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This complete guide to physical-layer security presents the theoretical foundations, practical implementation, challenges and
benefits of a groundbreaking new model for secure communication. Using a bottom-up approach from the link level all the way to
end-to-end architectures, it provides essential practical tools that enable graduate students, industry professionals and
researchers to build more secure systems by exploiting the noise inherent to communications channels. The book begins with a
self-contained explanation of the information-theoretic limits of secure communications at the physical layer. It then goes on to
develop practical coding schemes, building on the theoretical insights and enabling readers to understand the challenges and
opportunities related to the design of physical layer security schemes. Finally, applications to multi-user communications and
network coding are also included.

Information Theory and Statistics: A Tutorial is concerned with applications of information theory concepts in statistics, in the finite
alphabet setting. The topics covered include large deviations, hypothesis testing, maximum likelihood estimation in exponential
families, analysis of contingency tables, and iterative algorithms with an “information geometry" background. Also, an introduction
is provided to the theory of universal coding, and to statistical inference via the minimum description length principle motivated by
that theory. The tutorial does not assume the reader has an in-depth knowledge of Information Theory or statistics. As such,
Information Theory and Statistics: A Tutorial, is an excellent introductory text to this highly-important topic in mathematics,
computer science and electrical engineering. It provides both students and researchers with an invaluable resource to quickly get
up to speed in the field.

Information Theory: Coding Theorems for Discrete Memoryless Systems presents mathematical models that involve independent
random variables with finite range. This three-chapter text specifically describes the characteristic phenomena of information
theory. Chapter 1 deals with information measures in simple coding problems, with emphasis on some formal properties of
Shannon’s information and the non-block source coding. Chapter 2 describes the properties and practical aspects of the two-
terminal systems. This chapter also examines the noisy channel coding problem, the computation of channel capacity, and the
arbitrarily varying channels. Chapter 3 looks into the theory and practicality of multi-terminal systems. This book is intended
primarily for graduate students and research workers in mathematics, electrical engineering, and computer science.

Various measures of information are discussed in first chapter. Information rate, entropy and mark off models are presented.
Second and third chapter deals with source coding. Shannon's encoding algorithm, discrete communication channels, mutual
information, Shannon's first theorem are also presented. Huffman coding and Shannon-Fano coding is also discussed. Continuous
channels are discussed in fourth chapter. Channel coding theorem and channel capacity theorems are also presented. Block
codes are discussed in chapter fifth, sixth and seventh. Linear block codes, Hamming codes, syndrome decoding is presented in
detail. Structure and properties of cyclic codes, encoding and syndrome decoding for cyclic codes is also discussed. Additional
cyclic codes such as RS codes, Golay codes, burst error correction is also discussed. Last chapter presents convolutional codes.
Time domain, transform domain approach, code tree, code trellis, state diagram, Viterbi decoding is discussed in detail.

This monograph offers a new foundation for information theory that is based on the notion of information-as-distinctions, being
directly measured by logical entropy, and on the re-quantification as Shannon entropy, which is the fundamental concept for the
theory of coding and communications. Information is based on distinctions, differences, distinguishability, and diversity. Information
sets are defined that express the distinctions made by a partition, e.g., the inverse-image of a random variable so they represent
the pre-probability notion of information. Then logical entropy is a probability measure on the information sets, the probability that
on two independent trials, a distinction or “dit” of the partition will be obtained. The formula for logical entropy is a new derivation
of an old formula that goes back to the early twentieth century and has been re-derived many times in different contexts. As a
probability measure, all the compound notions of joint, conditional, and mutual logical entropy are immediate. The Shannon
entropy (which is not defined as a measure in the sense of measure theory) and its compound notions are then derived from a non-
linear dit-to-bit transform that re-quantifies the distinctions of a random variable in terms of bits—so the Shannon entropy is the
average number of binary distinctions or bits necessary to make all the distinctions of the random variable. And, using a
linearization method, all the set concepts in this logical information theory naturally extend to vector spaces in general—and to
Hilbert spaces in particular—for quantum logical information theory which provides the natural measure of the distinctions made in
guantum measurement. Relatively short but dense in content, this work can be a reference to researchers and graduate students
doing investigations in information theory, maximum entropy methods in physics, engineering, and statistics, and to all those with a
special interest in a new approach to quantum information theory.

