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Preface

Business intelligence (Bl) is a key driver in the business world today. We are now
deep into the information age, and things have changed dramatically. It has long
been said that information is power, and we can now understand that statement
ever more clearly.

Business is moving at a much faster pace. Management is looking for answers to
their questions, and they need these answers much more quickly. Time is money,
and real-time information is fast becoming a requirement. These directions,
movement, and initiatives force major changes in all the business processes, and
have put a sharper focus on the whole area of data management.

To support all this requires integrated, accurate, current, and understandable
sources of data that can be accessed very quickly, transformed to information,
and used for decision-making. Do you have the data infrastructure in place to
support those requirements? There can be a good number of components
involved, such as:

A well-architected data environment

Access to, and integration of, heterogeneous data sources

Data warehousing to accumulate, organize, and store the data
Business processes to support the data flow

Data federation for heterogeneous data sources

Dashboarding for proactive process management

Analytic applications for dynamic problem recognition and resolution

vVVvyVvYyVvYyVvYYyvYyy

It should be quite clear that data is the enabler. And the first point in the above list
is about having a good data architecture. What would you say is the cornerstore
building block for creating such an architecture? You are correct! It is the data
model. Everything emanates from the data model. More precisely, in a data
warehousing and business intelligence environment, the dimensional model.
Therefore, the subject of this IBM® Redbook.

Are you ready for these changes? Planning for them? Already started? Get
yourself positioned for success, set goals, and quickly move to reach them.

Need help? That is one of the objectives of this IBM Redbook. Read on.

Acknowledgement
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in data warehousing and dimensional data modeling. He is well known in the
industry, is a leading proponent of the technology, and is generally acknowledged
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to be the originator of many of the core concepts in this subject area. When you
think of subjects such as data warehousing, data marts, and dimensional
modeling, one of the first names that comes to mind is Dr. Kimball. He has
written extensively about these and related subjects, and provides education and
consulting offerings to help clients as they design, develop, and implement their
data warehousing environments. We have listed a few of his publications about
dimensional modeling and data warehousing, published by John Wiley & Sons,
in “Related publications” on page 637. We consider these to be required reading
for anyone who is interested in, and particularly for those who are implementing,
data warehousing.
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Introduction

Within the scope of business computing and information technology (IT), it has
been said that the 1980s were about performing your business, the 1990s were
about analyzing your business, and the late 1990s and beyond are about new
routes to market and bringing your business to the World Wide Web. To build
further upon these categorizations, we offer the following points:

» Performing your business
— Online Transaction Processing (OLTP) was the supporting technology.
— Companies could increase net revenue by:

* Lowering cost of sales through computerized automation, and less
intensive labor. The internal cost and percent of (human) labor is
lowered.

* Better utilization of (capital) inventory, and increased visibility of on
hand inventory. A customer new order call center can view and sell
products from numerous and remote company-owned distribution
centers.

¢ Faster turnaround on order processing, faster order assembly and
shipment, and faster bill generation and collection. The number of days
outstanding, an important accounting metric, is lowered.

— Companies could grow in size beyond previously known limits.

— OLTP data is modeled using Entity Relationship (E/R) modeling,
sometimes referred to as Third Normal Form (3NF).
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— Why business or IT cares: OLTP business systems are designed and
delivered to support the business and operational goals. While IT is a cost
center, IT support systems deliver cost savings on operational activities.

» Analyzing your business

— Business Intelligence (Bl) systems provide the information that
management needs to make good business decisions.

— Increase company net revenue and decrease operating margins (internal
cost) by:

¢ Lowering customer service. Bl aids in identifying high value customers,
delivering customer reward programs, and identifying causes of
customer loss through data analysis.

* Analysis of markets (product and customer demographic data) enables
more efficient application of (target) marketing programs. Bl systems
support increases in market share by enabling better understanding
and execution of the business plan to enable increased sales.

* Better operational efficiencies through better understanding of
operational data.

— Allows companies to compete with the most efficient operating margins.

— Bl data is modeled using a small amount of E/R (Entity/Relationship), such
as OLTP systems, but a larger percentage of businesses uses
dimensional modeling.

— Why business or IT cares: At this point in history, most companies are
expected to deliver and execute competent OLTP/operational type
systems for efficiency. However, Bl systems, when executed properly, can
improve their effectiveness and offer a distinct and strategic competitive
advantage. While technically still a cost center, IT moves more into the
strategic side of business planning and execution. IT is now, or should be,
viewed as moving from simply being necessary for operations to being a
strategic requirement for success.

