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Foreword

‘Ever since the dawn of business data processing, managers have been seeking
ways to increase the utility of their information systems, In the past, much of
the emphasis has been on automating the transactions that move an organiza-
tion through the interlocking cycles of sales, production, and administration.
Whether accepting an order, purchasing raw materials, or paying employees,
most organizations process an enormous number of transactions and in so
doing gather an even larger amount of data about their business.

Despite all the data they have accumulated, what users really want is infor-
mation. What can they learn from the data about how to satisfv their best cus-
tomers, how to allocate their resources most efficiently, and how to minimize
losses? When there are millions of trees, how can one draw meaningful conclu-
sions akout the forest? In conjunction with the increased amount of data. there
has been a shift ih the primary users of computers, from a limited group of
information systems professionals to a much larger group of knowledge work-
ers with expertise in particular business domains, such as finance, marketing,
or manufacturing. Data warehousing is a collection of technologies designed to
convert heaps of data to usable information. It does this by consolidating data
from diverse transactional systems into a coherent collection of consistent,
quality-checked databases used only for informaticnal purposes, Not only are
data warehouses among the largest databases (frequently more than a ter-
abyte), but they often have large numbers of users with diverse requirements.
Consequently, they need carefully thought out architectures that take advan-
tage of the most advanced multitier client/server computing tools.

Data warehouses are used in three primary ways. First, they enhance the
traditional information presentation technologies (reports and graphs) by
bringing the data necessary for their creation into a single source. This consol-
idation eliminates one of the biggest sources of error and delay: the fragmen-
tation of data in diverse transaction databases. Second, data warehouses are
used to support online analytical processing (OLAP). Whereas traditional
query and report tools describe what is in a database, OLAP goes further in
helping the user answer why certain things are true. The user forms a hypoth-
esis about a relationship and verifies it with a series of queries against the
data. For example, an analyst might hypothesize that people with low incomes
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and high debt are bad credit risks, and analyze the database with OLAP to ver-
ify (or disprove) this assumption.

However, the very size and complexity of data warehouses make it difficult
for any user, no matter how knowledgeable in the application of data, to for-
mulate all possible hypotheses that might explain something such as the
behavior of a group of customers. How can anyone successfully explore data-
bases containing 100 million rows of data, each with thousands of attributes?

The newest, hottest technology to address these concerns is data mining.
Data mining (the third major application of data warehouses) uses sophisti-
cated statistical analysis and modeling techniques to uncover patterns and
relationships hidden in organizational databases—patterns that ordinary
methods might miss.

Data mining is different from OLAP because, rather than verifying a hypoth-
esis, it is used to generate a hypothesis. Say, for example, an analyst wants to
identify the risk factors for granting credit. The data mining tool might dis-
cover that people with high debt and low incomes are bad credit risks (as
before), but it might also discover a pattern that the analyst did not think to
try, such as the fact that debt-to-income ratio and age are determinants of risk.
Here is where data mining and OLAP complement each other. Before acting on
the pattern, the analyst needs to know the financial implication of using the
discovered pattern to govern who gets credit. The OLAP tool can allow the ana-
lyst to answer those kinds of questions. Together, data warehouses, OLAP, and
data mining are transforming the way businesses use data. The resulting
insights are producing dramatic returns on investment. A survey that Two
Crows Corporation recently conducted provided strong evidence of corporate
satisfaction. Of those organizations far enough along to have formed an opin-
ion, all of them plan to continue to expand their present use of data mining.

In this book, Alex Berson and Steve Smith have brought together these dif-
ferent pieces of client/server computing, data warehousing, OLAP, and data
mining and have provided an understandable and coherent explanation of how
data mining works and how it can be used from the business perspective. I
believe that this synergy among data warehouses, OLAP, and data mining will
produce a new and significantly improved way of doing business across the
enterprise that prdvides a real competitive advantage to those who make the
most effective use of these technologies. This book will be a useful guide.

Herb Edelstein
President, Two Crows Corporation



Preface

The last few years have seen a growing recognition of information as a key
business tool. Those who successfully gather, analyze, understand, and act
upon information are among the winners in this new information age. There-
fore, it is only reasonable to expect the rate of producing and consuming infor-
mation to grow. We can define information as that which resolves uncertainty.
We can further say that decisionmaking is the progressive resolution of uncer-
tainty and is a key to a purposeful behavior by any mechanism (or organism).
In general, the current business market dynamics make it abundantly clear
that, for any company, information is the very key to survival.