Although devoted to constructions of good codes for error control, secrecy or data compression, the emphasis is on the first
direction. Introduces a number of important classes of error-detecting and error-correcting codes as well as their decoding
methods. Background material on modern algebra is presented where required. The role of error-correcting codes in modern
cryptography is treated as are data compression and other topics related to information theory. The definition-theorem proof style
used in mathematics texts is employed through the book but formalism is avoided wherever possible.

The work introduces the fundamentals concerning the measure of discrete information, the modeling of discrete sources without
and with a memory, as well as of channels and coding. The understanding of the theoretical matter is supported by many
examples. One particular emphasis is put on the explanation of Genomic Coding. Many examples throughout the book are chosen
from this particular area and several parts of the book are devoted to this exciting implication of coding.

This book presents a succinct and mathematically rigorous treatment of the main pillars of Shannon’s information theory,
discussing the fundamental concepts and indispensable results of Shannon’s mathematical theory of communications. It
includes five meticulously written core chapters (with accompanying problems), emphasizing the key topics of information
measures; lossless and lossy data compression; channel coding; and joint source-channel coding for single-user (point-
to-point) communications systems. It also features two appendices covering necessary background material in real
analysis and in probability theory and stochastic processes. The book is ideal for a one-semester foundational course on
information theory for senior undergraduate and entry-level graduate students in mathematics, statistics, engineering,
and computing and information sciences. A comprehensive instructor’s solutions manual is available.

Fundamentals of Codes, Graphs, and Iterative Decoding is an explanation of how to introduce local connectivity, and
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how to exploit simple structural descriptions. Chapter 1 provides an overview of Shannon theory and the basic tools of
complexity theory, communication theory, and bounds on code construction. Chapters 2 - 4 provide an overview of
“classical" error control coding, with an introduction to abstract algebra, and block and convolutional codes. Chapters 5 -
9 then proceed to systematically develop the key research results of the 1990s and early 2000s with an introduction to
graph theory, followed by chapters on algorithms on graphs, turbo error control, low density parity check codes, and low
density generator codes.

Fundamentals of Convolutional Coding, Second Edition, regarded as a bible of convolutional coding brings you a clear
and comprehensive discussion of the basic principles of this field Two new chapters on low-density parity-check (LDPC)
convolutional codes and iterative coding Viterbi, BCJR, BEAST, list, and sequential decoding of convolutional codes
Distance properties of convolutional codes Includes a downloadable solutions manual

This textbook forms an introduction to codes, cryptography and information theory as it has developed since Shannon's
original papers.

The index coding problem provides a simple yet rich model for several important engineering tasks such as satellite
communication, content broadcasting, distributed caching, device-to-device relaying, and interference management. This
monograph provides a broad overview of this fascinating subject, focusing on the simplest form of multiple-unicast index
coding. The main objective in studying the index coding problem are to characterize the capacity region for a general
index coding instance in a computable expression and to develop the coding scheme that can achieve it. Despite their
simplicity, these two closely related questions are extremely difficult and precise answers to them, after twenty years of
vigorous investigation, are still in terra incognita. There are, nonetheless, many elegant results that shed light on the
fundamental challenges in multiple-unicast network communication and expose intriguing interplay between coding
theory, graph theory, and information theory. This monograph contains a concise survey of these results in a unified
framework. It further discusses the relation to Network Coding and Distributed Storage. Fundamentals of Index Coding
gives the reader a concise, yet comprehensive, overview of the work undertaken on this important topic; its relationship
to adjacent areas and lays the groundwork for future research. It is a valuable starting point for all researchers and
students in Information Theory.

This book is intended to introduce coding theory and information theory to undergraduate students of mathematics and
computer science. It begins with a review of probablity theory as applied to finite sample spaces and a general
introduction to the nature and types of codes. The two subsequent chapters discuss information theory: efficiency of
codes, the entropy of information sources, and Shannon's Noiseless Coding Theorem. The remaining three chapters
deal with coding theory: communication channels, decoding in the presence of errors, the general theory of linear codes,
and such specific codes as Hamming codes, the simplex codes, and many others.