» Bringing your business to the World Wide Web

— While OLTP and BI are types, or categorizations, of business application
systems, the Web is a standard computing platform. OLTP and BI
systems could be delivered via the Web, two-tier client/server systems, or
possibly even simple ASCII (green screen) terminals. In this context, the
Web is merely a delivery platform for OLTP and Bl systems.

— You can increase company gross revenue and net revenue by the
following, for example:

¢ Allow for new routes to market (new sales channels). For example, a
local retailer can offer to sell products nationally and even

2 Dimensional Modeling: In a Business Intelligence Environment



internationally via their commercial Web site. Larger and global
markets offer the opportunity to increase sales revenue.

e Customers can self-service their account through a Web site or Web
Portal, make inquiries, and place, manage and track orders at any time
of day they choose. Customer self-service lowers the cost of sales. The
ability for customer self-service at the time of their choosing raises
customer satisfaction and lowers customer churn.

¢ Shared inventory visibility between retailer and manufacturer (extranet
application) lowers cost of sales, and can lower, or even eliminate,
inventory levels. A customer new order call center, or Web-based retail
site, can sell and deliver products from numerous and remote
manufacturer-maintained distribution centers.

— Allow companies to sell and compete globally, and at lower costs.

— While the Web is a standard computing platform, meaning standard
communication protocols, there are a few (at least) standard computing
infrastructure platform choices. Microsoft’s [dot].Net and the open source
Java/J2EE are two examples. This IBM Redbook gives attention and
preference to open source, cooperative computing, implying Java/J2EE™.

— Why business or IT cares: IT can become a profit center. That is, it can
become the virtual, automated sales agent, or customer self-service
agent. OLTP and Bl systems are delivered remotely or via the Web, and
should be designed and constructed to leverage this and future platforms.

This is not to say that these categorizations imply an ending to one and
beginning of another. They are all ongoing and in a constant state of
improvement. For example, Bl is all about analyzing your business. And, it is still
not a mature category. The fact that we are now in the process of bringing
business to the Web does not mean we have finished with data analysis and
performing our business. It is just a continuation of the evolution of business
computing and information technology.
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1.1 Scope of this redbook

4

Business intelligence (Bl) environments are changing, and quite dramatically. Bl
is basically comprised of a data warehousing infrastructure, and a query,
analysis, and reporting environment. In this redbook, we focus on the data
warehousing infrastructure, but primarily a specific element of it termed the data
model. Or, more precisely in a data warehousing and business intelligence
environment, the dimensional model. We consider this the base building block of
the data warehouse. The focus then is on the data model. Or, more precisely, the
topic of data modeling and its impact on the business and business applications.

We discuss data modeling techniques and how to use them to develop flexible
and highly performant data models. We refer to the two primary techniques
businesses use, as EAR or E/R (Entity Attribute Relationship or sometimes as
simply Entity Relationship) data modeling and dimensional modeling.

In this redbook, we take a specific focus on dimensional modeling. There is a
detailed overview of dimensional modeling, along with examples to aid in
understanding. We also provide best practices for implementing and maintaining
a dimensional model, for converting existing data models, and for combining
multiple models.

Acknowledgement

Before proceeding, we would like to acknowledge Dr. Ralph Kimball for his work
in data warehousing and dimensional data modeling. He is well known in the
industry, is a leading proponent of the technology, and is generally acknowledged
to be the originator of many of the core concepts in this subject area. When you
think of subjects such as data warehousing, data marts, and dimensional
modeling, one of the first names that comes to mind is Dr. Kimball. He has
written extensively about these and related subjects, and provides education and
consulting offerings to help clients as they design, develop, and implement their
data warehousing environments. We have listed a few of his publications about
dimensional modeling and data warehousing, published by John Wiley & Sons,
in “Related publications” on page 637. We consider these to be required reading
for anyone who is interested in, and particularly for those who are implementing,
data warehousing.

Objective

Once again, the objective is not to make this redbook a treatise on dimensional
modeling techniques, but to focus at a more practical level. That is to relate the
implementation and maintenance of a dimensional model to business
intelligence. The primary purpose of business intelligence is to provide answers
to your business questions, and that requires a robust data warehousing
infrastructure to house your data and information objects. But, it also requires a
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query, analysis, and reporting environment to get the information out of the data
warehouse and to the users. And to get it to those users of the system with
acceptable performance.

