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In 1998 I wrote the foreword for Chris Adamson and Mike Venerable’s book
Data Warehouse Design Solutions (Wiley, 1998). Over the intervening eight years
I have been delighted to track that book, as it has stayed high in the list of data
warehouse best sellers, even through today. Chris and Mike had identified a
set of data warehouse design challenges and were able to speak very effec-
tively in that book to the community of data warehouse designers.

Viewed in the right perspective, the mission of data warehousing has not
changed at all since 1998! In that foreword, I wrote that the data warehouse must
be driven from business analysis needs, must be a mirror of management’s
urgent priorities, and must be a presentation facility that is understandable
and fast. All of these perspectives have held true through today. While our
databases have exploded in size, and the database content has become much
more operational, the original description of the data warehouse rings true. If
anything, the data warehouse, in its role as the platform for all forms of busi-
ness intelligence, has become much more important than it was in 1998.

At the same time that the reach of the data warehouse has penetrated to every
worker’s desktop, we have all been swept along by the development of the
Internet, and particularly search engines like Google. This parallel revolution,
surprisingly, has sent data warehousing and business intelligence a powerful
and simple message. As the saying goes, “The medium is the message.” In this
case, Google’s message is:

You can search the entire contents of the Internet in less than a second.

The message to data warehousing is:

You should expect instantaneous results from your data warehouse queries.

Foreword

xix
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To be perfectly frank, data warehousing and business intelligence have so
far made only partial progress toward instantaneous performance. Our data-
bases are more complicated than Google’s documents, and our queries are
more complex. But, we have some powerful tools that can be used to get us
much closer to the goal of instantaneous performance.

Those of us who, like Chris and the Kimball Group, have long recognized
that the class of data warehouse designs known as dimensional models offers
a systematic opportunity for a huge performance boost, above and beyond
database indexes, hardware RAM, faster processors, or parallelism. In fact,
this additional performance opportunity, known as aggregates, when used cor-
rectly, can trump all the other performance techniques!

The idea behind aggregates is very simple. Always start with the most
atomic, transaction-grained data available from the original source systems.
Place that atomic data in full view of the end users in a dimensional format. Of
course, if you stop there, you will have performance problems because many
queries will do a huge amount of I/O no matter how much hardware you
throw at the problem. Now aggregates come to the rescue. You systematically
create a set of physically stored, pre-calculated summary records that are pre-
dictable common queries, or parts of queries posed by the end users. These
summary records are the aggregates.

Aggregates, when used correctly, can provide performance improvements
of a hundred or even a thousand times. No other technology is capable of such
gains.

This book is all about aggregates. Chris explains how they rely on the
dimensional approach, which aggregates to build, how to build them, and
how to maintain them. He also shows in detail how Oracle’s materialized
views and IBM’s materialized query tables are perfect examples of aggregates
used effectively.

I was delighted to see Chris return to being an author after his wonderful
first book. His only excuse for waiting eight years was that he was “busy
building data warehouses.” I’ll accept that excuse! Now we can apply Chris’s
insights into making our data warehouse and business intelligence systems a
big step closer to being instantaneous.

Ralph Kimball
Founder, Kimball Group
Boulder Creek, California

xx Foreword
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In the battle to improve data warehouse performance, no weapon is more
powerful and efficient than the aggregate table. A well-planned set of aggre-
gates can have an extraordinary impact on the overall throughput of the data
warehouse. After you ensure that the database is properly designed, config-
ured, and tuned, any measures taken to address data warehouse performance
should begin with aggregates.

Yet many businesses continue to ignore aggregates, turning instead to propri-
etary hardware products, converting to specialized databases, or implementing
complex caching architectures. These solutions carry high price tags for acqui-
sition and implementation and often require specialized skills to maintain.
This book aims to fill the knowledge gap that has led businesses down this
expensive and risky path.

In these pages, you will find tools and techniques you can use to bring stun-
ning performance gains to your data warehouse. This book develops a set of
best practices for the selection, design, construction, and use of aggregate
tables. It explores how these techniques can be incorporated into projects,
studies advanced design considerations, and covers how aggregates affect
other aspects of the data warehouse lifecycle.

