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Students:

Your honesty is critical to your reputation. No company wants to hire a thief—
particularly for jobs as critical as application development and database adminis-
tration. If someone is willing to steal something as inexpensive as an e-book, how
can that person be trusted with billions of dollars in corporate accounts?

You are not allowed to “share” this book in any form with anyone else. You can-
not give or sell any information from this publication in any form to anyone else.
A note on the cover photo:

Even in a wildflower preserve you can find patterns and clusters.

Or you can think of data mining as a way to search through acres of hills, flowers,
sand, and ocean to find interesting facts.

Or can data mining software find the physical site of the image?

To purchase this book or other books: http://JerryPost.com/Books


http://JerryPost.com

For my students.
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Preface

Business Applications of Data Mining

Most managers commonly report that they are buried in data. Database manage-
ment systems, enterprise resource planning systems, and Web sites now collect
and store transactions from all aspects of business and organizations. Managers
have access to terabytes (or more) of historical data. But how is this data supposed
to be used? Database management systems can create standard reports and charts,
and query languages (SQL) can be used to answer specific questions. But it is not
enough.

Managers need statistics to analyze data—but few managers are statisticians,
and configuring and interpreting traditional statistical tools can require extensive
experience. Data mining (DM) tools were created partly from statistics and partly
from computer science to analyze large data sets. Some tools can run relatively
unsupervised—simply select the data and run the routines to obtain results and
recommendations. Other tools require more supervision, from selecting variables
to tweaking models to interpreting results and reconfiguring the analysis.

If you want a job as a manager, you need to know how to use information tech-
nology. But it is not simply a matter of knowing how to use a word processor or
spreadsheet. You need to use the technology to collaborate with other workers, to
analyze data, and to find ways to improve your organization.

Over the past decade, the field of data mining, or business intelligence or ana-
lytics, has received increased attention by academics, managers, and tool vendors.
Notably, the tools have improved dramatically in terms of ease of use and in-
terpretation. Many books and Web sites focus on data mining; but most of them
emphasize either the statistics or the computer science issues. Few of them deal
with the managerial issues of how to configure the tools, apply them to business
problems, and interpret the results to make decisions. This focus is the main pur-
pose of this book.

This book primarily focuses on using SQL Server Analysis Services—the data
mining component of SQL Server. This tool is useful because it is widely avail-
able to universities through the MSDN Academic Alliance. Trial versions are also
available to anyone via the Microsoft Web site. It is also relatively easy to use—
although a few tips and tricks are necessary to fully understand some of the tools.
Other tools, including the open-source Weka tool are used to demonstrate a few
techniques. Many other tools exist and could be used to analyze the data provided
with this book.

Learning Assessment

After finishing the book, students should be able to understand the primary data
mining tools, know what types of problems they are used to evaluate, and under-
stand how to interpret the output and apply the results of the tools to help make
business decisions.

Anyone who teaches this material knows that this learning objective is diffi-
cult to meet—Dbecause of the huge number of possible issues and the flexibility
required in analyzing problems. To meet the objective, smaller, and more concrete
goals are presented in each chapter. Each of these is spelled out as a series of ques-
tions at the start of the chapter. By the end of each chapter, students should be able
to provide intelligent answers to the various questions.
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About the Book

Organization

The book begins with an introduction to database queries because queries are often
used to configure data for specific tools and because queries are useful for finding
answers to specific questions. Students do not need a database course to be able
to use this book. But, this book only lightly covers queries and just touches on da-
tabase design issues. Chapter 3 explains the purpose and configuration of OLAP
data cubes and the basic cube browsers. It emphasizes the importance of identify-
ing facts and dimensions in any
problem and then shows how | chapter 1: Introduction
the cube browser computes
subtotals and filters data. It also | Part One: Fundamental Tools

explains how to configure hier- | Chapter 2  Finding and Storing Data

archies of various data dimen- | Chapter3 ~ OLAP Cubes

sions. Chapter 4 reviews basic | Chapter4  Probability and Statistics Summary
concepts in probability and sta-
tistics. The objective is to ex-
plaln all of the concepts needed Chapter 6  Association and Market Baskets
in the rqst of the book. It would Chapter 7 Evaluation of Dimensions

be best if students have' already Chapter 8  Time Series Analysis

had a separate course in prob-
ability and statistics. . Part Three:  Specialized Tools

