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Introduction

It has been estimated that more than 80 percent of all computer programming is database-related. This
is certainly easy to believe. After all, a database can be a powerful tool for doing exactly what computer
programs do best: store, manipulate, and display data.

Even many programs that seem at first glance to have little to do with traditional business-oriented
data use databases to make processing easier. In fact, looking back on more than 20 years of software
development experience, I'm hard pressed to think of a single non-trivial application that I've worked on
that didn’t use some kind of database.

Not only do databases play a role in many applications, but they also often play a critical role. If the data
is not properly stored, it may become corrupted and the program will be unable to use it meaningfully.
If the data is not properly organized, the program may be unable to find what it needs in a reasonable
amount of time.

Unless the database stores its data safely and effectively, the application will be useless no matter how
well-designed the rest of the system may be. The database is like the foundation of a building: without a
strong foundation, even the best crafted building will fail, sometimes spectacularly (the Leaning Tower
of Pisa notwithstanding).

With such a large majority of applications relying so heavily on databases, you would expect every-
one involved with application development to have a solid, formal foundation in database design and
construction. Everyone including database designers, application architects, programmers, database
administrators, and project managers should ideally understand what makes a good database design.
Even an application’s key customers and users could benefit from understanding how databases work.

Sadly that is usually not the case. Many IT professionals have learned what they know about databases
through rumor, trial-and-error, and painful experience. Over the years, some develop an intuitive feel
for what makes a good database design but they may still not understand the reasons why a design is
good or bad, and they may leave behind a trail of rickety, poorly constructed programs built on shaky
database foundations.

This book provides the tools you need to design a database. It explains how to determine what should
go in a database and how a database should be organized to ensure data integrity and a reasonable
level of performance. It explains techniques for designing a database that is strong enough to store data
safely and consistently, flexible enough to allow the application to retrieve the data it needs quickly and
reliably, and adaptable enough to accommodate a realistic amount of change.



Introduction

With the ideas and techniques described in this book, you will be able to build a strong foundation for
database applications.

Who This Book Is For

This book is intended for IT professionals and students who want to learn how to design, analyze, and
understand databases. The material will benefit those who want a better high-level understanding of
databases such as proposal managers, architects, project managers, and even customers. The material will
also benefit those who will actually design, build, and work with databases such as database designers,
database administrators, and programmers. In many projects, these roles overlap so the same person may
be responsible for working on the proposal, managing part of the project, and designing and creating the
database.

This book is aimed at IT professionals and students of all experience levels. It does not assume that you
have any previous experience with databases or programs that use them. It doesn’t even assume that you
have experience with computers. All you really need is a willingness and desire to learn.

What This Book Covers

This book explains database design. It tells how to plan a database’s structure so the database will be
robust, resistant to errors, and flexible enough to accommodate a reasonable amount of future change. It
explains how to discover database requirements, build data models to study data needs, and refine those
models to improve the database’s effectiveness.

The book solidifies these concepts by working through a detailed example that designs a realistic
database. Later chapters explain how to actually build databases using two common database products:
Access 2007 and MySQL.

The book finishes by describing some of the topics you need to understand to keep a database running
effectively such as database maintenance and security.

What You Need to Use This Book

This book explains database design. It tells how to determine what should go in a database and how the
database should be structured to give the best results.

This book does not focus on actually creating the database. The details of database construction are differ-
ent for different database tools so, to remain as generally useful as possible, this book doesn’t concentrate
on any particular database system. You can apply the techniques described here equally to whatever

database tool you use, whether it’s Access, SQL Server, Oracle, MySQL, or some other database product.

Most database products include free editions that you can use for smaller projects. For example, SQL
Server Express Edition, Oracle Express Edition, and MySQL Community Server are all free.

XXiv
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To remain database neutral, the book does not assume you are using a particular database so you don’t
need any particular software or hardware. To work through the Exercises, all you really need is a pencil
and some paper. You are welcome to type solutions into your computer if you like but you may actually
find working with pencil and paper easier than using a graphical design tool to draw pictures, at least
until you are comfortable with database design and are ready to pick a computerized design tool.

Chapter 15, “Microsoft Access,” explains how to build databases using the Microsoft Access 2007
database product. If you want to follow along with the examples in that chapter and work through the
Exercises, you need to have Microsoft Access 2007 installed (although other versions of Access will also
work with a few differences). You can use any operating system that will run Microsoft Access 2007.

Similarly Chapter 16, “MySQL,” explains how to build databases using the MySQL Community Server
database product. If you want to follow this chapter’s examples and work through them, you will need
to install MySQL Community Server. You can use any operating system that will run MySQL.

To experiment with the SQL database language described in Chapter 17, “Introduction to SQL,” and
Chapter 18, “Building Databases with SQL Scripts,” you need any database product that supports SQL
(that includes pretty much all relational databases) running on any operating system.

How This Book Is Structured

The chapters in this book are divided into five parts plus appendixes. The chapters in each part are
described here. If you have previous experience with databases, you can use these descriptions to decide
which chapters to skim and which to read in detail.

Part I: Introduction to Databases and Database Design

The chapters in this part of the book provide background that is necessary to understand the chapters
that follow. You can skim some of this material if it is familiar to you but don’t take it too lightly. If you
understand the fundamental concepts underlying database design, it will be easier to understand the
point behind important design concepts presented later.

Chapter 1, “Goals of Effective Database Design,”” explains the reasons why people and organizations use
databases. It explains a database’s purpose and conditions that it must satisfy to be useful. This chapter
also describes the basic ACID (Atomicity, Consistency, Isolation, Durability) and CRUD (Create, Read,
Update, Delete) features that any good database should have. It explains in high-level general terms what
makes a good database and what makes a bad database.

Chapter 2, “Database Types,” explains some of the different types of databases that you might decide
to use. These include flat files, spreadsheets, hierarchical databases (XML), object databases, and rela-
tional databases. The relational database is one of the most powerful and most commonly used forms of
database so it is the focus of this book, but it is important to realize that there are alternatives that may
be more appropriate under certain circumstances. This chapter gives some tips on deciding which kind
of database might be best for a particular project.

Chapter 3, “Relational Database Fundamentals,” explains basic relational database concepts such as
tables, rows, and columns. It explains the common usage of relational database terms in addition to
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the more technical terms that are sometimes used by database theorists. It describes different kinds of
constraints that databases use to guarantee that the data is stored safely and consistently.

Part II: Database Design Process and Techniques

The chapters in this part of the book discuss the main pieces of database design. They explain how to
understand what should be in the database, develop an initial design, separate important pieces of the
database to improve flexibility, and refine and tune the design to provide the most stable and useful
design possible.

Chapter 4, “Understanding User Needs,” explains how to learn about the users’ needs and gather user
requirements. It tells how to study the users’ current operations, existing databases (if any), and desired
improvements. It describes common questions that you can ask to learn about users” operations, desires,
and needs, and how to build the results into requirements documents and specifications. This chapter
explains what use cases are and tells how to use them and the requirements to guide database design
and to measure success.

Chapter 5, “Translating User Needs into Data Models,” introduces data modeling. It explains how to
translate the user’s conceptual model and the requirements into other more precise models that define
the database design rigorously. This chapter describes several database modeling techniques including
user-interface models, semantic object models, entity-relationship diagrams, and relational models.

Chapter 6, “Extracting Business Rules,” explains how a database can handle business rules. It explains
what business rules are, how they differ from database structure requirements, and how you can identify
business rules. This chapter explains the benefits of separating business rules from the database structure
and tells how to achieve that separation.

Chapter 7, “Normalizing Data,”” explains one of the biggest tools in database design: normalization.
Normalization techniques allow you to restructure a database to increase its flexibility and make it more
robust. This chapter explains the various forms of normalization, emphasizing the stages that are most
common and important: first, second, and third normal forms (1NF, 2NF, and 3NF). It explains how
each of these kinds of normalization helps prevent errors and tells why it is sometimes better to leave a
database slightly less normalized to improve performance.

Chapter 8, “Designing Databases to Support Software Applications,” explains how databases fit into the
larger context of application design and lifecycle. This chapter explains how later development depends
on the underlying database design. It discusses multi-tier architectures that can help decouple the appli-
cation and database design so there can be at least some changes to either without requiring changes to
the other.

Chapter 9, “Common Design Patterns,” explains some common patterns that are useful in many appli-
cations. Some of these techniques include implementing various kinds of relationships among objects,
storing hierarchical and network data, recording temporal data, and logging and locking.

Chapter 10, “Common Design Pitfalls,”” explains some common design mistakes that occur in database

development. It describes problems that can arise from insufficient planning, incorrect normalization,
and obsession with ID fields and performance.
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Part Ili: A Detailed Case Study

If you follow all of the examples and exercises in the earlier chapters, by this point you will have seen
all of the major steps for producing a good database design. However, it’s often useful to see all of the
steps in a complicated process put together in a continuous sequence. The chapters in this part of the
book walk through a detailed case study following all of the phases of database design for the fictitious
Pampered Pet database.

Chapter 11, “User Needs and Requirements,”” walks through the steps required to analyze the users’
problem, define requirements, and create use cases. It describes interviews with fictitious customers that
are used to identify the application’s needs and translate them into database requirements.

Chapter 12, “Building a Data Model,” translates the requirements gathered in the previous chapter into
a series of data models that precisely define the database’s structure. This chapter builds user-interface
models, entity-relationship diagrams, semantic object models, and relational models to refine the
database’s initial design. The final relational models match the structure of a relational database fairly
closely so they are easy to implement.

Chapter 13, “Extracting Business Rules,” identifies the business rules embedded in the relational model
constructed in the previous chapter. It shows how to extract those rules in order to separate them logically
from the database’s structure. This makes the database more robust in the face of future changes to the
business rules.

Chapter 14, “Normalization and Refinement,” refines the relational model developed in the previous
chapter by normalizing it. It walks through several versions of the database that are in different normal
forms. It then selects the degree of normalization that provides a reasonable tradeoff between robust
design and acceptable performance.

Part 1IV: Implementing Databases
(with examples in Access and MySQL)

Though this book focuses on abstract database concepts that do not depend on a particular database
product, it’s also worth spending at least some time on more concrete implementation issues. The
chapters in this part of the book describe some of those issues and explain how to build databases with
two different database products: Access 2007 and MySQL.

Chapter 15, “Microsoft Access,” explains how to build a database with Microsoft Access 2007. This
chapter doesn’t cover everything there is to know about Access, it just explains enough to get started
and to use Access to build non-trivial databases. You can use other versions of Access to work through
this chapter, although the locations of menus, buttons, and other Access features are different in different
versions.

Chapter 16, “MySQL,” explains how to build a database with MySQL. This chapter tells where to down-

load a free version of MySQL. It explains how to use the MySQL Command Line Client as well as some
useful graphical tools including MySQL Query Browser and MySQL Workbench.
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Part V: Advanced Topics

Although this book does not assume you have previous database experience, that doesn’t mean it cannot
cover some more advanced subjects. The chapters in this part of the book explain some more sophisti-
cated topics that are important but not central to database design.

Chapter 17, “Introduction to SQL,” provides an introduction to SQL (Structured Query Language). It
explains how to use SQL commands to add, insert, update, and delete data. By using SQL, you can help
insulate a program from the idiosyncrasies of the particular database product that it uses to store data.

Chapter 18, ““Building Databases with SQL Scripts,”” explains how to use SQL scripts to build a database.
It explains the advantages of this technique, such as the ability to create scripts to initialize a database
before performing tests. It also explains some of the restrictions on this method, such as the fact that the
user must create and delete tables in specific orders to satisfy table relationships.

Chapter 19, “Database Maintenance,” describes some of the database maintenance issues that are part
of any database application. Though performing and restoring backups, compressing tables, rebuilding
indexes, and populating data warehouses are strictly not database design tasks, they are essential to any
working application.

Chapter 20, “Database Security,” explains database security issues. It explains the kinds of security that
some database products provide. It also explains some additional techniques that can enhance database
security such as using database views to appropriately restrict the users” access to data.

Appendixes

The book’s appendixes provide additional reference material to supplement the earlier chapters.

Appendix A, “Exercise Solutions,” gives solutions to Exercises so you can check your progress as you
work through the book.

Appendix B, “Sample Database Designs,” includes the designs for a variety of common database situa-
tions. These designs store information about such topics as books, movies, documents, customer orders,
employee timekeeping, rentals, students, teams, and vehicle fleets.

The Glossary provides definitions for useful database and software development terms. The Glossary
includes terms defined and used in this book in addition to other useful terms that you may encounter
while reading other database material. This appendix can be a useful reference when you encounter an
unfamiliar term on the Web or in database articles.

How to Use This Book

Because this book is aimed at readers of all experience levels, you may find some of the material familiar
if you have previous experience with databases. In that case, you may want to skim chapters covering
material that you already thoroughly understand.

If you are familiar with relational databases, you may want to skim Chapter 1, “Goals of Effective
Database Design,”” Chapter 2, “Database Types,” and Chapter 3, “‘Relational Database Fundamentals.”
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If you have previously helped write project proposals, you may understand some of the questions you
need to ask users to properly understand their needs. In that case, you may want to skim Chapter 4,
“Understanding User Needs.”

If you have built databases before, you may understand at least some of the data normalization concepts
explained in Chapter 7, “Normalizing Data.” This is a complex topic, however, so I would recommend
that you not skip this chapter unless you have a really thorough understanding of data normalization.

If you have extensive experience with using the SQL database language, you may want to skim Chapter
17, “Introduction to SQL.” (Many developers who have used but not designed databases fall into this
category.)

In any case, I strongly recommend that you at least skim the material in every chapter to see if there are
any new concepts you can pick up along the way. Look at the Exercises at the end of a chapter before
you decide that you can safely skip that chapter. If you don’t know how to outline the solutions to the
Exercises, you should consider looking at the chapter more closely.

Different people learn best in different ways. Some learn best by listening to lecturers, others by reading,
and others by doing. Everyone learns better by combining learning styles. You will get the most from this
book if you read the material and then work through the Exercises. It’s easy to think to yourself, “Yeah,
that makes sense’” and believe you understand the material but working through several of the Exercises
will help solidify the material in your mind. It may also help you see new ways that you can apply the
concepts covered in the chapter.

Normally, when I read a new technical book, I work through every example myself, modifying the prob-
lems to see what happens if I try different things not covered by the author. I work through as many
questions and exercises as I can until I reach the point where more examples don’t teach me anything
new. Then I move on. It’s one thing to read about a concept in the chapter; it’s another to try to apply it
to data that is meaningful to you.

After you have mastered the ideas in the book, you can use it for a reference. When you are starting a
new project, you may want to refer to Chapter 4, “Understanding User Needs,” to refresh your memory
about the kinds of questions you should ask users to really discover their true needs.

Visit the book’s Web site to download supplementary material such as checklists of questions to ask users
and quick summaries of key techniques. This material is included in the book but it is also available for

easy download on the book’s Web site.

Also visit the book’s Web site to look for updates and addendums. If readers find typographical errors
or places where a little additional explanation may help, I'll post updates on the Web site.

Finally, if you get stuck on a really tricky concept and need a little help, email me at RodStephens@vb-
helper.comand I'll try to help you out.

Note to Instructors

Database programming is boring. Not for you and me who have discovered the ecstatic joy of database
design, the thrill of normalization, and the slightly risqué elation brought by slightly de-normalizing a
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database to achieve optimum performance. But let’s face it, to a beginner database design and develop-
ment can be a bit dull.

There’s little you can do about the basic concepts but you can do practically anything with the data. At
some point it’s useful to explain how to design a simple inventory system but that doesn’t mean you
can’t use other examples designed to catch students” attention. Data that relates to the students” personal
experiences or that is just plain outrageous keeps them awake and alert (and most of us know that it’s
easier to teach students who are awake).

The examples in this book are intended to demonstrate the topic at hand but not all of them are strictly
business-oriented. I've tried to make them cover a wide variety of topics from serious to silly. To keep
your students interested and alert, you should add new examples from your personal experiences and
from your students’ interests.

I've had great success in my classroom using examples that involve sports teams (particularly local rival-
ries), music (combining classics such as Bach, Beethoven, and Tone-Loc), the students in the class (but be
sure not to put anyone on the spot), television shows and stars, comedians, and political candidates. (Be
careful with politics, though, because some people can become really emotionally attached to a particular
candidate, no matter how stupid that candidate is. I focus on things they do that are so stupid that even
loyal followers have to admit, “Yeah, that was a mistake.” Fortunately politicians make those kinds of
mistakes daily so there’s plenty to work with. Watch the evening comedians for material.)

For exercises, encourage students to design databases that they will find personally useful. I've had
students build databases that track statistics for the players on their favorite football teams, inventory
their DVD or CD collections, file and search recipe collections, store data on “Magic: The Gathering’”
trading cards, track role-playing game characters, record information about classic cars, and schedule
athletic tournaments. (Although the tournament scheduler didn’t work out too well — the scheduling
algorithms were too tricky.) One student even built a small but complete inventory application for his
mother’s business that she actually found useful. I think he was as surprised as anyone to discover he’d
learned something useful.

When students find an assignment interesting and relevant, they become emotionally invested and will
apply the same level of concentration and intensity to building a database that they normally reserve for
console gaming, South Park, and ““World of Warcraft.” They may spend hours crafting a database to track
WoW alliances just to fulfill a five-minute assignment. They may not catch every nuance of domain/key
normal form but they’ll probably learn how to build a functional database.

Note to Students

If you're a student and you peeked at the previous section, “Note to Instructors,” shame on you! If you
didn’t peek, do so now.

Building a useful database can be a lot of work but there’s no reason it can’t be interesting and useful to
you when you're finished. Early in your reading, pick some sort of database that you would find useful
(see the previous section for a few ideas) and think about it as you read through the text. When the book
talks about creating an initial design, sketch out a design for your database. When the book explains
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how to normalize a database, normalize yours. As you work through the exercises, think about how they
would apply to your dream database.

Don’t be afraid to ask your instructor if you can use your database instead of one suggested by the book
for a particular assignment. (Unless you have one of those instructors who hand out extra work to anyone
who crosses their path. In that case, keep your head down.) Usually an instructor’s thought process is
quite simple: “I don’t care what database you use as long as you learn the material.” Your database may
need to contain several related tables to create the complexity needed for a particular exercise but it’s
usually not too hard to make a database more complex.

When you're finished, you will hopefully know a lot more about database design than you do now and,
if you're persistent, you might just have a database that’s actually good for something. Hopefully you'll
also know how to design other useful databases in the future. (And when you’re finished, email me at
RodStephens@vb-helper.com and let me know what you built!)

Conventions

To help you get the most from the text and keep track of what’s happening, we’ve used a number of
conventions throughout the book.

The Try It Out is an exercise you should work through, following the text in the book.

1. They usually consist of a set of steps.
2. Each step has a number.
3.  Follow the steps through with your copy of the database.

How It Works

After most Try It Out sections, the process you've stepped through will be explained in detail.

Tips, hints, tricks, and asides to the current discussion are offset and placed in italics like this.
As for styles in the text:

Q  We highlight new terms and important words when we introduce them.

QO  We show keyboard strokes like this: Ctrl+A.

0O  We show file names, URLs, and code within the text like so: SELECT * FROM Students.
Q

We present blocks of code like this:

We use a monofont type with no highlighting for code examples.
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Source Code

As you work through the examples in this book, you may choose either to type in all the code manually or
to use the source code files that accompany the book. All of the source code used in this book is available
for download at www.wrox. com. Once at the site, simply locate the book’s title (either by using the Search
box or by using one of the title lists) and click the Download Code link on the book’s detail page to obtain
all the source code for the book.

Because many books have similar titles, you may find it easiest to search by ISBN; this book’s ISBN is
978-0-470-38549-4.

Once you download the code, just decompress it with your favorite compression tool. Alternatively, you
can go to the main Wrox code download page at . www.wrox.com/dynamic/books/download.aspx. to see
the code available for this book and all other Wrox books.

The Book’s Web Site

No book can possibly cover everything there is to know about any topic and this book is no exception.
I have tried to make it as complete, correct, and understandable as possible but there isn’t room for
everything here.

To get the most out of this book, you should visit the book’s Web page. There you will find additional
useful information that didn’t fit in the book such as checklists and user requirement surveys that you
can download and print, corrections and clarifications, example SQL scripts, forums for questions and
discussion, and other supplementary material.

To visit the book’s Wrox Web site, go to . www.wrox.com and search for the book’s title or ISBN, or for
the author’s name Rod Stephens. This Web site includes author information, excerpts, example programs
that you can download, and so forth.

Please visit the book’s Web site and look for additions and addendums. I also monitor the book’s Wrox
forum closely and answer questions as quickly as I can.

The book’s author web site, www . vb-helper.com/db_design.htm, contains similar material and links to
the Wrox Web site. The main VB Helper Web site also contains thousands of tips, tricks, and examples
written in various versions of Visual Basic.

To keep informed of changes to this book or my other books, you can sign up for one of my newsletters
at . www.vb-helper.com/newsletter.html. The newsletters, which are sent every week or so, include
Visual Basic tips, tricks, and examples, in addition to updates on my books and other thoughts about
Visual Basic development.

If you have corrections or comments, please send them to me at RodStephens@vb-helper.com. I will try
to help you out and do my best to keep the Web sites as up-to-date as possible.
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Errata

We make every effort to ensure that there are no errors in the text or in the code. However, no one is
perfect, and mistakes do occur. If you find an error in one of our books, like a spelling mistake or faulty
piece of code, we would be very grateful for your feedback. By sending in errata you may save another
reader hours of frustration and at the same time you will be helping us provide even higher quality
information.

To find the errata page for this book, go to www.wrox.com and locate the title using the Search box or one
of the title lists. Then, on the book details page, click the Book Errata link. On this page you can view all
errata that has been submitted for this book and posted by Wrox editors. A complete book list including
links to each book’s errata is also available at www.wrox.com/misc-pages/booklist.shtml.

If you don’t spot “your” error on the Book Errata page, go to www.wrox.com/contact/
techsupport.shtml and complete the form there to send us the error you have found. We’ll

check the information and, if appropriate, post a message to the book’s errata page and fix the problem
in subsequent editions of the book.

P2p . Wrox.com

For author and peer discussion, join the P2P forums at p2p.wrox.com. The forums are a Web-based
system for you to post messages relating to Wrox books and related technologies and interact with other
readers and technology users. The forums offer a subscription feature to email you topics of interest of
your choosing when new posts are made to the forums. Wrox authors, editors, other industry experts,
and your fellow readers are present on these forums.

At p2p.wrox.com you will find a number of different forums that will help you not only as you read this
book, but also as you develop your own applications. To join the forums, just follow these steps:

1. Gotop2p.wrox.comand click the Register link.
Read the terms of use and click Agree.

2
. omplete the required information to join as well as any optional information you wish to
3.  Complete the required inf i joi 11 y optional inf ion you wish
provide and click Submit.

4.  You will receive an e-mail with information describing how to verify your account and com-
plete the joining process.

You can read messages in the forums without joining P2P but in order to post your own messages, you
must join.

Once you join, you can post new messages and respond to messages other users post. You can read

messages at any time on the Web. If you would like to have new messages from a particular forum
emailed to you, click the Subscribe to this Forum icon by the forum name in the forum listing.
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For more information about how to use the Wrox P2P, be sure to read the P2P FAQs for answers to
questions about how the forum software works as well as many common questions specific to P2P and
Wrox books. To read the FAQs, click the FAQ link on any P2P page.

Contacting the Author

If you have questions, suggestions, comments, or just want to say ““Hi,” email me at RodStephens@vb-
helper.com. I can’t promise that I'll be able to help you with every problem, but I do promise to try.

Disclaimer

Many of the examples in this book were chosen for interest or humorous effect. They are not intended
to disparage anyone. I mean no disrespect to police officers (or anyone else who regularly carries a gun),
plumbers, politicians, jewelry store owners, street luge racers (or anyone else who wears helmets and
Kevlar body armor to work), or college administrators. Or anyone else for that matter.

Well, maybe politicians.
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Part |

Introduction to Databases
and Database Design

Chapter 1: Goals of Effective Database Design
Chapter 2: Database Types

Chapter 3: Relational Database Fundamentals

The chapters in this part of the book provide background that is useful when studying database
design.

Chapter 1 explains the reasons why database design is important. It discusses the goals that you
should keep in mind while designing databases. If you keep those goals in mind, you can stay
focused on the end result and not get bogged down in the minutiae of technical details. If you
understand the goals, you can know when it might be useful to bend the rules a bit.

Chapter 2 describes several different kinds of databases. While this book (and most other database
books) focuses on relational databases, there are other kinds of databases that are better suited to
some tasks. If you know what alternatives are available, you can decide which will work best for
you. (I once worked on a 40-developer project that failed largely because it used the wrong kind of
database. Don’t let that happen to you!)

Chapter 3 provides background on relational databases. It explains common relational database
terms and concepts that you need to understand the chapters that follow. You won't get as much
out of the rest of the book if you don’t understand the terminology.

Even if you're somewhat familiar with relational databases, give these chapters at least a quick
glance to make sure you don’t miss anything important. Pay particular attention to the terms
described in Chapter 3, because you’ll need to know them later.







Goals of Effective
Database Design

Using modern database tools, just about anyone can build a database. The question is, will the
resulting database be useful?

A database won’t do you much good if you can’t get data out of it quickly, reliably, and consistently.
It won’t be useful if it’s full of incorrect or contradictory data. It also won't be useful if it is stolen,
lost, or corrupted by data that was only half written when the system crashed.

You can address all of these potential problems by using modern database tools, a good database
design, and a pinch of common sense, but only if you understand what those problems are so you
can avoid them.

Step one in the quest for a useful database is understanding database goals. What should a database
do? What makes a database useful and what problems can it solve? Working with a powerful
database tool without goals is like flying a plane through clouds without a compass: you have
the tools you need but no sense of direction.

This chapter describes the goals of database design. By studying information containers such as files
that can play the role of a database, it defines properties that good databases have and problems that
they should avoid.

In this chapter, you learn:

0  Why a good database design is important.

0  Strengths and weaknesses of different kinds of information containers that can act as
databases.

0O  How computerized databases can benefit from those strengths and avoid those
weaknesses.

QO  How good database design helps achieve database goals.
0O  What CRUD and ACID are, and why they are relevant to database design.
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Understanding the Importance of Design

Forget for a moment that this book is about designing databases and consider software design in general.
Software design plays a critical role in software development. The design lays out the general structure
and direction that future development will take. It determines which parts of the system will interact
with other parts. It decides which subsystems will provide support for other pieces of the application.

If an application’s underlying design is flawed, the system as a whole is at risk. Bad assumptions in the
design creep into the code at the application’s lowest levels, resulting in flawed subsystems. Higher-level
systems built on those subsystems inherit the design flaws and soon their code is corrupted, too.

Sometimes a sort of decay pervades the entire system and nobody notices until relatively late in the
project. The longer the project continues, the more entrenched the incorrect assumptions become and
the more reluctant developers are to suggest scrapping the whole design and starting over. The longer
problems remain in the system, the harder they are to remove. At some point, it may be easier to throw
everything away and start over from scratch, a decision that few managers will want to present to upper
management.

Project Management

A friend of mine who is an engineer was working on a really huge satellite project.
After a while, the engineers all realized that the project just wasn't feasible given the
current state of technology and the design. Eventually the project manager was forced
to admit this to upper management and he was fired. The new project manager stuck
it out for a while and then he, too, was forced to confess to upper management that the
project was unfeasible. He, too, was fired.

This process continued for a while with a new manager taking over, realizing the hope-
lessness of the design, and being fired until eventually even upper management had to
admit the project wasn’t going to work out and the whole thing collapsed.

They could have saved time, money, and several careers if they had spent more upfront
time on the design and either fixed the problems or realized right away that the project
wasn’t going to work and scrapped it at the start.

Building an application is often compared to building a house or skyscraper. You probably wouldn’t
start building a multibillion dollar skyscraper without a comprehensive design that is based on
well-established architectural principles. Unfortunately software developers often rush off to start
coding as soon as they possibly can. Coding is more fun and interesting than design is. Coding also
lets developers tell management and customers how many lines of code they have written so it seems
like they are making progress even if the lines of code are corrupted by false assumptions. Only later do
they realize that the underlying design is flawed, the code they wrote is worthless, and the project is in
serious trouble.

Now back to database design. Few parts of an application’s design are as critical as the database’s design.
The database is the repository of the information that the rest of the application manages and displays to
the users. If the database doesn’t store the right data, doesn’t keep the data safe, or doesn’t let the appli-
cation find the data it needs, then the application has little chance for success. Here the GIGO (Garbage
In, Garbage Out) principle is in full effect. If the underlying data is unsound, it doesn’t matter what the
application that uses it does; the results will be suspect at best.
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For example, imagine that you’ve built an order tracking system that can quickly fetch information about
a customer’s past orders. Unfortunately every time you ask the program to fetch a certain customer’s
records it returns a slightly different result. Though the program can find data quickly, the results are not
trustworthy enough to be usable.

Or imagine that you have built an amazing program that can track the thousands of tasks that make
up a single complex job such as building a cruise liner or passenger jet. It can track each task’s state

of completion, determine when you need to order new parts for them to be ready for future phases of
construction, and can even determine the present value of future purchases so you can decide whether
it is better to buy parts now or wait until they are needed. Unfortunately the program takes hours to
recalculate the complex task schedule and pricing details. Though the calculations are correct, they are so
slow that users cannot reasonably make any changes. Changing the color of the fabric of a plane’s seats
or the tile used in a cruise liner’s hallways could delay the whole project.

Or suppose you have built an efficient subscription application that lets customers subscribe to your
company’s quarterly newsletters and data services. It lets you quickly find and update any customer’s
subscriptions and it always shows the same values for a particular customer consistently. Unfortu-
nately, when you change the price of one of your publications you find that not all of the customers’
records show the updated price. Some customers’ subscriptions are at the new rate, some are at the old
rate, and some seem to be at a rate you've never seen before. (This example isn’t as far-fetched as it
may seem. Some systems allow you to offer sale prices or special incentives to groups of customers, or
they allow sales reps to offer special prices to particular customers. That kind of system requires careful
design if you want to be able to do things like change standard prices without messing up customized

pricing.)

Poor database design can lead to these and other annoying and potentially expensive scenarios. A good
design creates a solid foundation on which you can build the rest of the application.

Experienced developers know that the longer a bug remains in a system the harder it is to find and
fix. From that it logically follows that it is extremely important to get the design right before you start
building on top of it.

Database design is no exception. A flawed database design can doom a project to failure before it has
begun as surely as ill-conceived software architecture, poor implementation, or incompetent program-
ming can.

Information Containers

What is a database? This may seem like a trivial question, but if you take it seriously the result can be
pretty enlightening. By studying the strengths and weaknesses of some physical objects that meet the
definition of a database, you can learn about the features you might like a computerized database to
have.

A database is a tool that stores data, and lets you create, read, update, and delete the
data in some manner.

This is a pretty broad definition and it includes a lot of physical objects that most people don’t think of
as modern databases. For example, an envelope full of business cards, a notebook, a filing cabinet full of
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customer records, and your brain all fit this definition. Each of these physical databases has advantages
and disadvantages that can give insight into the features you might like in a computer database.

An envelope of business cards is useful as long as it doesn’t contain too many cards. You can find a
particular piece of data (for example, a person’s phone number) by looking through all of the cards. The
database is easy to expand by shoving more cards into the envelope, at least up to a point. If you have
more than a dozen or so business cards, finding a particular card can be time consuming. You can even
rearrange the cards a bit to improve performance for cards you use often. Each time you use a card, move
it to the front of the pile. Over time, those that are used most will be in front.

A notebook is small, easy to use, easy to carry, doesn’t require electricity, and doesn’t need to boot before
you can use it. A notebook database is also easily extensible because you can buy another notebook to
add to your collection when the first one is full. However, a notebook’s contents are arranged sequen-
tially. If you want to find information about a particular topic, you’ll have to look through the pages
one at a time until you find what you want. The more data you have, the harder this kind of search
becomes.

A filing cabinet can store a lot more information than a notebook and you can easily expand the database
by adding more files or cabinets. Finding a particular piece of information in the filing cabinet can be
easier than finding it in a notebook as long as you are searching for the type of data used to arrange the
records. If the filing cabinet is full of customer information sorted by customer name, and you want to
find a particular customer’s data, you're in luck. If you want to find all of the customers that live in a
certain city, you'll have to dig through the files one at a time.

Your brain is the most sophisticated database ever created. It can store an incredible amount of data
and it allows you to retrieve a particular piece of data in several different ways. For example, right
now you could probably easily answer the following questions about the restaurants that you visit
frequently:

QO  Which is closest to your current location?
Which has the best desserts?
Which has the best service?
Which is least expensive?

Which is the best for a business lunch?

O 000 o

Which is your overall favorite?

Your brain provides many different ways you can access the same information about restaurants. You
can search the same base of information based on a variety of keys (location, quality of dessert, expense,
and so forth). To answer these questions with an envelope of business cards (or restaurant matchbooks),
a notebook, or a filing cabinet would require a long and grueling search.

Still your brain has some drawbacks, at least as a database. Most notably it forgets. You may be able

to remember an incredible number of things but some of them become less reliable or disappear com-
pletely over time. Do you remember the names of all of your elementary school teachers? I don’t. (I don’t
remember my own teachers” names, much less yours!)

Your brain also gets tired and when it is tired it is less accurate.
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Although your brain is good at certain tasks such as recognizing faces or picking restaurants, it is not
so good at other tasks such as providing an accurate list of every item a particular customer purchased
in the last year. Those items have less emotional significance than, for example, your spouse’s name, so
they’re harder to remember.

All of these information containers (business cards, notebooks, filing cabinets, and your brain) can
become contaminated with misleading, incorrect, and contradictory information. If you write differ-
ent versions of the same information in a notebook, the data won’t be consistent. Later when you try to
look up the data, you may find either version first and you may not even realize there is another version.
(Your brain can become especially cluttered with inconsistent and contradictory information, particularly
if you listen to politicians during an election year.)

The following section summarizes some of the strengths and weaknesses of these information containers.

Strengths and Weaknesses
of Information Containers

By understanding the strengths and weaknesses of information containers such as those described in the
previous section, you can learn about features that would be useful in a computerized database. So what
are some of those strengths and weaknesses?

The following list summarizes the advantages of some information containers:

0  None of these databases require electricity so they are safe from power failures. (Although your
brain requires food. As the dormouse said, feed your head.)

(]

These databases keep their data fairly safe and permanent (barring fires). The data doesn’t just
disappear.

These databases (excluding your brain) are inexpensive and easy to buy.
These databases have simple user interfaces so almost anyone can use them.

Using these databases, it’s fairly easy to add, edit, and remove data.

O 000

The filing cabinet lets you quickly locate data if you search for it in the same way it is arranged
(for example, by customer name).

(]

Your brain lets you find data by using different keys (for example, by location, cost, or quality of
service).

Q  All of these allow you to find every piece of information that they contain, although it may take
a while to dig through: it all.

Q  All of these (except possibly your brain) provide consistent results as long as the facts they store
are consistent. For example, two people using the same notebook will find the same data. Simi-
larly if you look at the same notebook at a later time, it will show the same data you saw before
(if it hasn’t been modified).

O  All of these except the filing cabinet are portable.

(]

Your brain can perform complex calculations, at least of a limited type and number.

Q  All of these provide atomic transactions.
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The final advantage is a bit more abstract than the others so it deserves some additional explanation. An
atomic transaction is a possibly complex series of actions that is considered as a single operation by those
who are not involved directly in performing the transaction.

The classic example is transferring money from one bank account to another. Suppose Alice writes Bob a
check for $100 and you need to transfer the money between their accounts. You pick up the account book,
subtract $100 from Alice’s record, add $100 to Bob’s record, and then put the notebook down. Someone
else who uses the notebook might see it before the transaction (when Alice has the $100) or after the
transaction (when Bob has the $100) but they won't see it during the transaction where the $100 has been
subtracted from Alice but not yet given to Bob. The office bully isn’t allowed to grab the notebook from
your hands when you’re halfway through. It’s an all-or-nothing transaction.

In addition to their advantages, information containers such as notebooks and filing cabinets have some
disadvantages. It's worth studying these disadvantages so you can try to avoid them when you build
computerized databases.

The following list summarizes some of the disadvantages that these information containers have:

O  All of these databases can hold incomplete, incorrect, or contradictory data.

0 Some of them are easy to lose or steal. Someone could grab your notebook while you're eating
lunch or read over your shoulder on the bus. You could even forget your notebook at the security
counter as you dash to catch your flight.

a In all of these databases, correcting large errors in the data can be difficult. For example, it’s easy
to use a pen to change one person’s address in an address notebook. It's much harder to update
hundreds of addresses if a new city is created in your area. (This recently happened near where I
live.) Such a circumstance requires a tedious search through a set of business cards, a notebook,
or a filing cabinet. It may be years before your brain makes the switch completely.

O  These databases are relatively slow at creating, retrieving, updating, and deleting data. Your
brain is much faster than the others at some tasks but is not good at manipulating a lot of infor-
mation all at once. For example, how quickly can you list your 20 closest friends in alphabetical
order? Even picking your closest friends can be difficult at times.

O  Your brain can give different results at different times depending on uncontrollable factors such
as your mood, how tired you are, and even whether you're hungry.

0  Each of these databases is located in a single place so it cannot be easily shared. Each also cannot

be easily backed up so if the original is lost or destroyed, you lose your data.

The following section considers how you can translate these strengths and weaknesses into features to
prefer or avoid in a computerized database.

Desirable Database Features

By looking at the advantages and disadvantages of physical databases, you can create a list of fea-
tures that a computerized database should have. Some of these are fundamental characteristics that
any database must have. (“You should be able to get data from it.”” How obvious is that?)

Most of these features, however, depend at least in part on good database design. If you don’t craft a
good design, you'll miss out on some or all of the benefit of these features. For example, any decent
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database provides backup features but a good design can make backup and recovery a lot quicker and
easier.

The following sections describe some of the features that a good database system should provide and
explain to what degree they depend on good database design.

CRUD

CRUD stands for the four fundamental database operations that any database should provide: Create,

Read, Update, and Delete. If you read database articles and discussions on the Web, you will often see
people tossing around the term CRUD. (They may be using the term just to sound edgy and cool. Now
that you know the term, you can sound cool, too!)

You can imagine some specialized data gathering devices that don’t support all of these methods. For
example, the black box flight data recorders on airplanes record flight information and later play it back
without allowing you to modify the data. In general, however, if it doesn’t have CRUD it’s not a database.

CRUD is more a feature of databases in general than it is a feature of good database design, but a
good database design provides CRUD efficiently. For example, suppose you design a database to
track times for your canuggling league (look it up online) and you require that the addresses for
participants include a State value that is present in the States table. When you create a new record (the
C in CRUD), the database must validate the new State entry. Similarly when you update a record (the U
in CRUD), the database must validate the modified State entry. When you delete an entry in the States
table (the D in CRUD), the database must verify that no Participant records use that state. Finally when
you read data (the R in CRUD), the database design determines whether you find the data you want in
seconds, hours, or not at all.

Many of the concepts described in the following sections relate to CRUD operations.

Retrieval

Retrieval is another word for “read,” the R in CRUD. The database should allow you to find every piece
of data. There’s no point putting something in the database if there’s no way to get it back later. (That
would be a “data black hole,” not a database.)

The database should allow you to structure the data so you can find particular pieces of data in one or
more specific ways. For example, you should be able to find a customer’s billing record by searching for
customer name or customer ID.

Ideally the database will also allow you to structure the data so it is relatively quick and easy to fetch
data in a particular manner.

For example, suppose you want to see where your customers live so you can decide whether you should
start a delivery service in a new city. To get this information, it would be helpful to be able to find cus-
tomers based on their addresses. Ideally you could optimize the database structure so you can quickly
search for customers by address.

In contrast, you probably don’t need to search for customers by middle name too frequently. (Imagine
a customer calling you and saying, ““Can you look up my record? I don’t remember if I paid my bill last
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month. I also don’t remember my account number or my last name but my middle name is “‘Konfused’.”)
It would be nice if the common search by address was faster than the rare search by middle name.

Being able to find all of the data in the database quickly and reliably is an important part of database
design. Finding the data you need in a poorly designed database can take hours or days instead of mere
seconds.

Consistency

Another aspect of the R in CRUD is consistency. The database should provide consistent results. If you
perform the same search twice in a row, you should get the same results. Another user who performs
the same search should also get the same results. (Of course this assumes that the underlying data hasn’t
changed in the meantime. You can’t expect your net worth query to return the same results every day
when stock prices fluctuate wildly.)

A well-built database product can ensure that the exact same query returns the same result but design
also plays an important role. If the database is poorly designed, you may be able to store conflicting data
in different parts of the database. For example, you might be able to store one set of contact information
in a customer’s order and a different set of information in the main customer record. Later, if you need to
contact the customer with a question about the order, which contact information should you use?

Validity
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Validity is closely related to the idea of consistency. Consistency means different parts of the database
don’t hold contradictory views of the same information. Validity means data is validated where possible
against other pieces of data in the database. In CRUD terms, data can be validated when a record is
created, updated, or deleted.

Just like physical data containers, a computerized database can hold incomplete, incorrect, or contradic-

tory data. You can never protect a database from users who can’t spell or who just plain enter the wrong
information, but a good database design can help prevent some kinds of errors that a physical database

cannot prevent.

For example, the database can easily verify that data has the correct type. If the user sees a Date field and
enters ““No thanks, I'm married,” the database can tell that this is not a valid date format and can refuse
to accept the value. Similarly it can tell that “Old” is not a valid Age, “Lots” is not a valid Quantity, and
“Confusion” is too long to be a two-letter state abbreviation (although that value may correctly reflect
the user’s state of mind).

The database can also verify that a value entered by the user is present in another part of the database.
For example, a poor typist trying to enter CO in a State field might type CP instead. The database can
check a list of valid states and refuse to accept the data when it doesn’t find CP listed. (If the database
needs to work with only certain states, you can restrict the list to include only those states and make the
test even tighter.)

The database can also check some kinds of conditions on the data. Suppose the database contains a book
ordering system. When the customer orders 500 copies of this book (who wouldn’t want that many
copies?), the database can check another part of the database to see if that many copies are available
(most bookstores carry only a few copies of any given book) and refuse the order if there aren’t enough
copies.
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A good database design also helps protect the database against incorrect changes. Suppose a cappuccino
machine repair service is dropping coverage for a nearby city. When you try to remove that city from
your list of valid locations, the database can tell you if you have existing customers in that city. Depend-
ing on the database’s design, it could refuse to allow you to remove the city until you apologized to those
customers and removed them from the database.

All of these techniques rely on a good, solid database design. They still can’t protect you from a user who
types first names in the last name field or who keeps accidentally bumping the CAPS LOCK KEY, but it
can prevent many types of errors that a notebook can’t.

Easy Error Correction

Even a perfectly designed database cannot ensure perfect validity. How can the database know that a
customer’s name is supposed to be spelled Pheidaux not Fido as typed by the user?

Correcting a single error in a notebook is fairly easy. Just cross out the wrong value and write in the
new one.

Correcting systematic errors in a notebook is a lot harder. Suppose you hire a summer intern to go
door-to-door selling household products and he writes up a lot of orders for “Duck Tape” not realizing
that the actual product is “Duct Tape.” Fixing all of the mistakes could be tedious and time-consuming,.
(Of course tedious and time-consuming jobs are what summer interns are for so you can make him fix
it himself.) You could just ignore the problem and leave the orders misspelled, but then how would you
tell when a customer really wants to tape a duck?

In a computerized database, this sort of correction is trivial. A simple database command can update
every occurrence of the product name “Duck Tape” throughout the whole system. (In fact, this kind of
fix is sometimes too easy to make. If you aren’t careful, you may accidentally change the names of every
product to Duct Tape, even those that were not incorrectly spelled Duck Tape. You can prevent this by
building a safe user interface for the database or by being really careful.)

Easy correction of errors is a built-in feature of computerized databases, but to get the best advantage
from this feature you need a good design. If order information is contained in a free-formatted text
section, the database will have trouble fixing typos. If you put the product name in a separate field, the
database can make this change easily.

Though easy corrections are almost free, you need to do a little design work to make them as efficiently
and effectively as possible.

Speed

An important aspect of all of the CRUD components is speed. A well-designed database can create, read,
update, and delete records quickly.

There’s no denying that a computerized database is a lot faster than a notebook or a filing cabinet. Instead
of processing dozens of records per hour, a computerized database can process dozens or hundreds per
second. (I once worked with a billing center that processed around 3 million accounts every three days.)

Good design plays a critical role in database efficiency. A poorly organized database may still be faster
than the paper equivalent but it will be a lot slower than a well-designed database.

11
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Database Design

The billing center I mentioned in the previous paragraph had a simple problem: they
couldn’t find the customers who owed them the most money. Every three days the
database would print out a list of customers who owed money. The list made a stack
of paper almost three feet tall. Unfortunately the list was randomly ordered (prob-
ably ordered by customer ID or shoe size or something equally unhelpful) so they
couldn’t figure out who owed the most. The majority of the customers owed only a few
dollars — too little to pursue — but a few customers owed tens of thousands of dollars.

We captured this printout electronically and sorted the accounts by balance. It turned
out that the really problematic customers only filled a couple of pages and the first five
or so customers owed more than all of the others combined.

I didn’t include this story just to impress you with my programming prowess (to be
completely honest, it was a pretty easy project) but to illustrate how database design
can make a big difference in performance. Here a very simple change (which any
database should be able to support) made the difference between finding the most
troublesome customers in a few seconds or not at all.

Not all changes to a database’s design can produce dramatic results, but design definitely plays an impor-
tant role in performance.

Atomic Transactions
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Recall that an atomic transaction is a possibly complex series of actions that is considered as a single
operation by those not involved directly in performing the transaction. If you transfer $100 from Alice’s
account to Bob’s account, no one else can see the database while it is in an intermediate state where the
money has been removed from Alice’s account and not yet added to Bob’s.

The transaction either happens completely or none of its pieces happen — it cannot happen halfway.

Atomic transactions are important for maintaining consistency and validity, and are thus important for
the R and U parts of CRUD.

Physical data containers such as notebooks support atomic transactions because typically only one person
at a time can use them. Unless Derek the office bully grabs the notebook from your hands while you're
writing in it, you can finish a series of operations before you let someone else have a turn.

Some of the most primitive kinds of databases, such as flat files and XML files (which are described later
in this book) don’t inherently support atomic transactions, but the more advanced relational database
products do. Those databases allow you to start a transaction and perform a series of operations. You
can then either commit the transaction to make the changes permanent or rollback the transaction to undo
them all and restore the database to the state it had before you started the transaction.

These databases also automatically rollback any transaction that is open if the database halts unex-
pectedly. For example, suppose you start a transaction, take $100 from Alice’s account, and then your
company’s mascot (a miniature horse) walks through the computer room, steps on a power strip, and
kills the power to your main computer. When you restart the database (after sending the horse to the HR
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department), it automatically rolls the transaction back so Alice gets her money back. You'll need to try
the transaction again but at least no money has been lost by the system.

Atomic transactions are more a matter of properly using database features than database design. If you
pick a reasonably advanced database product and use transactions properly, you gain their benefits. If
you decide to use flat files to store your data, you'll need to implement transactions yourself.

ACID

This section provides some more detail about the transactions described in the previous section rather
than discussing a new feature of physical data containers and computerized databases.

ACID is an acronym describing four features that an effective transaction system should provide. ACID
stands for Atomicity, Consistency, Isolation, and Durability.

Atomicity means transactions are atomic. The operations in a transaction either all happen or none of
them happen.

Consistency means the transaction ensures that the database is in a consistent state before and after the
transaction. In other words, if the operations within the transaction would violate the database’s rules,
the transaction is rolled back. For example, suppose the database’s rules say that an account cannot make
a payment that would result in a balance less than zero. Also suppose that Alice’s account holds only $75.
Now you start a transaction, add $100 to Bob’s account, and then try to remove $100 from Alice’s. That
would put Alice $25 in the red, violating the database’s rules, so the transaction is canceled and we all try
to forget that this ugly incident ever occurred. (Actually we probably bill Alice an outrageous surcharge
for writing a bad check.)

Isolation means the transaction isolates the details of the transaction from everyone except the person
making the transaction. Suppose you start a transaction, remove $100 from Alice’s account, and add $100
to Bob’s account. Another person cannot peek at the database while you're in the middle of this process
and see a state where neither Alice nor Bob has the $100. Anyone who looks in the database sees the $100
somewhere, either in Alice’s account before the transaction or in Bob’s account afterwards.

In particular, two transactions operate in isolation and cannot interfere with each other. Suppose one
transaction transfers $100 from Alice to Bob and then a second transaction transfers $100 from Bob to
Cindy. Logically one of these transactions occurs first and finishes before the other starts. For example,
when the second transaction starts, it will not see the $100 missing from Alice’s account unless it is
already in Bob’s account.

Note that the order in which the transactions occur may make a big difference.
Suppose Alice starts with $150, Bob starts with $50, and Cindy starts with $50.

Now suppose the second Bob-to-Cindy transaction occurs first. If the transaction
starts by removing $100 from Bob’s account, Bob is overdrawn, this transaction is
rolled back, we assess Bob a surcharge for being overdrawn, and we try to sell Bob
overdraft protection for the low, low price of only $10 per month. After all of this,
the Alice-to-Bob transaction occurs and we successfully move $100 into Bob’s
account.

13
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In contrast, suppose the Alice-to-Bob transaction occurs first. That transaction
succeeds with no problem so, when the Bob-to-Cindy transaction starts, Bob has
$150 and the second transaction can complete successfully.

The database won’t determine which transaction occurs first, just that each commits
or rolls back before the other starts.

Durability means that once a transaction is committed, it will not disappear later. If the power fails, when
the database restarts, the effects of this transaction will still be there.

The durability requirement relies on the consistency rule. Consistency ensures that the transaction will
not complete if it would leave the database in a state that violates the database’s rules. Durability means
that the database will not later decide that the transaction caused such a state and retroactively remove
the transaction.

Once the transaction is committed, it is final.

A high-end database might provide durability through continuous shadowing.
Every time a database operation occurs, it is shadowed to another system. If the
main system crashes, the shadow database can spring instantly into service.

Other databases provide durability through logs. Every time the database performs
an operation, it writes a record of the operation into the log. Now suppose the
system crashes. When the database restarts, it reloads its last saved data and then
reapplies all of the operations described by the log. This takes longer than
restarting from a shadow database but requires fewer resources so it’'s generally less
expensive.

To provide durability, the database cannot consider the transaction as committed
until its changes are shadowed or recorded in the log so the database will not lose
the changes if it crashes.

Persistence and Backups
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The data must be persistent. It shouldn’t change or disappear by itself. If you can’t trust the database to
keep the data safe, the database is pretty much worthless.

Database products do their best to keep the data safe, and in normal operation you don’t need to do
much to get the benefit of data persistence. When something unusual happens, however, you may need
to take special action and that requires prior planning. For example, suppose the disk drives holding
the database simply break. Or a fire reduces the computer to a smoldering puddle of slag. Or a user
accidentally or intentionally deletes the database. (A user tried that once on a project I was working on.
We were not amused!)

In these extreme cases, the database alone cannot help you. To protect against this sort of trouble, you
need to perform regular backups.
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Physical data containers such as notebooks are generally hard to back up, so they are hard to protect
against damage. If a fire burns up your accounts receivable notebook, you'll have to rely on your cus-
tomers” honesty in paying what they owe you. Though we like customers, I'm not sure most businesses
trust them to that extent.

In theory you could make copies of a notebook and store them in separate locations to protect against
these sorts of accidents, but in practice few businesses (except perhaps money laundering, smuggling,
and other endeavors where it’s handy to show law enforcement officials one set of books and the “share-
holders” another) do.

Computerized databases, however, are relatively easy to back up. If the loss of a little data won’t hurt you
too badly, you can back up the database daily. If fire, a computer virus, or some other accident destroys
the main database, you can reload the backup and be ready to resume operation in an hour or two.

If the database is very volatile or if losing even a little data could cause big problems (how much money
do you think gets traded through the New York Stock Exchange in a busy hour?), then you need a differ-
ent backup strategy. Many higher-end database products allow you to shadow every database operation
as it occurs so you always have a complete copy of everything that happens. If the main database is
destroyed, you can be back in business within minutes. Some database architectures can switch to a
backup database so quickly the users don’t even know it’s happened.

Backup Plans

It’s always best to store backups away from the computer that you're backing up. Then
if a really big accident like a fire occurs and destroys the whole building holding the
database, the backup is still safe.

I've known of several development groups that stored their backups right next to

the computer they were backing up. That guards against some kinds of stupidity (in
the teams I've worked on, about once every 10 person-years or so someone accidentally
deleted a file that we needed to recover from backups) but doesn’t protect against big
accidents.

I've also known of companies that had an official backup plan, but once you submitted
a backup for proper storage it was shipped off site and it took a long time to get it back
if you needed it. A backup doesn’t do much good if you can’t use it!

In a very extreme example, I had a customer who was concerned that backups were
stored only 30 miles from the database. Their thought was that the backups might not
be safe in the event of a volcanic eruption or nuclear explosion.

Exactly how you implement database backups depends on several factors such as how likely you think a
problem will be, how quickly you need to recover from it, and how disastrous it would be to lose some
data and spend time to restore from a backup, but a computerized database gives you a lot more options
than a notebook does.

Good database design can help make backups a bit easier. If you arrange the data so changes occur in

a fairly localized area, you can back up that area fairly often and not waste time backing up data that
changes only rarely.

15
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Low Cost and Extensibility

Ideally the database should be easy to obtain and install, inexpensive, and easily extensible. If you dis-
cover that you need to process a lot more data per day than you had expected, you should be able to
somehow increase the database’s capacity.

Although some database products are quite expensive, most of them have reasonable upgrade paths

so you can buy the least expensive license that will handle your needs, at least in the beginning. For
example, SQL Server, Oracle, and MySQL provide free editions that you can use to get started building
small single-user applications. They also provide more expensive editions that are suitable for very large
applications that have hundreds of users.

Installing a database will never be as easy and inexpensive as buying a new notebook, but it also doesn’t
need to be a time-consuming financial nightmare.

Though expense and capacity are more features of the particular database product than database design,
good design can help with a different kind of extensibility. Suppose you have been using a notebook
database for a while and discover that you need to capture a new kind of information. Perhaps you
decide that you need to track customers’ dining habits so you know what restaurant gift certificate to
give them on special occasions. In this case, it would be nice if you could extend the database design to
hold this extra information.

Good database design can make this kind of extension possible.

Ease of Use

Notebooks and filing cabinets have simple user interfaces so almost anyone can use them effectively.
(Although sometimes even they get messed up pretty badly. Should you file “United States Postal Ser-
vice”” under ““United States?”” ““Postal Service?”” ““Snail Mail?"’)

A computer application’s user interface determines how usable it is by average users. User interface
design is not part of database design, so you may wonder why ease of use is mentioned here.

The first-level users of a database are often programmers and relatively sophisticated database

users who understand how to navigate through a database. A good database design makes the
database much more accessible to those users. Just by looking at the names of the tables, fields, and
other database entities that organize the data, this type of user should be able to figure out how
different pieces of data go together and how to use them to retrieve the data they need. If those
sophisticated users can easily understand the database, they can build better user interfaces for the less
advanced users.

