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This book constitutes the refereed proceedings of the 11th Annual European
Symposium on Algorithms, ESA 2003, held in Budapest, Hungary, in September
2003. The 66 revised full papers presented were carefully reviewed and selected
from 165 submissions. The scope of the papers spans the entire range of
algorithmics from design and mathematical analysis issues to real-world
applications, engineering, and experimental analysis of algorithms.
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
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.
This book documents the state of the art in combinatorial optimization, presenting
approximate solutions of virtually all relevant classes of NP-hard optimization
problems. The wealth of problems, algorithms, results, and techniques make it an
indispensible source of reference for professionals. The text smoothly integrates
numerous illustrations, examples, and exercises.
This volume contains all of the papers presented at the "Advanced In ternational
Workshop on Sequences: Combinatorics, Compression, Se curity, and
Transmission" held Monday June 6 through Saturday June 11, 1988 at the
Palazzo Serra di Cassano in Naples and at the Hotel Covo dei Saraceni in
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Positano, Italy. The event was organized by the Departimento di Informatica ed
Ap plicazioni of the University of Salerno in cooperation with the Istituto Italiano
per gli Studi Filosofici of Naples and the National Research Council of Italy
(C.N.R.). I wish to express my warmest thanks to the members of the Program
Committee: Professor B. Bose, Professor S. Even, Professor Z. Galil, Professor
A. Lempel, Professor A. Restivo; and to my collaborators: Professor F. De Santis
and Professor U. Vaccaro; for their effective, ceaseless help both during the
organization of the workshop and dur ing the preparation ofthis volume. Finally, I
would like to express my sincere gratitude to all the participants in the
Workshop."
First-ever comprehensive introduction to the major new subject of quantum
computing and quantum information.
This book constitutes the joint refereed proceedings of the 6th International
Workshop on Approximation Algorithms for Optimization Problems, APPROX
2003 and of the 7th International Workshop on Randomization and
Approximation Techniques in Computer Science, RANDOM 2003, held in
Princeton, NY, USA in August 2003. The 33 revised full papers presented were
carefully reviewed and selected from 74 submissions. Among the issues
addressed are design and analysis of randomized and approximation algorithms,
online algorithms, complexity theory, combinatorial structures, error-correcting
codes, pseudorandomness, derandomization, network algorithms, random walks,
Markov chains, probabilistic proof systems, computational learning, randomness
in cryptography, and various applications.
Artificial Intelligence: A Modern Approach offers the most comprehensive, up-todate 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.
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.
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
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advertising, involve interactions 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.
without sacri?cing the privacy and security of the individuals to whom the data correspond.
There has been an explosive growth in the field of combinatorial algorithms. These algorithms
depend not only on results in combinatorics and especially in graph theory, but also on the
development of new data structures and new techniques for analyzing algorithms. Four
classical problems in network optimization are covered in detail, including a development of the
data structures they use and an analysis of their running time. Data Structures and Network
Algorithms attempts to provide the reader with both a practical understanding of the algorithms,
described to facilitate their easy implementation, and an appreciation of the depth and beauty
of the field of graph algorithms.
Introduces machine learning and its algorithmic paradigms, explaining the principles behind
automated learning approaches and the considerations underlying their usage.
A comprehensive and rigorous introduction for graduate students and researchers, with
applications in sequential decision-making problems.
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.
This book constitutes the refereed proceedings of the 13th Annual European Symposium on
Algorithms, ESA 2005, held in Palma de Mallorca, Spain, in September 2005 in the context of
the combined conference ALGO 2005. The 75 revised full papers presented together with
abstracts of 3 invited lectures were carefully reviewed and selected from 244 submissions. The
papers address all current issues in algorithmics reaching from design and mathematical
issues over real-world applications in various fields up to engineering and analysis of
algorithms.
August 6, 2009 Author, Jon Kleinberg, was recently cited in the New York Times for his
statistical analysis research in the Internet age. 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.
New and classical results in computational complexity, including interactive proofs, PCP,
derandomization, and quantum computation. Ideal for graduate students.
