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CHAPTER

1

1.1 Introduction To Data Warehouse
The origin of the concept of data warehousing can be traced back
to the early 1980s when relational database management systems
emerged as commercial products. The foundation of the relational
model with its simplicity, together with the query capabilities provided
by the SQL language, supported the growing interest in what then was
called end-user computing or decision support. To support end-user
computing environments, data was extracted from the organization’s
online databases and stored in newly created database systems dedicated
to supporting ad-hoc end-user queries and reporting functions of all
kinds. One of the prime concerns underlying the creation of these
systems was the performance impact of end-user computing on the
operational data processing systems.
This concern prompted the requirement to separate end-user
computing systems from transactional processing systems. In those
early days of data warehousing, the extracts of operational data were
usually snapshots or subsets of the operational data. These snapshots
were loaded in an end-user computing (or decision support) database
system on a regular basis, perhaps once a week or once per month.
Sometimes a limited number of versions of these snapshots were
even accumulated in the system while access was provided to end
users equipped with query and reporting tools. Data modeling for
these decision support database systems was not much of a concern.
Data models for these decision support systems typically matched
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the data models of the operational systems because, after all, they
were extracted snapshots anyhow. One of the frequently occurring
remodeling issues then was to normalize the data to eliminate the nasty
effects of design techniques that had been applied to the operational
systems to maximize their performance, to eliminate code tables that
were difficult to understand, along with other local cleanup activities.
But by and large, the decision support data models were technical in
nature and primarily concerned with providing data available in the
operational application systems to the decision support environment.
The role and purpose of data warehouses in the data processing
industry have evolved considerably since those early days and are still
evolving rapidly. Comparing today’s data warehouses with the early
day’s decision support databases should be done with great care. Data
warehouses should no longer be identified with database systems that
support end-user queries and reporting functions. They should no
longer be conceived as snapshots of operational data.

2
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1.2 What is Data Warehousing?
Business of all sizes and in different industries, as well as government
agencies - are finding that they can realize significant benefits by
implementing a data warehouse. It is generally accepted that data
warehousing provides an excellent approach for transforming the vast
amounts of data that exist in these organizations into useful and reliable
information for getting answers to their questions and to support the
decision-making process. A data warehouse provides the base for the
powerful data analysis techniques that are available today such as data
mining and multi-dimensional analysis, as well as the more traditional
query and reporting. Making use of these techniques along with data
warehousing can result in easier access to the information you need
for more informed decision making. However, at the end of all the
research, planning, and architecting, you will come to realize that it
all starts with a firm foundation. Whether you are building a large
centralized data warehouse, one or more smaller distributed data
warehouses sometimes called data marts, or some combination of
the two, you will always come to the point where you must decide
on how the data is to be structured. This is, after all, one of the most
key concepts in data warehousing and what differentiates it from the
more typical operational database and decision support application
building. That is, you structure the data and build applications around
it rather than structuring applications and bringing data to them.
Data warehouse modeling is a process that produces abstract data
models for one or more database components of the data warehouse.
It is one part of the overall data warehouse development process, which is
comprised of other major processes such as data warehouse architecture,
design, and construction. We consider the data warehouse modeling
process to consist of all tasks related to requirements gathering, analysis,
validation, and modeling. Typically for data warehouse development,
these tasks are difficult to separate. The separation between modeling
and design is done for practical reasons: it is our intention to cover the
modeling activities and techniques quite extensively.

1.3 Short History of Data Warehousing
Data warehousing as more than just a product or set of products—it
is a solution! It is an information environment that is separate from
the more typical transaction-oriented operational environment. Data
4
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warehousing is, in and of itself, an information environment that is
evolving as a critical resource in today’s organizations. Often - we
think that a data warehouse is a product or group of products that
we can buy to help get answers to our questions and improve our
decision-making capability. But, it is not so simple. A data warehouse
can help us get answers for better decision making, but it is only one
part of a more global set of processes. These are all questions that must
be answered before a data warehouse can be built. We prefer to discuss
the more global environment and we refer to it as data warehousing.
Data warehousing is the design and implementation of processes, tools
and facilities to manage and deliver complete, timely, accurate and
understandable information for decision making. It includes all the
activities that make it possible for an organization to create, manage,
and maintain a data warehouse or data mart.

