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This textbook is uniquely written with dual purpose. It cover cores material in the
foundations of computing for graduate students in computer science and also provides
an introduction to some more advanced topics for those intending further study in the
area. This innovative text focuses primarily on computational complexity theory: the
classification of computational problems in terms of their inherent complexity. The book
contains an invaluable collection of lectures for first-year graduates on the theory of
computation. Topics and features include more than 40 lectures for first year graduate
students, and a dozen homework sets and exercises.
Behavioral strategy has evolved as a field the last decades both intellectually and
institutionally. This volume examines the relatively new field of behavioral strategy and
its contribution to strategic management, with papers reflecting the past and present of
behavioral strategy as a field, as well as possible avenues for future developments.
An introduction to computational complexity theory, its connections and interactions
with mathematics, and its central role in the natural and social sciences, technology,
and philosophy Mathematics and Computation provides a broad, conceptual overview
of computational complexity theory—the mathematical study of efficient computation.
With important practical applications to computer science and industry, computational
complexity theory has evolved into a highly interdisciplinary field, with strong links to
most mathematical areas and to a growing number of scientific endeavors. Avi
Wigderson takes a sweeping survey of complexity theory, emphasizing the field’s
insights and challenges. He explains the ideas and motivations leading to key models,
notions, and results. In particular, he looks at algorithms and complexity, computations
and proofs, randomness and interaction, quantum and arithmetic computation, and
cryptography and learning, all as parts of a cohesive whole with numerous crossinfluences. Wigderson illustrates the immense breadth of the field, its beauty and
richness, and its diverse and growing interactions with other areas of mathematics. He
ends with a comprehensive look at the theory of computation, its methodology and
aspirations, and the unique and fundamental ways in which it has shaped and will
further shape science, technology, and society. For further reading, an extensive
bibliography is provided for all topics covered. Mathematics and Computation is useful
for undergraduate and graduate students in mathematics, computer science, and
related fields, as well as researchers and teachers in these fields. Many parts require
little background, and serve as an invitation to newcomers seeking an introduction to
the theory of computation. Comprehensive coverage of computational complexity
theory, and beyond High-level, intuitive exposition, which brings conceptual clarity to
this central and dynamic scientific discipline Historical accounts of the evolution and
motivations of central concepts and models A broad view of the theory of computation's
influence on science, technology, and society Extensive bibliography
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
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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.
Using a balanced approach that is partly algorithmic and partly structuralist, this book
systematically reviews the most significant results obtained in the study of
computational complexity theory. KEY TOPICS: Considers properties of complexity
classes, inclusions between classes, implications between several hypotheses about
complexity classes, and identification of structural properties of sets that affect their
computational complexity. Features over 120 worked examples, over 200 problems,
and 400 figures. For those interested in complexity and computability, algorithm design,
operations research, and combinational mathematic.
This book constitutes the refereed proceedings of the 26th International Symposium on
Algorithms and Computation, ISAAC 2015, held in Nagoya, Japan, in December 2015.
The 65 revised full papers presented together with 3 invited talks were carefully
reviewed and selected from 180 submissions for inclusion in the book. The focus of the
volume is on the following topics: computational geometry; data structures;
combinatorial optimization and approximation algorithms; randomized algorithms; graph
algorithms and FPT; computational complexity; graph drawing and planar graphs;
online and streaming algorithms; and string and DNA algorithms.
