algorithms, substantial additions to the chapter on recurrence (now called “Divideand-Conquer”), and an appendix on matrices. It features improved treatment of
dynamic programming and greedy algorithms and a new notion of edge-based ﬂow
in the material on ﬂow networks. Many exercises and problems have been added for
this edition. The international paperback edition is no longer available; the hardcover
is available worldwide.

An Introduction to Quantum
Computing
Oxford University Press The authors provide an introduction to quantum computing.
Aimed at advanced undergraduate and beginning graduate students in these
disciplines, this text is illustrated with diagrams and exercises.

The Constitution of Algorithms
Ground-Truthing, Programming,
Formulating
MIT Press A laboratory study that investigates how algorithms come into existence.
Algorithms--often associated with the terms big data, machine learning, or artiﬁcial
intelligence--underlie the technologies we use every day, and disputes over the
consequences, actual or potential, of new algorithms arise regularly. In this book,
Florian Jaton oﬀers a new way to study computerized methods, providing an account
of where algorithms come from and how they are constituted, investigating the
practical activities by which algorithms are progressively assembled rather than
what they may suggest or require once they are assembled.

Guide to Programming and
Algorithms Using R
Springer Science & Business Media This easy-to-follow textbook provides a studentfriendly introduction to programming and algorithms. Emphasis is placed on the
threshold concepts that present barriers to learning, including the questions that
students are often too embarrassed to ask. The book promotes an active learning
style in which a deeper understanding is gained from evaluating, questioning, and
discussing the material, and practised in hands-on exercises. Although R is used as
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the language of choice for all programs, strict assumptions are avoided in the
explanations in order for these to remain applicable to other programming
languages. Features: provides exercises at the end of each chapter; includes three
mini projects in the ﬁnal chapter; presents a list of titles for further reading at the
end of the book; discusses the key aspects of loops, recursions, program and
algorithm eﬃciency and accuracy, sorting, linear systems of equations, and ﬁle
processing; requires no prior background knowledge in this area.

A Gentle Introduction to
Optimization
Cambridge University Press Optimization is an essential technique for solving
problems in areas as diverse as accounting, computer science and engineering.
Assuming only basic linear algebra and with a clear focus on the fundamental
concepts, this textbook is the perfect starting point for ﬁrst- and second-year
undergraduate students from a wide range of backgrounds and with varying levels of
ability. Modern, real-world examples motivate the theory throughout. The authors
keep the text as concise and focused as possible, with more advanced material
treated separately or in starred exercises. Chapters are self-contained so that
instructors and students can adapt the material to suit their own needs and a wide
selection of over 140 exercises gives readers the opportunity to try out the skills
they gain in each section. Solutions are available for instructors. The book also
provides suggestions for further reading to help students take the next step to more
advanced material.

Randomized Algorithms
Cambridge University Press For many applications a randomized algorithm is either
the simplest algorithm available, or the fastest, or both. This tutorial presents the
basic concepts in the design and analysis of randomized algorithms. The ﬁrst part of
the book presents tools from probability theory and probabilistic analysis that are
recurrent in algorithmic applications. Algorithmic examples are given to illustrate the
use of each tool in a concrete setting. In the second part of the book, each of the
seven chapters focuses on one important area of application of randomized
algorithms: data structures; geometric algorithms; graph algorithms; number theory;
enumeration; parallel algorithms; and on-line algorithms. A comprehensive and
representative selection of the algorithms in these areas is also given. This book
should prove invaluable as a reference for researchers and professional
programmers, as well as for students.

Handbook of Applied Cryptography
CRC Press Cryptography, in particular public-key cryptography, has emerged in the
last 20 years as an important discipline that is not only the subject of an enormous
amount of research, but provides the foundation for information security in many
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applications. Standards are emerging to meet the demands for cryptographic
protection in most areas of data communications. Public-key cryptographic
techniques are now in widespread use, especially in the ﬁnancial services industry,
in the public sector, and by individuals for their personal privacy, such as in
electronic mail. This Handbook will serve as a valuable reference for the novice as
well as for the expert who needs a wider scope of coverage within the area of
cryptography. It is a necessary and timely guide for professionals who practice the
art of cryptography. The Handbook of Applied Cryptography provides a treatment
that is multifunctional: It serves as an introduction to the more practical aspects of
both conventional and public-key cryptography It is a valuable source of the latest
techniques and algorithms for the serious practitioner It provides an integrated
treatment of the ﬁeld, while still presenting each major topic as a self-contained unit
It provides a mathematical treatment to accompany practical discussions It contains
enough abstraction to be a valuable reference for theoreticians while containing
enough detail to actually allow implementation of the algorithms discussed Now in
its third printing, this is the deﬁnitive cryptography reference that the novice as well
as experienced developers, designers, researchers, engineers, computer scientists,
and mathematicians alike will use.

