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Preface

The intent of this book is to serve advanced undergraduate and graduate classes
presenting data mining. Data mining is a very useful topic, applying quantitative
analysis to large-scale data made available through recently developed informa-
tion technology. Each of us has taught such material, and we both have extensive
experience in quantitative analysis in business. Yong Shi also has extensive real
experience in commercial data mining analysis. We want to take this opportunity
to acknowledge the graduate students at the University of Nebraska at Omaha,
Gang Kou, Nian Yan, and Wei Zhuang, who helped us prepare the data mining
reports by using computer software for this book.

Book Concept

)

Part I: Introduction

viii

Our intent is to cover the fundamental concepts of data mining, to demonstrate the
potential of gathering large sets of data and analyzing these data sets to gain use-
ful business understanding. We have organized the material into four parts. Part
introduces concepts. Part Il describes and demonstrates basic data mining algo-
rithms. Part III focuses on business applications of data mining. Part IV presents
developing areas, including web mining, text mining, and ethical aspects of data
mining. Part I is overview material. Part II contains chapters on a number of dif-
ferent techniques often used in data mining. Not all of these chapters need to be
covered, and their sequence can be varied according to instructor need. Part III cov-
ers applications, and while we feel that these chapters contain the most interesting
and important material, instructors who wish to focus on techniques might not
wish to cover these chapters. Conversely, instructors more interested in business
applications can cover Part III before reviewing content as needed in Part II. This
approach would work especially well if data mining software is available to do the
modeling. Part IV contains material we feel is important now and is growing in
importance. However, again, coverage and sequence is up to the instructor.

The book includes short vignettes of how specific concepts have been applied
in real business. A series of representative data sets are generated to demonstrate
specific methods and concepts. References to data mining software and sites such
as www.kdnuggets.com are provided.

Supplements accompanying this text include (1) an instructor’s CD-ROM,
containing a solutions guide, PowerPoint slides, and the data set; (2) a student’s
CD-ROM, containing PowerPoint slides and the data set; and (3) an online
learning center.

Chapter 1 gives an overview of data mining and provides a description of the data
mining process. An overview of useful business applications is provided. Chapter 2
presents the data mining process in more detail. It demonstrates this process with a
typical set of data. Visualization of data through data mining software is addressed.
Chapter 3 presents database support to data mining. Different software tools are
described, from data warehouse products through data marts to online analytic
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processing. Data quality is addressed. Again, different concepts are demonstrated
through prototypical data.

Part ll: Data Mining Methods as Tools

Chapter 4 provides an overview of data mining techniques and functions. Chapter
5 describes and demonstrates clustering algorithms. Software product support
available is reviewed. Chapter 6 reviews various forms of regression tools to identi-
fy the best fit over given data sets. Chapter 7 discusses neural networks, a popular
application of artificial intelligence suitable for many data mining applications.
Chapter 8 reviews decision tree algorithms. The basic algorithm is described, along
with descriptions of tree structure, machine learning, and fuzzy set aspects of deci-
sion trees. Software products are reviewed, and See5 is demonstrated. Chapter 9
presents linear programming-based methods of fitting data. Real data mining appli-
cations are described and demonstrated.

Part lll: Business Applications

Chapter 10 reviews the major applications of data mining in business, focusing on
the value of these analyses to business decision making. This includes the impor-
tant topics of customer relationship management. The concept of lift is described.
The development of market segmentation by Fingerhut Inc. is reviewed. Chapter
11 describes market-basket analysis, a more qualitative data mining technique.
This methodology is described through an example reported in the practitioner
literature, and the fundamental data mining concepts of actionability, affinity
positioning, and cross-selling are described.

Part IV: Developing Issues

Chapter 12 presents text and web mining. Chapter 13 discusses ethical issues
related to data mining.

David L. Olson, University of Nebraska—Lincoln
Yong Shi, University of Nebraska—Omaha
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CHAPTER

ONE

Initial Description
of Data Mining
In Business

This chapter:

e Introduces data mining concepts

e Presents typical business data mining applications
e Explains the meaning of key concepts

e Gives a brief overview of data mining tools

e Qutlines the remaining chapters of the book

Our culture has developed the ability to generate masses of data. Computer
systems expand much faster than the human ability to absorb. Furthermore,
Internet connections make it possible to share data in real time on a global basis.

Recent political events emphasize the existence of data to predict. Some
blame the system when terrorist strikes are not prevented, because if you dig
deep enough, you can always find some data or a memo that pointed to the
coming occurrence of these events. However, you would also find a great deal
more data predicting things that didn’t happen. Obviously, there’s a clear need
for many organizations to be able to process data faster and more reliably. Data
mining involves the use of analysis to detect patterns and allow predictions.
Though it’s not a perfect science, the intent of data mining is to gain small
advantages, because perfect predictions are impossible. These small advan-
tages can be extremely profitable to business. For instance, retail sales organi-
zations have developed sophisticated customer segmentation models to save
them from sending sales materials to consumers who likely won’t purchase
their products, focusing instead on those segments with a higher probability of
sales. Banks and other organizations have developed sophisticated customer
relationship management programs (supported by data mining) that can pre-
dict the value of specific types of customers to that organization, and predict
repayment of loans as well. Insurance companies have long applied statistical
analysis, which has been extended by data mining tools to aid in the prediction
of fraudulent claims. These are only three of many important data mining
applications to business.

