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I N T R O D U C T I O N

The data warehousing industry certainly has matured since Ralph Kimball pub-
lished the first edition of The Data Warehouse Toolkit (Wiley) in 1996. Although
large corporate early adopters paved the way, since then, data warehousing
has been embraced by organizations of all sizes. The industry has constructed
thousands of data warehouses. The volume of data continues to grow as we
populate our warehouses with increasingly atomic data and update them with
greater frequency. Vendors continue to blanket the market with an ever-
expanding set of tools to help us with data warehouse design, development,
and usage. Most important, armed with access to our data warehouses, busi-
ness professionals are making better decisions and generating payback on
their data warehouse investments.

Since the first edition of The Data Warehouse Toolkit was published, dimen-
sional modeling has been broadly accepted as the dominant technique for data
warehouse presentation. Data warehouse practitioners and pundits alike have
recognized that the data warehouse presentation must be grounded in sim-
plicity if it stands any chance of success. Simplicity is the fundamental key that
allows users to understand databases easily and software to navigate data-
bases efficiently. In many ways, dimensional modeling amounts to holding the
fort against assaults on simplicity. By consistently returning to a business-
driven perspective and by refusing to compromise on the goals of user under-
standability and query performance, we establish a coherent design that
serves the organization’s analytic needs. Based on our experience and the
overwhelming feedback from numerous practitioners from companies like
your own, we believe that dimensional modeling is absolutely critical to a suc-
cessful data warehousing initiative.

Dimensional modeling also has emerged as the only coherent architecture for
building distributed data warehouse systems. When we use the conformed
dimensions and conformed facts of a set of dimensional models, we have a
practical and predictable framework for incrementally building complex data
warehouse systems that have no center.

For all that has changed in our industry, the core dimensional modeling tech-
niques that Ralph Kimball published six years ago have withstood the test of
time. Concepts such as slowly changing dimensions, heterogeneous products,



factless fact tables, and architected data marts continue to be discussed in data
warehouse design workshops around the globe. The original concepts have
been embellished and enhanced by new and complementary techniques. We
decided to publish a second edition of Kimball’s seminal work because we felt
that it would be useful to pull together our collective thoughts on dimensional
modeling under a single cover. We have each focused exclusively on decision
support and data warehousing for over two decades. We hope to share the
dimensional modeling patterns that have emerged repeatedly during the
course of our data warehousing careers. This book is loaded with specific,
practical design recommendations based on real-world scenarios.

The goal of this book is to provide a one-stop shop for dimensional modeling
techniques. True to its title, it is a toolkit of dimensional design principles and
techniques. We will address the needs of those just getting started in dimen-
sional data warehousing, and we will describe advanced concepts for those of
you who have been at this a while. We believe that this book stands alone in its
depth of coverage on the topic of dimensional modeling.

Intended Audience

This book is intended for data warehouse designers, implementers, and man-
agers. In addition, business analysts who are active participants in a ware-
house initiative will find the content useful.

Even if you’re not directly responsible for the dimensional model, we believe
that it is important for all members of a warehouse project team to be comfort-
able with dimensional modeling concepts. The dimensional model has an
impact on most aspects of a warehouse implementation, beginning with the
translation of business requirements, through data staging, and finally, to the
unveiling of a data warehouse through analytic applications. Due to the broad
implications, you need to be conversant in dimensional modeling regardless
whether you are responsible primarily for project management, business
analysis, data architecture, database design, data staging, analytic applica-
tions, or education and support. We’ve written this book so that it is accessible
to a broad audience.

For those of you who have read the first edition of this book, some of the famil-
iar case studies will reappear in this edition; however, they have been updated
significantly and fleshed out with richer content. We have developed vignettes
for new industries, including health care, telecommunications, and electronic
commerce. In addition, we have introduced more horizontal, cross-industry
case studies for business functions such as human resources, accounting, pro-
curement, and customer relationship management.