Introduction

xxiii
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Intended Audience

This book is intended for you, the data warehouse practitioner with an interest
in improving query performance. You may serve any one of a number of roles
in the data warehouse environment, including:

■■ Business analyst

■■ Star schema designer

■■ Report developer

■■ ETL developer

■■ Project manager

■■ Database administrator

■■ Data administrator

■■ I.T. director

■■ Chief information officer

■■ Power user

Regardless of your role or current level of knowledge, the best practices in this
book will help you and your team achieve astounding increases in data ware-
house performance, without requiring an investment in exotic technologies.

It will be assumed that you have a very basic familiarity with relational
database technology, understanding the concepts of tables, columns, and joins.
Occasional examples of SQL code will be provided, and they will be fully
explained in the accompanying text.

For those new to data warehousing, the background necessary to under-
stand the examples will be provided along the way. For example, an overview
of the star schema is presented in Chapter 1. The Extract Transform Load (ETL)
process for the data warehouse is described in Chapter 5. The high-level data
mart implementation process is described in Chapter 7.

About This Book

This book assumes a star schema approach to data warehousing. The necessary
background is provided for readers new to this approach. It also considers
implications of snowflake designs and, to a lesser extent, schemas in third nor-
mal form (3NF).

xxiv Introduction
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The design principles and best practices developed in each chapter make no
assumptions about specific software products in the data warehouse. This
tool-agnostic perspective is periodically supplemented with specific advice for
users of Oracle’s materialized views and IBM DB/2’s materialized query
tables.

Star Schema Approach
The techniques presented in this book are intended for data warehouses that
are designed according to the principles of dimensional modeling, more popu-
larly known as the star schema approach. Popularized by Ralph Kimball in the
1990s, the dimensional model is now widely accepted as the optimal method
to organize information for analytic consumption.

Ralph Kimball and Margy Ross provide a comprehensive treatment of
dimensional modeling in The Data Warehouse Toolkit, Second Edition (Wiley, 2002).
The seminal work on the subject, their book is required reading for any student
of data warehousing. The best practices in this book build on the foundation
provided by Kimball and Ross and are described using terminology estab-
lished by The Toolkit.

If you are not familiar with the star schema approach to data warehouse
design, Chapter 1 provides an overview of the basic principles necessary to
understand the examples in this book.

Snowflakes and 3NF Designs
Although this book focuses on the star schema, it does not ignore other
approaches to schema design. From time to time, this book will examine the
impact of a snowflake design on principles established throughout the book. For
example, implications of a snowflake schema for aggregate design are explored
in Chapters 2 and 3, and discussed more fully in Chapter 8.

In addition, Chapter 8 will look at how dimensional aggregates can service
a third normal form schema design. Because of the complex relationships
between the tables of a normalized schema, dimensional aggregates can have
a tremendous impact. Of course, this is really the impact of the dimensional
model itself. Best practices would suggest beginning with the most granular
design possible, which is not really an aggregate at all. Still, a dimensional per-
spective can be used to augment query performance in such an environment.

Introduction xxv
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Tool Independence
This book makes no assumptions regarding the presence of specific software
products in your data warehouse architecture. Many commercial products offer
features to assist in the implementation of aggregate tables. Each implementa-
tion is different; each has its own benefits and drawbacks; all are constantly
changing.

Regardless of the tools used to build and navigate aggregates, you will need
to address the same major tasks. You must choose which aggregates to imple-
ment; the aggregates must be designed; the aggregates must be built; a process
must be established to ensure they are refreshed, or loaded, on a regular basis;
the warehouse must be configured so that application queries are redirected to
the aggregates.

This book provides a set of principles and best practices to guide you
through these common tasks.

You can also use the principles in this book to guide the selection of specific
technologies. For example, one component that you may need to add to your
data warehouse architecture is the aggregate navigator. Chapter 4 develops a set
of requirements for the aggregate navigator function. Three styles of commer-
cial implementations are identified and evaluated against these requirements.
You can use these requirements to evaluate your current technology options,
as described in Chapter 7. They will remain valid even as specific products
change and evolve.