1.4 Why Data Warehousing?

The concept of data warehousing has evolved out of the need for easy
access to a structured store of quality data that can be used for decision
making. It is globally accepted that information is a very powerful
asset that can provide significant benefits to any organization and a
competitive advantage in the business world. Organizations have vast
amounts of data but have found it increasingly difficult to access it
and make use of it. This is because it is in many different formats,
exists on many different platforms, and resides in many different
file and database structures developed by different vendors. Thus
organizations have had to write and maintain perhaps hundreds of
programs that are used to extract, prepare, and consolidate data for
use by many different applications for analysis and reporting. Also,
decision makers often want to dig deeper into the data once initial
findings are made. This would typically require modification of the
extract programs or development of new ones. This process is costly,
inefficient, and very time-consuming. Data warehousing offers a better
approach. Data warehousing implements the process to access
heterogeneous data sources; clean, filter, and transform the data, and
store the data in a structure that is easy to access, understand, and
use. The data is then used for the query, reporting, and data analysis.
As such, the access, use, technology, and performance requirements
are completely different from those in a transaction-oriented
5
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operational environment. The volume of data in data warehousing
can be very high, particularly when considering the requirements for
historical data analysis. Data analysis programs are often required to
scan vast amounts of that data, which could result in a negative impact
on operational applications, which are more performance sensitive.
Therefore, there is a requirement to separate the two environments to
minimize conflicts and degradation of performance in the operational
environment.

1.5 Definition of Data Warehousing?
The term Data Warehouse was coined by Bill Inmon in 1990, which he
defined in the following way:
A data warehouse is a subject-oriented, integrated, time-variant and
non-volatile collection of data in support of management’s decisionmaking process.
He defined the terms in the sentence as follows:
Subject Oriented:
Data that gives information about a particular subject instead of about
a company’s ongoing operations.
Integrated:
Data that is gathered into the data warehouse from a variety of sources
and merged into a coherent whole.
Time-variant:
All data in the data warehouse is identified with respect to time.
Non-volatile:
Data is stable in a data warehouse. More data is added but data is never
removed. This enables management to gain a consistent picture of the
business.
(Source: “What is a Data Warehouse?” W.H. Inmon, Prism,
Volume 1, Number 1, 1995).
This definition remains reasonably accurate almost ten years later.
However, a single-subject data warehouse is typically referred to as
a data mart, while data warehouses are generally enterprise in scope.
Also, data warehouses can be volatile. Due to the large amount
of storage required for a data warehouse, (multi-terabyte data
6
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warehouses are not uncommon), only a certain number of periods
of history are kept in the warehouse.
E.g. if three years of data are decided on and loaded into the warehouse,
every month the oldest month will be “rolled off ” the database, and
the newest month added.
Ralph Kimball provided a much simpler definition of a data
warehouse. As stated in his book, “The Data Warehouse Toolkit”.
A data warehouse is a copy of transaction data specifically structured
for query and analysis.
This definition provides less insight and depth than Mr. Inmon’s,
but is no less accurate.
Another definition:
A data warehouse is a repository (data & metadata) that contains
integrated, cleansed, and reconciled data from disparate sources for
decision support applications, with an emphasis on online analytical
processing. Typically the data is multidimensional, historical, and
non-volatile.

1.6 Components of Data Warehousing
and Data Warehouse Architecture

7
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CHAPTER

2

2.1 Data Warehouse Concepts

FIG: Data Warehousing and Data Mining
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FIG: Major Types of Information Systems within an Organization

2.2 Introduction and Terminology
Transaction processing systems:
•

Support the operational level of the organization, possibly
integrating needs of different functional areas (ERP);

•

Perform and record the daily transactions necessary to the conduct
of the business;

•

Execute simple read/update operations on traditional databases,
aiming at maximizing transaction throughput.