This volume contains the best papers presented at the 14th East-European C- ference on
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Advances in Databases and Information Systems (ADBIS 2010), held during September
20-24, 2010, in Novi Sad, Serbia. ADBIS 2010 continued the ADBIS series held in St.
Petersburg (1997), Poznan (1998), Maribor (1999), Prague (2000), Vilnius (2001), Bratislava
(2002), Dresden (2003), Budapest (2004), Tallinn (2005), Thessaloniki (2006), Varna (2007),
Pori (2008), and Riga (2009). The main objective of the ADBIS series of conferences is to
provide a forum for the dissemination of research acc- plishments and to promote interaction
and collaboration between the database and information systems research communities from
Central and East European countries and the rest of the world. The ADBIS conferences
provide an inter- tional platform for the presentation of research on database theory,
development of advanced DBMS technologies, and their advanced applications. ADBIS 2010
spans a wide area of interests, covering all major aspects related to theory and applications of
database technology and information systems. Two di?erent submission lines were considered
for ADBIS 2010, one within the classic track and another one within a special track
organisation. ADBIS comprised ?ve tracks: 1. Conceptual Modeling in Systems Engineering
(CMSE) 2. Data Mining and Information Extraction (DMIE) 3. Business Processes in ECommerce Systems (e-commerce) 4. Personal Identi?able Information: Privacy, Ethics, and
Security (PIIPES) 5.
This comprehensive textbook presents a clean and coherent account of most fundamental
tools and techniques in Parameterized Algorithms and is a self-contained 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.
This is the joint refereed proceedings of the 9th International Workshop on Approximation
Algorithms for Combinatorial Optimization Problems, APPROX 2006 and the 10th International
Workshop on Randomization and Computation, RANDOM 2006. The book presents 44
carefully reviewed and revised full papers. Among the topics covered are design and analysis
of approximation algorithms, hardness of approximation problems, small spaces and data
streaming algorithms, embeddings and metric space methods, and more.
This research-level text is an application-oriented introduction to the growing and highly topical
area of the development and analysis of efficient fixed-parameter 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
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innovative field of algorithmic research.
The aim of this book is to introduce a range of combinatorial methods for those who want to
apply these methods in the solution of practical and theoretical problems. Various tricks and
techniques are taught by means of exercises. Hints are given in a separate section and a third
section contains all solutions in detail. A dictionary section gives definitions of the combinatorial
notions occurring in the book. Combinatorial Problems and Exercises was first published in
1979. This revised edition has the same basic structure but has been brought up to date with a
series of exercises on random walks on graphs and their relations to eigenvalues, expansion
properties and electrical resistance. In various chapters the author found lines of thought that
have been extended in a natural and significant way in recent years. About 60 new exercises
(more counting sub-problems) have been added and several solutions have been simplified.
This little book is conceived as a service to mathematicians attending the 1998 International
Congress of Mathematicians in Berlin. It presents a comprehensive, condensed overview of
mathematical activity in Berlin, from Leibniz almost to the present day (without, however,
including biographies of living mathematicians). Since many towering figures in mathematical
history worked in Berlin, most of the chapters of this book are concise biographies. These are
held together by a few survey articles presenting the overall development of entire periods of
scientific life at Berlin. Overlaps between various chapters and differences in style between the
chap ters were inevitable, but sometimes this provided opportunities to show different aspects
of a single historical event - for instance, the Kronecker-Weierstrass con troversy. The book
aims at readability rather than scholarly completeness. There are no footnotes, only references
to the individual bibliographies of each chapter. Still, we do hope that the texts brought
together here, and written by the various authors for this volume, constitute a solid introduction
to the history of Berlin mathematics.
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.

This book constitutes the joint refereed proceedings of the 13th International
Workshop on Approximation Algorithms for Combinatorial Optimization
Problems, APPROX 2010, and the 14th International Workshop on
Randomization and Computation, RANDOM 2010, held in Barcelona, Spain, in
September 2010. The 28 revised full papers of the APPROX 2010 workshop and
the 29 revised full papers of the RANDOM 2010 workshop included in this
volume, were carefully reviewed and selected from 66 and 61 submissions,
respectively. APPROX focuses on algorithmic and complexity issues surrounding
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the development of efficient approximate solutions to computationally difficult
problems. RANDOM is concerned with applications of randomness to
computational and combinatorial problems.