Materialized Views and Materialized Query Tables
Specific database features from Oracle (materialized views) and IBM’s DB/2
(materialized query tables) can be used to load and maintain aggregate tables
as well as provide aggregate navigation services.

Throughout this book, the impact of using these technologies to build and
navigate dimensional aggregates is explored. After establishing principles and
best practices, we consider the implications of using these products. What is
potentially gained or lost? How can you modify your process to accommodate
the products’ strengths and weaknesses? This is information that cannot be
gleaned from a syntax reference manual.

Keep in mind that these products continue to evolve. Over time, their capa-
bilities can be expected to expand and change. If you use these products, it
behooves you to study their capabilities closely, compare them with the
requirements of dimensional aggregation, test their application, and identify
relevant implications. In fact, this is advised for users of any tool in Chapter 7.

xxvi Introduction
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Purpose of Each Chapter

This book is organized into chapters that address the major activities involved
in the implementation of star schema aggregates. After establishing some fun-
damentals, chapters are dedicated to aggregate selection, design, usage, and
construction. The remaining chapters address the organization of these activi-
ties into project plans, explore advanced design considerations, and address
other impacts on the data warehouse.

Introduction xxvii

MATERIALIZED VIEWS AND MATERIALIZED QUERY TABLES

The tool-agnostic principles and techniques in this book are periodically
supplemented with a look at the impact of Oracle’s materialized views and IBM
DB/2’s materialized query tables.

TOPIC CHAPTER DESCRIPTION

Aggregate Chapter 3 Schema designers targeting these technologies 
Design should model the hierarchies implicit within a

dimension table, and the relationships among
their attributes. This information should be
included in design documentation, along with
defining queries for each aggregate table.

Aggregate Chapter 4 Chapter 4 describes the use of materialized 
Use views and materialized query tables to provide

query rewrite capabilities. It also shows how
these technologies are used to implement
aggregate fact tables, virtual aggregate
dimension tables, and pre-joined aggregates.

Aggregate Chapter 5 Materialized views and materialized query 
Refresh tables do not eliminate the need to manage the

refresh of aggregates. It is also necessary to
coordinate the refresh mechanism with the
query rewrite mechanism.

Aggregate Chapter 6 It is not necessary to build an ETL process to 
Construction load a materialized view or materialized query

table. Once their refresh is configured, the
database will take care of this job. But some
adjustments to the base schema’s ETL process
may improve the overall performance of the
aggregates.
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Chapter 1: Fundamentals of Aggregates
This chapter establishes a foundation on which the rest of the book will build.
It introduces the star schema, aggregate tables, and the aggregate navigator. Even
if you are already familiar with these concepts, you should read Chapter 1. It
establishes guiding principles for the development of invisible aggregates,
which have zero impact on production applications. These principles will
shape the best practices developed through the rest of the book. This chapter
also introduces several forms of summarization that are not invisible to appli-
cations but may provide useful performance benefits.

Chapter 2: Choosing Aggregates
Chapter 2 takes on the difficult process of determining which aggregates
should be built. You will learn how to identify and describe potential aggre-
gates and determine the appropriate combination for implementation. This
will require balancing the performance of potential aggregates with their
potential usage and available resources. A variety of techniques will prove
useful in identifying high-value aggregate tables.

Chapter 3: Designing Aggregates
The design of aggregate tables requires the same rigor as that of the base
schema. Chapter 3 lays out a detailed set of principles for the design of dimen-
sional aggregates. Best practices are identified and explained in detail, and a
concrete set of deliverables is developed for the design process. Common pit-
falls that can disrupt accuracy or ease of use are fully explored.