I n t r o d u c t i o nxviii



Introduct ion xix

The content in this book is mildly technical. We discuss dimensional modeling
in the context of a relational database primarily. We presume that readers have
basic knowledge of relational database concepts such as tables, rows, keys,
and joins. Given that we will be discussing dimensional models in a non-
denominational manner, we won’t dive into specific physical design and 
tuning guidance for any given database management systems.

Chapter Preview

The book is organized around a series of business vignettes or case studies. We
believe that developing the design techniques by example is an extremely
effective approach because it allows us to share very tangible guidance. While
not intended to be full-scale application or industry solutions, these examples
serve as a framework to discuss the patterns that emerge in dimensional mod-
eling. In our experience, it is often easier to grasp the main elements of a
design technique by stepping away from the all-too-familiar complexities of
one’s own applications in order to think about another business. Readers of
the first edition have responded very favorably to this approach.

The chapters of this book build on one another. We will start with basic con-
cepts and introduce more advanced content as the book unfolds. The chapters
are to be read in order by every reader. For example, Chapter 15 on insurance
will be difficult to comprehend unless you have read the preceding chapters
on retailing, procurement, order management, and customer relationship
management.

Those of you who have read the first edition may be tempted to skip the first
few chapters. While some of the early grounding regarding facts and dimen-
sions may be familiar turf, we don’t want you to sprint too far ahead. For
example, the first case study focuses on the retailing industry, just as it did in
the first edition. However, in this edition we advocate a new approach, mak-
ing a strong case for tackling the atomic, bedrock data of your organization.
You’ll miss out on this rationalization and other updates to fundamental con-
cepts if you skip ahead too quickly.

Navigation Aids
We have laced the book with tips, key concepts, and chapter pointers to make
it more usable and easily referenced in the future. In addition, we have pro-
vided an extensive glossary of terms.



You can find the tips sprinkled throughout this book by flipping through the chapters
and looking for the lightbulb icon.

We begin each chapter with a sidebar of key concepts, denoted by the key icon.

Purpose of Each Chapter

Before we get started, we want to give you a chapter-by-chapter preview of the
concepts covered as the book unfolds.

Chapter 1: Dimensional Modeling Primer
The book begins with a primer on dimensional modeling. We explore the com-
ponents of the overall data warehouse architecture and establish core vocabu-
lary that will be used during the remainder of the book. We dispel some of the
myths and misconceptions about dimensional modeling, and we discuss the
role of normalized models.

Chapter 2: Retail Sales
Retailing is the classic example used to illustrate dimensional modeling. We
start with the classic because it is one that we all understand. Hopefully, you
won’t need to think very hard about the industry because we want you to
focus on core dimensional modeling concepts instead. We begin by discussing
the four-step process for designing dimensional models. We explore dimen-
sion tables in depth, including the date dimension that will be reused repeat-
edly throughout the book. We also discuss degenerate dimensions,
snowflaking, and surrogate keys. Even if you’re not a retailer, this chapter is
required reading because it is chock full of fundamentals.

Chapter 3: Inventory
We remain within the retail industry for our second case study but turn our
attention to another business process. This case study will provide a very vivid
example of the data warehouse bus architecture and the use of conformed
dimensions and facts. These concepts are critical to anyone looking to con-
struct a data warehouse architecture that is integrated and extensible.

I n t r o d u c t i o nxx



Chapter 4: Procurement
This chapter reinforces the importance of looking at your organization’s value
chain as you plot your data warehouse. We also explore a series of basic and
advanced techniques for handling slowly changing dimension attributes. 

Chapter 5: Order Management
In this case study we take a look at the business processes that are often the
first to be implemented in data warehouses as they supply core business per-
formance metrics—what are we selling to which customers at what price? We
discuss the situation in which a dimension plays multiple roles within a
schema. We also explore some of the common challenges modelers face when
dealing with order management information, such as header/line item con-
siderations, multiple currencies or units of measure, and junk dimensions with
miscellaneous transaction indicators. We compare the three fundamental
types of fact tables: transaction, periodic snapshot, and accumulating snap-
shot. Finally, we provide recommendations for handling more real-time ware-
housing requirements.