The second section explores | Chapter 9  Geographic and Sequence Analysis
the fundamental data mining | Chapter 10 Multidimensional Expressions (MDX)
tools used in business analysis.
Note that the chapters are orga-
nized by business goals as opposed to by individual tools. Chapter 5 examines
basic clustering tools used to define groups—it is particularly useful in marketing
to identify groups of customers that have certain attributes in common. Chapter
6 covers association or market basket analysis. It explains how probability com-
putations are used to identify which items are associated or commonly purchased
together. Chapter 7 is a long chapter because it explores how dimensions are re-
lated to fact dimensions using basic tools such as regression, logistic regression,
and neural networks for nonlinear analysis. Chapter 8 covers the basics of time
series analysis.

Clearly, all tools covered in this section could be explained in greater detail.
In fact, individual books have been written about each type of analysis. But, the
point of this book is not to make managers experts in every single tool. Instead,
the goal is to make it possible for managers to apply the right technique needed for
a specific decision and to correctly interpret the results and make better decisions.

Part Three is new in the second edition. Chapter 9 covers geographic infor-
mation. This section is more about visualization and display of data than about
searching. Many items in business are related to location and it is often helpful to
examine decisions in that context. The chapter also introduces sequence analysis.
Much of the hard-core work in sequences has been done in biology—specifically
DNA analysis. But some of the tools are useful for certain business problems such
as tracing Web browsing patterns. Chapter 10 introduces the basic foundations
of multidimensional expressions (MDX). This language was initially defined by

Part Two: Business Analysis
Chapter 5  Cluster Analysis
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Microsoft but has been adopted by many vendors. It is useful for creating complex
computations that are difficult to evaluate with other methods..

Features That Focus on Solving Problems

Why do students need a textbook? Most definitions exist on the Web and many
Web sites and blogs contain information on data mining, individual tools, and
even how to solve specific problems. And yes, if you are serious about data min-
ing, you should use all of these resources to learn as much as possible about the
details. But students still need a textbook. This textbook provides a structure to
the information. It teaches you how the many pieces fit together to solve busi-
ness problems. It provides the context and ideas on how to analyze the millions
of tidbits of data floating on the Web. Use the textbook to provide the foundation
knowledge that describes data mining, how to configure data, and how to interpret
results. As technology evolves and new problems are encountered, use the Inter-
net to share ideas and solutions with others.

Each chapter contains several unique features to assist in understanding the ma-
terial and in applying it to analyze data and make business decisions. The most
important parts of each chapter are the examples. The chapters explain the basic
problem, how to configure the data, how to run the analysis, and how to interpret
the results. The writing explains the process, but it generally avoids a step-by-step
presentation. The problem with step-by-step presentations is that readers focus too
heavily on tracking steps and losing attention on the overall process. Also, as tools
change, the steps quickly become obsolete, although the overall process remains
the same.

Each chapter contains various features to explain the purpose of the chapter and
help students understand and review the main concepts. The basic features are:

e What you will learn in this chapter. A series of questions highlight
the important issues.

e Chapter summary. A brief synopsis of the chapter highlights—useful
when reviewing for exams.

e Key Words. A list of words introduced in the chapter. A full glossary is pro-
vided at the end of the text.

e Review Questions. Designed as a study guide of the main topics in the
chapter.

e Exercises. Problems that apply the knowledge learned in the chapter. Each
set of exercises begins with a list of exercises that mirror the actions taken in
that chapter (Book Exercises). Additional exercises using the main cases are
next, followed by a set of exercises designed to be solved by a team of stu-
dents. The team exercises involve work that can be partitioned among team
members and combined to achieve a final answer.

e Additional Reading. References for more detailed investigation of the
topics.

This Book Is Different from Other Texts

First, this book is a business text designed for an upper division or MBA course. It
is not a statistics book and it is not a computer science book. Those types of books
are useful and some excellent versions exist, but they are less useful to business
students.
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Second, this book relies on commonly available tools along with several realis-
tic data sets to illustrate how to analyze business data. Students can use tools that
already exist, apply them to the data sets provided, and immediately begin ana-
lyzing the results. Many other books require students to obtain tools with limited
licenses and restricted capabilities, or to write their own programs. The goal is to
get students analyzing business data as quickly and easily as possible, using com-
monly available tools.