Chapter 4: Using Aggregates
In the most successful implementations, aggregate tables are invisible to users
and applications. The job of the aggregate navigator is to redirect all queries to
the best performing summaries. Chapter 4 develops a set of requirements for
the aggregate navigator and uses them to evaluate three common styles of
solutions. It explores two specific technologies in detail—Oracle’s material-
ized views and IBM DB/2’s materialized query tables—and provides practical
advice for working without an aggregate navigator.
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Chapter 5: ETL Part 1: Incorporating Aggregates
This book dedicates two chapters to the process of building aggregate tables.
Chapter 5 describes how the base schema is loaded and how aggregates are
integrated into that process. You will learn when it makes sense to design an
incremental load for aggregate tables, and when you are better off dropping
and rebuilding them each time the base schema is updated. For data ware-
houses loaded during batch windows, this chapter outlines several benefits of
loading aggregates after the base schema. The ETL process will be required to
interact with the aggregate navigator, or to take the entire data warehouse off-
line during the load. Data warehouses loaded in real-time require a different
strategy for the maintenance of aggregates; specific techniques are discussed
to minimize the impact of aggregates on this process.

Database features such as materialized views or materialized query tables
may automate the construction process but are subject to the same require-
ments. As Chapter 5 shows, they must be configured to remain synchronized
with the base schema, and designers must still choose between drop-and-
rebuild and incremental load.

Chapter 6: ETL Part 2: Loading Aggregates
The second of two chapters on ETL, Chapter 6 describes the specific tasks
required to load aggregate tables. Best practices are provided for identifying
changed data in the base schema, constructing aggregate dimensions and their
surrogate keys, and building aggregate fact tables. Pre-joined aggregates are
also considered, along with complications that can arise from the presence of
type 1 attributes.

The best practices in this chapter apply whether the load is developed using
an ETL tool, or hand-coded. Database features such as materialized views or
materialized query tables eliminate the need to design load routines, but may
benefit from some adjustment to the schema design.

Chapter 7: Aggregates and Your Project
Aggregates should always be designed and implemented as part of a project.
Chapter 7 provides a standard set of tasks and deliverables that can be used to
add aggregates to existing schema, or to incorporate aggregates into the scope
of a larger data warehouse development project. Major project phases are cov-
ered, including strategy, design, construction, testing, and deployment. The
ongoing maintenance of aggregates is discussed, tying specific responsibilities
to established data warehousing roles.
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Chapter 8: Advanced Aggregate Design
This chapter outlines numerous advanced techniques for star schema design
and fully analyzes the implications of each technique on aggregation. Design
topics include:

■■ The periodic snapshot

■■ The accumulating snapshot

■■ Two kinds of factless fact tables

■■ Three kinds of bridge tables

■■ The transaction dimension

■■ Families of core and custom schemas

Chapter 8 also looks at how the techniques in this book can be adapted for
snowflake schemas and third normal form designs.

Chapter 9: Related Topics
This final chapter collects several remaining topics that are influenced by
aggregates:

■■ The archive process must be extended to involve aggregate tables. Some
common misconceptions are discussed, and often-overlooked opportu-
nities are highlighted.

■■ Security requirements may call for special care in implementing aggre-
gates, which may also prove part of the solution.

■■ Derived tables are summarizations of base schema data that are not
invisible. They include merged fact tables, sliced fact tables, and piv-
oted fact tables. Standard invisible aggregates may further summarize
derived tables.

■■ Deploying summary data before detail can present new challenges, particu-
larly if unanticipated. This chapter concludes by providing alternative
techniques to deal with this unusual problem.

Glossary
Important terms used throughout this book are collected and defined in the
glossary. You may find it useful to refer to these definitions as you read this
book, particularly if you choose to read the chapters out of sequence.
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1

A decade ago, Ralph Kimball described aggregate tables as “the single most
dramatic way to improve performance in a large data warehouse.” Writing in
DBMS Magazine (“Aggregate Navigation with (Almost) No Metadata,”
August 1996), Kimball continued:

Aggregates can have a very significant effect on performance, in some cases
speeding queries by a factor of one hundred or even one thousand. No other
means exist to harvest such spectacular gains.

This statement rings as true today as it did ten years ago. Since then,
advances in hardware and software have dramatically improved the capacity
and performance of the data warehouse. Aggregates compound the effect of
these improvements, providing performance gains that fully harness capabili-
ties of the underlying technologies.