Chapter 6: Customer Relationship Management
Numerous data warehouses have been built on the premise that we need to bet-
ter understand and service our customers. This chapter covers key considera-
tions surrounding the customer dimension, including address standardization,
managing large volume dimensions, and modeling unpredictable customer
hierarchies. It also discusses the consolidation of customer data from multiple
sources.

Chapter 7: Accounting
In this totally new chapter we discuss the modeling of general ledger informa-
tion for the data warehouse. We describe the appropriate handling of year-to-
date facts and multiple fiscal calendars, as well as the notion of consolidated
dimensional models that combine data from multiple business processes.

Chapter 8: Human Resources Management
This new chapter explores several unique aspects of human resources dimen-
sional models, including the situation in which a dimension table begins to
behave like a fact table. We also introduce audit and keyword dimensions, as
well as the handling of survey questionnaire data.
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I n t r o d u c t i o nxxii

Chapter 9: Financial Services
The banking case study explores the concept of heterogeneous products in
which each line of business has unique descriptive attributes and performance
metrics. Obviously, the need to handle heterogeneous products is not unique
to financial services. We also discuss the complicated relationships among
accounts, customers, and households.

Chapter 10: Telecommunications and Utilities
This new chapter is structured somewhat differently to highlight considera-
tions when performing a data model design review. In addition, we explore
the idiosyncrasies of geographic location dimensions, as well as opportunities
for leveraging geographic information systems.

Chapter 11: Transportation
In this case study we take a look at related fact tables at different levels of gran-
ularity. We discuss another approach for handling small dimensions, and we
take a closer look at date and time dimensions, covering such concepts as
country-specific calendars and synchronization across multiple time zones.

Chapter 12: Education
We look at several factless fact tables in this chapter and discuss their impor-
tance in analyzing what didn’t happen. In addition, we explore the student
application pipeline, which is a prime example of an accumulating snapshot
fact table.

Chapter 13: Health Care
Some of the most complex models that we have ever worked with are from the
health care industry. This new chapter illustrates the handling of such com-
plexities, including the use of a bridge table to model multiple diagnoses and
providers associated with a patient treatment.

Chapter 14: Electronic Commerce
This chapter provides an introduction to modeling clickstream data. The con-
cepts are derived from The Data Webhouse Toolkit (Wiley 2000), which Ralph
Kimball coauthored with Richard Merz.



Introduct ion xxiii

Chapter 15: Insurance
The final case study serves to illustrate many of the techniques we discussed
earlier in the book in a single set of interrelated schemas. It can be viewed 
as a pulling-it-all-together chapter because the modeling techniques will be 
layered on top of one another, similar to overlaying overhead projector 
transparencies.

Chapter 16: Building the Data Warehouse
Now that you are comfortable designing dimensional models, we provide a
high-level overview of the activities that are encountered during the lifecycle
of a typical data warehouse project iteration. This chapter could be considered
a lightning tour of The Data Warehouse Lifecycle Toolkit (Wiley 1998) that we
coauthored with Laura Reeves and Warren Thornthwaite.

Chapter 17: Present Imperatives and Future Outlook
In this final chapter we peer into our crystal ball to provide a preview of what
we anticipate data warehousing will look like in the future.

Glossary
We’ve supplied a detailed glossary to serve as a reference resource. It will help
bridge the gap between your general business understanding and the case
studies derived from businesses other than your own.

Companion Web Site

You can access the book’s companion Web site at www.kimballuniversity.com.
The Web site offers the following resources:

�� Register for Design Tips to receive ongoing, practical guidance about
dimensional modeling and data warehouse design via electronic mail on a
periodic basis.

�� Link to all Ralph Kimball’s articles from Intelligent Enterprise and its
predecessor, DBMS Magazine.

�� Learn about Kimball University classes for quality, vendor-independent
education consistent with the authors’ experiences and writings.