This book seeks to describe some business applications of data mining. It also
will describe the general process of data mining, those database tools needed to
support data mining, and the techniques available for data mining.
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Data mining refers to the analysis of the large quantities of data that are stored in
computers. For example, grocery stores have large amounts of data generated by
our purchases. Bar coding has made checking out very convenient for us, and pro-
vides retail establishments with masses of data. Grocery stores and other retail
stores are able to quickly process our purchases, and use computers to accurately
determine product prices. These same computers can help the stores with their
inventory management, by instantaneously determining the quantity of items of
each product on hand. They are also able to apply computer technology to contact
their vendors so they don’t run out of the things that we want to purchase.
Computers allow the store’s accounting system to more accurately measure costs,
and determine the profit that store stockholders are concerned about. All of this
information is available based upon the bar code information attached to each
product. Along with many other sources of information, data gathered through
bar coding can be used for data mining analysis.

Data mining is not limited to business. Both major parties in the 2004 U.S. elec-
tion utilized data mining of potential voters.! Data mining has been heavily used
in the medical field, to include patient diagnosis records to help identify best prac-
tices.? The Mayo Clinic worked with IBM to develop an online computer system
to identify how that last 100 Mayo patients with the same gender, age, and med-
ical history responded to particular treatments.?

Business use of data mining is also impressive. Toyota used the data mining of
its data warehouse to determine more efficient transportation routes, reducing
the time to deliver cars to customers by an average of 19 days. Data warehouses
(to be discussed in Chapter 3) are enormous database systems capable of sys-
tematically storing all transactional data generated by a business organization,
such as WalMart. Toyota also was able to identify sales trends faster, and identify
the best locations for new dealerships. Benefits were estimated to be $30 million
per year in North America.*

Data mining is widely used by banking firms in soliciting credit card cus-
tomers,® by insurance and telecommunication companies in detecting fraud,® by
manufacturing firms in quality control,” and many other applications. Data min-
ing is being applied to improve food product safety,® criminal detection,’ and
tourism.!” Fingerhut has become very successful in micromarketing, targeting
small groups of highly responsive customers. Media companies such as R. R.
Donnelly & Sons provide consumer and life-style data, as well as customized indi-
vidual publications to firms that use data mining for catalog marketing.

Data mining involves statistical and/or artificial intelligence analysis, usually
applied to large-scale data sets. Traditional statistical analysis involves an
approach that is usually directed, in that a specific set of expected outcomes exists.
This approach is referred to as supervised. However, there is more to data mining
than the technical tools used. Data mining involves a spirit of knowledge discov-
ery (learning new and useful things), which is referred to as unsupervised. Much
of this can be accomplished through automatic means, as we will see in decision
tree analysis, for example. But data mining is not limited to automated analysis.
Knowledge discovery by humans can be enhanced by graphical tools and the
identification of unexpected patterns through a combination of human and com-
puter interaction.
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Data mining can be used by businesses in many ways. Three examples are

* Customer profiling Identifying those subsets of customers that are most
profitable to the business

® Targeting Determining the characteristics of profitable customers who have
been captured by competitors

* Market-basket analysis Determining product purchases by consumers,
which can be used for product positioning and for cross-selling.

These are not the only applications of data mining, but they are three of the most
important to businesses. Customer profiling is a key part of customer relationship
management (CRM), which will be elaborated upon in Chapter 10. Targeting is a
key concept in managing churn, or customer turnover, also discussed in Chapter 10.
Market-basket analysis is an interesting use of data mining that we discuss in
Chapter 11.

‘ What Is Needed to Do Data Mining? )

Data mining requires the identification of a problem, along with collection of
data that can lead to a better understanding of the market, and computer models
to provide statistical or other means of analysis. There are two general types of
data mining studies. Hypothesis testing involves expressing a theory about the
relationship between actions and outcomes. In a simple form, it can be hypothe-
sized that advertising will yield greater profit. This relationship has long been
studied by retailing firms in the context of their specific operations. Data mining
is applied to identifying relationships based on large quantities of data, which
could include testing the response rates to various types of advertising on the
sales and profitability of specific product lines. The second form of data mining
study is knowledge discovery. In this form of analysis, a preconceived notion
may not be present, but rather relationships can be identified by looking at the
data. This may be supported by visualization tools that display data, or through
fundamental statistical analysis, such as correlation analysis.

A variety of analytic computer models have been used in data mining.
Chapters 5 through 9 of this book will discuss various types of these models. Also
required is access to data. Quite often, systems including data warehouses and
data marts are used to manage large quantities of data (see Chapter 3). Other data
mining analyses are done with smaller sets of data, such as can be organized in
online analytic processing systems.

Data Mining

)

Data mining has been called exploratory data analysis, among other things. Masses
of data generated from cash registers, from scanning, and from topic-specific data-
bases throughout the company are explored, analyzed, reduced, and reused.
Searches are performed across different models proposed for predicting sales, mar-
keting response, and profit. Classical statistical approaches are fundamental to data
mining. Automated Al methods are also used. However, systematic exploration
through classical statistical methods is still the basis of data mining. Some of the
tools developed by the field of statistical analysis are harnessed through automatic
control (with some key human guidance) in dealing with data.