Algorithms and Theory of Computation Handbook is a comprehensive collection of
algorithms and data structures that also covers many theoretical issues. It offers a
balanced perspective that reflects the needs of practitioners, including emphasis on
applications within discussions on theoretical issues. Chapters include information on
finite precision issues as well as discussion of specific algorithms where algorithmic
techniques are of special importance, including graph drawing, robotics, forming a VLSI
chip, vision and image processing, data compression, and cryptography. The book also
presents some advanced topics in combinatorial optimization and parallel/distributed
computing. • applications areas where algorithms and data structuring techniques are
of special importance • graph drawing • robot algorithms • VLSI layout • vision and
image processing algorithms • scheduling • electronic cash • data compression •
dynamic graph algorithms • on-line algorithms • multidimensional data structures •
cryptography • advanced topics in combinatorial optimization and parallel/distributed
computing
Now you can clearly present even the most complex computational theory topics to
your students with Sipser’s distinct, market-leading INTRODUCTION TO THE
THEORY OF COMPUTATION, 3E. The number one choice for today’s computational
theory course, this highly anticipated revision retains the unmatched clarity and
thorough coverage that make it a leading text for upper-level undergraduate and
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introductory graduate students. This edition continues author Michael Sipser’s wellknown, approachable style with timely revisions, additional exercises, and more
memorable examples in key areas. A new first-of-its-kind theoretical treatment of
deterministic context-free languages is ideal for a better understanding of parsing and
LR(k) grammars. This edition’s refined presentation ensures a trusted accuracy and
clarity that make the challenging study of computational theory accessible and intuitive
to students while maintaining the subject’s rigor and formalism. Readers gain a solid
understanding of the fundamental mathematical properties of computer hardware,
software, and applications with a blend of practical and philosophical coverage and
mathematical treatments, including advanced theorems and proofs. INTRODUCTION
TO THE THEORY OF COMPUTATION, 3E’s comprehensive coverage makes this an
ideal ongoing reference tool for those studying theoretical computing. Important Notice:
Media content referenced within the product description or the product text may not be
available in the ebook version.

Automata and natural language theory are topics lying at the heart of computer
science. Both are linked to computational complexity and together, these
disciplines help define the parameters of what constitutes a computer, the
structure of programs, which problems are solvable by computers, and a range of
other crucial aspects of the practice of computer science. In this important
volume, two respected authors/editors in the field offer accessible, practiceoriented coverage of these issues with an emphasis on refining core problem
solving skills.
Structural operational semantics is a simple, yet powerful mathematical theory for
describing the behaviour of programs in an implementation-independent manner.
This book provides a self-contained introduction to structural operational
semantics, featuring semantic definitions using big-step and small-step
semantics of many standard programming language constructs, including control
structures, structured declarations and objects, parameter mechanisms and
procedural abstraction, concurrency, nondeterminism and the features of
functional programming languages. Along the way, the text introduces and
applies the relevant proof techniques, including forms of induction and notions of
semantic equivalence (including bisimilarity). Thoroughly class-tested, this book
has evolved from lecture notes used by the author over a 10-year period at
Aalborg University to teach undergraduate and graduate students. The result is a
thorough introduction that makes the subject clear to students and computing
professionals without sacrificing its rigour. No experience with any specific
programming language is required.
This book is the refereed proceedings of the Second International Workshop on
Natural Computing, IWNC 2007, held in Noyori Conference Hall, Nagoya
University in December 2007. IWNC aims to bring together computer scientists,
biologists, mathematicians, electronic engineers, physicists, and humanitarians,
to critically assess present findings in the field, and to outline future
developments in nature-inspired computing.
Introduces machine learning and its algorithmic paradigms, explaining the
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principles behind automated learning approaches and the considerations
underlying their usage.
This classic book on formal languages, automata theory, and computational
complexity has been updated to present theoretical concepts in a concise and
straightforward manner with the increase of hands-on, practical applications. This
new edition comes with Gradiance, an online assessment tool developed for
computer science. Please note, Gradiance is no longer available with this book,
as we no longer support this product.
"Intended as an upper-level undergraduate or introductory graduate text in
computer science theory," this book lucidly covers the key concepts and
theorems of the theory of computation. The presentation is remarkably clear; for
example, the "proof idea," which offers the reader an intuitive feel for how the
proof was constructed, accompanies many of the theorems and a proof.
Introduction to the Theory of Computation covers the usual topics for this type of
text plus it features a solid section on complexity theory--including an entire
chapter on space complexity. The final chapter introduces more advanced topics,
such as the discussion of complexity classes associated with probabilistic
algorithms.