We also provide a discussion of three current business intelligence initiatives,
which are business performance management, real-time business intelligence,
and data mart consolidation. These are all initiatives that can help you meet your
business goals and objectives, as well as your performance measurements. For
more detailed information about these specific initiatives, refer to the following
IBM Redbooks:

» Business Performance Management...Meets Business Intelligence,
SG24-6340

» Preparing for DB2 Near-Realtime Business Intelligence, SG24-6071

» Data Mart Consolidation: Getting Control of Your Enterprise Information,
SG24-6653

To get these, and other IBM Redbooks, see “How to get IBM Redbooks” on
page 638.

Programming and the data model

This IBM Redbook also has a focus on business application programming. More
specifically, we dedicated it to business application programming for business
intelligence systems, including such elements as data marts, data warehouses,
and operational data stores, and related technologies using relational database
servers that utilize industry standard Structured Query Language (SQL).

In general, there is systems programming and there is business application
programming. Systems programming involves creating the next great operating
system, spreadsheet, or word processor. Business application programming
would involve creating such things as an employee time and attendance system,
a customer new order entry system, a market productivity analysis and reporting
system, or something similar. While both systems programming and business
application programming make use of data modeling, systems programming
does so sparingly. Systems programming is typically more about algorithms,
program function, the user interface, and other similar things. Systems
programming uses data modeling merely as a means to accomplish its task,
which is to deliver such things as word processing functionality or a spreadsheet
program. Business application programming is typically all about processing
data, and is almost entirely dependent on data modeling. Regardless of the
architecture, a business application systems always sits on top of a persistent
data model of some type.
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1.2 What this redbook includes

It seems that the informational technology industry is always chasing the next
great thing. At this time, the current next great thing seems to be
service-oriented architecture (SOA); a specific subtopic or sub-capability within a
Web-based architecture. So why do we want to provide a new publication on
business intelligence and dimensional modeling? Well, consider the following:

» We focus specifically on the combined topics of dimensional modeling and
business intelligence. This redbook is not intended to be an academic
treatise, but a practical guide for implementing dimensional models oriented
specifically to business intelligence systems.

» Business intelligence is a strategic type of information technology that can
deliver a significant contribution to the net and operating revenues of a
company. While the Web and initiatives such as SOA are in high demand,
they are merely the architectures with which business intelligence may be
delivered.

» This redbook is a strategic and comprehensive dimensional modeling
publication.

» We included best practices, as well as specific procedures to deliver systems
of this type more quickly, and with measurable and increased success rates.

» Because we want to see you succeed, and we believe this redbook has
information that can help you do that.

Further, this IBM Redbook includes:

» Detailed discussion of a dimensional model life cycle (DMDL). This was
developed to help you create functional and highly performant dimensional
models for your Bl environment.

» An extensive case study about developing a dimensional model by following
the processes and steps in the DMDL.

» A detailed analysis of an existing sample dimensional model, along with a
discussion of techniques that you can use to improve it.

» Practical and understandable examples. We present business intelligence
concepts by using examples taken from the business environment.

» Application of current, practical technologies. We present examples that are
demonstrated using technology in currently available software products,
where applicable.

» A common base of knowledge. We assume that you are already familiar with
information technology, and even online transaction processing (OLTP). This
IBM Redbook bridges the transformation and delivery of OLTP systems data
into business intelligence.

6 Dimensional Modeling: In a Business Intelligence Environment



1.3 Data modeling and business intelligence

We have discussed the evolution of information technology, and the directions it
has taken over the years. It has served many needs, and particularly those
associated with business intelligence. It is, after all, information that enables
business intelligence. And if we continue looking at the information structure, we
see that at the base level there is data. That data is collected from many sources
and integrated with technology to enhance its usefulness and meaning.

However, to finish our investigations, we must go to one more level. That is the
level that defines and maintains the structure of the data, and is the key enabler
of the usefulness of the data. That level is the data model.

While there are many technologies, techniques, and design patterns, presented
in the pages and chapters that follow, this section demonstrates, by example, a
single and simple online transaction processing (OLTP) business application
system that is then migrated to a business intelligence (Bl) system.

