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Introduction

Data modeling is a skill set that has a long history and yet is often not immediately recog-
nized in the IT world. Although jobs for programmers and database administrators are
regularly advertised, few companies employ people in a role titled data modeler. However,
data design, which is an awareness of how data behaves and what it means within an organi-
zation, is supremely important in ensuring that company data systems work efficiently. It’s
often only when systems start misbehaving, or can’t cope with the data in a way that the
clients want it to, that poor database design and incomplete data understanding is exposed.
How many times have you tried to cancel a gas or electric utility account only to find that the
phone operators can’t erase your records because of constraints in their data system? Instead
of modifying or removing your details, you’re forced to set up another account. This is not
only time consuming but also a poor use of existing data. Accurate data modeling and subse-
quent database design can minimize these problems and ensure that each system is truly
tailored to the needs of the clients.

Relational databases provide a powerful means by which to store and manipulate vast
volumes of data. The design of such systems is based on the mathematics of relational theory,
which was advanced in its initial stages by E. F. Codd. This mathematical basis has meant that
many of the standard database design titles aren’t easily accessible to many would-be model-
ers who want to know how to practically implement the theories they read about. This book
focuses on giving the reader a background in the field of relational data modeling. The final
physical implementation of these designs is beyond the scope of this book (it merits a title of
its own), thanks to the complexities that can result in performance tuning a database applica-
tion. The aim of this book is to provide a practical guide to the what and how of data modeling
in a day-to-day, task-oriented way, rather than from a purely theoretical viewpoint. It has been
more than 40 years since Codd’s initial work, and yet we’re still waiting to see a commercial
relational database that can be said to be truly relational. In the real world, theoretical perfec-
tion, as prescribed by Codd’s own rules for a relational system, has to be compromised by
system performance. The most useful aspect of the art of data modeling is understanding the
data better so you can suggest compromises and understand the risk factors that accompany
them.

What This Book Covers
The book is split into three sections. The first seven chapters of this book deal with the basic
skill set that a data modeler has to have.

Chapter 1 begins your journey into data modeling by covering the nature of data and
data modeling, as well as its use within an enterprise. It recognizes the various guises in
which data modeling makes its way into job descriptions within business and gives an
overview of the ultimate goals of modeling.

xxiii



Chapter 2 delves into the theory underpinning the relational model and covers the rules
by which a database is assessed as relational. It then covers the process of normalization
by which data is broken down so as to adhere to the premises of relational theory. It also
briefly touches on the practical nature of modeling and where Codd’s rules need to be
bent so as to improve the performance of the given application.

Chapter 3 looks at the terminology involved in Conceptual, Logical, and Physical rela-
tional data modeling. This is where the mathematical basis of relational theory is left to
others to expound; the focus is on what the various concepts equate to in a real-world
setting. We also introduce the syntax by which we graphically represent data models,
focusing primarily on the notation we’ll use throughout the book.

Chapter 4 looks at the world of Logical and Physical modeling using graphics. This is
where various database structures are designed to store data for various purposes. Again,
we review the physical graphic syntax used throughout the book.

Chapter 5 briefly compares relational modeling and object-oriented data modeling. We
cover the differences and overlaps using UML as a basis of graphic syntax comparison.
This chapter tries to provide a simple translation technique you can use to deploy an
object model to a relational database.

Chapter 6 provides a guide to the various types of analytical models that you can be
asked to produce as a data modeler and the level of detail you can choose to deliver.
Tailoring your model to the needs of your audience is of key importance since a lack of
comprehension of the model makes the exercise itself entirely futile. Knowing what level
of detail is appropriate in different circumstances is important for a modeler; by provid-
ing the right information at the right time, you make yourself an indispensable part of any
development team. For example, while project managers will want an overview of the
data model you’ve devised, programmers will need more detail in terms of the data types
and size constraints they need to use in implementing your model. You need to be flexible
in providing models for a variety of needs.

