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Foreword

With the rapid development of computer and Internet technology, tremendous
amounts of data have been collected in various kinds of applications, and data
mining, i.e., finding interesting patterns and knowledge from a vast amount of
data, has become an imminent task. Among all kinds of data, sequence data
has its own unique characteristics and importance, and claims many inter-
esting applications. From customer shopping transactions, to global climate
change, from web click streams to biological DNA sequences, the sequence
data is ubiquitous and poses its own challenging research issues, calling for
dedicated treatment and systematic analysis.

Despite of the existence of a lot of general data mining algorithms and
methods, sequence data mining deserves dedicated study and in-depth treat-
ment because of its unique nature of ordering, which leads to many interesting
new kinds of knowledge to be discovered, including sequential patterns, motifs,
periodic patterns, partially ordered patterns, approximate biological sequence
patterns, and so on; and these kinds of patterns will naturally promote the
development of new classification, clustering and outlier analysis methods,
which in turn call for new, diverse application developments. Therefore, se-
quence data mining, i.e., mining patterns and knowledge from large amount
of sequence data, has become one of the most essential and active subfields
of data mining research. With many years of active research on sequence
data mining by data mining, machine learning, statistical data analysis, and
bioinformatics researchers, it is time to present a systematic introduction and
comprehensive overview of the state-of-the-art of this interesting theme. This
book, by Professors Guozhu Dong and Jian Pei, serves this purpose timely,
with remarkable conciseness and in great quality.

There have been many books on the general principles and methodologies
of data mining. However, the diversities of data and applications call for dedi-
cated, in-depth, and thorough treatment of each specific kind of data, and for
each kind of data, compile a vast array of techniques from multiple disciplines
into one comprehensive but concise introduction. Thus there is no wonder
to see the recent trend of the publication of a series of new, domain-specific
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data mining books, such as those on Web data mining, stream data mining,
geo-spatial data mining, and multimedia data mining. This book integrates
the methodologies of sequence data mining developed in multiple disciplines,
including data mining, machine learning, statistics, bioinformatics, genomics,
web services, and financial data analysis, into one comprehensive and easily-
accessible introduction. It starts with a general overview of the sequence data
mining problem, by characterizing the sequence data, sequence patterns and
sequence models and their various applications, and then proceeds to differ-
ent mining algorithms and methodologies. It covers a set of exciting research
themes, including sequential pattern mining methods; classification, clustering
and feature extraction of sequence data; identification and characterization of
sequence motifs; mining partial orders from sequences; distinguishing sequence
patterns; and other interesting related topics. The scope of the book is broad,
nevertheless the treatment of each chapter is rigorous, in sufficient depth, but
still easy to read and comprehend.

Both authors of the book are prominent researchers on sequence data
mining and have made important contributions to the progress of this dynamic
research field. This ensures that the book is authoritative and reflects the
current state of the art. Nevertheless, the book gives a balanced treatment on
a wide spectrum of topics, far beyond the authors’ own methodologies and
research scopes.

Sequence data mining is still a fairly young and dynamic research field.
This book may serve researcher and application developers a comprehensive
overview of the general concepts, techniques, and applications on sequence
data mining and help them explore this exciting field and develop new methods
and applications. It may also serve graduate students and other interested
readers a general introduction to the state-of-the-art of this promising field.

I find the book is enjoyable to read. I hope you like it too.

Jiawei Han
University of Illinois, Urbana-Champaign

April 29, 2007
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Preface

Sequence data is pervasive in our lives. For example, your schedule for any
given day is a sequence of your activities. When you read a news story, you
are told the development of some events which is also a sequence. If you have
investment in companies, you are keen to study the history of those companies’
stocks. Deep in your life, you rely on biological sequences including DNA and
RNA sequences.

Understanding sequence data is of grand importance. As early as our his-
tory can call, our ancestors already started to make predictions or simply
conjectures based on their observations of event sequences. For example, a
typical task of royal astronomers in ancient China was to make conjectures
according to their observations of stellar movements. Even much earlier be-
fore that, the nature encodes some “sequence learning algorithms” in lives.
For example, some animals such as dogs, mice, and snakes have the capability
to predict earthquakes based on environmental change sequences, though the
mechanisms are still largely mysteries.

When the general field of data mining emerged in the 1990s, sequence
data mining naturally became one of the first class citizens in the field. Much
research has been conducted on sequence data mining in the last dozen years.
Hundreds if not thousands of research papers have been published in forums
of various disciplines, such as data mining, database systems, information
retrieval, biology and bioinformatics, industrial engineering, etc. The area of
sequence data mining has developed rapidly, producing a diversified array of
concepts, techniques and algorithmic tools.

The purpose of this book is to provide, in one place, a concise introduction
to the field of sequence data mining, and a fairly comprehensive overview of
the essential research results. After an introduction to the basics of sequence
data mining, the major topics include (1) mining frequent and closed sequen-
tial patterns, (2) clustering, classification, features and distances of sequence
data, (3) sequence motifs – identifying and characterizing sequence families,
(4) mining partial orders from sequences, (5) mining distinguishing sequence
patterns, and (6) overviewing some related topics.
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This monograph can be useful to academic researchers and graduate stu-
dents interested in data mining in general and in sequence data mining in
particular, and to scientists and engineers working in fields where sequence
data mining is involved, such as bioinformatics, genomics, web services, secu-
rity, and financial data analysis.

Although sequence data mining is discussed in some general data mining
textbooks, as you will see in your reading of our book, we conduct a much
deeper and more thorough treatment of sequence data mining, and we draw
connections to applications whenever it is possible. Therefore, this manuscript
covers much more on sequence data mining than a general data mining text-
book.

The area of sequence data mining, although a sub-field of general data
mining, is now very rich and it is impossible to cover all of its aspects in this
book. Instead, in this book, we tried our best to select several important and
fundamental topics, and to provide introductions to the essential concepts and
methods, of this rich area.

Sequence data mining is still a fairly young research field. Much more
remains to be discovered in this exciting research direction, regarding general
concepts, techniques, and applications. We invite you to enjoy the exciting
exploration.
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