Instructor Resources

Instructors have access to the following resources for course presentation and
management. All the instructor supplements were created by the author, except
the test bank:

e Instructor’s Manual includes answers to all end-of-chapter review questions,
exercises, and teaching notes for the industry-specific cases. Teaching tips and
ties to the PowerPoint slides are included for each chapter.

A test bank contains true/false, multiple choice, and short answer questions.
Lecture notes are available as slide shows in Microsoft PowerPoint format.
The slides contain all of the figures along with additional notes. The slides are
organized into lectures and can be rearranged to suit individual preferences.

e Several databases and exercises are available online. The instructor can add
new data, modify the exercises, or use them to expand on the discussion in the
text. Most of the primary databases were created with custom data generators.
These data generators are available to instructors (typically within Microsoft
Access databases) so that new data with new patterns can be generated.

e The book’s Web site at JerryPost.com provides resources for instructors and
students using the text.

Installing the Sample Databases

The book uses several databases to demonstrate how to set up various tools and
how to interpret results. These databases are used throughout the book and as ex-
ercises in each chapter. The individual databases are described in Chapter 1. Some
of the databases were chosen to emphasize specific data mining topics. The Roll-
ing Thunder Bicycle company database is used more than the others because it
contains a wider variety of data. The data will be easier to understand if you learn
a little about bicycles. Some background information is on the Web site: http://
www.JerryPost.com.

In every case, you should approach the situation as if you were a manager or
consultant. If necessary, visit a similar organization, talk to a manager or employ-
ee in the field, read annual reports for a firm in the industry, or find additional
background information on the Web. It is easier to understand and apply the re-
sults when you understand the goals and decisions facing the organization.

Software

The majority of the book relies on Microsoft SQL Server and its associated SQL
Server Analysis Services (SSAS). When SSAS tools depart from traditional appli-
cations, the book also uses traditional techniques to show the difference. The tools
chosen, including SQL Server, were specifically selected because they are readily
available to students and they are relatively easy to use.
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Microsoft SQL Server

SQL Server can be obtained for educational use through the MSDN Academic
Alliance, now known as DreamSpark. This organization does require a small
fee ($500 first year, $320 a year for renewal), but it provides a license for all of
Microsoft’s development tools, including the right to provide copies to students.
Many schools are already members, but additional details can be found at: https://
www.dreamspark.com.

If you are working alone or unable to join MSDN-AA, a trial version of SQL
Server can be downloaded free from Microsoft. It is valid for 180 days. Note that
the SQL Server Express version will not work. You need the Standard, Enterprise,
or Developer version. The Standard version does not support all of the Analysis
Services options, but only a couple of them are used in this book. The examples
in this book were built with the SQL Server 2012 Developer’s Edition, which is
equivalent to the Enterprise edition.

Installing SQL Server on a single computer is relatively straightforward. Just
be sure to install the Analysis Services. Also, it is useful to specify Mixed Mode
security—which sets SQL Server to accept logins using both Windows accounts
and internal SQL Server accounts. When installing Reporting Services and Analy-
sis Services, be sure to specify at least one administrator account that you control.
The best approach is to install everything onto a single computer and give your-
self administrator rights to each tool. This approach reduces the learning hurdles
by minimizing interference from the security systems.

In a class environment, it is possible to install a single copy of the SQL Server
database engine, Reporting Services, and Analysis Services on a central server.
Individual student computers can then run just the Visual Studio and SQL Server
Management Studio components and attach directly to the central server. How-
ever, it is necessary to configure security on the server to give relatively open ac-
cess to each student. Do not use a production server! For the purposes of learning
the tools, it is generally simpler to install all of the components on each student’s
computer and giving the student full control over that instance.

The first time you create an Analysis Services project usually requires some ad-
ditional configuration steps. Some of the steps require experimentation. The most
difficult one is the connection from the Analysis Services system to the database
(impersonation). The tool provides four choices. You might have to test all four
choices before finding one that works for your installation. The examples in the
book suggest one choice that often works, but it does not work in all cases.

