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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
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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

as this preface is being written the twentieth century is coming to an end historians may perhaps come to refer to it as the century of information

just as its predecessor is associated with the process of industrialisation successive technological developments such as the telephone radio

television computers and the internet have had profound effects on the way we live we can see pic tures of the surface of mars or the early shape of

the universe the contents of a whole shelf load of library books can be compressed onto an almost weight less piece of plastic billions of people can

watch the same football match or can keep in instant touch with friends around the world without leaving home in short massive amounts of

information can now be stored transmitted and processed with surprising speed accuracy and economy of course these developments do not

happen without some theoretical ba sis and as is so often the case much of this is provided by mathematics many of the first mathematical

advances in this area were made in the mid twentieth century by engineers often relying on intuition and experience rather than a deep theoretical

knowledge to lead them to their discoveries soon the math ematicians delighted to see new applications for their subject joined in and developed

the engineers practical examples into wide ranging theories com plete with definitions theorems and proofs

the mathematical theory of coding focuses on the application of algebraic and combinatoric methods to the coding theory including linear

transformations vector spaces and combinatorics the publication first offers information on finite fields and coding theory and combinatorial

constructions and coding discussions focus on self dual and quasicyclic codes quadratic residues and codes balanced incomplete block designs

and codes bounds on code dictionaries code invariance under permutation groups and linear transformations of vector spaces over finite fields the

text then takes a look at coding and combinatorics and the structure of semisimple rings topics include structure of cyclic codes and semisimple

rings group algebra and group characters rings ideals and the minimum condition chains and chain groups dual chain groups and matroids

graphs and coding the book ponders on group representations and group codes for the gaussian channel including distance properties of group

codes initial vector problem modules group algebras andrepresentations orthogonality relationships and properties of group characters and



Information Theory And Coding

3 Information Theory And Coding

representation of groups the manuscript is a valuable source of data for mathematicians and researchers interested in the mathematical theory of

coding

coding theory is concerned with successfully transmitting data through a noisy channel and correcting errors in corrupted messages it is of central

importance for many applications in computer science or engineering this book gives a comprehensive introduction to coding theory whilst only

assuming basic linear algebra it contains a detailed and rigorous introduction to the theory of block codes and moves on to more advanced topics

like bch codes goppa codes and sudan s algorithm for list decoding the issues of bounds and decoding essential to the design of good codes

features prominently the authors of this book have for several years successfully taught a course on coding theory to students at the national

university of singapore this book is based on their experiences and provides a thoroughly modern introduction to the subject there are numerous

examples and exercises some of which introduce students to novel or more advanced material

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

source coding theory has as its goal the characterization of the optimal performance achievable in idealized communication systems which must

code an information source for transmission over a digital communication or storage channel for transmission to a user the user must decode the

information into a form that is a good approximation to the original a code is optimal within some class if it achieves the best possible fidelity given

whatever constraints are imposed on the code by the available channel in theory the primary constraint imposed on a code by the channel is its

rate or resolution the number of bits per second or per input symbol that it can transmit from sender to receiver in the real world complexity may be

as important as rate the origins and the basic form of much of the theory date from shan non s classical development of noiseless source coding
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and source coding subject to a fidelity criterion also called rate distortion theory 73 74 shannon combined a probabilistic notion of information with

limit theo rems from ergodic theory and a random coding technique to describe the optimal performance of systems with a constrained rate but

with uncon strained complexity and delay an alternative approach called asymptotic or high rate quantization theory based on different techniques

and approx imations was introduced by bennett at approximately the same time 4 this approach constrained the delay but allowed the rate to

grow large

this book is designed to be usable as a textbook for an undergraduate course or for an advanced graduate course in coding theory as well as a

reference for researchers in discrete mathematics engineering and theoretical computer science this second edition has three parts an elementary

introduction to coding theory and applications of codes and algebraic curves the latter part presents a brief introduction to the theory of algebraic

curves and its most important applications to coding theory

this book is offers a comprehensive overview of information theory and error control coding using a different approach then in existed literature the

chapters are organized according to the shannon system model where one block affects the others a relatively brief theoretical introduction is

provided at the beginning of every chapter including a few additional examples and explanations but without any proofs and a short overview of

some aspects of abstract algebra is given at the end of the corresponding chapters the characteristic complex examples with a lot of illustrations

and tables are chosen to provide detailed insights into the nature of the problem some limiting cases are presented to illustrate the connections

with the theoretical bounds the numerical values are carefully selected to provide in depth explanations of the described algorithms although the

examples in the different chapters can be considered separately they are mutually connected and the conclusions for one considered problem

relate to the others in the book

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
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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

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

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

containing data on number theory encryption schemes and cyclic codes this highly successful textbook proven by the authors in a popular two

quarter course presents coding theory construction encoding and decoding of specific code families in an easy to use manner appropriate for

students with only a basic background in mathematics offering revised and updated material on the berlekamp massey decoding algorithm and

convolutional codes introducing the mathematics as it is needed and providing exercises with solutions this edition includes an extensive section on

cryptography designed for an introductory course on the subject

most coding theory experts date the origin of the subject with the 1948 publication of a mathematical theory of communication by claude shannon
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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 i fundamentals cyclic codes skew cyclic codes quasi cyclic codes self dual codes codes

and designs codes over rings convolutional codes performance bounds part ii families ag codes group algebra codes few weight codes boolean

function  codes  codes  over  graphs  part  iii  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

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 be used as a textbook for a course in an electrical engineering department

it is gratifying that this textbook is still sufficiently popular to warrant a third edition i have used the opportunity to improve and enlarge the book

when the second edition was prepared only two pages on algebraic geometry codes were added these have now been removed and replaced by a
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relatively long chapter on this subject although it is still only an introduction the chapter requires more mathematical background of the reader

than the remainder of this book one of the very interesting recent developments concerns binary codes defined by using codes over the alphabet 7l

4 there is so much interest in this area that a chapter on the essentials was added knowledge of this chapter will allow the reader to study recent

literature on 7l codes 4 furthermore some material has been added that appeared in my springer lec ture notes 201 but was not included in earlier

editions of this book e g generalized reed solomon codes and generalized reed muller codes in chapter 2 a section on coding gain the engineer s

justification for using error correcting codes was added for the author preparing this third edition was a most welcome return to mathematics after

seven years of administration for valuable discussions on the new material i thank c p l m baggen i m duursma h d l hollmann h c a van tilborg and

r m wilson a special word of thanks to r a pellikaan for his assistance with chapter 10

now in its fourth edition this handbook is an essential resource for those interested in all aspects of qualitative research and has been extensively

revised and updated to cover new topics including applied ethnography queer theory and auto ethnography
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