Qi

R
— EasEA

(RZEDRR)

DATA MINING

Concepts and Techniques

B Jiawei Han
Micheline Kamber

@ FEAA b
|

gher Education Press
M 2« Morgan Kaufmann Publishers




#H EIZ
—HEE AR
(RETHD

DATA MINING

Concepts and Techniques

Jiawel Han
Micheline Kamber

an T OHOH MR K
M < Morgan Kaufmann Publishers



EF: 01-2001-1039 5

Data Mining: Concepts and Techniques
Jiawei Han & Micheline Kamber

Copyright ¢ 2000 by Academic Press
All Rights Reserved
This edition is authorized for sale only in the People’s Republic of China (excluding the

Spectal Administrative Regions of Hong Kong and Macau)

B H MRS B (CIPEHE
Bz MESoR €3/ (%) % (HanJ.)

—It5: BEHEF HAREE, 2001
ISBN 7-04-010041-X
.- 0.8 . HPE4LEE - 33C IV.TP274
[FE R A B 55H CIP 03844 (2001) 25 19784 &
Y i—R S 5 AR

Jiawei Han %

HAREZIT A% SR

it it AERTH R M RE 554 BRECAE 100009

= i& 010 —64054588 o

2] it http: //www.hep.educn & R 010—64014048
hitp: //www hep.com.cn

g % WEBRILRERiE
Ep B e R E R

> & 787 x 1092 1/16 571 WkO20014ES HE IR
Ep % 36 Ep K 2001 SEI0R 85 2 BN
= & 762 000 E #+ 35.00 T

A BRI DT, TSRO AR, HEI AT S R A .
IRINFFF AL



il

HIl

20 AR, PUTEMABEERARENEEHERER, HERNEF. EF.
Bri. #E. Xk, TEEFENERFETRANTH, BhOXENEEFLE
BRAYMFEFERNIAE. NN HE, FEHThHEAEHERZ L, WATH
SN R

KT mEREREEVWBHE, ERE (BRSFAMHL2ERETNAEE TS
By b, HHRE “UUERAFS I L, KEELARKE, ZAHLEFIHEHRX
KR, BRFLHERTE S ART. EREWRAVT G, REFEZLETIE
EAE4NFHTERR. FERBEANBRATEEHERERATNS L S5R
%

EHLK, REEEFLEABAELE ES5EFAH#ERML, £EX
BA. ATHEABRIEREHAT, KELFREEHARASHESR, 7 EHE
F—AKMAAERESE NG KTHELEAAL, RAKEEE S LHERER
hAFHLAERE. Jib, BENHEHTIRELXTHERFETKNENL, £K
BHENRIEEIREERNEMEANKFNEB L, BZHENRKBRE, RR—
BEERHE, WREIGEIROEERFREAFHX I NKF IR EANE
. REREERGENTR 2 HLH LA EANEIRFOERRBHMNE
BAE, EEAGHEEEFRYELEEMEREARETRYEAT NI HHANY
BRHATRER R ERY, UEEKEATENAF L5ERARKTHEE, Fet
WHBTFERLEKEAFELNEEKT.

HTREEREW, Ao —LHBRACHOAXEN, —LE¥ERLKARHIH
HHAARFHER L, HEBEEETALEHEATEHT IR FREIMEEE
ERFRPERREIMRERERGMBEIRARED OB RS TE. A5
J % B IR B AT HF A E R

ARG H#ANRFIEM OB OEMIE, RENBEFERNEERFREARLLE
RESEZEHERAH# T LI AER LR, FEOHRO AN HERETES



Rz ERFRERERARNERE, NEARFHEL RN AERTBM P HOR
BIFHARANEYT . ARHAREEMN, POEMANENERN LN S5 RE XN
oret 4 .

HERHEHT AN AR DRI HMBELE SR, FEAAKTRA, EH
EAEALERLABEIGERHRR. b FEAAGHERYE, REFPORMANER- B
WEMERIE, UWESH#ES. EF. EFNIERMPRERHME.

e, RRMEANERBRAS AT TSRS, RNWESHEIILE XN
FH5RFIH.

HAHHEHHF
ZOO0—-%mWH



To Yandong and Lawrence for your love and encouragement
J.H.

To Erik, Kevan, and Kian for your love and inspiration
M.K.



Foreword

by Jim Gray
Microsoft Research

Weare deluged by data—scientific data, medical data, demographic data, financial
data, and marketing data. People have no time to look at this data. Human
attention has become a precious resource. So, we must find ways to automatically
analyze the data, to automatically classify it, to automatically summarize it, to
automatically discover and characterize trends in it, and to automatically flag
anomalies. This is one of the most active and exciting areas of the database
research community. Researchers in areas such as statistics, visualization, artificial
intelligence, and machine learning are contributing to this field. The breadth of
the field makes it difficult to grasp its extraordinary progress over the last few
years.