If we look at the evolution of the information processing technologies, we can
see that while the first generation of client/server systems brought data to the
desktop, not all of this data was easy to understand, unfortunately, and as
such, it was not very useful to end users. As a result, a number of new tech-
nologies have emerged that are focused on improving the information content
of the data to empower the knowledge workers of today and tomorrow. Among
these technologies are data warehousing, metadata repositories, online analyt-
ical processing (OLAP), and data mining. In some ways, these technologies are
the manifestation of the maturity of the client/server computing model and its
applicability to a wide variety of business problems.

Therefore, this book is about the need, the value, and the technological
means of acquiring and using information in the information age.

From that perspective, this book is intended to become the handbook and the
guide for anybody who's interested in, planning, or working on data warehous-
ing and related issues. This audience is quite large, and includes both technol-
ogy and business people. Among them are information technology managers,
business analysts, marketing managers, product planners, client/server appli-
cation developers, systems and database administrators, information security
officers, data center operations staff, and data networking specialists. Data
warehousing and its advantages, features, and usage are discussed against the
background of the evolution of the computing models, hardware and software
innovations for parallel processing, client/server architecture and implementa-
tions, and database management systems. Using these topics as a foundation,
the book proceeds to analyze the components of a data warehouse, including
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data sourcing and transformation tools, parallel database technology, meta-
data management, query, reporting, OLAP, data mining tools, and information
delivery over the Web. Armed with the knowledge of data warehousing tech-
nology, the reader continues into a discussion on the principles of business
analysis, models and patterns, and an in-depth analysis of data mining. The
book ends with a brief look into the future potential of these technologies.

Why This Book Is Needed

The amount of information related to the subject of data warehousing is
tremendous. Moreover, as technologies continue to mature, areas like OLAP,
data mining, the World Wide Web, and parallel database technologies continue
to attract the attention of developers, strategists, and users alike. At the same
time, the amount of information about some of these technologies is still lim-
ited, while the hype surrounding other technologies (e.g., data mining) contin-
ues to further complicate the choices. To sort through all the available
information, to separate hype from reality, and to find a cohesive and complete
description of data warehousing and its effect on business is extremely difficult.

The main premise of this book is that, to date, several technologies have
matured independently of one another, and no one as yet has thought a great
deal about how to put the pieces together. These technologies include the fol-
lowing:

» Data warehouse—enabled relational database systems that are designed to
support very large databases (VLDB) at significantly higher levels of perfors
mance and manageability.

= Data sourcing and transformation tools that can help acquire, understand,
and clean up data stored in legacy and traditional online transaction pro-
cessing (OLTP) systems before it gets loaded into a data warehouse.

® OLAP that is driven by the business need for an information view that can
be rapidly assimilated and manipulated by business users and by the tech-
nology need to adapt standards-based solutions (e.g., relational database
technology) and to leverage the opportunities available through the Web. -

» Data mining that is enabled by new algorithms that provide easy-to-use and
understandable techniques and that is driven by the business need to auto-
matically solve well-defined business problems.

Never before has there been an opportunity to combine these technologies into
one integrated system. To date, there are a number of very good books on vari-
ous aspects of data warehousing. Unfortunately, most of the books published to

. date focus on a specific topic and a specific technology, without recognizing that

the technologies have vastly greater value together—each improves the utility
of the other like interlocking puzzle pieces. This book reveals how the tech-
nologies and architectures work together and what value they provide to the
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end user. This book presents the big picture by showing the businessperson
how a data warehouse can be made useful to him or her.

Another unique aspect of this book is that it contains a lot of material, some
of which can be found in various vendor publications and in specialized re-
search and trade literature. That is especially important because a significant
portion of the available information is being changed on a regular basis. Vari-
ous emerging standards and continuous product updates are examples of the
dynamic nature of this material. The technologies and tools described in this
book require a detailed knowledge of different hardware and software plat-
forms. Specifically, the hardware platforms described in this book include
midrange systems, parallel processors, workstations, and servers, Operating
systems include UNIX, Windows/NT, NetWare, and OS/2. Database manage-
ment systems discussions are focused on key features of SYBASE, ORACLE,
INFORMIX, MS SQL Server, DB2, and Red Brick. The book discusses object-
relational database technology of universal servers, a star schema design, and
the effect of the Web on all components of data warehousing. Readers are also
introduced to technologies and products from Arbor Software, Cognos, Constel-
lar, Evolutionary Technologies, Informatica, Information Builders, LogicWorks,
MicroStrategies, Prism Solution, and Vality, among many others.

Unfertunately, even if one decides to read all the available literature. it
would be very difficult to obtain a clear picture of how all these technologies
and products fit together to deliver value to a business enterprise. That is why
the authors’ personal experiences in developing large-scale data warehousing
projects and extended involvement with commercial parallel computing,
OLAP, machine learning, artificial intelligence, and the Internet proved to be
invaluable in writing this book.