The Nature of Computation
OUP Oxford Computational complexity is one of the most beautiful ﬁelds of modern
mathematics, and it is increasingly relevant to other sciences ranging from physics
to biology. But this beauty is often buried underneath layers of unnecessary
formalism, and exciting recent results like interactive proofs, phase transitions, and
quantum computing are usually considered too advanced for the typical student.
This book bridges these gaps by explaining the deep ideas of theoretical computer
science in a clear and enjoyable fashion, making them accessible to non-computer
scientists and to computer scientists who ﬁnally want to appreciate their ﬁeld from a
new point of view. The authors start with a lucid and playful explanation of the P vs.
NP problem, explaining why it is so fundamental, and so hard to resolve. They then
lead the reader through the complexity of mazes and games; optimization in theory
and practice; randomized algorithms, interactive proofs, and pseudorandomness;
Markov chains and phase transitions; and the outer reaches of quantum computing.
At every turn, they use a minimum of formalism, providing explanations that are
both deep and accessible. The book is intended for graduate and undergraduate
students, scientists from other areas who have long wanted to understand this
subject, and experts who want to fall in love with this ﬁeld all over again.

Euclidean Shortest Paths
Exact or Approximate Algorithms
Springer Science & Business Media This unique text/reference reviews algorithms for
the exact or approximate solution of shortest-path problems, with a speciﬁc focus on
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a class of algorithms called rubberband algorithms. Discussing each concept and
algorithm in depth, the book includes mathematical proofs for many of the given
statements. Topics and features: provides theoretical and programming exercises at
the end of each chapter; presents a thorough introduction to shortest paths in
Euclidean geometry, and the class of algorithms called rubberband algorithms;
discusses algorithms for calculating exact or approximate ESPs in the plane;
examines the shortest paths on 3D surfaces, in simple polyhedrons and in cubecurves; describes the application of rubberband algorithms for solving art gallery
problems, including the safari, zookeeper, watchman, and touring polygons route
problems; includes lists of symbols and abbreviations, in addition to other
appendices.

Bandit Algorithms
Cambridge University Press A comprehensive and rigorous introduction for graduate
students and researchers, with applications in sequential decision-making problems.

Quantum Computing
A Gentle Introduction
MIT Press A thorough exposition of quantum computing and the underlying concepts
of quantum physics, with explanations of the relevant mathematics and numerous
examples. The combination of two of the twentieth century's most inﬂuential and
revolutionary scientiﬁc theories, information theory and quantum mechanics, gave
rise to a radically new view of computing and information. Quantum information
processing explores the implications of using quantum mechanics instead of classical
mechanics to model information and its processing. Quantum computing is not about
changing the physical substrate on which computation is done from classical to
quantum but about changing the notion of computation itself, at the most basic
level. The fundamental unit of computation is no longer the bit but the quantum bit
or qubit. This comprehensive introduction to the ﬁeld oﬀers a thorough exposition of
quantum computing and the underlying concepts of quantum physics, explaining all
the relevant mathematics and oﬀering numerous examples. With its careful
development of concepts and thorough explanations, the book makes quantum
computing accessible to students and professionals in mathematics, computer
science, and engineering. A reader with no prior knowledge of quantum physics (but
with suﬃcient knowledge of linear algebra) will be able to gain a ﬂuent
understanding by working through the book.

Algorithms

13

14

Design Techniques and Analysis
World Scientiﬁc Problem solving is an essential part of every scientiﬁc discipline. It
has two components: (1) problem identiﬁcation and formulation, and (2) solution of
the formulated problem. One can solve a problem on its own using ad hoc
techniques or follow those techniques that have produced eﬃcient solutions to
similar problems. This requires the understanding of various algorithm design
techniques, how and when to use them to formulate solutions and the context
appropriate for each of them. This book advocates the study of algorithm design
techniques by presenting most of the useful algorithm design techniques and
illustrating them through numerous examples. Contents: Basic Concepts and
Introduction to Algorithms:Basic Concepts in Algorithmic AnalysisMathematical
PreliminariesData StructuresHeaps and the Disjoint Sets Data StructuresTechniques
Based on Recursion:InductionDivide and ConquerDynamic ProgrammingFirst-Cut
Techniques:The Greedy ApproachGraph TraversalComplexity of Problems:NPComplete ProblemsIntroduction to Computational ComplexityLower BoundsCoping
with Hardness:BacktrackingRandomized AlgorithmsApproximation
AlgorithmsIterative Improvement for Domain-Speciﬁc Problems:Network
FlowMatchingTechniques in Computational Geometry:Geometric SweepingVoronoi
Diagrams Readership: Senior undergraduates, graduate students and professionals
in software development. Keywords:

Invitation to Fixed-Parameter
Algorithms
OUP Oxford This research-level text is an application-oriented introduction to the
growing and highly topical area of the development and analysis of eﬃcient ﬁxedparameter algorithms for optimally solving computationally hard combinatorial
problems. The book is divided into three parts: a broad introduction that provides the
general philosophy and motivation; followed by coverage of algorithmic methods
developed over the years in ﬁxed-parameter algorithmics forming the core of the
book; and a discussion of the essentials from parameterized hardness theory with a
focus on W[1]-hardness which parallels NP-hardness, then stating some relations to
polynomial-time approximation algorithms, and ﬁnishing up with a list of selected
case studies to show the wide range of applicability of the presented methodology.
Aimed at graduate and research mathematicians, programmers, algorithm
designers, and computer scientists, the book introduces the basic techniques and
results and provides a fresh view on this highly innovative ﬁeld of algorithmic
research.