1.3.1 SQL, OLTP, and E/R modeling

Structured Query Language (SQL) is a data access command and control
language associated exclusively with relational databases. Databases are simply
sizeable collections of related data; such as facts, transactions, names, dates,
and places. Relational databases are those databases of a given operational
style or design pattern. As computer software languages go, SQL is best referred
to as a declarative language. Declarative languages declare; they tell some
other entity what to do without telling them how to do it. Hyper Text Markup
Language (HTML) is another declarative computer software language. HTML
tells the Web browser what the markup instructions are, but it is the Web browser
that determines how to render the given text. For example, HTML may request a
bold emphasis on a text string, but the Web browser determines that a given
installation desires a heavyweight character font and 12 point type face when
bold is requested. SQL is the command language to read, write, and define the
data structures that reside within a database.

The technology for relational database was unveiled in 1970 in a publication by
IBM researcher, E.F. Codd. However, it was not until the early to mid-1980s that
relational databases began to prove their commercial viability. At that time,
independent software vendors, such as Informix Software (originally named
Relational Database Systems), Oracle® Software (originally named Relational
Database Technologies), and Ingres Software began shipping software systems
that would serve data via receipt and processing of SQL commands. A business
application program handled the user interface. Both keyboard input and terminal
output execute some amount of business logic, but then rely on the database
server to read and write data to a shared repository, the relational database.
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A project plan to develop an E/R data model

Rather than project plan, perhaps it would be better to say we are reviewing the
software development life cycle in which an online transaction processing
business application system is developed using E/R data modeling. A few more
points to consider here:

» As a phrase, software development life cycle represents an abstract concept,
a life cycle.

» The Waterfall Method is one implementation of an SDLC. In a Waterfall
Method SDLC, there are generally five to seven development and analysis
stages through which you create business application software. Figure 1-1 on
page 9 displays a Waterfall Method.

— Stage 1 of Figure 1-1 on page 9 is entitled discovery. During this phase,
you determine the requirements of the business application. For an OLTP
business application system, this includes gathering the layouts of all
printed reports and specific data to be collected during data entry.

— Stage 2 of Figure 1-1 on page 9 is entitled data model. During this phase,
you create the data model. How you create an entity relationship (E/R)
data model, and, more specifically, how you create a dimensional model,
is the topic of this IBM Redbook.

— There is a very specific and intentional dashed line drawn between Stage
2, and the remaining stages of this Waterfall Method SDLC. Stage 2 is
normally completed by a data modeler, where Stages 3, 4, and 5 are
normally performed by programmers and programmer management. This
can raise numerous project management and performance issues, which
we address throughout this redbook.

» OLTP is a type, or categorization, of a business application, and generally has
the following characteristics:

— Data reads (SQL SELECT statements) return very few data records,
generally in the range of five to one hundred and certainly fewer than
hundreds or thousands of records.

— The filter criteria for a given SQL SELECT is generally well known in
advance of execution; such as to return a customer order by order
number, report revenue by company division, and then by product stock
keeping identifier.

— The database and database server run-time environments are easily
optimized for this workload.
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Figure 1-1 Example of Waterfall Method, Software Development Life Cycle

Project plan issues

A number of problems display themselves in a typical project plan, as shown in
Figure 1-1. The issues include:

>

The people who gather all of the application expertise and business
knowledge to create the data model, are not the same people who author the
programming to access this data model. Optimizations and efficiencies would
be gained if the software development life cycle being employed somehow
encouraged this knowledge to propagate from the data modeling phase to the
programming and testing phases.

The application programmers are those people best enabled to find missing
columns and other errors in the data model as they begin and then complete
their work. This can create a cycle of dependency, and then greater errors as
the programmers rely on the modelers to make changes, which then often
introduces errors in other application programs which had already been
completed.

In the system test phase, further errors are uncovered, as it becomes known
that the programmers misinterpreted the large data model, incorrectly joining
tables, and other similar activities.

Often the first migration of data from the existing system to the new system
occurs in whole only towards the end of the project. This leads to discovery of
errors in the data model, missing attributes, or incorrect data type mappings.
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» And then last, but certainly not all inclusive, application performance too is
one of the last elements to be tested following data migration from the
existing system.

In addition to data modeling for business intelligence, the redbook addresses the
process of data modeling, not only as a standalone topic, but as a topic to be
integrated into a software development life cycle.

