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Preface to the Second
Edition

Since the first edition, roughly 12 years ago, much has changed in the field
of data analysis. The volume and variety of data being collected continues
to increase, as has the rate (velocity) at which it is being collected and used
to make decisions. Indeed, the term, Big Data, has been used to refer to the
massive and diverse data sets now available. In addition, the term data science
has been coined to describe an emerging area that applies tools and techniques
from various fields, such as data mining, machine learning, statistics, and many
others, to extract actionable insights from data, often big data.

The growth in data has created numerous opportunities for all areas of data
analysis. The most dramatic developments have been in the area of predictive
modeling, across a wide range of application domains. For instance, recent
advances in neural networks, known as deep learning, have shown impressive
results in a number of challenging areas, such as image classification, speech
recognition, as well as text categorization and understanding. While not as
dramatic, other areas, e.g., clustering, association analysis, and anomaly de-
tection have also continued to advance. This new edition is in response to
those advances.

Overview As with the first edition, the second edition of the book provides
a comprehensive introduction to data mining and is designed to be accessi-
ble and useful to students, instructors, researchers, and professionals. Areas
covered include data preprocessing, predictive modeling, association analysis,
cluster analysis, anomaly detection, and avoiding false discoveries. The goal is
to present fundamental concepts and algorithms for each topic, thus providing
the reader with the necessary background for the application of data mining
to real problems. As before, classification, association analysis and cluster
analysis, are each covered in a pair of chapters. The introductory chapter
covers basic concepts, representative algorithms, and evaluation techniques,
while the more following chapter discusses advanced concepts and algorithms.
As before, our objective is to provide the reader with a sound understanding of
the foundations of data mining, while still covering many important advanced
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topics. Because of this approach, the book is useful both as a learning tool
and as a reference.

To help readers better understand the concepts that have been presented,
we provide an extensive set of examples, figures, and exercises. The solutions
to the original exercises, which are already circulating on the web, will be
made public. The exercises are mostly unchanged from the last edition, with
the exception of new exercises in the chapter on avoiding false discoveries. New
exercises for the other chapters and their solutions will be available to instruc-
tors via the web. Bibliographic notes are included at the end of each chapter
for readers who are interested in more advanced topics, historically important
papers, and recent trends. These have also been significantly updated. The
book also contains a comprehensive subject and author index.

What is New in the Second Edition? Some of the most significant im-
provements in the text have been in the two chapters on classification. The in-
troductory chapter uses the decision tree classifier for illustration, but the dis-
cussion on many topics—those that apply across all classification approaches—
has been greatly expanded and clarified, including topics such as overfitting,
underfitting, the impact of training size, model complexity, model selection,
and common pitfalls in model evaluation. Almost every section of the advanced
classification chapter has been significantly updated. The material on Bayesian
networks, support vector machines, and artificial neural networks has been
significantly expanded. We have added a separate section on deep networks to
address the current developments in this area. The discussion of evaluation,
which occurs in the section on imbalanced classes, has also been updated and
improved.

The changes in association analysis are more localized. We have completely
reworked the section on the evaluation of association patterns (introductory
chapter), as well as the sections on sequence and graph mining (advanced chap-
ter). Changes to cluster analysis are also localized. The introductory chapter
added the K-means initialization technique and an updated the discussion of
cluster evaluation. The advanced clustering chapter adds a new section on
spectral graph clustering. Anomaly detection has been greatly revised and ex-
panded. Existing approaches—statistical, nearest neighbor/density-based, and
clustering based—have been retained and updated, while new approaches have
been added: reconstruction-based, one-class classification, and information-
theoretic. The reconstruction-based approach is illustrated using autoencoder
networks that are part of the deep learning paradigm. The data chapter has
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been updated to include discussions of mutual information and kernel-based
techniques.

The last chapter, which discusses how to avoid false discoveries and pro-
duce valid results, is completely new, and is novel among other contemporary
textbooks on data mining. It supplements the discussions in the other chapters
with a discussion of the statistical concepts (statistical significance, p-values,
false discovery rate, permutation testing, etc.) relevant to avoiding spurious
results, and then illustrates these concepts in the context of data mining
techniques. This chapter addresses the increasing concern over the validity and
reproducibility of results obtained from data analysis. The addition of this last
chapter is a recognition of the importance of this topic and an acknowledgment
that a deeper understanding of this area is needed for those analyzing data.

The data exploration chapter has been deleted, as have the appendices,
from the print edition of the book, but will remain available on the web. A
new appendix provides a brief discussion of scalability in the context of big
data.

To the Instructor As a textbook, this book is suitable for a wide range
of students at the advanced undergraduate or graduate level. Since students
come to this subject with diverse backgrounds that may not include extensive
knowledge of statistics or databases, our book requires minimal prerequisites.
No database knowledge is needed, and we assume only a modest background
in statistics or mathematics, although such a background will make for easier
going in some sections. As before, the book, and more specifically, the chapters
covering major data mining topics, are designed to be as self-contained as
possible. Thus, the order in which topics can be covered is quite flexible. The
core material is covered in chapters 2 (data), 3 (classification), 5 (association
analysis), 7 (clustering), and 9 (anomaly detection). We recommend at least
a cursory coverage of Chapter 10 (Avoiding False Discoveries) to instill in
students some caution when interpreting the results of their data analysis.
Although the introductory data chapter (2) should be covered first, the basic
classification (3), association analysis (5), and clustering chapters (7), can be
covered in any order. Because of the relationship of anomaly detection (9) to
classification (3) and clustering (7), these chapters should precede Chapter 9.
Various topics can be selected from the advanced classification, association
analysis, and clustering chapters (4, 6, and 8, respectively) to fit the schedule
and interests of the instructor and students. We also advise that the lectures
be augmented by projects or practical exercises in data mining. Although they
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are time consuming, such hands-on assignments greatly enhance the value of
the course.

Support Materials Support materials available to all readers of this book
are available at http://www-users.cs.umn.edu/~kumar/dmbook/.

• PowerPoint lecture slides

• Suggestions for student projects

• Data mining resources, such as algorithms and data sets

• Online tutorials that give step-by-step examples for selected data mining
techniques described in the book using actual data sets and data analysis
software

Additional support materials, including solutions to exercises, are available
only to instructors adopting this textbook for classroom use. The book’s re-
sources will be mirrored at www.pearsonhighered.com/cs-resources. Com-
ments and suggestions, as well as reports of errors, can be sent to the authors
through dmbook@cs.umn.edu.
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