Portability

A computerized database allows for a portability that is even more powerful than the portability of a
notebook. It allows you to access the data from anywhere you have access to the Web without actually
moving the physical database. You can access the database from just about anywhere while the data itself
remains safely at home, far from the dangers of pickpockets, being dropped in a puddle, and getting
forgotten on the bus.

16
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In fact, the new kind of portability may be a little too easy. Though someone in the seat behind you on
the airplane can’t peek over your shoulder to read a computerized data the way he can a notebook (well,
he can if you're using your laptop), a hacker located on the other side of the planet may try to sneak into
your database and rifle through your customer data while you're asleep.

This leads to the next topic, security.

Security

A notebook is relatively easy to lose or steal but a highly portable database can be even easier to com-
promise. If you can access your database from all over the world, then so can cyber-banditos and other
ne’er-do-wells.

Locking down your database is mostly a security issue that you should address by using your network’s
and database’s security tools. However, there are some design techniques that you can use to make
securing the database easier.

Information Theft

There have been a number of spectacular stories of lost or stolen laptops, hard drives,
disks, and other media potentially exposing confidential information to bad guys.

QO  OnJanuary 22, 2005, a University of Northern Colorado hard drive con-
taining personal information about 30,000 current and former University
employees was apparently stolen.

QO  On December 22, 2005, a Ford Motor Company computer was stolen con-
taining the names and Social Security Numbers of 70,000 current and former
employees. Just three days later, on December 25, 2005, an Ameriprise Finan-
cial Inc. laptop containing sensitive information about 260,000 customers was
stolen (the laptop was later recovered).

QO  OnJune 1, 2006, a laptop containing information about 243,000 Hotel . com
customers was stolen.

QO  OnJanuary 13, 2007, a North Carolina Department of Revenue computer
containing tax information from 30,000 taxpayers was stolen.

0O  OnJanuary 24, 2008, a Fallon Community Health Plan computer containing
confidential information about 30,000 patients was stolen.

O  Finally, in possibly the biggest data loss to date, on May 3, 2006, a U.S.
Department of Veterans Affairs laptop containing information about 28.6
million veterans and active duty personnel was stolen.

I don’t mean to single these victims out. This is a big issue and hundreds if not
thousands of companies around the world have suffered similar data exposure.
The Privacy Rights Clearinghouse Web page, “A Chronology of Data Breaches” at
www .privacyrights.org/ar/ChronDataBreaches.htm, lists incidents totaling more
than 230 million exposed records in the United States alone since the site began
tracking incidents in 2005.
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If you separate the data into categories that different types of users need to manipulate, you can grant
different levels of permission to the different kinds of users. Giving users access to only the data they
absolutely need not only reduces the chance of a legitimate user doing something stupid or improper,
but it also decreases the chance that an attacker can pose as that user and do something malicious. Even
if Clueless Carl won’t mistreat your data intentionally, an online mugger might be able to guess Carl’s
password (which naturally is ““Carl”) and try to wreak havoc. If Carl doesn’t have permission to trash
the accounting data, neither does the mugger.

Yet another novel aspect to database security is the fact that users can access the database remotely
without actually holding a copy of the database locally. You can use your palmtop computer to access a
database without storing the data on your computer. That means if you do somehow lose your computer,
the data may still be safe on the database’s computer.

This is more an application architecture issue than a database design issue (don’t store the data locally
on laptops) but using a database design that restricts users” access to what they really need to know
can help.

Sharing
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It’s not easy to share a notebook or envelope full of business cards among a lot of people. No two
people can really use a notebook at the same time and there’s some overhead in shipping the notebook
back and forth among users. Taking time to walk across the room a dozen times a day would be
annoying; express mailing a notebook across the country every day would be just plain

silly.

Modern networks can let hundreds or even thousands of users access the same database at the same time
from locations scattered across the globe. Though this is largely an exercise in networking and the tools
provided by a particular database product, some design issues come into play.

If you compartmentalize the data into categories that different types of users need to use as described in
the previous section, this not only helps with security but it also helps reduce the amount of data that
needs to be shipped across the network.

Breaking the data into reasonable pieces can also help coordinate among multiple users. When

your coworker in London starts editing a customer’s record, that record must be locked so other
users can’t sneak in and mess things up before the edit is finished. Grouping the data appropriately lets
you lock the smallest amount of data possible so more data is available for other users

to edit.

Careful design can allow the database to perform some calculations and ship only the results to your
boss who's working hard on the beaches of Hawaii instead of shipping the whole database out there and
making the user’s computer do all of the work.

Good application design is also important. Even after you prepare the database for efficient use, the
application still needs to use it properly. But without a good database design, these techniques aren’t
possible.
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Ability to Perform Complex Calculations

Compared to the human brain, computers are idiots. It takes seriously powerful hardware and
frighteningly sophisticated algorithms to perform tasks that you take for granted such as recognizing
faces, speaker-independent speech recognition, and handwriting recognition (although neither the
human brain nor computers have yet deciphered doctors” prescriptions). The human brain is also
self-programming, so it can learn new tasks flexibly and relatively quickly.

Though a computer lacks the adaptability of the human brain, it is great at performing a series of
well-defined tasks quickly, repeatedly, and reliably. A computer doesn’t get bored, let its attention wan-
der, and make simple arithmetic mistakes (unless it suffers from the infamous Pentium FDIV bug, the
f00f bug, the Cyrix coma bug, or a few others). The point is, if the underlying hardware and software
works correctly, the computer can perform the same tasks again and again millions of times per second
without making mistakes.

When it comes to balancing checkbooks, searching for accounts with balances less than zero, and per-
forming a host of other number-crunching tasks, the computer is much faster and less error-prone than a
human brain.

The computer is naturally faster at these sorts of calculations, but even its blazing speed won’t help you

if your database is poorly designed. A good design can make the difference between finding the data you
need in seconds rather than hours, days, or not at all.

Consequences of Good and Bad Design

The following table summarizes how good and bad design can affect the features described in the previ-

ous sections.

Feature Good Design Bad Design
CRUD You can find the data You find the data you need either very slowly
you need quickly and or not at all. You can enter inconsistent data or
easily. The database modify and delete data to make the result
prevents inconsistent inconsistent. (Your products ship to the wrong
changes. address or the wrong person.)
Retrieval You can find the correct You cannot find the data you need quickly.
data quickly and easily. (Your customer waits on hold for 45 minutes to
get a simple account balance.)
Consistency All parts of the Different pieces of information hold
database agree on contradictory data. (A customer’s bills are sent
common facts. to one address but late payment notices are sent
to another.)
Validity Fields contain valid Fields contain gibberish. (Your company’s
data. address has the State value ““Confusion.”
Although if the database does hold that value,
it’s probably correct on some level.)
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Feature

Good Design

Bad Design

Error Correction

Speed

Atomic
Transactions

Persistence and
Backups

Low Cost and
Extensibility

Ease of Use

Portability

Security

Sharing

Complex
Calculations

It’s easy to update
incorrect data.

You can quickly find
customers by name,
account number, or
phone number.

Related transactions
either all happen or all
don’t happen.

You can recover from
computer failure. The
data is safe.

You can move to a
bigger database when
your need grows.

The database design is
clear so developers
understand it and build
a great user interface.

The design allows
different users to
download relevant data
quickly and easily.

Users have access to the
data they need and
nothing else.

Users can manipulate
the data they need.

Users can easily
perform complex
analysis to support
their jobs.

Simple and large-scale changes never happen.
(Thousands of your customers’ bills are
returned to you because their ZIP Code
changed and the database didn’t get updated.)

You can only find a customer’s record if he
knows his 37-digit account number. Searching
by name takes half an hour.

Related transactions may occur partially. (Alice
loses $100 but Bob doesn’t receive it. Prepare
for customer complaints.)

Recovering lost data is slow and painful or
even impossible. (You lose all of the orders
placed in the last week!)

You're stuck on a small-scale database. (When
your Web site starts getting hundreds of orders
per second, the database cannot keep up and
you lose thousands per day. Don’t we all wish
we had this problem!)

The database design is confusing so the
developers produce an “anthill”

program — confusing and buggy. (I've worked
on projects like that and it’s no picnic!)

Users must download much more data than
they need, slowing performance and giving
them access to sensitive data (such as the
Corporate Mission Statement, which proves
management has no clue.)

Hackers and disgruntled employees have
access to everything.

Users lock data they don’t really need and get
in each others” way, slowing them down.

Poor design makes calculations take far longer
than necessary. (I worked on a project where a
simple change to a data model could force a
20-minute recalculation.)
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Summary

This chapter explained the important position that database design plays in application development.
If the database design doesn’t provide a solid foundation for the rest of the project to build upon, the
application as a whole will fail.

This chapter then described physical data containers that can behave as databases. It discussed the
strengths and weaknesses of those objects and explained how a computerized database can provide

the strengths while avoiding the weaknesses.

In this chapter you learned that a good database provides:

(]

CRUD

Retrieval

Consistency

Validity

Easy error correction
Speed

Atomic transactions
ACID

Persistence and backups
Low cost and extensibility
Ease of use

Portability

Security

Sharing

I T L T I T I N

Ability to perform complex calculations

This chapter used physical objects such as notebooks and filing cabinets to study database goals and
potential problems. These physical systems meet some but not all of the database goals fairly effectively.

The next chapter describes several different kinds of computerized databases. It explains which goals
each type of database meets and which it does not.

Though this book focuses mostly on relational databases, some of these other kinds of databases are
simpler and useful enough for some applications.

Before you move on, however, take a look at the following exercises and test your knowledge of database
design goals described in this chapter. You can find the solutions to these exercises in Appendix A.
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Exercises

22

1.

w

Compare this book to a database (assuming you don’t just use it as a notebook, scribbling in
the margins). What features does it provide? What features are missing?

Describe two features that this book provides to help you look for particular pieces of data
in different ways.

What does CRUD stand for? What do the terms mean?

How does a chalkboard implement the CRUD methods? How does a chalkboard’s database
features compare to those of this book?

Consider a recipe file that uses a single index card for each recipe with the cards stored
alphabetically. How does that database’s features compare to those of a book?

What does ACID stand for? What do the terms mean?

Suppose Alice, Bob, and Cindy all have account balances of $100 and the database does
not allow an account’s balance to ever drop below zero. Now consider three transactions:
1) Alice transfers $125 to Bob, 2) Bob transfers $150 to Cindy, and 3) Cindy transfers $25 to
Alice and $50 to Bob. In what order(s) can the transactions be executed successfully?

Explain how a central database can protect your confidential data.



Database Types

Recall the question posed at the beginning of Chapter 1: What is a database? The answer given
there was:

A database is a tool that stores data, and lets you create, read, update, and delete the
data in some manner.

This broad definition allows you to consider all sorts of odd things as databases including note-
books, filing cabinets, and your brain. If you're flexible about what you consider data, this definition
includes even stranger objects such as a chess set (which stores board positions) or a parking lot
(which stores car types and positions, although it might be hard for you to update any given car’s
position without the owner’s consent).

This chapter moves into the realm of computerized databases. Relational databases are by far the
most commonly used computerized databases today and most of this book (and other database
books) focus on them, but it’s still worth taking some time first to learn a bit about other kinds

of computerized databases that are available. Relational databases are extremely useful in a huge
number of situations but they’re not the only game in town. Sometimes a different kind of database
may make more sense for your particular problem.

Before you start frantically throwing tables together, building indexes, and normalizing everything
in sight, it’s worth taking some time to study some of the other kinds of databases that are available.

This chapter describes different types of databases including flat files, spreadsheets, hierarchical
databases (XML), object databases, and relational databases. Relational databases are the most
common of these, but this chapter describes the others and gives some tips on deciding whether
one of the others would be more appropriate.

In this chapter, you learn:

O  What kinds of databases are most common.
Q  The strengths and weaknesses of these database types.
Q  How to decide which kind of database to use.
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Why Bother?

There’s an expression, ““If all you have is a hammer, everything looks like a nail.”” If the only kind of
database you understand is the relational database, you'll probably try to hammer every kind of data
into a relational database, and that can sometimes lead to trouble.

Comparing Database Types

I once worked on a fairly large database application with around 40 developers and
more than 120,000 lines of code. The program loaded some fairly large relational
databases and used their data to build huge tree-like structures. Those structures
allowed sales representatives to design and modify extremely complicated projects
for customers involving tens of thousands of line items.

The data was naturally hierarchical but was stored in relational databases, so the pro-
gram was forced to spend a long time loading each data set. Many projects took 5 to 20
minutes to load. When the user made even a simple change to the data, the program’s
design required it to recalculate parts of the tree and then save the changes back into
the database, a process that took another 5 to 30 minutes depending on the complex-
ity of the model. The program was so slow that the users couldn’t perform the kinds
of experiments they really needed to optimize the projects they were building. You
couldn’t quickly see the effects of tweaking a couple of numbers here and there.

To make matters worse, loading and saving all of that hierarchical data in a relational
database required tens of thousands of lines of moderately tricky code that was hard to
debug and maintain.

At one point, I did a quick experiment to see what would happen if the data were stored
in an XML database, a database that naturally stores hierarchical data. My test program
was able to load and save data sets containing 20,000 items in three or four seconds.

At this point, the project was too big and the design too entrenched to make such a
fundamental change. (After that, political pressure within the company pulled the
project in too many directions and it eventually shredded like a tissue in a tug-of-war.)

The lesson is clear: before you spend a lot of time building the ultimate relational database and piling
thousands of lines of code on top of it, make sure that’s really the kind of database you need. Had this
project started with an XML database, it probably would have had a simpler, more natural design with
much less code and would probably have lasted for many years to come.

The following sections describe some of the most commonly used database types. They are listed more
or less in order of increasing complexity, although it is possible to create very complicated flat files or
relatively simple hierarchical databases.

Flat Files
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Flat files are simply files containing text. Nothing fancy. No bold, italic, diferent fout facee, or other special
font tricks. Just text.
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You can add structure to these files, for example by separating values with commas or using indentation
to show structure, but the basic file is just a pile of characters. Some structured variations such as INI files
and XML files are described later in this chapter.

Text files provide no special features. Flat files don’t help you search for data and don’t provide
aggregate functions such as total, average, and minimum. Writing code to perform any one of those
kinds of searches is fairly easy, but it’s extra work and providing flexible ad hoc search capabilities
is hard.

Programs cannot modify flat files in general ways. For example, you may be able to truncate a file, add
data to the end, or change specific characters within the file, but you cannot insert or delete data in the
middle of the file. Instead you must rewrite the entire file to make those sorts of changes.

Though flat files don’t provide many services, don’t scoff at their use. They are extremely simple and
easy to understand, so they are a good choice for some kinds of data. You can open a flat file in any text
editor and make changes without needing to write a complex user interface.

If a piece of data is relatively simple and seldom changes, a flat file may be an effective, simple way to
store the data. For example, a flat file is a fine place to store a message of the day. Each day you can type
in one of your favorite obscure quotes for a program to display when it starts. (""The next thing to saying
a good thing yourself, is to quote one.” —Ralph Waldo Emerson.)

Flat files are also good places to store configuration settings. A configuration file lists a series of named
values that a program can read when it needs them. Often a program loads its configuration information
when it starts and doesn’t look at the configuration file again.

Lately some programming environments such as Microsoft’s Visual Studio have started saving configu-
ration information in XML files instead of flat files. This lets the application store values in a hierarchical
arrangement. The section XML’ later in this chapter has more to say about XML.

Flat files work well if:

Values are fairly small and simple.
Values don’t change too often.
You want to be able to change values with a simple text editor.

You want to be able to distribute settings by copying files to new locations.

U0 U0 o

You want to keep a simple historical list of previous values, such as a list of previous daily
memos or welcome messages.

(]

You want to use tools to quickly compare two files.
Flat files don’t work well if:

You need to perform complex searches through the values.
Values change often.

You don’t want others to be able to view and modify the values easily.

U 00 U

The values are hierarchical.
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Two particularly common places to store configuration information are INI files and the Windows system
registry. The following sections describe these two approaches.

INI Files

One common type of flat file database is the INI file (INI stands for ““initialization”). An INI file contains
section names surrounded by square brackets. Each section can hold any number of setting names and
values separated by an equal sign. For example, the following INI file contains configuration values for a
fictitious application named RBP (Really Big Project):

[WebSites]
VbTips=http://www.vb-helper.com/whats_new.html
Quote=http://www.quotationspage.com/gotd.html
AstroPicture=http://antwrp.gsfc.nasa.gov/apod/
Comic=http://www.userfriendly.org/

[Directories]

Image=C:\RBP Project\Pictures
Text=C:\RBP Project\Documents
Data=C:\RBP Project\DB

The file’s first section is called WebsSites. It contains four values named VbTips, Quote, AstroPicture,
and Comic that contain URLs leading to Web sites that the application might use. (These pages are my
Web site’s “what’s new”” page, a quote-of-the-day page, the astronomy picture-of-the-day site, and the
User Friendly daily comic strip page.)

The file’s second section is named Directories. It contains three directory paths that the program can
use to locate different kinds of files.

When the RBP application starts, it opens this INI file, reads these values into variables, and uses those
variables as it runs.

Later, if you need to change any of these settings, you can simply edit the INI file. For example, suppose
your data files fill your 250GB C drive. Rather than replacing your C drive with a slightly bigger drive and
filling it up in the next few weeks, you decide to add a new G drive that holds 10 petabytes (a petabyte
is 1 million gigabytes so this should last you for a while) and move only your data files to that drive. To
make the program use the new directory, you only need to change the value of the Directories section’s
Data setting to:

Data=G:\RBP Project\Data

Some applications store more volatile settings such as the MRU (Most Recently Used) file list in the File
menu. That works if users have separate INI files but doesn’t work if they all share the same INI file.
To handle both common and individual settings, some programs use one INI file in a shared location
to hold shared values and then other INI files in user-specific locations (for example, in each user’s My
Documents folder) for their personal settings.

Windows System Registry
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The Windows system registry is actually not a flat file, although many applications use it as if it were
one. The registry is a hierarchical database that holds configuration information for the operating system



Chapter 2: Database Types

and many of the programs installed on the system. It contains information such as the locations of key
executable programs and libraries.

The registry is extremely important to the operating system and if you mess it up you could seriously
confuse the system. You can even make it unbootable, so it doesn’t pay to fool around in there casually.
However, some programming languages have tools that make using certain parts of the registry reason-
ably easy and safe. If you stick to those tools and don’t get carried away, you should be able to store
values with little risk of a serious meltdown.

The root of the registry contains several hives (that’s what Microsoft calls the areas in the registry) that
define branches for the local computer, users in general, and the current user. Those branches provide
places for you to store both global and user-specific settings.

Many applications store shared settings in the HKEY_LOCAL_MACHINE\SOFTWARE branch of the registry. For
example, the RBP application mentioned in the previous section might store its Text directory setting at
the registry path HKEY_LOCAL_MACHINE\SOFTWARE\RBP\Directories\Text.

The registry automatically builds a separate HKEY_CURRENT_USER hive for each user so many applications
store user-specific information there. The GBP application might store a user’s color preferences so users
who are color-deficient (color-blind) can adjust the colors so they are easy to see. The program can store
the color settings in the HKEY_CURRENT_USER\Software\GBP\Colors area so different users see a different
set of values.

Although if you provide this feature, some of the users will spend time fiddling with the colors to match
their moods each day. Sooner or later, someone will set his foreground and background colors to black
just to see what will happen. He won’t be able to see anything and you’ll have to fix it. (I knew someone
who did this intentionally to her Windows system colors just to see what would happen. It took her most
of a day to recover. Curiosity may not kill the programmer but it can sure make things interesting.)

The registry is hierarchical and you can build branches within other branches, but it really isn’t intended
for constructing elaborate data hierarchies. It also isn’t intended for storing huge amounts of data or data
that changes very frequently. It’s a good place to store user-specific configuration information such as
MRU lists that might change a few times per day, but it’s not a good place to store customer orders and
minute-to-minute stock prices.

Relational Databases

This book is mostly about relational databases. Chapter 3 provides an introduction to relational
databases. This chapter needs to describe them in enough detail for you to decide whether they’re the
right choice for you.

Without getting into too much detail (I don’t want to spoil the next chapter’s surprise), a relational
database contains tables that hold rows and columns. Each row holds related data about a particular
entity (person, vehicle, sandwich, or whatever). Each column represents a piece of data about that entity
(name, street address, number of pickles, and so forth).

Sometimes a piece of data naturally has more than one value. For example, a single customer might place

lots of orders. To make it easy to add multiple values, those values are stored in a separate table linked
to the first by some value that the corresponding records share.
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For example, suppose you build a relational database to track your favorite street luge racers. The Racers
table stores information about individual racers. Each row corresponds to a particular racer. The columns
represent basic information for a racer such as name, age, height, weight, and so forth. A very important
column stores each racer’s ID number.

Over time, each racer will have lots of race results (although there will probably be lots of blank spots for
bale chuckers — see www.skateluge.com/lugetalk.htm). You store race results in a separate RaceRe-
sults table. Each row records the final standings for a single racer in a single race. The columns record the
racer’s ID number, the race’s name and date, the racer’s finishing position, and the points that position is
worth for overall ranking.

To find all of the finishing positions and points for a particular racer, you look up the racer’s row in the
Racers table, find the racer’s ID number, and then find all of the rows in the RaceResults table that have
this racer ID.

Figure 2-1 shows this simple database design. (No, this is not a finished design nor a very good one. It’s
just a start to give you the flavor of a relational database. Let’s not get ahead of ourselves!)

Racers Table
RacerName Nationality Racerld
Michael Serek Austria 1
Chris McBride United States 2
Sebastien Tournissac France 3
RaceResults Table
RaceName Division Dates Racerld FinishingPosition Points

Go Fast Speed Pro Classic 9/1/2007- 1 450.0024
Days Luge Mass 9/2/2007
Rock and Roll Pro Classic 7/27/2007- 1 450.0024

Luge Mass 7/28/2007
Almabtrieb Pro Classic 7/11/2007- 6 403.3633
World Luge Mass 7/14/2007
Championships
Almabtrieb Pro Classic 7/11/2007- 24 321.1366
World Luge Mass 7/14/2007
Championships
Almabtrieb Pro Classic 7/11/2007- 2 432.6154
World Luge Mass 7/14/2007
Championships
Go Fast Speed Pro Classic 9/1/2007- 2 432.6154
Days Luge Mass 9/2/2007
Go Fast Speed Pro Classic 9/1/2007- 3 424.3687
Days Luge Mass 9/2/2007
Top Challenge Pro Street Luge | 8/25/2007- 13 0

Mass 8/26/2007

Figure 2-1
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Relational databases have been around for a long time. (Edgar Codd started laying the foundations
in 1970.) They are the most commonly used kind of database today and have been for years, so a lot
of very powerful companies have spent a huge amount of time building them. All of that means that
relational databases have been thoroughly studied and have evolved over time to the point where they
are quite useful and effective.

Relational databases provide a number of features that make working with databases such as the street
luge database easier. Some of the features they provide include:

a

Q

Data types: Each column has a particular data type (text, numeric, date, and so forth) and the
database will not allow values of other types in a column.

Basic constraints: The database can enforce constraints such as requiring that a luge racer’s top
speed be between 50 and 250mph (no one with a top speed less than 50 is worth recording) or it
can require certain fields.

Referential integrity: The database can prevent you from adding a RaceResults record for a
racer who doesn’t exist in the Racers table. Similarly, the database can prevent you from mod-
ifying a racer’s ID if that would leave rows in the RaceResults table with invalid racer IDs, and it
could prevent you from modifying a RaceResults row’s racer ID to an invalid value.

Cascading deletes and updates: If you delete a racer from the Racers table, the database can
automatically delete all of that racer’s RaceResults records. Similarly if you change a racer’s ID
number, the database can update the ID numbers in that racer’s RaceResults records.

Joins: The database can quickly gather related records from different tables. For example, it can
easily list every racer with his or her corresponding finishing positions sorted alphabetically and
by race date.

Complex queries: Relational databases support all sorts of interesting query and aggregation
functions such as SUM, AVG, MIN, COUNT, STDEV, and GROUP BY.

Relational databases work well if:

You need to perform complicated queries and joins among different tables.
You need to perform data validations such as verifying that related rows in other tables exist.

You need to allow for any number of values for a particular piece of data (for example, race fin-
ishing positions).

You want to be able to flexibly build new queries that you didn’t plan when you started design-
ing the project.

Relational databases don’t work well if:

Q

You need to use a special data topology to perform the application’s main function. For example,
you can beat a hierarchy or network with a brick until it fits in a relational database but you may
get better performance using a more specialized type of database.

Unless you have special needs, relational databases are usually an excellent choice. Hence the need for
this book!
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Some of the later sections in this chapter discuss variations on relational databases or other kinds of
databases that provide relational features.

Spreadsheets

Spreadsheets display rows and columns of data. They allow the user to create formulas that depend on
other data in the spreadsheet, make charts and graphs to visualize the data, print the data, and import
and export the data in text and other formats. A spreadsheet may also support relatively sophisticated
analysis tools such as statistical functions and iterated solution finding (basically making a bunch of
guesses to see which ones work best).

Spreadsheets allow you to easily update some or all of the data and they automatically recalculate values
that depend on the data you change.

Because many users understand spreadsheets and are comfortable with them, they can perform some of
their own analysis, so you may be able to avoid some work generating a zillion different kinds of output.

In most of the larger projects I've worked on, we tried to build in ad hoc query tools so the users could
define their own reports. That not only lets you save all the time you would have spent building dozens
of reports yourself (one application had more than 100 reports), but it also keeps the users busy so they
have less time to dream up gratuitous feature change requests while you're trying to implement the basic
functionality.

If these are the sorts of things you need to do with your data, using a spreadsheet may save you a lot of
time and trouble building a more complicated database.

However, spreadsheets don’t support complex queries. They also don’t automatically check the data’s
integrity, so it’s easy for you to enter incorrect or inconsistent values.

Some spreadsheets allow you to write scripting code that can add a lot of features such as integrity
checks and complex analysis that isn’t provided by the spreadsheet itself. If you're going to go to all that
trouble, however, you may as well admit that you need more than the spreadsheet was intended to do
and consider using a more powerful database such as a relational database.

Many applications provide spreadsheet data as a form of output. They store their data in a relational or
other kind of database and then dump results into a spreadsheet format for users to manipulate.

Spreadsheets work well if:

Q  The data fits naturally in a simple tabular format.

O Youneed to visualize the data in charts and graphs.
0  The end users are comfortable with spreadsheets.
Q

The end users want to be able to experiment with the data on their own.
Spreadsheets don’t work well if:

0O Youneed complex relationships among the values on different worksheets.

O Youneed to perform complex calculations that a spreadsheet cannot easily handle.
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O Youneed data validation.
0  Youneed to perform complex queries.

O Youneed to update large amounts of data automatically.

Hierarchical Databases

Hierarchical data includes values that are naturally arranged in a tree-like structure. One piece of data
somehow logically contains or includes other pieces of data.

Files on a disk drive are typically arranged in a hierarchy. The disk’s root directory logically contains

everything in the file system. Inside the root are files and directories or folders that break the disk into
(hopefully) useful categories. Those folders may contain files and other folders that further refine the

groupings.

The following listing shows a tiny part of the folders that make up a file system. It doesn’t list the many
files that would be in each of these folders.

C:\
Documents and Settings
Administrator
All Users
Ben Grim
Groo
Rod
Temp
Art
Astro
Windows
Config
Cursors
Debug
system
system32
1025
1031
1040 short form
1099 int

The disk’s root directory is called c:\. It contains the Documents and Settings, Temp, and Windows direc-
tories. Documents and Settings contains folders for the administrator and all users in general, in addition
to folders for the system’s other users.

The Temp directory contains temporary files. It contains Art and Astro folders that hold temporary files
used for specific purposes.

The windows directory contains various operating systems files that you should generally not mess with.

If your file system is designed logically, you should be able to tell from a file’s position in the hier-
archy what its purpose is. If you found the file iss_sts122.jpg in the folder C:\Temp\Astro, you
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could guess that this was a temporary astronomy image. (If you know your astronomy, you might also
guess that it is a picture of the International Space Station taken on Space Shuttle mission TST-122. See
antwrp.gsfc.nasa.gov/apod/image/0803/iss_stsl22.3pg.)

Many other kinds of data can also be arranged hierarchically. Figure 2-2 shows a business organization
chart that is arranged hierarchically. The lines indicate which people report to which others.

Board of Directors

President/CEQ

|
clo | Vice President, Administration | CFO

Vice President, Vice President, |:| Advertising, Marketing,
Information Services Networks and Grossworks Human Resources and Spam

Vice President, Robotic Resources

Digital Assets and Paranoia

Vice President, |:| Vice President,
Resource Management Internal Auditing Perks and Boondoggles

|General Accounting] [Colonel Accounting|

Figure 2-2

Figure 2-3 shows the same information in a slightly different format. This version is arranged more
vertically in a way similar to that used by Windows Explorer to show a disk’s file system.

In a pipe system, typically big pipes feed into smaller ones to form a hierarchy. Water flows from a
treatment plant to large distribution pipes that break into smaller and smaller pipes that eventually feed
into houses, bookstores, and coffee houses.

Similarly, electricity flows from a power plant across high-voltage long-distance transmission lines at a
few hundred thousand volts (there’s less power loss at higher voltages). Next a transformer lowers the
voltage to 13,800 or so volts for more local transport. Some is used by factories and large businesses. The
rest moves through more transformers that reduce the voltage to 110 or 220 volts (in the United States
anyway) for use by your latte machine and desktop computer. (It doesn’t even stop there. Your computer
again reduces the voltage to 5volts or so to power your USB plasma ball and missile launcher with Web
camera.)

Some other examples of data that you can arrange hierarchically include a family tree tracing your ances-
tors back in time (two parents, who each have two parents, who each have two parents, and so forth), the
parts of any complicated object (a computer has a keyboard, mouse, screen, and system box; the system
box includes a fan, power supply, peripherals, and a motherboard; the motherboard includes a chip, heat
sink, memory, and so forth), and order tracking information (customers have orders; orders have basic
information such as dates and addresses, in addition to order items and possibly sub-orders; order items
have an inventory item and quantity; inventory item has description, part number, price, and in some
applications sub-items).
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Board of Directors

President/CEQ

Clo

Vice President, Information Services|

Vice President, Digital Assets and Paranoia|

Vice President, Networks and Grossworks |

—| Vice President, Administration |

Human Resources
Robotic Resources

Advertising, Marketing, and Spam

CFO

—| Vice President, Resource Management

General Accounting
Colonel Accounting
Internal Auditing

—| Vice President, Perks and Boondoggles |

Figure 2-3

You can even think of the information in this book hierarchically. (It's made of chapters that contain
paragraphs and sections; sections contain paragraphs and sub-sections; paragraphs contain sentences,
which contain words, which contain characters.)

A hierarchical database stores these kinds of data in a way that makes it relatively easy to manipu-
late the data hierarchically. For example, it may be easy to add a new branch to the tree of data at a
particular point. It may be easy to enumerate the ““children” of a particular location in the tree. Or it
may be easy to search the “ancestors” or “descendants” of a particular piece of data. (For example, in
an organizational chart, you might want to list every employee in the Human Resources part of the
hierarchy.)

At the same time, a hierarchical database may not support other operations as well as hierarchical opera-
tions. For example, it may be hard to search for every employee who filled in more than 60 hours on last
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week’s timesheet (so you can buy these people cots to put in their offices so they can work even more).
If this is a common search, a relational database could use an index to find these employees very quickly.
A straightforward hierarchical database would need to examine every employee’s data individually.

Hierarchical databases work well if:

QO  The data is naturally hierarchical.

O Youneed to perform operations that take advantage of the hierarchical structure.
Hierarchical databases don’t work well if:

0  The data is not naturally hierarchical.
0 Youneed to perform complex calculations or searches that do not use the hierarchical structure.
O Youneed complex data validation.

0O Youneed to update large amounts of data automatically.

In the past few years, the XML hierarchical data format has come into widespread use. XML is not actu-
ally a database; it’s just a text-based method for storing hierarchical data. Although XML is not a database
by itself, it’s useful and common enough to deserve more in-depth coverage, so the following section
provides a brief introduction to XML.

XML

XML (eXtensible Markup Language) is a language for storing hierarchical data. XML itself doesn’t pro-
vide any tools for building, searching, updating, validating, or otherwise manipulating data and anyone
who tells you otherwise is trying to sell you something.

However, XML is a fairly useful format for storing, transferring, and retrieving hierarchical data, and

there are several common tools that can make working with XML files easy. This book doesn’t explain
everything there is to know about XML files. The following sections just provide an overview of XML
to help you recognize when an XML database might be a better choice than other kinds of databases.

Several other books cover XML in excruciating detail.

XML Basics

An XML file is a relatively simple text file that uses special tokens to define a structure for the data that it
contains. People often compare XML to the Web language HTML (HyperText Markup Language) because
both use tokens surrounded by pointy brackets, but the two languages have several large differences.

One major difference between XML and HTML is that XML is extensible (the X isn’t part of the name
just to sound edgy and cool). HTML commands are predefined by the language specification and if you
try to invent new ones it’s unlikely that a typical browser will know what to do with them. In contrast,
XML defines some syntax and options but you get to make up the tokens that contain the data as you
go along. All you need to do is start using a token surrounded by pointy brackets. You follow the token
by whatever data it should contain and finish with a closing token that is the same as the opening token
except it starts with a slash.
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For example, the following text shows a single XML token called Name with value Rod Stephens:

<Name>Rod Stephens</Name>

Programs that read XML ignore whitespace (non-printing characters such as spaces, tabs, and carriage
returns) so you can use them to make the data more readable. For example, you can use carriage returns
and tabs to indent the data and show the hierarchical structure.

You can make new tokens at any time. For example, the following code shows a Person element that
includes three fields called FirstName, LastName, and NetWorth. The text uses carriage returns and
indentation to make the data easy to read:

<Person>
<FirstName>Rod</FirstName>
<LastName>Stephens</LastName>
<NetWorth>$16.32</NetWorth>
</Person>

A second important way in which XML and HTML differ is that XML is much stricter about properly
nesting and closing opened tokens. For example, the HTML <P> command tells a browser to start a new
paragraph. Because this command cannot contain any text, there’s no need to end it with a closing </p>
token. The browser just assumes that the <p> token immediately ends with a corresponding </p> tag.
Similarly, a browser assumes an immediate closing tag for a horizontal rule <HR> element, and assumes a
closing tag for a list item element <LI> when it encounters another <LI> element or a list ending tag such
as </O0L> or </UL>.

In XML every opening token must have a corresponding closing token. (However, XML does allow you
to use a shorthand syntax for tokens that immediately open and then close. Just put a slash before the
closing pointy bracket as in <Closed />.)

XML requires that elements be properly nested. One element may completely contain another, but they
may not overlap so one contains only part of another.

For example, the following text includes a FirstName element. While that element is open, the text defines
a LastName element but the FirstName element closes before the LastName element does. (The indentation
makes the overlap easier to see.) This violates XML’s nesting rules, so this is not a properly formed piece
of XML:

<Person>
<FirstName>Rod
<LastName>Stephens
</FirstName>
</LastName>
<NetWorth>$16.32</NetWorth>
</Person>

An XML file can define attributes for an element. For example, in the following XML code, the Person
element has an attribute named profession with value Dilettante:

<Person Profession="Dilettante">
<FirstName>Rod</FirstName>
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<LastName>Stephens</LastName>
<NetWorth>$16.32</NetWorth>
</Person>

You can enclose a comment in an XML file by starting it with the characters <! -- and ending it with the
characters -->. For example, the following XML code adds a comment to the previous code:

<!-- The book's author -->
<Person Profession="Dilettante">
<FirstName>Rod</FirstName>
<LastName>Stephens</LastName>
<NetWorth>$16.32</NetWorth>
</Person>

The final XML rule covered here is that the file must have a single root element that contains all other
elements. This makes the file an absolutely pure, true hierarchy of data. Actually, the file can also begin
with an optional XML declaration that gives the XML version.

The following text shows a slightly more elaborate XML file:

<?xml version="1.0" encoding="UTF-8"?>
<ClassSchedule>
<Class Name="Ascension for Beginners" Room="Atrium">
<!-- Note: Requires Falling 101. -->
<Instructor>Peter Parker</Instructor>
<Students>
<Student>
<FirstName>Ben</FirstName>
<LastName>Breaker</LastName>
</Student>
<Student>
<FirstName>Carla</FirstName>
<LastName>Crash</LastName>
</Student>
<Student>
<FirstName>Dirk</FirstName>
<LastName>Drop</LastName>
</Student>
</Students>
</Class>

<Class Name="Advanced Pyrotechnics" Room="Field 3">
<!-- Note: Requires fire-retardant suit. -->
<Instructor>Johnny Storm</Instructor>
<Fees Materials="$45" />
<Students>
<Student>
<FirstName>Erica</FirstName>
<LastName>Enflame</LastName>
</Student>
<Student>
<FirstName>Frank</FirstName>
<LastName>Flammable</LastName>
<NickName>Flamb&#xE9; </NickName>
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</Student>
</Students>
</Class>
</ClassSchedule>

This file begins with an XML declaration indicating that it uses XML version 1.0 and the UTF-8 character
encoding. It then starts a ClassSchedule element that holds all of the document’s other content.

The ClassSchedule element contains two Class elements. Those elements have Name and Room attributes
that give the class’s name and location.

The Class elements contain Instructor and Fees elements that define basic information about the
classes. Each also includes a Students element that contains information about all of the students enrolled
in the class. The detailed student information is contained in Student elements that hold FirstName and
LastName elements.

Note that the elements need not contain exactly the same kinds of content. For example, the second class
contains a Fees element but the first does not. Similarly, the final Student element contains a NickName
element but none of the other student elements do. (The text &#xE9; in that value makes the NickName
data include the character with Unicode hexadecimal value E9. That’s the character ““¢”” with an acute
accent: é.)

Because you can make up XML elements as you go along, they allow more flexibility than some other
kinds of databases. A relational database, for example, defines exactly what fields are contained in every
record in a table. In an XML file, you can add new elements at any point in the file. The XML file’s
elements provide self-documenting names (if you give your elements reasonable names and not just
“e1” and “N32”). This kind of flexible, self-describing database is called semi-structured.

XML schema files allow you to provide some validation. For example, they let you indicate that a partic-
ular element must contain certain other elements, that an element must contain a date or number, or that
an element is required.

XML Structures

In practice I typically see XML files used most often in one of three ways.

First, XML files are hierarchical so it’s natural to use them to hold hierarchical data. It’s straightforward
to map purely hierarchical data such as a simple family tree or organizational chart into an XML file.

Second, XML files are often used to hold table-like data. The basic structure closely follows the structure
of a relational database. The root element holds several table elements. Each of those elements holds
“records”’ that hold ““fields.”

For example, the following XML document holds data about a simple company’s customers and their
orders:

<AllData>
<Customers>
<Customer ID="1">
<FirstName>Alfred</FirstName>
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<LastName>Gusenbauer</LastName>
</Customer>
<Customer ID="2">
<FirstName>David</FirstName>
<LastName>Thompson</LastName>
</Customer>
<Customer ID="3">
<FirstName>Alberto</FirstName>
<LastName>Selva</LastName>
</Customer>
</Customers>
<Products>
<Product ID="273645" Description="Toothbrush" Price="$1.95" />
<Product ID="78463" Description="Pencil" Price="$0.15" />
<Product ID="48937" Description="Notepad" Price="$0.75" />
</Products>
<CustomerOrders>
<CustomerOrder Date="12/27/2008" CustomerId="2">
<Item ID="1" ProductId="78463" Quantity="12" />
<Item ID="2" ProductId="48937" Quantity="2" />
</CustomerOrder>
</CustomerOrders>
</AllData>

The file starts with an Al1lData root element. That element contains three more elements that define
table-like structures holding customer, product, and customer order information.

Each of these “tables”” defines “records.” For example, the Customers element includes Customer
“records”” that hold FirstName and LastName values.

This XML document uses ID numbers to link records in different ““tables” together. In this example, the
single CustomerOrder element represents an order placed by customer 2 (David Thompson) who ordered
12 items with ID 78463 (pencils) and 2 items with ID 48937 (notepads).

The third XML file structure I've seen regularly is a simple list of values. The following XML document
uses this structure to hold configuration settings for an application:

<Settings>
<NormalColor>Black</NormalColor>
<WarningColor>Green</WarningColor>
<ErrorColor>Yellow</ErrorColor>
<PanicSound>panic.wav</PanicSound>
<BugEmail>bugs@panic.com</BugEmail>
</Settings>

This kind of XML file gives a little more structure than a flat text file used to hold settings and lets a
program use XML tools to easily load and read setting values.

This flat structure is also useful when each XML document corresponds directly to some sort of object
that a program will use. For example, the following XML file defines a letter. A program could load this
data and use its fields to print and mail the letter.

<Letter>
<ToName>Hulk Hogan</ToName>
<ToStreet>2615 Grappler St, #12</ToStreet>
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<ToCity>Gripper</ToCity>
<ToState>CA</ToState>
<FromName>Yokozuna Hakuho</FromName>
<Body>

Respected Sir,

Regarding your challenge: Bring it! Your dojo or mine?

Sincerely,
</Body>
</Letter>

The following code shows the same data but in a more structured format:

<Letter>
<To>
<Name>Hulk Hogan</Name>
<Address>
<Street>2615 Grappler St, #12</Street>
<City>Gripper</City>
<State>CA</State>
</Address>
</To>
<From>Yokozuna Hakuho</From>
<Body>
Respected Sir,

Regarding your challenge: Bring it! Your dojo or mine?

Sincerely,
</Body>
</Letter>

This version creates a To element that includes all of the information about the letter’s recipient. The
To element contains an Address element that holds the recipient’s address information. You could add
similar information for the sender.

XML Summary

XML files are hierarchical so they are a natural choice for storing hierarchical data. Though you can store
hierarchical data in other types of databases, they are unlikely to be able to re-create the hierarchical
object structure as quickly as XML tools can. (See the story in the “Why Bother?”” section at the beginning
of this chapter.)

XML files allow you to create elements within other elements just about anywhere you like, so they are
semi-structured. This can be convenient if you're not sure of the data’s exact format ahead of time. For
example, you could easily add extra To, Cc, or Bcc elements to the previous letter example even if you
didn’t realize you would need them when you wrote the original letter. (Of course, the program that
prints the letter may need some modifications to use the new fields but at least you can store valid data.)

Because XML files are plain old text files, they have some of the limitations of text files. In particular,
you cannot add, delete, or modify data in the middle of an XML file. To update an XML file, a program
typically reads the file into memory, makes its changes, and then writes the result back into the file.
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This read-modify-write nature means XML documents are not great multi-user databases. An XML
document works fine if many users need to read it but it’s harder to allow them to update the file without
interfering with each other.

Note that recent versions of some other kinds of databases provide XML support. For example, Excel
workbooks can save their data in XML files. SQL Server and Oracle can execute queries to extract data
and then return the result in an XML format for the program to manipulate or save into a file.

XML files work well if:

O  The data is naturally hierarchical.
0  Available XML tools provide the features you need.
O  You want the kinds of validation that schema files can provide.

0O You want to import and export the data in products that understand XML.
XML files don’t work well if:

0 You use non-hierarchical data such as networks (described in the following section).

0 You need more complex data validation than schema files can provide.

O  Youneed to perform relational rather than hierarchical queries.

O  The database is very large so rewriting the entire file to update a small bit of data in the middle
is cumbersome.

O You need to allow multiple users to frequently update the database without interfering with

each other.

You can find lots of free tutorials covering XML and its related technologies such as XSL, XSLT, XPath,
XQuery, and others on the W3 Schools Web site (www.w3schools.com).

Network

A network contains a collection of nodes that are connected by links. The nodes and links can represent
all sorts of things such as telephone lines, streets, airline routes, and electrical circuits. Links can be
unordered (you can travel either way across a link) or ordered (each link is one-way).

Figure 2-4 shows a simple ordered street network. The numbers on the links represent the average time
in seconds to cross the link. The letters on the nodes are just there for identification.

A typical problem for this street network might be to find the shortest route from the police station at
node A to the donut store at node D. The police will be using their lights and sirens so you don’t need to
worry about turn penalties (a common feature in shortest path algorithms makes it take longer to turn
than to go straight). See if you can find the solution.

Often what appears to be a hierarchical database is really a network. For example, Figure 2-2 shows an
idealized corporate organizational chart where lines indicate which people report to which others.

In practice, organizational charts are often more complex and convoluted. Many companies practice
“matrix management’”” where employees may work in more than one department and have several
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managers for different purposes. Sometimes a person who normally reports to one superior also reports
to someone else, either temporarily for the duration of a special project or permanently if more than one
executive shares the same area of interest.

25 15 90

25

19 25

Figure 2-4

Figure 2-5 shows the organizational chart from Figure 2-2 with a few modifications. Here dashed lines
indicate that the Robotics Resources director also reports to the CIO, and that the Vice President of Perks
and Boondoggles also reports to the President, in addition to reporting through the normal chain of
command.

Board of Directors

President/CEQ

Vice President, |  fememeea- Robotic Resources

Digital Assets and Paranoia

| Vice President, Administration | CFO :

ClO prmmmmmmmeaeeaas !

Vice President, Vice President, :|:| Advertising, Marketing, H
Information Services Networks and Grossworks | Human Resources and Spam N

Vice President, |:| Vice President,
Resource Management Internal Auditing Perks and Boondoggles

| General Accounting] [Colonel Accounting|

Figure 2-5

Some operating systems allow you to create links from one part of the file system to another. This lets
you create a folder that seems to be inside one directory when really entering it warps you to a completely
different part of the file system. In that case, the file system isn't really a hierarchy any more. Instead of a
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tree, it’s more like a bush with grafts and intertwined branches that make strange backwards connections
like some sort of alien hybrid, or the organizational chart shown in Figure 2-5. (Real organizational
charts often look like the products of some bizarre alien intelligence or plates of spaghetti.)

Network databases are uncommon, although network data structures are very useful for operational
algorithms such as shortest path finding, task scheduling, and network flow (think water flowing through
pipelines).

Some XML tools allow you to easily save and restore networks in addition to hierarchical data. For
example, Microsoft’s Visual Studio programming languages C# (pronounced “’C sharp”) and Visual
Basic include tools that can save and restore networks in XML files. The resulting files use automatically
generated ID numbers to link nodes together and they can be hard to read, but if you only need to save
and restore network structures they can be quite handy.

When you use a network file to store data, the program does all of the work. The file itself provides no
special features.

Network files work well if:

Q  The data is naturally a network (or almost a hierarchy).

O Youneed to perform network operations on the data such as finding shortest paths or calculating
network flows.

0O  Youdon't need to perform complex queries on the data.

Network files don’t work well if:

QO  The data does not represent a network.
You need to validate the data.

You need to perform queries on the data.

U 00

You need to allow multiple users to frequently update the data without interfering with each
other.

Object

Modern programming languages are object-oriented. They use programming abstractions called objects
to represent items such as customers, orders, penny stocks, and betting slips.

An object database manages objects. It provides some sort of query syntax for retrieving objects from the
database. It also provides tools for saving changes to an object back into the database.

Object databases also provide some useful concurrency features. For example, if two users of a program
need to work with an object representing the November 12tepisode of the television show Deal or No
Deal, the database gives them the same logical object. If the two users access the object simultaneously,
the database referees so the users don’t interfere with each other.

Object databases are also sometimes called object-oriented databases, object database management sys-

tems (ODBMS), and object stores. Some developers make a distinction among these different terms but
at this level they’re close enough to the same thing.
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Object databases work well if:

O  Your programming environment and architecture favors using objects.
O  You don't need to perform complex queries on the data (which tend to slow these databases
down considerably).
Object databases don’t work well if:
O Your program needs to interact with external tools where storing the data in a more common
format such as a relational database is an advantage.
0  Youneed to perform complicated queries that will execute faster in a relational database.

O  Youaren't using an object-oriented language (for example, if a Microsoft Access database can do
everything you need without any programming).

O  Youneed to perform data validations that the object database cannot provide.

Object-Relational

An object-relational database (ORD) or object-relational database management system (ORDBMS) is a
relational database that provides extra features for integrating object types into the data. Like a relational
database, it can perform complex queries relatively quickly. Like an object database, it uses some special
syntax to simplify the creation of objects.

Over time, many of the features originally designed for use by object-relational databases have been
added to relational databases.

A closely related concept is the object-relational mapping system. An object-relational mapping system pro-
vides a layer between the object-oriented code and a relational database to convert between objects and
relational data. If this layer does a good job of separating the objects and the database, programmers and
database developers can ignore the details of each others” work. This lets them work more independently,
makes them more productive, and makes it easier for either group to accommodate changes in the other
group’s work. (It may also help keep them from getting into brawls during project get-togethers.)

Object-relational databases and object-relational mappings work well if:

O  Your programming environment and architecture favors using objects.
QO  Youneed to perform complicated relational-style queries.

O Youneed to perform relational-style data validations.
Q

Your program needs to interact with external tools where storing the data in a common rela-
tional format is an advantage.

0  You have separate programmers and database developers so maintaining a strict separation can
make the project more manageable.

Object-relational databases and object-relational mappings don’t work well if:

O Youaren't using an object-oriented language (for example, if a Microsoft Access database can do
everything you need without any programming).
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Exotic

These kinds of databases are more unusual than those described previously. They tend to be very spe-
cialized and work well only for a specific subset of database problems. Some are variations on other, less
unusual kinds of databases.

Document-Oriented

A document-oriented database is designed to work with document-oriented applications. A typical
document-oriented application allows the user to open a ““document” that represents something. Usually
this is an actual file such as a letter, video clip, or Web page, but it might be something more abstract such
as student transcripts that are not actually stored in separate physical documents.

A good example of a document-oriented application might manage the files that make up a Web site.
(My VB Helper Web site www.vb-helper.com holds more than 5,000 files in a dozen or so directories and
keeping track of them all is quite a chore. I should build a document management system!)

Some document-oriented databases are simply constructs within a file system that use directories and
subdirectories to hold the files that make up the documents. Unfortunately this kind of file system offers
limited tools for sorting, searching, and performing other database-related tasks.

Other document-oriented databases are built as a layer on top of some other database system, for
example, a relational database. The database might store the contents of the documents themselves or it
might store the documents’ locations on disk.

Deductive

A deductive database is one that can make deductions based on rules and facts contained within the
database. They are a sort of cross between logic programming and relational databases. Some of these
databases allow the programmer to guide the evaluation of a program.

Dimensional
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A dimensional database (sometimes called a multi-dimensional database) represents different aspects of
data as dimensions rather than as separate tables in a relational database.

You can think of dimensional data as forming a multi-dimensional rectangular box (also called a hyper-
cube or multi-dimensional array) where each dimension represents some important facet of the data. For
example, Figure 2-6 shows a three-dimensional picture with Year, Sales Rep, and Product Line as dimen-
sions. Each little cube or cell in the larger box contains information relating to a particular selection of the
dimensions. In other words, a particular cell would contain information about a selected sales rep’s sales
for a selected product line in a particular year (Crazy Bob’s yo-yo sales for 2008).

Dimensional databases are particularly useful for scrounging through old data looking for patterns and
they make useful data warehouses. However, if the data is sparse (a lot of the cells in Figure 2-6 are
empty), they can waste a lot of space, so they are not usually appropriate for day-to-day use for new
data entry. Truly native dimensional databases (as opposed to a dimensional database built on top of
a relational database) may be optimized to handle sparse data and can save space while still providing
fast results.
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Figure 2-6

Temporal

A temporal database has built-in time information. One of the simplest pieces of temporal data that this
kind of database stores is the data’s valid time: the time during which it is valid.

For example, suppose you build an inventory and sales database for your jewelry store. To make
mall visitors think they are getting a good deal, you constantly raise and lower prices. When you're
ready for your bi-monthly vacation, you raise prices so the reduced sales load won’t overwhelm your
brother-in-law Joey (who's otnay ootay ightbray) while you're gone. When you get back, you have your
bi-monthly “Once-In-A-Lifetime Blockbuster Overstock Sale!” to clear inventory. To be able to later
track sales at various prices over time, you need to know the times during which different prices were
in effect.

If you were on vacation from April 1 until April 14 and prices were “normal,” then those prices have a
valid time of those two weeks. If you return and cut prices by 40% from April 15 until your next vacation
on May 22, the new prices have a valid time of April 15 through May 22.

For other examples, imagine tracking employee addresses as they move, mileage and fuel use in your
fleet of rental scooters, or daily coffee prices. You could store only the latest information in each of these
cases, but then you lose the ability to look back in time for important trends.

In fact, I've heard a reasonably plausible argument that a database should never delete or overwrite any
information. Instead it should just mark the old data as deleted and optionally create a new record for
the new data. With disk space as cheap as it is these days (as little as $0.22 or so per GB), it’s easy to
imagine saving every piece of data, at least for small- and medium-sized databases. (In this case, the
database wouldn’t need the D in CRUD (Create, Read, Update, Delete) so it goes from being CRUD to
being CRU, a fine French wine.)

It’s not too hard to add time fields to other kinds of databases such as relational databases. You'll need
a little extra programming to keep track of which values you should use at different times, but this
technique can be very useful for data that changes frequently over time.

Summary

Before you launch into an exhausting year-long process of building a relational database, it's worth
taking at least a few minutes to decide what kind of database would best fit your needs. Though you can
probably use any kind of database for most purposes, some lend themselves more naturally to certain
problems than others. Though you can store a data hierarchy or network in a relational database, it may
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be a lot faster to use a simpler XML file. Though you certainly can store simple configuration settings in
an object-oriented database, a flat text file will do just as well with a lot less trouble.

In this chapter you learned how to pick the database type that will work best with your data. You
learned that:

Q

Q

(]

Flat files are good for storing simple values or complete documents, although they lack features
for concurrency and easy updating.

INI files are good for storing simple values that are easy to look up, although they lack features
for concurrency and easy updating.

The Windows system registry is good for storing simple values that are easy to look up and can
handle system-wide or user-specific settings.

Relational databases are the workhorse of the database world. They allow complex data rela-
tions, sophisticated data validation, integrity constraints, cascading updates and deletes, ad hoc
queries, and many more useful features.

Spreadsheets are good for drawing charts and graphs, and are convenient for users who already
know how to use them.

Hierarchical databases are good for storing and manipulating hierarchical data such as organi-
zational charts and family trees.

XML files are good for storing hierarchical data, although they lack features for concurrency and
easy updating.

Network databases are good for storing network data such as street or telephone networks.
Object databases are good for integrating programming objects into the database.

Object-relational databases and object-relational mapping systems combine some of the best
features of object-databases and relational databases. An object-relational mapping layered on
top of a relational database can provide a useful separation between programmers and database
developers.

Document-oriented databases are useful in document management systems (such as the one I
need to build some day to manage my Web site).

Deductive databases can make logical deductions based on rules and data stored in the database.

Dimensional databases consider data in hypercubes and make it easy to study data based on
dimensional selections (such as sales by a particular representative or during a particular year).

Temporal databases integrate time with the data so they can record and work with information
that changes over time.

Relational databases are by far the most common type of database in use today and they are the topic of
most of this book and the majority other database books. The next chapter describes relational databases
in greater detail. It explains the basic relational concepts that you need to understand to design and build
effective relational databases.

Before you move on to Chapter 3, however, use the following exercises to test your understanding of the
material covered in this chapter. You can find the solutions to these exercises in Appendix A.
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Exercises

For the following scenarios, list the type(s) of database that might make good choices for storing the data.

1.
2.

10.

11.

12.

13.

14.

15.

A dog breeding database that records the ancestors of a single dog for five generations.