This monograph originated with a course of lectures on information theory which | gave at Cornell University during the
academic year 1958-1959. It has no pretensions to exhaustiveness, and, indeed, no pretensions at all. Its purpose is to
provide, for mathematicians of some maturity, an easy introduction to the ideas and principal known theorems of a
certain body of coding theory. This purpose will be amply achieved if the reader is enabled, through his reading, to read
the (sometimes obscurely written) literature and to obtain results of his own. The theory is ob viously in a rapid stage of
development; even while this monograph was in manuscript several of its readers obtained important new results. The
first chapter is introductory and the subject matter of the monograph is described at the end of the chapter. There does
not seem to be a uniquely determined logical order in which the material should be arranged. In determining the final
arrangement | tried to obtain an order which makes reading easy and yet is not illogical. | can only hope that the resultant
compromises do not earn me the criticism that | failed on both counts. There are a very few instances in the monograph

where a stated theorem is proved by a method which is based on a result proved only later.

This book is very specifically targeted to problems in communications and compression by providing the fundamental principles and results in
information theory and rate distortion theory for these applications and presenting methods that have proved and will prove useful in
analyzing and designing real systems. The chapters contain treatments of entropy, mutual information, lossless source coding, channel
capacity, and rate distortion theory; however, it is the selection, ordering, and presentation of the topics within these broad categories that is
unique to this concise book. While the coverage of some standard topics is shortened or eliminated, the standard, but important, topics of the
chain rules for entropy and mutual information, relative entropy, the data processing inequality, and the Markov chain condition receive a full
treatment. Similarly, lossless source coding techniques presented include the Lempel-Ziv-Welch coding method. The material on rate
Distortion theory and exploring fundamental limits on lossy source coding covers the often-neglected Shannon lower bound and the Shannon
backward channel condition, rate distortion theory for sources with memory, and the extremely practical topic of rate distortion functions for
composite sources. The target audience for the book consists of graduate students at the master's degree level and practicing engineers. It is
hoped that practicing engineers can work through this book and comprehend the key results needed to understand the utility of information
theory and rate distortion theory and then utilize the results presented to analyze and perhaps improve the communications and compression
systems with which they are familiar.

Emphasizes source coding techniques that have become relevant for video coding in recent years. For illustrating the concepts and efficiency
of the basic sources coding techniques, the authors provide numerous examples and experimental results for simple model sources.