Weka

Weka is an interesting open source tool available from the University of Waikato
in New Zealand at http://www.cs.waikato.ac.nz/ml/weka/. It is available for sev-
eral operating systems and uses the GNU general public license. It supports sev-
eral standard data mining algorithms for classification, clustering, association, and
attribute selection. It also has some useful graphics tools for visualization. It can
read some specialized data files, but is easiest to use with flat CSV files. Installa-
tion is straightforward—simply download and run the installation package from
the Web site.

gretl

Data mining is heavily based on statistics and econometrics has developed sev-
eral tools to analyze data. The details of many of the tools and the problems they
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solve are beyond the scope of this book. However, many of the tools are relatively
automated and can be used to handle specialized problems. High-end (read “ex-
pensive”) statistical packages have been used for these tasks. However, Allin Cot-
trell and Riccardo Lucchetti have created the open source tool gretl that is both
free and easy to use. It is available at http://gretl.soruceforge.net. Tasks involving
regression and time series analysis are particularly useful in gretl. Again, the tool
is easiest to use with flat CSV files. The process of extracting the data from SQL
Server and creating a CSV file is explained in this book when the tool is used.

R

R or R System is not used in this book. However, it is a powerful open source
statistics package that many other people are using for data mining. R is available
free from http://www.r-project.org. The GUI interface Rattle is also useful and it
is available from http://rattle.togaware.com. R is often run on the Linux platform,
but versions exist for Windows. The interesting aspect of R is that it is designed
for people to create new tools and algorithms. By itself, it is largely a platform.
Developers create new tools that can be added to the system to analyze data. This
approach makes it easy for others to contribute to the development of new tools,
so R can grow. But, it makes it harder for new students to select the proper tool.

Database Installation

The data for the databases and set up scripts are available for download from the
book’s Web site. Each database is packed into a compressed ZIP file. Download
each file and extract its contents into a separate folder. The contents consist of
several CSV files and a setup SQL script. The script creates the individual tables
in SQL Server and bulk loads the data from the CSV files. However, you have to
make a couple of changes to the script to tell it where you stored the files. The
process is described here for a single database. Repeat it for each database you
wish to use.

Start SQL Server Management Studio. Log in with an account that has at least
Create Database permissions—generally you want to use a DBA account, or the
Windows account that was used to install SQL Server. Create a new database—
right-click the Databases entry and choose New Database. Enter a name that rep-
resents the database, such as RT for Rolling Thunder. If you are building the da-
tabase on a central server, you might want to change the file locations to improve
performance, but it is not critical.

A more important change is to set the Recovery Mode. The default mode in SQL
Server is designed for transaction databases where all data changes are logged to
protect the data in the event of failures. This approach creates log files that can be
several times larger than the database table files. As with most data warehouses,
you can always reload the data, so recovery is unimportant. As shown in the fig-
ure, click the Options page and change the Recovery mode to Simple (instead of
Full). This mode does not write any data to the log file and saves a considerable
amount of space—particularly for the Bakery database because it has several mil-
lion rows of data.

After the database has been created, you can load the data. Create a new query.
The easiest method is to right-click the new database and choose New Query. Load
the SQL script from the download into the query window. One quick method is to
use the Windows Explorer to navigate to the downloaded files and drag the SQL
file into the query window. You need to change two things in the script that tailor
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it to your situation: <DB>,
the name of the database,
and <PATH>, the location
of the CSV files.

Use Ctrl-H (or Edit/Find
and Replace/Quick Re-
place) to start the replace-
ment tool. Enter <DB> as
the search text—includ-
ing the brackets. Enter the
name of your database
(such as RT or Bakery).
Click the Replace All but-
ton. Repeat the process and
search for <PATH> with
the brackets, and enter the
full local path name of the
folder that holds the CSV

files (such as C:\Downloads\Bakery\). You can usually copy the path name from
Windows Explorer, but you need to add the trailing back slash (\). Click the button
to replace all instances. Note that the CSV files should be on the same computer
as the SQL Server program. If you are using a central server, you should copy the
CSV folder to that physical server. Otherwise, you need to specify a network path
and assign appropriate security permissions. When <DB> and <PATH> have been
replaced, execute the script. After a few minutes, you will see a list of the tables
and the number of rows. If you get error messages, read them to check for obvious
problems. Then reload the script, and run the two replacement commands more
carefully. The scripts have been tested on many different machines. Problems that
arise are usually due to errors in the replacement path or to local security issues.
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