Teaching can be intimidating for beginning faculty. Some graduate schools and
some computing faculty provide guidance and mentoring, but many do not.
Often, a new faculty member is assigned to teach a course, with little guidance,
input, or feedback. Teaching Computing: A Practitioner’s Perspective addresses
such challenges by providing a solid resource for both new and experienced
computing faculty. The book serves as a practical, easy-to-use resource,
covering a wide range of topics in a collection of focused down-to-earth chapters.
Based on the authors’ extensive teaching experience and his teaching-oriented
columns that span 20 years, and informed by computing-education research, the
book provides numerous elements that are designed to connect with teaching
practitioners, including: A wide range of teaching topics and basic elements of
teaching, including tips and techniques Practical tone; the book serves as a downto-earth practitioners’ guide Short, focused chapters Coherent and convenient
organization Mix of general educational perspectives and computing-specific
elements Connections between teaching in general and teaching computing Both
historical and contemporary perspectives This book presents practical
approaches, tips, and techniques that provide a strong starting place for new
computing faculty and perspectives for reflection by seasoned faculty wishing to
freshen their own teaching.
Formal languages, automata, computability, and related matters form the major
part of the theory of computation. This textbook is designed for an introductory
course for computer science and computer engineering majors who have
knowledge of some higher-level programming language, the fundamentals of
These are my lecture notes from CS381/481: Automata and Computability
Theory, a one-semester senior-level course I have taught at Cornell Uni versity
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for many years. I took this course myself in thc fall of 1974 as a first-year Ph.D.
student at Cornell from Juris Hartmanis and have been in love with the subject
ever sin,:e. The course is required for computer science majors at Cornell. It
exists in two forms: CS481, an honors version; and CS381, a somewhat gentler
paced version. The syllabus is roughly the same, but CS481 go es deeper into
thc subject, covers more material, and is taught at a more abstract level.
Students are encouraged to start off in one or the other, then switch within the
first few weeks if they find the other version more suitaLle to their level of
mathematical skill. The purpose of t.hc course is twofold: to introduce computer
science students to the rieh heritage of models and abstractions that have arisen
over the years; and to dew!c'p the capacity to form abstractions of their own and
reason in terms of them.
The widespread use of Geographical Information Systems (GIS) has significantly
increased the demand for knowledge about spatial analytical techniques across a
range of disciplines. As growing numbers of researchers realise they are dealing
with spatial data, the demand for specialised statistical and mathematical
methods designed to deal with spatial data is undergoing a rapid increase.
Responding to this demand, The Handbook of Spatial Analysis is a
comprehensive and authoritative discussion of issues and techniques in the field
of Spatial Data Analysis. Its principal focus is on: • why the analysis of spatial
data needs separate treatment • the main areas of spatial analysis • the key
debates within spatial analysis • examples of the application of various spatial
analytical techniques • problems in spatial analysis • areas for future research
Aimed at an international audience of academics, The Handbook of Spatial
Analysis will also prove essential to graduate level students and researchers in
government agencies and the private sector.
The P-NP problem is the most important open problem in computer science, if
not all of mathematics. Simply stated, it asks whether every problem whose
solution can be quickly checked by computer can also be quickly solved by
computer. The Golden Ticket provides a nontechnical introduction to P-NP, its
rich history, and its algorithmic implications for everything we do with computers
and beyond. Lance Fortnow traces the history and development of P-NP, giving
examples from a variety of disciplines, including economics, physics, and biology.
He explores problems that capture the full difficulty of the P-NP dilemma, from
discovering the shortest route through all the rides at Disney World to finding
large groups of friends on Facebook. The Golden Ticket explores what we truly
can and cannot achieve computationally, describing the benefits and unexpected
challenges of this compelling problem.