Summary

The goal of this book is to communicate a set of standard techniques for
dimensional data warehouse design. Crudely speaking, if you as the reader
get nothing else from this book other than the conviction that your data ware-
house must be driven from the needs of business users and therefore built and
presented from a simple dimensional perspective, then this book will have
served its purpose. We are confident that you will be one giant step closer to
data warehousing success if you buy into these premises.

Now that you know where we are headed, it is time to dive into the details.
We’ll begin with a primer on dimensional modeling in Chapter 1 to ensure that
everyone is on the same page regarding key terminology and architectural
concepts. From there we will begin our discussion of the fundamental tech-
niques of dimensional modeling, starting with the tried-and-true retail industry.

I n t r o d u c t i o nxxiv



Dimensional Modeling 
Primer

C H A P T E R  1

1

In this first chapter we lay the groundwork for the case studies that follow.
We’ll begin by stepping back to consider data warehousing from a macro per-
spective. Some readers may be disappointed to learn that it is not all about
tools and techniques—first and foremost, the data warehouse must consider
the needs of the business. We’ll drive stakes in the ground regarding the goals
of the data warehouse while observing the uncanny similarities between the
responsibilities of a data warehouse manager and those of a publisher. With
this big-picture perspective, we’ll explore the major components of the ware-
house environment, including the role of normalized models. Finally, we’ll
close by establishing fundamental vocabulary for dimensional modeling. By
the end of this chapter we hope that you’ll have an appreciation for the need
to be half DBA (database administrator) and half MBA (business analyst) as
you tackle your data warehouse.

Chapter 1 discusses the following concepts:

�� Business-driven goals of a data warehouse
�� Data warehouse publishing
�� Major components of the overall data warehouse 
�� Importance of dimensional modeling for the data 

warehouse presentation area
�� Fact and dimension table terminology
�� Myths surrounding dimensional modeling
�� Common data warehousing pitfalls to avoid



Different Information Worlds

One of the most important assets of any organization is its information. This
asset is almost always kept by an organization in two forms: the operational
systems of record and the data warehouse. Crudely speaking, the operational
systems are where the data is put in, and the data warehouse is where we get
the data out.

The users of an operational system turn the wheels of the organization. They
take orders, sign up new customers, and log complaints. Users of an opera-
tional system almost always deal with one record at a time. They repeatedly
perform the same operational tasks over and over.

The users of a data warehouse, on the other hand, watch the wheels of the orga-
nization turn. They count the new orders and compare them with last week’s
orders and ask why the new customers signed up and what the customers
complained about. Users of a data warehouse almost never deal with one row
at a time. Rather, their questions often require that hundreds or thousands of
rows be searched and compressed into an answer set. To further complicate
matters, users of a data warehouse continuously change the kinds of questions
they ask.

In the first edition of The Data Warehouse Toolkit (Wiley 1996), Ralph Kimball
devoted an entire chapter to describe the dichotomy between the worlds of
operational processing and data warehousing. At this time, it is widely recog-
nized that the data warehouse has profoundly different needs, clients, struc-
tures, and rhythms than the operational systems of record. Unfortunately, we
continue to encounter supposed data warehouses that are mere copies of the
operational system of record stored on a separate hardware platform. While
this may address the need to isolate the operational and warehouse environ-
ments for performance reasons, it does nothing to address the other inherent
differences between these two types of systems. Business users are under-
whelmed by the usability and performance provided by these pseudo data
warehouses. These imposters do a disservice to data warehousing because
they don’t acknowledge that warehouse users have drastically different needs
than operational system users.

Goals of a Data Warehouse

Before we delve into the details of modeling and implementation, it is helpful
to focus on the fundamental goals of the data warehouse. The goals can be
developed by walking through the halls of any organization and listening to
business management. Inevitably, these recurring themes emerge:

C H A P T E R  12



�� “We have mountains of data in this company, but we can’t access it.”

