Preface

There are two basic methods of error control for communication, both in-
volving coding of the messages. The differences lay in the way the codes
are utilized. The codes used are block codes, which are the ones treated
in this book, or convolutional codes. Often the block codes used are linear
codes. With forward error correction, the codes are used to detect and cor-
rect errors. In a repeat request system, the codes are used to detect errors,
and, if there are errors, request a retransmission.

Usually it is a much more complex task to correct errors than merely
detect them. Detecting errors has the same complexity as encoding, which
is usually linear in the length of the codewords. Optimal error correcting
decoding is in general an NP-hard problem, and efficient decoding algo-
rithms are known only for some classes of codes. This has generated much
research into finding new classes of codes with efficient decoding as well as
new decoding algorithms for known classes of codes.

There are a number of books on error control, some are listed in the
bibliography at the end of this book. The main theme of almost all these
books is error correcting codes. Error detection tends to be looked upon
as trivial and is covered in a few pages at most. What is then the reason
behind the following book which is totally devoted to error detecting codes?
The reason is, on the one hand, that error detection combined with repeat
requests is a widely used method of error control, and on the other hand,
that the analysis of the reliability of the information transmission system
with error detection is usually quite complex. Moreover, the methods of
analysis are often not sufficiently known, and simple rules of the thumb are
used instead.

The main parameter of a code for error detection is its probability of
error detection, and this is the main theme of this book. There are many
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papers devoted to the study of the probability of undetected error, both
for symmetric channels and other channels, with or without memory. They
are spread over many journals and conference proceedings. In Klgve and
Korzhik (1995), which was published twelve years ago, we collected the re-
sults then known, mainly for linear codes on the binary symmetric channel,
and presented them in a unified form. We also included a number of new
results. In the last twelve years a number of significant new results have
been published (in approximately one hundred new papers). In the present
book, we have included all the important new results, and we also include
some new unpublished results. As far as possible, the results are given
for both linear and non-linear codes, and for general alphabet size. Many
results previously published for binary codes or for linear codes (or both)
are generalized.

We have mainly restricted ourselves to channels without memory and to
codes for error detection only (not combined error correction and detection
since these results belong mainly with error correcting codes; the topic is
briefly mentioned, however).

Chapter 1 is a short introduction to coding theory, concentrating on
topics that are relevant for error detection. In particular, we give a more
detailed presentation of the distance distribution of codes than what is
common in books on error correction.

Chapter 2 is the largest chapter, and it contains a detailed account of the
known results on the probability of undetected error on the g-ary symmetric
channel. Combined detection and correction will be briefly mentioned from
the error detection point of view.

Chapter 3 presents results that are particular for the binary symmetric
channel.

Chapter 4 considers codes for some other channels.

Each chapter includes a list of comments and references.

Finally, we give a bibliography of papers on error detection and related
topics.

The required background for the reader of this book will be some ba-
sic knowledge of coding theory and some basic mathematical knowledge:
algebra (matrices, groups, finite fields, vector spaces, polynomials) and el-
ementary probability theory.

Bergen, January 2007
T. Klgve