Programming Language Pragmatics, Fourth Edition, is the most comprehensive
programming language textbook available today. It is distinguished and
acclaimed for its integrated treatment of language design and implementation,
with an emphasis on the fundamental tradeoffs that continue to drive software
development. The book provides readers with a solid foundation in the syntax,
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semantics, and pragmatics of the full range of programming languages, from
traditional languages like C to the latest in functional, scripting, and objectoriented programming. This fourth edition has been heavily revised throughout,
with expanded coverage of type systems and functional programming, a unified
treatment of polymorphism, highlights of the newest language standards, and
examples featuring the ARM and x86 64-bit architectures. Updated coverage of
the latest developments in programming language design, including C & C++11,
Java 8, C# 5, Scala, Go, Swift, Python 3, and HTML 5 Updated treatment of
functional programming, with extensive coverage of OCaml New chapters
devoted to type systems and composite types Unified and updated treatment of
polymorphism in all its forms New examples featuring the ARM and x86 64-bit
architectures
This text strikes a good balance between rigor and an intuitive approach to
computer theory. Covers all the topics needed by computer scientists with a
sometimes humorous approach that reviewers found "refreshing". It is easy to
read and the coverage of mathematics is fairly simple so readers do not have to
worry about proving theorems.
Data Structures & Theory of Computation
This proceedings put together 68 selected articles from the joint conferences of
2014 Congress on Industrial Engineering, Machine Design and Automation
(IEMDA2014) and the 2nd Congress on Computer Science and Application
(CCSA2014), held in Sanya, China during December 12 - 14, 2014. The
conference program of IEMDA 2014 focused on areas of Industrial Engineering,
Machine Design and Automation, while the CCSA 2014 program provided the
platform for Computer Science and Applications.Collected together the latest
research results and applications on industrial engineering, machine design,
automation, and computer science and other related Engineering topics. All
submitted papers to this proceedings were subjected to strict peer-reviewing by
2-4 expert referees, to ensure that all articles selected are of highest standard
and are relevance to the conference.
Category theory is unmatched in its ability to organize and layer abstractions and
to find commonalities between structures of all sorts. No longer the exclusive
preserve of pure mathematicians, it is now proving itself to be a powerful tool in
science, informatics, and industry. By facilitating communication between
communities and building rigorous bridges between disparate worlds, applied
category theory has the potential to be a major organizing force. This book offers
a self-contained tour of applied category theory. Each chapter follows a single
thread motivated by a real-world application and discussed with categorytheoretic tools. We see data migration as an adjoint functor, electrical circuits in
terms of monoidal categories and operads, and collaborative design via enriched
profunctors. All the relevant category theory, from simple to sophisticated, is
introduced in an accessible way with many examples and exercises, making this
an ideal guide even for those without experience of university-level mathematics.
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Introduction to the Theory of ComputationThomson/Course Technology
The theoretical underpinnings of computing form a standard part of almost every
computer science curriculum. But the classic treatment of this material isolates it from
the myriad ways in which the theory influences the design of modern hardware and
software systems. The goal of this book is to change that. The book is organized into a
core set of chapters (that cover the standard material suggested by the title), followed
by a set of appendix chapters that highlight application areas including programming
language design, compilers, software verification, networks, security, natural language
processing, artificial intelligence, game playing, and computational biology. The core
material includes discussions of finite state machines, Markov models, hidden Markov
models (HMMs), regular expressions, context-free grammars, pushdown automata,
Chomsky and Greibach normal forms, context-free parsing, pumping theorems for
regular and context-free languages, closure theorems and decision procedures for
regular and context-free languages, Turing machines, nondeterminism, decidability and
undecidability, the Church-Turing thesis, reduction proofs, Post Correspondence
problem, tiling problems, the undecidability of first-order logic, asymptotic dominance,
time and space complexity, the Cook-Levin theorem, NP-completeness, Savitch's
Theorem, time and space hierarchy theorems, randomized algorithms and heuristic
search. Throughout the discussion of these topics there are pointers into the application
chapters. So, for example, the chapter that describes reduction proofs of undecidability
has a link to the security chapter, which shows a reduction proof of the undecidability of
the safety of a simple protection framework.