This book is an evolution from my book A First Course in Information Theory published in 2002 when network coding was still at its infancy.
The last few years have witnessed the rapid development of network coding into a research ?eld of its own in information science. With its
root in infor- tion theory, network coding has not only brought about a paradigm shift in network communications at large, but also had
signi?cant in?uence on such speci?c research ?elds as coding theory, networking, switching, wireless c-
munications,distributeddatastorage,cryptography,andoptimizationtheory. While new applications of network coding keep emerging, the
fundamental - sults that lay the foundation of the subject are more or less mature. One of the main goals of this book therefore is to present
these results in a unifying and coherent manner. While the previous book focused only on information theory for discrete random variables,
the current book contains two new chapters on information theory for continuous random variables, namely the chapter on di?erential entropy
and the chapter on continuous-valued channels. With these topics included, the book becomes more comprehensive and is more suitable to
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be used as a textbook for a course in an electrical engineering department.
This book aims at presenting the field of Quantum Information Theory in an intuitive, didactic and self-contained way, taking into account
several multidisciplinary aspects. Therefore, this books is particularly suited to students and researchers willing to grasp fundamental
concepts in Quantum Computation and Quantum Information areas. The field of Quantum Information Theory has increased significantly over
the last three decades. Many results from classical information theory were translated and extended to a scenario where quantum effects
become important. Most of the results in this area allows for an asymptotically small probability of error to represent and transmit information
efficiently. Claude E.Shannon was the first scientist to realize that error-free classical information transmission can be accomplished under
certain conditions. More recently, the concept of error-free classical communication was translated to the quantum context. The so-called
Quantum Zero-Error Information Theory completes and extends the Shannon Zero-Error Information Theory.
This book provides an up-to-date introduction to information theory. In addition to the classical topics discussed, it provides the first
comprehensive treatment of the theory of I-Measure, network coding theory, Shannon and non-Shannon type information inequalities, and a
relation between entropy and group theory. ITIP, a software package for proving information inequalities, is also included. With a large
number of examples, illustrations, and original problems, this book is excellent as a textbook or reference book for a senior or graduate level
course on the subject, as well as a reference for researchers in related fields.
Rapid advances in electronic and optical technology have enabled the implementation of powerful error-control codes, which are now used in
almost the entire range of information systems with close to optimal performance. These codes and decoding methods are required for the
detection and correction of the errors and erasures which inevitably occur in digital information during transmission, storage and processing
because of noise, interference and other imperfections. Error-control coding is a complex, novel and unfamiliar area, not yet widely
understood and appreciated. This book sets out to provide a clear description of the essentials of the subject, with comprehensive and up-to-
date coverage of the most useful codes and their decoding algorithms. A practical engineering and information technology emphasis, as well
as relevant background material and fundamental theoretical aspects, provides an in-depth guide to the essentials of Error-Control Coding.
Provides extensive and detailed coverage of Block, Cyclic, BCH, Reed-Solomon, Convolutional, Turbo, and Low Density Parity Check
(LDPC) codes, together with relevant aspects of Information Theory EXIT chart performance analysis for iteratively decoded error-control
techniques Heavily illustrated with tables, diagrams, graphs, worked examples, and exercises Invaluable companion website features slides
of figures, algorithm software, updates and solutions to problems Offering a complete overview of Error Control Coding, this book is an
indispensable resource for students, engineers and researchers in the areas of telecommunications engineering, communication networks,
electronic engineering, computer science, information systems and technology, digital signal processing and applied mathematics.
Presents a review of eleven of the fundamental issues in multi-user information theory. Each chapter is devoted to one particular issue and
follows the same structure and starts with a problem description and then describes solutions to the problem for general and specific cases.
Fundamentals of Error Correcting Codes is an in-depth introduction to coding theory from both an engineering and mathematical viewpoint.
As well as covering classical topics, there is much coverage of techniques which could only be found in specialist journals and book
publications. Numerous exercises and examples and an accessible writing style make this a lucid and effective introduction to coding theory
for advanced undergraduate and graduate students, researchers and engineers, whether approaching the subject from a mathematical,
engineering or computer science background.
The latest edition of this classic is updated with new problem sets and material The Second Edition of this fundamental textbook maintains
the book's tradition of clear, thought-provoking instruction. Readers are provided once again with an instructive mix of mathematics, physics,
statistics, and information theory. All the essential topics in information theory are covered in detail, including entropy, data compression,
channel capacity, rate distortion, network information theory, and hypothesis testing. The authors provide readers with a solid understanding
of the underlying theory and applications. Problem sets and a telegraphic summary at the end of each chapter further assist readers. The
historical notes that follow each chapter recap the main points. The Second Edition features: * Chapters reorganized to improve teaching *
200 new problems * New material on source coding, portfolio theory, and feedback capacity * Updated references Now current and
enhanced, the Second Edition of Elements of Information Theory remains the ideal textbook for upper-level undergraduate and graduate
courses in electrical engineering, statistics, and telecommunications.
A concise, easy-to-read guide, introducing beginners to the engineering background of modern communication systems, from mobile phones
to data storage. Assuming only basic knowledge of high-school mathematics and including many practical examples and exercises to aid
understanding, this is ideal for anyone who needs a quick introduction to the subject.
Student edition of the classic text in information and coding theory
First comprehensive introduction to information theory explores the work of Shannon, McMillan, Feinstein, and Khinchin. Topics include the
entropy concept in probability theory, fundamental theorems, and other subjects. 1957 edition.
Table of contents
This fundamental monograph introduces both the probabilistic and algebraic aspects of information theory and coding. It has evolved from the
authors' years of experience teaching at the undergraduate level, including several Cambridge Maths Tripos courses. The book provides
relevant background material, a wide range of worked examples and clear solutions to problems from real exam papers. It is a valuable
teaching aid for undergraduate and graduate students, or for researchers and engineers who want to grasp the basic principles.
This text is an elementary introduction to information and coding theory. The first part focuses on information theory, covering uniquely
decodable and instantaneous codes, Huffman coding, entropy, information channels, and Shannon’s Fundamental Theorem. In the second
part, linear algebra is used to construct examples of such codes, such as the Hamming, Hadamard, Golay and Reed-Muller codes. Contains
proofs, worked examples, and exercises.
Most coding theory experts date the origin of the subject with the 1948 publication of A Mathematical Theory of Communication by Claude
Shannon. Since then, coding theory has grown into a discipline with many practical applications (antennas, networks, memories), requiring
various mathematical techniques, from commutative algebra, to semi-definite programming, to algebraic geometry. Most topics covered in the
Concise Encyclopedia of Coding Theory are presented in short sections at an introductory level and progress from basic to advanced level,
with definitions, examples, and many references. The book is divided into three parts: Part | fundamentals: cyclic codes, skew cyclic codes,
guasi-cyclic codes, self-dual codes, codes and designs, codes over rings, convolutional codes, performance bounds Part 1l families: AG
codes, group algebra codes, few-weight codes, Boolean function codes, codes over graphs Part Il applications: alternative metrics,
algorithmic techniques, interpolation decoding, pseudo-random sequences, lattices, quantum coding, space-time codes, network coding,
distributed storage, secret-sharing, and code-based-cryptography. Features Suitable for students and researchers in a wide range of
mathematical disciplines Contains many examples and references Most topics take the reader to the frontiers of research
An effective blend of carefully explained theory and practical applications, this text imparts the fundamentals of both information theory and
data compression. Although the two topics are related, this unique text allows either topic to be presented independently, and it was
specifically designed so that the data compression section requires no prior knowledge of information theory. The treatment of information
theory, while theoretical and abstract, is quite elementary, making this text less daunting than many others. After presenting the fundamental
definitions and results of the theory, the authors then apply the theory to memoryless, discrete channels with zeroth-order, one-state sources.
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The chapters on data compression acquaint students with a myriad of lossless compression methods and then introduce two lossy
compression methods. Students emerge from this study competent in a wide range of technigues. The authors' presentation is highly
practical but includes some important proofs, either in the text or in the exercises, so instructors can, if they choose, place more emphasis on
the mathematics. Introduction to Information Theory and Data Compression, Second Edition is ideally suited for an upper-level or graduate
course for students in mathematics, engineering, and computer science. Features: Expanded discussion of the historical and theoretical basis
of information theory that builds a firm, intuitive grasp of the subject Reorganization of theoretical results along with new exercises, ranging
from the routine to the more difficult, that reinforce students' ability to apply the definitions and results in specific situations. Simplified
treatment of the algorithm(s) of Gallager and Knuth Discussion of the information rate of a code and the trade-off between error correction
and information rate Treatment of probabilistic finite state source automata, including basic results, examples, references, and exercises
Octave and MATLAB image compression codes included in an appendix for use with the exercises and projects involving transform methods
Supplementary materials, including software, available for download from the authors' Web site at www.dms.auburn.edu/compression