Jiawei Han and Micheline Kamber have done a wonderful job of organizing and
presenting data mining in this very readable textbook. They begin by giving quick
introductions to database and data mining concepts with particular emphasis on
data analysis. They review the current product offerings by presenting a general
framework that covers them all. They then cover in a chapter-by-chapter tour the
concepts and techniques that underlie classification, prediction, association, and
clustering. These topics are presented with examples, a tour of the best algorithms
for each problem class, and pragmatic rules of thumb about when to apply each
technique. I found this presentation style to be very readable, and I certainly
learned a lot from reading the book. Jiawei Han and Micheline Kamber have been
leading contributors to data mining research. This is the text they use with their
students to bring them up to speed on the field. The field is evolving very rapidly,
but this book is a quick way to learn the basic ideas, and to understand where the
field is today. I found it very informative and stimulating, and I expect you will

too.
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Preface

Our capabilities of both generating and collecting data have been increasing
rapidly in the last several decades. Contributing factors include the widespread
use of bar codes for most commercial products, the computerization of many
business, scientific, and government transactions, and advances in data collection
tools ranging from scanned text and image platforms to satellite remote sensing
systems. In addition, popular use of the World Wide Web as a global informa-
tion system has flooded us with a tremendous amount of data and information.
This explosive growth in stored data has generated an urgent need for new tech-
niques and automated tools that can intelligently assist us in transforming the vast
amounts of data into useful information and knowledge.

This book explores the concepts and techniques of data mining, a promising
and flourishing frontier in database systems and new database applications. Data
mining, also popularly referred to as knowledge discovery in databases (KDD), is
the automated or convenient extraction of patterns representing knowledge im-
plicitly stored in large databases, data warehouses, and other massive information
rcposxtones

Data mining is a multidisciplinary ﬁeld drawing work from areas including
database technology, artificial intelligence, machine learning, neural networks,
statistics, pattern recognition, knowledge-based systems, knowledge acquisition,
information retrieval, high-performance computing, and data visualization. We
present the material in this book from a database perspective. That is, we focus on
issues relating to the feasibility, usefulness, efficiency, and scalability of techniques
for the discovery of patterns hidden in large databases. As a result, this book is
not intended as an introduction to database systems, machine learning, statistics,
or other such areas, although we do provide the background necessary in these
areas in order to facilitate the reader’s comprehension of their respective roles in
data mining. Rather, the book is a comprehensive introduction to data mining,
presented with database issues in focus. It should be useful for computing science
students, application developers, and business professionals, as well as researchers
involved in any of the disciplines listed above.

Data mining emerged during the late 1980s, has made great strides during
- the 1990s, and is expected to continue to flourish into the new millennium. This

xix
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book presents an overall picture of the field from a database researcher’s point of
view, introducing interesting data mining techniques and systems, and discussing
applications and research directions. An important motivation for writing this
book was the need to build an organized framework for the study of data mining—
a challenging task owing to the extensive multidisciplinary nature of this fast
developing field. We hope that this book will encourage people with different
backgrounds and experiences to exchange their views regarding data mining so
as to contribute toward the further promotion and shaping of this exciting and

dynamic field.

To the Teacher

This book is designed to give a broad, yet in-depth overview of the field of
data mining. You will find it useful for teaching a course on data mining at
an advanced undergraduate level or the first-year graduate level. In addition,
individual chapters may be included as material for courses on selected topics in
database systems or in artificial intelligence. We have tried to make the chapters as
self-contained as possible so that you are not confined to reading each chapter in
sequence. For a course taught at the undergraduate level, you might use Chapters
1 through 8 as the core course material. Remaining class material may be selected
from among the more advanced topics described in Chapters 9 and 10. For a
graduate-level course, you may choose to cover the entire book in one semester.
Each chapter ends with a set of exercises, suitable as assigned homework. The
exercises are either short questions that test basic mastery of the material covered,

or longer questions that require analytical thinking.

To the Student

We hope that this textbook will spark your interest in the fresh, yet evolving field
of data mining. We have attempted to present the material in a clear manner,
with careful explanation of the topics covered. Each chapter ends with a summary
describing the main points. We have included many figures and illustrations
throughout the text in order to make the book more enjoyable and “reader-
friendly.” Although this book was designed as a textbook, we have tried to organize
it so that it will also be useful to you as a reference book or handbook, should you
later decide to pursue a career in data mining.
What do you need to know in order to read this book?

* You should have some knowledge of the concepts and terminology associated
with database systems. However, we do try to provide enough background of
the basics in database technology, so that if your memory is a bit rusty, you will
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not have trouble following the discussions in the book. You should have some
knowledge of database querying, although knowledge of any specific query
language is not required.

® You should have some programming experience. In particular, you should
be able to read pseudocode, and understand simple data structures such as
multidimensional arrays.

= It will be helpful to have some preliminary background in statistics, machine
learning, or pattern recognition. However, we will familiarize you with the
basic concepts of these areas that are relevant to data mining from a database
Pperspective.