�� “We need to slice and dice the data every which way.”

�� “You’ve got to make it easy for business people to get at the data directly.”

�� “Just show me what is important.”

�� “It drives me crazy to have two people present the same business metrics
at a meeting, but with different numbers.”

�� “We want people to use information to support more fact-based decision
making.”

Based on our experience, these concerns are so universal that they drive the
bedrock requirements for the data warehouse. Let’s turn these business man-
agement quotations into data warehouse requirements.

The data warehouse must make an organization’s information easily acces-
sible. The contents of the data warehouse must be understandable. The
data must be intuitive and obvious to the business user, not merely the
developer. Understandability implies legibility; the contents of the data
warehouse need to be labeled meaningfully. Business users want to sepa-
rate and combine the data in the warehouse in endless combinations, a
process commonly referred to as slicing and dicing. The tools that access the
data warehouse must be simple and easy to use. They also must return
query results to the user with minimal wait times.

The data warehouse must present the organization’s information consis-
tently. The data in the warehouse must be credible. Data must be carefully
assembled from a variety of sources around the organization, cleansed,
quality assured, and released only when it is fit for user consumption.
Information from one business process should match with information
from another. If two performance measures have the same name, then they
must mean the same thing. Conversely, if two measures don’t mean the
same thing, then they should be labeled differently. Consistent information
means high-quality information. It means that all the data is accounted for
and complete. Consistency also implies that common definitions for the
contents of the data warehouse are available for users.

The data warehouse must be adaptive and resilient to change. We simply
can’t avoid change. User needs, business conditions, data, and technology
are all subject to the shifting sands of time. The data warehouse must be
designed to handle this inevitable change. Changes to the data warehouse
should be graceful, meaning that they don’t invalidate existing data or
applications. The existing data and applications should not be changed or
disrupted when the business community asks new questions or new data
is added to the warehouse. If descriptive data in the warehouse is modi-
fied, we must account for the changes appropriately.
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The data warehouse must be a secure bastion that protects our information
assets. An organization’s informational crown jewels are stored in the data
warehouse. At a minimum, the warehouse likely contains information
about what we’re selling to whom at what price—potentially harmful
details in the hands of the wrong people. The data warehouse must effec-
tively control access to the organization’s confidential information.

The data warehouse must serve as the foundation for improved decision
making. The data warehouse must have the right data in it to support deci-
sion making. There is only one true output from a data warehouse: the deci-
sions that are made after the data warehouse has presented its evidence.
These decisions deliver the business impact and value attributable to the
warehouse. The original label that predates the data warehouse is still the
best description of what we are designing: a decision support system.

The business community must accept the data warehouse if it is to be
deemed successful. It doesn’t matter that we’ve built an elegant solution
using best-of-breed products and platforms. If the business community has
not embraced the data warehouse and continued to use it actively six
months after training, then we have failed the acceptance test. Unlike an
operational system rewrite, where business users have no choice but to use
the new system, data warehouse usage is sometimes optional. Business
user acceptance has more to do with simplicity than anything else. 

As this list illustrates, successful data warehousing demands much more than
being a stellar DBA or technician. With a data warehousing initiative, we have
one foot in our information technology (IT) comfort zone, while our other foot
is on the unfamiliar turf of business users. We must straddle the two, modify-
ing some of our tried-and-true skills to adapt to the unique demands of data
warehousing. Clearly, we need to bring a bevy of skills to the party to behave
like we’re a hybrid DBA/MBA.

The Publishing Metaphor
With the goals of the data warehouse as a backdrop, let’s compare our respon-
sibilities as data warehouse managers with those of a publishing editor-in-
chief. As the editor of a high-quality magazine, you would be given broad
latitude to manage the magazine’s content, style, and delivery. Anyone with
this job title likely would tackle the following activities:

�� Identify your readers demographically.

�� Find out what the readers want in this kind of magazine.

�� Identify the “best” readers who will renew their subscriptions and buy
products from the magazine’s advertisers.
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