A similar dog breeding database that records the ancestors and descendants of a single dog
for five generations each way.

Application settings that record which windows a user had open and where they were posi-
tioned the last time the application was used.

Total sales figures by month, arranged to make it easy to see trends graphically.

The same as Exercise 4 but the users want to be able to draw similar data for several product
lines on the same graph.

And they want to be able to print it and tweak the numbers to see what the graph would
look like if they exceed expectations next quarter (wishful thinking).

A map showing the main vessels and arteries leaving the human heart.

A very large amount of sales data including information about customers, orders, inventory
items, and sales representatives. You need to be able to perform ad hoc queries.

The same as Exercise 8 except your manager just returned from a technical seminar where he
learned the phrase ““object-oriented”” and now he’s determined to use object-oriented tech-
niques in everything.

A simple recipe book. You should be able to find recipes by name, part of meal (entrée,
aperitif, dessert, and so forth), or main ingredient.

A “Magic: The Gathering”” game and trading card tracking system. You need to be able to
sort cards by their monetary value, number of duplicates, and power in the game. You also
want to be able to define ““power decks” for competition.

A DVD, CD, or video collection. You want to be able to search by title, star rating (how good
you thought it was), Motion Picture Association of America rating (G, PG, and so forth),
actor, or director. And perhaps studio. And genre. And group titles by studio. And anything
else you might think of later.

A database to hold statistics for your favorite sports teams: football, baseball, polo, hurling,
or whatever. You need to be able to find all of the players on a particular team, find players
with the best stats (most yards rushing, highest hitting percentage, most chuckers chucked,
most ... uh... hurls hurled?).

A database to hold the materials I use to write books. This includes author guidelines,
chapters, figures, scheduling workbooks, and the like.

An inspirational message of the day database. Every day when the application starts, it
should display a random message selected from the database.
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Relational Database
Fundamentals

The previous chapters discussed databases in general terms. Chapter 1 explained the general goals
of database design. Chapter 2 described some of the many kinds of databases that you might decide
to use.

With this chapter the book starts to focus on a particular kind of database: the relational database.
Relational databases are very powerful, are the most commonly used kind of database in computer
applications today, and are the focus of the rest of this book.

Before you can start learning how to properly design a relational database, you must understand
the basic concepts and terms that underlie relational databases.

This chapter provides an introduction to relational databases. It explains the major ideas and terms
that you need to know before you can start designing and building relational databases.

In this chapter, you learn about relational database terms such as:

Q  Table and relation

Q0  Record, row, and tuple

4  Column, field, and attribute
Q

Constraint, key, and index

Finally, you learn about the operations that you can use to get data out of a relational database.

Relational Points of View

Relational databases play a critical role in many important (that is, money-related) computer appli-
cations. As is the case whenever enormous amounts of money are at stake, people have spent a
huge amount of time and effort building, studying, and refining relational databases. Database
researchers usually approach relational databases from one of three points of view.
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The first group approaches the problem from a database-theoretical point of view. These people
tend to think in terms of provability, mathematical set theory, and propositional logic. You'll see
them at the local rave throwing around phrases such as relational algebra, Cartesian product, and tuple
relational calculus. This approach is intellectually stimulating (and looks good on a resume) but can
be a bit intimidating. These researchers focus on logical design and idealized database principles.

The second group approaches the matter from a less formal “/just build the database and get it done”
point of view. Their terminology tends to be less precise and rigorous but more intuitive. They tend
to use terms that you may have heard before such as table, row, and column. These people focus
on physical database design and pay more attention to concrete bits-and-bytes issues dealing with
actually building a database and getting the most out of it.

The third group tends to think in terms of flat files and the underlying disk structure used to hold
data. Though these people are probably in the minority these days, their terms file, record, and
field snuck into database nomenclature and stuck. Many of those who still use these terms are
programmers and other developers who look at the database from a consumer’s “how do I get my
data out of it” point of view.

These differing points of view have led to several different and potentially confusing ways to view
relational databases. This can cause some serious confusion, particularly because the different
groups have latched on to some of the same terms but used for different meanings. In fact, they
sometimes use the term “relation” in very different ways (that are described later in this chapter).

This chapter loosely groups these terms into “formal”” and “informal” categories, where the formal
category includes the database theoretical terms and the informal category includes everything else.

This chapter starts with informal terms. Each section initially focuses on informal terms and con-
cepts, and then explains how they fit together with their more formal equivalents.

Table, Rows, and Columns
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Informally you can think of a relational database as a collection of tables, each containing rows and
columns. At this level, it looks a lot like a workbook containing several worksheets (or spreadsheets),
although a worksheet is much less constrained than a database table is. You can put just about anything
in any cell in a worksheet. In contrast, every entry in a particular column of a table is expected to contain
the same kind of data. For example, all of the cells in a particular column might contain phone numbers
or last names.

Actually a poorly designed database application may allow the user to sneak some strange kinds of data
into other fields. For example, if the database and user interface aren’t designed properly, you might be
able to enter a string such as “none’” in a telephone number field. That’s not the field’s intent, however.
In contrast, a spreadsheet’s cells don't really care what you put in them.

The set of the values that are allowed for a column is called the column’s domain. For example, a column’s
domain might be telephone numbers, bank account numbers, snowshoe sizes, or hang glider colors.

Domain is closely related to data type but it’s not quite the same. A column’s data type is the kind of
data that the column can hold. The data types that you can use for a column depend on the particular
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database you are using but typical data types include integer, floating point number (a number with a
decimal point), string, and date.

To see the difference between domain and data type, note that street address (323 Relational Rd) and
jersey color (red) are both strings. However, the domain for the street address column is valid street
addresses, whereas the domain for the jersey color column is colors (and possibly not even all colors if
you only allow a few choices). (You can think of the data type as the highest level or most general possible
domain. For example, an address or color domain is a more restrictive subset of the domain allowing all
strings.)

The rows in a table correspond to column values that are related to each other according to the purpose
of the table. For example, suppose you have a Competitors table that contains typical contact information
for participants in your First (and probably Last) Annual Extreme Pyramid Sports Championship. This
table includes columns to hold competitor name, address, event, blood type, and next of kin as shown in
Figure 3-1. (Note that this is not a good database design. You'll see why in later chapters.)

Name Address Event ?rI;:: NextOfKin
Alice Adventure | 6543 Flak Ter, Runner AZ 82018 Pyramid Boarding | A+ Art Adventure
Alice Adventure | 6543 Flak Ter, Runner AZ 82018 Pyramid Luge A+ Art Adventure
Bart Bold 6371 Jump St #27, Dove City, NV 73289 | Camel Drafting 0- Betty Bold
Bart Bold 6371 Jump St #27, Dove City, NV 73289 | Pyramid Boarding | O- Betty Bold
Bart Bold 6371 Jump St #27, Dove City, NV 73289 | Sphinx Jumping 0- Betty Bold
Cindy Copes 271 Sledding Hill, Ricky Ride CO 80281 Camel Drafting AB- | John Finkle
Cindy Copes 271 Sledding Hill, Ricky Ride CO 80281 Sphinx Jumping AB- | John Finkle
Dean Daring 73 Fighter Ave, New Plunge UT 78281 Pyramid Boarding | O+ Betty Dare
Dean Daring 73 Fighter Ave, New Plunge UT 78281 Pyramid Luge 0+ Betty Dare
Frank Fiercely 3872 Bother Blvd, Lost City HI 99182 Pyramid Luge B+ Fred Farce
Frank Fiercely 3872 Bother Blvd, Lost City HI 99182 Sphinx Jumping B+ Fred Farce
George Forman | 73 Fighter Ave, New Plunge UT 78281 Sphinx Jumping 0+ George Forman
George Forman | 73 Fighter Ave, New Plunge UT 78281 Pyramid Luge 0+ George Forman
Gina Gruff 1 Skatepark Ln, Forever KS 72071 Camel Drafting A+ Gill Gruff
Gina Gruff 1 Skatepark Ln, Forever KS 72071 Pyramid Boarding | A+ Gill Gruff

Figure 3-1

A particular row in the table holds all of the values for a given competitor. For example, the values in the
first row (Alice Adventure, 6543 Flak Ter, Runner AZ 82018, Pyramid Boarding, A+, Art Adventure) all
apply to the competitor Alice Adventure.

Back in olden times when database developers worked with primitive tools by candlelight, everyone
lived much closer to nature. In this case that means they needed to work more closely with the underlying
file system. It was common to store data in ““flat” files without any indexes, search tools, or other fancy
modern luxuries. A file would hold the related information that you might represent at a higher level
as a table. The file was divided into chunks called records that each had the same size and that each
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corresponded to a row in a table. The records were divided into fixed-length fields that corresponded to
the columns in a table.

For example, if you think of the table shown in Figure 3-1 as a flat file, the first row corresponds to a
record in the file. Each record contains Name, Address, Event, and other fields to hold the data.

Though relatively few people still work with flat files at this level, the terms file, record, and field are still
with us and are often used in database documentation and discussions.

elations, Attributes, and Tuples

The values in a row are related by the fact that they apply to a particular person. Because of this fact,
the formal term for a table is a relation. This can cause some confusion because the word “‘relation” is
also used informally to describe a relationship between two tables. This use is described in the section
“Foreign Key Constraints” later in this chapter.

The formal term for a column is an attribute or data element. For example, in the Competitors relation
shown in Figure 3-1, Name, Address, BloodType, and NextOfKin are the attributes of each of the people
represented. You can think of this as in: “each person in the relation has a Name attribute.”

The formal term for a row is a tuple (rhymes with “scruple”). This almost makes sense if you think

of a two-attribute relation as holding data pairs, a three-attribute relation as holding value triples, and a
four-attribute relation as holding data quadruples. Beyond four items, mathematicians would say 5-tuple,
6-tuple, and so forth, hence the name tuple.

Don’t confuse the formal term relation (meaning table) with the more general and less precise use of
the term that means “related to” as in ““these fields form a relation between these two tables” (or ““that
psycho is no relation of mine”). Similarly, don’t confuse the formal term attribute with the less precise use
that means “feature of” as in “this field has the ‘required” attribute” (or “don’t attribute that comment to
me!”). I doubt you'll confuse the term tuple with anything — it’s probably confusing enough all by itself.

Theoretically a relation does not impose any ordering on the tuples that it contains nor does it give

an ordering to its attributes. Generally the orderings don’t matter to mathematical database theory. In
practice, however, database applications usually sort the records selected from a table in some manner
to make it easier for the user to understand the results. It’s also a lot easier to write the program (and for
the user to understand) if the order of the fields remains constant, so database products typically return
fields in the order in which they were created in the table unless told otherwise.

Keys
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Relational database terminology includes an abundance of different flavors of keys. In the loosest sense,
a key is a combination of one or more columns that you use to find rows in a table. For example, a
Customers table might use CustomerID to find customers. If you know a customer’s ID, you can quickly
find that customer’s record in the table. (In fact, many ID numbers, such as employee IDs, student IDs,
driver’s licenses, and so forth, are invented just to make searching in database tables easier. My library
card certainly doesn’t include a 10-character ID number for my convenience.)

The more formal relational vocabulary includes several other more precise definitions of keys.
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In general, a key is a set of one or more columns in the table that have certain properties. A compound key
or composite key is a key that includes more than one column. For example, you might use the combination
of FirstName and LastName to look up customers.

A superkey is a set of one or more columns in a table for which no two rows can have the exact same val-
ues. For example, in the Competitors table shown in Figure 3-1, the Name, Address, and Event columns
together form a superkey because no two rows have exactly the same Name, Address, and Event values.
Because superkeys define fields that must be unique within a table, they are sometimes called unigue keys.

Because no two rows in the table have the same values for a superkey, a superkey can uniquely identify
a particular row in the table. In other words, a program could use a superkey to find any particular
record.

A candidate key is a minimal superkey. That means if you remove any of the columns from the superkey,
it won’t be a superkey anymore.

For example, you already know that Name/Address/Event is a superkey for the Competitors table. If
you remove Event from the superkey, Name/Address is not a superkey because everyone in the table is
participating in multiple events so they have more than one record with the same name and address.

If you remove Name, Address/Event is not a superkey because Dean Daring and his roommate George
Foreman share the same address and are both signed up for Pyramid Luge. (They also have the same
blood type. They became friends and decided to become roommates when Dean donated blood for
George after a particularly flamboyant skateboarding accident.)

Finally if you remove Address, Name/Event is still a superkey. That means Name/Address/Event is
not a candidate key because it is not minimal. However, Name/Event is a candidate key because no two
rows have the same Name/Event values and you can easily see neither Name nor Event is a superkey,
so the pair is minimal.

You could still have a problem if one of George’s other brothers, who are all named George, moves
in. If they compete in the same event, you won't be able to tell them apart. Perhaps we should add a
Competitorld column to the table after all.

Note that there may be more than one superkey or candidate key in a table. In Figure 3-1,
Event/NextOfKin also forms a candidate key because no two rows have the same Event and NextOfKin
values. (That would probably not be the most natural way to look up rows, however. “Yes sir, I can look
up your record if you give me your event and next of kin.”)

A unique key is a superkey that is used to uniquely identify the rows in a table. The difference between a
unique key and any other candidate key is in how it is used. A candidate key could be used to identify
rows if you wanted it to, but a unique key is used to constrain the data. In this example, if you make
Name/Event be a unique key, the database will not allow you to add two rows with the same Name and
Event values. A unique key is an implementation issue, not a more theoretical concept like a candidate
key is.

A primary key is a superkey that is actually used to uniquely identify or find the rows in a table. A table
can have only one primary key (hence the name “primary”’). Again, this is more of an implementation
issue than a theoretical concern. Database products generally take special action to make finding records
based on their primary keys faster than finding records based on other keys.
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Some databases allow alternate key fields to have missing values, whereas all of the fields in a primary
key are required. For example, the Competitors table might have Name/Address/Event as a unique
key and Name/Event as a primary key. Then it could contain a record with Name and Event but no
Address value. (Although that would be a bit strange. We might want to require that all of the fields
have a value.)

An alternate key is a candidate key that is not the primary key. Some also call this a secondary key, although
others use the term secondary key to mean any set of fields used to locate records even if the fields don’t
define unique values.

That’s a lot of keys to try to remember! The following list briefly summarizes the different flavors:

0O  Compound key or composite key: A key that includes more than one field.
Superkey: A set of columns for which no two rows can have the exact same values.
Candidate key: A minimal superkey.

Unique key: A superkey used to require uniqueness by the database.

Primary key: A unique key that is used to quickly locate records by the database.
Alternate key: A candidate key that is not the primary key.

O 00000

Secondary key: A key used to look up records but that may not guarantee uniqueness.

One last kind of key is the foreign key. A foreign key is used as a constraint rather than to find records in
a table, so it is described a bit later in the section ““Constraints.”

Indexes
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An index is a database structure that makes it quicker and easier to find records based on the values in
one or more fields. Indexes are not the same as keys, although the two are related closely enough that
many developers confuse the two and use the terms interchangeably.

For example, suppose you have a Customers table that holds customer information: name, address,
phone number, Swiss bank account number, and so forth. The table also contains a Customerld field that
it uses as its primary key.

Unfortunately customers usually don’t remember their customer IDs, so you need to be able to look
them up by name or phone number. If you make Name and PhoneNumber be two different keys, you
can quickly locate a customer’s record in three ways: by customer ID, by name, and by phone number.

Relational databases also make it easy to look up records based on non-indexed fields, although it may
take a while. If the customer only remembers his address and not his customer ID or name, you can
search for the address even if it that field isn’t part of an index. It may just take a long time. Of course if
the customer cannot remember his name, he’s got bigger problems.

Building and maintaining an index takes the database some extra time, so you shouldn’t make indexes
gratuitously. Place indexes on the fields that you are most likely to need to search and don’t bother
indexing fields such as apartment number that you are unlikely to need to search.
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Constraints

As you might guess from the name, a constraint places restrictions on the data allowed in a table. In formal
database theory, constraints are not considered part of the database. However, in practice constraints play
such a critical role in managing the data properly that they are informally considered part of the database.
(Besides, the database product enforces them!)

The following sections describe some of the kinds of constraints that you can place on the fields in a table.

Basic Constraints

Relational databases let you specify some simple basic constraints on a particular field. For example, you
can make a field required. The special value null represents an empty value. For example, suppose

you don’t know a customer’s income. You can place the value null in the Income field to indicate

that you don’t know the correct value. This is different from placing 0 in the field, which would
indicate that the customer doesn’t have any income.

Making a field required means it cannot hold a null value, so this is also called a not null constraint.

The database will also prevent a field from holding a value that does not match its data type. For example,
you cannot put a 20-character string in a 10-character field. Similarly, you cannot store the value “twelve”
in a field that holds integers.

These types of constraints restrict the values that you can enter into a field. They help define the field’s
domain so they are called domain constraints. Some database products allow you to define more complex
domain constraints, often by using check constraints.

Check Constraints

A check constraint is a more complicated type of restriction that evaluates a Boolean expression to see if
certain data should be allowed. If the expression evaluates to true, the data is allowed.

A field-level check constraint validates a single column. For example, in a SalesPeople table you could
place the constraint Salary > 0 on the Salary field to mean that the field’s value must be positive.

A table-level check constraint can examine more than one of a record’s fields to see if the data is valid. For
example, the constraint (Salary > 0) OR (Commission > 0) requires that each SalesPeople record have a
positive salary or a positive commission (or both).

Primary Key Constraints

By definition, no two records can have identical values for the fields that define the table’s primary key.
That greatly constrains the data.

In more formal terms, this type of constraint is called entity integrity. It simply means that no two records

are exact duplicates (which is true if the fields in their primary keys are not duplicates) and that all of the
fields that make up the primary key have non-null values.
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Unique Constraints

A unique constraint requires that the values in one or more fields be unique. Note that it only makes sense
to place a uniqueness constraint on a superkey. Recall that a superkey is a group of one or more fields
that cannot contain duplicate values. It wouldn’t make sense to place a uniqueness constraint on fields
that can validly contain duplicated values. For example, it would be silly to place a uniqueness constraint
on a Gender field.

Foreign Key Constraints
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A foreign key is not quite the same kind of key defined previously. Instead of defining fields that you use
to locate records, a foreign key refers to a key in another (foreign) table. The database uses it to locate
records in the other table but you don’t. Because it defines a reference from one table to another, this
kind of constraint is also called a referential integrity constraint.

A foreign key constraint requires that a record’s values in one or more fields in one table (the referencing
table) must match the values in another table (the foreign or referenced table). The fields in the refer-
enced table must form a candidate key in that table. Usually they are that table’s primary key, and most
database products try to use the foreign table’s primary key by default when you make a foreign key
constraint.

For a simple example, suppose you want to validate the entries in the Competitors table’s Event field
so the minimum wage interns manning the phones cannot assign anyone to an event that doesn’t
exist.

To do this with a foreign key, create a new table named Events that has a single column called Event.
Make this the new table’s primary key and make records that list the possible events: Pyramid Boarding,
Pyramid Luge, Camel Drafting, and Sphinx Jumping.

Next, make a foreign key that relates the Competitors table’s Event field with the Events table’s Event
field. Now whenever someone adds a new record to the Competitors table, the foreign key constraint
will require that the new record’s Event value be listed in the Events table.

The database will also ensure that no one modifies a Competitors record to change the Event value to
something that is not in the Events table.

Finally, the database will take special action if you try to delete a record in the Events table if its value
is being used by a Competitors record. Depending on the type of database and how you have the rela-
tionship configured, the database will either refuse to remove the Events record or it will automatically
delete all of the Competitors records that use it.

This example uses the Events table as a lookup table for the Competitors table. Another common use for
foreign key constraints is to make sure related records always go together. For example, you could build
a NextOfKin table that contains information about the competitors’ next of kin (name, phone number,
email address, beneficiary status, and so forth). Then you could make a foreign key constraint to ensure
that every Competitor record’s NextOfKin value is contained in the Name fields in some NextOfKin table
record. That way you know that you can always contact the next of kin for anyone in the Competitors
table.
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Figure 3-2 shows the Competitors, Events, and NextOfKin tables with lines showing the relationships
among their related fields.

Name Address Event ﬁ.';;: NextOfKin
Alice Adventure | 6543 Flak Ter, Runner AZ 82018 Pyramid Boarding | A+ Art Adventure
Alice Adventure | 6543 Flak Ter, Runner AZ 82018 Pyramid Luge A+ Art Adventure
Bart Bold 6371 Jump St #27, Dove City, 73288 _{ Camel Drafting |0~ | Betty Bold
Bart Bold 6371 Jump St #27, Dove Gy, N#3989_{ Pyramid Boarding | 0- | Betty Bold
Bart Bold 6371 Jump St #27, Dete G4y, NV 73789 _{ Sphinx Jumping | O— | Betty Bold
Event

Camel Drafting

Pyramid Boarding

Pyramid Luge

Sphinx Jumping

Name Phone Email Beneficiary

Art Adventure 507-387-2738 art@adventure.com Yes

Betty Bold 302-288-9278 bettybopper@mns.com | Yes

Gill Gruff 614-376-2378 gillyweed@hp.net No
Figure 3-2

Foreign keys define associations between tables that are sometimes called relations, relationships, or links
between the tables. The fact that the formal database vocabulary uses the word relation to mean table
sometimes leads to confusion. Fortunately, the formal and informal database people usually get invited
to different parties so the terms usually don’t collide in the same conversation.

Database Operations

The final topic in this chapter covers database operations. (I'll save the rest so I have something for the
rest of the book.)

Eight operations were originally defined for relational databases and they form the core of modern
database operations. The following list describes those original operations:

Q  Selection: This selects some or all of the records in a table. For example, you might want to select
only the Competitors records where Event is Pyramid Luge so you can know who to expect for
that event (and how many ambulances to have standing by).

0  Projection: This drops columns from a table (or selection). For example, when you make your
list of Pyramid Luge competitors you may only want to list their names and not their addresses,
blood types, events (which you know is Pyramid Luge anyway), or next of kin.
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O Union: This combines tables with similar columns and removes duplicates. For example, sup-
pose you have another table named FormerCompetitors that contains data for people who par-
ticipated in previous years’ competitions. Some of these people are competing this year and
some are not. You could use the union operator to build a list of everyone in either table. (Note
that the operation would remove duplicates, but for these tables you would still get the same
person several times with different events.)

0  Intersection: This finds the records that are the same in two tables. The intersection of the For-
merCompetitors and Competitors tables would list those few who competed in previous years
and who survived to compete again this year (the slow learners).

0  Difference: This selects the records in one table that are not in a second table. For example, the
difference between FormerCompetitors and Competitors would give you a list of those who
competed in previous years but who are not competing this year (so you can email them and
ask them what the problem is).

O  Cartesian Product: This creates a new table containing every record in a first table combined
with every record in a second table. For example, if one table contains values 1, 2, 3 and a second
table contains values A, B, C, then their Cartesian product contains the values 1/A,1/B, 1/C,
2/A,2/B,2/C,3/A,3/B,and 3/C.

Q  Join: This is similar to a Cartesian product except records in one table are paired only with those
in the second table if they meet some condition. For example, you might join the Competitors
records with the NextOfKin records where a Competitors record’s NextOfKin value matches the
NextOfKin record’s Name value. In this example, that gives you a list of the competitors together
with their corresponding next of kin data.

O  Divide: This operation is the opposite of the Cartesian product. It uses one table to partition the
records in another table. It finds all of the field values in one table that are associated with every
value in another table. For example, if the first table contains the values 1/A,1/B,1/C,2/A,2/B,
2/C,3/A,3/B, and 3/C and a second table contains the values 1, 2, 3, then the first divided by
the second gives A, B, C. (Don’t worry, I think it’s pretty weird and confusing, too, so it won’t be
on the final exam. Probably.)

The workhorse operation of the relational database is the join, often combined with selection and pro-
jection. For example, you could join Competitors records with NextOfKin records that have the correct
name. Next you could project to select only the competitors’ names, the next of kin names, and the next
of kin phone numbers. You could then select only Bart Bold’s records. Finally, you could select for unique
records so the result would contain only a single record containing the values Bart Bold, Betty Bold,
302-288-9278.

The following SQL query produces this result:

SELECT DISTINCT Competitors.Name, NextOfKin.Name, Phone
FROM Competitors, NextOfKin
WHERE Competitors.NextOfKin = NextOfKin.Name

AND Competitors.Name = 'Bart Bold'

The SELECT clause performs selection, the FROM clause tells which tables to join, the first part of the WHERE
clause (Competitors.NextOfKin = NextOfKin.Name) gives the join condition, the second part of the
WHERE clause (Competitors.Name = 'Bart Bold') selects only Bart’s records, and the DISTINCT keyword
selects unique results.
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The results of these operations are table-like objects that aren’t permanently stored in the database.
They have rows and columns so they look like tables, but their values are generated on the fly when
the database operations are executed. These result objects are called views. Because they are often gener-
ated by SQL queries, they are also called query results. Because they look like tables that are generated as
needed, they are sometimes called virtual tables.

Chapter 20 has more to say about relational database operations as they are implemented in practice.

Summary

Before you can start designing and building relational databases, you need to understand some of the
basics. This chapter provided an introduction to relational databases and their terminology.

In this chapter you learned about:

0  Formal relational database terms such as relation, attribute, and tuple.

Informal terms such as table, row, record, column, and field.

Q
Q  Several kinds of keys including superkeys, candidate keys, and primary keys.
Q  Different kinds of constraints that you can place on columns or tables.

a

Operations defined for relational databases.
The following chapters change the book’s focus from general database concepts and terminology to
design techniques. They describe the tasks you must perform to design a database from scratch. Chapter
4 starts the process by explaining how to gather user requirements so the database you design has a good
chance of actually satisfying the users’ needs.

Before you move on to Chapter 4, however, use the following exercises to test your understanding of the
material covered in this chapter. You can find the solutions to these exercises in Appendix A.

Exercises

1.  What does the following check constraint on the SalesPeople table mean?

((salary > 0) AND (Commission = 0)) OR ((Salary = 0) AND (Commission > 0))

2. In Figure 3-3, draw lines connecting the corresponding terms.
Attribute Row File
Relation Column Relationship
Foreign Key Table Virtual Table
Tuple Foreign Key Record
View Query Result Field
Figure 3-3
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For questions 3 through 6, suppose you're a numismatist and you want to track your
progress in collecting the 50 state quarters created by the United States Mint. You start with
the following table and plan to add more data later (after you take out the trash and finish
painting your lead miniatures).

State Abbr Title Engraver Year Got
Arizona AZ Grand Canyon State Joseph Menna 2008 No
Idaho ID Esto Perpetua Norm Nemeth 2007 No
Towa 1A Foundation in Education John Mercanti 2004 Yes
Michigan MI Great Lakes State Donna Weaver 2004 Yes
Montana MT Big Sky Country Don Everhart 2007 No
Nebraska NE Chimney Rock Charles Vickers 2006 Yes
Oklahoma OK Scissortail Flycatcher Phebe Hemphill 2008 No
Oregon OR Crater Lake Charles Vickers 2005 Yes
3.  IsState/Abbr/Title a superkey? Why or why not?
4. IsEngraver/Year/Got a superkey? Why or why not?
5.  What are all of the candidate keys for this table?
6.  What are the domains of each of the table’s columns?
For questions 7 through 10, suppose you are building a dorm room database. Consider the
following table. For obscure historical reasons, all of the rooms in the building have even
numbers. The Phone field refers to the number of the phone in the room. Rooms that have
no phone cost less but students in those rooms are required to have a cell phone (so you can
call them and nag if they miss too many classes).
Room FirstName LastName Phone CellPhone
100 John Smith Null 202-837-2897
100 Mark Garcia Null 504-298-0281
102 Anne Johansson 202-237-2102 Null
102 Sally Helper 202-237-2102 Null
104 John Smith 202-237-1278 720-387-3928
106 Anne Uumellmahaye Null 504-298-0281
106 Wendy Garcia Null 202-839-3920
202 Mike Hfuhruhurr 202-237-7364 Null
202 Jose Johansson 202-237-7364 202-839-3920
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10.

If you don’t allow two people with the same name to share a room (due to administrative
whimsy), what are all of the possible candidate keys for this table?

If you do allow two people with the same name to share a room, what are all of the possible
candidate keys for this table?

What field-level check constraints could you put on this table’s fields? Don’t worry about the
syntax for performing the checks, just define them.

What table-level check constraints could you put on this table’s fields? Don’t worry about
the syntax for performing the checks, just define them.
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Part i

Database Design Process
and Techniques

Chapter 4: Understanding User Needs

Chapter 5: Translating User Needs into Data Models
Chapter 6: Extracting Business Rules

Chapter 7: Normalizing Data

Chapter 8: Designing Databases to Support Software
Applications

Chapter 9: Common Design Patterns

Chapter 10: Common Design Pitfalls

The chapters in this part of the book contain the bulk of the information about the database design
process. They discuss the major steps in database design starting from the beginning of a project
and working through various design and refinement stages to provide a fully functional database.

Chapter 4 explains how you can learn about the customers’ needs. If you don’t understand the cus-
tomers” needs, how can you possibly build a database that satisfies them? This chapter also explains
how to ensure that the customers agree with you on what the database should do so everyone is
happy with the final result.
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Chapter 5 shows how to translate the customer needs defined in Chapter 4 into several different
kinds of data models. The data models allow you to represent the database’s needs formally. They
let you study the data and rearrange the pieces to build toward a flexible design.

Chapter 6 explains how to identify business rules. It tells how to modify the data models you
developed in Chapter 5 to make it easier to manage business rules, which may change relatively
frequently.

Chapter 7 describes one of the best known steps in designing a database: normalization. A properly
normalized database is more robust and resistant to certain kinds of potential data errors.

Chapter 8 discusses some database design issues that affect the database’s use and maintenance in a
larger application. The techniques described in this chapter make it easier for application developers
to build an effective, flexible user interface for the database.

Chapter 9 describes some patterns that occur in many applications. It explains solutions that you can use
to make handling those patterns simple.

Chapter 10 describes some common pitfalls that often hinder database designers. Avoiding these prob-
lems can make database design easier, faster, and more effective.

After you finish working through these chapters, you will have a good understanding of database design.

You will know how to decide what data belongs in a database, how to build data models, and how to
convert those models into powerful, flexible database designs.
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The previous chapters discussed databases in general terms. Chapters 1 and 2 explained the goals of
database design and described some of the types of databases that are available. Chapter 3 described
the most common type of database, relational databases, in slightly greater detail. With this basic
understanding of databases, you're ready to take the first step in designing an actual database to
solve a particular problem: understanding the user’s needs.

Designing any custom product, whether it’s a database, beach house, or case mod (see

www .neatorama.com/case-mod/index.php for some amazing examples), is largely a translation
process. You need to translate the customers’ needs, wants, and desires from the sometimes fuzzy
ideas floating around in their heads into a product that meets the customers’ needs.

The first step in the translation process is understanding the user’s requirements. Unless you know
what the user needs, you cannot build it. Designing the best order processing database imaginable
won’t do you a bit of good if the customer really wants a circuit design database or an ostrich race
handicapping system.

Just as the database design forms the foundation upon which the rest of the application’s develop-
ment stands, your understanding of the user’s needs form the foundation of the database design. If
you don’t know what the user needs, how can you possibly design it?

If you don’t understand the customer’s needs thoroughly and completely, you may as well pack
it in now. There’s little satisfaction in wasting months of your life and a pile of your company’s
money to build something unusable. Make sure you're on the right road before you stomp on the
accelerator and burn rubber down a dead-end alley.

This chapter explains techniques that you can use to learn about the customer’s needs. It describes
methods that you can use to record those needs in a concrete and verifiable way.

The sections that follow describe some of the steps you can take to better understand the customers’
needs. In some projects, you may not need to follow all of these steps. For example, if your customer
is a single person with very concrete ideas about what needs to be done, you may not need to
spend much time learning who’s who or brainstorming. If your customer works with government
classified data, you may not be allowed to “walk a mile in the user’s shoes”” and you may have
access to only some of the business’s documentation.




Part Il: Database Design Process and Techniques

I once knew a developer who was working on a classified project. He had clearance to see the source code
but not the data, so every week his customer brought him a giant printout of the latest run with all of
the data carefully clipped out with scissors. He would try to quess what was going on and make some
suggestions so the customer’s developers could try to fix the code. Then the cycle repeated the next week.
What an odd way to work!

In other projects, the steps may work best in a different order. You may find it better to brainstorm before
visiting the customers’ site and watching them work.

These are just steps that I've found most useful in trying to understand the customers’ situation. You'll
have to adjust them as necessary to fit each of your projects.

In this chapter, you learn how to:

Q

U0 U0

Understand the customers’ needs and motivations.

Gather and document user requirements.

Cull requirements from existing practices and information.

Build use cases to understand the user’s needs and to measure success or failure.

Anticipate changes and future needs to build the most flexible database possible.

After you master these techniques, you'll be ready to move on to the next step and actually start designing
the database.

Make a Plan

Though the steps described in this chapter sometimes occur in different orders, the following list sum-
marizes the order that’s most typical. Feel free to add, remove, and rearrange them as necessary.
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Bring a List of Questions

Meet the Customers

Learn Who’s Who

Pick the Customers’ Brains

Walk a Mile in the User’s Shoes

Study Current Operations

Brainstorm

Look to the Future

Understand the Customers’ Reasoning
Learn What the Customers Really Need
Prioritize

Verify Your Understanding

Write the Requirements Document
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ad  Make Use Cases
O  Decide Feasibility

This list isn’t perfect but it makes a good meta-plan — a plan for making the project’s plan. (Hopefully it
won't be as useless as the traditional pre-meeting agenda planning meeting.)

Bring a List of Questions

From the very first day, you should start thinking of questions to ask the customers to get a better idea of
the project’s goals and scope.

The following sections list some questions that you can ask your customers to help understand their
needs. You'll see many of them described in greater detail later in this chapter.

This list is by no means complete — the questions that you need to ask will depend to a large extent
on the type of project. Use them only as a starting point. It's helpful to have something to work from
when you start, however. Then you can then wander off in promising directions as the discussions
continue.

Functionality

These questions deal with what the system is supposed to accomplish and, to a lesser extent, how. It
is usually best to avoid deciding how the system should do anything until you thoroughly understand
what it should do so you don’t become locked into one idea too early, but it’s still useful to record any
impressions the customers have of how the system should work.

QO  What should the system do?
Why are you building this system? What do you hope it will accomplish?
What should it look like? Sketch out the user interface.

0O 0 U

What response times do you need for different parts of the system? (Typically, interactive
response times should be under five seconds, whereas reports and other offline activities may
take longer.)

What reports are needed?
Do the end users need to be able to define new reports?

Who are the players? (ties to previous section)

0O 0 00

Do power users and administrators need to be able to define new reports?

Data Needs

These questions help clarify the project’s data needs. Knowing what data is needed will help you start
defining the database’s tables.

O  What data is needed for the user interface?

O Where should that data come from?
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a
a

How are those pieces of data related?

How are these tasks handled today? Where does the data come from?

Data Integrity

These questions deal with data integrity. They help you define some of the integrity constraints that you
will build into the database.

a
a

What values are allowed in which fields?

Which fields are required? (For example, does a customer record need a phone number? A fax
number? An email address? One of those but not all of them?)

What are the valid domains (allowed values) for various fields? What phone number formats
are allowed? How long can customer names be? Addresses? Do addresses need extra lines
for suite or apartment number? Do addresses need to handle U.S. ZIP Codes such as 12345?
ZIP+4 Codes such as 12345-6789? Canadian postal codes such as T1A 6G9? Or other countries’
postal codes?

Which fields should refer to foreign keys? (For example, an address’s State field might need to be
in the States table and a CustomerID field might need to be in the Customers table. I've seen cus-
tomers with a big list of standard comments and a Comments field can only take those values.)

Should the system validate cities against postal codes? (For example, should it verify that the
10005 ZIP Code is in New York City, New York? That’s cool but a bit tricky and can involve a lot
of data.)

Do you need a customer record before you can place orders?

If a customer cancels an account, do you want to delete the corresponding records or just flag
them as inactive?

What level of system reliability is needed?

0  Does the system need 24 /7 access?

0O  How volatile is the data? How often does it need to be backed up?
QO  How disastrous will it be if the system crashes?

QO  How quickly do you need to be back up and running?

Qa

How painful will it be if you lose some data during a crash?

Security

These questions focus on the application’s security. The answers to these questions will help you decide
which database product will work best (different products provide different forms of security) and what
architecture to use.
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a
a

a

Does each user need a separate password? (Generally a good idea.)

Do different users need access to different pieces of data? (For example, sales clerks might need
to access customer credit card numbers but order fulfillment technicians probably don’t.)

Does the data need to be encrypted within the database?
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QO Do you need to provide audit trails recording every action taken and by whom? (For example,
you can see which clerk increased the priority of a customer who was ordering the latest iPod
and then ask that clerk why that happened.)

Q  What different classes of users will there be?

I often use three classes of users. First, clerks do most of the reqular work. They enter orders, print
invoices, discuss the latest Oprah around the water cooler, and so forth. Second, supervisors can do any-
thing that clerks can and they also perform managerial tasks. They can view reports, logs, and audit
trails; assign clerks to tasks; grant bonuses; and so forth. Third, super users or key users can do every-
thing. They can reset user passwords, go directly into database tables to fix problems, change system
parameters such as the states that users can pick from dropdowns, and so forth. There should only be

a couple of super users and they should usually log in as supervisors, not as super users, to prevent
accidental catastrophes.

0O  How many of each class of user will there be? Will only one person need access to the data at a
time? Will there be hundreds or even thousands (as is the case with some Web applications)?

Q  Is there existing documentation describing the users’ tasks and responsibilities?

Environment

These questions deal with the project’s surrounding environment. They gather information about other
systems and processes that the project will replace or with which it will interact.

0  Does this system enhance or replace an existing system?

a
a
H]
Qa

a

Is there documentation describing the existing system?
Does the existing system have paper forms that you can study?
What features in the existing system are required? Which are not?

What kinds of data does the existing system use? How is it stored? How are different pieces
of data related?

Is there documentation for the existing system’s data?

Q  Are there other systems with which this one must interact?

Q

H]
a
a

Exactly how will it interact with them?
Will the new project send data to existing systems? How?
Will the new project receive data from existing systems? How?

Is there documentation for those systems?

0O  How does your business work? (Try to understand how this project fits into the bigger picture.)

Meet the Customers

Before you can start any project, you need to know what it is about. Are you building an inventory
system, a supply chain model, or a stock price tracker and predictor (also called a random number

generator)?
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The best way to understand the system you need to design and build is to interrogate the customers. I use
the rather unfriendly word “interrogate” because, to do the job right, you need much more than a simple
chat over tea and crumpets. Learning about the customers’ requirements can be a long and grueling pro-
cess. It can take days or even weeks of cross-examination, studying existing practices, poring over dusty
scrolls and other corporate documentation, and spying on the customers while they do their daily jobs.

When it’s over, the customers shouldn’t hate you outright but they might wish you would go away and
leave them alone for a while. A good question and answer session should leave everyone exhausted
but with the warm glow of satisfaction that comes with moving a lot of information from their brains
to yours.

Customers who are truly dedicated to the company are usually willing to field even the most obtuse
questions as long as you're willing to dish them out. Benjamin Disraeli once said, ““Talk to a man about
himself, and he will listen for hours.” Most customers are more than happy to share the ins and outs of
their corner of the business universe with you for as long as you can stand it.

It may sound boring listening to customers drone on about their supply chains but I've found that once
you dig deeply enough, almost any business can be pretty interesting. I've worked on projects spanning
stch topics as fuel tax collection, wastewater treatment, ticket sales, and school enrollment. Every time,
after I'd learned enough, I discovered hidden complexity that I would never have imagined.

The goal isn’t to torture the customers (although it may sometimes seem like it to them) but to give
you an absolute and complete understanding of the problem you're attempting to solve. You want
as few surprises as possible after you're done researching the problem. Unexpected difficulties and
feature requests are the biggest reasons why software projects finish late, come in over budget, or fail
completely.

The sooner you can identify potential problems and the more completely you can identify the system’s
features, the easier it will be for you to plan for them and the less they will mess up your meticulously
crafted plan. Your initial encounters with the customer give you your first chance to address these issues
so they don't bite you later.

So when you first start a project, meet the customers. Get to know them and what they do. Even if the
problem you are trying to solve is only a small part of their business, get a feel for the overall picture.
Sometimes you'll find unexpected connections that may make your job easier or that may lead to surpris-
ing benefits in a completely unrelated area.

When you first meet the customers, it usually doesn’t hurt to warn them that you're going to be a major
pest for a while. This can also help you figure out who’s who. Those who are committed to the project
and are eager to succeed will take your warning well. Those who are less than dedicated may tip their
hands at this point. This idea leads naturally to the next section.

Learn Who’s Who

Ideally a project team works well together, everyone does the best possible job without conflict, and the
project moves along smoothly to create a finished product that meets the customers’ needs. In practice,
however, it doesn’t always work out that way. Like the bickering superheroes in an X-Men movie, every-
one has his or her own personal abilities, agenda, and motivation that don’t always coincide with those
of the other team members.
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As you get to know the customers (and your team members), it's important to realize that not
everyone shares the same vision of the product. You need to figure out which customer is the leader,
which are team players, which have little or no say in specifying the project, and which will be
super villains.

No one wants a super villain on their project, but you should be aware that they are out there. I've worked
on projects where customers ostracized members of the project team, tried to delete all of our project files,
spread dark rumors among senior management, and even slashed tires. Hopefully you won't encounter
any of these types but it’s best that you know about these people as early as possible.

The following list describes some of the roles that customers (and developers) often play in a project.
Naturally these cannot categorize everyone, but they define some characteristics that you should
look for.

0  Executive Champion: This is the highest ranking customer driving the project. Often this person
doesn’t participate in the project’s day-to-day trials and tribulations. The Executive Champion
will fight for truth, justice, and getting you that extra laptop you need. In the end, the Executive
Champion must be able to take on any bored super villains or you might be in trouble.

QO  Customer Champion: This person has a thorough understanding of the customers’ needs. Lesser
champions may help define pieces of the project but this is the person you run to when the oth-
ers are unclear. For the purposes of this chapter (“Understanding User Needs”), this is the most
important person on the project. This person must have enough time and resources (also known
as ““people”’) to help you define the project and answer your questions. Ideally this person also
has enough clout to make decisions when the heroes start bickering over who has to fight Mag-
neto and who gets to fly the invisible plane.

0  Customer Representative: A Customer Representative is someone assigned to answer your
questions and help define the project. Often these are people who do the day-to-day work of
your customers’ business. Sometimes they are experts in only parts of the business so you need
more than one to cover all of the issues.

Q  Stakeholder: This is anyone who has an interest in the project. Some of these fall into other cat-
egories such as Customer Champion or Customer Representative. Others are affected by the
outcome but have no direct say in the design of the system. For example, front-line clerks rarely
get to toss in their two cents when you design a point-of-sales system. They are like the civil-
ians whose fate is determined by the battling superheroes and who are easily crushed by falling
debris and pieces of robot monsters. Though many of them have no direct power over the out-
come, you should keep them in mind and try to minimize collateral damage. (In a really well-run
company, these people have their own representatives to watch out for them.)

0  Sidekick/Gopher: This is someone who can help you get the more mundane resources you need
such as conference rooms, airline tickets, donuts, and kryptonite. Though this isn’t a glamorous
job, an effective Sidekick can make everything run more smoothly. (Sometimes they also pro-
vide comic relief. On one project, the Sidekick invited everyone out to a huge celebratory lunch
on him, only to find that the restaurant didn’t take credit cards, so we all had to pitch in. In all
fairness, though, it could have happened to any of us.)

Q  Short-Timer: This is someone who is only going to be around for a short while. This may be
someone who is about to be promoted to a new division, who will retire soon, or who is just
plain fed up and about to walk. A dedicated short-timer can be a huge asset, particularly those
who are about to retire and take a lifetime’s worth of experience with them. Others don’t care all
that much whether the project succeeds or fails after they’re gone. (These are like the red-shirts
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on Star Trek who don’t contribute much. When Kirk says, “Spock, Bones, and Smith, meet me in
the transporter room,” guess who isn’t coming back?)

Devil’s Advocate: This is an important role for avoiding groupthink. Left unchecked, some
groups become irrationally optimistic and can make extremely poor decisions. A Devil’s
Advocate can help bring the hopeless dreamers back to earth and keep the project realistic...

as long as the Devil’s Advocate doesn’t get out of hand. The purpose of the Devil’s Advocate

is to maintain a reality check, not to defeat the entire project. If this person shoots down every
idea anyone comes up with, you might gently mention that eventually you need to decide on an
approach and get something done.

Convert: This is someone who originally is against the project but who you convert to your
cause. Strangely, both finding and converting this person are usually surprisingly easy, at least
for bigger projects. If you talk to the disenfranchised stakeholders (the front-line users who have
no say in the matter), you can usually find some who are dead-set against the project, if for no
other reason than it represents a change from the way they have always worked. Take one of
these people who has a fair amount of experience and make him a Stakeholder Representative.
Get him involved early in the process and take his suggestions very seriously. If you act on
some of those suggestions, you'll show that you have the Stakeholders” interests in mind and
you'll win his loyalty. He’ll tell the rest of the Stakeholders and, if all goes well, you'll have
more support than you can imagine. And who knows, you may build a better product with this
person’s input.

Generic Bad Guy: These range from simple defeatists and layabouts to Arch Super Villains
actively trying to sabotage the project. Try to identify these people early so you know what
you're up against. (On one project, we had a super villain at the Vice Presidential level. We
also had an Executive Champion at the same level, so we were able to hold our own, but it was
pretty tough going. It’s easy to get squashed when such heavy-hitters collide.)

Don’t feel constrained by this list. These are just some of the characters that I've encountered and you
may meet others.

I don’t mean to imply that every project is subject to continual harassment, interference, and sabotage.
I've worked on lots of projects where everyone really was pulling for the common good and we achieved
impressive results. Just keep your eyes open. Identify the main players as quickly as possible so you
know who to ask questions and where to run when the fighting erupts.

_ Know the Players

If you're familiar with the Dilbert comic strip, think about the main characters Dilbert, Alice, Wally, Asok
the Intern, and the Pointy-Haired Boss. Assume they are your customers and you need to design them a
database.

Who will play which customer roles? In particular, who will be:

a
a
a
a

Executive Champion
Customer Representative
Sidekick

Bad Guy

What are your chances for success?
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How It Works

Unfortunately the only candidate for Executive Champion is the Pointy-Haired Boss. He’s incompetent
and unable to defend against any attacks from bad guys so you're in trouble from the start.

Alice and Dilbert generally know what’s going on and try to do the right thing. They will be your best
bets for Customer Representatives.

Asok means well and is competent but he’s new to the company and doesn’t know how everything
works, so he won’t be the best Customer Representative. He might make a good Sidekick, however.

Wally is a serious layabout. He actively seeks to avoid work even if doing the work would be easier. He’s
a bad guy, although on a minor scale. He won’t destroy the project single-handedly but he may waste
other people’s time.

Your overall chances depend entirely on whether the project will face outside attack. If any serious bad
guy appears, the Pointy-Haired Boss will crumble and the project will fail.

If no one else is interested in taking over or ruining the project, you might have a chance to finish before
the Pointy-Haired Boss plays too active a role and messes everything up. (But then again, how long do
things run without interference in a Dilbert cartoon?)

Pick the Customers’ Brains

Once you figure out more or less who the movers and shakers are, you can start picking their brains. Sit
down with the Customer Champion and find out what the customers think they need. Find out what
they think the solution should look like. Find out what data they think it should contain, how that data
will be presented, and how different parts of the data are related.

Get input from as many Stakeholders as you can. Always keep in mind, however, that the Customer
Champion is the one who understands the customers’ needs thoroughly and has the authority to make
the final decisions. Though you should consider everyone’s opinions, the Customer Champion has the
final word.

Depending on the scope of the project, this can take a while. I've been on projects where the initial
brain-picking sessions took only a few hours and I've been on others where we spent more than a week
talking to the customers. One project was so complex that part of the project was still defining require-
ments after other parts of the project had been underway for months.

Take your time and make sure the customers have finished telling you what they think they need.

Walk a Mile in the User’s Shoes

Often following the customers’ day-to-day operations can give you some extremely helpful perspective.
Ideally you could do the customers’ jobs for them for a while to thoroughly learn what’s involved. Unless
your customers aren’t in your industry (and if they are, why are they hiring you?), however, you probably
aren’t qualified to do their jobs.
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I was once saddened to read an article about ice cream testers. I eat a lot of ice cream and thought I had
a good sense of what tastes good and what tastes bad, but professional ice cream testers can isolate and

identify individual flavors in recipes that include dozens of ingredients. I'm not even competent to eat ice
cream professionally!

Though you may not be able to actually do the customers’ jobs, you may be able to sit next to them while
they do it. Warn them that you will probably reduce productivity slightly by asking stupid and annoying
questions. Then ask away. Take notes and learn as much as you can. Sometimes your outsider’s point of
view can lead to ideas that the customers would never have discovered.

Another Point of View

On one project, we visited a billing center responsible for a couple million accounts.
Every three days they processed 1/10th of their accounts and one of the things they did
was print out a pile of paper almost three feet tall listing all of the accounts that owed
money.

Unfortunately the accounts were arranged by ID, not balance, so they couldn’t figure
out which ones owed the most. In fact, by state law they were not allowed to do any-
thing about accounts that owed less than $50, and those included the vast majority.

Because of our outsider computer nerd viewpoint, we knew there was a better
approach. We installed a printer emulator (a program that looks like a printer to the
system but actually captures the data instead of killing trees with it) and dumped
the data into a file. We sorted the file by account balance and displayed the result

to the user. The first two or three pages listed all of the accounts that needed action.
(In fact, the first four or five accounts usually owed more than all of the other accounts
combined.)

We were actually there looking at a different problem but when we saw this one we
jumped all over it and in about a week we were heroes.

Take notes while you're watching the customers do their jobs. Draw pictures and diagrams if that helps
you visualize what they’re doing. Pictures can also be very helpful in asking the customers if you have
the right idea. If the customers will let you, print screen shots and even take photographs. (However,
keep in mind that many businesses are required to safeguard the privacy of their clients” data, so don’t
expect them to let you walk out with screen shots or photographs showing credit information, medical
histories, or records of political contributions. Be sure you ask before you try to take any material away
and ask before you even bring a camera in the building.)

Study Current Operations
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After you've walked a mile or two in the customers’ shoes, see if there are other ways that you can study
the current operation. Often companies have procedure manuals and documentation that describes the
customers’ roles and responsibilities. (In fact, that kind of documentation is required for certain kinds
of ISO certifications. Some bigger companies like to display huge banners that say things like “ISO-9000
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Certified.” These may just be there to cover holes in the wall, but if they have such a banner they probably
have more documentation than you can stomach.)

Look around for any existing databases that the customers use. Don’t forget the lesson of Chapter 2 that
there are many different kinds of databases. Don’t just look for relational databases. Look also for note
files, filing cabinets, boxes of index cards, tickler files (cubbies where they can place items that should
be examined on a certain date), and so forth. Generally, snoop around and find out what information is
kept where.

Figure out how that information is used and how it relates to other pieces of information. Often different
physical databases contain redundant information and that forms a relationship. For example, a filing
cabinet holding information about customers includes all of the customers” data. A pile of invoices also
includes the customers’ names, addresses, ID numbers, and other information that is duplicated in the
customer files. Paper orders probably contain the same information. These are the sorts of pieces of data
that tie the whole process together.

Brainstorm

At this point, you should have a decent understanding of the customers’ business and needs. To make
sure the customer hasn’t left anything out, you can hold brainstorming sessions. Bring in as many Stake-
holders as you can and let them run wild. Don’t rule out anything yet. If a stakeholder says the database
should record the color of customers’ shoes when they make a purchase, write it down. If someone else
says they need to track the number of kumquats eaten by assembly line workers, write it down.

Continue brainstorming until everyone has had their say and it’s clear that no new ideas are appearing.

Occasionally extra creative people (sometimes known to management as “’troublemakers”) look like
they’re going to go on forever. Let them go for a while but if it’s clear they really can’t stem the flood
of ideas, split up. Have everyone go off separately and write down anything else relevant that they can
think of. Then come back and dump all of the ideas in a big pile.

Try not to let the Customer Champion suppress the others’ creativity too early. Though the Customer
Champion has the final say, the goal right now is to gather ideas, not to decide which ones are the best.

The goal at this point isn’t to accept or eliminate anything as much as it is to write everything down. You
want to be sure that everything relevant is considered before you start designing. Later, when you've
started laying out tables and indexes and changes are more difficult to make, you don’t want someone
to step in and say, “Owl voltages! Why didn’t someone think of owl voltages?”” Hopefully you have owl
voltages written down somewhere and crossed out so you can say they were considered and everyone
agreed they were not a priority.

Different development shops take different approaches if this earth-shatteringly important requirement
somehow got missed during brainstorming. I prefer to grudgingly add it to the requirements, while
making sure that the customers understand that this sort of last minute change might affect the schedule.
If you grumble a little, they usually take the hint and only insist on changes that really are important.
Other shops simply say, “Sorry, that wasn’t in the original requirements and we’re not doing it so
there!”” Though this is technically correct, it increases the chances that the final product won’t meet the
customers’ needs.
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Look to the Future

U
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During the brainstorming process, think about future needs. Explicitly ask the customers what they might
like to have in future releases. You may be able to include some of those ideas in the current project, but
even if you can’t it’s nice to know where things are headed. That will help you design your database
flexibly so you can more easily incorporate changes in the future.

For example, suppose your customer Paula Marble runs a plumbing supply shop but thinks some day
it might be nice to add a little café and call the whole thing ““Paula’s Plumbing and Pastries.” After
you hide your snickers behind a cough, think about how this might affect the database and the rest of
the project.

Plumbing supplies are generally non-perishable, but pastries must be baked fresh daily and the ingre-
dients that go into pastries are perishable. You may want to think about using separate inventory tables
to hold information about non-perishable plumbing items that clients can purchase (gaskets, thread
tape, pipe wrenches) and perishable cooking items that the clients won't buy directly (flour, eggs,
raisins).

You might not even track quantity in stock for finished pastries (the clients either see them in the case or
not) but you probably want to be able to record prices for them nonetheless. In that case, you will have
entries in an inventory table that will contain prices but that will never hold quantities.

You don’t necessarily need to start planning the future database just yet (after all, Paula may decide to
go with “Paula’s Plumbing and Tattoo Palace” instead), but you can keep these future changes in mind
as you study the rest of the problem.

nderstand the Customers’ Reasoning

Occasionally you'll come across a customer who thinks he knows something about database design. He
may say that you should use a particular table structure, an object-relational hierarchical data model, or
an acute polar space modulator.

Sometimes these suggestions make perfect sense. Other times you’ll think the customer clicked the
Google “I'm Feeling Lucky” link and stumbled into the endless morass of techno-babble.

Even if the suggestions seem to make no sense whatsoever, don’t dismiss them out of hand. Remember
that the customer has a different perspective than you do. The customer knows a lot more than you
about his particular business. He may or may not know anything about database design, but it’s entirely
possible that he has a reason for his obscure requests.

For example, suppose you're trying to design a sales and inventory system for Thor’s Thimbles. The
president and CEO Thor says he thinks you need to use a temporal database, although the way he pro-
nounces it makes you think he probably doesn’t understand what that means (or perhaps it’s just his
Scandinavian accent). You think, “How hard can it be to sell thimbles?”” and ignore him.