Chapter 7 covers how models fit into development projects. The design of a new applica-
tion passes through several iterations, from the beginning of the project where the data
elements that need capturing are outlined at a general level of detail to the final model
provided for physical implementation as a database system, which is highly detailed and
often complex. Ensuring that the model meets the needs of the project requires careful
management as well as effective communication between the modeler and client.

The next portion of the book puts the knowledge gained in the first half of the book to
practical use by covering how to build a sample system. And in order to emphasize that the
modeling techniques presented here are applicable to whatever system you happen to be
working on, the chosen system isn’t a sample proprietary database such as Oracle 8i or SQL
Server 2000 but rather the electronic version of the card game Solitaire.

Chapter 8 begins the process of modeling by capturing the scope of the modeling project.
This is where the initial boundaries of the model are drawn and the important concepts
of the game are captured in graphical format. By the end of this chapter, we present a
general model of the game for further analysis. In the course of drawing up this model, we
show how to create a general checklist of tasks that you can apply to any general project.

■INTRODUCTIONxxiv



Chapter 9 picks up this model and iterates through many of the same steps outlined in
the previous chapter in developing the level of detail further. It takes the concepts of the
previous chapter and converts them into logical entities on the model. This process is
something of a “drill down”—the Conceptual model of the previous chapter is fleshed
out with more detail regarding the nature of the data in the system.

Chapter 10 illustrates the basic principles needed to take the Logical model from the
previous chapter and turn it into a model capable of being implemented as a physical
database system. This is where the fine detail must be documented and room for errors is
greatly diminished. If you have a poor design here, the implementation problems for the
development team may be myriad. It’s important at this stage in the model development
to be clear about the definitions of the various data elements and how they relate.

Chapter 11 considers the situation where budget and time constraints mean you have to
skip the work highlighted in earlier chapters and move straight to a Physical model. This
isn’t an ideal situation for a modeler, but it’s one where you can still apply basic practices
to improve the model’s integrity and longevity. This chapter outlines how you can take
appropriate shortcuts and still provide verifiable detail in the model.

Chapter 12 covers the basics of Dimensional modeling techniques. This presents a differ-
ent challenge to those of the previous chapters since the data is structured differently to
improve the efficiency with which users can sum, aggregate, and manipulate data to
provide reports and summary sheets. This chapter also introduces all the necessary ter-
minology along with two sample applications that illustrate how you can develop such
ad hoc analysis designs.

Chapter 13 explores a different scenario altogether. While all the work until this point has
focused on building systems from scratch, this chapter covers the process of reverse engi-
neering, where you attempt to model an existing system. This, in many ways, is the reverse
process of the previous chapters since you have to work your way back along the develop-
ment chain, starting with the physical elements in the database, in order to return to a
Logical or Conceptual model. This is often necessary in the reappraisal of systems, such
as when companies merge and need to verify what data is being collected in each system
or when looking to expand or enhance an existing system.

The final section of the book covers the added value that the modeler can bring to a
development team.

Chapter 14 covers what enhancements a modeler can provide to make the graphical
models they produce for their clients more readable. Simple additions of text, abbrevia-
tions, icons, and color can greatly enhance the readability of a model and give it a life
beyond the point when you’re no longer associated with it. The more clarity a modeler
can bring to their work, the easier it is for others to both follow and utilize their work.

Chapter 15 looks at additional value issues in terms of the integrity and security issues
surrounding the system data. Data integrity is of key importance to a system since non-
sensical values naturally reduce the effectiveness of the application and user confidence
in its viability. A modeler can do a number of simple tests to consider the nature of the
data in the system and flag any obvious problems for the rest of the development team.
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In cases where company-sensitive information is involved, you may need to modify the
model design to protect the data from being publicly exposed. While the database admin-
istrator (DBA) is often the first port of call in restricting access to the databases being
used, the modeler can help protect the data.

Chapter 16 looks at the nature of metadata, or data about data. It discusses the need to
document descriptive information about data, which often appears of little value within
the development team and which is generally lost over time since it often exists only in
the heads of the team and not in paper or electronic format. This chapter also covers how
to distribute data, and its use in repositories, for easy reuse. As the number of database
systems grows, the number of model designs also increases. While each system will have
its own special requirements, often previously modeled structures can be reused. This
requires both easy access to previous models and good documentation of such models,
which is where metadata repositories can prove to be valuable assets.