To the Professional

- This book was designed to cover a broad range of topics in the field of data mining.
As a result, it is an excellent handbook on the subject. Because each chapter
is designed to be as stand-alone as possible, you can focus on the topics that
most interest you. Much of the book is suited to applications programmers or
information service managers like yourself who wish to learn about the key ideas
of data mining on their own.

The techniques and algorithms presented are of practical utility. Rather than
selecting algorithms that perform well on small “toy” databases, the algorithms
described in the book are geared for the discovery of data patterns hidden in large,
real databases. In Chapter 10, we briefly discuss data mining systems in commer-
cial use, as well as promising research prototypes. Each algorithm presented in the
book is illustrated in pseudocode. The pseudocode is similar to the C program-
ming language, yet is designed so that it should be easy to follow by programmers
unfamiliar with C or C++. If you wish to implement any of the algorithms, you
should find the translation of our pseudocode into the programming language of
your choice to be a fairly straightforward task.

Organization of the Book

The book is organized as follows.

Chapter 1 provides an introduction to the multidisciplinary field of data min-
ing. It discusses the evolutionary path of database technology that has led to the
need for data mining, and the importance of its application potential. The basic
architecture of data mining systems is described, and a brief introduction to the
concepts of database systems and data warehouses is given. A detailed classifica-
tion of data mining tasks is presented, based on the different kinds of knowledge
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to be mined. A classification of data mining systems is presented, and major chal-
lenges in the field are discussed.

Chapter 2 is an introduction to data warehouses and OLAP (On-Line Analyt-
ical Processing). Topics include the concept of data warehouses and multidimen-
sional databases, the construction of data cubes, the implementation of on-line
analytical processing, and the relationship between data warehousing and data
mining.

Chapter 3 describes techniques for preprocessing the data prior to mining.
Methods of data cleaning, data integration and transformation, and data reduc-
tion are discussed, including the use of concept hierarchies for dynamic and static
discretization. The automatic generation of concept hierarchies is also described.

Chapter 4 introduces the primitives of data mining that define the specification
of a data mining task. It describes a data mining query language (DMQL) and
provides examples of data mining queries. Other languages are also described, as
well as the construction of graphical user interfaces and data mining architectures.

Chapter 5 describes techniques for concept description, including characteri-
zation and discrimination. An attribute-oriented generalization technique is in-
troduced, as well as its different implementations including a generalized relation
technique and a multidimensional data cube technique. Several forms of knowl-
edge presentation and visualization are illustrated. Relevance analysis is discussed.
Methods for class comparison at multiple abstraction levels and methods for the
extraction of characteristic rules and discriminant rules with interestingness mea-
surements are presented. In addition, statistical measures for descriptive mining
are discussed.

Chapter 6 presents methods for mining association rules in transaction data-
bases as well as relational databases and data warehouses. It includes a classifi-
cation of association rules, a presentation of the basic Apriori algorithm and its
variations, and techniques for mining multilevel association rules, multidimen-
sional association rules, quantitative association rules, and correlation rules. A
new technique called frequent pattern growth is introduced, which mines frequent
patterns without candidate set generation. Strategies for finding interesting rules
by constraint-based mining and the use of interestingness measures to focus the
rule search are also described.

Chapter 7 describes methods for data classification and prediction, including
decision tree induction, Bayesian classification, the neural network technique
of backpropagation, k-nearest neighbor classifiers, case-based reasoning, genetic
algorithms, rough set theory, and fuzzy set approaches. Classification based on
concepts from association rule mining is presented. Methods of regression are
introduced, and issues regarding classifier accuracy are discussed.

Chapter 8 describes methods of cluster analysis. It first introduces the concept
of data clustering and then presents several major data clustering approaches,
including partition-based clustering, hierarchical clustering, and model-based
clustering. Methods for clustering continuous data, discrete data, and data in mul-
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tidimensional data cubes are presented. The scalability of clustering algorithms is
discussed in detail.

Chapter 9 discusses methods for data mining in advarnced database systems. It
includes data mining in object-oriented databases, spatial databases, multimedia
databases, time-series databases, text databases, and the World Wide Web.

Finally, in Chapter 10, we summarize the concepts presented in this book and
discuss applications of data mining and some challenging research issues.

Throughtout the text, italic is used to emphasize terms that are defined, while

bold is used to highlight main ideas.

Errors

It is likely that this book may contain typos, errors, or omissions. If you notice any
errors, have suggestions regarding additional exercises, or have other constructive
criticism, we would be very happy to hear from you. We welcome and appreciate
your suggestions. You can send your comments to

Data Mining: Concepts and Techniques
Intelligent Database Systems Research Laboratory
School of Computing Science

Simon Fraser University

Burnaby, British Columbia

Canada V5A 186

Fax: (604) 291-3045

Alternatively, you can use electronic mail to submit bug reports, request a list
of known errors, or make constructive suggestions. To receive instructions, send
e-mail to dmbook@cs.sfu.ca with “Subject: help” in the message header. We regret
that we cannot personally respond to all e-mail messages. The errata of the book
and other updated information related to the book can be found by referencing
the Web address www.cs.sfu.ca/"han/DM_Book.
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