•

Their activity is described as:

OLTP (On-Line Transaction Processing)
Knowledge level systems: Provide digital support for managing
documents (office automation), user cooperation and communication
(groupware), storing and retrieving information (content distribution),
automation of business procedures (workflow management).
10
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Management level systems: Support planning, controlling and semistructured decision making at management level by providing reports
and analyses of current and historical data.
Executive support systems: Support unstructured decision making at
the strategic level of the organization.

FIG: Multi-Tier Architecture for Management Level
and Executive Support Systems

OLAP (On-Line Analytical Processing):
•

Reporting based on (multidimensional) data analysis.

•

Read-only access on repositories of moderate-large size (typically,
data warehouses), aiming at maximizing response time.

Data Mining:
•

Discovery of novel, implicit patterns from, possibly heterogeneous,
data sources.

•

Use a mix of sophisticated statistical and high performance
computing techniques.

In this chapter, we look briefly at how computing has changed its
focus from operational to decisional concerns. We also define data
11
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warehousing concepts, and cite the typical reasons for building data
warehouses.
Gradual Changes in Computing Focus
In retrospect, it is easy to see how computing has shifted its focus from
operational to decisional concerns. The differences in operational and
decisional information requirements presented new challenges that old
computing practices could not meet. Below, we elaborate on how this
change in computing focus became the impetus for the development
of data warehousing technologies.
Early Computing Focused on Operational Requirements
The Business Cycle (depicted in Figure 1-1) shows us that any
enterprise must operate at three levels: operational (i.e., the day-to-day
running of the business); tactical (i.e., the definition of policy and
the monitoring of operations); and strategic (i.e., the definition of
organization’s vision, goals and objectives).