Introduction to Languages and the Theory of Computation is an introduction to the
theory of computation that emphasizes formal languages, automata and abstract
models of computation, and computability; it also includes an introduction to
computational complexity and NP-completeness. Through the study of these topics,
students encounter profound computational questions and are introduced to topics that
will have an ongoing impact in computer science. Once students have seen some of
the many diverse technologies contributing to computer science, they can also begin to
appreciate the field as a coherent discipline. A distinctive feature of this text is its gentle
and gradual introduction of the necessary mathematical tools in the context in which
they are used. Martin takes advantage of the clarity and precision of mathematical
language but also provides discussion and examples that make the language intelligible
to those just learning to read and speak it. The material is designed to be accessible to
students who do not have a strong background in discrete mathematics, but it is also
appropriate for students who have had some exposure to discrete math but whose
skills in this area need to be consolidated and sharpened.
This textbook aims to fill the gap between those that offer a theoretical treatment
without many applications and those that present and apply formulas without
appropriately deriving them. The balance achieved will give readers a fundamental
understanding of key financial ideas and tools that form the basis for building realistic
models, including those that may become proprietary. Numerous carefully chosen
examples and exercises reinforce the student’s conceptual understanding and facility
with applications. The exercises are divided into conceptual, application-based, and
theoretical problems, which probe the material deeper. The book is aimed toward
advanced undergraduates and first-year graduate students who are new to finance or
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want a more rigorous treatment of the mathematical models used within. While no
background in finance is assumed, prerequisite math courses include multivariable
calculus, probability, and linear algebra. The authors introduce additional mathematical
tools as needed. The entire textbook is appropriate for a single year-long course on
introductory mathematical finance. The self-contained design of the text allows for
instructor flexibility in topics courses and those focusing on financial derivatives.
Moreover, the text is useful for mathematicians, physicists, and engineers who want to
learn finance via an approach that builds their financial intuition and is explicit about
model building, as well as business school students who want a treatment of finance
that is deeper but not overly theoretical.
New and classical results in computational complexity, including interactive proofs,
PCP, derandomization, and quantum computation. Ideal for graduate students.
Now you can clearly present even the most complex computational theory topics to
your students with Sipser's distinct, market-leading INTRODUCTION TO THE THEORY
OF COMPUTATION, 3E. The number one choice for today's computational theory
course, this highly anticipated revision retains the unmatched clarity and thorough
coverage that make it a leading text for upper-level undergraduate and introductory
graduate students. This edition continues author Michael Sipser's well-known,
approachable style with timely revisions, additional exercises, and more memorable
examples in key areas. A new first-of-its-kind theoretical treatment of deterministic
context-free languages is ideal for a better understanding of parsing and LR(k)
grammars. This edition's refined presentation ensures a trusted accuracy and clarity
that make the challenging study of computational theory accessible and intuitive to
students while maintaining the subject's rigor and formalism. Readers gain a solid
understanding of the fundamental mathematical properties of computer hardware,
software, and applications with a blend of practical and philosophical coverage and
mathematical treatments, including advanced theorems and proofs. INTRODUCTION
TO THE THEORY OF COMPUTATION, 3E's comprehensive coverage makes this an
ideal ongoing reference tool for those studying theoretical computing. Important Notice:
Media content referenced within the product description or the product text may not be
available in the ebook version.
"Shows how to recognize NP-complete problems and offers proactical suggestions for
dealing with them effectively. The book covers the basic theory of NP-completeness,
provides an overview of alternative directions for further research, and contains and
extensive list of NP-complete and NP-hard problems, with more than 300 main entries
and several times as many results in total. [This book] is suitable as a supplement to
courses in algorithm design, computational complexity, operations research, or
combinatorial mathematics, and as a text for seminars on approximation algorithms or
computational complexity. It provides not only a valuable source of information for
students but also an essential reference work for professionals in computer
science"--Back cover.
This 2006 book introduces the theoretical foundations of error-correcting codes for
senior-undergraduate to graduate students.