Chapter 17 is the final chapter in the book and summarizes some of the best practices
modelers should aim for in their working environment. It highlights what traits a modeler
should avoid in order to ensure that the project succeeds, and the chapter reinforces this
with some best practices. It then covers some further project details, such as how long
each of the various modeling tasks will take and some of the pitfalls to look for as you
work your way through a project.

Finally, Appendix A shows where you can find more information about the topics in the
book, and Appendix B includes a glossary of terminology related to data modeling.

Who Is This Book For?
This book assumes no prior knowledge of relational modeling or programming constructs. It’s
aimed at anyone who has a need for an easy-to-read, practical guide to relational data model-
ing. To that end, it has a broad appeal not only for developers and DBAs taking their first steps
into database design but also for people such as data architects, information officers, and
knowledge managers who simply want a greater understanding of how to analyze their data
efficiently. To follow along with this book, there are no specific software needs since it shies
away from a specific database platform. Access to a computer with a version of Solitaire, or
even a pack of playing cards, may aid your understanding of the Solitaire example, but it isn’t
essential.
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Conventions
We’ve used certain styles of text and layout in this book to help highlight special kinds of infor-
mation. For example, program code will appear in a block formatted like the following:

ALTER TABLE Suit
ADD ( FOREIGN KEY (ColorNm)

REFERENCES Color ) ;

In addition, we’ve made every attempt to distinguish entity names for Physical data models,
table names, and attribute names using a monospaced font.

Finally, notes (shown here) consist of incidental information of one type or another that
defines, explains, or elaborates upon the main discussion. Tips contain information that
should make your life easier. Cautions indicate a potential danger.

■Note Remember that you’re developing models for clients, not to suit your own needs.
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Understanding and Organizing
Data: Past and Present

In this chapter you’ll look at a bit of history of how humans have strived through the ages to
find a good way to organize, locate, and understand the knowledge they gather. We’ll show
how data modeling has become the current industry standard in documenting what we know
about data, its intrinsic nature, and business uses. And we’ll review what data modeling
involves and who, within any given organization, actually does the modeling. You’ll look at
the following:

• The nature of data vs. information vs. knowledge

• The ancient history of data management

• What data modeling is today

• How data modeling helps in dealing with the life cycle of enterprise data

• Who actually performs data modeling tasks in the organization

• In what activities the data modeler participates

What Is Data?
We’re sure many term papers and master’s theses attempt to answer this very question. The
nature and importance of specific data elements are being challenged every day. What we’ve
discovered over time is that we can’t architect a good storage solution that supports creation,
movement, management, integration, and storage functionalities without knowing more than
the basic values, shapes, and sizes generally found in the element. You need to understand its
meaning, use, importance, and security aspects as well.

If we were to describe the various characteristics of data in terms of its physical syntax
(which you need to understand to design a basic “holder” for it), we would probably list some-
thing like this:

• Data type: Binary, numeric, textual, video, and so on

• Size: Maximum length or volume of memory required to store it

• Precision: Decimal allowance 1
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• Necessity: Null or not null

• Language: English, Spanish, Japanese, and so on

• Restricted domain: The day names in a week, the numbers 0–9, Yes or No

You probably recognize these characteristics as ways to describe the rules for a data
holder (column, field) in a screen or database. Describing how a data holder needs to be built
is one way for you to understand data. Unfortunately, it’s often the only aspect of data on
which any emphasis is placed.

But it isn’t hard to grasp that data is more than that. Each value means something to a
person who understands its use. In other words, data, as we use the term, is both a logical
building block that we call a data element with a shape and size as well as a bit of communica-
tion conveying a meaning that represents a single measurement, fact, or concept. You can’t
map data values as being the same data element with the same meaning based on shape and
size alone. You can do that only if you’re completely confident of what the value is trying to
communicate. You can always change, or transform, data values to look the same if they can
be counted on to mean the same thing.