After you spend a month building a really slick relational database you discover that old Thor isn’t so
naive after all. It turns out that the company sells hundreds of different models of thimbles made from
such materials as stainless steel, anodized aluminum, gold, and platinum. The value of the more exotic
models changes daily with precious metal prices. Almost as volatile are the collectors” models such as the
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Great Scientists of History series and the Sports Immortals (the Pete Rose Hall of Fame model can bring
up to $200 at auction).

Suddenly what you thought was a simple problem really does have hundreds of variables changing
rapidly over time and you realize that you probably should have built a temporal database. You have egg
on your face and Thor decides that his brother-in-law, who originally suggested the temporal database
to Thor, might be able to do a better job than you.

Even if a customer’s suggestion seems odd, take it seriously. Dig deeper to find out why the customer
thinks that will be useful. Take the approach my doctor takes when I tell him that I think I have scurvy
or the plague or some other nonsense. He keeps an absolutely straight face and asks, “Why do you think
that?”” I won't be right but the symptoms I used in my incorrect diagnosis may help him decide that I
really have a cold. (I envision him with the other doctors sitting in the break room later laughing and
saying, “You'll never guess what my patient thought he had today! Ha, ha, ha!”)

TAAEOUETY Who's Right?

Suppose you have a customer who says you should use an XML-enabled object-relation database. You
look into the problem and don’t think that makes any sense. You ask the customer and he gives you a
bunch of half-justifications that don’t really add up. In the end he says, “Just do it.””

How should you respond?

How It Works

This is a tricky situation. Everyone dreads the customer who tells you point-blank to do something that
you know doesn’t make sense. Do you waste the customer’s time and money to pursue the wrong course?
Or do you tell the customer that you won't do it and risk getting fired?

Everyone has to make this call for him- or herself. You're the one who has to be able to sleep at night
after making the decision.

My personal philosophy is that I put the customer’s needs first. If I think the customer is telling me to
do something incorrect, I'll say so. But if the customer insists and I think I can do what he wants, I'll go
ahead and do my best. In the end, it’s the customer’s money after all. If I make a big deal out of it and get
fired, he’ll probably just go out and find someone less experienced who blunders in without seeing the
consequences of following the misguided advice and will make matters worse than I would.

However, I've rarely come to this point with a customer. Usually if you can explain your concerns in
terms that customers can understand, they’ll either convince you that there’s a reason to their madness
or they’ll realize that the issues you’ve raised make sense.

Learn What the Customers Really Need

Sometimes the customers don’t really understand what they need. They think they do and they
almost certainly understand the symptoms of their problems, but they don’t always make the right
cause-and-effect connections.
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Sometimes customers think a database or a new computer program will magically increase their sales,
reduce their costs, walk their dogs, and wash their cars. In fact, a well-designed database will increase
consistency, reduce data entry errors, provide reports, and otherwise help the customers manage their
data, but that won’t necessarily translate into higher profits.

As you look over the customers’ operation, keep in mind that their real goals may not be exactly what
they think they are. Their real goals probably include things such as making bigger profits, making fewer
mistakes so they don’t get yelled at as much by managers and clients, and finishing their daily work in
time to go watch junior’s soccer practice.

Look for the real causes of the customers’ problems and think about ways you can address them. If you
can see a way to improve operations, suggest it (always keeping in mind that they probably know a
whole lot more about their business than you do so there’s a good chance that your idea won't fly).

By the way, never ever tell a customer, ""What you really need is a slap in the head and a better product.”
That sort of non-constructive criticism may be gratifying but usually generates an unfavorable response.

Prioritize
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At this point, you should have a fair understanding of the customers’ business, at least the pieces that are
relevant to your project. You should understand at least roughly which customers will be playing which
roles during the upcoming drama. At a minimum, you should know who the Customer Champion and
Customer Representatives are so you know who to ask questions.

You should also have a big list of desired features. This list will probably include a lot of unicorns and
pixie dust — things that would be nice to have but that are obviously unrealistic. It may also include
things that are reasonable but that would take too much time for your current project.

To narrow the wish list to manageable scope, sit down with the customers and help them prioritize. You'll
need the Customer Representatives who understand what is needed so they can make the decisions.
Sometimes you may need the Customer Champion either in the meeting or available for consultation to
make the tough calls.

Group the features into three categories. Priority 1 (or release 1) features are things that absolutely must
be in the version of the project that you're about to start building. This should be the bare-bones essentials
without which the project will be a failure.

Priority 2 (or release 2) features are those that the customers can live without until the first version is in
use and you have time to start working on the next version. If development goes well, you may be able
to pull some of these features into the first release but the customers should not count on it.

Priority 3 (or release 3) features are those that the customers think would be nice but that are less impor-
tant than the priority 1 and 2 features. This is where you put the unicorns and pixie dust so you can
ignore them for now.

You don't need to tell the customers but the priority 3 features are unlikely to ever make it into produc-
tion. By the time release 1 is finished, the customers will have thought of a plethora of other priority 1
and 2 features that they want in release 2 so the release 3 features will remain unimplemented in the next
version, and so on forever by induction.
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This is another place where different development shops take different approaches. In the more flexible
approach that I prefer, these categories are somewhat flexible. If, during development, you discover
that some priority 2 feature would be really easy to implement, you can pull it into the current release.
In contrast, if some priority 1 feature turns out to be unexpectedly hard, you might ask the customers
how important it really is and suggest that it be bumped to the priority 2 list to avoid endangering the
schedule.

To make this sort of shuffling easier, it can be helpful to further prioritize the items within each category.
If an item is high up on the list of priority 1 items, it is not a likely candidate for deferral to the next
release. Similarly, if an item is high up in the priority 2 list, you might be willing to spend a little extra
effort to bring it into the first release.

In a hard-line development approach, the categories are fixed after the requirements phase ends and
items never move from one category to another. This prevents the customers from promoting items from
priority 2 to priority 1, so it can save you some trouble. However, this approach also makes it hard for
you to downgrade a feature that turns out to be a real project albatross.

Verify Your Understanding

With your notebook (and brain) bursting at the seams with all of this information, it’s almost time to
move on to the next chapter and start building a data model. Before you do, you should verify one last
time that you really understand the customers’ needs. This may be your last chance to avoid a painful
catastrophe, so be sure you've gotten it right.

Walk through your understanding of the system and explain it to the customers as if they were building
the system for you and not the other way around. They should make comforting grunts and noises such
as “yup”” and “uh huh.”

Watch out for words such as “but,” “except,” and “sort of.” When they use those words, make sure
they’re only emphasizing something that you already know and not adding a new twist to things. Often
at this stage the customers think of new situations and exceptions that they didn’t think of before.

Pay particular attention to exceptions — cases where things mostly work one way but occasionally work
in another. Exceptions are the bane of database designers and, as you'll see in the following chapter, you
need to handle them in a special way.

For example, suppose you need to allow for returns. (A client might decide that the Kathryn Janeway
sculpture he ordered is too short or clashes with his Predator statue.) While reviewing your understand-
ing of the project, you say, “So the receiving clerk enters the RMA (Return Merchandize Authoriza-
tion number) and clicks Done, right?”” Your customer representatives look sheepishly at each other
and say, “Well... usually but sometimes they don’t have an RMA. Then they just write in ‘None.””
This is an important exception that the customers didn’t tell you about before and you need to write

it down.

For another example, suppose your customers currently use paper order forms that have shipping and
billing address sections. You say, “So the form needs to hold one shipping address and one billing
address?”” Your customer replies, “Well, sometimes we need two shipping addresses because different
parts of the order go to different addresses.” Someone pulls out an order form where a second address
and additional instructions have been scribbled in the margin.
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This is a huge exception. It’s easy enough to add little notations to a paper form but it’s impossible to add
more than one address value to a single set of fields in a database. You can work around the issue if you
plan for it, but it can be a major headache if you don’t learn about it ahead of time.

For a final example, suppose a customer record needs a billing address. While you're reviewing your
understanding the customer says, “Oh yeah, and a shipping address because sometimes they buy one
as a gift.” Now you have to wonder if sometime later someone will decide that you also need a contact
address in case you have questions about the order. Or a corporate address where you can send legal
correspondence. Or perhaps a whole slew of branch office addresses. Or an executive address where you
can send golf clubs to bribe the client’s executives.

When your customer expands a single field (or a group of fields such as an address), you should ask
seriously whether it’s going to happen again. If the record needs to hold many copies of the same field,
you can easily pull them into a separate table if you plan ahead of time, but it can be hard to add new
copies of fields to a table after you build it and its user interface. A single customer record can hold one
or two addresses but not an ill-defined, ever-expanding number. It’s better to know ahead of time and
plan for an arbitrary number of related addresses.

Sometimes in database design it’s better to only allow one or many related items. There’s no such thing
as two.

Write the Requirements Document
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The requirements document describes the system that you are going to build. This document is sometimes
called the product requirements document (PRD), the requirements specification, specification, or spec. As all of
these names imply, this document specifies the project’s requirements.

At a minimum, the requirements document needs to spell out what you’re planning to build and what it
will do. It needs to explain the problems that it will solve and it should describe how the customers will
use it to solve their problems. It can also include any design or architecture that you've already done, and
it can include (possibly as attachments or appendixes) summaries of the discussions you've had while
deciding on the project’s features.

The requirements document keeps everyone on track during later design and development. It can also
prevent finger-pointing when someone starts yelling about how you forgot to include the telepathic user
interface. You can simply point to the requirements document and say, ““Sorry but the telepathic interface
isn’t in here.” In fact, if you considered this issue during brainstorming and dumped the telepathic
interface into the priority 3 “unicorns and pixie dust” category, having it listed there will probably allow
you to skip the whole argument. The potential wave-maker can see that the issue has been shelved for
now and will probably not bother stirring up trouble on a dead issue.

(I've worked on some projects that had enormous requirements documents, sometimes running to 500
or more pages. In that case, it’s hard for anyone to remember everything that’s in there and you may end
up revisiting some issues occasionally.)

The requirements document should define deliverables (also called milestones, not to be confused with

millstones) that the customers can use to gauge the project’s progress. These should be tasks that you
complete along the way that you can show the customer and that can be verified in some meaningful way.
It’s important that they be verifiable. Saying you're 25 percent done thinking about the design doesn’t
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do the user any good. Saying that you will have a database built and you will have filled it with test
data drawn from a legacy system is much more useful and verifies that the database can hold that kind
of data.

If you make the database design a deliverable (usually a good idea), then you need to be able to somehow
verify that the design meets the customers’ needs. Usually that means an extensive review where a lot of
people put their heads together and try to poke holes in your carefully crafted design.

Prototypes also make excellent deliverables. Customers can experiment with a prototype to better under-
stand what the system will do and they can give you feedback if you're not heading in the right direction.
If you're building a full-blown user interface for the database, you could mock-up some prototype screens
(probably with no error checking and possibly with just a little concocted data) to give the customers a
feel for the completed application.

Some of the deliverables defined by the requirements document should be final deliverables. These are
deliverables that determine whether the project is finished. Like all of the other deliverables, they must
be measurable to be useful.

A particularly useful technique for deciding when a project has met its goals is to create use cases. Use
cases are described in the following section.

Make Use Cases

A use case is a script that the users can follow to practice solving a particular problem that they will face
while using your finished product. These can range in complexity from the very simple such as logging
in or closing the application, to the extremely complex such as scheduling a fleet of trucks to perform
in-home dog grooming.

Depending on how complete the user interface design is when you are writing the use cases, these may

be sketchy or extremely detailed. They may spell out every keystroke and mouse movement that the user
must make or they may provide vague instructions such as, ““The user will use the Order Entry form to

place a new order.”

When the project is finished, the customers should review all of the use cases and verify that the finished
project can handle them all. (In self-defense, you should run through the use cases before you tell the
customers that you're finished. That way you don’t look silly when the product cannot handle simple
chores during an executive dog and pony show.)

Some of the things that you might specify when writing up use cases include:

O  Goals: A summary of what the use case should achieve.
0  Summary: An executive overview that your Executive Champion can understand.

Q  Actors: Who will do what? This includes people, your finished system, other systems, and so
forth. Anyone or anything that will do something.

0  Pre- and post-conditions: The conditions that should be true before and after the use case is fin-
ished. For example, a pre-condition to placing a new order might be that the client placing the
order already exists.
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QO  Normal Flow: The normal steps that occur during the use case.

Q  Alternative Flow: Other ways the use case might proceed. For example, when a user tries to look
up a customer, what happens if the customer isn’t there?

O Notes: Just in case there are special considerations that the person following the use case needs
to know.

Many developers like to draw use case diagrams to show what actors perform what tasks. These seem to
usually work at one of two levels.

A higher level use case shows which actors perform which tasks. For example, the Student actor
enrolls in a class and takes the class, the Instructor actor teaches the class and assigns grades, and
so forth. This type of use case diagram provides little detail about how the actors accomplish their
tasks. It’s useful early on when you know what you want to do but don’t yet know how the system
will do it.

Figure 4-1 shows a high-level use case diagram. Actors are shown as stick figures, tasks are shown in
ellipses, and lines connect actors to tasks. More elaborate use case diagrams use other kinds of arrows,
lines, and annotations to provide more detail.

Customer

Create Trouble Ticket
Assign Ticket to
Repair Person

Fix Problem

Repair Person

Report to Customer
Generate Reports

Sales Rep

Ticket Tracker
Program

Tester
Figure 4-1

The second kind of use case lists more specific steps that actors take to perform a task, although the steps
are still listed at a fairly high level.
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Neither of these kinds of use case diagram provides enough detail to use as a script for testing, although
they do list the cases that you must test. Because they are shown at such a high level, they are great
for executive presentations. For more information on use case diagrams, look for books about UML
(Universal Modeling Language), which includes use case diagrams, or search the Web for “use case
diagram.”” Two links that provide introductions are:

4 atlas.kennesaw.edu/~dbraun/csis4650/A&D/UML_tutorial/use_case.htm

a www . developer.com/design/article.php/10925_2109801_1

Typical use cases might include:

(]

The user logging in.

The user logging out.

Switching users (if the program allows that).
Creating a new customer record.

Editing a customer record.

Marking a customer record as inactive.
Creating a new order for an existing customer.
Creating a new order for a new customer.
Creating an invoice for an order.

Sending out late payment notices.

Creating a replacement invoice in case the customer lost one.

Receiving a payment.

I T T 0 N N

Defining a new inventory item (when the CEO decides that you should start selling Rogaine
for Dogs).

(]

Adding new items to inventory (for example, when you restock your fuzzy dice supply).

a Etc.

The list can go on practically forever. A large project can include hundreds of use cases and it may take
quite a while to write them all down and then later verify that the finished project handles them all.

In addition to being measurable (you want to be able to tell whether the program can pull its weight),
use cases should be as realistic as possible. There’s no point in verifying that the program can handle a
situation that will never occur in real life.

In one project, the program we were writing needed to be able to handle 20 simultaneous users. One
customer performed a test where 20 people all sitting in the same room walked step-by-step through
the same use case at the same time. They all typed in the same text and clicked the Find button at the
same time. The program gave terrible performance because every user’s computer tried to access the same
database records at the same time. In a more realistic test, every user tried to access a different record and
everything was fine.
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TOIE0UET Use Cases

Suppose you are building a program to let students log on over the Internet and enroll in classes.
All enrollments are tentative until a specific date on which they are all processed. (That gives the
school a chance to juggle schedules; for example, if a graduating student really needs a class, another
student might get bumped for now.) To accommodate this flexibility, students should enter alternate

choices.

For this exercise, make a list of database use cases that you could use to look for data that you have not
built into the design and to later test to ensure that all of the data is present. You don’t need to explain
how a user will perform a certain task, just briefly describe the task and list the kinds of data that must
be stored or accessed during that task. Add any questions that need further study or feedback from the

customers.

How It Works

You should perform use cases covering every task that the final users of the system would perform.
Here’s the list that I've come up with.

Task

Data Needs

Log on successfully or
unsuccessfully

Enter desired schedule

Generate final schedules

Send schedules to students

Verify UserName and Password in Students table.
(How do we generate these? How do we guarantee security?)

Let students pick from dropdown lists so we don’t need to verify
that they typed meaningful choices.

Refer to course schedule tables to give students choices.

Save student selections in student selections tables.

(Allow students to prioritize their selections?)

Refer to course schedule tables to get Capacity.

Refer to global tables to learn minimum enrollment to not cancel a
class. (Or does this vary by class? By department?)

Process student selections tables, adding students to desired classes
in the course tables. If a class fills, bump lower priority students,
consult their selections, and assign a replacement course.

If a class has too few students, notify the administrator to cancel the
class. Consult the selections of any students in the class and assign
replacement courses.

When finished, review the course tables and copy student course
assignments into student data tables.

Check global tables (vary by department?) to learn minimum and
maximum normal course load. If a student falls outside of those
bounds, look up the student’s counselor in the student tables and
notify that counselor via email.

Get student schedule and email address from student tables. Email
the schedule.
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Task Data Needs

Email course rosters Get course roster data from course tables.
Get the name and email address of each course’s instructor from the
course tables.
Get the instructor’s email address from the instructor tables.
Email the class’s roster to the instructor.

Manually adjust schedules Allow administrators to manually adjust schedules to handle special
circumstances.
This will require free access to course tables, student data tables, and
student course assignment tables.

Decide Feasibility

At some point, you should step back, take a deep breath, and decide whether the project is feasible. Is it
even possible to design a database to do everything that the customer wants it to do?

Can you really build a database to hold records for 17 million customers, provide simultaneous access for
80 service representatives, log every transaction with timestamps and user IDs, give interactive responses
to queries in less than 2 seconds 90 percent of the time, and still fit it all on a 16 MB flash drive?

Okay, the last condition is pretty unrealistic but seriously, someone needs to think about the project’s
viability at some point. No one will be happy to hear that you can’t solve all of the customers’ problems,
but everyone will be a lot happier if the project is canceled early instead of after you've waste a year of
everyone’s time and a king’s ransom in funding.

If it really looks like you can’t complete the project, make the tough call and ask everyone to rethink.
Perhaps the customers can give up some features to make the project possible. Or perhaps everyone
should just walk away and move on to a more realistic project.

Summary

Building any custom product is largely a translation process whether you're building a small database, a
gigantic Internet sales system similar to the one used by Amazon, or a really tricked-out snowboard. You
need to translate the half-formed ideas floating around in the minds of your customers into reality.

The first step in the translation process is understanding the customers’ needs. This chapter explained
ways you can gather information about the customers” problems, wishes, and desires so you can take the
next step in the process.

In this chapter you learned how to:

Q  Try to decide which customers will play which roles.

1 Pick the customers’ brains for information.
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a

U 00 DO

Look for documentation about user roles and responsibilities, existing procedures, and existing
data.

Watch customers at work and study their current operations directly.
Brainstorm and categorize the results into priority 1, 2, and 3 items.
Verify your understanding of the customers’ needs.

Write a requirements document with verifiable deliverables including use cases.

After you've achieved a good understanding of the customers’ needs and expectations, you can start
turning them into data models. The following chapter explains how to convert those needs into informal
data models that help you better understand the database, and then how to convert the informal models
into more formal ones that you can actually use to build a database.

Before you move on to Chapter 5, however, use the following exercises to test your understanding of the
material covered in this chapter. You can find the solutions to selected exercises in Appendix A.

Exercises
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In Figure 4-2, draw lines connecting the customer roles with their corresponding

descriptions.

Customer Role

Description

Convert

Customer Champion
Customer Representative

Devil's Advocate

Executive Champion

Generic Bad Guy

Short-Timer

Sidekick/Gopher

Stakeholder

Figure 4-2

Someone who won't be around for long. May be
helpful or may not care all that much.

Answers your questions about the project.
Anyone who has an interest in the project.

Makes things generally run smoothly. Not glamorous
but very useful.

Provides a reality check and prevents groupthink.

Ranges from annoying naysayer to malicious
saboteur/super villain.

A user who originally was against your project that
you include in the development process to bring them
onto your side.

The highest ranking customer driving the project.
Willing to fight super villains.

Thoroughly understands the customers’ needs. Has
the authority to make decisions that stick.
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Which of the following does not describe a use case?

a. A script for performing some task.

b. Should describe a realistic operation.

C. Should cover the customer’s entire operation from start to finish.
d

Should be verifiable.
Brainstorming sessions should ideally include:

a. Customer Representatives.
b. A Devil’s Advocate.

C. Allinterested Stakeholders.
d. All of the above.

If a customer says you should use a hierarchical XML database, you should:

a. Politely say, “Thank you,” and ignore this nugget of wisdom.
b. Ask the customer why he thinks that.
C. Do as the customer says. (It’s his money.)

d. Study the problem to see if that kind of database makes sense.

During a visit to view the customers” operation, you see someone repeatedly stamping the
front of an order with the current date, turning the order over, turning it over again, and
stamping the front with the date again. You should:

a. Ask someone what that’s all about.
b. Suggest that the manager fire this crazy and possibly dangerous employee.
C. Ignore the whole issue and stay focused on your own tasks.

d. Avoid eye contact with this employee at all costs.

Look at the ZIP Code lookup form at zip4.usps.com/zip4/welcome.jsp. What are this
form’s data needs? Which fields are required? (How does the user know those fields
are required?) What are the domains for the fields? Which could involve a foreign key
validation?

Which of the following is not a security issue that you should consider when studying the
project?

a. The number of classes of users the database must support.

b. Whether you need to provide audit trails to record changes to the data.

C. The frequency with which you need to perform backups.

d. Whether the users should have individual passwords.

’

You are called upon to design a database for a florist shop named ““Frank’s Floral Fantasies.’
Frank thinks that he might want to track the medicinal and homeopathic properties of his
plants because he thinks that might improve his sales of echinacea, St. John’s Wort, and
other plants. What priority should this requirement get?
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10.

Priority 1, definitely in this release.
Priority 2, probably in the next release.

Priority 3, with the unicorns and pixie dust.

& o oY

It depends (you need more information).

Write a use case for logging in to your computer’s operating system.

You're halfway finished designing your database when a Vice Presidential Super Villain
says your project is doomed to failure because you didn’t include a sufficient allowance for
farbulistic granilation. You need to cancel the whole thing and start over with him in control.
How should you handle this attack?



Translating User Needs
into Data Models

Chapter 4 discussed ways you can work with customers to gain a full understanding of the problem
at hand. The result should be a big pile of facts, goals, needs, and requirements that should be part
of the new database and its surrounding ecosystem. You may already have made some connections
among various parts of this information, but mostly it should be a big heap of requirements that
doesn’t say too much about the database’s design and construction.

This kind of pile of information is sometimes called a contextual list. It's basically just a list of impor-
tant stuff (although it may be fairly elaborate and include requirements documents, diagrams,
charts, and all sorts of other supporting documentation).

The next step in turning the conceptual list into a database is converting it into a more formal model.
You can compare the formal model to the contextual list and make sure that the model can handle
all of your requirements.

You can also use the model to verify that you're on track. You can explain the model to the cus-
tomers and see if they think it will handle all of their needs or if they forgot to mention something
important while you were following the procedures described in Chapter 4.

Constantly verifying that you're on track is an important part of any project. It's much easier to hit
a target if you're constantly checking the map and making any necessary adjustments. You wouldn’t
aim your car at a parking space, close your eyes, and step on the pedal, would you? It's much easier
to park if you keep an eye on your progress, the other cars, the skateboarders slamming nosegrinds off
the curb, kids riding on shopping carts, and everything else in the parking lot.

After you build a data model (or possibly more than one), you can use it to build a relational model.
The relational model is a specific kind of formal model that has a structure very similar to the one
used by relational databases. That makes it relatively easy to convert the relational model into an
actual database in Access, SQL Server, MySQL, or some other database product.
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In this chapter you learn how to:

QO  Create user interface models

0  Create semantic object models

QO  Create entity-relationship models

QO  Convert those types of models into relational models

After you master these techniques, you'll be ready to start pulling the models apart and rearranging the
pieces to improve the design by making it lean and flexible.

What Are Data Models?

20

Despite what some managers occasionally seem to believe, a model isn’t a silver bullet or enchanted
wand that will magically make a project succeed. A model by itself doesn’t do anything. It doesn’t build
a database, it isn’t a piece of software (although there are software tools that can help you build a model),
and the final user of your database never sees a model.

A model is a plan. It’s a blueprint for building something, in this case a database. The purpose of the
model isn’t to do anything by itself. Instead it gives you a concrete way to think about the database that
you are going to build. By studying the pieces of the model, you can decide whether it represents all of
the data that you need to meet your customers’ needs.

A model is also useful for ensuring that everyone on the project has the same understanding of what
needs to be done. If everyone understands the model, then everyone should have the same ideas about
what data should be stored, which tables should contain it, and how the tables are related. They should
also agree on the business rules that determine how the data is used and constrained.

Note that it's important that everyone actually understands the model. I've seen developers build
remarkably complicated models and then dump them on hapless end users, expecting those users to
understand the models” every subtle nuance. The developers ended up walking the users through the
models until the users” heads were spinning and the developers could have convinced them of just about
anything. The models are for those who know how to understand them, not necessarily for everyone.

After you build a model, you can look at it and ask questions such as:

O  Where do we store customer information?

How many contact names can we store for a customer?

Where do we store the contacts’ favorite colors?

What if we need to store multiple price points for the same product?

How do we store the seventeen kinds of addresses we need for customers?

Where do we store supplier information?

U 0U0oOo

If someone asks about an order they placed but haven’t received, how can we figure out where
itis?
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0  Where can we enter special instructions for an order?

d  How do we know when we need to restock left-handed cable stretchers?

You should also work through any use cases or current scenarios and see if the model can handle
them. You can’t actually fill out insurance claim forms and look in the warehouse for missing orders
yet, but you should be able to say, ““this table contains the data we need to do that.”

The end users can help a lot with this part. Though they may not understand the models, they do under-
stand their business and can ask these sorts of questions while you and the other developers try to figure
out if the model can handle them.

If the model cannot handle all of your (and the users’) questions, you need to adjust the model. You
might need to add fields or tables, change a field’s data type, make new connections between tables, or
make other changes to satisfy the requirements. In extreme cases, it may be easiest to start a new model
from scratch.

This chapter discusses four kinds of models that grow successively closer to the final database imple-
mentation.

First, a user interface model views the database at a very high level as seen from the final user’s point
of view. Depending on how you are going to use the database, this might be as the user will view the
database through forms on a computer screen. This model is very far from the final database implemen-
tation and it doesn’t tell much about the database design. This model is useful for understanding what
data is needed by the project and how you might use it to navigate through the user interface.

The second and third types of models described in this chapter are semantic object models and
entity-relationship models. These are roughly at the same distance from the final database. They are at
a slightly lower level than the user interface model and show relationships among data entities more
explicitly. They are still at a moderately high logical level, however, and do not provide quite enough
detail to build the final database.

The fourth type of model described in this chapter is the relational model. This model mimics the struc-
ture of a relational database closely enough that you can actually sit down and start building the database.

In a typical database design project, you might start with a user interface model. I like to start there
because I figure if the user is going to see something, we better have a place for it in the database. Con-
versely, if the user isn’t going to see it in some manner, do we really need it in the database? (But that’s
just me. I like designing user interfaces. Some people prefer to skip that and let someone else worry about
the user interface.)

Next you use what you learned from the user interface model to build either a semantic object model or
an entity-relationship model. These models serve the same purpose so you generally don’t need to build
them both. Work through this chapter and the exercises at its end and decide which one you prefer.

Finally, you convert the semantic object model or entity-relationship model into a relational model. Now
you have something that could be turned into a database. There are still some steps to go as you refine
the relational model to improve the final database’s reliability and performance, but those are subjects
for later chapters.
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Remember, these models are intended to better your understanding of the data and the ways in which
different bits are related, so with that in mind, anything that increases understanding is beneficial. Don’t
be afraid to add notes that clarify confusing issues. Feel free to modify the basic modeling techniques
described here. There’s some benefit to sticking close to standard notations because it lets others who
have studied the same notation understand what you are doing, but if adding a number in a box by each
link or a colored triangle helps you and your team get a better handle on the design, do it. Just be sure to
make a note of your additions and changes so everyone is on the same page.

ser Interface Models

In most database applications, a user will eventually see the data in some form. For example, an order
entry and tracking application might use a series of screens where the user can perform such chores as
entering orders, tracking orders, marking an order as paid, looking up available inventory, and so forth.
Those screens form the database’s user interface.

Some databases don’t have their own user interfaces, at least not that a human will see. Some databases
are designed to store data for other applications to manipulate. In that case, it is the interfaces that those
other applications provide that the human user sees. If possible, you should consider what those appli-

cations will need to display and plan accordingly. Sometimes it is useful to build throwaway interfaces

to view the data on forms, in spreadsheets such as Microsoft Excel, or in text files.

You should also consider how those other applications will get the data from your database. The way in
which those applications interact with your database forms a non-human interface and you should plan
for that one, too. For example, suppose you know that a dispatch system will need to fetch information
about employees from your database and information about pending repair jobs from another system.
You should think about the kinds of employee data that the dispatch system will need (things such as a
repairperson’s skills, equipment, assigned vehicle, and so forth). Then you can design your database to
make fetching this data easy and efficient.

To build the user interface model, start by making rough sketches of the screens that the user will see.
Often these first sketches can come directly from paper forms if any exist.

Include the fields with sample data to make it easier to understand what belongs on each screen. These
sketches can be anything from crayon scribbles on bar napkins, to forms drawn with your favorite com-
puterized drawing tool, to full user interface prototypes. Figure 5-1 shows a mocked-up Find Orders
screen built with Visual Basic. This form holds only controls and doesn’t include any code to do anything
more than just sit there and look pretty.

In addition to the image in Figure 5-1, you should include text explaining what the various parts of the
form do. In this case, that text might say:

O  The user enters selection criteria in the upper part of the form and clicks the Search button.

Q  The program displays a list of matching order records in the bottom of the form.

O  The user can select an order from the list and click Open to open that order’s detail form.
At this level, the user probably thinks of each order as containing all of the information on this form.

If you were to fill out an order on a piece of paper, that paper would include blanks for you to fill in
customer name, customer ID, contact name, order date, and so forth. The order would also have a status,
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although you might represent that by putting the order in boxes on your desk labeled Pending, Open,
Closed, and so forth rather than by having a status box on the paper form.

t¥ Find Orders

Selection Criteria
Customer Name |
Customer 1D
Cortact Name
Order Date 1/1/09 | Te 101709
Order ID
Results
Customer Name Contact Name Date Status 1|
Bob’s Burgers Bob Affraz 4/1/09 Closed b |
Bob’s Burgers Betty Alfraz 6/8/09 Pending 3
No Monsense Toys  Cindy Traz 3/21/09 Closed |
No Monsense Toys Retumed
Mo Monsense Toys  Mike Traz 5/16/09 Closed |
| Passing Wind Kites  Benjamin Hil 6/16/09 Open |i|
Cipen
Figure 5-1

The form and its description also raise some important questions:

What fields should be allowed as selection criteria?
Should we index the selection criteria fields to make searching faster? Some or all fields?

When the user selects an order and clicks Open, how does the program open the Orders record?
(Searching for the exact combination of fields shown in the list would be slow and there might
even be two entries with the same values if someone placed two orders on the same day. It might
be wise to add an order ID field to make finding the record again easier.)

When you select an order from the form shown in Figure 5-1 and click Open, the program displays the
form shown in Figure 5-2.

This form shows the fields that should be associated with an order. These include:

Q

U0 U0 o

0 O

Various dates such as the date the order was placed, the date the products were shipped, the
date the customer paid, and so forth

The order’s current status

The shipping method (Priority, Overnight, Armored Courier, and so forth)
The billing method (credit card, invoice net 30)

Various addresses such as the shipping and billing addresses

Contact information for when we get confused (or want to send spam to the unsuspecting
contact)

The order’s line items

Subtotal, taxes, shipping, and grand total
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L& Order Datail affimif>o]

Order Summary
Date Placed 4/1/09 I Status [Closed
Date Shipped | 4/4/09 Ship Method  Priority
Date Paid 5/14/09 Biling Method  [jnyoice/Net 30
Shipping Information Biling Information Contact Information
Customer Name | Ng Nonsense Toys Customer Name | Mg Nonsense Toys | Name |Gindy Traz
Customer ID 2671786 Credit Card HOO0OOUOOUTRCONK. Phane 404-287-4937
Street 1562 Prark FI Street 37281 Clever Ct | FAX 404-287-4340 |
Suite 27 [ Email .CmdyTlElx@NoNonsense com
Gty Conundrum Gty Conundrum
State MA State VA
P 02162 g 02162
Order ltems
SKU Description Price  Quantity Total Subtotal $1 5559
3728-209 Deluxe Whoopie Cushion 56.95 10 $69.50 Tax I 5978
1025302 Assorted Nose Glasses 30.75 20 5$15.00 L —
3762102 Beginning Database Design 5395.99 1 $39.99 Shipping $35.00|
4762-398 Exploding Shoelaces 5195 [ 51170 Grand Total |
2821201 ¥-Large Chocolate Roaches (50) 435 12 $59.40 Lol $240.37
Figure 5-2

Both of these forms involve orders and both provide some information about the order data. The Order
Detail form includes a lot of the fields that must be stored to represent an order. The Find Orders screen
tells which order fields should be allowed as search criteria (and thus may make good keys) and which
order fields should be displayed in the result list.

Each of these forms tells a little bit more about the order data. Other mocked-up forms would give even
more information about the order data. For example, the application would need an order entry form and
a form to update order information (such as changing the addresses or setting order status to Closed).
Depending on how the work was divided among employees, there might be special forms for performing
a single specific task. For example, an order fulfillment clerk (who puts things in a box and ships them)
would need to be able to change an order’s status to Shipped but probably doesn’t need to be able to
change credit card numbers. In fact, going through the screens and deciding which employees should be
able to do which tasks gives you an initial indication of the application’s security requirements.

Still other forms would give hints about other parts of the database. A full-fledged database for this
application would need to include forms for managing inventory. (For example, how do we know there
are any more whoopee cushions to sell and how do we know when to order more?) It might also include
supplier information (who sells us our nose glasses?), employee information (who is assigned to pester
delinquent customers this week?), advertising data (which spam campaigns gave us the most new con-
tacts?), and so forth.

A large application might include dozens or even hundreds of forms, each of which gives only a partial
glimpse of the information contained in the database. Together these mocked-up screens form a user
interface model that shines spotlights into the data needed to support the application.
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With the user interface model in hand, you are now ready to build a more formal model that shows the
entities used by the application in greater detail. The first of those models discussed in this chapter is the
semantic object model.

_ User Interface Models

Sketch out a form where the user could enter shift information for employees. What data must be dis-
played on the form?

How It Works

Figure 5-3 shows a mocked-up employee shift form.

L5 Employee Shifts F_-:‘nﬁ g
Employee: _.Tcdd Johnsen _‘_\_'l T Mon Tue Wed Thu Fii Sat  Sun
Week Statting: | 412/2010 [l ;

5:00
10:00
Copy From L
Wesk Starting: 4/ 52010 _|l_]l 12.00
Coy
.
2:00
300
4:00
5:00
6:00
Total Hours: [ 35|
[ ok | [_caned |

Figure 5-3

This form includes the following data:

QO  Employee name (selected from a combo box).

Q  The starting day of the week the user is viewing and editing for this employee (selected from a
combo box). (Which weeks will we allow the user to pick? How far in the future?)

O  The user should also be able to select past weeks (from a combo box) from which to copy.

Q  The hours that the employee is scheduled to work. These records (in the EmployeeShifts table?)
will include employee, date, start time, and stop time.

Q  Total hours scheduled. This can be calculated from the shift data.
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The form will also need to look up minimum and maximum normal hours so we can warn the user if
something is unusual. For example, if the user is scheduled to work 70 hours in a week, the form can ask
the user to verify before accepting the changes.

Semantic Object Models

A semantic object model (SOM) is intended to represent a system at a fairly high level. Though the ideas
are somewhat technical, they still relate fairly closely to the way people think about things, so semantic
object models are relatively understandable to users.

Classes and Objects

96

Intuitively a semantic class is a type of thing that you might want to represent in your system. This can
include physical objects such as people, furniture, inventory items, and invoices. It can also include
logical abstractions such as report generators, tax years, and work queues.

Technically a semantic class is a named collection of attributes that are sufficient to identify a particular
entity. For example, a PERSON class might have FirstName and LastName attributes. If you can identify
members of the PERSON class by using their FirstName and LastName attribute values, then that’s good
enough.

By convention, the names of semantic classes are written in ALL CAPS as in EMPLOYEE, WORK_ORDER,
or PHISHING_ATTACK. Some prefer to use hyphens instead of underscores so the last two would be
WORK-ORDER and PHISHING-ATTACK.

A semantic object (SO) is an instance of a semantic class. It is an entity instance that has all of the attributes
defined by the class filled in. For example, an instance of the PERSON class might have FirstName ““David”
and LastName “Letterman.”

Traditionally the attributes that define a semantic class and that distinguish semantic objects are written
in mixed case as in LastName, InvoiceDate, and DaysOfConfusion.

Attributes come in three flavors: simple, group, and object.

A simple attribute holds a simple value such as a string, number, or date. For example, LastName holds a
string and EmployeeId holds a number.

A group attribute holds a composite value — a value that is composed of other values. For example, an
Address attribute might contain a Street, Suite, City, State, and zipCode. You could think of these
as separate attributes but that would ignore the structure built into an address. These values really go
together so, to represent them together, you use a group attribute.

An object attribute represents a relationship with some other semantic object. For example, a relationship
may represent logical containment. A COURSE class would have a STUDENT object attribute to represent the
students taking the course. Similarly the STUDENT class would have a COURSE object attribute representing
the courses that a student was taking. Each of these classes is related to the other so they are called paired
classes. Similarly their related attributes are called paired attributes.
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Cardinality

An attribute’s cardinality tells how many values of that attribute an object might have. For example, at the
start of some volleyball tournaments each team’s roster must contain between 6 and 12 players.

You write the lower and upper bounds beside the attribute to which they apply separated by a period.
The volleyball team roster’s Players attribute would have cardinality 6.12. (I have no idea why it’s a
single period and not a dash or ellipsis.)

Usually the minimum cardinality is 0 if the value is optional or 1 if it is required.

The maximum cardinality is usually 1 if at most one value is allowed or N if any number of values is
allowed.

Probably the most common cardinalities are:

0  1.1: Exactly one value required. For example, suppose you are building a database to track
restaurant orders. In the ORDER class, the ServerName attribute would have cardinality 1.1
because every order must have exactly one server.

Q  1.N: Any number of values but at least one required. For example, the ORDER class’s Item
attribute would hold the items ordered by the diners and would have cardinality 1.N. It
wouldn’t make sense to send an order to the kitchen if it didn’t contain any items, but it could
contain any number of items. (Although in practice I might double-check with the server if the
kitchen received an order for 13,000 hamburgers.)

0  0.1: An optional single value. For example, the server might want to record a comment to go with
the order. (“’Extra cheese on the milkshake.”)

0  0.N: Any number of optional values. For example, a series of comments. (““Dressing on the side
for salad 1. No mayo on burger 2. Recognize poor tipper, use day-old breadsticks.”)

Identifiers

An object identifier is a group of one or more attributes that the users will typically use to identify an object
in the class.

An object identifier can include a single attribute such as CustomerId or a group of attributes such as
FirstName, MiddleName, and LastName.

You indicate an identifier by writing the text “ID” to the left of its attributes. Often identifiers con-
tain unique values so every item in the class will have different values for the identifier. For example,
CustomerId, SocialSecurityNumber, and Isbn are unique identifiers for customers, employees, and
books, respectively. You can indicate a unique identifier by underlining the “ID"’ to its left.

Sometimes non-unique identifiers are used to find groups of objects. For example, suppose the users of

your system will want to find customers in a particular city. Then the CUSTOMER class’s City attribute
would be a non-unique identifier.

Putting It Together

Figure 5-4 shows a simple representation of a CUSTOMER class that demonstrates these notational features.
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CUSTOMER
ID Customerld 1.1
ID Name 1.1
Addresses
AddressType 1.1
Street 1.1
Suite 0.1
City 1.1
State 1.1
ZipCode 1.1 [ 1.N

Figure 5-4

A big box surrounds the whole class definition. The class name, CUSTOMER, goes at the top.

CustomerIdis a simple attribute that is used to identify customers so it gets the ID notation. CustomerId
values are unique so the ID is underlined. This value is required and a customer can have only one ID so
its cardinality is 1.1.

Users sometimes want to search for customers by name so the Name attribute is also an identifier. It is
possible that two customers could have the same name, however, so here ID isn’t underlined. (Duplicate
customer names could also lead to a trademark battle if your customers are companies. Fortunately that’s
their problem, not yours.)

The CUSTOMER class includes address information stored in the Addresses attribute. Each address has the
attributes AddressType (this will be something like Shipping or Billing), Street, Suite, City, State,
and ZipCode. All of these except Suite are required and can hold only one value. The Suite attribute is
optional. Lines show the attributes contained inside the Addresses value. The 1.N to the lower right of
the group indicates that a CUSTOMER object must have one or more Addresses values (each containing a
Street, Suite, City, State, and ZipCode).

Finally, the class has two object attributes named CONTACT and ORDER. The CONTACT attribute represents
one or more contact people for the customer. The box around the attribute tells you that this is an object
attribute. Its cardinality 1.N indicates that the CUSTOMER must have at least one contact.

The ORDER attribute represents the orders placed by this customer. You might think that this should have
cardinality 1.N. After all, why would you need a customer who doesn’t place any orders? However,
when you first create a customer record it will have no associated orders. You might also want to be able
to make a customer record in anticipation of future orders. For both of those reasons, this design sets the
cardinality of ORDER to 0.N.

This is a design decision and in your application you could take the other route. You can look at the
user interface model to see which would be more natural. Do you want to provide a screen where a user
can create a customer record without an order or do you want to make the order entry screen allow for
creating a new customer?
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_ Semantic Object Model

Make a semantic object model for an EMPLOYEE_WEEK class that holds information about employees sched-
uled for a week. This class should have object identifier fields EmployeeId and StartDate. It should also
have a group attribute named shift that includes StartTime and StopTime, and it should hold one shift
for each of the seven days of the week.

How It Works

Figure 5-5 shows the semantic object model for the EMPLOYEE_WEEK class.

EMPLOYEE_WEEK
ID Employeeld 1.1
ID StartDate 1.1

Shift
StartTime 1.1
StopTime 1.1 77

Figure 5-5

Semantic Views

Sometimes it is useful to define different views into the same data. For example, consider the kinds of
information a company typically tracks for its employees. That information might include:

QO  Normal contact information such as name, address, phone number, and next of kin.

0O  Work-related contact information such as title, office number, extension, pager number, and
locker number at the country club (if you're an executive).

0  Confidential salary information including your complete salary and annual bonus history.

Q  Other confidential information such as your stock plan and 401K program participation, insur-
ance selections, annual performance reviews, and golf handicap.

Some of this information, such as your name and title, is freely available to anyone who wants it.

Other semi-public information is available to anyone within the company but not outside the company.
(Many companies worry that executive recruiters with the company phonebook could steal employees
away with all of their valuable skills and the proprietary information locked inside their heads.) This
information includes your office number, extension, project history, and birth date (excluding the year).
It does not include your home address, annual performance reviews, salary history, or other financial
data.

Other more sensitive information should be available to your manager and other superiors but not to
the general population of coworkers. This information includes such things as your annual performance
reviews and work history. However, your manager does not need to know how much you are having
deducted for retirement contributions, whether you participate in the company stock plan, and whether
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you are deducting the extra $750 a month for the dental plan. Those sorts of information should be hidden
from your manager. (Depending on the way your company is structured, your manager might not even
need to know your exact salary.)

The people in the Human Resources department are the ones who arrange to siphon money out of your
paycheck for such perks as the stock plan and dental insurance so they obviously need to know that
information. However, they probably don’t need access to your annual performance reviews.

Figure 5-6 shows an EMPLOYEE class and four views that give access to different parts of the employee
data. For simplicity I've shown each attribute as if it were a simple attribute when actually most of these
are group or object attributes. For example, the 0OfficeData attribute is really a compound attribute
including Title, Office, Extension, BirthDate, and so forth.

EMPLOYEE
ID Employeeld 1.1

PublicData 1.1
OfficeData 1.1

PUBLIC_VIEW
PublicData 1.1

COWORKER_VIEW
ID Employeeld 1.1

PublicData 1.1
OfficeData 1.1

MANAGER_VIEW
ID Employeeld 1.1

PublicData 1.1
OfficeData 1.1

HR_VIEW
ID Employeeld 1.1

PublicData 1.1
OfficeData 1.1

Reviews 0.N
SalaryData 0.N

SalaryData 0.N
FinanceData 1.1

Reviews 0.N
SalaryData 0.N
FinanceData 1.1

Figure 5-6

Defining these different views allows you to make data available only to those who need it. (This notion
of view maps directly to the relational database concept of view so defining views now will help you later.)

After you finish building a complete semantic object model, you should check each of the views to ensure
that they contain all of the information needed for each class of user and nothing else. For example,
you should run through all of the use cases for managers and see if the EMPLOYEE class’s MANAGER_VIEW
provides enough information to handle those use cases. You should also check that every piece of data
included in the MANAGER_VIEW is actually used. If something isn’t used in some use case, then managers
might not need it and it might not belong in the MANAGER_VIEW.

Class Types

The following sections describe some of the types of classes that you may need to use while building
semantic object models. Some of these are little more than names for simple cases. Others such as associ-
ation classes and derived classes introduce new concepts that are useful for building models.

Simple Objects

A simple or atomic object is one that contains only single-valued simple attributes. For example, an inven-
tory item class might include the attributes Sku, Description, UnitPrice, and QuantityInStock. Each
inventory item’s data must include exactly one value for each of these attributes.

Figure 5-7 shows a simple INVENTORY_ITEM class.
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INVENTORY_ITEM

ID Sku 1.1
Description 1.1
UnitPrice 1.1
QuantityInStock 1.1

Figure 5-7

Composite Objects

A composite object contains at least one multi-valued, non-object attribute. For example, suppose you allow
online customers to provide product reviews for inventory items. Then you could add a multi-valued
Reviews attribute to the class shown in Figure 5-7 to get the composite object shown in Figure 5-8.

There’s some difference among developers over these terms. Some call an object with a multi-valued,
non-object attribute a ““complex object’”” or “complex type”” and use “‘composite”’” to mean an object that
contains more than one data element. I think the terms defined here are more common but if there’s any
doubt in your discussion with other developers, you should agree on common definitions.

INVENTORY_ITEM

ID Sku 1.1
Description 1.1
UnitPrice 1.1
QuantitylnStock 1.1
Reviews 1.N

Figure 5-8

Note that the multi-valued attribute need not be a simple attribute. For example, suppose you decide not
to use a simple attribute to hold customer comments. Instead for each comment you store the customer’s
user name, a numeric rating, and comments. Figure 5-9 shows the revised INVENTORY_ITEM class.

INVENTORY_ITEM
ID Sku 1.1
Description 1.1
UnitPrice 1.1
QuantityInStock 1.1
Reviews
UserName 1.1
Rating 1.1
Comments 1.1 _I 1.N

Figure 5-9

Compound Objects

A compound object contains at least one object attribute. For example, consider the CUSTOMER class
shown in Figure 5-10. This class contains basic information such as a customer name and shipping
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and billing addresses. Its CONTACT object attribute stores information about the person we should
contact if we have a question about this customer. (This is also the person who gets our junk mail.) The
SALES_REPRESENTATIVE object attribute refers to another object representing the sales representative
who is charged with keeping this customer happy. (Okay, not too much junk mail.)

CUSTOMER
ID Customerld 1.1
Name 1.1
Addresses
AddressType 1.1
Street 1.1
Suite 0.1
City 1.1
State 1.1
ZipCode 1.1 1 1.N

|SALES_REPRESENTATIVE 1.1

Figure 5-10

Hybrid Objects

A hybrid object contains a combination of the other kinds of attributes. For example, it might contain
a multi-valued group that contains an object attribute. The ORDER class shown in Figure 5-11 contains
a LineItems group attribute to represent the items in the order. Each LineItems entry contains an
INVENTORY_ITEM object attribute that refers to an object of the type shown in Figure 5-9.

ORDER
ID  OrderNumber
Date 1.1

CUSTOMER | 1.1
SALESPERSON | 1.1

Lineltems

INVENTORY_ITEM| 1.1

Quantity 1.1
TotalPrice 1.1 | 1.N
SubTotal 1.1

Tax 1.1
GrandTotal 1.1

Figure 5-11

Association Objects

An association object represents a relationship between two other objects and stores extra information
about the relationship.
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Association objects are particularly useful for many-to-many relationships where an object of one class
can be associated with many objects of a second and an object of the second class can be associated with
many objects of the first.

For example, consider the PROJECT and DEVELOPER classes. A PROJECT may include many DEVELOPERS
and a DEVELOPER may work on many PROJECTS, so the two classes have a many-to-many relationship.
Figure 5-12 shows this relationship modeled with straightforward object attributes.

PROJECT
ID Projectld 1.1
Description 1.1

MANAGER | 1.1
DEVELOPER | 1.N

Figure 5-12

DEVELOPER

ID Developerld 1.1
FirstName 1.1
LastName 1.1

PROJECT | O.N

If this is all there is to the relationship, then this model is fine. However, if there is extra information that
should be stored with the relationship, this model has no place to store that information.

For example, suppose developers play different roles in a project. A developer might be a technical lead,
toolsmith, tester, writer, generic project member, or even the project’s manager. In that case, there’s no
place to store this information in Figure 5-12. You cannot place it in the PROJECT class because data in that
class applies to the project as a whole and not to a specific developer on the project. You cannot place the
information in the DEVELOPER class because a developer might play different roles on different projects.

The solution is to create an association class to connect these classes and store the extra information.
Figure 5-13 shows the new design. A PROJECT_ROLE object connects the PROJECT and DEVELOPER classes
to represent the relationship that a particular developer has with a particular project. The RoleName
attribute stores the information about the type of role that a particular developer plays in the project
(technical lead, tester, and so forth).

PROJECT_ROLE | 1.N

Figure 5-13

DEVELOPER | 0.N
PROJECT | 0.N

PROJECT PROJECT_ROLE DEVELOPER
ID Projectld 1.1 ID Roleld 1.1 ID Developerld 1.1
Description 1.1 RoleName 1.1 FirstName 1.1

LastName 1.1

PROJECT_ROLE | O.N

For a concrete example, consider Dr. Frankenstein’s famous Build-a-Friend project. The following table
shows this PROJECT object’s attribute values.

Projectld Description PROJECT_ROLE
Build-a-Friend Make a friend out of spare parts. Rolel
Role2
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The following table shows the attribute values for the two DEVELOPER objects.

Developerld FirstName LastName PROJECT_ROLE
Dr. Frankenstein Ted Frankenstein Rolel
Igor Igor Johnson Role2

Finally, the following table shows the values for PROJECT_ROLE objects.

Roleld RoleName DEVELOPER PROJECT
Rolel Mad Scientist Dr. Frankenstein Make-a-Friend
Role2 Flunky Igor Make-a-Friend

From this data, you can figure out which developers play which roles on what projects.

_ Association Objects

Suppose you're putting together a database to record World of Warcraft adventures. You want to remem-
ber which player participated in which adventure. You also want to know what character they played
during the adventure.

Make a semantic object model to record this information.

1. Create PLAYER and ADVENTURE classes.

2. Make a PLAYER_CHARACTER association class to fit between PLAYER and ADVENTURE. This class
should store the character in addition to data linking the other two classes.

How It Works

1. Create PLAYER and ADVENTURE classes.

The PLAYER class stores player information (PlayerId, FirstName, LastName, and so forth), plus
an object attribute pointing to one or more PLAYER_CHARACTER objects. Those objects represent
this player’s characters in various adventures.

The ADVENTURE class stores adventure information (AdventureId, Description), plus another
object attribute pointing to one or more PLAYER_CHARACTER objects. Those objects represent all of
the characters in the adventure.

2. Make a PLAYER_CHARACTER association class to fit between PLAYER and ADVENTURE. This class
should store the character in addition to data linking the other two classes.

The PLAYER_CHARACTER class stores the name of the character that the player used in this adven-
ture. An object attribute points to the single PLAYER who played this character. Another object
attribute points to the single ADVENTURE in which the player used this character.
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Figure 5-14 shows the classes.

ADVENTURE PLAYER_CHARACTER PLAYER
ID Adventureld 1.1 ID PlayerCharacterld 1.1 ID Playerld 1.1
Description 1.1 CharacterName 1.1 FirstName 1.1
[ PLAYER_CHARACTER] 1.N PLAYER | O.N LastName 1.1
ADVENTURE] O.N | PLAYER_CHARACTER | 1.N
Figure 5-14
Inherited Objects

Sometimes one class might share most of the characteristics of another class but with a few differences.

For example, you've built a CAR class that has typical automobile attributes: Make, Model, Year,
NumberOfCupholders, and so forth.

Now suppose you decide you need a RACECAR class. A racecar is a type of car so it has all of the same
attributes that a car has. In addition, it has some racecar-specific attributes such as ZeroTo60Time,
ZeroTol00Time, TopSpeed, and QuarterMileTime. You could build a whole new class that duplicates
all of the Car attributes but that would not only be extra work (something any self-respecting database
designer should avoid), it also doesn’t acknowledge the relationship between the two classes.

Instead you can make RACECAR a subclass or subtype of the CAR class. To denote a subclass in a semantic
object model, create a RACECAR class that contains only the new attributes not included in caRr. Include
an object attribute in CAR linking to the RACECAR class and using the notation 0. ST in place of the car-
dinality to indicate that RACECAR forms an optional subtype for CAR. Then place an object attribute in
the RACECAR class linking it back to the CAR class and using the notation p in place of the cardinality to
indicate that the link refers to the parent class.

Figure 5-15 shows a CAR class and a RACECAR subclass. In this case, the RACECAR class is said to inherit
from the CAR class. CAR is called the parent class, superclass, or supertype.

CAR RACECAR
ID Carld 1.1 -CAR
Make 1.1 -p )
ZeroTo60Time 1.1
Model 1.1

ZeroTo100Time 1.1

Year 1.1
NumberOfCupholders 1.1 TopSpeed_ 1'.1
QuarterMileTime 1.1
RACECAR | 0.ST
Figure 5-15

In more complicated models, a class can have multiple subclasses, nested subclasses, or multiple parent
classes.

For example, suppose you decide you also want to store information about motorcycles. Motorcycles and
cars share some information but one isn’t really a special type of the other, so you create a new VEHICLE
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class to hold the common features. You then pull the common attributes from the C2AR class into VEHICLE
and make both CAR and MOTORCYCLE subclasses of VEHICLE. In this example, you have multiple classes
(cArR and MOTORCYCLE) inheriting from a common parent class (VEHICLE). You also have a nested class
RACECAR inheriting from the CAR subclass.

Comments and Notes

Semantic object models are fairly good at capturing the basic classes involved in a project, and through
object attributes they do a decent job of showing which classes are related to other classes. However, they
don’t capture every possible scrap of information about a project.

For example, semantic object models don’t indicate an attribute’s domain. There’s nothing in Figure 5-15
that shows that the CAR class’s Make attribute must take values from an enumerated list (Ford, GM,
Yugo, De Lorean, and so forth), that Model must come from a list that depends on Make, and that
NumberOfCupholders should be an integer between 0 and 99 (some of the bigger minivans may need
three-digit numbers).

