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Preface

Since the development of the relational model by E. E Codd at IBM in 1970, rela-
tional databases have become the de facto standard for managing and querying
structured data. The rise of the Internet, online transaction processing, online banking,
and the ability to connect heterogeneous systems have all contributed to the massive
growth in data volumes over the past 15 years. Terabyte-sized databases have become
commonplace. Concurrent with this data growth have come dramatic increases in CPU
performance spurred by Moore’s Law, and improvements in disk technology that have
brought about a dramatic increase in data density for disk storage. Modern databases
frequently need to support thousands if not tens of thousands of concurrent users. The
performance and maintainability of database systems depends dramatically on their
physical design.

A wealth of technologies has been developed by leading database vendors allowing
for a fabulous range of physical design features and capabilities. Modern databases can
now be sliced, diced, shuffled, and spun in a magnificent set of ways, both in memory
and on disk. Until now, however, not much has been written on the topic of physical
database design. While it is true that there have been white papers and articles about
individual features and even individual products, relatively little has been written on the
subject as a whole. Even less has been written to commiserate with database designers
over the practical difficulties that the complexity of “creeping featurism” has imposed on
the industry. This is all the more reason why a text on physical database design is
urgently needed.

We've designed this new book with a broad audience in mind, with both students
of database systems and industrial database professionals clearly within its scope. In it

XV



Xvi
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we introduce the major concepts in physical database design, including indexes (B+,
hash, bitmap), materialized views (deferred and immediate), range partitioning, hash
partitioning, shared-nothing design, multidimensional clustering, server topologies,
data distribution, underlying physical subsystems (NUMA, SMP, MPP, SAN, NAS,
RAID devices), and much more. In keeping with our goal of writing a book that had
appeal to students and database professionals alike, we have tried to concentrate the
focus on practical issues and real-world solutions.

In every market segment and in every usage of relational database systems there
seems to be nowhere that the problems of physical database design are not a critical con-
cern: from online transaction processing (OLTP), to data mining (DM), to muld-
dimensional online analytical processing (MOLAP), to enterprise resource planning
(ERP), to management resource planning (MRP), and in both in-house enterprise sys-
tems designed and managed by teams of database administrators (DBAs) and in
deployed independent software vendor applications (ISVAs). We hope that the focus on
physical database design, usage examples, product-specific syntax, and best practice, will
make this book a very useful addition to the database literature.

Organization

An overview of physical database design and where it fits into the database life cycle
appears in Chapter 1. Chapter 2 presents the fundamentals of B+tree indexing, the
most popular indexing method used in the database industry today. Both simple index-
ing and composite indexing variations are described, and simple performance measures
are used to help compare the different approaches. Chapter 3 is devoted to the basics of
query optimization and query execution plan selection from the viewpoint of what a
database professional needs to know as background for database design.

Chapters 4 through 8 discuss the individual important design decisions needed for
physical database design. Chapter 4 goes into the details about how index selection is
done, and what alternative indexing strategies one has to choose from for both selection
and join operations. Chapter 5 describes how one goes about choosing materialized
views for individual relational databases as well as setting up star schemas for collections
of databases in data warehouses. The tradeoffs involved in materialized view selection
are illustrated with numerical examples. Chapter 6 explains how to do shared-nothing
partitioning to divide and conquer large and computationally complex database prob-
lems. The relationship between shared-nothing partitioning, materialized view replica-
tion, and indexing is presented.

Chapter 7 is devoted to range partitioning, dividing a large table into multiple
smaller tables that hold a specific range of data, and the special indexing problems that
need to be addressed. Chapter 8 discusses the benefits of clustering data in general, and
how powerful this technique can be when extended to multidimensional data. This
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allows a system to cluster along multiple dimensions at the same time without duplicat-
ing data.

Chapter 9 discusses the problem of integrating the many physical design decisions
by exploring how each decision affects the others, and leads the designer into ways to
optimize the design over these many components. Chapter 10 looks carefully at meth-
ods of counting and sampling data that help improve the individual techniques of index
design, materialized view selection, clustering, and partitioning. Chapter 11 goes more
thoroughly into query execution plan selection by discussing tools that allow users to
look at the query execution plans and observe whether database decisions on design
choices, such as index selection and materialized views, are likely to be useful.

Chapter 12 contains a detailed description of how many of the important physical
design decisions are automated by the major relational databases—DB2, SQL Server,
and Oracle. It discusses how to use these tools to design efficient databases more
quickly. Chapter 13 brings the database designer in touch with the many system issues
they need to understand: multiprocessor servers, disk systems, network topologies,
disaster recovery techniques, and memory management.