Most books on data structures are filled with so many technical details (and lack thorough
explanations) that the reading becomes difficult. This accessible, conversational presentation
explores data structures concepts in clear language. Assumes a basic knowledge of C++.
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Focuses on the client for all programs, classes, and data structures. Offers meaningful,
relevant examples and worked examples throughout. Includes thoroughly tested code.
Provides code for all examples. A useful reference for anyone interested in learning more
about programming.
Models of Computation and Formal Languages presents a comprehensive and rigorous
treatment of the theory of computability. The text takes a novel approach focusing on
computational models and is the first book of its kind to feature companion software. Deus Ex
Machina, developed by Nicolae Savoiu, comprises software simulations of the various
computational models considered and incorporates numerous examples in a user-friendly
format. Part I of the text introduces several universal models including Turing machines,
Markov algorithms, and register machines. Complexity theory is integrated gradually, starting
in Chapter 1. The vector machine model of parallel computation is covered thoroughly both in
text and software. Part II develops the Chomsky hierarchy of formal languages and provides
both a grammar-theoretic and an automata-theoretic characterization of each language family.
Applications to programming languages round out an in-depth theoretical discussion, making
this an ideal text for students approaching this subject for the first time. Ancillary sections of
several chapters relate classical computability theory to the philosophy of mind, cognitive
science, and theoretical linguistics. Ideal for Theory of Computability and Theory of Algorithms
courses at the advanced undergraduate or beginning graduate level, Models of Computation
and Formal Languages is one of the only texts that... - - Features accompanying software
available on the World Wide Web at http: //home.manhattan.edu/ gregory.taylor/thcomp/
Adopts an integrated approach to complexity theory - Offers a solutions manual containing full
solutions to several hundred exercises. Most of these solutions are available to students on the
World Wide Web at http: //home.manhattan.edu/ gregory.taylor/thcomp - Features examples
relating the theory of computation to the probable programming experience of an
undergraduate computer science major
The debut of small, inexpensive, yet powerful portable computers has coincided with the
exponential growth of the Internet, making it possible to access computing resources and
information at nearly any location at almost any time. This new trend, mobile computing, is
poised to become the main technology driver for a decade to come. There are many
An accessible and rigorous textbook for introducing undergraduates to computer science
theory What Can Be Computed? is a uniquely accessible yet rigorous introduction to the most
profound ideas at the heart of computer science. Crafted specifically for undergraduates who
are studying the subject for the first time, and requiring minimal prerequisites, the book focuses
on the essential fundamentals of computer science theory and features a practical approach
that uses real computer programs (Python and Java) and encourages active experimentation.
It is also ideal for self-study and reference. The book covers the standard topics in the theory
of computation, including Turing machines and finite automata, universal computation,
nondeterminism, Turing and Karp reductions, undecidability, time-complexity classes such as
P and NP, and NP-completeness, including the Cook-Levin Theorem. But the book also
provides a broader view of computer science and its historical development, with discussions
of Turing's original 1936 computing machines, the connections between undecidability and
Gödel's incompleteness theorem, and Karp's famous set of twenty-one NP-complete problems.
Throughout, the book recasts traditional computer science concepts by considering how
computer programs are used to solve real problems. Standard theorems are stated and proven
with full mathematical rigor, but motivation and understanding are enhanced by considering
concrete implementations. The book's examples and other content allow readers to view
demonstrations of—and to experiment with—a wide selection of the topics it covers. The result is
an ideal text for an introduction to the theory of computation. An accessible and rigorous
introduction to the essential fundamentals of computer science theory, written specifically for
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undergraduates taking introduction to the theory of computation Features a practical,
interactive approach using real computer programs (Python in the text, with forthcoming Java
alternatives online) to enhance motivation and understanding Gives equal emphasis to
computability and complexity Includes special topics that demonstrate the profound nature of
key ideas in the theory of computation Lecture slides and Python programs are available at
whatcanbecomputed.com
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