FIG: The Business Cycle

Decisional Requirements Cannot Be Fully Anticipated
Unfortunately, it is not possible for IT professionals to anticipate the
information requirements of an enterprise’s decision-makers for the
simple reason that their information needs and report requirements
12
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change as the business situation changes. Decision-makers themselves
cannot be expected to know their information requirements ahead of
time; they review enterprise data from different perspectives and at
various levels of detail to find and address business problems as the
problems arise. Decision-makers also need to look through business
data to identify opportunities that can be exploited. They examine
performance trends to identify business situations that can provide
competitive advantage, improve profits, or reduce costs. They analyze
market data and make the tactical as well as strategic decisions that
determine the course of the enterprise.
Operational Systems Fail to Provide
Decisional Information
Since these information requirements cannot be anticipated, operational
systems (which correctly focus on recording and completing several types
of business transactions) are unable to provide decision-makers with the
information they need. As a result, business managers fall back on the timeconsuming, and often frustrating, process of going through operational
inquiries or reports already supported by operational systems to find or
derive the information they really need. Alternatively, IT professionals
are pressured to produce an ad hoc report from the operational systems
as quickly as possible. It will not be unusual for the IT professional to
find that the data needed to produce the report are scattered throughout
different operational systems and must first be carefully integrated.
Worse, it’s likely that the processing required to extract the data from each
operational system will demand so much of the system resources that the
IT professional must wait until nonoperational hours before running the
queries required to produce the report.
These delays are not only time-consuming and frustrating both for
the IT professionals and the decision-makers; they are dangerous for
the enterprise. When the report is finally produced, the data may be
inconsistent, inaccurate, or obsolete. There is also the very real possibility
that this new report will trigger the request for another ad hoc report.
Decisional Systems Have Evolved to Meet
Decisional Requirements
Over the years, decisional systems have been developed and
implemented in the hope of meeting these information needs.
13
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Some enterprises have succeeded in developing and deploying data
warehouses within their respective organizations, long before the term
data warehouse even became fashionable. Most decisional systems,
however, have failed to deliver on their promises. This book introduces
data warehousing technologies and shares lessons learned from the
successes and failures of those who have been on the “bleeding edge”.
The Data Warehouse Defined
What is a data warehouse? William H. Inmon in Building the
Data Warehouse (QED Technical Publishing Group, 1992, ISBN:
0-89435-404-3) defines a data warehouse as “a collection of integrated,
subject-oriented databases designed to supply the information
required for decision-making.”
A more thorough look at the above definition yields the following
observations.
Integrated
A data warehouse contains data extracted from the many operational
systems of the enterprise, possibly supplemented by external data. For
example, a typical banking data warehouse will require the integration
of data drawn from the deposit systems, loan systems, and the general
ledger, just to name three. Each of these operational systems records
different types of business transactions and enforces the policies of the
enterprise regarding these transactions. If each of the operational systems
has been custom built or an integrated system was not implemented as
a solution, then it is unlikely that these systems are integrated. Thus,
Customer A in the deposit system and Customer B in the loan system
may be one and the same person—but there is no automated way for
anyone in the bank to know this. Customer relationships are managed
informally through relationships with bank officers.
A data warehouse brings together data from the various operational
systems to provide an integrated view of the customer and the full
scope of his or her relationship with the bank.
Subject Oriented
Traditional operational systems focus on the data requirements of
a department or division, producing the much-criticized “stovepipe”
systems of most enterprises. With the advent of business process
14
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reengineering, enterprises began espousing process-centered teams and
case workers. Modern operational systems, in turn, shifted their focus
to the operational requirements of an entire business process and aim
to support the execution of the business process from start to finish.
A data warehouse goes beyond traditional information views by focusing
on enterprise-wide subjects such as customers, sales, and profits. These
subjects span both organizational and process boundaries and require
information from multiple sources to provide a complete picture.
The Purposes of a Data Warehouse
At this point, it is helpful to summarize the typical reasons enterprises
undertake data warehousing initiatives.
To Provide Business Users with Access to Data
The data warehouse provides access to integrated enterprise data
previously locked away in unfriendly, difficult-to-access environments.
Business users can now establish, with minimal effort, a secure
connection to the warehouse through their desktop PC. Security is
enforced either by the warehouse front-end application, by the server
database, or both. Because of its integrated nature, a data warehouse
spares business users from the need to learn, understand, or access
operational data in their native environments and data structures.
To Provide One Version of the Truth
The data in the data warehouse are consistent and quality assured
before being released to business users. Since a common source of
information is now used, the data warehouse puts to rest all debates
about the veracity of data used or cited in meetings. The data warehouse
becomes the common information resource for decisional purposes
throughout the organization.
Note that “one version of the truth” is often possible only after much
discussion and debate about the terms used within the organization. For
example, the term customer can have different meanings to different
people—it is not unusual for some people to refer to prospective
clients as customers, while others in the same organization may use
the term “customers” to mean only actual, current clients. While these
differences may seem trivial at first glance, the subtle nuances that
exist depending on the context may result in misleading numbers and
15
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ill-informed decisions. For example, when the Western Region sales
manager asks for the number of customers, he probably means the
“number of customers from the Western Region,” not the “number of
customers served by the entire company.”
To Slice and Dice through Data
As stated earlier in this chapter, dynamic reports allow users to view
warehouse data from different angles, at various levels of detail.
Business users with the means and the ability to slice and dice through
warehouse data can actively meet their own information needs.
The ready availability of different data views also improves business
analysis by reducing the time and effort required to collect, format,
and distill information from data.
To Separate Analytical and Operational Processing
Decisional processing and operational information processing
have totally divergent architectural requirements. Attempts to
meet both decisional and operational information needs through
the same system or through the same system architecture merely
increase the brittleness of the IT architecture and will create
system maintenance nightmares. Data warehousing disentangles
analytical from operational processing by providing separate
system architecture for decisional implementations. This makes the
overall IT architecture of the enterprise more resilient to changing
requirements.
Definition of Operational Data Stores
In Building the Operational Data Store (John Wiley & Sons, 1996,
ISBN: 0-471-12822-8), W.H. Inmon, C. Imhoff, and G. Battas define
an Operational Data Store as “the architectural construct where
collective integrated operational data is stored.” ODS can also be
defined as a collection of integrated databases designed to support
operational monitoring. Unlike the databases of OLTP applications
(that are operational or function oriented), the Operational Data Store
contains subject-oriented, enterprise-wide data. However, unlike data
warehouses, the data in Operational Data Stores are volatile, current,
and detailed. The ODS provides an integrated view of the data in the
operational systems.
16
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