An example OLTP business system with E/R data model

Figure 1-2 on page 12 displays an OLTP data model. Again, an OLTP data model
is a bit of a misnomer; it is actually a style or categorization of business
application system. OLTP systems are almost exclusively associated with E/R
data modeling. As a means to detail dimensional (data) modeling, which is
associated with Bl business application systems, both E/R modeling and
dimensional modeling are detailed in the redbook. For now, see the following:

» As shown in Figure 1-2 on page 12, E/R data models tend to cascade;
meaning one table flows to the next, picking up volume as it goes down the
data hierarchy. A customer places one or more orders, and an order has one
or more order line items. A single customer could have purchased hundreds
of order line items, as brokered through the dozens of orders placed.

» From the example in Figure 1-2 on page 12, a printed copy of a Customer
Order would have to extract (assemble) data from the Customer table, the
Customer Order table, the Order Line Item table, and perhaps others. E/R
data models optimize for writing, and as a result have little or no data
redundancy. The customer contact data, a single record in the customer
table, is listed in one location. If this customer contact data is needed to print
a given customer order, data must be read from both the Customer table and
Customer Order (and perhaps even Order Line Item) table.

» E/R data models, and therefore OLTP business applications, are optimized
for writing. E/R data models do not suffer for reading data, because the data
access methods are generally well known; and data is generally located by a
well known record key.

» If E/R data models are reasonably performant for writing and reading, why
then do we need dimensional modeling?

— E/R data models represent the data as it currently exists. From the
example in Figure 1-2 on page 12, the current state of the Customer
Account, the current Inventory level (Stock table), the current ltem Price
(Stock table), are all things that are known. However, E/R data models do
not adequately represent temporal data. That is, a history of data as it
changes over time. What was the inventory level by product each morning
at 9 AM, and by what percentage did sale revenue change and net profit
rise or fall with the last retail price change. These are examples of the
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types of questions that E/R models have trouble answering, but that
dimensional models can easily answer.

Although E/R models perform well for reading data, there are many
assumptions for that behavior. E/R models typically answer simple
questions which were well anticipated, such as reading a few data
records, and only then via previously created record keys. Dimensional
models are able to read vast amounts of data, in unanticipated manners,
with support for huge aggregate calculations. Where an E/R model might
not perform well, such as with sweeping ad hoc reads, dimensional
models likely can. Where dimensional models might not perform well,
such as when supporting intensive data writes, E/R models likely can.
Dimensional models rely upon a great amount of redundant data, unlike
E/R models, which have little or no redundant data. Redundant data
supports the sweeping ad hoc reads, but would not perform as well in
support of the OLTP writes.

Chapter 1. Introduction 11



Customer Calls

Customer Number
Call Type @"E Call DateTime

Qr Gicore | Tuserm
Code Description Call Code
Call Description

Resy, Date/Time
A A L M

Stores Database: E/R Model

Customer Order

I_ Customer
@) Customer Humber

@ Foreign Key Column
—E Indicates composiie key
<— Drill down direction

Cat. Description

Cat. Advertise.
T E—— |

®} T e Order Line ltem
First Name Order Date —Item Number
—|_®. -Lw Order Number j‘ @
Last Hame Customer Number [
Company Ship Instruct M
Address 1 Back Log M
Address 2 PO Humber M
City ship Date b
-@-p State Ship Weight
Zip Code Ship Charge
Phone Paid Date
Stock (Inventory)
. |‘E Stock Humber Manufacturer
@“’ Manufacturing code Manufacturing Code { @
State Code Description Manufacturing Hame
—— State Code I Unit Price Lead Time
State Name Unit
Unit Description Catalog
Catalog NHumber @
Legend r— Stock Number -
41% Primary Key Column L “yaoutact. Code

Cat. Picture

Figure 1-2 Sample OLTP schema

1.3.2 Dimensional modeling

The history of E/R modeling is tied to the birth of relational database technology.
E/R models did perform well and serve OLTP business application systems well.
However the promise of relational database to provide easy access for all to the
corporate database came into dispute because of the E/R model.
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An E/R data model for even a corporate division level application can have
100-200 significant data tables and thousands of columns. And all with possibly
cryptic column names, such as “mnth_end_amt_on_hnd”. This was thought to be
too complex an environment for non-IT users. And the required task of joining
three, five, nine, or more tables of data to produce a useful report was generally
considered too complex a task for an everyday user. A new approach was