
Introduction to Coding Theory
Error-correcting codes constitute one of the key ingredients in achieving the high
degree of reliability required in modern data transmission and storage systems. This
book introduces the reader to the theoretical foundations of error-correcting codes,
with an emphasis on Reed–Solomon codes and their derivative codes.

After reviewing linear codes and finite fields, the author describes Reed–Solomon
codes and various decoding algorithms. Cyclic codes are presented, as are MDS
codes, graph codes, and codes in the Lee metric. Concatenated, trellis, and convo-
lutional codes are also discussed in detail. Homework exercises introduce additional
concepts such as Reed–Muller codes, and burst error correction. The end-of-chapter
notes often deal with algorithmic issues, such as the time complexity of computa-
tional problems.

While mathematical rigor is maintained, the text is designed to be accessible to
a broad readership, including students of computer science, electrical engineering,
and mathematics, from senior-undergraduate to graduate level.

This book contains over 100 worked examples and over 340 exercises—many
with hints.
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Preface

Do ye imagine to reprove words?
Job 6:26

This book has evolved from lecture notes that I have been using for an in-
troductory course on coding theory in the Computer Science Department at
Technion. The course deals with the basics of the theory of error-correcting
codes, and is intended for students in the graduate and upper-undergraduate
levels from Computer Science, Electrical Engineering, and Mathematics.
The material of this course is covered by the first eight chapters of this
book, excluding Sections 4.4–4.7 and 6.7. Prior knowledge in probability,
linear algebra, modern algebra, and discrete mathematics is assumed. On
the other hand, all the required material on finite fields is an integral part of
the course. The remaining parts of this book can form the basis of a second,
advanced-level course.

There are many textbooks on the subject of error-correcting codes, some
of which are listed next: Berlekamp [36], Blahut [46], Blake and Mullin [49],
Lin and Costello [230], MacWilliams and Sloane [249], McEliece [259], Pe-
terson and Weldon [278], and Pless [280]. These are excellent sources, which
served as very useful references when compiling this book. The two volumes
of the Handbook of Coding Theory [281] form an extensive encyclopedic col-
lection of what is known in the area of coding theory.

One feature that probably distinguishes this book from most other clas-
sical textbooks on coding theory is that generalized Reed–Solomon (GRS)
codes are treated before BCH codes—and even before cyclic codes. The
purpose of this was to bring the reader to see, as early as possible, families
of codes that cover a wide range of minimum distances. In fact, the cyclic
properties of (conventional) Reed–Solomon codes are immaterial for their
distance properties and may only obscure the underlying principles of the
decoding algorithms of these codes. Furthermore, bit-error-correcting codes,
such as binary BCH codes, are found primarily in spatial communication
applications, while readers are now increasingly exposed to temporal com-
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x Preface

munication platforms, such as magnetic and optical storage media. And in
those applications—including domestic CD and DVD—the use of GRS codes
prevails.

Therefore, the treatment of finite fields in this book is split, where the
first batch of properties (in Chapter 3) is aimed at laying the basic back-
ground on finite fields that is sufficient to define GRS codes and understand
their decoding algorithm. A second batch of properties of finite fields is
provided in Chapter 7, prior to discussing cyclic codes, and only then is the
reader presented with the notions of minimal polynomials and cyclotomic
cosets.

Combinatorial bounds on the parameters of codes are treated mainly in
Chapter 4. In an introductory course, it would suffice to include only the
Singleton and sphere-packing bounds (and possibly the non-asymptotic ver-
sion of the Gilbert–Varshamov bound). The remaining parts of this chapter
contain the asymptotic versions of the combinatorial bounds, yet also cover
the information-theoretic bounds, namely, the Shannon Coding Theorem
and Converse Coding Theorem for the q-ary symmetric channel. The latter
topics may be deferred to an advanced-level course.

GRS codes and alternant codes constitute the center pillar of this book,
and a great portion of the text is devoted to their study. These codes are
formally introduced in Chapter 5, following brief previews in Sections 3.8
and 4.1. Classical methods for GRS decoding are described in Chapter 6,
whereas Chapter 9 is devoted to the list decoding of GRS codes and alternant
codes. The performance of these codes as Lee-metric codes is then the main
topic of Chapter 10. GRS codes play a significant role also in Chapter 11,
which deals with MDS codes.

The last three chapters of the book focus on compound constructions of
codes. Concatenated codes and expander-based codes (which are, in a way,
two related topics) are presented in Chapters 12 and 13, and an introduction
to trellis codes and convolutional codes is given in Chapter 14. This last
chapter was included in this book for the sake of an attempt for completeness:
knowing that the scope of the book could not possibly allow it to touch all the
aspects of trellis codes and convolutional codes, the model of state-dependent
coding, which these codes represent, was still too important to be omitted.

Each chapter ends with problems and notes, which occupy on average
a significant portion of the chapter. Many of the problems introduce ad-
ditional concepts that are not covered in text; these include Reed–Muller
codes, product codes and array codes, burst error correction, interleaving,
the implementation of arithmetic in finite fields, or certain bounds—e.g., the
Griesmer and Plotkin bounds. The notes provide pointers to references and
further reading. Since the text is intended also for readers who are computer
scientists, the notes often contain algorithmic issues, such as the time com-
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Preface xi

plexity of certain computational problems that are related to the discussion
in the text.

Finally, the Appendix (including the problems therein) contains a short
summary of several terms from modern algebra and discrete mathematics, as
these terms are frequently used in the book. This appendix is meant merely
to recapitulate material, which the reader is assumed to be rather familiar
with from prior studies.

I would like to thank the many students and colleagues, whose input on
earlier versions of this book greatly helped in improving the presentation.
Special thanks are due to Shirley Halevy, Ronny Lempel, Gitit Ruckenstein,
and Ido Tal, who taught the course with me at Technion and offered a
wide variety of useful ideas while the book was being written. Ido was
particularly helpful in detecting and correcting many of the errors in earlier
drafts of the text (obviously, the responsibility for all remaining errors is
totally mine). I owe thanks to Brian Marcus and Gadiel Seroussi for the good
advice that they provided along the way, and to Gadiel, Vitaly Skachek, and
the anonymous reviewers for the constructive comments and suggestions.
Part of the book was written while I was visiting the Information Theory
Research Group at Hewlett–Packard Laboratories in Palo Alto, California.
I wish to thank the Labs for their kind hospitality, and the group members
in particular for offering a very encouraging and stimulating environment.
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