This book is all about understanding and documenting data mostly from the perspective
of a single theoretical abstract notion of meaning. We often analyze data values to gain under-
standing about that theoretical concept. Here are two definitions that note the differences
between data and data elements: 

• Data is a unit of readable language (such as numbers, characters, images, or other
methods of recording) on a durable medium. Data on its own may carry no (or little)
meaning. It needs an interpretation to fully process meaning.

• A data element is the smallest autonomous communication definition that imparts
meaningful information, generally corresponding to a field in a database column of a
spreadsheet or to a blank on a paper or electronic form. For example, names, addresses,
work titles, Social Security numbers, record series titles, and record group numbers all
represent data elements.

As a simple example, the meaning yes or positive in data could come in many data value
forms: different human languages (ja, sí, da, yes), different computer languages (0, 1, ASCII
codes), abbreviations (Y, N), full words (true, false), and even graphical symbols (+, –). A data
value, such as these, when used in a well-defined data element, represents a meaning to
someone using it. You need both halves in conjunction to communicate, which underscores
the importance of understanding the data vs. accommodating the necessary means to store
it. One of the things often missing in information technology (IT) is the desire to understand
the nature of the data being used (and the business processes that use the data). Data model-
ing is the process we use to review and capture the data element and their relationships to
each other. Frequently we review data values in order to gain understanding. 

You should note that the terms data, information, and knowledge all have different mean-
ings. Data are the values describing facts, information is the useful interpretation of data, and
knowledge implies the ability to act on decisions based on that interpretation. Because the
ultimate goal of data is to provide useful information that can be built into working knowl-
edge, it must be modeled in such a way to aid that aim.



• Information is data that has been organized in a coherent and meaningful manner. 

• Knowledge is information associated with rules, which allow inferences to be drawn
automatically so that the information can be employed for useful purposes. 

Data values used to be represented simply by text and numbers in a database; today data is
captured as abstractions in digital format. It has expanded to include pictures, sounds, virtual
3D objects, and complex multimedia that blends all those things. The evolutionary growth of
the very nature of data is challenging us all to figure out how to use technology to its maximum
effectiveness, including how to properly use technology as a laborsaving device and as a means
to enhance our information-processing ability. 

Knowledge—that blend of familiarity, awareness, and understanding gained through pat-
tern recognition—could be defined as the supposition that information will always support a
specific conclusion. You may “know” it takes ten minutes to bring water to boiling using your
current method of heating it. Therefore, you may stop measuring that time duration of a
process because you “know” it to be true. You may know that political unrest in the Middle
East will result in the price of crude oil rising, which leads you to believe gasoline prices will
be going up next, which again leads you to include political climates as a variable for next
year’s budgets. Knowledge is an expected extrapolation based on collections of information. 

Data is the raw material for information, and information is the raw material of knowledge.
We’re pointing this out because data management (DM), information management (IM),

and knowledge management (KM) are different, but they do have connections and dependen-
cies, most notably to the quality of the data and the ability to decipher it back into its underlying
meaning.

Data subjects, focus areas, and methods of data and data capture have changed. We used
to think of data mostly in terms of inventory and accounts payable systems. We’ve added
dynamic assessment of complex spatial data using dynamic uplinks to satellites that help us
find our way around matching urban map data, noting locations of gas stations with the
global positioning system (GPS) coordinates of our car to keep us from running out of gas.
Online shopping applications remember either in databases or as cookies on customer sys-
tems exactly who we are and what we might be interested in buying. We even find ourselves
under the scrutiny of cameras on public buildings that match our features with face recogni-
tion software to see if our location may need extra attention.

While people seem to want to collect ever-increasing amounts of data values, they also
want to have it manipulated into information and knowledge in order to provide aggregates,
trends, logic-driven prioritizations, derivations, and associations to other aspects of impor-
tance about the data (metadata). To support those desires, we need to analyze and model the
targeted data in order to document meaning and build storage structures that support differ-
ent styles of software design and functionality, such as the following: 

• Online transactional processing (OLTP): Event-by-event-driven data capture

• Online analytical processing (OLAP): Specially organized data sets to support analyti-
cal pattern assessment

• Operational data stores (ODS): Timely data collections usually used for reporting

• Data warehousing (DW): Historic data collections used for any number of uses
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To support these increasingly complex analyses, we need to better understand, manage,
anticipate, and control data. The software that allows all these increasingly complex algorithms
requires that the data is highly consistent and predictable. The understanding, management,
anticipation, and control of data are all enhanced by proper data modeling and proper data-
base design.