For an even stranger example, suppose you build a VOLLEYBALL_TEAM class to represent volleyball teams.
Depending on the tournament, a volleyball team might have 2, 4, or 6 players but other values are not
allowed. (Although I've seen some really weird formats including as the “executive retreat”” event where
as many 12 people wearing slacks and dress shirts but no shoes squeeze onto the court.) A semantic object
model lets you specify a minimum and maximum for the PLAYER object attribute but it cannot handle the
special case of 2, 4, or 6.

A semantic object model also doesn’t necessarily capture all of the meaning of the relationships between
classes. For example, suppose you build BAND and ARTIST classes to store information about your favorite
heavy metal bands. You would like to make separate fields in the BAND class to represent lead vocal, lead
guitar, lead trombone, and other key band members but, because these are all object attributes, you
need to represent them in the model as ARTIST. You'd really like to make LeadVocal, LeadGuitar, and
LeadTrombone attributes that have as their domain ARTIST objects.

Though you cannot make those kinds of attributes, you can jot down notes saying what each of the
ARTIST objects in the BAND class represent. You can add them as a footnote to the class, in a separate doc-
ument, or in any other way that will make it easy for you to remember the meanings of these associations.

Note that you can also work around this problem by making an association class BAND_MEMBER that has
a Role attribute in addition to BAND and ARTIST object attributes. Then, for example, you could use a
BAND_MEMBER object to associate the BAND Spiiial Tap with the ARTIST David St. Hubbins with Role
set to Lead Vocal.

Remember that the point of a semantic model (or any model for that matter) is to help you understand
the problem. If the model alone doesn’t capture the full scope of the problem, add comments, notes,
attachments, video clips, dioramas, and other extras. The model can only do so much and if it’s missing
something, write it down. You may not need this information now to build the initial model, but you'll
need it later to build the database so write it down.

Entity-Relationship Models

An entity-relationship diagram (ER diagram or ERD) is another form of object model that in many ways is
similar to a semantic object model. It also allows you to represent objects and their relationships, although
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it uses different symbols. ER diagrams also have a different focus, providing a bit more emphasis on
relations and a bit less on class structure.

The following sections explain how to build basic ER diagrams to study the entities and relationships
that define a project.

Entities, Attributes, and Identifiers

An entity is similar to a semantic object. It represents a specific instance of some thing that you want to
track in the object model. Like semantic objects, an entity can be a physical thing (employee, work order,
espresso maker) or a logical abstraction (appointment, discussion, excuse).

Similar entities are grouped into entity classes or entity sets. For example, the employee entities Bowb,
Phrieda, and Gnick belong to the Employee entity set.

Like semantic objects, entities include attributes that describe the object that they represent.

There are a couple of different methods for drawing entity sets. In the first method, a set is contained
within a rectangle. Its attributes are drawn within ellipses and attached to the set with lines. If one of the
attributes is an identifier (also called a key or primary key), its name is underlined. Figure 5-16 shows a
simple Employee entity set with three attributes. (Some developers write entity set names in ALL CAPS,
whereas others use Mixed Case.)

Figure 5-16

One problem with this notation is that it takes up a lot of room. If you add all of the attributes to the
Employee class (Employeeld, FirstName, LastName, SocialSecurityNumber, Street, Suite, City, State,
ZipCode, HomePhone, CellPhone, Fax, Email, and so forth), you'll get a pretty cluttered picture. If you
then try to add Department, Project, Manager, and other classes to the picture with all of their attributes,
you can quickly build an incomprehensible mess.

A second approach is to draw entity sets in a manner similar to the one used by semantic object models
and then place only the set’s name in the ER diagram. Lines and other symbols, which are described
shortly, connect the entity sets to show their relationships. This approach allows you greater room for
listing attributes while removing them from the main ER diagram so it can focus on relationships.

Relationships

An ER diagram indicates a relationship with a diamond containing the relationship’s name. The name is
usually something very descriptive such as Contains, Works For, or Deceives, so often the relationship is
perfectly understandable on its own. If the name isn’t enough, you can add attributes to a relationship just
as you can add them to entities: by placing the attribute in an ellipse and attaching it to the relationship
with a line.

Normally entity names are nouns such as Voter, Person, Forklift, and Politician. Relationships are
verbs such as Elects, Drives, and Deceives. When you see entities and relationships connected in an
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ER diagram, they appear as easy-to-read caveman phrases such as Voter Elects Politician, Person
Drives Forklift, and Politician Deceives Voter.

Figure 5-17 shows the Person Drives Forklift relationship.

Person Forklift

Figure 5-17

Note that every relation implicitly defines a reverse relation. The phrase person Drives Forklift implic-
itly defines the relation Forklift IsDrivenBy Person. Usually you can figure out the relation’s direction
from the context. You can help by drawing the relationships from left-to-right and top-to-bottom when-
ever possible.

I've also seen ER diagrams that include arrows above or beside a relationship to show its direction. For

example, Figure 5-18 shows an ER diagram that includes three objects and two relationships. The arrows
make it easier to see that Customer Places Order and Shipper Ships Order.

—> -«

Customer Order Shipper

Figure 5-18

Cardinality
To add cardinality information, ER diagrams add one or more of three symbols to the lines leading in
and out of entity sets. The three symbols are:
Q  ring: A ring (or circle or ellipse) means zero.
Q  line: A short line (or dash or bar) means one.
QO  crow’s foot: A crow’s foot (or teepee or whatever you call it) means many.

These aren’t too hard to remember because the number 0 looks like a circle, the number 1 looks a line,
and the crow’s foot looks like several 1s.

If two of these symbols are present, they give the minimum and maximum number of entities that can
be associated with the relation. For example, if the line entering an entity includes a circle and line, then
zero or one of those items is associated with the relation.

For a concrete example, consider Figure 5-19. The relationship swallows connects the classes

SwordSwallower and Sword. The two lines beside Swordswallower mean that the relationship involves
between 1 and 1 swordSwallower. In other words, the relationship requires exactly one swordswallower.
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The circle and crow’s foot beside Sword mean that the relationship involves between 0 and many swords.
That means this is a one-to-many relationship.

SwordSwallower Sword

Figure 5-19

ER diagrams only have three symbols for representing three cardinalities: 0, 1, and many. (It reminds me
of those primitive tribes that only have words for the numbers 1, 2, and many. I wonder if they played a
role in developing ER diagrams?) This means you cannot specify cardinality as precisely as you can with
semantic object models, which let you explicitly give upper and lower bounds.

For example, suppose you want to represent 2 to 4 jugglers juggling 5 or more flaming torches. (It’s
hardly juggling if two people just stand there holding four torches. Even I could do that, if they’re not
too heavy.) In a semantic object model, you would give the jugglers the cardinality 2.4 and the torches
5.N. Because ER diagrams don’t have symbols for 2, 4, or 5, you're out of luck if you're building an ER
diagram.

But wait! The point of these models is to gain an understanding of the system, not to rigidly follow the
rules to their ridiculous conclusions, so I see no reason why you shouldn’t merge the best of both systems

and use ER diagrams that specify cardinality in the semantic object model style.

Figure 5-20 shows how I would model the jugglers. You won’t find many people who use this combined
notation on the Internet so you should understand the normal ER symbols, too, but this version seems

easy enough to understand.
2.4 N
Juggler @ L Torch

Figure 5-20

Inheritance

Like a semantic object model, an ER diagram can represent inheritance. An ER diagram represents inher-
itance as a special relationship named Isa (read as “is a”’) that’s drawn inside a triangle. One point of the
triangle points toward the parent class. Other lines leading into the triangle attach on the triangle’s sides.

For example, a space shuttle crew contains several different kinds of astronauts including Commander,
Pilot, Mission Specialist, and Payload Specialist. All of these have the common crew member attributes
plus additional attributes that relate to their more specialized roles. For example, a Commander, Pilot,
and Mission Specialist have special NASA space training (I'll call them “‘space trained”).

A Payload Specialist is a doctor, physicist, database design book author, or other professional who comes
along for the ride to perform some specific mission such as watching spiders spin webs in microgravity.
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Figure 5-21 shows one way you might model this inheritance hierarchy in an ER diagram. The
PayloadSpecialist inherits directly from Astronaut. SpaceTrained also inherits from Astronaut,
although the relationship diagram probably will include only subclasses of SpaceTrained and not any
SpaceTrained entities. Commander, Pilot, and MissionSpecialist inherit from SpaceTrained.

Astronaut

SpaceTrained PayloadSpecialist

/|

| Commander || Pilot ||MissionSpeciaIist|

Figure 5-21

Sometimes you may see the IsaA symbol shared by more than one inherited entity. The result implies a sib-
ling relationship that probably doesn’t mean much (for example, SpaceTrained and PayloadSpecialist
are related only by the fact that they inherit from a common parent entity) but it does make the diagram
less cluttered.

Figure 5-22 shows the same inheritance diagram shown in Figure 5-21 but with this new notation.

Astronaut

SpaceTrained PayloadSpecialist

IsA

Commander || Pilot ||MissionSpeciaIist

Figure 5-22
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Try It Out | ER Diagrams

Make an ER diagram to represent the Passenger, Driver, and Car entities.

1. Make a Person class with PersonId, FirstName, and LastName fields.
2. Show Passenger and Driver inheriting from Person.

3. Display the relationships between the Driver and Passenger classes and the car class.

How It Works

1. Make a Person class with PersonId, FirstName, and LastName fields.

Draw Person in a rectangle. Attach ellipses holding PersonId (underlined because it’s the key),
FirstName, and LastName.

2. Show Passenger and Driver inheriting from Person.

Place a triangular Isa symbol below Person. Draw lines out of the bottom of that symbol to con-
nect to the Driver and Passenger classes.

3. Display the relationships between the Driver and Passenger classes and the Car class.

Connect Driver with Car via a Drives relationship. This relationship must involve exactly one
Driver and one Car. (This model doesn’t allow backseat drivers.)

Connect Passenger with Car via a Rides In relationship. This relationship must involve exactly
one Car but may involve any number of Passengers (even none).

Figure 5-23 shows the finished diagram.

Person

IsA
1.1 Driver Passenger ON
_) <_
@ 1.1 Car Pt @

Figure 5-23
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Additional Conventions

ER diagrams use a few other conventions to add fine shades of meaning to a model.

If every entity in an entity set must participate in the relationship, the diagram includes a thick or double
line. This is called a participation constraint because each entity must participate.

For example, consider the Pilot Flies Airplane relationship. During flight, every airplane must have
a pilot (otherwise it’s called a “smoking pile of metal” instead of an “airplane”). This is a participation
constraint on the Airplane entity set because all entities in that set must participate in the relationship
(that is, have a pilot).

If an entity can participate in at most one instance of the relationship set, the diagram uses an arrow to
connect the entity to the relationship. This is called a key constraint. For example, during flight a pilot can
fly at most one airplane so the Pilot entity set has a key constraint on the Flies relationship. (Although
I suppose a pilot could throw a paper airplane while in the cockpit and thus fly two planes at the same
time.)

If an entity must be involved in exactly one instance of a relationship set, it gets a thick or double arrow
to indicate both participation and key constraints. For example, during flight an airplane must have one
and only one pilot so it would get the thick or double arrow.

Figure 5-24 shows the Pilot Flies Airplane relationship. Each Pilot can fly at most one airplane so
Pilot is connected to the relationship with an arrow (key constraint). A Pilot might sometimes be a
passenger who’s not flying the airplane so there’s no participation constraint on Pilot for this relation-
ship. On the other side of the relationship, the Airplane must have one and only one Pilot so it gets the
double arrow to indicate both key and participation constraints. The cardinalities are between 1 and 1 for
both entities because there’s a one-to-one relationship between pilot and Airplane (ignoring copilots)

in this relationship.
Pilot L1 @ L1 Airplane

Figure 5-24

A weak entity is one that cannot be identified by its attributes alone. For example, consider a database to
store submarine race results. A Race entity holds information about particular race. A Result entity holds
information about how a submarine performed in a race. The Result entity has attributes to store a refer-
ence to the Race entity, a reference to a Sub entity, and result information such as Time, FinishPosition,
and TorpedoesFired.

Alone, there’s no reasonable way to find a specific Result entity. There is no combination of Result
attributes that really makes sense as a search key. You could search for a combination of Time and

FinishPosition but that doesn’t identify a particular Result.

Instead you would either search for a particular Race and use it to find its associated Results, or search
for a particular sub and use it to find its associated Results.

In an ER diagram, you draw a weak entity with a thick rectangle and connect it to its identifying relation-
ship with a thick arrow. Figure 5-25 shows the Race, Sub, and Result entity sets and their relationships.
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_) H
1.1 2.N 0N . 1.1
Race ResultedIn Result Achieved Sub

Figure 5-25

Comments and Notes

As is the case with semantic object models, you shouldn’t be afraid to add notes, comments, scribbles,
and anything else to make an ER diagram easier to understand. Annotate entity set definitions to show
the domain and cardinality of an entity’s attributes. Add notes to further explain confusing entities and
relationships.

The purpose of an ER diagram is to help you understand a project, not to become a technically correct
but uninformative doodle.

Relational Models

Chapter 3 explained basic concepts of relational databases such as tables, tuples, rows, and columns.
(If you don’t remember Chapter 3, go back and skim through it quickly to refresh your memory.)

Converting semantic object models and ER diagrams into a relational version isn’t too difficult once
you know how the concepts described in Chapter 3 map to those described so far in this chapter. The
following table shows the how key terms from Chapter 3 map to the terms used in semantic object models
and ER diagrams.

Theory Database File SOM ER
Relation Table File Class Entity Set
Tuple Row Record Object Entity
Attribute Column Field Attribute Attribute

To convert semantic object models and ER diagrams into relational models, you simply map the classes
or entity sets to tables. You then figure out which columns in the tables form the foreign key relationships
among the tables.

The following sections work through examples of converting SOM and ER models into relational ones.

Converting Semantic Object Models

Consider the simple semantic object model shown in Figure 5-26. A CUSTOMER object has one or more
Addresses, one or more CONTACTs, and one or more ORDERs. The CONTACT class contains only simple
attributes. The ORDER class contains a simple Date and a group attribute to hold information about Items
ordered.

This model leads immediately to three relational tables: Customers, Contacts, and Orders.
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CUSTOMER CONTACT
ID Customerld 1.1 Name 1.1
Name 1.1 Phone 1.1
Addresses ——— Email 0.1
AddressType 1.1
Street 1.1
City 1.1 ORDER
State 1.1 Date 1.1
Zip 1.1 —— 11N ltegﬂk »
u 1.
TN Description 1.1
1N Quantity 1.1
UnitPrice 1.1 1N

Figure 5-26

If the semantic object model includes inheritance relationships, build a table for each of the object sets.
Use the parent class’s primary key as a foreign key in the child class to connect the two in a one-to-one
relationship. For example, if CUSTOMER inherits from PERSON, add a Personld field in the Customers table
to associate the corresponding records in the two tables.

The CUSTOMER class’s CONTACT and ORDER attributes indicate that there should be a link from the Cus-
tomers table to the Contacts and Orders tables. To do this, you can place foreign key fields in the Contacts
and Orders tables to hold the Customerld values of their corresponding Customer records. To make
understanding the relational model easier, call those fields Customerld so they match the name in the
Customers table.

At this point, the relational model is practically finished. Only one little problem remains: a relational
record cannot hold a potentially unlimited number of columns. In this case, a row in the Customers table
cannot have an unlimited number of columns to hold multiple address values for every row. Similarly,
the Orders table cannot have an unlimited number of columns to hold item data.

The solution is similar to the one used to allow a Customers record to correspond to multiple Contacts
and Orders records. Create new tables to hold the repeated items. Then use foreign key fields to link
those records back to their owning Customers and Orders records.

Figure 5-27 shows the resulting relational model.
Each table’s primary key is underlined (only the Customers and Orders tables have primary keys).

Lines connect the fields that form foreign key relationships. The numbers at the ends of these lines give
the numbers of items participating in the relationship (the infinity symbol co means ““‘many”’). In this
example, all of the relationships are one-to-many relationships.

This diagram shows relationships among tables but doesn’t show much other detail. In particular, it
doesn’t show the fields” data types or whether they are required. If you expand each table’s representa-
tion, you can add some of this information. Figure 5-28 shows the same model with columns to show the
fields” data types and whether each is required.
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Customers Contacts
Customerld Name
Name Phone
Email
22! Customerld
Orders 1 Items
Orderld Sku
Date Description
Customerld Quantity
UnitPrice
[&S)
Addresses Orderld
AddressesType
Street
City
State
Zip
=)
Customerld
Figure 5-27
Customers Contacts
Customerld [ Number [ Required [ Name String Required
Name [ String | Required Phone String Required
Email String
Customerld [ Number Required
Orders 1 Items
Orderld Number Required Sku String Required
Date Date Required Description String Required
Customerld Number Required Quantity Number Required
o UnitPrice Currency Required
Addresses Orderld Number Required
AddressesType | String Required
Street String Required
City String Required
State String Required
Zip String Required
29 "Customerld | Number Required
Figure 5-28

There’s only so much information you can add to one of these diagrams, however. Even this relatively
simple diagram is pretty big if you add data type and required data. Usually it’s better to stick to the
simpler version and put additional information in separate documents.

As is the case with all models, you should write down notes to record any information that is not fully
captured by the diagram alone. For example, Figure 5-28 does not show which fields are required, their
meanings (what does Sku mean, anyway?), more precise cardinalities (what if “‘one-to-many”” should
really be “one-to-four”), and so forth.

Though the figure gives data types for each of the tables’ fields, that does not necessarily completely
specify the fields” domains. For example, the Zip field should contain a 5-digit ZIP Code or a Zip+4 Code
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similar to 12345-5678, UnitPrice should be a positive monetary value, and the Email field should hold a
properly formatted email address such as comments@whitehouse.gov.

You should write down all of these and any other constraints that are not obvious from the diagram.

(In case you're curious, Sku stands for “’stock keeping unit” and is pronounced “skew.” It’s like a serial
number you can use to identify products.)

Converting ER Diagrams

Figure 5-29 shows an ER diagram that covers a situation similar to the one modeled by semantic object
model shown in Figure 5-26.

AddressType

Customer
1.1 |11

HasA < N Contact

— —H o]
HasA < Order

Figure 5-29

Each customer entity has at least one Address, Contact, and Order. Those are all participation constraints
so they are drawn with double lines.

The Address, Contact, and Order entities are accessed through their corresponding Customer entities.
That makes them weak entities so they are drawn with thick rectangles and they have thick arrows
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pointing to their identifying relationships. (If you want to allow the users to search for orders directly,
perhaps by an OrderId, then order would not be a weak entity.)

The order entity must be associated with at least one Item so it has a participation constraint drawn with
a double line. The Item entity is also weak so it is drawn with a thick rectangle and it uses a thick arrow
to connect to its identifying relationship.

The entities in the ER diagram lead directly to the relational tables Customers, Addresses, Contacts,
Orders, and Items.

To connect a weak entity with its owner, make sure the owner’s table has a primary key. Then add a
foreign key field to the weak entity’s table that refers back to the owner’s primary key.

The resulting relational model is the same as the one generated by the semantic object model and is
shown in Figure 5-27.

You can handle inheritance the same way you did for semantic object models. Build a table for each of
the entities. Use the parent class’s primary key as a foreign key in the child class to connect the two in a
one-to-one relationship. For example, if Politician inherits from weasel, then add a Weaselld field in
the Politicians table to link the corresponding records in the two tables.

As is the case when translating a semantic object model into a relational model, you will need to write
down any extra conditions, constraints, or other information that is not completely captured by the
model. See the end of the previous section for some examples of things you might want to write down.

Summary

Different kinds of models help define a problem. They identify the entities that are significant to the
problem and they clarify the relationships among those entities. You can then use the models to test your
understanding of the problem and to verify that the models provide the data you need to satisfy the
problem’s use cases and other requirements.

This chapter explained how to build different kinds of models.
In this chapter you learned how to:

O Build user interface models to learn what kind of data the database will need to store.
Q  Build semantic object models to study the objects that will interact while solving the problem.

Q  Build entity-relationship diagrams to study the entities that are involved in the problem and to
examine their interactions.

QO  Convert semantic object models and entity-relationship diagrams into relational models.
After you've built a relational model, you can use it to start building a database. Before you begin, how-

ever, there are several techniques that you can use to make the model more efficient. The first of these
techniques, extracting business rules, is described in the following chapter.
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Before you move on to Chapter 6, however, use the following exercises to test your understanding of the
material covered in this chapter. You can find the solutions to these exercises in Appendix A.

Exercises

118

1.

Draw a semantic object model for a small college with the classes STUDENT, INSTRUCTOR,
COURSE, and PROJECT. The rules are:

All students must be enrolled in at least one course or one project (or they’re dropped).
Similarly an instructor must teach at least one course or supervise at least one project.
A student cannot be working on more than one project (they’re too time-consuming).
An instructor can teach any number of courses and supervise any number of projects.
A project or course must have an instructor.

A course must have at least 5 students (or it’s canceled).

A project must have between 1 and 5 students.

S -0 20 T 9

STUDENT and INSTRUCTOR should be subclasses of a PERSON class that contains common
elements such as name, address, and phone number.

i. Student data must include past courses and projects, and grades for them.
Write down any special conditions and features that the semantic object model cannot han-
dle with its normal notation.

Draw two ER diagrams for the situation described in Exercise 1, one to show the inheritance
relationships and one to show the main entity relationships. Write down descriptions of any
constraints and any special conditions that are not represented by the diagram alone.

Convert either the semantic object model that you built for Exercise 1 or the ER diagram you
built for Exercise 2 into a relational model.

Mike’s Trikes sells tricycles. Not the little kiddie models, the giant motorized half-ton behe-
moths you occasionally see on the road that are somewhere between a motorcycle with an
extra wheel and a car with one missing.

Draw a semantic object model for Mike with the classes CUSTOMER, SALESPERSON, MANAGER,
CONTRACT, PAYMENT, and SHIFT. Use the following assumptions:

A. CUSTOMER and SALESPERSON are subclasses of the PERSON class that holds contact infor-
mation (name, address, phone). MANAGER is a subclass of SALESPERSON.

b. A salesperson sells a payment contract to a customer. The salesperson gets a commis-
sion so you need to keep track of who sold the contract.

C. A customer doesn’t have a record until that customer buys a contract.
d. sHIFT objects track dates and times that a salesperson works.

€. Customers make payments that should be subtracted from the customer’s balance.
A PAYMENT object should record the payment’s date and amount, and the customer who
made it.
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f.  You should be able to find all of the contracts that a particular salesperson sold.

8. Youshould be able to find all of the contracts that a particular customer purchased.
You should also be able to check the customer’s current balance.

Write down any special conditions and features that the semantic object model cannot han-
dle with its normal notation.

Draw two ER diagrams for the situation described in Exercise 3, one to show the inheritance
relationships and one to show the main entity relationships. Write down descriptions of any
constraints and any special conditions that are not represented by the diagram alone.

Convert either the semantic object model that you built for Exercise 4 or the ER diagram you
built for Exercise 5 into a relational model.

Suppose you want to make a database to represent your most expensive purchases. These
include your house and vehicles so you make HOUSE and VEHICLE classes. You decide to
expand the model to include CAR and TRUCK classes. Then you buy a camper. Because it
shares attributes with both HOUSE and TRUCK, you decide that it should inherit from both of
those classes.

Draw a semantic object model showing these inheritance relations. Add a few additional
non-object attributes of your choosing to each class.

Draw an ER diagram representing the inheritance hierarchy described in Exercise 7.
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Extracting Business Rules

Chapter 5 explained how to build models to represent the entities involved in a database project and
to study the interactions among those entities. The final kind of model described in that chapter, the
relational model, has a structure that closely mimics the organization of a relational database. You
can easily convert a relational model into a working relational database.

Before you do, however, you should optimize the relational model to make the final database
as flexible and efficient as possible. Optimizing the model now is easier than reorganizing the
database later, so it's worth taking some time to make sure you get the database design right the
first time.

The first step in optimizing the database is extracting business rules. Keeping business rules sep-
arate from other database constraints and relations, at least logically, makes later changes to the
database easier.

In this chapter you learn:

QO  Why business rules are important.
Q  How to identify business rules.
0O  How to modify a relational model to isolate business rules.

After you understand business rules, you'll be able to use them to make the database more flexible
and easier to maintain.

What Are Business Rules?

Business rules describe the objects, relationships, and actions that a business finds important and
worth writing down. They include rules and policies that define how a business operates and han-
dles its day-to-operations. They generally help a business satisfy its goals and meet its obligations.
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For example, some general business rules might be:
O  The nearest clerk greets customers by saying ““Welcome to Cloud Nine”” when they enter
the store.

Q  Clerks ask to see a customer’s ID when writing a check for more than $20 or charging more
than $50. No signature is required when charging less than $25.

O  Whoever unlocks the door in the morning makes the first pot of coffee (or risks mutiny).

0  Save the good scotch for the landlord.

Because this is a database design book, this chapter is only concerned with the database-related
business rules. Some examples of those are:

0O  Don’t make a Customer record until the customer buys something and has an associated
order.

(]

Customer records must have first and last names. (If Bono, Everlast, or Madonna buys
something, get an autograph and make up a last name.)

If a student doesn’t enroll in at least one class, change the Status field to Inactive.

If a salesperson sells more than 10 hot tubs in one month, award a $200 bonus.

All Contact records must have at least one phone number or email address.

If an order totals more than $100 before taxes and shipping, give a 10 percent discount.
If an order totals more than $50 before taxes and shipping, give free shipping.

Employees get a 1 percent discount.

0O 000U 00

If the in-stock quantity of an inventory item drops below the number of items sold during
the last month, order more.

From a database point of view, business rules are constraints. Some are simple constraints such as:

O  All orders must have a ContactPhoneNumber.

Simple rules such as this one map easily to the features provided by a relational database. It’s easy
to indicate that a field has a certain data type or that it is required (as in this case).

Other business rules may represent quite complex constraints such as:

QO A student’s number of course hours plus number of project hours must be between
1 and 14.

You can implement some of these more complex rules with check constraints or foreign key con-
straints. Recall from Chapter 3 that check constraints include field-level constraints that apply to
a single field in a table, and table-level constraints can examine more than one field in the same
record.
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Still other business rules are even more complex:

0  Aninstructor must have a combination of classes, labs, and office hours totaling at least 30
contact hours with up to 1/2 office hour per hour of class, 1 office hour per hour of lab, and
thesis supervision counts as 2 hours.

This constraint may require you to gather data from several different tables. This kind of very com-
plex check is probably best performed by code either in the database itself or in external software.

All of these rules are implemented as constraints in one form or another, whether as easy database
features (requiring a field), as harder database features (check constraints and foreign keys), or in
code (inside or outside of the database).

Identifying Key Business Rules

Writing down all of the business rules is worthwhile in its own right so you can make sure they all get
implemented somehow in the database. It’s also worth categorizing the business rules so you can build
them properly.

How you implement a business rule depends not only on how tricky it is to build, but also on how likely
it will be to change later. If a rule is likely to change later, you may be better off building it by using a
more complicated but more flexible method.

For example, suppose you only ship orders to states where you have a warehouse and those include
Wyoming, Nebraska, Colorado, and Kansas. A business rule requires that the State field in an order’s
shipping address must be WY, NE, CO, or KS. You can implement this as a simple field-level check
constraint in the Orders table. Three minutes” work and you're a hero! No big deal.

But now suppose you open a new warehouse in Utah. To allow for this change, you'll need to edit this
check constraint. This isn’t the end of the world, but this change requires that you modify the structure
of the database.

Now suppose the company policy changes so some warehouses are allowed to ship to certain other states.
You'll need to change the database’s check constraints again to allow for the change. This still isn’t the
end of the world, but once more you're required to change the structure of the database to accommodate
a change to a business rule.

Now consider an alternative approach. Suppose instead of making this business rule a field-level check
constraint on the State field, you make it a foreign key constraint. You create a ShippingStates table and
fill it with the values WY, NE, CO, and KS. Then you make the Orders table’s State field a foreign key
referring to the new States table. Now the Orders table will accept only records that have a State value
that is listed in the States table.

If you need to change the states that are allowed, you only need to add or remove records from the States
table. Admittedly the difference in difficulty between this approach and the previous one is small. The
previous approach required changing the database’s structure, whereas the new approach only requires
changing the data.
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Not only does changing the data take a bit less effort, but it also requires less skill. This rule implemented
as a check constraint might look like this:

State = 'WY' Or State = 'NE' Or State = 'CO' Or State = 'KS'

This isn’t terribly difficult code, but it is code and only someone familiar with database programming
will be able to make changes to it.

Data in the States table, however, is relatively easy to understand. Even your customers can add entries
to this table (possibly with a few hints from you).

Placing the validation data in a separate table also allows the users to understand it more easily. Most
users would be intimidated by the previous check constraint (even if they can find it), but they can easily
understand a list of allowed values in a table.

To identify these key business rules, ask yourself two questions. First, how easy is it to change a rule? If
a rule is very complex, it will be difficult to change without messing it up. If implementing the rule is as
simple as making a field required or not in a table, you won’t lose a huge amount of time if the customer
later decides that the Lumberjacks table’s Preferred Axe field isn’t required after all.

Second, how likely is the rule to change? If a rule is likely to change frequently, it’s probably worth some
extra planning to make changing the rule easier.

Types of rules that make good candidates for extra attention include:

O Enumerated values: For example, allowed shipping states, order statuses (Pending, Approved,
Shipped), and service names (Installation, Repair, Dog Washing).

0  Calculation parameters: For example, suppose you give free shipping on orders over $50. Will
you later change that to $75? $100?

O  Validity parameters: For example, suppose full-time students must take between 8 and 16 cred-
its. Will we ever make this 12 to 16 hours? 8 to 20 hours? Or suppose you require that all projects
include between 2 and 5 students. Will you ever want to allow a single student to have a project?
Or will you allow a bigger team if a group of friends wants to work together badly enough to
bribe you with donuts and latte?

0  Cross-record and cross-table checks: These kinds of checks are more complicated. For example,
you might require that the date and time of a poker game be after the date the tournament
started. (Although the Olympics schedules competitions before the opening ceremony. They
probably use some sort of time-warp effect at international levels.)

0  Generalizable constraints: If you think you may need to apply a similar constraint later, you
should think about generalizing the constraint and moving it out of the database proper. For
example, suppose your buyer slipped a decimal point and ordered 100 sets of crampons (those
spiky things that ice climbers wear on their boots) instead of 10. To move the excess inventory,
you offer a $50 bonus to any salesperson who can sell 10 pairs in a week. That'’s fine, but next
month you might end up with an excess inventory of ice axes. After you fire your buyer, you
might want to change the incentive to give a $30 bonus to any salesperson who sells 5 ice axes.
You can make these changes easier if you pull the product name or ID, number of sales, bonus
amount, and duration (weekly) out into another table and then use those parameters to calculate
bonuses.
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Q  Very complicated checks: Some checks are so complex that it’s just easier to move them into
code, either stored within the database or in external code modules. For example, suppose you
can only register for the course Predicate Calculus (in the Mathematics department) if you have
already taken (and passed) Propositional Calculus (in the Mathematics department) or Logic I
and Logic II (in the Philosophy department). Or you have the instructor’s permission. Or your
advisor’s. You can probably implement this as a table-level check constraint, but it may be worth
thinking about moving this rule somewhere else, particularly because you may be able to gener-
alize it to handle prerequisites for other courses.

Types of rules that are usually not worth special attention and can be just implemented directly in the
database include:

QO  Enumerated types with fixed values: Though it might make sense to move allowed values for
a State field into a new table, it probably doesn’t make sense to do the same for a Handedness
field. Unless you're planning to start marketing to octopi and squids, Left Handed and Right
Handed are probably the only values you'll ever need for this field.

0  Data type requirements: Requiring specific data types for a field is one of the bigger advantages
to using a database. It hardly ever makes sense to use a very generic data type such as string
because you're not sure whether the field will need to be a currency amount or a date. If you are
that unsure, you probably need to study this field some more or split it into multiple fields.

0  Required values: If a GolfRound record really needs a Caddie entry (so the golfer knows who to
blame for using the 3-wood on that 124-yard par 3 hole), just make it required and worry about
something more complicated.

0  Sanity checks: For example, all inventory items should have a price of at least 0. You might want
to allow O cost for loss leaders (or perhaps not) but if I ever find a store that sells a product for
less than nothing (that is, pays me), I'm going down there with a dump truck and cleaning them
out. (Now that I think about it, I've bought a few products that would have been overpriced at
negative amounts. I might have to think a bit harder depending on what the product is.) If the
sanity checks are so broad that they’ll never need to be changed, just wire them in and don’t
worry about it.

Somewhere in the middle ground are business rules that have never changed in the past but that you
cannot swear won't change in the future. They may be easy to implement as checks within the database
but there still might be some advantage to extracting them to accommodate changes.

For example, suppose you require that Resident Advisors (RAs) have passed all of their general education
requirements. It’s been that way for five years, but before that the rule was different. Chances are the rule
won’t change again, at least not for a long time, but you never know. There has been talk about exempting
RAs from the writing requirement ('cause riting ain’t emportunt enuff).

In cases such as this one, you need to rely on the judgment of those who make the rules. Then when the
unexpected happens, you can blame them.

So write down all of the business rules you can discover. Include the domains of every field and any
simple bounds checks such as Price > 0 in addition to more complicated rules.

Group the rules by how likely they are to change and how hard they would be to change. Then take a

closer look at the ones that are likely to change and that will be hard to change and see if you shouldn’t
pull them out of the database’s structure.
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_ Find the Business Rules

Consider this partial list of business rules for a custom woodworking shop:
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Accept no new orders if the customer has an unpaid balance on completed work.
All customer records must include daytime and evening phone numbers.
Always wear proper eye protection.

Clean the shop thoroughly at the end of the day.

Create a customer record when the customer places his or her first order.

Don’t use non-portable power tools alone.

Give a 10% discount if the customer pays in full in advance.

If there is less than 1 pound of standard size screws, add them to the reorder list.
If we have fewer than 3 bottles of glue, add it to the reorder list.

Leave no power tool plugged in when not in use, even for a minute.

No customer can ever have an outstanding balance greater than $10,000.

No customers allowed in the painting area.

Order 25% extra material for stock items.

Replace a tool if you won’t need it in the next hour. Replace all tools at the end of the day.

Require half of an order’s payment up front (so we can buy materials) if the order is more than
$1,000.

Walt is not allowed to use the nail gun. Ever!

When we have fewer than 2 pounds of standard size nails, add them to the reorder list.

Identify the database-related rules and indicate when they would apply.

Identify the rules that are simple or that seem unlikely to change so they can be built into the
database.

Identify the rules that may change or that are complicated enough to deserve special attention.

How It Works
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1.

The following are the database-related rules:

0  Accept no new orders if the customer has an unpaid balance on completed work.
Applies when the customer tries to place a new order.

Q  All customer records must include daytime and evening phone numbers.
Applies when the customer places a new order.

Q  Create a customer record when the customer places his or her first order.

When the customer places a new order, try to look up the customer’s record. If there is no
record, create one.
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Give a 10% discount if the customer pays in full in advance.

When the customer places a new order, give this discount if he or she pays in advance. (You
should also mention the discount at this time.)

If there is less than 1 pound of standard size screws, add them to the reorder list.

When we use screws, check this. (In practice, we'll probably check weekly or whenever we
notice we’re running low.)

If we have fewer than 3 bottles of glue, add it to the reorder list.
When we use up a bottle of glue, check this.
No customer can ever have an outstanding balance greater than $10,000.

When the user tries to place a new order, check the outstanding balance and place the order
on hold until the balance is under $10,000. Also when we receive a payment, check for
orders on hold (so we can release them if the customer’s balance is low enough).

Order 25% extra material for stock items.
When ordering supplies, see if an item is in stock and if so add 25% to the order.

Require half of an order’s payment up front (so we can buy materials) if the order is more
than $1,000.

When the user places a new order, check the cost and require this payment if necessary.
When we have fewer than 2 pounds of standard size nails, add them to the reorder list.

When we use nails, check this. (In practice, we’ll probably check weekly or whenever we
notice we’re running low.)

The following rules are simple or seem unlikely to change, so they can be built into the database:

Q

Accept no new orders if the customer has an unpaid balance on completed work.

This seems unambiguous and unlikely to change, although if we need an exception mecha-
nism (for brother-in-law Frank), this rule cannot be built into the database’s structure.

All customer records must include daytime and evening phone numbers.

This seems unambiguous and unlikely to change. (Will we ever need more than two phone
numbers?)

Create a customer record when the customer places his or her first order.

This seems unambiguous and unlikely to change.

The following rules seem likely to change or are complicated enough to deserve special attention:

Q

Give a 10% discount if the customer pays in full in advance.

The parameter “10%"" might change.

If there is less than 1 pound of standard size screws, add them to the reorder list.
The parameter ““1 pound”” might change.

If we have fewer than 3 bottles of glue, add it to the reorder list.

The parameter ““3 bottles” might change.
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O  No customer can ever have an outstanding balance greater than $10,000.

The parameter “$10,000” might change. (Do we need an exception mechanism?)
Q  Order 25% extra material for stock items.

The parameter “25%"” might change.

0  Require half of an order’s payment up front (so we can buy materials) if the order is more
than $1,000.

The parameters “half”” and “$1,000”” might change.
0O  When we have fewer than 2 pounds of standard size nails, add them to the reorder list.

The parameter “2 pounds” might change.

A few of these rules follow the pattern, “If we have less than X, reorder.” It might be worthwhile to
generalize this rule and apply it to all inventory items. The item’s record would have fields ReorderWhen
(to indicate the quantity on hand that triggers a supply order) and ReorderQuantity (to indicate how
much to order).

Extracting Key Business Rules

Now that you've identified the business rules that will be tricky to implement within the database or
that may change frequently, pull them out of the database. There are a couple of standard approaches for
doing that.

First, if the rule is a validation list, convert it into a foreign key constraint. Only shipping to a set of
specific states is the perfect example. Simply make a States table, enter the allowed states, and then make
the Orders table’s State field be a foreign key referring to the States table.

Second, if the rule is a fairly straightforward calculation with parameters that may change, pull the
parameters out and put them in a table. For example, if you want to give salespeople who sell at least
$250,000 worth of cars in a month a $5 bonus, pull the parameters $250,000 and $5 out and put them in a
table. In some businesses, you might even want to pull out the duration one month.

I've written several applications that had a special Parameters table containing all sorts of oddball param-
eters that were used to perform calculations, check constraints, and otherwise determine the system’s
behavior. The records had two fields: Name and Value. To see if a salesperson should get the bonus, you
would look up the BonusSales parameter and see if his or her sales totaled at least that much. If so, you
would look up the BonusAward parameter and give the salesperson that big a bonus. (This approach
works particularly well when program code performs the checks. When the program starts, it can load
all of the parameters into a collection. Later it can look up values in the collection without hitting the
database.)

Third, if a calculation is complicated, extract it into code. That doesn’t necessarily mean you need to write
the code in C++, C#, Ada, or the latest programming language flavor-of-the-month. Many database
products can store and execute stored procedures. A stored procedure can select and iterate through
records, perform calculations, make comparisons, and do just about anything that a full-fledged pro-
gramming language can.
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So what's the point of moving checks into a stored procedure? Partly it’s a matter of perception. Pulling
the check out of the database’s table structure and making it a stored procedure separates it logically
from the tables. That makes it easier to divide up maintenance work on the database into structural work
and programming work.

Of course you can also build the check into code written in a traditional programming language. You
may be able to invoke that code from the database or you might use it in the project’s user interface.

Finally, if you have a rule that you might want to generalize, well, you're going to have to use your
judgment and imagination. For example, suppose an author of a database design book earns a 5% royalty
on the first 5,000 copies sold, 7% on the next 5,000, and 10% on any copies after that. You could code
those numbers into a stored procedure to calculate royalties but then later, when Steven Spielberg turns
the book into a movie, you better believe the author will want better terms for the sequel.

Rather than writing these values into the code, put them in a table. In this case, those values are associated
with a particular record in the Books table. You may want more or less than three percentage values for
different royalty points so you'll need to pull the values into their own table (in ER diagram terms, the
new table will be a weak entity with identifying relationship to the Books table).

Figure 6-1 shows a tiny part of the relational model for this database. To find the royalty rates for a
particular book, you would look up the RoyaltyRates records for that book’s BookId.

Books RoyaltyRates
Bookld =21 Bookld
ISBN NumberSold
Authorld Rate
Title
Pages
Figure 6-1

Now it will be a little more work calculating royalty payments than before (although you can still hide
the details in a stored procedure), but it is easy to create new royalty schedules for future books.

Multi-Tier Applications

A multi-tier application uses several different layers to handle different data-related tasks. The most
common form of multi-tier application uses three tiers. (The tiers are also often called layers, so you'll
hear talk of three-layer systems.)

The first tier (often called the user interface tier or user interface layer) is the user interface. It displays
data and lets the user manipulate it. It might perform some basic data validation such as ensuring that
required fields are filled in and that numeric values are actually numbers, but it doesn’t implement
complicated business rules.

The third tier (often called the data or database tier or layer) is the database. It stores the data with as
few restrictions as possible. Normally it provides basic validation (NumberOfRockets is required, Max-
imumTwistyness must be between 0.0 and 1.0) but it doesn’t implement complicated business rules,
either.
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The middle tier (often called the middle or business tier or layer) is a service layer that moves data between
the first and third tiers. This is the tier that implements all of the business rules. When the user interface
tier tries to send data back to the database, the middle tier verifies that the data satisfies the business
rules and either sends the data to the data tier or complains to the user interface tier. When it fetches data
from the database, the middle tier may also perform calculations on the data to create derived values to
forward to the user interface tier.

Figure 6-2 shows the three-tier architecture graphically.

Name [

Street [

; cty [
User Interface Tier .

Zip —
Email

Middle Tier
(Business Rules)

Database

Figure 6-2

The main goal of a multi-tier architecture is to increase flexibility. The user interface and database
tiers can work relatively independently while the middle tier provides any necessary translation. For
example, if the user interface changes so a particular value must be displayed differently (perhaps in
a dropdown instead of in a text box), it can make that change without requiring any changes to the
database. If the database must change how a value is stored (perhaps as a string Small/Medium/Large
instead of as a numeric size code), the user interface doesn’t need to know about it. The middle tier
might need to be adjusted to handle any differences but the first and third tiers are isolated from
each other.

The middle tier also concentrates most of the business logic. The user interface and database perform
basic validations but the middle tier does all of the heavy lifting.

Another advantage of multi-tier systems is that the tiers can run on different computers. The database
might run one a computer at corporate headquarters, the middle tier libraries might run on a second
computer (or even split across two other computers), and the user interface can run on many users’
computers. Or all three tiers might run on the same computer. Separating the tiers lets you shuffle them
around to fit your computing environment.
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In practice, there’s some benefit to placing at least some checks in the database tier so, if there’s a problem
in the rest of the application, the database has the final say. For example, if the user interface contains an
obscure bug so customers who order more than 999 pencils on leap year day are charged $-32,767, the
database can save the day by refusing that obviously harebrained price.

There’s also some value to placing basic checks in the user interface so the application doesn’t need to
perform unnecessary round trips to the database. For example, it doesn’t make a lot of sense to ship an
entire order’s data across the network to the corporate database only to have it rejected because the order
is for =10 buggy whips. The user interface should be smart enough to know that customers cannot order
less than zero of something.

Adding validations in both the user interface and the database requires some redundancy, but it’s worth
it. (Also notice that the user interface developers and database programmers can do their work separately
so they can work in parallel.)

Although multi-tier architecture is far outside the scope of this book, it's worth knowing a little about it

so you understand that there’s another benefit to extracting complex business rules from the database’s

table structure. Even if you implement those rules in stored procedures within the database, you still get
some of the benefits of a logical separation and flexibility almost as if you had a hidden extra tier.

Try It Out | Multi-Tier Applications

Consider the following database-related business rules:

QO  All Customers records must have at least one associated Orders record.
All Orders records must have at least one associated Orderltems record.
In a Customers record, Name, Street, City, State, and Zip are required.
In an Orders record, Customer, Date, and DueDate are required.

In an OrderItems record, Item and Quantity are required.

In an OrderItems record, Quantity must be at least 1.

In an Orderltems record, Quantity must normally (99% of the time) be no greater than 100. In
very rare circumstances, it might be greater.

0  Only one order can be assigned a particular DueDate. (We have special products that take an
entire day to install and only enough staff to handle one installation per day.)

Decide where each of these rules should be implemented in a three-tier application.

1. Identify the rules that should be implemented in the database’s structure.
2. Identify the rules that should be implemented in the middle tier.

3. Identify the rules that should be implemented in the user interface.

Note that there will be some overlap. For example, the user interface may validate a required field to
avoid a round-trip to the database if the field is missing.
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1.

Identify the rules that should be implemented in the database’s structure.

Whether a rule should be implemented in the database’s structure depends on whether it will
change. For example, if the users decide that it might be useful to create a Customers record with
no associated Orders records after all, then that rule should not be implemented in the database
layer. The following list shows the rules that seem extremely unlikely to change, so they can be
implemented in the database’s structure:

QO  In Customers record, Name, Street, City, State, and Zip are required.
In an Orders record, Customer, Date, and DueDate are required.
In an OrderItems record, Item and Quantity are required.

In an OrderItems record, Quantity must be at least 1.

U 00U DO

Only one order can be assigned a particular DueDate.

The last one might be a bit iffy if the customer decides to add new staff so they can perform more
than one installation per day. I'd check with the customer on this, but this rule seems to belong
here.

Identify the rules that should be implemented in the middle tier.

The rules in the middle tier are the most complicated and the most subject to change. The follow-
ing list shows the rules that should probably be implemented in the middle tier:

Q  All Customers records must have at least one associated Orders record.
O  All Orders records must have at least one associated Orderltems record.

O  Inan Orderltems record, Quantity must normally (99% of the time) be no greater than 100.
In very rare circumstances it might be greater.

Identify the rules that should be implemented in the user interface.

Whether a rule should be implemented in the user interface depends mostly on the rule’s
simplicity and the likelihood that it will change. These rules can prevent unnecessary trips to
the middle and database tiers so they can save time. However, the user interface shouldn’t be
unduly constrained so we have to make changes to it when business rules change. (Hint: if it’s
implemented in the middle tier, there’s probably a reason, so you might not want to implement
it here, too.) The following list shows the rules that probably should be enforced in the user
interface:

QO  In Customers record, Name, Street, City, State, and Zip are required.
a In an Orders record, Customer, Date, and DueDate are required.

QO  Inan Orderltems record, Item and Quantity are required.

O  Inan Orderltems record, Quantity must be at least 1.

The following table summaries the places where these rules are implemented.
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Rule Database Middle Tier Ul

All Customers records must have at least one associated X
Orders record.

All Orders records must have at least one associated X
Orderltems record.

In Customers record, Name, Street, City, State, and Zip are X X
required.

In an Orders record, Customer, Date, and DueDate are X X
required.

In an Orderltems record, Item and Quantity are required. X X
In an Orderltems record, Quantity must be at least 1. X X
In an Orderltems record, Quantity must normally (99% of X

the time) be no greater than 100. In very rare circumstances
it might be greater.

Only one order can be assigned a particular DueDate. X

The final rule demonstrates an unusual combination: a rule that is easy to implement in the database but
hard to implement in the middle tier or user interface. Only the database has ready access to every order
at all times so it can see if a new order’s DueDate will conflict with a different order’s DueDate.

Summary

Business rules are, quite simply, the rules that govern how a business runs. They cover everything from
a list of acceptable attire for Casual Fridays to the schedule of performance bonuses.

As far as databases are concerned, business rules help define the data model. They define every field’s
domain (what values and ranges of values they can contain), whether fields are required, the fields” data
types, and any special conditions on the fields.

Some rules are simple and unlikely to change so they can be easily implemented by using the database’s
features. Other rules are complex or subject to occasional change. You can make changing those rules
easier by separating them from the database’s structure either physically or logically.

In this chapter you learned how to:

Q  Understand business rules.
Q  Identify key business rules that may deserve special attention.

O  Isolate key business rules physically or logically by extracting their data into tables, moving
them into stored procedures, and moving them into a middle tier.
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Separating business rules from the database’s table structure is one way to make a database more
efficient and flexible. Chapter 7 describes another important way to improve the database’s behavior:
normalization.

Before you move on to Chapter 7, however, use the following exercises to test your understanding of the
material covered in this chapter. You can find the solutions to these exercises in Appendix A.

Exercises

For Exercises 1 through 3, consider Happy Sherpa Trekking, a company that sells and rents trekking
equipment (boots, backpacks, llamas, yaks). They also organize guided adventure treks. Figure 6-3 shows
a relational model for that part of the business.

Phones o 1 Persons 1 1 Guides
Personld 1 Personld — Personld
Type FirstName 1 Guideld
Number MiddleName Icelnstructor?
LastName RockInstructor?
Street Jumplnstructor?
City
State 1 Organizers
Zip Personld
EmailAddress Organizerld -
EmergencyContact
Explorers ] MedicalNotes Treks
Personld IceQualified? M rekid
Explorerld 1 RockQualified? Guideld
JumpQualified? Description
Locations
Adventures StartLocation
o Adventureld EndLocation
Explorerld 1 StartDate
EmergencyContact — EndDate
Organizerld — Price
Trekld = MaxExplorers
DateSold IceRequired?
IncludeAir? RockRequired?
IncludeEquipment? JumpRequired?
TotalPrice
Notes
Figure 6-3

The company uses the following terminology to try to get everyone in an Indiana Jones mood:

Q  Explorer: A customer. Must be qualified to go on a trek.
QO  Adventure: A particular explorer’s trek. This is basically the contract with the customer.

O  Guide: The person who will lead the trek. Must be qualified and an instructor for any needed
skills for a particular trek.
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0  Organizer: A salesperson who sells adventures to explorers.

(]

Ice/Rock/Jump: These refer to ice climbing, rock climbing, and parachute jumping skills.

Q  Qualified?: These indicate whether an explorer or guide has training in a particular skill. For
example, if IceQualified? is Yes, then this person has ice climbing training.

Q  Instructor?: These indicate whether a guide is qualified to teach a particular skill. For example, if
RockInstructor? is Yes, then this guide can teach rock climbing.

Q  Required?: These indicate whether a trek requires a particular skill. For example, if JumpRe-
quired? is Yes, then this trek requires parachute jumping skills (for example, the popular
“Parachute into the Andes and Hike Out” trek).

The company requires an emergency contact for all explorers and that contact cannot be going on the
same trek (in case an avalanche takes out the whole group).

The company gives a 10% discount if the explorer purchases airline flights with the adventure. Similarly
the company gives a 5% discount if the explorer rents equipment with the adventure. (During require-
ments gathering, one of the company’s owners asks which gives the customer the biggest discount:
applying a 10% discount followed by a 5% discount, applying a 5% discount followed by a 10% discount,
or adding the two and applying a 15% discount. What do you think?)

If the explorer purchases airfare with the adventure, the organizer uses the Notes field to record flight
information such as the explorer’s starting airport and meal preferences.

1. For each of the database’s tables, make a chart to describe the table’s fields. Fill in the follow-
ing columns for each field:

a
a

Field: The field’s name.

Required: Enter Yes if the field is always required, No if it is not, or ? if it is sometimes
required and sometimes not.

Data Type: The field’s data type as in String or Yes/No.

Domain: List or describe the allowed values. If the allowed values are a list that might
need to change, write “List:” before the list. You will extract these values into a new
table. If the value must be in another table, list the foreign field as in Persons.Personld.

Sanity Checks: List any basic sanity checks such as MaxExplorers > 0. Remember that
these just verify extremely basic information such as a price is greater than $0.00. Don’t
enter more complex checks such as looking up a value in a list. Also don’t enter data
type validations such as the fact that an ID really is an ID or that a date is a date. (Note
that this kind of sanity check has nothing to do with the explorers’ sanity. If it did, we’d
never get any customers to purchase the “Tubing over Niagara Falls”” or ““August in
Tampa” packages.)

2.  For each of the database’s tables, list the related business rules that are unlikely to change
(and that are not too horribly complicated) so they should be implemented in the table’s field
or table checks. (For example, before the database creates a new Adventures record, it should
verify that the corresponding trek has space available.)

Include any fields that can be validated against a list of values that will never change (such
as Gender) and more complex format validations (such as phone numbers).
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Do not include fields that are foreign key constraints because that validates them completely.
For example, a Phones record’s Personld value must be in the Persons table so it needs no
further validation.

List any business rules that are likely to change, that fit better in a lookup table, that are
really complicated, or that are just too weird to build irrevocably into the database. Next to
each, describe how you might extract that business rule from the database’s structure.

List the new tables (and their fields) that you would create to implement these changes.



Normalizing Data

Chapter 6 explained how you can make a database more flexible and robust by extracting certain
business rules from the database’s structure. By removing some of the more complex and change-
able rules from the database’s check constraints, you make it easier to change those rules later.

Another way to make a database more flexible and robust is to “‘normalize” it. Normalization
makes the database more able to accommodate changes in the structure of the data. It also protects
the database against certain kinds of errors.

This chapter explains what normalization is and tells how you can use it to improve your database
design.

In this chapter you learn:

0O  What normalization is.

Q  What problems different types or levels of normalization address.
QO  How to normalize a database.
a

How to know what level of normalization is best for your database.

After you normalize your relational model, you'll be ready to build the database.

What Is Normalization?

Depending on how you design a relational database, it may be susceptible so all sorts of problems.
For example:

Q It may contain lots of duplicated data. This not only wastes space but it also makes updat-
ing all of those duplicated values a time-consuming chore.

Q It may incorrectly associate two unrelated pieces of data so you cannot delete one without
deleting the other.
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Q  Itmay require a piece of data that shouldn’t exist in order to represent another piece of data
that should exist.

Q It may limit the number of values that you can enter for what should be a multi-valued
piece of data.

In database terminology, these issues are called anomalies. (Anomaly is a euphemism for ““problem.”
I'm not sure why this needs a euphemism — I doubt the database’s feelings would be hurt by the
word “problem.”)

Normalization is a process of rearranging the database to put it into a standard (normal) form that
prevents these kinds of anomalies.

There are seven different levels of normalization. Each level includes those before it. For example, a
database is in Third Normal Form if is in Second Normal Form plus it satisfies some extra prop-
erties. That means if a database is at one level of normalization, then by definition it gets the
advantages of the “lower” levels.

The different levels of normalization in order from weakest to strongest are:

First Normal Form (1NF)

Second Normal Form (2NF)

Third Normal Form (3NF)
Boyce-Codd Normal Form (BCNF)
Fourth Normal Form (4NF)

Fifth Normal Form (5NF)

I T 0 A S A S

Domain/Key Normal Form (DKNF)

A database in DKNF has amazing powers of protection against anomalies, can leap tall buildings,
and has all sorts of other super-database powers.

The following sections explain the properties that a database must satisfy to officially earn one of
these coveted uber-database titles. They also explain the data anomalies that each level of normal-
ization prevents.

First Normal Form (1NF)

First Normal Form basically says that the data is in a database. It’s sort of the price to play the game if
you want be a relational database.

Most of the properties needed to be in 1NF are enforced automatically by any reasonable relational

database. There are a couple of extra properties added on to make the database more useful, but mostly
these rules are pretty basic. The official qualifications for 1NF are:
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Each column must have a unique name.

The order of the rows and columns doesn’t matter.
Each column must have a single data type.

No two rows can contain identical values.

Each column must contain a single value.

A

Columns cannot contain repeating groups.