Combinatorial Optimization
John Wiley & Sons A complete, highly accessible introduction to one of today's
mostexciting areas of applied mathematics One of the youngest, most vital areas of
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applied mathematics,combinatorial optimization integrates techniques
fromcombinatorics, linear programming, and the theory of algorithms.Because of its
success in solving diﬃcult problems in areas fromtelecommunications to VLSI, from
product distribution to airlinecrew scheduling, the ﬁeld has seen a ground swell of
activity overthe past decade. Combinatorial Optimization is an ideal introduction to
thismathematical discipline for advanced undergraduates and graduatestudents of
discrete mathematics, computer science, and operationsresearch. Written by a team
of recognized experts, the text oﬀersa thorough, highly accessible treatment of both
classical conceptsand recent results. The topics include: * Network ﬂow problems *
Optimal matching * Integrality of polyhedra * Matroids * NP-completeness Featuring
logical and consistent exposition, clear explanations ofbasic and advanced concepts,
many real-world examples, and helpful,skill-building exercises, Combinatorial
Optimization is certain tobecome the standard text in the ﬁeld for many years to
come.

Bioinformatics Algorithms
An Active Learning Approach
Bioinformatics Algorithms: an Active Learning Approach is one of the ﬁrst textbooks
to emerge from the recent Massive Online Open Course (MOOC) revolution. A lighthearted and analogy-ﬁlled companion to the authors' acclaimed online course
(http://coursera.org/course/bioinformatics), this book presents students with a
dynamic approach to learning bioinformatics. It strikes a unique balance between
practical challenges in modern biology and fundamental algorithmic ideas, thus
capturing the interest of students of biology and computer science students
alike.Each chapter begins with a central biological question, such as "Are There
Fragile Regions in the Human Genome?" or "Which DNA Patterns Play the Role of
Molecular Clocks?" and then steadily develops the algorithmic sophistication
required to answer this question. Hundreds of exercises are incorporated directly
into the text as soon as they are needed; readers can test their knowledge through
automated coding challenges on Rosalind (http://rosalind.info), an online platform for
learning bioinformatics.The textbook website (http://bioinformaticsalgorithms.org)
directs readers toward additional educational materials, including video lectures and
PowerPoint slides.

Programming Challenges
The Programming Contest Training
Manual
Springer Science & Business Media There are many distinct pleasures associated
with computer programming. Craftsmanship has its quiet rewards, the satisfaction
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that comes from building a useful object and making it work. Excitement arrives with
the ﬂash of insight that cracks a previously intractable problem. The spiritual quest
for elegance can turn the hacker into an artist. There are pleasures in parsimony, in
squeezing the last drop of performance out of clever algorithms and tight coding.
The games, puzzles, and challenges of problems from international programming
competitions are a great way to experience these pleasures while improving your
algorithmic and coding skills. This book contains over 100 problems that have
appeared in previous programming contests, along with discussions of the theory
and ideas necessary to attack them. Instant online grading for all of these problems
is available from two WWW robot judging sites. Combining this book with a judge
gives an exciting new way to challenge and improve your programming skills. This
book can be used for self-study, for teaching innovative courses in algorithms and
programming, and in training for international competition. The problems in this
book have been selected from over 1,000 programming problems at the Universidad
de Valladolid online judge. The judge has ruled on well over one million submissions
from 27,000 registered users around the world to date. We have taken only the best
of the best, the most fun, exciting, and interesting problems available.

Invitation to Fixed-Parameter
Algorithms
OUP Oxford An application-oriented introduction to the highly topical area of the
development and analysis of eﬃcient ﬁxed-parameter algorithms for hard problems.
Aimed at graduate and research mathematicians, algorithm designers, and computer
scientists, it provides a fresh view on this highly innovative ﬁeld of algorithmic
research.

Elements of Quantum Computing
History, Theories and Engineering
Applications
Springer A quantum computer is a computer based on a computational model which
uses quantum mechanics, which is a subﬁeld of physics to study phenomena at the
micro level. There has been a growing interest on quantum computing in the 1990's
and some quantum computers at the experimental level were recently implemented.
Quantum computers enable super-speed computation and can solve some important
problems whose solutions were regarded impossible or intractable with traditional
computers. This book provides a quick introduction to quantum computing for
readers who have no backgrounds of both theory of computation and quantum
mechanics. “Elements of Quantum Computing” presents the history, theories and
engineering applications of quantum computing. The book is suitable to computer
scientists, physicists and software engineers.
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