Our current view of data value management tells us that we need to collect and store data
in the most elemental, atomic, basic, and reusable parts possible. Only by doing that can we
isolate data meaning and build relationships that support the creation of newly defined infor-
mation. And since we frequently need to combine those basic data elements, we need to
design appropriate storage and processing facilities that allow this to be accomplished. For
instance, look at any date we use. The data value is made up of three pieces combined: the day
number, month number, and year number. We hardly even consider that all dates are really
three distinct data elements. Data modeling is concerned with recognizing and separating the
meanings of those data elements so that you can easily relate, group, locate, or just recognize
all the 2004 dates without having to separate that part of the meaning from the full data value
of a date.

The process we use to discover those basic data elements, determine how they relate to
each other today, and define them so that they can be recognized and interpreted in the future
is called data modeling.

Data Management in History
Let’s look at a severely abbreviated history of data to show our drive to find more efficient ways
of recording, collecting, ordering, searching, and protecting data. People have been working on
these tasks for more than 5,000 years, and these tasks are still relevant today. Data management
isn’t just about computers and electronic information. It’s also about our need to find and reuse
information and to build knowledge that can be shared with future generations. 

Language: The Origin of Data
Language, in its most generic interpretation as a useable communication medium, is the most
recognized raw material from which data is created. Spoken language is much older and more
mysterious than written language. It took quite some time for humans to discover a method of
capturing the content and meaning of what was said in a form that would support gathering
collections of persistent “data.” In other words, it was a while before we started writing things
down.

Writing became an important tool for dealing with the practical day-by-day economic,
social, and administrative affairs of urban collections of people around 3500 BC. To continue
to survive and flourish, people realized they needed better records and data management
capabilities than the soft tissue between their ears permitted.

Sumerians developed the first widely used written language. Called cuneiform, it consisted
of a series of little arrowhead shapes pointed in different directions. A shocking 95 percent of the
document samples from that era, accumulated by archeologists, is economic in nature. Existing
cuneiform records, in the form of stone tablets, are largely tallies, accounts, and records relating
to personal property and temple business—data values that needed collection and maintenance
to allow assessment and reporting on the local economy.

But early languages, such as cuneiform, weren’t sophisticated enough for people. Symbols
and pictograms weren’t flexible enough to represent all the data people wanted to capture.
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So written language transformed further, from pictograms to hieroglyphs and ultimately to
symbols that could represent phonetic sounds. With these phonetic symbols, a spoken lan-
guage and written language became much more closely tied. Now people could record songs,
stories, and descriptions of life processes in subject areas from medicine to metallurgy, and
they could develop sophisticated cultural artifacts such as poetry and literature.

Around 3200 BC the process of writing further evolved with the invention of a flexible
writing material, made from the pith of the papyrus plant. This new material (the first type of
paper) was much lighter than stone tablets but could still be awkward since it was generally
used in the form of long strips, rolled up into scrolls. This meant you’d basically have to search
an entire document to locate the single piece of information for which you were looking.
Every request for data was pretty much a full document search! 

Collecting and Organizing
As certain civilizations thrived, and in their growth absorbed other groups, reading and writ-
ing became even more important as a critical communication tool. As more and more data
was recorded, people started to create larger and larger collections of it. The gathering piles of
scrolls containing an ever-increasing quantity of information became rather like sand dunes.
Each fact was a grain of sand that grew over time into mountains of great width and depth.
They became proof of the human need to remember—and the databank came into being.

In the dictionary, a databank is defined as “a large collection of stored records from which
data may be extracted or organized as desired.” The operative words here are extracted and
organized. Great collections of data weren’t enough. There needed to be a way to easily extract
key pieces of information from the mounds of scrolls.