And the pressure to improve data warehouse performance is as strong as
ever. As the baseline performance of underlying technologies has improved,
warehouse developers have responded by storing and analyzing larger and
more granular volumes of data. At the same time, warehouse systems have
been opened to larger numbers of users, internal and external, who have come
to expect instantaneous access to information.

Fundamentals of Aggregates
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This book empowers you to address these pressures. Using aggregate tables,
you can achieve an extraordinary improvement in the speed of your data ware-
house. And you can do it today, without making expensive upgrades to hard-
ware, converting to a new database platform, or investing in exotic and
proprietary technologies.

Although aggregates can have a powerful impact on data warehouse per-
formance, they can also be misused. If not managed carefully, they can cause
confusion, impose inordinate maintenance requirements, consume massive
amounts of storage, and even provide inaccurate results. By following the best
practices developed in this book, you can avoid these outcomes and maximize
the positive impact of aggregates.

The introduction of aggregate tables to the data warehouse will touch every
aspect of the data warehouse lifecycle. A set of best practices governs their
selection, design, construction, and usage. They will influence data warehouse
planning, project scope, maintenance requirements, and even the archive
process. Before exploring each of these topics, it is necessary to establish some
fundamental principles and vocabulary.

This chapter establishes the foundation on which the rest of the book builds.
It introduces the star schema, aggregate tables, and the aggregate navigator. Guiding
principles are established for the development of invisible aggregates, which have
zero impact on production applications—other than performance, of course.
Last, this chapter explores several other forms of summarization that are not
invisible to applications, but may also provide useful performance benefits.

Star Schema Basics

A star schema is a set of tables in a relational database that has been designed
according to the principles of dimensional modeling. Ralph Kimball popularized
this approach to data warehouse design in the 1990s. Through his work and
writings, Kimball established standard terminology and best practices that are
now used around the world to design and build data warehouse systems. With
coauthor Margy Ross, he provides a detailed treatment of these principles in
The Data Warehouse Toolkit, Second Edition (Wiley, 2002).

To follow the examples throughout this book, you must understand the fun-
damental principles of dimensional modeling. In particular, the reader must
have a basic grasp of the following concepts:

■■ The differences between data warehouse systems and operational 
systems

■■ How facts and dimensions support the measurement of a business
process

■■ The tables of a star schema (fact tables and dimension tables) and their
purposes
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■■ The purpose of surrogate keys in dimension tables

■■ The grain of a fact table

■■ The additivity of facts

■■ How a star schema is queried

■■ Drilling across multiple fact tables

■■ Conformed dimensions and the warehouse bus

■■ The basic architecture of a data warehouse, including ETL software and
BI software

If you are familiar with these topics, you may wish to skip to the section
“Invisible Aggregates,” later in this chapter.

For everyone else, this section will bring you up-to-speed. Although not a
substitute for Kimball and Ross’s book, this overview provides the back-
ground needed to understand the examples throughout this book. I encourage
all readers to read The Toolkit for more immersion in the principles of dimen-
sional modeling, particularly anyone involved in the design of the dimen-
sional data warehouse.

Data warehouse designers will also benefit from reading Data Warehouse
Design Solutions, by Chris Adamson and Mike Venerable (Wiley, 1998). This
book explores the application of these principles in the service of specific busi-
ness objectives and covers standard business processes in a wide variety of
industries.

Operational Systems and the Data Warehouse
Data warehouse systems and operational systems have fundamentally differ-
ent purposes. An operational system supports the execution of business
process, while the data warehouse supports the evaluation of the process. Their
distinct purposes are reflected in contrasting usage profiles, which in turn sug-
gest that different principles will guide their design. The principles of dimen-
sional modeling are specifically adapted to the unique requirements of the
warehouse system.

Operational Systems

An operational system directly supports the execution of business processes.
By capturing detail about significant events or transactions, it constructs a
record of the activity. A sales system, for example, captures information about
orders, shipments, and returns; a human resources system captures informa-
tion about the hiring and promotion of employees; an accounting system cap-
tures information about the management of the financial assets and liabilities
of the business. Capturing the detail surrounding these activities is often so
important that the operational system becomes a part of the process.
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