The first two rules basically come for free when you use a relational database product such as Access,
SQL Server, or MySQL. All of these require that you give columns different names. They also don’t really
care about the order of rows and columns, although when you select data you will probably want to
specify the order in which it is returned for consistency’s sake.

Rule 3 means two rows cannot store different types of data in the same column. For example, the Value
field in a table cannot hold a string in one row, a date in another, and a currency value in a third. This
is almost a freebie because database products won't let you say, “This field should hold numbers or
dates.”

One way to run afoul of Rule 3 is to store values with different types converted into a common form.
For example, you could store a date written as a string (such as “3/14/2012”’) and a number written as a
string (such as ““17”) in a column designed to hold strings. Though this is an impressive display of your
cleverness, it violates the spirit of the rule. It makes it much harder to perform queries using the field in
any meaningful way. If you really need to store different kinds of data, split them apart into different
columns that each holds a single kind of data. (In practice, many databases end up with just this sort of
field. In particular, users often enter key data in comment or notes fields and a program must later search
for values in those fields. Not the best practice but it does happen.)

Rule 4 makes sense because, if two rows did contain identical values, how would you tell them apart?
The only reason you might be tempted to violate this rule is if you don’t need to tell the rows apart. For
example, suppose you fill out an order form for a pencil, some paper, and a tarantula. Oh, yeah, you also
need another pencil so you add it at the end.

This reminds me of the joke where some guy wants to buy two new residents for his aquarium by
mail-order (this was before Internet shopping) but he doesn’t know whether the plural of octopus is
octopi or octopuses. So he writes, “’Dear Sirs, please send me an octopus. Oh and please send me another
one.”

Now the form’s list of items contains two identical rows listing a pencil. You don’t care that the rows are
identical because the pencils are identical. In fact, all you really know is that you want two pencils. That
observation leads to the solution. Instead of using two identical rows, use one row with a new Quantity
field and set Quantity to 2.

Note that Rule 4 is equivalent to saying that the table can have a primary key. Recall from Chapter 3 that
a primary key is a set of columns that you can use to uniquely identify rows. If no two rows can have
exactly the same values, then you must be able to pick a set of columns to uniquely identify the rows,
even if it includes every column.

139



Part Il: Database Design Process and Techniques

In fact, let’s make that a new rule:
4. (continued). Every table has a primary key.

Rule 5 is the one you might be most tempted to violate. Sometimes a data entity includes a concept that
needs multiple values. The semantic object models described in Chapter 5 even let you explicitly set an
attribute’s cardinality so you can make one attribute that holds multiple values.

For example, suppose you are building a recipe table and you give it the fields Name, Ingredients,
Instructions, and Notes (which contains things such as ““Sherri loves this recipe’”” and “For extra fla-
vor, increase ants to 3 tbl.”"). This gives you enough information to print out a recipe and you can easily
follow it (assuming you have some talent for cooking and a garden full of ants).

However, the Ingredients, Instructions, and Notes fields contain multiple values. Two hints that this
might be the case are the fact that the column names are plural and that the column values are probably
broken up into sub-values by commas, periods, carriage returns, or some other delimiter.

Storing multiple values in a single field limits the usefulness of that field. For example, suppose you
decide that you want to find all of your recipes that use ants as an ingredient. Because the Ingredients
field contains a bunch of different values all glommed together, you cannot easily search for a particular
ingredient. You might be able to search for the word “ants’” within the string, but you're likely to get
extraneous matches such as ““currants.” You also won’t be able to use indexes to make these searches in
the middle of a string faster.

The solution is to break the multiple values apart, move them into a new table, and link those records
back to this one with this record’s primary key. For the recipe example, you would create a Recipelngre-
dients table with fields Recipeld, Ingredient, and Amount. Now you can search for Recipelngredients
records where Ingredient is “ants.”

Similarly, you could make a Recipelnstructions table with fields Recipeld, StepNumber, and Instruction.
The StepNumber field is necessary because you want to perform the steps in the correct order. (I've tried
rearranging the steps and it just doesn’t work! Baking bread before you mix the ingredients gives you a
strange little brick-like puddle.) Now you can search for Recipes records and matching Recipelnstructions
records that contain the word “preheat” to see how hot the oven must be.

Note that you only need to separate a field’s values if they are logically distinct for whatever purposes
you will use them. For example, you might want to search for individual ingredients. It’s a bit less clear
that you'll need to search for particular instructions. It's even less sure that you'll want to search for
specific values within a Notes field. Notes is more or less a free-format field, and it’s not clear that any
internal structure is important.

For an even more obvious example, consider an Authors table’s Biography field. This field contains a brief
biography of the author. You could break it into sentences (or words, or even letters), but the individual
sentences don’t have any real context, so there’s little point. You will display the Biography as a whole
anyway so there’s little benefit in chopping it up arbitrarily.

Rule 6 means you cannot have multiple columns that contain values that are not distinguishable. For
example, suppose you decide that each Exterminators record should be able to hold the animals for
which an exterminator is qualified to remove (muskrat, ostrich, platypus, and so forth). (Don’t worry,
this is a humane pest control service, so the exterminators catch the critters and release them far away so
they can bug someone else.)
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You already know from Rule 5 that you can’t just cram all of the animals into a single Critters field. Rule
6 says you also cannot create columns named Critter1, Critter2, and Critter3 to hold different animals.
Instead you need to split the values out into a new table and use the Exterminators table’s primary key
to link back to the main records.

Figure 7-1 shows a relational model for the recipe data. The ingredients and instructions have been
moved into new tables but the Notes field remains as it was originally.

Recipelngredients
oo -
Recipeld
. Ingredient
Recipes 1 Amount
Recipeld ]
ma;ﬂe Recipelnstructions
otes 20 | Recipeld
StepNumber
Instruction
Figure 7-1

_ Arranging Data in the First Normal Form

The following table contains information about airline flights. It contains data about a party of two flying
from Denver to Phoenix and a party of three flying from San Diego to Los Angeles. The first two columns
give the start and destination cities. The final column gives the connection cities (if any) or the number of
connections. The rows are ordered so the frequent flyer passengers are at the top, in this case in the first

three rows.
City City Connections
DEN PHX 1
SAN LAX JFK, SEA, TPA
SAN LAX JFK, SEA, TPA
DEN PHX 1
SAN LAX JFK, SEA, TPA

Your mission, should you decide to accept it, is to put this atrocity into First Normal Form:

1. Make sure every column has a unique name. This table has two columns named City. To fix these
problems (sorry, I mean ““anomalies”’), rename those columns to StartCity and DestinationCity.

2. Make sure the order of the rows and columns doesn’t matter. If the order of the rows matters,
add a column to record the information implied by their positions. In this example, make a new
Priority column and explicitly list the passengers’ priorities.

3. Make sure each column holds a single data type. If a column holds more than one type of data,
split it into multiple columns, one for each data type. In this case, list the connecting cities, and
don’t even record the number of cities. Just count them when necessary.
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4. Make sure no two rows can contain identical values. If two rows contain identical values, add a
field to differentiate them. In this case, add a Customerld column so you can tell the customers
apart.

5. Make sure each column contains a single value. If a column holds multiple data values, split them
out into a new table. Make a new Connections table and move the connection data there. To tie
those records back to their original rows in this table, add columns that correspond to the pri-
mary key columns in the original table (Customerld and Date).

6. Make sure multiple columns don’t contain repeating groups. In this example, you need to think
about the two city fields and decide whether they contain distinguishable values.

How It Works

1. Make sure every column has a unique name.

Rule 1 says each column must have a unique name, but this table has two columns named City.
This also sort of violates the rule that the order of the columns cannot matter because we’re using
the ordering to know which is the start city and which is the destination city.

After you rename the columns, the table looks like this:

StartCity DestinationCity Connections

DEN PHX 1

SAN LAX JFK, SEA, TPA

SAN LAX JFK, SEA, TPA

DEN PHX 1

SAN LAX JFK, SEA, TPA

2. Make sure the order of the rows and columns doesn’t matter. If the order of the rows matters,
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add a column to record the information implied by their positions.

Rule 2 says the order of the rows and columns doesn’t matter. After making the first change, the
order of the columns doesn’t matter any more because you can use the column names rather than
their order to tell which city is which. However, you're using the order of the rows to determine
which passengers have the highest priority (frequent flyers get the caviar and pheasant while the
others get Twinkies and Spam).

To fix this, take whatever concept the row ordering represents and move it into a new column.
After you make a new Priority column and explicitly list the passengers’ priorities, the ordering
of the rows doesn’t matter because you can retrieve the original idea of who has higher priority
from the new column. Now the table looks like this:
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StartCity DestinationCity Connections Priority
DEN PHX 1 1
SAN LAX JFK, SEA, TPA 1
SAN LAX JFK, SEA, TPA 1
DEN PHX 1 2
SAN LAX JFK, SEA, TPA 2
3.  Make sure each column holds a single data type. If a column holds more than one type of data,

split it into multiple columns, one for each data type.

Rule 3 says each column must have a single data type. Here the Connections column holds either
a list of connecting cities or the number of connections, two different kinds of data. There are at
least two reasonable solutions for this problem (at least for right now).

First, you could make two columns, ConnectingCities and NumberOfConnections, and split
these values into their proper columns. This would be the better solution if you really needed
both of these types of values.

In this case, however, the number of connections is just a count of the number of connecting
cities so, if you knew the cities, you could just count them to get the number of cities. The better
solution in this case is to list the connecting cities and calculate the number of those cities when
necessary. Here’s the new table:

StartCity DestinationCity Connections Priority
DEN PHX LON 1
SAN LAX JFK, SEA, TPA 1
SAN LAX JEK, SEA, TPA 1
DEN PHX LON 2
SAN LAX JFK, SEA, TPA 2
4. Make sure no two rows can contain identical values. If two rows contain identical values, add a

field to differentiate them.

Rule 4 says no two rows can contain identical values. Unfortunately this table’s second and third
rows are identical. The question now becomes, ““Do you care that you cannot tell these records
apart?”
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If you are a cold, heartless, big corporation airline and you don’t care who is flying, just that some-
one is flying, then you don’t care. In that case, add a Count field to the table and use it to track the
number of identical rows. This would be the new design:

StartCity DestinationCity Connections Priority Count
DEN PHX LON 1 1
SAN LAX JFK, SEA, TPA 1 2
DEN PHX LON 2 1
SAN LAX JFK, SEA, TPA 2 1

However, if you're a warm, friendly, mom-and-pop airline, then you do care who has which
flight. In that case, what is the difference between the two identical rows? The answer is that they
represent different customers so the solution is to add a column to differentiate between the cus-
tomers. If you add a Customerld column, then you don’t need the Count column and the table
becomes:

StartCity DestinationCity Connections Priority Customerld
DEN PHX LON 1 4637

SAN LAX JFK, SEA, TPA 1 12878

SAN LAX JFK, SEA, TPA 1 2871

DEN PHX LON 2 28718

SAN LAX JFK, SEA, TPA 2 9287

This works for now, but what if one of these customers wants to make the same trip more than
once on different dates? In that case the table will hold two identical records again. Again you
can ask yourself, what is the difference between the two identical rows? The answer this time is
that the trips take place on different dates so you can fix it by adding a Date column.

StartCity DestinationCity Connections Priority Customerld Date
DEN PHX LON 1 4637 4/1/10
SAN LAX JFK, SEA, TPA 1 12878 6/21/10
SAN LAX JFK, SEA, TPA 1 2871 6/21/10
DEN PHX LON 2 28718 4/1/10
SAN LAX JFK, SEA, TPA 2 9287 6/21/10
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Rule 4a says the table should have a primary key. The combination of Customerld and Date can
uniquely identify the rows. This seems like a safe combination because one customer cannot take
two flights at the same time (although customers have been known to book multiple flights at the
same time and then cancel all but one).

Make sure each column contains a single value. If a column holds multiple data values, split them
out into a new table.

Rule 5 says each column must contain a single value. This table’s Connections column clearly
violates the rule. To solve this problem, make a new Connections table and move the connec-
tion data there. To tie those records back to their original rows in this table, add columns that
correspond to the primary key columns in the original table (Customerld and Date).

That single change leads to a big problem, however. The values in the combined Connections
column implicitly defined the connections’ order. Using the new table, you cannot tell which
connections come before which. (Unless you use the ordering of the rows to decide which comes
first, and you know that’s not allowed!)

The solution is to add a ConnectionNumber field to the new table so you can figure out how to
order the connections.

Figure 7-2 shows the tables together with lines connecting the corresponding records.

Customerld Date | ConnectionNumber | City
4637 4/1/10 1 LON
12878 6/21/10 1 JFK
StartCity | DestinationCity Prioriy Customerld Date 12878 6/21/10 2 SEA
DEN PHX 1 4637 | 4/1/10 12878 6/21/10 3 TPA
SAN LAX 1 12878 | 6/21/10 |—> 2871 6/21/10 1 JFK
SAN LAX 1 2871 | 6/21/10 > 2871 6/21/10 2 SEA
DEN PHX 2 28718 | 471110 2871 6/21/10 3 TPA
SAN LAX 2 9287 | 6/21/10 —l_’ 28718 41110 1 LON
9287 6/21/10 1 JFK
9287 6/21/10 2 SEA
9287 | 6/21/10 3 TPA
Figure 7-2
Figure 7-3 shows a relational model for these tables. (In the context of airline connections, that
infinity symbol is kind of depressing.)
Trips
StartCity Connections
DestinationCity oo [| Customerld
Priority || Date
Customerld 11 ConnectionNumber
Date | City
Figure 7-3
6. Make sure multiple columns don’t contain repeating groups. In this example, you need to think

about the two city fields and decide whether they contain distinguishable values.
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Rule 6 says that multiple columns don’t contain repeating groups. In this example, the two city
fields contain very similar types of values: cities. Unlike the exterminator example described ear-
lier, however, these values are distinguishable. Starting and ending destination are not the same
thing, and they are not the same as connecting cities. (Although I had a travel agent once who
may not have fully understood the difference, judging by where my rental car was reserved.)

Database purists would say that having two fields containing the same kind of data is a bad thing
and you should move the values into a new table.

My take on the issue is that it depends on how you are going to use the values. Will you ever
want to ask, “Which customers ever visit San Jose?”” If so, then having these cities in two separate
fields is cumbersome because you’ll have to ask the same question about each field. In fact, you'll
also have to ask about the connecting cities. In this case, it might be better to move the start and
destination cities out of this table.

In contrast, suppose you never ask what cities customers visit and instead ask, “Which customers
start from Berlin?”” or “Which customers finish in Madrid?”” In that case, keeping these values in
separate fields does no harm.

For now I'll leave them alone and take up this issue again in the next section.

As a quick check, you should also verify that the new table is in 1NF. If you run through the rules,
you'll find that most of them are satisfied trivially but a few are worth a moment of reflection.

Rules 4 says no two rows can contain identical values and the table must have a primary key.
Assuming no customer takes more than one trip per day, then the Trips table’s Customerld/Date
fields and the Connections table’s Customerld /Date /ConnectionNumber fields make reasonable
primary keys. If you need to allow customers to take more than one trip per day (which happens
in the real world), you probably need to add another TripNumber field to both tables.

Rule 5 says every column must contain a single value. If we split apart the values in the original
table’s Connections column, the new table should be okay.

But we’ll need a separate table to track where the luggage goes.

Second Normal Form (2NF)

A table is in 2NF if:

1. TItisin INF.

2.

All of the non-key fields depend on all of the key fields.

To see what this means, consider the alligator wrestling schedule shown in the following table. It lists the
name, class (amateur or professional), and ranking for each wrestler, together with the time when this
wrestler will perform. The Time/Wrestler combination forms the table’s primary key.

Time Wrestler Class Rank
1:30 Annette Cart Pro 3
1:30 Ben Jones Pro 2
2:00 Sydney Dart Amateur 1
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Time Wrestler Class Rank
2:15 Ben Jones Pro 2
2:30 Annette Cart Pro 3
3:30 Sydney Dart Amateur 1
3:30 Mike Acosta Amateur 6
3:45 Annette Cart Pro 3

Though this table is in INF (don’t take my word for it, verify it yourself), it is trying to do too much work
all by itself and that leads to several problems.

Note that the Wrestler field contains both first and last names. This would violate INF if you consider
those as two separate pieces of information. For this example, assume you only need to display first
and last name together and will never need to perform searches on last name only, for example. This is
confusing enough without adding extra columns.

First, this table is vulnerable to update anomalies. An update anomaly occurs when a change to a row
leads to inconsistent data. In this case, update anomalies are caused by the fact that this table holds a lot
of repeated data. For example, suppose Sydney Dart decides to turn pro, so you update the Class entry
in the third row. Now that row is inconsistent with the Class entry in row 6 that still shows Sydney as an
amateur. You'll need to update every row in the table that mentions Sydney to fix this problem.

Second, this table is susceptible to deletion anomalies. A deletion anomaly occurs when deleting a record
can destroy information that you might need later. In this example, suppose you cancel the 3:30 match
featuring Mike Acosta. In that case you lose the entire 7th record in the table, so you lose the fact that
Mike is an amateur, that he’s ranked 6th, and even that he exists (presumably he disappears in a puff of
smoke).

Third, this table is subject to insertion anomalies. An insertion anomaly occurs when you cannot store
certain kinds of information because it would violate the table’s primary key constraints. Suppose you
want to add a new wrestler Nate Waffle to the roster but you have not yet scheduled any matches for
him. (Nate’s actually the contest organizer’s nephew so he doesn’t really wrestle alligators; he just wants
to be listed in the program to impress his friends.) To add Nate to this table, you would have to assign
him a wrestling match, and Nate would probably have a heart attack. Similarly, you cannot create a new
time for a match without assigning a wrestler to it.

Okay, I confess I pulled a fast one here. You could create a record for Nate that had Time set to null.
That would be really bad form, however, because all of the fields that make up a primary key should
have non-null values. Many databases require that all primary key fields not allow nulls. Because
Time/Wrestler is the table’s primary key, you cannot give Nate a record without assigning a Time and
you're stuck.

The underlying problem is that some of the table’s columns do not depend on all of the primary key
fields. The Class and Rank fields depend on Wrestler but not on Time. Annette Cart is a professional
whether she wrestles at 1:30, 2:30, or 3:45.

The solution is to pull the columns that do not depend on the entire primary key out of the table and put
them in a new table. In this case, you could create a new Wrestlers table and move the Class and Rank
fields into it. You would add a WrestlerName field to link back to the original table.

147



Part II: Database Design Process and Techniques

Figure 7-4 shows a relational model for the new tables.

Matches Wrestlers
Time WrestlerName
WrestlerName 1—|_ Class
Rank
Figure 7-4

Figure 7-5 shows the new tables holding the original data. Here I've sorted the matches by wrestler name
to make it easier to see the relationship between the two tables. (It’s a mess if you sort the matches by
time.)

Matches Wrestlers
Time WrestlerName WrestlerName | Class Rank
1:30 Annette Cart Annette Cart Pro 3

— ||

2:30 Annette Cart Ben Jones Pro
3:45 Annette Cart Mike Acosta Amateur
1:30 Ben Jones Sydney Dart Amateur

2:15 Ben Jones

3:30 Mike Acosta
2:00 Sydney Dart
3:30 Sydney Dart

Figure 7-5

The new arrangement is immune to the three anomalies described earlier. To make Sydney Dart a pro-
fessional, you only need to change her Wrestlers record. You can cancel the 3:30 match between Mike
Acosta and Hungry Bob without losing Mike’s information in the Wrestler’s table. Finally, you can make
a row for Nate in the Wrestlers table without making one in the Matches table.

You should also verify that all of the new tables satisfy the 2NF rule, ““All of the non-key fields depend
on all of the key fields.” The Matches table contains no fields that are not part of the primary key so it
satisfies this requirement trivially.

The primary key for the Wrestlers table is the WrestlerName field, and the Class and Rank fields depend
directly on the value of WrestlerName. If you move to a different WrestlerName, you get different values
for Class and Rank. Note that the second wrestler might have the same Class and Rank but that would
be mere coincidence. The new values belong to the new wrestler.

Intuitively, the original table had problems because it was trying to hold two kinds of information: infor-
mation about matches and information about wrestlers. To fix the problem, we broke the table into two
tables to hold those two kinds of information separately.

If you ensure that every table represents one single, unified concept such as wrestler or match, the table
will be in 2NF. It’s when a table tries to play multiple roles, such as storing wrestler and match informa-
tion at the same time, that it is open to data anomalies.
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_ Arranging Data in the Second Normal Form

Suppose you just graduated from the East Los Angeles Space Academy and you rush to the posting
board to find your ship assignments:

Cadet Position Ship

Ash, Joshua Fuse Tender Frieda’s Glory
Barker, Sally Pilot Scrat

Barker, Sally Arms Master Scrat

Cumin, Bil Cook’s Mate Scrat

Farnsworth, Al Arc Tauran Liaison Frieda’s Glory
Farnsworth, Al Interpreter Frieda’s Glory
Major, Major Cook’s Mate Scrat

Pickover, Bud Captain Athena Ascendant

This table uses the Cadet/Position combination as a primary key. Note that some cadets have more than

one job.

To earn your posting as Data Minder First Class:

1.
2.

Describe the table’s update, deletion, and insertion anomalies.

Put it in 2NF. Find any fields that don’t depend on the entire primary key and move them into
a new table. In this case, split the table into two new tables: CadetPositions and CadetShips. The
CadetPositions table is similar to the original table with the Ship field removed. The CadetShips
table links the cadets with their ships.

How It Works

1.

Describe the table’s update, deletion, and insertion anomalies.

This table allows update anomalies because it contains repeated values. For example, if you
change Sally Barker’s Ship in row 2 to Athena Ascendant, it would conflict with the Ship value in
row 3 that says Sally is on the Scrat.

This table also allows deletion anomalies. If you delete the last row, you no longer know that the
Athena Ascendant is a Courier class ship or that she even exists. (Her crew will be mad when
headquarters stops sending paychecks.)

Finally, the table allows insertion anomalies because you cannot store information about a cadet
without a ship or a ship without a cadet.

Put it in 2NF. Find any fields that don’t depend on the entire primary key and move them into a
new table.
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This table has problems because some of the fields don’t depend on the entire primary key. In
particular, the Ship field depends on the Cadet (it’s the ship where this cadet is assigned) but it
does not depend on the Position. You could solve the problem if you could remove Position from
the primary key but we need both Cadet and Position to uniquely identify a record.

The solution is to split the table into two new tables: CadetPositions and CadetShips, and move
the ship information (which doesn’t depend on the entire primary key) into the new table.
Figure 7-6 shows the relational model for this new design.

CadetPositions CadetShips
Cadet = Ship
Position _|—1 Cadet
Figure 7-6

Figure 7-7 shows the new tables and their data.

CadetPositions CadetShips
Cadet Position Cadet Ship
Ash, Joshua Fuse Tender Ash, Joshua Frieda's Glory
Barker, Sally Pilot Barker, Sally Scrat

Barker, Sally Arms Master Cumin, Bil Scrat

Cumin, Bil Cook's Mate ? Farnsworth, Al | Frieda's Glory

Farnsworth, Al | Arc Tauran Liaison Major, Major Scrat

Farnsworth, Al | Interpreter Pickover, Bud Athena Ascendant
Major, Major Cook's Mate
Pickover, Bud Captain

Figure 7-7

You can easily verify that these tables are in INF.
The CadetPositions table is in 2NF trivially because every field is part of the primary key.

The CadetShips table is in 2NF because the only field that is not part of the primary key (Ship)
depends on the single primary key field (Cadet).

Third Normal Form (3NF)

A table is in 3NF if:

1. Itisin2NF.

It contains no transitive dependencies.

A transitive dependency is when one non-key field’s value depends on another non-key field’s value.

For example, suppose you and your friends decide to start a book club. To see what kinds of books people
like, you put together the following table listing everyone’s favorite books. It uses Person as the primary
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key. (Again the Author field might violate 1NF if you consider it as containing multiple values: first and
last name. For simplicity, and because you won’t ever want to search for books written by authors with
the first name “Orson,” I'll treat this as a single value.)

Person Title Author Pages Year
Amy Support Your Local Wizard Duane, Diane 473 1990
Becky Three to Dorsai! Dickson, Gordon 532 1975
Jon Chronicles of the Black Company Cook, Glen 704 2007
Ken Three to Dorsai! Dickson, Gordon 532 1975
Wendy Support Your Local Wizard Duane, Diane 473 1990

You can easily show that this table is INF. It uses a single field as primary key so every field in the table
depends on the entire primary key, so it’s also 2NF. (Each row represents that Person’s favorite book so
every field must depend on that Person.)

However, this table contains a lot of duplication, so it is subject to modification anomalies. (At this point
you probably knew that!) If you discover that the Year for Support Your Local Wizard is wrong and fix it
in row 1, it will conflict with the last row.

It’s also subject to deletion anomalies (if Jon insults everyone and gets kicked out of the group so you
remove the third row, you lose all of the information about Chronicles of the Black Company) and insertion
anomalies (you cannot save Title, Author, Pages, and Year information about a book unless it’s someone’s
favorite, and you cannot allow someone to join the group until he or she decides on a favorite).

The problem here is that some of the fields are related to others. In this example, Author, Pages, and Year
are related to Title. If you know a book’s Title, you could look up its Author, Pages, and Year.

In this example, the primary key Person doesn’t exactly drive the Author, Pages, and Year fields. Instead
it selects the Person’s favorite Title and then Title determines the other values. This is a transitive depen-
dency. Title depends on Person and the other fields depend on Title.

The main clue that there is a transitive dependency is that there are lots of duplicate values in the table.
You can fix this problem in a way similar to the way you put a table into 2NF: find the fields that are
causing the problem and pull them into a separate table. Add an extra field to contain the original field

on which those were dependent so you can link back to the original table.

In this case, you could make a Books table to hold the Author, Pages, and Year fields. You would then
add a Title field to link the new records back to the original table.

Figure 7-8 shows a relational model for the new design.
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Persons . Books
Persons Title
Title i Author
Pages
Year
Figure 7-8

Figure 7-9 shows the new tables containing the original data.

Persons Books
Person | Title Title Author Pages | Year
Jon Chronicles of the Black Company Chronicles of the Black Company | Cook, Glen 704 2007

Duane, Diane 473 1990
Dickson, Gordon 532 1975

Amy Support Your Local Wizard
Wendy | Support Your Local Wizard
Becky Three to Dorsai!
Ken Three to Dorsai!

Figure 7-9

Support Your Local Wizard

% Three to Dorsai!

_ Arranging Data in the Third Normal Form

Suppose you're helping to organize the 19,524th Jedi Olympics. Mostly the contestants stand around
bragging about how they don’t need to use violence because the Force is strong in them. You also often
hear the phrases, “’I was just following the Force,”” and “The Force made me do it.”

But to keep television ratings up, there are some athletic events. The following table shows the day’s
schedule. It uses Contestant as the primary key.

Contestant Time Event Venue

Boyce Codd 2:00 Monster Mayhem Monster Pit

General Mills 1:30 Pebble Levitating Windy Plains Arena
Master Plethora 4:00 X-wing Lifting Windy Plains Arena
Master Tor 1:00 Monster Mayhem Monster Pit

Glenn 5:00 Poker Dark Force Casino
Xzktp! Krffzk 5:00 Poker Dark Force Casino

As part of your data processing padawan training:

1. Describe the data anomalies that this table allows.

2. Put the table in 3NF. If some fields are dependent on other non-key fields, pull the dependent
fields out into a new table.
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How It Works

1.

Describe the data anomalies that this table allows.

This table allows update anomalies because it contains lots of repeated values. For example, if
you changed the Venue for Monster Mayhem in row 1, it would conflict with the Venue for Mon-
ster Mayhem in row 4. It also allows deletion anomalies (if Master Plethora is caught metaclorian
doping and he drops out, you lose the fact that X-wing Lifting occurs in the Windy Plains Arena)
and insertion anomalies (you cannot add a new contestant without an event or an event without
a contestant).

Put the table in 3NF. If some fields are dependent on other non-key fields, pull the dependent
fields out into a new table. Pull the dependent Venue field out into a new table. Add the field it
depends upon (Event) as a key to link back to the original table.

The problem is that the Event and Venue fields are dependent on each other in some manner.

The solution is to pull the dependent fields out and put them in a new table. Then add a field
linking back to the field on which they depend. The next question is, “Which of these two related
fields should be the one that you leave in the original table to use as the link?”” Does Venue
depend on Event? Or does Event depend on Venue? Or does it matter which one you consider
dependent on the other?

In this example, it does matter.

Notice that Event determines Venue. In other words, each particular Event occurs in only one
Venue, so if you know the Event, you know the Venue. For example, all Pebble Levitating events
occur in Windy Plains Arena. This means Venue is dependent on Event.

However, the reverse is not true. Venue does not determine Event. If you know the Venue, you
do not necessarily know the Event. For example, the Windy Plains Arena is the venue for both
Pebble Levitating and X-wing Lifting. This means Event is not dependent on Venue.

(If there were a one-to-one mapping of Event to Venue, each field would determine the other so
you could use either as the key field. Although to me it makes more intuitive sense to use Event
as the key.)

Figure 7-10 shows the new model.

ContestantAssignments ] EventVenues
Contestant EventName
Time Venue
EventName ©0
Figure 7-10

Figure 7-11 shows the tables containing the original data.

Figure 7-11

Contestants EventVenues
ContestantName | Time | Event Event Venue
Boyce Codd 2:00 | Monster Mayhem Monster Mayhem | Monster Pit
Master Tor 1:00 | Monster Mayhem / Pebble Levitating | Windy Plains Arena
General Mills 1:30 | Pebble Levitating Poker Dark Force Casino
Glenn 5:00 | Poker 7 X-wing Lifting Windy Plains Arena
Xzktp! Krffzk 5:00 | Poker
Master Plethora | 4:00 | X-wing Lifting
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Stopping at Third Normal Form

Many database designers stop normalizing the database at 3NF because it provides the most bang for the
buck. It’s fairly easy to convert a database to 3NF and that level of normalization prevents the most com-
mon data anomalies. It stores separate data separately so you can add and remove pieces of information
without destroying unrelated data. It also removes redundant data so the database isn’t full of a zillion
copies of the same information that waste space and make updating values difficult.

However, the database may still be vulnerable to some less common anomalies that are prevented by the
more complete normalizations described in the following sections. These greater levels of normalization
are rather technical and confusing. They can also lead to unnecessarily complicated data models that are
hard to implement, hard to maintain, and hard to use. In some cases, they can give worse performance
than less completely normalized designs.

Though you may not always need to use these super-normalized databases, it’s still good to understand
them and the problems that they prevent. Then you can decide whether those problems are a big enough
issue to justify including them in your design. (Besides, they make great ice breakers at parties. “Hey
everyone! Let’s see who can put the guest list in 4NF the fastest!”’)

Boyce-Codd Normal Form (BCNF)

This one is kind of technical, so to understand it you need to know some terms.

Recall from Chapter 3 that a superkey is a set of fields that contain unique values. You can use a superkey
to uniquely identify the records in a table.

Also recall that a candidate key is a minimal superkey. In other words, if you remove any of the fields from
the candidate key, it won’t be a superkey anymore.

Now for a new term. A determinant is a field that at least partly determines the value in another field.
Note that the definition of 3NF worries about fields that are dependent on another field that is not part
of the primary key. Now we’re talking about fields that might be dependent on fields that are part of the
primary key (or any candidate key).

A table is in BCNF if:

1. TItisin3NF

2. Every determinant is a candidate key.

For example, suppose you are attending the Wizards, Knights, and Farriers Convention hosted by three
nearby castles: Castle Blue, Castle Green, and Le Chateau du Chevalier Rouge. Each attendee must select
a track: Wizard, Knight, or Farrier. Each castle hosts three seminars, one for each track.

During the conference, you may attend seminars at any of the three castles, but you can only attend the
one for your track. That means if you pick a castle, I can deduce which session you will attend there.

Here’s part of the attendee schedule. The letters in parentheses show the attendee and seminar tracks to
make the table easier to read and they are not really part of this data.
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Attendee Castle Seminar

Agress Profundus (w) Green Poisons for Fun and Profit (w)
Anabel (k) Blue Terrific Tilting (k)

Anabel (k) Rouge Clubs ‘N Things (k)

Frock Smith (f) Blue Dealing with Difficult Destriers (f)
Lady Mismyth (w) Green Poisons for Fun and Profit (w)
Sten Bors (f) Blue Dealing with Difficult Destriers (f)
The Mighty Brak (k) Green Siege Engine Maintenance (k)

The Mighty Brak (k) Rouge Clubs ‘N Things (k)

This table is susceptible to update anomalies because it contains duplicated data. If you moved the Poi-
sons for Fun and Profit seminar to Castle Blue in the first record, it would contradict the Castle value in
row 5.

It’s also vulnerable to deletion anomalies because the relationship between Castle and Seminar is stored
implicitly in this table. If you deleted the second record, you would lose the fact that the Terrific Tilting
seminar is taking place in Castle Blue.

Finally, this table suffers from insertion anomalies. For example, you cannot create a record for a new
seminar without assigning an attendee to it.

In short, this table has a problem because it has multiple overlapping candidate keys.

This table has two candidate keys: Attendee/Castle and Attendee/Seminar. Either of those combinations
will uniquely identify a record.

The remaining combination, Castle/Seminar, cannot identify the Attendee so it’s not a candidate key.

The Castle and Seminar fields have a dependency: Seminar determines Castle (but not vice versa). In
other words, Seminar is a determinant of Castle.

This table is not in BCNF because Seminar is a determinant but is not a candidate key.
You can put this table in BCNF by pulling out the dependent data and linking it to the determinant.
In this case, that means moving the Castle data into a new table and linking it back to its determinant,

Seminar.

Figure 7-12 shows the new design.

AttendeeSeminars SeminarVenues
Attendee Seminar
Seminar “;l_ Venue
Figure 7-12
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Figure 7-13 shows the new tables containing the original data.

AttendeeSeminars SeminarVenues
Attendee Seminar Castle Seminar
Anabel (k) Clubs 'N Things (k) Rogue Clubs 'N Things (k)

The Mighty Brak (k) Clubs 'N Things (k) Blue Dealing with Difficult Destriers (f)
Frock Smith (f) Dealing with Difficult Destriers (f) % Green Poisons for Fun and Profit (w)
Sten Bors (f) Dealing with Difficult Destriers (f) / Green Siege Engine Maintenance (k)

Agress Profundus (w) | Poisons for Fun and Profit (w) Blue Terrific Tilting (k)

Lady Mismyth (w) Poisons for Fun and Profit (w)
The Mighty Brak (k) Siege Engine Maintenance (k)
Anabel (k) Terrific Tilting (k)

Figure 7-13

Now you can move the Poisons for Fun and Profit seminar to Castle Blue by changing a single record in
the SeminarVenues table. You can delete Anabel’s record for Terrific Tilting without losing the fact that
Terrific Tilting takes place in Castle Blue because that information is in the SeminarVenues table. Finally,
you can add a new record to the SeminarVenues table without assigning any attendees to it.

For another example, suppose you have an Employees table with columns Employeeld, FirstName,
LastName, SocialSecurityNumber, and Phone. Assume you don’t need to worry about weird special
cases such as roommates sharing a phone number or multiple employees with the same name.

This table has several determinants. For example, Employeeld determines every other field’s value. If
you know an employee’s ID, then all of the other values are fixed. This doesn’t violate BCNF because
Employeeld is also a candidate key.

Similarly SocialSecurityNumber and Phone are each determinants of all of the other fields. Fortunately
they, too, are candidate keys.

So far so good. Now for a stranger case. The combination FirstName/LastName is a determinant for
all of the other fields. If you know an employee’s first and last names, the corresponding Employeeld,
SocialSecurityNumber, and Phone values are set. Fortunately FirstName/LastName is also a candidate
key so even that doesn’t break the table’s BCNF-ness.

This table is in BCNF because every determinant is also a candidate key. Intuitively the table is in BCNF
because it represents a single entity: an employee.

The previous example was not in BCNF because it represented two concepts at the same time: attendees
and the seminars they’re attending, and the locations of the seminars. We solved that problem by splitting

the table into two tables that each represented only one of those concepts.

Generally if every table represents a single concept or entity, it will be in pretty good shape. It's when
you ask a table to do too much that you run into problems.
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_ Arranging Data in the BCNF

Consider an EmployeeAssignments table with the fields Employeeld, FirstName, LastName, and Project.
Each employee can be assigned to multiple projects and each project can have multiple employees. Ignore
weirdnesses such as two employees having the same name.

To become a Data Wizard:

1.
2.
3.

Explain why this table is not in BCNF. (Find a determinant that this not also a candidate key.)
Describe data anomalies that might befall this table.

Put this table in BCNF by pulling the FirstName and LastName fields out of the table and moving
them into a new EmployeeData table. Add an Employeeld field to link the new table’s records
back to the original records.

How It Works

1.

Explain why this table is not in BCNF. (Find a determinant that this not also a candidate key.)

Intuitively the problem with this table is that it includes two different concepts. It contains multi-
ple pieces of employee data (Employeeld, FirstName, LastName) together with employee project
assignment data.

More technically, this table’s candidate keys are Employeeld /Project and FirstName/LastName/
Project. (Take a few minutes to verify that these combinations specify the records uniquely,

that you cannot remove any fields from them, and that the remaining combination Employ-
eeld /FirstName/LastName doesn’t work.)

The problem occurs because these two candidate keys are partially overlapping. If you subtract
out the overlapping field (Project), you get Employeeld and FirstName/LastName. These are in
the two candidate keys because they specify the same thing: the employee. That means they are
determinants of each other. Unfortunately neither of these is a candidate key by itself so the table
is not in BCNF.

Describe data anomalies that might befall this table.

Suppose an employee is involved with multiple projects. If you change the employee’s First-
Name in one of that employee’s rows, it will contradict the FirstName in the employee’s other
rows. This is a modification anomaly.

Suppose you delete the only record containing employee Milton Waddams. You no longer have
a record of his Employeeld. In fact, you no longer have a record of him at all. (Perhaps that’s the
way he got deleted from the database in the movie Office Space.) This is a deletion anomaly.

You also can’t add an employee record without assigning the employee to a project, and you
can’t create a project without assigning an employee to it. These are insertion anomalies.

Explain how to put this table in BCNF.
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The solution is to move one of the dependent fields into a new table. In this case, you could pull
the FirstName and LastName fields out of the table and move them into a new EmployeeData
table. Add an Employeeld field to link the new table’s records back to the original records.

Figure 7-14 shows the new model.

Fourth Normal Form (4NF)

EmployeeAssignments EmployeeData
Employeeld =2 Employeeld
Project FirstName

LastName
Figure 7-14

Suppose you run a home fixit service. Each employee has a set of skills and each drives a particular truck
that contains useful special equipment. They are all qualified to use any of the equipment. The following
table shows a really bad attempt to store this information.

Employee Skills Tools

Gina Harris Electric, Plumbing Chop saw, Impact hammer
Pease Marks Electric, Tile Chain saw

Rick Shaw Plumbing Milling machine, Lathe

You should instantly notice that this table isn’t even in 1NF because the Skills and Tools columns contain

multiple values.

The following table shows an improved version. Here each row holds only one skill and tool.

Employee Skill Tool

Gina Harris Electric Chop saw

Gina Harris Electric Impact hammer
Gina Harris Plumbing Chop saw

Gina Harris Plumbing Impact hammer
Pease Marks Electric Chain saw
Pease Marks Tile Chain saw

Rick Shaw Plumbing Milling machine
Rick Shaw Plumbing Lathe

158



Chapter 7: Normalizing Data

Unfortunately, to capture all of the data about each employee, this table must include a lot of duplication.
To record the fact that Gina Harris has the electric and plumbing skills, and that her truck contains a chop
saw and an impact hammer, you need four rows showing the four possible combinations of values.

In general, if an employee has S skills and T tools, the table would need S x T rows to hold all of the
combinations.

This leads to the usual assortment of problems. If you modify the first row’s Skill to Tile, it contradicts
the second row, causing a modification anomaly. If Gina loses her impact hammer, you must delete two
rows to prevent inconsistencies. If Gina takes classes in Painting, you need to add two new rows to cover
all of the new combinations. If she then decides to add a spray gun, too, you need to add three more
rows.

Something strange is definitely going on here. And yet this table is in BCNF!
You can easily verify that it’s in 1NF.

Next note that every field must be part of the table’s primary key because there can be duplicates of every
other combination.

The table is in 2NF because all of the non-key fields (there are none) depend on all of the key fields (all of
them). It’s in 3NF because there are no transitive dependencies (every field is in the primary key so there
no field is dependent on a non-key field). It’s in BCNF because every determinant is a candidate key (the
only determinant is Employee/Skill/ Tool, which is also the only candidate key).

In this table, the problem arises because Employee implies Skill and Employee implies Tool but Skill and
Tool are independent. This situation is called an unrelated multi-valued dependency.

A table is in 4NF if:

1. TItisin BCNF.

2. It does not contain an unrelated multi-valued dependency.

A particular Employee leads to multiple Skills and for any given Skill there can be many Employees, so
there is a many-to-many relationship between Employee and Skill. Similarly there is a many-to-many
relationship between Employee and Tool. (Note that there is no relationship between Skill and Tool.)

Figure 7-15 shows an ER diagram for the entities involved: Employee, Skill, and Tool.

The solution to the problem is to find the field that drives the unrelated multi-valued dependency. In this
case, Employee is the central field. It’s in the middle of the ER diagram shown in Figure 7-15 and it forms
one part of each of the many-to-many relationships.

-« —>

) 0.N 0.N 0.N . 0.N
Skill Has Employee Carries Tool

Figure 7-15
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To fix the table, pull one of the other fields out into a new table. Add the central field (Employee) to link
the new records back to the original ones.

Figure 7-16 shows the new model.

EmployeeSkills EmployeeTools
Employee S 20 Employee
Skill Tool
Figure 7-16

Figure 7-17 shows the original data in the new tables.

EmployeeSkills EmployeeTools

Employee Skill Employee Tool
Gina Harris Electric Gina Harris Chop saw
Gina Harris Plumbing Gina Harris Impact hammer
Pease Marks Electric Pease Marks | Chain saw
Pease Marks Tile Rick Shaw Milling machine
Rick Shaw Plumbing Rick Shaw Lathe

Figure 7-17

_ Arranging Data in Fourth Normal Form

Consider the following artist’s directory that lists artist names, genres, and shows they will attend this

year.
Artist Genre Show
Ben Winsh Metalwork Makers of the Lost Art
Ben Winsh Metalwork Tribal Confusion
Harriette Laff Textile Fuzzy Mountain Alpaca Festival
Harriette Laff Textile Tribal Confusion
Harriette Laff Sculpture Fuzzy Mountain Alpaca Festival
Harriette Laff Sculpture Tribal Confusion
Mark Winslow Sculpture Green Mountain Arts Festival

A true database artist should be able to:

1. Identify the table’s unrelated multi-valued dependency.

2. DrawanER diagram showing the table’s many-to-many relationships.
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3. Put the table into 4NF by pulling the Show field out into a new table and adding an Artist column
to link back to the original records. Then draw a relational model for the result.

4. Display the new tables with their data.

How It Works

In this example, there is a many-to-many relationship between Genre and Artist, and a second
many-to-many relationship between Show and Artist.

1. Identify the table’s unrelated multi-valued dependency.
The Artist determines Genre and Show but Genre and Show are unrelated.
2. DrawanER diagram showing the table’s many-to-many relationships.

Figure 7-18 shows an ER diagram for this situation.

S —>

0.N 0.N , 0.N - 0.N
Genre Works In Artist Will Attend Show

Figure 7-18

3. Put the table into 4NF and draw a relational model for the result.

The central entity is Artist. One solution to this puzzle is to pull the Show field out into a new
table and add an Artist column to link back to the original records. Figure 7-19 shows the result.

ArtistGenres ArtistShows
Artist SO0 09! Artist
Genre Show
Figure 7-19

4. Display the new tables with their data.
Figure 7-20 shows the new tables holding the original data.

ArtistGenres ArtistShows
Artist Genre Artist Show
Ben Winsh Metalwork Ben Winsh Makers of the Lost Art
Harriette Laff Textile Ben Winsh Tribal Confusion
Harriette Laff Sculpture Harriette Laff | Fuzzy Mountain Alpaca Festival
Mark Winslow Sculpture Harriette Laff | Tribal Confusion
\ Mark Winslow | Green Mountain Arts Festival

Figure 7-20
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Fifth Normal Form (5NF)

A table is in 5NF (also called ““Project-Join Normal Form”) if:

1. Itisin4NF.

2. It contains no related multi-valued dependencies.

For example, suppose you run an auto repair shop. The grease monkeys who work there may be certified
to work on particular makes of vehicles (Honda, Hummer, Yugo) and on particular types of engines (gas,
diesel, hybrid, matter-antimatter).

If a grease monkey is certified for a particular make and for a particular engine, that person must provide
service for that make and engine (if that combination exists). For example, suppose Joe Quark is certified
to repair Hondas and Diesel. Then he must be able to repair Diesel engines made by Honda.

Now consider the following table showing which grease monkey can repair which combinations of make
and engine.

GreaseMonkey Make Engine
Cindy Oyle Honda Gas
Cindy Oyle Hummer Gas
Eric Wander Honda Gas
Eric Wander Honda Hybrid
Eric Wander Hummer Gas
Joe Quark Honda Diesel
Joe Quark Honda Gas
Joe Quark Honda Hybrid
Joe Quark Toyota Diesel
Joe Quark Toyota Gas
Joe Quark Toyota Hybrid

In this case, GreaseMonkey determines Make. For a given GreaseMonkey, there are certain Makes that
this person can repair.

Similarly, GreaseMonkey determines Engine. For a given GreaseMonkey, there are certain Engines that
this person can repair.

Up to this point, the table is very similar to the Employee/Skill/Tool table described in the previous
section about 4NF. Here comes the difference.
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In the Employee/Skill/ Tool table, Skill and Tool were unrelated. In this table, however, Make and Engine
are related. For example, Eric Wander is certified in the Makes Honda and Hummer. He is also certified
in the Engines Gas and Hybrid. The rules state that he must repair Gas and Hybrid engines for Honda
and Hummer vehicles, if they provide those Makes. But Hummer doesn’t make a hybrid, so Eric doesn’t
need to service that combination.

There’s the dependency between Make and Engine. While the GreaseMonkey determines the Make and
Engine, Make also influences Engine.

So how can you remove this dependency? Break the single table into three new tables that record the
three different relationships: GreaseMonkey/Make, GreaseMonkey/Engine, and Make/Engine.

Figure 7-21 shows the new relational model.

GreaseMonkeyMakes GreaseMonkeyEngines
GreaseMonkey &0 291 GreaseMonkey
Make 221 Engine
MakeEngines
S9! Make
Engine =
Figure 7-21

Figure 7-22 shows the new tables holding the original data. I haven’t drawn lines connecting related
records because it would make a big mess.

GreaseMonkey | Make GreaseMonkey | Engine Make Engine
Cindy Oyle Honda Cindy Oyle Gas Honda Diesel
Cindy Oyle Hummer Eric Wander Gas Honda Gas
Eric Wander Honda Eric Wander Hybrid Honda Hybrid
Eric Wander Hummer Joe Quark Diesel Hummer Gas
Joe Quark Honda Joe Quark Gas Hummer Diesel
Joe Quark Toyota Joe Quark Hybrid Toyota Diesel

Toyota Gas

Toyota Hybrid

Figure 7-22

T It Out | Working with the Fifth Normal Form

Remember the artist’s directory from the previous sections about 4NF? The rules have changed slightly.
The directory still lists artist names, genres, and shows they will attend, but now each show allows only
certain genres. Now the Fuzzy Mountain Alpaca Festival includes only textile arts and Tribal Confusion
includes only metalwork and sculpture. (Also, Ben Winsh started making sculptures.)
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Here’s the new schedule:

Artist Genre Show

Ben Winsh Metalwork Makers of the Lost Art

Ben Winsh Metalwork Tribal Confusion

Ben Winsh Sculpture Makers of the Lost Art

Harriette Laff Textile Fuzzy Mountain Alpaca Festival
Harriette Laff Sculpture Tribal Confusion

Mark Winslow Sculpture Green Mountain Arts Festival

To prove you're a true database artist:

1. Identify the table’s related multi-valued dependency.

2. Draw an ER diagram showing the table’s many-to-many relationships.
3.  Put the table into 5NF and draw a relational model for the result.

4. Display the new tables with their data.

How It Works

1. Identify the table’s related multi-valued dependency.
Artist determines Genre, Artist determines Show, and Show determines Genre.
2. Draw an ER diagram showing the table’s many-to-many relationships.

Figure 7-23 shows an ER diagram for this situation.

-« —>
0.N - O.N
Artist
(_
0.N 0.N
0.N 0.N 0.N 0.N
Genre Allows Show

Figure 7-23
3. Put the table into 5NF and draw a relational model for the result.

The new model should make separate tables to store the relationships between Artist and Genre,
Artist and Show, and Show and Genre. Figure 7-24 shows this 5NF model.
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ArtistGenres ArtistShows
Artist = 2! Artist
Genre 21 Show
ShowGenres
Show S
9! Genre
Figure 7-24
4. Display the new tables with their data.
Figure 7-25 shows the new tables holding the original data.
ArtistGenres ArtistShows ShowGenres
Artist Genre Artist Show Show Genre
Ben Winsh Metalwork | | Ben Winsh Markers of the Lost Art Fuzzy Mountain Alpaca Festival | Textile
Ben Winsh Sculpture Ben Winsh Trible Confusion Green Mountain Arts Festival | Sculpture
Harriette Laff Sculpture Harriette Laff Fuzzy Mountain Alpaca Festival | | Markers of the Lost Art Metalwork
Harriette Laff Textile Harriette Laff Tribal Confusion Markers of the Lost Art Sculpture
Mark Winslow | Sculpture | | Mark Winslow | Green Mountain Arts Festival Tribal Confusion Metalwork
Tribal Confusion Sculpture
Figure 7-25

Domain/Key Normal Form (DKNF)

A table is in DKNF if:

1. The table contains no constraints except domain constraints and key constraints.

In other words, a table is on DKNF if every constraint is a consequence of domain and key constraints.

Recall from Chapter 3 that a field’s domain consists of its allowed values. A domain constraint simply
means that a field has a value that is in its domain. It’s easy to check that a domain constraint is satisfied
by simply examining all of the field’s values.

A key constraint means the values in the fields that make up a key are unique.

So if a table is in DKNF, to validate all constraints on the data it is sufficient to validate the domain
constraints and key constraints.

For example, consider a typical Employees table with fields FirstName, LastName, Street, City,
State, and Zip. There is a hidden constraint between Street/City/State and Zip because a particular
Street/City/State defines a ZIP Code and a ZIP Code defines City/State. You could validate new
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addresses in a table-level check constraint that looked up Street/City/State/Zip to make sure it was a
valid combination.

This table contains a constraint that is neither a domain constraint nor a key constraint so it is not in
DKNF.

You can make the table DKNF by simply removing the Zip field. Now instead of validating a new
Street/City/State/Zip, you look up the address’s ZIP Code whenever you need it. (You would use
whatever method you had been using before to validate the ZIP Code. For example, if the table-level
check constraint was looking it up in a table, you would use that table to look it up now.)

It can be proven (although not by me) that a database in DKNF is immune to all data anomalies. So why
would you bother with lesser forms of normalization? Mostly because it can be confusing and difficult to
build a database in DKNF. (For example, there are about 45,000 U.S. ZIP Codes and they are constantly
changing. That would make a whopper of a table and a maintenance nightmare!)

Lesser forms of normalization also usually give good enough results for most practical database applica-
tions so there’s no need for DKNF under most circumstances.

However, it’s nice to know what DKNF means so you won't feel left out at cocktail parties when everyone
else is talking about DKNF.

_ Arranging Data in the Domain/Key Normal Form

Consider the following student/class assignment table:

Student Class Department
Annette Silver First Order Logic Philosophy
Annette Silver Real Analysis II Mathematics
Janet Wilkes Fluid Dynamics I Physics
Janet Wilkes Real Analysis II Mathematics
Mark Hardaway First Order Logic Philosophy
Mark Hardaway Topology I Mathematics

This table has a dependency between Class and Department because each class is within a single depart-
ment.

To ace this class:

Explain why this table is not in DKNF.
Explain how you could put the table in DKNF.

Draw a relational model for the result.

P wNPRP

Show the table(s) you create containing the original data.
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How It Works

1. Explain why table is not in DKNF.
The dependency between Class and Department is not a domain constraint or a key constraint.
2. Explain how you could put the table in DKNF.

Pull the Department data out of the table and make a new table to relate Department and Class.
Now instead of storing the Department data in the original table, you store only the Student and
Class. When you need to know the Department, you look it up in the new table.

3. Draw a relational model for the result.

Figure 7-26 shows a relational model in DKNF.

StudentClasses DepartmentClasses
Student Department
Class 2 Class

Figure 7-26

4. Show the table(s) you create containing the original data.

Figure 7-27 shows the new tables holding the original data.

StudentClasses DepartmentClasses

Student Class Class Department
Annette Silver First Order Logic First Order Logic | Philosophy
Mark Hardaway First Order Logic Fluid Dynamics | | Physics
Janet Wilkes Fluid Dynamics | / Real Analysis Il Mathematics
Annette Silver Real Analysis Il % Topology | Mathematics
Janet Wilkes Real Analysis Il /

Mark Hardaway Topology |
Figure 7-27

Essential Redundancy

One of the major data anomaly themes is redundancy. If a table contains a lot of redundant data, it’s
probably vulnerable to data anomalies, particularly modification anomalies.

However, this is not true if the redundant data is in keys. For example, look again at Figure 7-27. The
StudentClasses table contains several repeated student names and class names. Similarly the Depart-
mentClasses table contains repeated Department names. You might think these create a modification
anomaly hazard.

In fact, if you look at Figure 7-26, you'll see that all of these fields are all part of the tables” keys. Their
repetition is necessary to represent the data that the tables hold. For example, the repeated Department
values in the DepartmentClasses table are part of the data showing which departments hold which
classes. Similarly the repeated Student and Class data in the StudentClasses table is needed to represent
the students’ class assignments.
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Though these repeated values are necessary, they do create a different potential problem. Suppose you
want to change the name of the class ““Real Analysis II"” to ““Getting Real, the Sequel”” because you think
it will make more students sign up for it.

Unfortunately you're not supposed to change the value of a primary key. If you could change the value,
you might need to update a large number of records and that could lead to problems like any other
modification anomaly would.

The real problem here is that you decided that the class’s name should be changed. Because you can’t
change key values, the solution is to use something else instead of the class’s name for the key. Typically
a database will use an arbitrary ID number to represent the entity and then move the real data (in this
case the class’s name) into another table. Because the ID is arbitrary, you should never need to change it.

Figure 7-28 shows one way to replace these fields used as keys with arbitrary IDs that you will never
need to change.

Students StudentClasses DepartmentClasses Departments
Studentld 29! Studentld Departmentld °1° Departmentld
StudentName =2 Classld s Classld DepartmentName

1 Classes 1
Classld
ClassName
Figure 7-28

For bonus points, you can notice that you can combine the DepartmentClasses and Classes tables to give
the simpler model shown in Figure 7-29.

Students StudentClasses Classes Departments
Studentld 291 Studentld Classld Departmentid
StudentName Classld oo [ ] ClassName DepartmentName

Departmentld e

Figure 7-29

This is a reasonable model. Each table represents a single, well-defined entity (student, class, department,
and the relationship between students and classes).