Chapter 14 discusses how physical design is needed to support data warchouses
and the OLAP techniques for efficient retrieval of information from them. Chapter
15 defines what is meant by denormalization and illustrates the tradeoffs between
degree of normalization and database performance. Finally, Chapter 16 looks at the
basics of distributed data allocation strategies including the tradeoffs between the fast
query response times due to data replication and the time cost of updates of multiple
copies of data.

Appendix A briefly describes a simple computational performance model used to
evaluate and compare different physical design strategies on individual databases. The
model is used to clarify the tradeoff analysis and design decisions used in physical
design methods in several chapters. Appendix B includes a comparison of two com-
mercially available disaster-recovery technologies—IBM’s High Awvailability Disaster
Recovery and Oracle’s Data Guard.

Each chapter has a tips and insights section for the database professional that gives
the reader a useful summary of the design highlights of each chapter. This is followed by
a literature summary for further investigation of selected topics on physical design by
the reader.

Usage Examples

One of the major differences between logical and physical design is that with physical
design the underlying features and physical attributes of the database server (its software
and its hardware) begin to matter much more. While logical design can be performed in
the abstract, somewhat independent of the products and components that will be used
to materialize the design, the same cannot be said for physical design. For this reason we
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have made a deliberate effort to include examples in this second book of the major data-
base server products in database server products about physical database design. In this
set we include DB2 for zOS v8.1, DB2 9 (Linux, Unix, and Windows), Oracle 10g,
SQL Server 2005, Informix Dataserver, and NCR Teradata. We believe that this covers
the vast majority of industrial databases in use today. Some popular databases are con-
spicuously absent, such as MySQL and Sybase, which were excluded simply to constrain
the authoring effort.

Literature Summaries and Bibliography

Following the style of the our earlier text on logical database design, Datbase Modeling
and Design: Logical Design, Fourth Edition, each chapter concludes with a literature
summary. These summaries include the major papers and references for the material
covered in the chapter, specifically in two forms:

* Seminal papers that represent the original breakthrough thinking for the
physical database design concepts discussed in the chapter.

*  Major papers on the latest research and breakthrough thinking.

In addition to the chapter-centric literature summaries, a larger more comprehensive

bibliography is included at the back of this book.

Feedback and Errata

If you have comments, we would like to hear from you. In particular, it’s very valuable
for us to get feedback on both changes that would improve the book as well as errors in
the current content. To make this possible we've created an e-mail address to dialogue
with our readers: please write to us at db-design@rogers.com.

Has everyone noticed that all the letters of the word database are typed with the left
hand? Now the layout of the QWERTY typewriter keyboard was designed among other
things to facilitate the even use of both hands. It follows, therefore, that among other
things, writing about databases is not only unnatural, but a lot harder than it appears.

—Anonymous

While this quip may appeal to the authors who had to personally suffer through
left-hand-only typing of the word dazabase several hundred times in the authoring of
this book,! if you substitute the words “writing about databases” with “designing data-

! Confession of a bad typist: I use my right hand for the t and b. This is an unorthodox but nec-
essary variation for people who need to type the word “database” dozens of times per day.
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bases,” the statement rings even more powerfully true for the worldwide community of
talented database designers.
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To the community of students and database designers worldwide, we salute you.
Your job is far more challenging and complex than most people realize. Each of the pos-
sible design attributes in a modern relational database system is very complex in its own
right. Tackling all of them, as real database designers must, is a remarkable challenge
that by all accounts ought to be impossible for mortal human beings. In fact, optimal
database design can be shown mathematically to truly be impossible for any moderately
involved system. In one analysis we found that the possible design choices for an average
database far exceeded the current estimates of the number of atoms in the universe
(1081) by several orders of magnitude! And yet, despite the massive complexity and
sophistication of modern database systems, you have managed to study them, master
them, and continue to design them. The world’s data is literally in your hands. We hope
this book will be a valuable tool for you. By helping you, the students and designers of
database systems, we hope this book will also lead in a small incremental but important
way to improvements in the world’s data management infrastructure.

Engineering is a great profession. There is the satisfaction of watching a figment of the
imagination emerge through the aid of science to a plan on paper. Then it moves to
realization in stone or metal or energy. Then it brings homes to men or women. Then



XX Preface

it elevates the standard of living and adds to the comforts of life. This is the engineer’s
high privilege.
—Herbert Hoover (1874—1964)

The most likely way for the world to be destroyed, most experts agree, is by accident.
That’s where we come in; we're computer professionals. We cause accidents.

— Nathaniel Borenstein (1957—)
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