Books on information theory and coding have proliferated over the last few years, but few succeed in covering the fundamentals without
losing students in mathematical abstraction. Even fewer build the essential theoretical framework when presenting algorithms and
implementation details of modern coding systems. Without abandoning the theoret

Originally developed by Claude Shannon in the 1940s, information theory laid the foundations for the digital revolution, and is now an
essential tool in telecommunications, genetics, linguistics, brain sciences, and deep space communication. In this richly illustrated book,
accessible examples are used to introduce information theory in terms of everyday games like ‘20 questions’ before more advanced topics
are explored. Online MatLab and Python computer programs provide hands-on experience of information theory in action, and PowerPoint
slides give support for teaching. Written in an informal style, with a comprehensive glossary and tutorial appendices, this text is an ideal
primer for novices who wish to learn the essential principles and applications of information theory.

This comprehensive treatment of network information theory and its applications provides the first unified coverage of both classical and
recent results. With an approach that balances the introduction of new models and new coding techniques, readers are guided through
Shannon's point-to-point information theory, single-hop networks, multihop networks, and extensions to distributed computing, secrecy,
wireless communication, and networking. Elementary mathematical tools and techniques are used throughout, requiring only basic
knowledge of probability, whilst unified proofs of coding theorems are based on a few simple lemmas, making the text accessible to
newcomers. Key topics covered include successive cancellation and superposition coding, MIMO wireless communication, network coding,
and cooperative relaying. Also covered are feedback and interactive communication, capacity approximations and scaling laws, and
asynchronous and random access channels. This book is ideal for use in the classroom, for self-study, and as a reference for researchers
and engineers in industry and academia.

This book is an introduction to information and coding theory at the graduate or advanced undergraduate level. It assumes a basic knowledge
of probability and modern algebra, but is otherwise self- contained. The intent is to describe as clearly as possible the fundamental issues
involved in these subjects, rather than covering all aspects in an encyclopedic fashion. The first quarter of the book is devoted to information
theory, including a proof of Shannon's famous Noisy Coding Theorem. The remainder of the book is devoted to coding theory and is
independent of the information theory portion of the book. After a brief discussion of general families of codes, the author discusses linear
codes (including the Hamming, Golary, the Reed-Muller codes), finite fields, and cyclic codes (including the BCH, Reed-Solomon, Justesen,
Goppa, and Quadratic Residue codes). An appendix reviews relevant topics from modern algebra.
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