The Best Level of Normalization

Domain/Key Normal Form makes a database provably immune to data anomalies, but it can be tricky
to implement and it’s not usually necessary. The higher levels of normalization may also require you to
split tables into many pieces, making it harder and more time-consuming to reassemble the pieces when
you need them.
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For example, the previous section explained that an Employees table containing Street, City, State, and
Zip fields was not in DKNF because the Street/City/State combination duplicates some of the informa-
tion in the Zip field. The solution was to remove the Zip field and to look up an employee’s ZIP Code
whenever it was needed. To see whether this change is reasonable, look at the costs and benefits.

The extra cost is that you must perform an extra lookup every time you need to display an employee’s
address with the ZIP Code. Just about any time you display an employee’s address you will need the ZIP
Code, so you will probably perform this lookup a lot.

The benefit is that it makes the data less susceptible to data modification anomalies if you need to change
a ZIP Code value. But how often do ZIP Codes change? On a national level, ZIP Codes change all the
time but unless you have millions of employees, your employees” ZIP Codes probably won’t change all
that frequently. This seems like a rare problem. It is probably better to use a table-level check constraint
to validate the Street/City/State/Zip combination when the employee’s data is created or modified and
then leave well enough alone. On the rare occasion when a ZIP Code really does change, you can do the
extra work to update all of the employees’ ZIP Codes.

Often 3NF reduces the chances of anomalies to a reasonable level without requiring confusing and com-
plex modifications to the database’s structure.

When you design your database, put it in 3NF. Then look for redundancy that could lead to anomalies.
If the kinds of changes that would cause problems in your application seem like they may happen often,
then you can think about using the more advanced normalizations. If those sorts of modifications seem
rare, you may prefer to leave the database less normalized.

Summary

Normalization is the process of rearranging a database’s table designs to prevent certain kinds of data
anomalies. Different levels of normalization protect against different kinds of errors.

If every table represents a single, clearly defined entity, you've already gone a long way toward making
your database safe from data anomalies. You can use normalization to further safeguard the database.

In this chapter you learned about:

Q  Different kinds of anomalies that can afflict a database.
Q  Different levels of normalization and the anomalies they prevent.
0O  Methods for normalizing database tables.
The next chapter discusses another way you can reduce the chances of errors entering a database. It

explains design techniques other than normalization that can make it safer for a software application to
manipulate the database.

Before you move on to Chapter 8, however, use the following exercises to test your understanding of the
material covered in this chapter. You can find the solutions to these exercises in Appendix A.
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Exercises

1. Suppose a student contact list contains the fields Name, Email, Email, Phonel, PhoneTypel,
Phone2, PhoneType2, and MajorOrSchool. The student’s preferred email address is listed
in the first Email field. Similarly the preferred phone number is in the Phonel field. The
MajorOrSchool field stores the student’s major if he or she has picked one and the student’s
school (School of Engineering, School of Liberal Arts, School of Metaphysics, and so forth)
otherwise.

a. Explain why this list isn’t in 1NF.
b. Convert it into INF. Draw a relational diagram for it.

2. Consider the following table that lists errands that you need to run. The list shows the most
important items at the top.

Location Items
Grocery store milk, eggs, bananas
Office supply store paper, pencils, divining rod
Post Office stamps
Computer store flash drive, 8" floppy disks
a. Explain why this list isn’t in 1NF.
b. Convert this list into a single INF table. Be sure to define a primary key.
3.  For the table you built for Exercise 2:
a. Explain why the table isn’t in 2NF.
b. Convert the table into 2NF.

4. Consider the following employee assignments table, which uses Employee as its primary
key.

Employee Project Department
Alice Most Work Assignment Network Lab
Bill Michaels Network Routing Network Lab
Deanna Fole Survey Design Human Factors
Josh Farfar Work Assignment Network Lab
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Employee Project Department
Julie Wish Survey Design Human Factors
Mandy Ponem Network Routing Network Lab
Mike Mix New Services Analysis Human Factors
a. Explain why the table isn’t in 3NF.
b. Convert the table into 3NF.
5. Oneof your friends has decided to start a breakfast club. What each member can cook

depends on his or her skills and equipment. Your friend built the following table to record
all of the combinations.

Person Food Tool

Alice Muffins Muffin tin

Alice Muffins Omelet pan
Alice Mulffins Pancake griddle
Alice Omelets Mulffin tin

Alice Omelets Omelet pan
Alice Omelets Pancake griddle
Alice Pancakes Mulffin tin

Alice Pancakes Omelet pan
Alice Pancakes Pancake griddle
Bob Mulffins Omelet pan
Bob Omelets Omelet pan

Bob Pancakes Omelet pan
Cyndi Omelets Mulffin tin
Cyndi Omelets Pancake griddle

Fortunately you know all about normalization, so help your friend by:

a.
b.

Explaining why the table isn’t in 5NF.
Converting the table into 5NF.
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6. In Figure 7-30, match the normal forms on the left with their corresponding rules on the

right.
e |t contains no transitive dependencies.
e |t does not contain an unrelated multi-
| First Normal Form | valued dependency.
e Each column must have a unique name.
 Second Normal Form | e The order of the rows and columns doesn't
matter.
| Third Normal Form | e Each column must have a single data type.
e No two rows can contain identical values.
| Boyce/Codd Normal form | e Each column must contain a single value.

e Columns cannot contain repeating groups.

e All of the non-key fields depend on all of
the key fields.

e Every determinant is a candidate key.

- e |t contains no related multi-valued
| Domain/Key Normal Form | dependencies.

| Fourth Normal form |

| Fifth Normal form |

e The table contains no constraints except
domain constraints and key constraints.

Figure 7-30
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Desighning Databases
to Support Software
Applications

The previous chapters showed how to gather user requirements, build a database model, and
normalize the database to improve its performance and robustness. Those chapters showed how
to look at the database from the customers’ perspective, from the end user’s perspective, and from
a database normalization perspective, but there’s one other point of view that you should consider
before you open your database product and start slapping tables together: the programmer’s.

You may not be responsible for writing a program to work with a database. The database may not
ever directly interact with a program (although that’s rare). In any case, the techniques that you

would use to make a database easier for a program to use often apply to other situations. Learning
how to help a database support software applications can make the database easier to use in general.

In this chapter you learn:

0  Steps you can take to make the database more efficient in practical use.
0  Methods for making validation easier in the user interface.

0  Ways to easily manage non-searchable data.
This chapter describes several things that you can do to make the database more program-friendly.
A few of these ideas (such as multi-tier architecture) have been covered in earlier chapters. They are

repeated in brief here to tie them together with other programming-related topics, but you should
refer to the original chapters for more detailed information.

Plan Ahead

Any complicated task benefits from prior planning, and software development is no exception. It
has been shown that the longer an error remains in a project the longer it takes to fix it. Database
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design occurs very early in the development process, so mistakes made here can be very costly.
A badly designed database provides the perfect proving ground for the expression, ““Act in haste,
repent at leisure.” Do your work up front or be prepared to spend a lot of extra time fixing mistakes.

Practically all later development depends directly or indirectly on the database design. The database
design acts like a building’s foundation. If you build a weak foundation, the building on top of

it will be wobbly and unsound. The Leaning Tower of Pisa is a beautiful result built on a weak
foundation, but it’s the result of luck more than planning and people have spent hundreds of years
trying to keep it from falling down. If you try to build on a wobbly foundation, you're more likely
to end up with a pile of broken rubble than an interesting building.

After you get some experience with database design, it’s very tempting to just start cranking out
table and field definitions without any prior planning, but that’s almost always a mistake. Don’t
immediately start building a database or even creating a relational object model. At least sketch out
an ER diagram to better understand the entities that the database must represent before you start
building.

Document Everything

Write everything down. This helps prevent disagreements about who promised what to whom. (“But
you promised that the database could look up a customer’s credit rating and Amazon password.”)

Good documentation also keeps everyone on the same wavelength. If you have done a good job of
writing requirements, use cases, database models, design specifications, and all of the other paperwork
that describes the system, the developers can scurry off into their own little burrows and start working
on their parts of the system without fear of building components that won’t work together.

You can make programmers’ lives a lot easier if you specify table and field definitions in great detail.
Write down the fields that belong in each table. Also write down each field’s properties: name, data type,
length, whether it can be null, string format (such as “mm/dd/yyyy” or “##H-#HH#"), allowed ranges
(1-100), default values, and other more complex constraints.

Programmers will need this information to figure out how to build the user interface and the code that
sits behind it (and the middle tiers if you use a multi-tier architecture). Make sure the information is
correct and complete at the start so the programmers don’t need to make a bunch of changes later.

For example, suppose Price must be greater than $1.00. The programmers get started and build a whole
slew of screens that assume Price is greater than $1.00. Now it turns out that you meant Price must be
at least $1.00 not greater than $1.00. This is a trivial change to the design and to the database but the pro-
grammers will need to go fix the whole bunch of screens that contain the incorrect assumption. (Actually,
good programming practices will minimize the problem, but you can’t assume everyone is a top-notch
developer.)

After you have all of this information, don’t just put it in the database and assume that everyone can get
the information from there. Believe it or not, some developers don’t know how to use every conceivable
type of database product (MySQL, SQL Server, Access, Informix, Oracle, DB2, Paradox, Sybase, Post-
greSQL, FoxPro — there are hundreds) so making them dig this information out of the database can be
a time-consuming hassle. Besides, writing it all up gives you something to show management to prove
that you're making progress.
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Consider Multi-Tier Architecture

A multi-tier architecture can help isolate the database and user interface development so programmers
and database developers can work independently. This approach can also make a database more flexible
and amenable to change. Unless you're a project architect, you probably can’t decide to use this kind
of architecture by yourself but you can make sure it is considered. See Chapter 6 for more details about
multi-tier architectures.

Convert Domains into Tables

It’s easy enough to validate a field against its domain by using check constraints. For example, suppose
you know that the Addresses table’s State field must always hold one of the values CA, OR, or WA. You
can verify that a field contains one of those values with a field-level check constraint. In Access, you could
set the State field’s Validation Rule property to:

='CA' Or ='OR' Or ='WA'
Other databases use different syntax.

Although this is simple and it’s easy for you to change, it’s not easily visible to programmers building
the application. That means they need to write those values into the code. Later if you change the list, the
programmers need to change the code.

Even worse, someone needs to remember that the code needs to be changed! It’s fairly common to change
one part of an application and forget to make a corresponding change elsewhere. Those kinds of mistakes
can lead to some bugs that are very hard bugs.

A better approach is to move the domain information into a new table. Create a States table and put the
values CA, OR, and WA in it. Then make a foreign key constraint that requires the Addresses table’s
States field to allow only values that are in the States table. Programmers can query the database at run
time to learn what values are allowed and can then do things such as making a combo box that allows
only those choices. Now if you need to change the allowed values, you only need to update the States
table’s data and the program automatically picks up the change.

Wherever possible, convert database structure into data so everyone can read it easily.

_ Lookup Tables

Okay, this is really easy but it’s important so bear with me. Suppose your Phoenician restaurant offers
delivery service for customers with ZIP Codes between 02154 and 02159. In Access, you could validate
the customer’s Zip field with the following field-level check constraint:

>='02154" And <='02159"

Unfortunately that constraint is hidden from the programmers building the user interface. These checks
may also not be in a form that’s easy for the program to understand. Most programmers don’t know how
to open Access, read a field’s check constraints, and parse an expression such as this one to figure out
what it does.
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How could you make this condition easier for programmers to discover and use at run time?

How It Works

Though reading and parsing check constraints is hard, it’s fairly easy for a program to read the values
from a table. The answer is to make a DeliveryZips table that lists the ZIP Codes in the delivery area:

Zip

02154
02155
02156
02157
02158
02159

This seems less elegant than the field-level check constraint but it’s a lot easier for the program to under-
stand.

Keep Tables Focused

If you keep each table well-focused, there will be fewer chances for misunderstandings. Different devel-
opers will have an easier time keeping each table’s purpose straight so different parts of the application
will use the data in the same (intended) way.

Modern object-oriented programming languages also use objects and classes that are very similar to
the objects and classes used in semantic object modeling and that are similar to the entities and entity
sets used by entity-relationship diagrams. If you do a good job of modeling, and keep object and table
definitions well-focused, those models practically write the code by themselves. There are still plenty of
other things for the programmers to do but at least they’ll be able to make programming object models
that closely resemble the database structure.

Use Three Kinds of Tables

One tip that can help you keep tables focused is to note that there are three basic kinds of tables. The first
kind stores information about objects of a particular type. These hold the bulk of the application’s data.

The second kind of table represents a link between two or more objects. For example, the association
tables described in Chapter 5 represent a link between two types of objects.

Figure 8-1 shows an ER diagram to model employees and projects. Each employee can be assigned to
multiple projects and each project can involve multiple employees. The EmployeeRoles table provides a
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link between the other two object tables. It also stores additional information about the link. In this case,
it stores the role that an employee played on each project.

Employees EmployeeRoles Projects
(o]

Employeeld Employeeld Projectld
Name 1—|_ Projectld il— Description

EmployeeRole

Figure 8-1
The third basic kind of table is a lookup table. These are tables created simply to use in foreign key
constraints. For example, the States table described in the earlier section ““Convert Domains into Tables”

is a lookup table.

When you build a table, ask yourself whether it represents an object, a link, or a lookup. If you cannot
decide or if the table represents more than one of those, the table’s purpose may not be clearly defined.

_ Well-Focused Tables

Take a look at the following table of extra-terrestrial animals:

Animal Size Planet PlanetaryMass
Hermaflamingo Medium Virgon 4 1.21
Shunkopotamus Large Dilbertopia 0.88
Mothalope Medium Xanth 0.01
Shunkopotamus Large Virgon 4 1.21
Platypus Small Australia 1.00

The table’s primary key is the combination of Animal/Planet. (The PlanetaryMass field is measured in
Earth masses.)

This isn’t a very well-focused table.

1. Whatideas is this table is trying to capture?
2. What types of ideas are these (object, link, or lookup)?
3.  Suggest a better design that keeps the table’s separate purposes separate.

How It Works

1. Whatideas is this table is trying to capture?

This table is trying to capture three different ideas: information about the animals (Animal and
Size), information about planets (Planet and PlanetaryMass), and the associations between the
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animals and planets. The fact that this table holds information about three different concepts is a
sign that it is not well-focused.

(Also note this table is not in Second Normal Form because it has non-key fields that do not
depend on the entire key. Recall that the primary key is Animal/Planet. The Size field depends
on Animal but not Planet, and the PlanetaryMass field depends on Planet but not Animal.)

2. What types of ideas are these (object, link, or lookup)?
Information about the animals and information about the planets represent objects. Information
about the associations between animals and planets is a link.
3. Suggest a better design that keeps the table’s separate purposes separate.
The key is to move the three kinds of information into three different tables. Figure 8-2 shows one
relational design that separates the three sets of information into three tables.
Animals 1 AnimalPlanets 1 Planets
Animalld 22! Animalld Planetld
Name Planetld il— Name
Size PlanetaryMass
Figure 8-2
Figure 8-3 shows the tables holding their original data.
Animals AnimalPlanets Planets
Size Animal Animalld Animalld | Planetld Planetld| HomePlanet |PlanetaryMass
Medium | Hermaflamingo 1 1 101 101 | Virgon 4 1.21
Large | Shunkopotamus 2 2 102 102 | Dilbertopia 0.88
Medium | Mothalope 3 3 103 103 | Xanth 0.01
Small | Platypus 4 2 101 104 | Australia 1.00
T~ o
Figure 8-3

Use Naming Conventions

Use con
convent

sistent naming conventions when you name database objects. It doesn’t matter too much what
ions you use as long as you use something consistent.

Some database developers prefix table names with tbl and field names with fld as in, ““The tblEmployees
table contains the fldFirstName and fldLastName fields.”” For simple databases, I prefer to omit the pre-
fixes because it’s usually easy enough to tell which names represent objects (tables) and which represent
attributes (fields).

Some developers also use a Ink prefix for tables that represent a link between objects as in, “The InkAni-
malsPlanets table links tblAnimals and tblPlanets.” These developers are also likely to use lu or lup as a
prefix for lookup tables.

178



Chapter 8: Designing Databases to Support Software Applications

Some developers prefer to use UPPERCASE_LETTERS for table names and lowercase_letters for field
names. Others use MixedCase for both.

Some prefer to make table names singular (the Employee table) and others prefer to make them plural
(the Employees table).

As I said, it doesn’t matter too much which of these conventions you use as long as you pick some
conventions and stick to them.

However, there are three “mandatory” naming rules that you should follow or the other developers will
snicker behind your back and openly mock you at parties.

First, don’t use special characters in table names, field names, or anywhere else in database objects. For
example, some databases (such as Access) allow you to include spaces in table and field names.

For example, you can make a field named “First Name.” Those databases also provide some mechanism
for making these weird names readable to the database. For example, in Access you need to use
square brackets to surround a field with a name containing spaces as in “[First Name].” This produces
hard-to-read expressions in check constraints and anywhere else you use the field. It also makes
programmers using the field take similar annoying steps and that makes their code less readable, too.

Second, if two fields in different tables contain the same data, give them the same name. For example,
suppose you use an ID field to link the Employees table to the EmployeePhones table. Don’t call this
linking field Id in the Employees table and Empld in the EmployeePhones table. That’s just asking for
trouble. Call the field Employeeld in both tables. (A corollary to this rule is that you cannot name an ID
field something vague such as Id. It may make sense in the main table such as Employees but that name
won’t make sense in a related table such as EmployeePhones.)

The third mandatory naming rule is to use meaningful names. Don’t abbreviate to the point of obscurity.
It shouldn’t take a team of National Security Agency cryptographers to decipher a table’s field names.
StudPrfCrs is much harder to read than StudentPreferredCourses. Don’t be afraid to spell things out
so everyone can understand them. (The exception here seems to be the military where everyone would
understand “Seclnt visited NavSpecWarGru” but saying ““the Secretary of the Interior visited the Naval
Special War Group” would brand you as an outsider.)

The section ““Poor Naming Standards” in Chapter 10 has more to say about naming conventions and
includes a few links that you can follow to learn about some specific standards that you can adopt if
you like.

Allow Some Redundant Data

Chapter 7 explained that it is not always best to normalize a database as completely as possible. The
higher forms of normalization usually spread data out into tables that are linked by their fields. When a
program needs to display that data, it must reassemble all of that scattered data and that can take some
extra time.

For example, if you allow customers to have any number of phone numbers, email addresses, postal
addresses, and contacts, then what seems to the user like a simple customer record is actually spread
across the Customers, CustomerPhones, CustomerEmails, CustomerAddresses, and CustomerContacts
tables.
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In some cases, it may be better to restrict the database’s flexibility somewhat to gain speed and simplicity.
For example, if you allow the customers to have only two phone numbers, one email address, and one
contact, you cut the number of tables that make up the customer’s information from five to two. The
database won't be as infinitely flexible and it won’t be quite as completely normalized, but it will be
easier to use.

Usually it’s also best not to store the same data in multiple ways because that can lead to modification
anomalies. For example, you don’t really need a Balance field in a customer’s record if you can recalculate
the balance by adding up all of the customer’s credits and debits.

However, suppose you're running an Internet service that allows customers to download music so a
typical customer makes dozens or even hundreds of purchases a month. After a year or two, adding
up all of a customer’s credits and debits could be time consuming. In this case, you might be better off
adding a Balance field to the customer’s record and exercising a little extra caution when updating the
account.

Don’t Squeeze in Everything

Just because you're using a database doesn’t mean every piece of data that the system uses must be
squeezed in there somewhere. Databases provide tools for storing and retrieving some strange pieces of
data such as audio, video, images — just about anything you can cram into a computer file. That doesn’t
mean you should go crazy and store every file on your computer within the database.

For example, suppose an application must locate and play thousands of audio files. You could store all
of them in the database or you could place the files in a directory tree somewhere and then store the
locations of those files in the database. That makes the database simpler, smaller, and possibly more
efficient because it doesn’t need to store all of those files. It also makes it a lot easier to update the files.
Instead of loading a new file into the database, you can simply replace the file on the disk.

This technique can also be useful for managing large amounts of shared data such as Web pages. You
don’t need to copy Wikipedia pages into your database (in fact, it would probably be a copyright viola-
tion). Instead you can store the URLs pointing to the pages you need. In this case you give up control of
the data but you also don’t have to store and maintain it yourself. If the data is updated, you'll see the
new data the next time you visit a URL.

There are only a couple of drawbacks to this technique. First, you lose the ability to search inside any
data that is not stored inside the database. I don’t know of any databases that let you search inside
video, audio, or jpeg data, however, so you probably shouldn’t lose much sleep over giving up an ability
that you don’t have anyway. I wouldn’t move textual data outside the database in this way, however,
unless you're sure you'll never want to search inside it.

Second, you give up some of the security provided by the database. For example, you lose the database’s
record-locking features so you may have trouble allowing multiple concurrent users to update the data.
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_ First Normal Form

Suppose you're building a database of amusing commercials (see www.veryfunnyads.com and
giesbers.net/video for some good ones). The Commercials table includes the fields Name, Product,
Description, Length, Video (the commercial), and Still (a representative frame to remind you what the
commercial is about).

Figure out which of these fields should remain in the database and which might be moved outside into
the file system:

1. To figure out which fields should remain in the database, identify those that you might want to
search. Include fields with simple values (such as numbers and short strings) that are easy
to store in a database but that would not make a very big file on the disk.

2. To figure out which fields might be moved outside of the database into the file system, identify
the fields that contain large chunks of non-searchable data.

How It Works

1. In this database, you might want to search the Name, Product, Description, and Length fields.

2.  You cannot search the Video or Still fields whether you want to or not so you might as well
move them into the file system. The Video field will contain particularly large amounts of data so
moving it outside of the database might even make the database more efficient.

Summary

Though the focus of this book and your database design efforts is on databases, a database rarely lives in
total isolation. Usually someone writes a program to interact with it. Often the database is just a backend
for a complicated user interface.

To get the most out of your database, you need to consider it in its environment. In particular, you
should think about the applications and programmers who will interact with it. Often a few relatively
small changes to the design can make life easier for everyone who works with the database.

In this chapter you learned to:

0  Plan ahead and document everything.

Q  Convert domains into tables to help user interface programmers and to make maintaining
domain information easier.

0  Keep tables well-focused and make each perform a single task.

0  Use some redundancy and denormalized tables to improve performance.
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The last several chapters dealt with database design techniques and considerations. Those chapters
explained general techniques for building a data model and then modifying it to make it more efficient.

The next chapter switches from general discussion to more specific techniques. It summarizes some
of the methods described in the previous chapters and explains some common database design patterns
that you may find useful in providing specific data features.

Before you move on to Chapter 9, however, use the following exercises to test your understanding of the
material covered in this chapter. You can find the solutions to these exercises in Appendix A.

Exercises

1.

Suppose you sell ocean cruises. Customers first decide what kind of Ship they want to travel
on: Luxury Liner, Schooner, or Tuna Boat. Depending on that choice, they may select differ-
ent classes of cabins. Luxury Liners provide 1st through 5th class. Schooners have 1st and
2nd class (basically a single or a double), and Tuna Boats have a single class (which they
playfully call 1st Class) where you share a single large bunkroom with the rest of the crew.

You could validate the Trips record’s Ship and Cabin fields by using a table-level check con-
straint but, because you're a team player, you would rather build a foreign key constraint so
the user interface can read the allowed values from the tables.

Build such a table and display its data. Explain how this table will be used in the foreign key
constraint.

Figure 8-4 shows a relational diagram showing the relationships between students, the
classes they are taking, and the departments that hold the classes. For each table in this
diagram, tell which of the three types of table it is: object, link, or lookup.

Students

Studentld
StudentName

StudentClasses

DepartmentClasses Departments

22! Studentld

Departmentlid = Departmentid

[ Classld

Figure 8-4

3.

Classld DepartmentName

Classes

—_

Classld

ClassName

The following table stores information about checkers matches. Explain why it lacks focus
and how you would fix it.

Player1

PlayerlRank

Player2

Player2Rank MatchTime

Smith
Marks
Aft

Mauren

10
9
8
7

Jones
Lars
Cook

Juno

3 1:00
4 1:00
5 2:00
6 2:00
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4.

Assume you have a large database that tracks how closely airplanes are to their scheduled
departure and landing times. It tracks these values by plane (which is associated with a par-
ticular airline) and airport. It also records the weather at the starting and landing airports.

Which of the following values should you store in a redundant variable and which should
you calculate as needed?

a.
b.
c.
d.

Average minutes late for an airline at a particular airport.
Average minutes late for all airlines at a particular airport.
Average minutes late for an airline across the country.

Average minutes late for all airlines across the entire country.

Assume that you need these numbers quickly several times per day.
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Common Design Patterns

The previous chapters described general techniques for building database designs. For example,
Chapter 5 explained how to build semantic object models and entity-relationship diagrams for a
database, and how to convert those models into relational designs. Chapter 7 explained how to
transform those designs to normalize the database.

This chapter takes a different approach. It focuses on data design scenarios and describes methods
for building them in a relational model.

In this chapter you learn techniques for:

Q  Providing different kinds of associations between objects.
Q  Storing data hierarchies and networks.

0  Handling time-related data.

O  Logging user actions.

This chapter does not provide designs for specific situations such as order tracking or employee
payroll. Appendix B, ““Sample Database Designs,” contains those sorts of examples.

This chapter focuses on a more detailed level to give you the techniques you need to build the pieces
that make up a design. You can use these techniques as the beginning of a database design toolbox
that you can apply to your problems.

The following sections group these patterns into three broad categories: associations, temporal data,
and logging and locking.

Associations

Association patterns represent relationships among various data objects. For example, an associa-
tion can represent the relationship between a rugby team and its opponents during matches.
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The following sections describe different kinds of associations.

Many-to-Many Associations

It’s easy to represent a many-to-many association in an ER diagram. For example, a Student can be
enrolled in many Courses and a Course includes many Students, so there is a many-to-many rela-
tionship between Students and Courses. Figure 9-1 shows an ER diagram modeling this situation.

—

Unfortunately relational databases cannot handle many-to-many relationships directly. To build
this kind of relationship in a relational database, you need to add an association table to represent
the relationship between students and courses. Simply create a table called StudentCourses and
give it fields Studentld and Courseld. Figure 9-2 shows this structure.

1.N
Student

Figure 9-1

Students StudentCourses 1 Courses
Studentld 2! Studentld Courseld
FirstName Courseld J Name
LastName Description

Figure 9-2

To list all of the courses for a particular student, find the StudentCourses records with that Student
Id. Then use each of those records” Courseld values to find the corresponding Courses records.

To list all of the students enrolled in a particular course, find the StudentCourses records with that
Courseld. Then use each of those records” Studentld values to find the corresponding Students
records.

Multiple Many-to-Many Associations

Sometimes a many-to-many relationship contains extra associated data. For example, the previ-
ous section explained how to track students and their current course enrollments. Suppose you
also want to track student enrollments over time. In other words, you want to know each stu-
dent’s enrollments for each year and semester. In this case, you really need to make multiple
many-to-many associations between students and courses. You need whole sets of these associ-
ations to handle each school semester.

Fortunately this requires only a small change to the previous solution. The StudentCourses table
shown in Figure 9-2 can already represent the relationship of students to courses. The only thing
missing is a way to add more records to this table to store information for different years and
semesters.
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The solution is to add Year and Semester fields to the StudentCourses table. Figure 9-3 shows the
new model.

Students StudentCourses ’ Courses
Studentld Studentld I_ Courseld
FirstName Courseld e Name
LastName Year Description

Semester
Figure 9-3

Now the StudentCourses table can store multiple sets of records representing different years and
semesters.

If you need to store extra information about each semester, you could make a new Semesters table
to hold that information. Then you could add the Year and Semester fields to this new table and use
them as a foreign key in the StudentCourses table.

_ Many-to-Many Relations

Suppose you're coordinating a week-long tour called “Junk Yards of the Napa Valley.” Each day,
the participants can sign up for several tours of different junk yards. They can also sign up for
dinner at a fine restaurant or winery.

Build a relational model to record this information.

1.
2.

Build Participants, Tours, and Restaurants tables.

Study the relationships between Participants and Tours, and between Participants and Restau-
rants. Determine whether they are many-to-many or some other kind of relationship.

Build a relationship table to represent each many-to-many relationship. Be sure to include
enough fields to distinguish among similar combinations of the involved tables. (For example,
Bill really liked the trip to Annette’s Scrap and Salvage on Tuesday so he took that tour again on
Thursday.) Your model needs a ParticipantTours table and a ParticipantRestaurants table. To
distinguish among repeats such as Bill’s, add a Date field to each table.

How It Works

1.

2.

There’s no real trick in Step 1. Just be sure to give each table an ID field so it’s easy to refer to its
records.

To understand Step 2, remember that each participant can go on many tours and each tour can
have many participants so the Participants/Tours relationship is many-to-many. During the
week, each participant can eat at several restaurants and each restaurant can feed many partic-
ipants, so the Participants/Restaurants relationship is also many-to-many.

To model the two many-to-many relationships, the model needs a ParticipantTours table and a
ParticipantRestaurants table. To distinguish among repeats (a customer takes the same tour twice
or visits the same restaurant twice), add a Date field to each table.
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Figure 9-4 shows the final relational model.

ParticipantTours
oo [ Participantld ] Tours
Tourld = Tourld
Participants 1 Date Description
Participantld 5 -
Elrsrll:l‘ame ParticipantRestaurants e
astName ) I
:::[tlacljrz:illg oo 1| Restaurantld
F Description
Figure 9-4

Multiple-Object Associations

A multiple-object association is one where many different kinds of objects are collectively associated
to each other. For example, making a movie requires a whole horde of people including a director,
a bunch of actors, and a huge number of crew members. You could model the situation with the ER
diagram shown in Figure 9-5.

Director

Actor

Movie

Crewmember

Figure 9-5

If this collection of people always worked as a team, this situation would be easy to implement in a
relational model. You would assign all of the people a Teamld and then build a Movies table with
a Teamld field to tell who worked on that movie.

Unfortunately, this idea doesn’t quite work because all of these people can work on any number of
movies in any combination.

You can solve this problem by thinking of the complex multi-object relationship as a combination of
simpler relationships. In this case, you can model the situation as a one-to-one Director/Movie rela-
tionship, a many-to-many Actor/Movie relationship, and a many-to-many Crewmember/Movie
relationship.
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Figure 9-6 shows the new ER diagram.

Director Helps Create
> 1.1
1.N .
Actor Helps Create H Movie
—>
Crewmember Helps Create
Figure 9-6

You can convert this simpler diagram into a relational model as shown in Figure 9-7.

Actors ’ MovieActors 1 Movies
Actorld 1 Actorld Movield
Name Movield °L|—1 Title

. Description

Crewmembers ’ MovieCrewmembers I hirectorld
Crewmemberld S0 | Crewmemberld
Name Movield S

Directors 1

Directorld
Name
Figure 9-7

Notice that this model uses two association tables to represent the two many-to-many relationships.
The relationship between Directors and Movies doesn’t require an association table because this is
a simpler one-to-one relationship.

_ Building Multiple-Object Associations

Consider another aspect of the “Junk Yards of the Napa Valley” tours. You have multiple tour
guides and multiple vehicles. A Trip represents a specific instance of a tour by a guide, vehicle, and
a group of participants.
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Build a relational model to hold this data.

1. Build Guides, Vehicles, Tours, Participants, and Trips tables.
2.  Study the relationships between Trips and Guides, Vehicles, Tours, and Participants. Determine
whether they are many-to-many or some other kind of relationship.
3.  Build an ER diagram to show these relationships.
4. Build a relationship table to represent each many-to-many relationship.
5. Draw the relational model.
How It Works
1. There’s no real trick in this. Just be sure to give each table an ID field so it’s easy to refer to its
records.
2. Each guide can lead several trips but each trip has a single guide, so Guides/Trips is a
one-to-many relationship.
Each vehicle can go on many trips but each trip has a single vehicle, so Vehicles/Trips is a
one-to-many relationship.
A tour represents a destination. A destination can be the target of many trips but each trip visits
only one destination, so Tours/Trips is a one-to-many relationship.
Finally, each participant can go on many trips and each trip can have many participants, so Par-
ticipants/Trips is a many-to-many relationship.
3.  Figure 9-8 shows these relationships in an ER diagram.
Guide
Vehicle
Trip
Tour
Participant
Figure 9-8
4. This model has only one many-to-many relationship: Participants/Trips. To handle it, the model
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Guides
Guideld

FirstName
LastName

Vehicles
Vehicleld
License Trips

- " 1
Capacity Tripld L.
22 Guideld
Vehicleld
Tourld

Tours
Tourld
Description

8 18

Participants Participant Trips
Participantld Participantld
FirstName Tripld
LastName Date

Figure 9-9

1 )

Repeated Attribute Associations

Some entities have multiple fields that represent either the same kind of data or a very similar
kind of data. For example, it is common for orders and other documents to allow you to specify a
daytime phone number and an evening phone number. Other contact-related records may allow
you to specify even more phone numbers for such things as cell phone, FAX, pager, and others.

Figure 9-10 shows a semantic object model for a PERSON class that allows any number of Phone
attributes.

PERSON

ID PersonID 1.1
FirstName 1.1
LastName 1.1

Phone
Type 1.1
Number 1.1 — 0.N

Figure 9-10

To allow any number of a repeated attributes in a relational model, build a new table to contain the
repeated values. Use the original table’s primary key to link the new records back to the original
table.
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Figure 9-11 shows how to do this for the PERSON class shown in Figure 9-10.

Persons Phones
Personld 1 22/ Personid
FirstName Type
LastName Number

Figure 9-11

Because the Phones table’s primary key includes all of the table’s fields, the combination of Per-
sonld/Type/Number must be unique. That means a particular person can only use a phone number
for a particular purpose once. That makes sense. It would be silly to list the same phone number as
a work number twice for the same person. However, a person could have the same number for
multiple purposes (daytime and evening number are the same cell phone) or have multiple phone
numbers for the same purpose (office and receptionist numbers for work phone).

You can use the primary keys and other keys to enforce other kinds of uniqueness. For example, to
prevent someone from using the same number for different purposes, make Personld /Number a
unique key. To prevent someone from providing more than one number for the same purpose (for
example, two cell phone numbers), make Personld/Type a unique key.

For another example, suppose you want to add multiple email addresses to the Persons table. Allow
each person to have any number of phone numbers and email addresses of any type, but don’t allow
duplicate phone numbers or email addresses. (For example, you cannot use the same phone number
for Home and Work numbers.)

Just as you created a Phones table, you would create an Emails table with Type and Address fields,
plus a Personld field to link it back to the Persons table. To prevent an email address from being
duplicated for a particular person, include those fields in the table’s primary key. Figure 9-12 shows
the new relational model.

Phones
22, Personld
Number
Persons Type
Personld !
FirstName 1
LastName Emails
2! Personld
Address
Type
Figure 9-12
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Reflexive Associations

A relflexive or recursive association is one in which an object refers to an object of the same class.
You can use recursive associations to model a variety of different situations ranging from simple
one-to-one relationships to complicated networks of association.

The following sections describe different kinds of reflexive associations.

One-to-One Reflexive Associations

As you can probably guess, in a one-to-one reflexive association an object refers to another single
object of the same class. For example, consider the Person class’s Spouse field. A Person can be mar-
ried to exactly one other person (at least in much of the world) so this is a one-to-one relationship.
Figure 9-13 shows an ER diagram representing this relationship.

—>
1.1
Person Is Married To
1.1

Figure 9-13

Figure 9-14 shows a relational model for this relationship.

Person

Personld
FirstName

LastName

Spouseld
Figure 9-14

Unfortunately this design does not require that two spouses be married to each other. For example,
Ann could be married to Bob and Bob could be married to Cindy. That might make an interesting
television show, but it would make a confusing database.

Another approach would be to create a Marriage table to represent a marriage. That table would
give the IDs of the spouses. Figure 9-15 shows this design.

o 1 Marriage
Personld —l—1
FirstName 1 1 Spouseld1
LastName Spouseld2
Figure 9-15
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In this design the Person table refers to itself indirectly.

For another example, suppose you're making a database that tracks competitive rock-paper-scissors
matches (see http: //www.usarps.com). You need to associate multiple competitors with each other
to show who faced off in the big arena. You also want to record who won and what the winning
moves were.

You would start by making a Competitors table with fields Name and Competitorld.

Next you would make a CompetitorMatches table to link Competitors. This table would contain
Competitorld1 and Competitorld?2 fields, and corresponding FinalMovel and FinalMove?2 fields to
record the contestants’ final moves. To distinguish among different matches between the same two

competitors, the table would also include Date and Time fields.

Figure 9-16 shows the relational model.

Competitors 1 —
Competitorld petitorMatches
Name 1 %

Time
221 Competitorld1
= Competitorld2
FinalMove1
FinalMove2
Figure 9-16

One-to-Many Reflexive Associations

Typically employees have managers. Each employee is managed by one manager and a manager
can manage any number of employees, so there is a one-to-many relationship between managers
and employees.

But a manager is just another employee, so this actually defines a one-to-many relationship between
employees and employees. Figure 9-17 shows an ER diagram for this situation.

—>
1.N
Employee Is Managed By

1.1

Figure 9-17

Figure 9-18 shows a relational model that handles this situation.
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Hierarchical Data

Employees
Personld
FirstName

LastName

IsManagedBy

Figure 9-18

Hierarchical data takes the form of tree-like structures. Every object in the hierarchy has a “parent”
object of the same type. For example, a corporate organizational chart is a hierarchical data structure
that shows which employee reports to which other employee. Figure 9-19 shows the org chart for a

fictional company.

Board of Directors

President/CEQ

Clo

[
| Vice President, Administration |

Vice President,

Vice President,

Advertising, Marketing,
Information Services Networks and Grossworks IM' and Spam

Vice President,

Digital Assets and Paranoia

Figure 9-19

CFO

Robotic Resources

Vice President,
Resource Management

Internal Auditing

Vice President,
Perks and Boondoggles

| General Accounting] [Colonel Accounting|

Hierarchical data actually is an instance of a one-to-many reflexive association as described in the
previous section. Generally people think of the “Is Managed By” relationship as being relatively
flat, so managers supervise front-line employees but no one needs to manage the managers. In that
case, the hierarchy is very short.

An org chart represents the infinitesimally different concept of “Reports To.”” I guess this is more
palatable to managers who don’t mind reporting to someone even if they don’t need help managing
their own work. (Although I've known a few managers who could have used some serious help in

that respect.)
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The “Reports To”” hierarchy may be much deeper (physically, not necessarily intellectually) than
the “Manages’” hierarchy but you can still model it in the same way. Figure 9-20 shows an Employee
class that can model both hierarchies simultaneously.

Employee
Personld

8

FirstName

LastName

IsManagedBy

ReportsTo
Figure 9-20

Notice that the relationships used to implement a hierarchy are ““upward-pointing.” In other words,
each object contains a reference to an object higher up in the hierarchy. This is necessary because
each object has a single “parent” in the hierarchy but may have many “’children.” Though you can
list an object’s parent in a single field, you cannot list all of its children in a single field.

_ Working with Hierarchical Data

The following table contains information about a corporate org chart.

Personld Title ReportsTo
1 Mgr. Pie and Food Gags 9

2 Dir. Puns and Knock-Knock Jokes 6

3 Dir. Physical Humor 9

4 Mgr. Pratfalls 3

5 President null

6 VP Ambiguity 5

7 Dir. Riddles 6

8 Dir. Sight Gags 3

9 VP Schtik 5

Use this data to reconstruct the org chart graphically.

1. Find the record that represents the root node.

2. For each node on the bottom level of the tree so far (initially this is just the root node), find all
of the records that have that node as a parent (ReportsTo). Attach them below their parent. For
example, the first time around you would find the people who report to President. Their records
have ReportsTo equal to President’s Personld: 5. These people are VP Ambiguity and VP Schtik.
Attach them below President.

3.  Repeat until you have processed every record.
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How It Works

1. Theroot node is the one that has no parent. In the table, it’s the one where ReportsTo is null: Pres-
ident.

2. Draw the root node.

a.

b.

Find the people who report to President. Their records have ReportsTo equal to President’s
Personld: 5. These people are VP Ambiguity and VP Schtik. Attach them below President.

Find the people who report to VP Ambiguity. They are Dir. Puns and Knock-Knock Jokes
and Dir. Riddles. Draw them below VP Ambiguity.

Find the people who report to VP Schtik. They are Mgr. Pie and Food Gags and Dir. Physi-
cal Humor. Draw them below VP Schtik.

Find the people who report to Dir. Puns and Knock-Knock Jokes. There are none so Dir.
Puns and Knock-Knock Jokes is a leaf node.

Find the people who report to Dir. Riddles. There are none so Dir. Riddles is a leaf node.

Find the people who report to Mgr. Pie and Food Gags. There are none so Mgr. Pie and
Food Gags is a leaf node.

Find the people who report to Dir. Physical Humor. They are Mgr. Pratfalls and Dir. Sight
Gags. Draw them below Dir. Physical Humor.

Find the people who report to Mgr. Pratfalls. There are none so Mgr. Pratfalls is a leaf node.

Find the people who report to Dir. Sight Gags. There are none so Dir. Sight Gags is a leaf
node.

At this point, every record is represented on the tree so we're done.

3. Figure 9-21 shows the finished org chart.

President
VB VB
Ambiguity Schtik
Dir. Puns and Dir. Mgr. Pie and Dir. Physical
Knock-knock Jokes Riddles Food Gags Humor

Magr. Dir. Sight
Pratfalls Gags

Figure 9-21
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Network Data

A network contains objects that are linked in an arbitrary fashion. References in one object point to
one or more other objects.

For example, Figure 9-22 shows a street network. Each circle represents a node in the network. An
arrow represents a link between two nodes. The numbers give the approximate driving time across
a link. Notice the one-way streets with arrows pointing in only one direction.

Figure 9-22

An object cannot use simple fields to refer to an arbitrary number of other objects, so this situation
requires an intermediate table describing the links between objects.

Figure 9-23 shows an ER diagram describing the network’s Node object. Notice that the Connects
To relationship has a LinkTime attribute that stores the time needed to cross the link.

Figure 9-23

The section ““Many-to-Many Associations” earlier in this chapter showed how to build a relational
model for many-to-many relationships. That method just needs a small twist to make it work for a
many-to-many reflexive relationship.
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Instead of creating two tables to represent the related objects, just create a single Nodes table. Then
create an intermediary table to represent the association between two nodes. That object represents
the network link and holds the LinkTime data.

Figure 9-24 shows this design. In addition to a Nodeld, the Nodes table contains X and Y coordinates
for drawing the node.

Nodes 1 -
Nodeld m— LULS
X 1 ©© | FromNodeld
v = ToNodeld

LinkTime
Figure 9-24

Note that you need to use some care when you try to use this data to build a network in a program.
One natural approach is to start with a node, follow its links to new nodes, and then repeat the
process, following those nodes’ links.

Unfortunately if the network contains loops, the program will start running around in circles like a
dog chasing its tail and it will never finish.

A better approach is to select all of the Nodes records and make program objects to represent them.
Then select all of the Links records. For each Links record, find the objects representing the “from”
node and the “to” node and connect them. This method is fast, requires only two queries, and best
of all, eventually stops.

For a concrete example, consider the small network shown in Figure 9-25. The numbers next to links
show the links’ times.

Figure 9-25

Start by making a Nodes table with fields Nodeld, X, and Y. The following table shows the Nodes
table’s values. The X and Y fields are blank here because we're not really going to draw the network,
but a real program would fill them in.
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Nodeld X Y

A

B
C
D

Next make a Links table with fields FromNode and ToNode, plus a LinkTime field. Looking at
Figure 9-25, you see which nodes are connected to which others and what their LinkTime values
should be. The following table shows the Links table’s data.

FromNode ToNode LinkTime

9
15
11
18
12
10

g 0 0 N0 w9 >
@ g w > > 0

Temporal Data

As its name implies, temporal data involves time. For example, suppose you sell produce and the prices
vary greatly from month to month (tomatoes are expensive in the winter, while pumpkins are practically
worthless on November 1). To keep a complete record of your sales, you not only need to track orders
but also the prices at the time each order was placed.

The following sections describe a few time-related database design issues.
(For some more in-depth discussion of some of these issues, you can download the free eBook “‘Devel-

oping Time-Oriented Database Applications in SQL”” at http://www.cs.arizona.edu/people/rts/
tdbbook.pdf.)

Effective Dates

One simple way to track an object that changes over time is to add fields to the object giving its valid
dates. Those fields give the object’s effective or valid dates.
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Figure 9-26 shows a relational model for temporal produce orders or orders for any other products with
prices that change over time.

Orders Orderltems
Orderld 1__colOrderid SIS ProductPrices
Customerld Productld 1 Productld 1 oo MProductld
OrderDate Quantity Description EffectiveStartDate
EffectiveEndDate
Price
Figure 9-26

The Orders table contains an Orderld field and a Date, in addition to other order information such as
CustomerId. The Orderld field provides the link to the Orderltems table.

Each Orderltems record represents one line item in an order. Its Productld field provides a link to the
Products table, which describes the product purchased on this line item. The Quantity field tells the
number of items purchased.

The ProductPrices table has a Productld field that refers back to the Products table. The Price field gives
the product’s price. The EffectiveStartDate and EffectiveEndDate fields tell when that price was in effect.

To reproduce an order, you would follow these steps:

1. Look up the order in the Orders table and get its OrderId. Record the OrderDate.

2. Find the Orderltems records with that Orderld. For each of those records, record the Quan-
tity and Productld. Then:

a. Find the Products record with that Productld. Use this record to get the item’s descrip-
tion.

b. Find the ProductPrices record with that Productld and where EffectiveStartDate < =
OrderDate < = EffectiveEndDate. Use this record to get the item’s price at the time the
order was placed.

The result is a snapshot of how the order looked at the time it was placed. By digging through all of these
tables, you should be able to reproduce every order as it appeared when it was entered into the system.

Suppose you want to store one address for each employee but you want to track addresses over time.
You don’t want to track any other employee data temporally.

To build a relational model to hold this information, start by creating a basic Employees table that holds
Employeeld, FirstName, LastName, and other fields as usual.

Next design an Addresses table to hold the employee addresses. Create Street, City, State, and Zip fields

as usual. Include an Employeeld field to link back to the Employees record and EffectiveStartDate and
EffectiveEndDate fields to track temporal data.
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Figure 9-27 shows the resulting relational model.

Employees Addresses
Employeeld = Employeeld
FirstName EffectiveStartDate
LastName EffectiveEndDate

Street

City

State

Zip
Figure 9-27

Deleted Objects

When you delete a record, the information that the record used to hold is gone forever. If you delete an
employee’s records, you lose all of the information about that employee including the fact that he was
fired for selling your company’s secrets to the competition. Because the employee’s records were deleted,
he could potentially get a job in another part of the company and resume spying with no one the wiser.

Similarly when you modify a record, its previous values are lost. Sometimes that doesn’t matter but other
times it might be worthwhile to keep the old values around for historical purposes. For example, it might
be nice to know that an employee’s salary was increased by only 0.25% last year so you might consider a
bigger increase this year.

One way to keep all of this data is to never, ever delete or modify records. Instead you use effective dates
to “end” the old record. If you're modifying the record rather than deleting it, you would then create a
new record with effective dates starting now.

For example, suppose you hired Hubert Phreen on 4/1/2006 for a salary of $45,000. On his first anniver-
sary, you increased his salary to $46,000 and on his second you increased it to $53,000. He then grew
spoiled and lazy so he hasn’t gotten a raise since. The following table shows the records this scenario
would generate in the EmployeeSalaries table. Using this data, you can tell what Hubert’s current salary
is and what it was at any past point in time.

Employee Salary EffectiveStartDate EffectiveEndDate
Hubert Phreen $45,000 4/1/2006 4/1/2007
Hubert Phreen $46,000 4/1/2007 4/1/2008
Hubert Phreen $53,000 4/1/2008 1/1/3000

(To really be correct, you need to make one of the effective dates be exclusive. For example, you might
decide that a record is valid starting on the effective start date up through but not including the effective
end date. For example, Hubert’s salary was $46,000 from April 1, 2007 through March 31, 2008. Then on
April 1, 2008 his salary increased to $53,000.)
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Deciding What to Temporalize

If you decide to use effective dates instead of deleting or modifying records, you will end up with a bigger
database. Depending on how often these sorts of changes occur, it might be a much bigger database.

Disk space is relatively inexpensive these days (as little as $0.22 or so per GB and dropping every year)
so that may not be a big issue. If the database is really huge, however, you may want to be selective in
what tables you make temporal.

For example, in the model shown in Figure 9-26, only the ProductPrices table has effective dates. That
would make sense for that example if you don’t allow changes to orders after they are created.

That greatly reduces the amount of data that you will have to duplicate to record changes.

Before you rush out and add effective dates to everything in sight, carefully consider what data is worth
saving in this manner.

Be sure to decide which tables to make temporal as early as possible because retrofitting effective date
fields can be very difficult, particularly for any programs that access the data. Any queries that request
data from tables with effective dates must be parameterized to get the right data. If you add effective
date fields after you start development, you need to modify all of those queries and that gives you extra
chances to make mistakes and insert bugs in the system.

This is definitely a case where you want thorough planning before you start to build.

Logging and Locking

Two techniques that I've found useful in a number of database applications are audit trails and turnkey
records. Audit trails let you log changes to key pieces of data. Turnkey records let you easily control
access to groups of related records.

Audit Trails

Many databases contain sensitive data, and it is important to make sure that the data is safe at all times.
Though you cannot always prevent a user from incorrectly viewing or modifying the data, you can make
a record showing who made a modification. Later, if it turns out that the change was unauthorized, you
can hunt down the perpetrator and wreak a terrible vengeance.

For example, in 2007 State Department contractors “inappropriately reviewed” the passport files of
then Senator and presidential candidate Barack Obama. The offenders were probably just curious, but it
violated the department’s privacy rules so two people were fired and one reprimanded.

One way to provide a record of significant actions is to make an audit trail table. This table has fields
Action, Employee, and Date to record what was done, who did it, and when it happened. For some
applications, this information can be non-specific, for example, recording only that a record was modified
and by whom. In other applications, it might record the fields that were modified and the old and new
values.

A similar technique works well with the effective dates described in the section “Temporal Data” earlier
in this chapter. If you never delete or update records, you can add a CreatedBy field to a table that you
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want to audit and fill in the name of the user who created the record. Later if someone modifies the
record, you will be able to see who made the modification in the new version of the record.

You may still want a separate AuditEvents table, however, to record actions other than creating, deleting,
and modifying records. For example, you might want to keep track of who views records (as in the State
Department passport case), generates or prints reports, sends emails, or prints letters. You might even
want to record user log in and log out times.

Turnkey Records

When a user needs to modify a record, the database locks that record so other users can’t see an inconsis-
tent view of the data. This prevents others from seeing a half-completed operation.

Relational databases also provide transactions that allow one user to perform a series of actions
atomically — as if they were a single operation. This effectively locks all of the records involved in those
actions until the transaction is complete.

Though these features work well, their record-locking behaviors can lead to a couple of problems.

First, most databases won't tell you who has a record locked. If someone is in the middle of editing a
record in the Employees table, you won’t be able to edit that record. Unfortunately the database also
won't tell you that Frank has the record locked so you can’t go down the hall and ask him to release
it. Or worse, you'll discover that Frank left his computer locked and went home for an early weekend
so you're stuck until Monday. In that case, it will require database administrator powers and an act of
Congress to unlock the record so you can get some work done.

A second issue is that a complicated series of locks adds to the database’s load.

One technique I've found useful for addressing these problems is to use turnkey records to control access
to a group of tables.

Suppose normalization has spread a work order’s data across several tables holding basic information,
addresses, phone numbers, email addresses, and other stuff. Now suppose the system is designed to
assign work orders to users for processing. It would be nice to lock a work order’s data while a user is
working on it so others can’t blunder in and make conflicting changes. Unfortunately, it's wasteful to
lock all of those records.

To use a turnkey record, add a LockedBy field to a table that is central to the work order. This is probably
the table that contains the work order’s basic information.

Now to “reserve” the work order for use by a particular user, the program sets this record’s LockedBy
field to the user’s name. That token means that this user has permission to mess with all of the work
order’s records in all of its tables without actually locking anything. Because the user’s name is in the
database, other parts of the program can tell that the record is locked and by whom. The program can
even allow an administrator with appropriate privileges to clear that field so you can fix the work order
after Frank has gone home.

The one drawback to this method is that if Frank’s computer crashes while he has the work order

reserved, then it remains locked. To recover, you'll need to add an option in the program to clear those
sorts of zombie reservations.
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A similar technique gives most of the same benefits while removing the problems that come with a
LockedBy field. Suppose you assign each work order to a particular person who then works on it, and no
one else ever works on that order.

To handle this case, add an AssignedTo field to the order. Some agent (either human or automated) sets
the AssignedTo field and after that the field doesn’t need to be changed. In that case, if Frank’s computer
crashes, his record is still assigned to him after he reboots. Because Frank is still the one who should work
on the job, you don’t need to clear this field. (Although in practice there will always be a situation where
someone needs to foist a job off on someone else for some weird reason, so you should allow some way
for an administrator to step in and fix it if necessary.)

Summary

This chapter described some common patterns that you can use to solve particular database design
problems. For example, if you need to build a database that includes many-to-many relationships, you
can use the pattern described in the section “Many-to-Many Associations” to implement that part of your
relational database design.

In this chapter you learned to model:
0O  Many-to-many relationships and multiple-object associations
0  Repeated attribute associations
0  Reflexive or recursive associations
Q  Temporal data
O  Logging and locking

The next chapter does the opposite of this one. It describes common mistakes people make when design-
ing databases and explains ways to avoid those mistakes.

Before you move on to Chapter 10, however, use the following exercises to test your understanding of
the material covered in this chapter. You can find the solutions to these exercises in Appendix A.

Exercises

1. Parcheesi is a board game for two to four players. Make an ER diagram to record informa-
tion about Parcheesi matches.

2. Build a relational model to record information about Parcheesi matches. Be sure to include a
way to tell who finished first through fourth.

3. Chess enthusiasts often like to walk through the moves of past matches to study how the
play developed. They even give names to the most famous of these matches. For example,
the “Immortal Game’” was played on June 21, 1851 by Adolf Anderssen and Lionel Kieser-
itzky (see http://en.wikipedia.org/wiki/Immortalgame).

The following text shows the first six moves in the Immortal Game:

ed e5 f4 exfd Bcd Qhd+?! Kfl b5?! Bxb5 Nf6 Nf3 Qhé6
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206

(If someone showed me this string and I wasn’t thinking about chess at the time I'm not sure
whether I would guess it was an assembly program, encrypted data, or some new variant of
Leet. See http://en.wikipedia.org/wiki/Leet.)

Of course, a database shouldn’t store multiple pieces of information in a single field, so the
stream of move data should be broken up and stored in separate fields. In chess terms, a ply
is when one player moves a piece and a move is when both players complete a ply.

Figure 9-28 shows a semantic object model for a CHESS_MATCH class that stores the move
information as a series of Move attributes, each containing two Ply attributes. The Movement
field holds the actual move information (Qh4+?!) and MoveName is something like “The
Sierpinski Gambit”” or “The Hilbert Defense.” Commentary is where everyone else pretends
they know what the player had in mind when he made the move.