In early 600 BC, King Ashurbanipal of Assyria wanted to accumulate and organize written
records of Babylonian history in his library in Nineveh. When he finished, his library suppos-
edly contained at least 5,000 stone tablets and scrolls, physically arranged by subject or type
and organized in alcoves. A summary list of contents of each alcove was painted or carved on
the alcove’s entrance to serve as a catalog. While this was obviously not a very flexible design,
he knew that having a large collection of data wasn’t useful if you couldn’t find the information
for which you were looking.

Having data and being able to use it are two different things. Book and periodical cata-
logs, tables of contents, bibliographies, and cross-referencing indexes sprang into being
almost as soon as collections of data were created, probably as a defensive measure by the
information curators. Customers have always wanted data retrieved as quickly and success-
fully as possible. 

Even within an individual scroll there were problems finding specific data. Locator struc-
tures such as book name or number, chapter number, and verse numbers were created to
provide an address of sorts for specific information. These techniques were constantly evolv-
ing and being fine-tuned so that a librarian could accurately reference specific data using a
location notation.

At the height of the Roman Empire, data storage evolved. The Romans found reading and
writing those long, rolled-up scrolls to be troublesome, so they cut the parchment into pages
and bound the pages together into the book form we still use today. They called it a codex. The
design of the storage media (pages in a book) created a structure for the written material cap-
tured upon it. A page number could be used as a locator number for data values. You could
navigate straight to the general location of the data without having to unroll the whole scroll.
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In the tenth century, the Grand Vizier of Persia took his 117,000-volume library on the
road with him. He insisted that the camels carrying his precious library be trained to walk in
alphabetical order to preserve his ability to find his favorite volumes, even during the trip.
Again, organization and knowledge of what was in the collection was of paramount impor-
tance to him.

After the Jesuits were dissolved in 1773, all the books they had collected were moved to a
vacant church for storage. When the mice that plagued the church kept chewing on the books,
the books were sorted by importance, with the most important being placed on shelves in the
center of the storage room. All the other books were then stacked on the floor encircling the
center shelves. The strategy was to let the mice gnaw away at the books on the floor, leaving
those on the central stacks, which had been identified as being more important, alone. 

Data organization and management has evolved throughout history. It has become easier
and easier to discover the answer to our ever-expanding list of questions. Our insatiable need
for information has increased as the media and processes that are used to capture and copy
data become faster and less expensive. How many of us use the text search functions on the
Internet to find information about just about anything? Data collection and storage have
become part of our daily lives, and we’re not just interested in mission-critical data but also in
little details once thought unimportant. We’re now able to capture, store, and retrieve detailed
data, such as what products are bought together at grocery stores at 10 a.m. on Mondays or
how many adult tickets were purchased for G-rated movies. We admit to having difficulty in
subjectively calling any data unimportant—importance is in the eye of the data customer. We
collect, organize, and correlate data about almost everything. It seems to be part of human
nature.

■Note Human data needs are getting broader and richer all the time.

Libraries and the library sciences have been at the forefront of data and information
management. They were the first to tackle the challenges of managing collections of data,
information, and knowledge. Even today many terms from the library sciences and the book
publishing communities are used to describe facets of computer science and computerized
data management, such as coding, paging, indexing, cataloging, and referencing data. Thus,
today’s media (electronic storage) and techniques (database management systems) are really
just the tools and techniques of a point in time of the evolution of data management. 

Data values, which began as a physical record used to remember something important
about an event or thought, were handwritten, painstakingly reviewed, and artistically illumi-
nated. What were at first rare and special artifacts of the educated and elite have became
natural and unavoidable products of our lifestyles. We struggle now because so much data
exists that it is hard to care about all of it. This makes the ability to target specific values or
filter large collections an increasingly important task.

In today’s world of data collecting, not all data passes through human hands anymore.
Sometimes this is good, since it eliminates transcription errors and inherent subjectivity or
bias. On the other hand, in doing this we have removed the natural quality checks such as
human reasonability factors and judgment.
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