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PREFACE

Overview and Goals

Information and Coding Theory research and applications are undergoing
rapid advancements. The last few years have witnessed rapid advancements
in Information and Coding Theory research and applications. This book
provides a comprehensive guide to selected topics, both ongoing and
emerging, in Information and Coding Theory. Consisting of contributions
from well known and high profile researchers in their respective
specialties, topics that are covered include applications of coding theory
to computational complexity, algebraic combinatorics in coding theory,
codes construction and existence, source coding, channel capacity, network
coding, and few other selected topics in Information and Coding Theory
research.

The book has been prepared keeping in mind that it needs to prove
itself to be a valuable resource dealing with both the important core and
the specialized issues in Information and Coding Theory. We hope that it
will be a valuable reference for students, instructors, researchers, engineers,
and industry practitioners in these fields. All of the chapters are integrated
in a manner that renders the book as a supplementary reference volume
and/or textbook for use in both undergraduate and graduate courses on
Information and Coding Theory. Each chapter is of an expository, but also
of a scholarly, tutorial, or survey style, on a particular topic within the
scope of Information and Coding Theory.

Organization and Features

The book is organized into 15 chapters, each chapter written by topical
area experts. These chapters are grouped into four parts.
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viii Preface

Part 1 is devoted to the applications of coding theory to computational
complexity, and is composed of three chapters: Chaps. 1-3. Chapter 1
discusses several theoretical methods for analyzing the linear complexity
and related complexity measures and proposes several classes of interesting
sequences with high linear complexity. Chapter 2 focuses on the
construction of high coding gain lattices with low decoding complexity
from good codes in larger dimensions, and proposes a possible lattice
construction with high coding gain using turbo codes and Low Density
Parity Check codes. Chapter 3 is dedicated to the issues of cooperative
communication in wireless relay networks. Various constructions of
the distributed space-time block codes with low maximum-likelihood
decidability are surveyed, and new upper bounds on the maximum rate
of certain classes of single-symbol decodable distributed space-time block
codes are proposed.

Part 2 focuses on methods of algebraic combinatorics in coding theory,
and methods of codes construction and existence. It is composed of four
chapters: Chaps. 4-7. Chapter 4 discusses in-depth the interplay of coding
theory and algebraic combinatorics, focusing on the interaction of codes
with combinatorial designs. Chapter 5 discusses ways and results in which
to define, construct, prove theorems, and analyze codes from group rings in
general, using both zero-divisor and units within a group ring. The codes
derived are described as either zero-divisor or unit-derived codes. Chapter
6 is a continuation of the work initiated in Chapter 5, by presenting a
new algebraic group ring-based method for constructing codes with no
short cycles in the check matrix, and a general algebraic method for
constructing Low Density Parity Check codes with no short cycles. Chapter
7 presents the construction of some well-known classes of algebraic block
codes, and discusses recent generalizations of quasi-cyclic codes, as well as
some algebraic and combinatorial methods of obtaining new codes from
existing ones.

Part 3 centers on source coding, channel capacity, and network coding
issues. It is composed of three chapters: Chaps. 8-10. Chapter 8 introduces
a new approach to estimation, prediction and hypothesis testing for time
series based on ideas of universal coding or universal data compression.
Chapter 9 presents a subjective approach to network coding, which is
concerned with the deterministic multicast encoding of cyclic networks.
This topic is presented at a level of detail that is not found elsewhere in
the literature. Chapter 10 addresses the problem of transmission of several
distributed sources over a multiple access channel with side information
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at the sources and the decoder, and proposes a joint source channel
coding approach, which generalizes previous results available on the studied
problem.

Part 4 addresses other selected topics in Information and Coding Theory,
and is composed of five chapters; Chaps. 11-15. Chapter 11 presents a
tutorial exposition of Low Density Parity Check codes. Chapter 12 focuses
on some selected topics in the theory of variable length codes, including
connections with codes for constrained channels and sources. Chapter 13
deals with decoding techniques and methods for finding the minimum
distance of linear codes by means of Grébner bases. Chapter 14 presents
an overview of cooperative diversity, along with latest advances and open
issues in this evolving field. In Chap. 15, algebraic coding theory is used as
an alternative way to define secure cryptographic primitives.

We list below some of the important features of this book, which, we
believe, would make it a valuable resource for our readers:

e This book is designed, in structure and content, to aid the learning
process with the intention of making the book useful at all learning levels.

e Most of the chapters of the book are authored by prominent
academicians/researchers, practitioners, in Information and Coding
Theory that have been working with these topics for quite a few years
now and have thorough understanding of the concepts.

e The authors of this book are distributed in a large number of countries
and most of them are affiliated with institutions of worldwide repute.
This gives this book an international flavor.

e Most of the chapters in this book have a distinct section providing
direction for future research, which, particularly, targets researchers
working in these areas. We believe that this section should provide insight
to the researchers about some of the current research issues.

e The authors of each chapter have attempted to provide a comprehensive
bibliography, which should greatly help the readers interested further to
dig into the topics.

e Most of the chapters of this book have a separate section outlining
thoughts for practitioners. We believe that this section in every chapter
will be particularly useful for industry practitioners working directly with
the practical aspects behind enabling these technologies in the field.

e All chapters, except one, provide a set of questions at the end that can
help in assessing the understanding of the readers. In most chapters,
solutions are provided to some of these questions.
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e To make the book useful for pedagogical purposes, all chapters of the
book have a corresponding set of presentation slides. The slides can be
obtained as a supplementary resource by contacting the publisher, World
Scientific, Singapore.

We have made attempts in all possible ways we could to make the different
chapters of the book look as much coherent and synchronized as possible.
However, it cannot be denied that due to the fact chapters were written
by different authors, it was not fully possible to fully achieve this task. We
believe that this is a limitation of most edited books of this sort.

Target Audience

The book is written by primarily targeting the student community. This
includes the students of all levels — those getting introduced to these areas,
those having an intermediate level of knowledge of the topics, and those
who are already knowledgeable about many of the topics. To keep up with
this goal, we have attempted to design the overall structure and content
of the book in such a manner that makes it useful at all learning levels.
To aid in the learning process, almost all chapters have a set of questions
at the end of the chapter. Also, in order that teachers can use this book
for classroom teaching, the book also comes with presentation slides and
sample solutions to exercise questions, which are available as supplementary
resources.

The secondary audience for this book is the research community,
whether they are working in the academia or in the industry. To meet the
specific needs to this audience group, certain chapters of the book provide
directions for future research.

Finally, we have also taken into consideration the needs to those
readers, typically from the industries, who have quest for getting insight into
the practical significance of the topics, i.e. how the spectrum of knowledge
and the ideas are relevant for real-life applications of coding and information
theory.

Supplementary Resources

As mentioned earlier, the book comes with presentation slides for each
chapter, which can be used for classroom instruction by teachers.

Teachers can contact the publisher, World Scientific, Singapore, to get
access to these resources.
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