In the last few years, Algorithms for Convex Optimization have revolutionized
algorithm design, both for discrete and continuous optimization problems. For
problems like maximum flow, maximum matching, and submodular function
minimization, the fastest algorithms involve essential methods such as gradient
descent, mirror descent, interior point methods, and ellipsoid methods. The goal
of this self-contained book is to enable researchers and professionals in
computer science, data science, and machine learning to gain an in-depth
understanding of these algorithms. The text emphasizes how to derive key
algorithms for convex optimization from first principles and how to establish
precise running time bounds. This modern text explains the success of these
algorithms in problems of discrete optimization, as well as how these methods
have significantly pushed the state of the art of convex optimization itself.
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.
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.
This book constitutes the refereed proceedings of the 4th International Workshop
on Experimental and Efficient Algorithms, WEA 2005, held in Santorini Island,
Greece in May 2005. The 47 revised full papers and 7 revised short papers
presented together with extended abstracts of 3 invited talks were carefully
reviewed and selected from 176 submissions. The book is devoted to the design,
analysis, implementation, experimental evaluation, and engineering of efficient
algorithms. Among the application areas addressed are most fields applying
advanced algorithmic techniques, such as combinatorial optimization,
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approximation, graph theory, discrete mathematics, scheduling, searching,
sorting, string matching, coding, networking, data mining, data analysis, etc.
This book constitutes the proceedings of the 5th International Workshop on
Algorithms and Computation, WALCOM 2011, held in New Delhi, India, in
February 2011. The 20 papers presented in this volume were carefully reviewed
and selected from 57 submissions. The papers are grouped in topical sections on
approximation algorithms, hardness, algorithm engineering, computational
geometry, string algorithms, and graph algorithms.
Approximation AlgorithmsSpringer
The text covers important algorithm design techniques, such as greedy
algorithms, dynamic programming, and divide-and-conquer, and gives
applications to contemporary problems. Techniques including Fast Fourier
transform, KMP algorithm for string matching, CYK algorithm for context free
parsing and gradient descent for convex function minimization are discussed in
detail. The book's emphasis is on computational models and their effect on
algorithm design. It gives insights into algorithm design techniques in parallel,
streaming and memory hierarchy computational models. The book also
emphasizes the role of randomization in algorithm design, and gives numerous
applications ranging from data-structures such as skip-lists to dimensionality
reduction methods.
Extends the primal-dual method to the setting of online algorithms, and shows its
applicability to a wide variety of fundamental problems.
This two volume set LNCS 6587 and LNCS 6588 constitutes the refereed
proceedings of the 16th International Conference on Database Systems for
Advanced Applications, DASFAA 2011, held in Saarbrücken, Germany, in April
2010. The 53 revised full papers and 12 revised short papers presented together
with 2 invited keynote papers, 22 demonstration papers, 4 industrial papers, 8
demo papers, and the abstract of 1 panel discussion, were carefully reviewed
and selected from a total of 225 submissions. The topics covered are social
network, social network and privacy, data mining, probability and uncertainty,
stream processing, graph, XML, XML and graph, similarity, searching and digital
preservation, spatial queries, query processing, as well as indexing and high
performance.
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
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graduate levels. Discussions of advanced applications illustrate their potential for
future application in research in approximation algorithms.
This book constitutes the refereed proceedings of the 28th International
Colloquium on Automata, Languages and Programming, ICALP 2001, held in
Crete, Greece in July 2001. four invited papers were carefully reviewed and
selected from a total of 208 submissions. complexity, algorithm analysis,
approximation and optimization, complexity, concurrency, efficient data
structures, graph algorithms, language theory, codes and automata, model
checking and protocol analysis, networks and routing, reasoning and verification,
scheduling, secure computation, specification and deduction, and structural
complexity.
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