Who This Book Is For

This book has been written as a result of the authors' experiences in partici-
pating in several large-scale data warehousing projects and in developing
OLAP and data mining solutions for various industry segments.

For the discussion of the architecture, advantages. and benefits of data ware-
housing, the authors met with many business and IT managers, systems inte-
grators, system administrators, database and data communications specialists,
and system programmers, all of whom may be potential readers of this book.

This book can be used as a guide for system integrators, designers of data
warehouse and data mart systems, data and database administrators consid-
ering the issues of parallel relational database systems, OLAP designers, and
those who are planning to implement and support data mining. Webmasters,
network specialists, and information security officers will find this book useful
for implementing a distributed data warehouse or for deploying Web-enabled
analysis tools throughout an enterprise.

Some specific data warehouse components described in the book can help
IT managers, system administrators, DBAs, network and communications
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Prerequisite
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specialists, and application developers to make informed decisions when
selecting platforms and products to implement a data warehouse or a data
mart. The maturity of various OLAP and data mining technologies has
ertabled the authors to discuss design, implementation, and operational
issues at such a level of detail that the book should be an invaluable tool for
any professional in solving a whole spectrum of issues and concerns related
to data warehousing.

Finally, those readers who are locking into such advanced topics as object-
relational database systems, high-performance commercial computing, OLAP,
and data mining will find this book exiremely useful.

The authors assume readers have little or no previous knowledge about data
warehousing. This book is targeted at two classes of readership: business pro-
fessionals—including sales and marketing managers, preduct planners, and
financial experts—and technology professicnals. Both groups of readers can
understand this book—no previous data warehousing experience is necessary.
Readers with any degree of knowledge of information technology can benefit
from this book. Those who deal with enly COBOL batch programs will find this
book useful. Those with CICS, SQL, DB2 or any other database expertise,
including DBA experience, will benefit. UNIX, Windows and Windows/NT,
08/2, and NetWare application developers, systems and network administra-
tors, and LAN specialists should not have any problems reading this book.

The book has been structured as a self-teaching guide. The introduction to data
warehousing, its relationship to the client/server architecture, and an overview
of data warehousing technology components and their roles is placed in the
first part. The rest of the book is dedicated to specific technologies and method-
ologies designed to implement a data warehouse, with an in-depth discussion
of business analysis, OLAP, data mining, and data visualization. The book con-
cludes with a brief look at prevailing trends and directions in the data ware-
house market.

The book includes a fair amount of diagrams, figures, examples, and illus-
trations in an attempt to present a lot of rather complicated material in as sim-
ple a form as possible. Data warehousing is a complex, involved, and
often-misunderstood subject; so, whenever possible, theoretical issues are
explained with practical examples. Therefore, the authors have made a serious
effort to explain complex issues of parallel relational database systems, OLAP,
and data mining, using both simple examples and theoretical discussions. For
those readers interested in theory, the book provides sufficient theoretical
overview of star schema design, parallel systems, artificial intelligence, and
predictive modeling.
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This book is about a very dynamic subject. All material included in the book
is current at the time of writing. The authors realize that as data warehousing
continues to evolve, and as vendors continue to improve and expand on their
product quality and functionality, changes will be necessary. The authors
intend to revise the book if a significant development in the data warehousing
arena mabkes it necessary to add, delete, or change parts of the text.

What Is Included

Part I begins with an introduction to the business imperative and the technol-
ogy roadmap of data warehousing. This part discusses the relationship
between a data warehouse and client/server architecture and provides an
overview of parallel system architectures and the corresponding developments
in the area of database systems.

Part II starts with an in-depth analysis of data warehouse architecture and
components, and discusses the design, technical, and implementation consid-
erations of building a data warehouse. This part describes how a relational
database technology can be leveraged for the high scalability and very large
database support required by a data warehouse. Star schema design, bitmap
indexes, and other innovative techniques are also discussed in this part.
Finally, this part provides an overview of data extraction, transformation, and
cleanup tools, as well as a discussion on the importance of metadata and the
issues surrounding its management.

Part 11T begins to introduce the reader to the technical considerations re-
lated to business analysis. Query and reporting tools, OLAP, and the ideas
behind meodels, patterns, statistics, and artificial intelligence are discussed in
this part.

Part IV focuses on data mining. Decision trees, neural networks, clustering,
nearest neighbor, fuzzy logic, genetic algorithms, and rule induction are among
the techniques discussed in this part. In addition, a discussion en how to select
the right technique is presented.

Part V concludes with a discussion on data visualization and an in-depth
lock at the current trends and future directions in the data warehouse arena.

The appendixes include an article on the value of data mining, OLAP guide-
lines, an analysis of common mistakes made when building a data warehouse,
and an extensive bibliography.
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