CHESS_MATCH

D MatchID 1.1
Date 1.1
PlayerWhite 1.1
PlayerBlack 1.1
Move

Ply
Movement 1.1
MoveName 1.1
Commentary 1.1 _|2.2|0.N

Figure 9-28

Draw an ER diagram to show the relationships between the Player, Match, Move, and Ply
entity sets.

Build a relational model to represent chess relationships by using the tables Players,
Matches, Moves, and Plies. How can you represent the one-to-two relationship between
Moves and Plies within the tables’ fields? How would you implement this in the database?

Consider the relational model you built for Exercise 4. The Moves table doesn’t contain any
data of its own except for MoveNumber. Build a new relational model that eliminates the
Moves table. (Hint: collapse its data into the Plies table.) How does the new model affect the
one-to-two relationship between Moves and Plies?

Suppose you are modeling a network of pipes and you want to record each pipe’s diameter.
Design a relational model that can hold this kind of pipe network data.

Suppose you run a wine and cheese shop. Wine seems to get more expensive the longer it
sits on your shelves, but most cheeses don’t last forever. Build a relational model to store
cheese inventory information that includes the date by which it must be sold. Assume that
each batch of cheese gets a separate sell-by date.

Modify the design you made for Exercise 7 assuming each type of cheese has the same
shelf-life.
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Common Design Pitfalls

Chapter 9 described some common patterns that you may want to use while designing a database.
This chapter takes an opposite approach: it describes some common pitfalls that you don’t want
to fall into while designing a database. If you see one of these situations starting to sprout in your
design, stop and rethink the situation so you can avoid a potential problem as soon as possible.

In this chapter you learn to avoid problems with:

0O  Normalization and denormalization.
Q  Lack of planning and standards.

0  Mishmash and catchall tables.

Q  Performance anxiety.

The following sections describe some of the most common and troublesome problems that can
infect a database design.

Lack of Preparation

I've nagged about this in earlier chapters but it’s time to nag again. Database design is often one of
the first steps in development. It’s only natural for developers to want to rush ahead and get some
serious coding done. That gives them something to show management to prove that they aren’t
only playing computerized mahjong and reading friends” MySpace pages. It’s also more fun than
working on plans, designs, use cases, documentation, and all the other things that you need to do
before you can roll up your sleeves and get to work.

Before you start cranking out tables and code, you need to do your homework. Some of the things
you need to do before you start wiring up the database include:

0O  Make sure you understand the problem.

0  Write requirements documents to state the problem.

Q  Build use cases to see if you have solved the problem.
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O Design a solution.
O  Test the design to see if it satisfies the use cases.

O  Document everything.

Remember, the time you spend on up-front design almost always pays dividends down the road.

Poor Documentation

This is part of preparation but is so important and under-appreciated that deserves its own section. Many
developers think of documentation as busy work or a chore to keep managers who have no real talents
off their backs while they build elegant data structures of intricate beauty and complexity.

I confess that occasionally that’s a handy attitude, but the real purpose of documentation is to keep
everyone on the project focused on the same goals. The documentation should tell people where the
project is headed. It should spell out the project’s design decisions so everyone knows how the pieces
will fit together.

If the documentation is weak, different people will make different and often contradicting assumptions.
Eventually those assumptions will collide and you'll have to resolve the conflict. That will require devel-
opers to go back and fix work that they made under the wrong assumptions. That leads to more work,
more errors, and copious bickering over whose fault it was.

The real fault was poor documentation.

Poor Naming Standards

In a sense, naming standards are part of documentation. When done properly, an object’s name should
give you a lot of information about the object. For example, if I tell you to build an Employees table,
you probably know a lot about that table without even being told. You know that it will need name,
address, phone, email, and Social Security Number information (in the United States, at least). In most
companies, it will also need an employee ID, hire date, title, department, salary, and payroll information
(deductions, bank account for automatic deposit, and so forth). Somehow it should probably link to a
manager and possibly to projects. You got all of that from the single word “Employees.”

Now suppose I told you to build a People table but I really want to use the table to hold employee data.
You'd probably only put about half of the necessary fields in this table. You’d get the name and address
stuff right, but you’d completely miss the business-related fields.

The problems become worse when you start working with multiple related tables and fields. For example,
suppose you use employee IDs to link a bunch of tables together but one table calls the linking field
EmpNo, another calls it Employeeld, and a third calls it Purchaser.

This may seem like a small inconvenience and in isolation it is, but together a lot of little inconveniences

can add up to a real headache. Inconsistent naming makes developers think harder about names than the
things they represent and that makes them less productive and less accurate.
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I have worked on projects where poor naming conventions made small changes take days instead of
hours because developers had to jump back and forth through the code to figure out what was happen-
ing. Inconsistent naming by itself is unlikely to sink a project, but it is enough to nudge an already leaky
ship toward the rocky shoals.

Write down names for fields that will be used in more than one table and stick to them so the same
concept gets the same name everywhere. Then use those names consistently. Consistency is more impor-
tant than following particular arcane formulae to generate names, although I will mention two useful
conventions for naming database objects such as tables and fields.

First, don’t use keywords such as TABLE, DROP, and INDEX. Though these may make sense for your appli-
cation and they may be allowed by the database, they can make programming confusing. If one of
these words really fits well for your project, try adding something to make it even more descriptive.
For example, if your database will hold seating assignments and it really makes sense to have a field
named Table, try naming it TableNumber or AssignedTable instead.

Second, don’t put special characters such as spaces in table or field names even if the database allows
it. Although there are ways to use these sorts of names, it makes working with the database a lot more
confusing and remember, the point of good naming conventions is to reduce confusion.

For some more information on naming conventions, see some of these links:

a http://en.wikipedia.org/wiki/Identifier_naming_ convention

a http://standards.iso.org/ittf/PubliclyAvailableStandards/
c035347_ISO_IEC_11179-5_2005(E) .zip

a http://www.gorillatraining.com/en-us/library/ms229002.aspx

a http://vyaskn.tripod.com/object_naming.htm
Picking good names for tables is like a vocabulary test. You need to think of a word or short phrase that
sums up as many of the features in the related items as possible so someone else who looks at your table’s

name will immediately understand the characteristics that you're trying to record. The following table
shows some examples.

A table that holds: Should be called:
Magazines, newspapers, and comic books Periodicals
Things that your company sells, including physical items and services Products

People who work in your restaurant, including servers, bussers, cooks, and Employees
greeters

Things that cost you money, such as groceries, gasoline, and fencing lessons Expenses

Things that you pay for but that are for work purposes, such as stationery, BusinessExpenses
stamps, and phone calls
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Thinking Too Small

Too often developers design a perfectly reasonable database only to discover during the final stages
of the project that it cannot handle the load that’s dumped on it. Make some calculations, estimate the
database’s storage and transaction loads, calculate the likely network traffic, and then multiply by five.
For some applications, such as online Web applications that can have enormous spikes in load over just
a few hours, you might want to multiply by ten or more.

Be sure you use a realistic model of the users’ computers and networks. It’s fairly common in software
development to give the programmers building a system great big, shiny, powerful computers so they
can be more productive. (It takes a lot of horsepower to play those interactive role-playing games quickly
so you can get back to work.)

Unfortunately, customers often cannot afford to buy new computers for every user. (Five developers
times $3,000 is $15,000. That’s not exactly pocket money, but it's nothing compared to $2,000 times 200
users for a total of $400,000.) Make sure your calculations are based on the hardware that the users will
really have, not on the dream machine that you are using.

If you don’t think your architecture can handle that load, you should probably rethink things a bit.
You may be able to buy a more powerful server, buy more disk space, move to a faster network,
or split the data across multiple servers. If those tricks don’t work, you might need to consider a
three-tier architecture with different middle-tier objects running on separate computers. You might
need to think about moving some of the more intense calculations out of database code and moving
them into code running on separate servers. You might need to redesign the database to use turnkey
records. You might even need to split the database into disjoint pieces that can run in different
computers.

Solving these problems may be difficult, but you should at least plan ahead and be prepared to face them.
A sure way to ruin customer goodwill is to get the customers all excited, release the database, and then
tell them they can’t use it for four months while you rethink its performance problems.

Not Planning for Change

As you design the database, look for places that might need to change in the future. You don’t need
to build features that may never be needed, but you don’t want to narrow the design so those features
cannot be implemented later.

In particular, look for exceptions in the data. Customers often think in terms of paper forms, and those
are easy to modify. It’s easy to cross out headings and scribble in the margins of a paper form. It’s a lot
harder to do that in a computerized system.

Whenever you see two or more things that have a lot in common, ask the customers if those are enough
or whether you’ll sometimes need to add more. Listen for words such as “except,” “‘sometimes,” and
“usually.” Those words often hint at changes yet to come.

For example, suppose a customer says, “This field holds the renter’s front binding tension, unless
he’s goofy-footed.” Here the word ““unless” tells you that this one field may not be good enough
to hold all of the data. You'd better find out what ““goofy-footed” means and change the database
accordingly.
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For another example, suppose the customer says, ““The order form must hold two addresses, one for
shipping and one for billing. Unless, of course, we’re billing a split order.” This says that two address
fields (or groups of fields) isn’t enough. At this point you probably need to pull the address data into
a new table so you can accommodate any number of addresses, including the ones the customer hasn’t
remembered yet.

For a third example, suppose you're building a coaching tool for youth soccer teams. Figure 10-1 shows
your initial design.

Games GamePlayers | Players
Gameld Gameld Playerld
Date Playerld oo—l_ FirstName
Time LastName
Field
OpponentName
Coach ; R ParentldParents

: 1 rarentid
SnackBringer ] FirstName

LastName
Playerld 1
Street
City
State
Zip
Phone
Email
Figure 10-1

Let’s review this design and identify any pieces that seem like they might change later.

It’s often useful to look at fields that allow a single value and ask yourself if they might need to change
later. In this design, there are several such fields. It’s also particularly useful to look at one-to-one rela-
tionships and this design contains some of those, too.

First, do we need to change the one-to-many relationship between Games and GamePlayers to a
many-to-many relationship? Probably not. If the group of players is the same in any two games, that’s
more or less coincidence rather than a more formal arrangement such as an “A team’” and a /B team.”
(Although I've known some frighteningly serious youth soccer coaches. Seriously scary individuals with
clipboards yelling at the tops of their lungs at four-year-olds.)

The many-to-one relationship between GamePlayers and Players, together with the Games/GamePlayers
relationship, helps model the many-to-many relationship between Games and Players, so it probably

shouldn’t change.

What about the one-to-one relationship between Parents and Players? This link implies that a parent can
have only one player and that may not be a good assumption. What if a parent has two players on the
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same team? For the younger age brackets, you won't see players of different ages on the same team, but
you will find twins on the same team.

This relationship also implies that each player has a single parent (which is unlikely until cloning tech-
niques become more practical). You could add information about a second parent (in fact, that’s a very
common approach) but if a player’s parents are separated and remarried, you might need up to four
parents and sometimes you might need to contact any subset of them to figure out if a player will be at
a game. It might make the most sense to just allow a player to have any number of parents and not ask
too many questions. (And don’t even think about requiring players to have the same last names as their
parents! The combinations, including hyphenated last names, are too numerous to contemplate.)

The first one-to-one relationship between Games and Parents means that one parent will be coach for that
game. Is that a reasonable assumption? Will you ever need to worry about multiple coaches or assistant
coaches? For a youth league, it’s probably good enough to assume there is only one main coach and not
worry about any others, so I wouldn’t change that. But this is a good question to ask.

By far the most important piece of information in this database tells who is bringing a game’s snacks. The
second one-to-one relationship between Games and Parents means one parent will bring snacks for the
game. Is that a reasonable assumption? In my experience, there has always been only one snack-bringer
per game. As in the case with the coach, you can probably at least assume there is a main snack-
bringer and if someone else wants to bring extra cupcakes for a player’s birthday we just won’t worry
about it. But again, a good question.

One final place to look for these kinds of changes is in the fields within a table. In this design, the field
that begs for multiple values is Phone. Lots of people have multiple phones and sometimes you may
need to call several to track someone down. (Such as the all-important snack bringer!) I would split the
Phone field off into a new table to allow parents to have any number of phone numbers.

Figure 10-2 shows the new and improved design.

Games GamePlayers Players
Gameld 1 22! Gameld 1 Playerld L
Date Playerld °°—|_ FirstName
Time LastName
Field
OpponentName
Cz:ch Parents ParentPlayers
SnackBr Parentld ! 22! Parentld
nackBringer —
g FirstName 1 Playerld oo |
LastName
Street
C'tr Phones
Sx <2 Parentld
.ae Priority
Zip
Email
Figure 10-2

212



Chapter 10: Common Design Pitfalls

Again, you don’t need to use psychic powers to build all of the features that the customer will need
in the next 15 years, but keep your eyes open during requirements gathering and try not to close off
opportunities for later change.

Too Much Normalization

Taken to extremes, too much normalization can lead to a database that scatters related data all over the
place for little additional benefit. It can make the design confusing and can slow performance.

When you normalize, think about what a change will cost and what benefits it will provide. Think about
how the data will be accessed. If data is only read and written through stored procedures or middle-tier
code, that code can help play a role in keeping the data consistent and may allow you to get away
with slightly less normalization in the database’s tables. Putting every table in Fifth Normal Form or
Domain/Key Normal Form isn’t always necessary to keep the data safe.

I once worked on a project where a certain database developer (who coincidentally had just taken a class
in database normalization) wanted to split every data value out into a separate table. For example, a
customer record would contain little more than a Customerld. Then a Values table would hold the actual
data in its three fields Id, ValueName, and ValueData. To look up a customer’s name, you would search
the Values table for a record with Id equal to the customer’s ID and ValueName equal to “Name.” In
some bizarre otherworldly sense, this table is very normalized and it lets you do some amazing things.
For example, you could decide to add a new EarSize field to the customer data without changing the
tables at all. However, that design doesn’t reflect the structure of the data so it would be next to impossi-
ble to use.

Insufficient Normalization

Though too much normalization can make the database slower than necessary, poor performance is
rarely the reason a software project fails. Much more common reasons for failure are designs that are too
complex and confusing to build, and designs that don’t do what they’re supposed to do. A database that
doesn’t ensure the data’s integrity definitely doesn’t do what it’s supposed to do.

Normalization is one of the most powerful tools you have for protecting the data against errors. If the
database refuses to allow you to make a mistake, you won’t have trouble with bad data later. Adding an
extra level of indirection to gather data from a separate table adds only milliseconds to most queries. It’s
very hard to justify allowing inconsistent data to enter the database to save one or two seconds per user
per day.

This doesn’t mean you need to put every table in Fifth Normal Form, but there’s no excuse for tables that
are not in at least Third Normal Form. It's way too easy to normalize tables to that level for anyone to
claim that it’s not necessary.

If the code needs to parse data from a single field (Hobbies = “sail boarding, skydiving, knitting”’), break

it into multiple fields or split its values into a new table. If a table contains fields with very similar names
(JanPayment, FebPayment, MarPayment), pull the data into a new table. If two rows might contain
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identical values, figure out what makes them logically different and add that explicitly to the table so you
can make a primary key. If some fields” values don’t depend on the entire key, consider spreading the
record across multiple tables.

Insufficient Testing

This problem is closely related to “Thinking too Small”” and ““Too Much Normalization.” Some develop-
ers perform little or no testing before releasing a database into the wild. They run through a few tests to
check correctness (the better ones go through all of the use cases) and assume that everything will work
in the field. Then when customers try to use it under realistic conditions, the whole thing falls apart. They
discover bugs that the testers missed and the performance is unacceptable.

Be sure to test the database and any attached applications thoroughly. Fully testing every nook and
cranny of a system takes a lot of work, but it’s necessary. You need to be sure you exercise every piece of
code, every table, and every constraint. You also need to perform load testing to see if the database can
handle the expected load.

If you don’t find all of the bugs and bottlenecks, sooner or later the user will, guaranteed!

It’s also pretty safe to assume that every non-trivial application contains at least some bugs no matter
how much testing you perform. In that case, you cannot find every bug so you may be temped not to
even try. The goal isn’t really to catch every bug, but to find enough of them and to find the most likely
to occur so the probability of the users finding a bug is very small. The bugs will still be hiding in there,
but if you only get one or two user complaints per year, you're doing pretty well.

Performance Anxiety

Many developers focus so heavily on performance that they needlessly complicate things. They make a
simple solution complicated and harder to build and maintain all in the name of speed. They denormalize
tables to avoid using any more tables than necessary and they build business rules into the database so
they don’t need to use stored procedures or other code to implement them separately.

Modern hardware and software is pretty fast, however. Often these CPU-pinching measures save only
milliseconds on a one-second query. Think hard about whether a convoluted design will really save all
that much time before you make things so complicated that you can’t build, debug, and maintain the
application. If you're not sure, either make some tests and find out or go with the simpler version and
change it later if absolutely necessary. Usually performance is acceptable, but a database that contains
contradictory data is not.

I once worked on a huge database application where a simple change to the data might require five or
more minutes of recalculation. After about three days digging through horribly convoluted code and
database structure, I found the problem. The original developers had used a bunch of tricks to perform
calculations in some sneaky ways to save a little bit of time here and there. Then they had done some-
thing really silly that made them perform the same calculations again and again more than a hundred
thousand times. They were so busy worrying about tripping over the blades of grass that they wandered
blindly into a patch of poison ivy. I managed to speed things up a little, but a lot of their time-saving
tricks were so buried in the underlying design that there wasn’t much we could do without a total
rewrite.
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The moral is, you don’t need to be stupid about design and ignore obvious chances to improve perfor-
mance, but don’t be so focused on the little things that they cloud the grander design.

First, make it work. Then make it work fast.

Mishmash Tables

Sometimes it’s tempting to build tables that contain unrelated values. The classic example is a Domain-
Values table that contains allowed values for fields in tables scattered throughout the database. For
example, suppose the State, Brand, and Medium fields take values from lists. State can take values CA,
CT, NV, and so forth; Brand can take values MixAll, Thumb Master, and Pheidaux; and Medium can
take values Oil, Acrylic, Pastel, and Crayon. You could build a DomainValues table with fields Table-
Name, FieldName, and Value. Then it would hold records such as TableName = Artwork, FieldName
= Medium, Value = Crayon. You would use this magic table to validate foreign keys in all of the other
tables.

This approach will work, but it’s more of a headache than it’s worth. The table is filled with unrelated
values and that can be confusing. It might seem that having one table rather than several would simplify
the database design, but this single table does so many things that it can be hard to keep track of them all.
Just think about drawing the database design’s ER diagram with this single table connected to dozens of
other tables.

Tying this table to a whole bunch of others can make it a chokepoint for the entire system. It can also lead
to unnecessary redundancy if multiple tables contain fields that have the same domains.

It’s better to use separate tables for each of the domains that you need. In this example, just build separate
States, Brands, and Media tables. Though this requires more tables, the pieces of the design are simpler,

smaller, and easier to understand.

Remember the rule that one table should do one clearly defined thing and nothing else. Although this
kind of mishmash table has an easily defined purpose, it does not do just one thing.

_ Mishmash Bash

Consider the following mishmash DomainValues table.

Table Field Value
Customers State cO
Customers State KS
Customers State WY
Employees State cO
Employees State KS
Employees State WY
Orderltems Size Large
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Table Field Value
Orderltems Size Medium
Orderltems Size Small
Orders ShippingMethod Overnight
Orders ShippingMethod Priority
Orders ShippingMethod Snail Mail

How could you avoid building this mishmash table? What tables would use the new domain tables? To
find out:

1. Figure out which records represent similar items.
2. Move similar records into smaller validation tables.

3.  Define foreign keys to use the new tables for validation.

How It Works

1. Figure out which records represent similar items.

This table contains domain values for four tables (Employees, Customers, Orderltems, and
Orders) so you might think that you need four domain tables. However, the table really only
holds domain values for three kinds of fields: states, sizes, and shipping methods. Those define
the groups of similar items so you only need three new domain tables.

2. Move similar records into smaller validation tables.

The States table contains the following data:

State

CcO
KS
WY

The Size table contains the following data:

Size

Large
Medium

Small
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Finally, the ShippingMethod table contains the following data:

ShippingMethod

Overnight
Priority
Snail Mail

3.  Define foreign keys to use the new tables for validation.

Instead of making every table validate domains against the mishmash table, the database now
uses the following foreign key constraints:

O  Customers.State = States.State

0O  Employees.State = States.State

O  Orderltems.Size = Sizes.Size

Q  Orders.ShippingMethod = ShippingMethods.ShippingMethod

Not Enforcing Constraints

When you design a table, you should write down the domains and other constraints for every field. Most
database designers can handle that, but it’s surprising how often those restrictions don’t make it into the
actual database.

When you start building the database, go through the list of field constraints and check them off as
you implement them. Often these are as simple as making a field required or writing field-level check
constraints for a field.

You can rely on middle-tier objects and user interface code to enforce some of these, but the database is
the final authority, so why not take advantage of its capabilities? You might want to allow the middle-tier
to verify that a flyball team’s number of dogs is no more than 3 because it’s a possibly changing business
rule. It seems unlikely that a team would ever include -1 dogs, however, so let the database enforce
that rule at least.

Databases can also often verify field formats. For example, some databases can verify that a phone num-
ber string has the format #H#-###-####. You may want the user interface to validate this type of format,
too, but there’s no reason not to let the database do whatever it can to ensure that garbage doesn’t slip
into the data.

The database is pretty good at enforcing these simple rules. Let it do its job so it can feel appreciated.
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Obsession with IDs

ID numbers are nice. They are relatively small and efficient, and it’s easy to ensure that they are always
unique. However, they don’t have any real meaning. You can probably recite your name, address, and
phone number easily enough, but do you remember your employee ID, utility company account number,
and driver’s license number? Unless you have a better memory than mine (which is likely, I have a pretty
poor memory) or someone took a shortcut when they defined their keys (in some states, your driver’s
license number is the same as your Social Security Number), you probably don’t remember all of these.

It’s okay to have some tables with keys that are not artificial IDs, particularly if the data provides a nice
unique key readymade for you. Books have ISBNs (International Standard Book Numbers) that uniquely
identify them so, if you're tracking books, use ISBN instead of creating a new meaningless number.
Products often have SKU (Stock-Keeping Unit) or product numbers that are just as useful as an artificial
number. Even keys that include multiple fields can be perfectly fine and give acceptable performance.

Three obvious times when you really do need to create an artificial primary key are:

0O  You might need to change the value of the natural key (you shouldn’t change primary key values
and some databases won't even let you).

QO  The natural key doesn’t guarantee uniqueness.

0O  Adding an automatically generated surrogate key makes integration with other systems easier.

Before you create a new key field, ask yourself whether it’s really necessary.

_ IDs Undone

Consider the following tables.

Customers with fields FirstName, LastName, Street, and so on.
ChessMatches with fields Date, WhitePlayerld, and BlackPlayerId.
Books with fields Title, Author, Year, Pages, Price, and Publisher.

Inventoryltems with fields Name, Vendor, Description, and QuantityInStock.

O 0 U0 oo

WeatherReadings with fields Date, Time, Temperature, and Humidity.
To figure out which of these probably needs an artificial primary key:
1. Look for a natural key.

Decide whether you will ever need to change the key’s value.

Decide whether the key guarantees uniqueness.

P WD

Use the results from steps 1 through 4 to decide which tables need artificial IDs.
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How It Works

1.

Look for a natural key.

Qa

a

Qa

Customers with fields FirstName, LastName, Street, and so on: FirstName/LastName is a
natural key.

ChessMatches with fields Date, WhitePlayerlId, and BlackPlayerId: Date/WhitePlayerld
/BlackPlayerld is a natural key.

Books with fields Title, Author, Year, Pages, Price, and Publisher: Title/ Author is a natu-
ral key.

InventoryItems with fields Name, Vendor, Description, and QuantityInStock:
Name/Vendor is a natural key.

WeatherReadings with fields Date, Time, Temperature, and Humidity: Date/Time is a
natural key.

Decide whether you will ever need to change the key’s value.

Q

Q

Customers with fields FirstName, LastName, Street, and so on: Depending on your appli-
cation, you may need to change FirstName or LastName values. For example, when some
friends of mine got married they decided to change both of their last names to something
completely different. This means FirstName/LastName may not make a good primary key.

ChessMatches with fields Date, WhitePlayerld, and BlackPlayerId: The application
should never need to change Date/WhitePlayerld/BlackPlayerld after the data for a match
is entered.

Books with fields Title, Author, Year, Pages, Price, and Publisher: The application should
never need to change Title/ Author after the data for a book is entered.

InventoryItems with fields Name, Vendor, Description, and QuantityInStock: There’s

some chance that a vendor will rename a product. In that case, Name/Vendor might not
make a good primary key, although you could also treat the renamed product as a new

product instead.

WeatherReadings with fields Date, Time, Temperature, and Humidity: The application
should never need to change Date/Time after the weather data for a reading is entered.

Decide whether the key guarantees uniqueness.

Qa

Customers with fields FirstName, LastName, Street, and so on: FirstName/LastName is
probably not enough to guarantee uniqueness. There are just too many John Smiths and
Maria Garcias out there.

ChessMatches with fields Date, WhitePlayerld, and BlackPlayerld: Unless you
allow two players to play more than one match at the same time (which is possible),
Date/WhitePlayerld /BlackPlayerld is unique.
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a

Q

Books with fields Title, Author, Year, Pages, Price, and Publisher: It’s extremely unlikely
that the same author (or two authors with the same name) would publish two books with
the same title but Title/ Author does not absolutely guarantee uniqueness. You could make
the key more unique by adding Year, but it’s still not an absolute guarantee.

Inventoryltems with fields Name, Vendor, Description, and QuantityInStock: It's very
unlikely that a particular vendor will have more than one product with the same name (you
might not want to do business with such a confused vendor) so Name/Vendor guarantees
uniqueness.

WeatherReadings with fields Date, Time, Temperature, and Humidity: Unless you take
more than one reading at the same time, Date/Time guarantees uniqueness.

Use the results from steps 1 through 4 to decide which tables need artificial IDs.

Q

Customers with fields FirstName, LastName, Street, and so on: A customer’s First-
Name/LastName value may change and these fields don’t guarantee uniqueness, so this
table really needs an ID field.

ChessMatches with fields Date, WhitePlayerld, and BlackPlayerld: Date/WhitePlayerld/
BlackPlayerld is a fine primary key.

Books with fields Title, Author, Year, Pages, Price, and Publisher: It is unlikely that you
would have trouble with Title/Author/Year as a primary key but it’s easy enough to use
the book’s ISBN code to remove all doubt. Adding that data will make it a lot easier to inte-
grate with other systems, such as online bookstores.

Inventoryltems with fields Name, Vendor, Description, and QuantityInStock:
Name/Vendor is unlikely to cause trouble but there is a chance. Most products have part
numbers, SKUs, UPCs (Universal Product Codes — those values that go with the barcode),
or other ID values that make excellent primary keys, so I would add one of those.

WeatherReadings with fields Date, Time, Temperature, and Humidity: The combination
Date/Time guarantees uniqueness and you shouldn’t need to change those values later, so
this table shouldn’t need an artificial key.

Not Defining Natural Keys

Closely related to Obsession with IDs is not defining natural keys. A natural key is a key that you might
actually use to search the data. If a table is only there to provide detail for another table, then an ID makes
a reasonable link between the two, but if you will be searching a table for natural values such as names
or phone numbers, those may make good keys.

For example, suppose the Phones table uses Customerld to link back to Customers records. Typically
to look up a phone number, you will look up the customer’s record and then look at its related phone
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records. It’s unlikely that you will know a customer’s phone number and need to look up the customer,
so you probably don’t need to define a key on the phone number table’s PhoneNumber field.

In contrast, suppose the Customers table has a Customerld for a primary key and contains basic customer
information such as name and address. What are the chances that you'll need to look up customers by
ID? Unless the ID is something special (such as phone number if you're running a phone company),
that number is meaningless to mere mortals, so you're more likely to look a customer up by name. You
can make that faster by making the name a key. It can’t be the primary key because it doesn’t guarantee
uniqueness and you might need to change a customer’s name, but making it a non-primary key will make
searches by customer name faster. If that’s the search you perform the most, this key is a worthwhile
addition to the database.

You might also consider making other fields keys, too. For example, you might want to be able to list
customers by city or ZIP Code to prepare mass mailings (postal spam). In that case, making City and
ZipCode keys might also be useful if you perform those searches often.

Summary

This chapter described some common mistakes that people make while designing databases. I admit
some of these ideas seem a bit wishy-washy for a book about a computer-related subject, but they’re
pretty important. If you don’t pay attention to the ideas described in this chapter, you may end up redis-
covering the importance of proper planning, documentation, and testing by painful experience.

Some of these lessons I've learned the hard way, some by studying others” mistakes, and some through
research. Take my word for it when I say it’s a lot easier (and sometimes humorous) to learn about these
issues here instead of through firsthand experience.

In this chapter, you learned the importance of:

0  Advanced preparation through thorough requirements gathering.

O  Good design practices such as using naming conventions and making a design before building
the database.

O

Anticipating changes and increased database load.

0  Using the database’s tools to ensure that values are within their allowed domains.

0  Avoiding artificial keys if they are unnecessary and making natural keys even if they cannot be a
primary key.

This chapter ends the book’s main discussion of general database design topics. The next few chapters
explain some practical database implementation issues, paying extra attention to the Microsoft Access
and MySQL database management systems.

Before you move on to Chapter 11, however, use the following exercises to test your understanding of
the material covered in this chapter. You can find the solutions to these exercises in Appendix A.
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Exercises

1.

Suppose your client runs a ski rental shop and he’s the most dreaded of all clients: one who
thinks he knows something about databases. He has designed a Customers table that looks
like this:

Name

Address City

Zip

Phonel

Phone2

Stuff

Sue Rank

Mark Bosc

276 1st Ave

2832 Shush Ln.  Boiler
#2090

East Fork

72010

72013

704-291-2039

704-829-1928

606-872-3982

Downhill,
Snowboarding

X-country

222

The Stuff field contains a list of Downhill, X-country, Snowboarding, and Telemark. Your
client plans to get the customer’s state from the Zip value when he’s sending out mailings.

Your client wants you to build Orders and other tables to go with this one.

For this exercise, explain to your client what’s wrong with this table, paying particular atten-
tion to the ideas covered in this chapter.

Suppose you're building a system to track rentals for a company that owns two Blu-ray

rental stores and plans to open a third next year. What special considerations do you need
to ponder that might not be as important if the client were, for example, a well-established
party rental store. (They rent chairs, punch bowls, big tents, and other stuff for large parties.)

What's wrong with an Addresses table that includes these fields:

I 0 I 0 T 0 T I T N A

Customerld
StreetName
StreetNumber
StreetPrefix
StreetSuffix
StreetPreDirectional
StreetPostDirectional
ApartmentOrSuite
Floor

City

Neighborhood

State

Zip

PlusFour

The Zip and PlusFour fields hold detailed ZIP Code data. For example, if a customer’s ZIP+4
is 02536-2918, the Zip field would hold 02536 and the PlusFour field would hold 2918.
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4. Consider the relational design shown in Figure 10-3.

Phones

Personld

Type

Number

Students

Personld

[—=
—

Studentld

Figure 10-3

Instructors

[~

Personld

Instructorld

Persons y
Personld
1 FirstName
MiddleName
LastName
Street
City
State
Zip
StudentCourses
Studentld
Courseld £
Courses
CourseResults Courseld
Studentld oo Instructorld
Courseld Description
Date DaysAndTime
Grade
StudentProjects
Studentld
Projectld =
Projects
ProjectResults Projectld
Studentld Instructorld
Projectld o Description
Date DaysAndTime
Grade

List the database constraints that you would place on the fields in this model and explain
how you would implement each of those constraints. (Feel free to add new tables if

necessary.)
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Part 11|
A Detailed Case Study

Chapter 11: User Needs and Requirements
Chapter 12: Building a Data Model
Chapter 13: Extracting Business Rules

Chapter 14: Normalization and Refinement

The chapters in the next part of the book walk through a fictitious case study for The Pampered Pet,
a pet supply store. These chapters work through the steps for building the company a new database
from requirements gathering to implementation.

Chapter 11 begins the development process by gathering user requirements. It walks through the
project’s initial steps, including meeting the customers, picking the customers’ brains, and exam-
ining the database’s performance, security, and data integrity needs. It finishes by developing use
cases and requirements documents.

Chapter 12 uses the requirements gathered in Chapter 11 to build initial data models. It builds
semantic object models and entity-relationship models to satisfy the project’s requirements and
makes some improvements on the initial models.

Chapter 13 converts the models built in Chapter 12 into a relational model.
As you work through these chapters, you may find it useful to build an example of your own.

Pick some other business, fictitious or otherwise, and work through the corresponding phases of
database design and development as you read along.







11

User Needs
and Requirements

The first step in designing and building a database is gathering user requirements. You cannot
build a database to solve the users’ needs unless you understand those needs. This chapter walks
you through the process for The Pampered Pet.

In this chapter you see examples of:

Q  Identifying user requirements.
0  Determining what the database’s main entities are.

O  Defining use cases to verify that requirements have been met.

The scenarios described here do not necessarily present the most efficient possible outcome. Ideally
your customers know exactly what they need and give you their full cooperation while spelling
out the requirements in crystal-clear detail. Things don’t always go that way, however (in fact, I've
never seen it happen that way), so neither do the steps described here.

Perhaps you'll get lucky and things will go more smoothly than some of the discussions described
here, but you should realize that at least sometimes people skills are as important as database design
skills during this phase.

Meet the Customers

Requirements gathering for this project begins with a series of meetings in The Pampered Pet’s
back room (where they hold pet training courses, so it smells a bit funny). Occasionally customers
have an agenda for these introductory meetings but, as often as not they won’t have been through
the process of building a database before, so it'll be up to you to keep things moving in the proper
direction.
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The initial meetings with The Pampered Pet are mostly to introduce you and the customers so you
can get to know each other. For this example, four key players attend the first meeting;:

Q  Bill Wye “The Pet Store Guy,” the founder and owner of The Pampered Pet. Bill is the
one who decided the company needed a complete database. He’s the Executive Cham-
pion. Because this is a fairly small company and he’s at the very top of the food chain, there
will be no serious disputes over whether the project should go forward, although his help
might be needed to keep unenthusiastic participants pulling in the right direction.

O Alicia Myth, the store’s manager. Alicia has been working at the store since it was opened
and knows just about everything there is to know about the business. She spends more
time keeping things organized and running than anyone else at the store and knows more
about the day-to-day business than anyone else, even Bill.

Q  Charlie “Ice” Walker is a trainer specializing in aggressive dogs. He also works shifts at
the store and knows a lot about day-to-day operations. He doesn’t care as much about sell-
ing as he does about training. He has a very “whatever’”” attitude about the new database
system.

0  Sveta Clark is a dog and exotic bird trainer who also works at the store about half the time.
Sveta isn’t convinced that the store needs a new computerized system and just wants to
be left alone to do her job the way she always has. She’s definitely more comfortable with
animals than people.

During the first meeting, you realize that Bill isn’t going to play much of a role in this project. He’s
the one who initiated the whole thing, and he can help keep things moving if they get bogged
down, but he’s not going to be directly involved on a daily basis. (He’s too busy with his classic car
collection.)

Charlie and Sveta are not particularly enthusiastic about the whole thing, but with Alicia’s encour-
agement and an occasional nudge from Bill, they’ll cooperate. Unfortunately Alicia’s time will be
largely taken up by running the store, so Charlie and Sveta will be your Customer Representatives.
Alicia will be around to make critical decisions, break ties, and generally look menacing if Charlie
and Sveta become difficult.

The purpose of the initial meeting is mostly to let you and the customers meet and get comfortable
with each other. There’s a chance that you’ll get some serious work done, but it’s more likely that
this meeting will stay at a fairly high level.

A couple of questions that you should try to address right away are:

0O  What do the customers expect to get from the new system?

0  Why do they think they need a new database system?

O  Does this system enhance or replace an existing system?

O  Are there other systems with which this one must interact?
These are big-picture executive-level questions that Bill can answer and because he probably won’t
be present at the more detailed meetings still to come, he should answer them now. In the ensuing
discussion, during which Alicia talks more than anyone else, you realize that Bill doesn’t really

know what he’ll get out of the database. Though Bill made the final decision, it was Alicia who
thought a new database system would help.
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Alicia thinks the new system can help better track inventory (there have been times when they’ve
run out of products without realizing it). She also hopes it can streamline payroll (it currently takes
quite a while for her to track everyone’s hours) and she believes that it can help the company figure
out how to reach new customers and better market their training courses.

There is no existing system and no other systems with which this one must interact. The current
process is manual and uses paper order forms, paper shift assignments, and paper timesheets.

You should address these issues as soon as possible to give the customers the right expectations. A
new database can help with inventory tracking and streamline payroll. It will also help identify
which customers take which courses, but it’s not really a marketing tool. It will tell you about
existing customers but not about people who have never interacted with the company. Alicia seems
a little disappointed, but she still sees some worthwhile benefits and is ready to get started.

After the initial meeting, where you and the key players get to know each other a bit, you begin
a series of meetings where you try to pick Charlie’s and Sveta’s brains to define the project’s
requirements.

Pick the Customers’ Brains

Sometimes customers have already prepared requirements documents before they bring in database
designers and other developers, but often gathering requirements is part of the development process. In
this project, that means locking Charlie and Sveta in a room and picking their brains.

This is where you pull out your prepared list of questions (described in the ““Bring a List of Questions”
section in Chapter 4). The following sections run through a series of sample questions and give the
answers that Charlie and Sveta give.

Determining What the System Should Do

Charlie says he doesn’t know what the system should do and Sveta doesn’t care. For goals, they basically
repeat what Bill and Alicia said during the kickoff meeting.

This could be a problem. If these two really won’t join the team, they won’t be much help and right now
they’re all you've got. You could ask Alicia to have a word with them, but it would be better if they enlist
semi-voluntarily.

Rather than making waves right away, you decide to make some educated guesses and see if you can get
Charlie and Sveta more interested in the project.

Instead of starting with basic system features, you decide to jump to something that Charlie and Sveta
might find more interesting: training course information. You quickly sketch out a form that displays
course information including the general description, dates, locations, and the instructor. You draw a
little smiley face picture for the guide’s picture and write Charlie’s name beneath.

Training is the real reason why Charlie and Sveta work here and it’s what they love, so this gets their
attention. They start giving you useful information about what’s involved in defining a course: general
description (which includes the type of animal: dog, cat, bird, fish), locations, times, dates, price, and
maximum number of participants.
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You let Charlie and Alicia brainstorm and tell stories about courses they’ve run and funny pets they’ve
met so they can build some enthusiasm. Before lunch you snap their pictures with your camera phone.
Then during lunch you email the pictures to yourself and paste them into the quickly assembled form
shown in Figure 11-1. A quick mockup makes the application seem more real to customers.

e

&8 Class Information

| Description | Dates & Times | Trainer |

|Charlie “lce" Walkeris a ceritfied Canine [ |
| Companion trainer who specializes in =l
|agressive behaviorin dogs. He believes that
|every dog deserves a fair chance. even
|poodles. With patience, love, and treats,
|even old dogs can leam new tricks.

| Through & unique combination of taking

| dogs to movies and buying them popcom,
|Charlie achieves remarkable results in very |
little time. He can often break a dog of

{ |stranger, food, and tax aggression within the

* |first two sessions

Charlie "lce™ Walker | el

Figure 11-1

This may seem like a somewhat silly exercise, but a little glitz and showmanship can go a long way
toward uniting a project team. A simple mockup such as this one shows the customers something tan-
gible early on that they can understand. Database models and relational designs are your eventual goal,
but they are too abstract to generate much excitement with all but the nerdliest customers. Putting a
customer’s face on a mockup will almost certainly grab and hold their attention.

After lunch, you present your mockup and let Charlie and Sveta suggest improvements. That may be as
far as you get during this session. Before the next session, you build an improved mockup with Sveta’s
picture so she doesn’t feel left out and to show that you listened to their suggestions and made appropri-
ate changes.

The following list describes a few things to consider when you build this kind of mockup:

Q

230

Decide what tool you want to use. Use a tool that you find comfortable. I used Visual

Basic to build the form shown in Figure 11-1 (you can download the free Express Edition at
www.microsoft.com/express/vb) but you should use whatever tool you find comfortable. If
you’ve programmed before, you can use a programming tool. If you like building Web pages,
build one. If you are experienced with Microsoft Word or some other word processor, use it. Use
drawing tools or even paper and colored markers. Whatever is easiest for you.

Put an image or graphic on the form. Graphics make a form more interesting, so add some
graphics to your mockup. Use familiar images such as the customers’ pictures, company logos,
or relevant clipart (a dog leaping to catch a disc or a cat stalking a mouse would work for The
Pampered Pet). You can add interest with a special font for the company’s name and with col-
ors. Don’t go overboard, though. You want the graphics to tie the form to the customer, not to
distract from the form’s purpose.
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Add details that will be meaningful to the customer. Use terms and concepts that are famil-
iar to the customer. Use the customer’s company name and logo. This doesn’t have to be perfect
(the lawyers will eventually tell you that you're not using exactly the right shade of blue any-
way) and the information doesn’t have to be perfectly correct. Just use anything that the cus-
tomers will find familiar and comfortable so they can see how this project connects with their
situation.

On one project for the Minnesota Department of Transportation, I gave the login form the shape of the
state of Minnesota. When they first saw the demo project, they were amazed. They had never seen shaped
forms before.

Determining How the Project Should Look

In later sessions with Charlie and Sveta, you can start defining what the finished project will look like.
Sketch out screens or let them do it for you. These don’t need to be perfect. The goal is to figure out what
data the system must contain to provide those screens, not to do the user interface designer’s job.

After this step, you should have a rough list of forms that the application should contain. In this case,
they might include:

Q

0O 00 0J0 0

Login: Log in with user name and password.

Orders: Write up sales orders for customers.

Inventory: View inventory levels.

Courses: Create and edit courses.

Employees: Enter and edit employee information. Employees include salespeople and trainers.
Shifts: Assign work shifts.

Customers: Information about customers, particularly courses they’re taking.

You should sketch out these forms to make them easier for the customers to understand. The sketches
not only help customers visualize the forms and help them remember what information should be on
them, but they also help you understand what data they should contain.

The program also needs the following reports:

.|

O 00000

Weekly Work Schedule: Displays the work shifts for the week.

Course Schedule: Displays courses scheduled during a user-entered period of time.
Course Roster: Prints a course roster for a trainer to use during a course.

Reorder Items: Lists items that need to be reordered.

Sales Stats: Lists employees sorted by amount of sales.

Item Sales: Lists high and low selling items.

List Customers: Displays a list of customers selected by as yet unknown criteria. (This sort of
feature is very useful to customers. Fortunately most databases will allow the user to perform ad
hoc queries so they can invent new reports long after the application has been built.)
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Determining What Data Is Needed for the User Interface

Review the form sketches and figure out where the data should come from for the forms. For example,

Figure 11-2 shows a customer order form mocked up in Microsoft Word.

Customer Order 4/1/10
Sold By: SvetaClark
ltems:
Description Price Each Quantity | Total Price
Doggy Diet food, senior $34.95 1 $34.95
Squeaky toy $2.99 3 $8.97
Misc. mouse, small $1.99 4 57.96
Class: Mouse Socialization, 4/1/10 — 4/29/10 $79.50 1 $79.50
Subtotal $131.38
Tax 6.57
Shipping 0.00
Grand Total $137.95
Purchased By:
Name: Robert Terwilliger
Street: 1265 Petlover Ln
Apt. 12
City: Menagerie
State: Wi ZIp: 72827
Email: Phone:
Ship To:
v Same As Above
Name:
Street:
City:
State: ZIP:
Figure 11-2

At this point, you don’t need to figure out exactly where every piece of data will be stored in the
database. You just need to discover what data is needed on the form. (Although at this point, you
can probably guess that there will be a Customers table for information such as Name and Street that
doesn’t change with every order, an Orders table to hold order-specific information such as the date
and shipping information, and an Orderltems table to hold information about the items that make up

the order.)

The following list shows the main types of data needed for each of the forms identified in the previous

section.

232




Chapter 11: User Needs and Requirements

QO  Login: User name and password. The program will use the database’s integrated security so this
data doesn’t need to be stored in the database.

a Order: Customer data (name, address), order data (date, shipping address), order items (item,
quantity), employees (sold by).

Q  Inventory: Inventory item data (UPC, description, buy price, sell price, quantity in stock,
quantity to require reorder, reorder amount, vendor information).

a Course: Course information (description, trainer, price, dates, times, location, animal type),
customer information.

QO  Employee: Employee information (name, address, Social Security number, skills).

(]

Shift: Employee, work shifts (date, time).

a Customer: Customer data (name, address, shipping address, orders, courses, email for
newsletter).

Determining Where the Data Should Come From

You can start making a list of the entity sets that will take part in the new system as soon as you have a
decent understanding of how the system will work. Be sure you don’t grow emotionally attached to this
very first design, however, because things are likely to change as you learn more.

For now, you can assume there will be entity sets corresponding to the forms listed in the previous
section. You don’t need to include a table for login information because the program will use the
database’s security features to log in. It will prompt for a user name and password, and try to connect to
the database using them. If the connection fails, the program doesn’t let the user do anything else.

The initial list of entities includes Order, Inventory, Course, Employee, Shift, and Customer.

At this point, you may realize that an order may include any number of items, so you know that you will
need a separate Orderltem entity to handle the one-to-many relationship.

Determining How the Pieces of Data Are Related

Think about how these entities are related. The forms that you sketched out show relationships among
pieces of data so they can help. For example, the order form shown in Figure 11-2 contains information
about the customer, the order, and the order items, so those entities must be related.

The following list describes relationships defined by the initial forms:
Q  Order: Relates customer data, order data, order items, and employees. Some order items may be

training courses, so it also relates course data.

Q  Inventory: This entity is fairly self-contained. Other entities such as Order refer to it but it
doesn’t need to refer to others.

d  Course: Relates basic course information, trainer information, and customer information.

Q  Employee: This entity is fairly self-contained. Other entities such as Course refer to it but it
doesn’t refer to others.
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a
a

Shift: Relates work shifts and employee data.

Customer: This entity is fairly self-contained. Other entities such as Order and Course refer to it
but it doesn’t refer to others.

Reports also define relationships among pieces of data. The following list shows where data comes from
for the previously defined reports:

a
a

O 000 o

Weekly Work Schedule: Relates employees and shifts.

Course Schedule: Relates basic course information and trainers. This report doesn’t need to list
customer information.

Course Roster: Relates basic course information, trainers, and customers.
Reorder Items: This report only uses inventory data.

Sales Stats: Relates inventory and employees.

Item Sales: This report only uses inventory data.

List Customers: Because the selection criteria for these reports are not yet defined, you can’t
know exactly which entities might be involved. However, you can make some guesses. Users
will probably want to search for customers based on the items they purchased and courses they
took. It’s conceivable that they would want to search for customers who purchased items from a
particular employee (perhaps so they can apologize) but most of the reports seem to relate cus-
tomer, order, inventory, and course data.

_ Where’s the Data?

Having a general idea of what data is required to build a report is very different from actually building
the report. Often when you try to identify the fields needed to build a report, you will find holes in your
understanding of the project. To fill in some of those holes, follow these steps for the Sales Stats and Item
Sales reports:

1. Determine exactly where the data comes from.
2. Decide whether it seems likely that the database can build these reports quickly enough to satisfy
the users.
How It Works
1. Determine exactly where the data comes from.
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To generate the Sales Stats report, you need to figure out how much each employee sold during
a certain period of time. For each employee in the Employees table, you need to find the corre-
sponding Orders items with dates within the desired time period. You will then need to look up
the corresponding order items, calculate their total prices, and add up the results.

To generate the Item Sales report, you need to figure out how many of each type of item was sold
during a particular time period. To get at this data by date, you'll need to search the Orders table
for orders placed during the time period. For each order, you'll look up the order’s items and add
up the number of each item sold.
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2. Decide whether it seems likely that the database can build these reports quickly enough to satisfy
the users.

If a user wants to look at Sales Stats or Item Sales figures for the past month, these queries
shouldn’t be a problem. They will probably involve a reasonable number of records so the report
will run quickly.

If the user wants to look at data for the last year, this might take slightly longer but should still
be reasonable for The Pampered Pet. If the store were a large chain, these reports could take
much longer. (Wal-Mart has almost 2 million employees worldwide, but they probably keep
their data spread out on a bunch of different databases and only look at summaries on a global
scale.)

In each of these cases, the report will probably run reasonably quickly if it doesn’t cover too big a time
span. Once you realize this, you might want to inform the customers so they can decide how important
these reports are. You may also want to tell them that reports covering longer time periods (for example,
the previous year or year-to-date) will take longer than reports covering the previous month.

Determining Performance Needs

The system must be fast enough to be usable by an employee working with a customer. This is a typ-
ical case of “’fast enough is fast enough.” Unfortunately “’fast enough” isn’t a verifiable quantity. You
need to write down an explicit definition of what “fast enough’” means so you can tell if you're meeting
your goal.

For an interactive application, a good rule of thumb is a 5-second response. If the application takes longer
than 5 seconds to respond to a request, users grow impatient. (They check their email, wander off to get
coffee, bump into each other in the break room and start to chat, and pretty soon the 10-second response
takes 30 minutes.)

So the goal of the system will be to respond to interactive requests within 5 seconds 90 percent of the
time. Reports that are run daily should finish within 5 minutes and reports run less often can take as long
as 15 minutes. (These are very generous limits for this application and should be easy to achieve, but they
should be acceptable for most applications.)

Though this is an important application, it does not need 24/7 support. The data is fairly important,
however, particularly the data concerning future events such as orders that you have not yet delivered,
customer enrollment in courses, and future work shifts. Because the system doesn’t need to run 24 hours
a day, it can be shut down nightly for backups (and to save a little electricity). A manual system (using
pens, notebooks, sales slips, manual credit forms, and so forth) should be in place in case of a power
failure or in case the system crashes for some other reason.

Have you ever been in a store during a power failure or computer system crash and they couldn’t process
credit cards or even take cash? Not long ago my local McDonald’s was closed most of a day because their
computers were down. You'd think they could make and sell hamburgers for cash without a computer.
During a recent power failure, my local grocery store had emergency power for its registers and comput-
ers so, while they were frantically moving cheese and salads into refrigerated trucks, they could still sell
everything else.
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Determining Security Needs

At first, Charlie and Sveta don’t see any need for extra levels of security. You point out that things such
as setting prices, reordering inventory, and assigning work shifts can only be performed by Alicia (the
store manager) so the system needs at least two classes of users: general employees and managers.

It will probably also be useful to have a third class of user to perform system administration tasks,
although Alicia may perform that role as well.

The general employees will make and fulfill orders. Managers (Alicia) will set prices, run reports, and
assign work shifts. System administrators will change system parameters, define reports, and perform
backups.

Charlie and Sveta probably won't like the idea of an audit trail keeping track of their every move, but
most of what they do (making orders) should include their user names anyway in the Sold By field so
perhaps audit trails may not be necessary.

This is a place where you should look for future modifications. As long as Alicia makes all of the
system-wide changes (changing prices and assigning work shifts), you probably don’t need audit trails.
Orders hold a user name in the Sold By field so you know who created an order. If the system doesn’t
allow users to change orders after they are placed, there aren’t too many opportunities for Charlie and
Sveta to cause serious damage so any other changes are Bill’s or Alicia’s fault.

However, if the store ever gets another manager, it might be handy to record who makes what changes.

Only Bill can really decide whether audit trails are necessary. They’re not too hard to implement, so let’s
include them in this design.

Determining Data Integrity Needs

To really address this issue, you need to start making a list of the fields that belong to each of the database
entities. For example, the following table gives the data types and constraints for the fields in the Order
entity.

Field Req’d? Data Type Domain

Date Yes String Any date.

FirstName Note 1 String Any first name. Not validated.

LastName Note 1 String Any first name. Not validated.

Street Note 1 String Any street name and number. Not validated.
City Note 1 String Any city name. Not validated?

State Note 1 String Foreign key to States table.

Zip Note 1 String Valid ZIP Code. Not validated?
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Field Req’d? Data Type Domain

Email No String Valid email address. If provided, send the
customer a monthly email newsletter.

HomePhone Note 2 String Valid 10-digit phone number.

CellPhone Note 2 String Valid 10-digit phone number.

SameAsAbove Yes Boolean If unchecked, and we’re shipping, then the
Ship To fields are required.

ShipToFirstName Note 3 String Any first name. Not validated.

ShipToLastName Note 3 String Any first name. Not validated.

ShipToStreet Note 3 String Any street name and number. Not validated.

ShipToCity Note 3 String Any city name. Not validated?

ShipToState Note 3 String Foreign key to States table.

ShipToZip Note 3 String Valid ZIP Code. Not validated?

SoldBy Yes Reference Reference to employee information.

Description Yes String Foreign key to Inventory table.

PriceEach Yes Currency Taken from Inventory table.

Quantity Yes Integer > 0.

TotalPrice Yes Currency Calculated from PriceEach and Quantity.

Subtotal Yes Currency Calculated from the Items.

Tax Yes Currency Calculated from the Subtotal.

Shipping Yes Currency > =0.

GrandTotal Yes Currency Subtotal + Tax + Shipping.

QO  Note 1 — This field is required if the customer is signing up for a course or if we’re shipping

products to the customer.

0O  Note 2 — If the customer is signing up for a course or if we're shipping products to the customer,
at least one of the HomePhone and CellPhone fields is required.

QO  Note 3 — This field is required if we are shipping products to the customer and SameAsAbove

is false.

The customer contact fields (FirstName, LastName, Street, City, State, and Zip) are only required if
we are shipping the order to the customer or if the customer is enrolled in a course. If we are ship-
ping, either the Same As Above check box must be checked or the user must fill in the Ship To address

fields.
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TOIEOUER inventory

Build a table similar to the previous one for the Inventoryltem entity.

1. List the fields.
2. Determine which are required.
3.  Determine their data types.

4. Determine their domain requirements.

How It Works
The following table describes the fields in the Inventoryltem entity.
Field Req'd? Data Type  Domain
uprC Yes String Valid UPC values.
Description Yes String Any description.
BuyPrice No Currency > 0.
SellPrice Yes Currency > 0.
QuantityInStock Yes Integer > =0.
StockLocation Yes String Where the item is stored when not on display.
ShelfLocation Yes String Where the item is stored when on display.
ReorderWhen No Integer > 0. If null, don’t reorder automatically.
ReorderAmount No Integer > = 0. If null, someone must specify the amount.
Vendor No Reference Vendor information (name, address, and so on).

The UPC, Description, SellPrice, and QuantityInStock fields are required. The BuyPrice and Vendor
will be filled in after the first purchase. When the database first goes into use, however, those values may
not be known so they cannot be required.

The Vendor field contains a bunch of data such as name, address, and phone number so it is a reference
to another entity that we need to add to the model.

Write Use Cases

One of the most important parts of identifying customer requirements is writing use cases. These help
drive the database toward its final goals and help keep developers on track. They let you test whether the
project is moving closer to completion and they let you verify that you have met your goals after you're
finished.
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The following list shows use cases for The Pampered Pet database:

a

Login

H]
a

Log in successfully

Log in unsuccessfully

Orders

(I TR W

Q

Create a new order for a new customer (see ““Create a customer record”’)
Create a new order for an existing customer

Modify a pending order

Cancel a pending order

Fulfill an order (ship the items)

Inventory

Q

U0 U0 uUod

View all inventory

View low inventory

View excess inventory

Add an item to inventory
Remove an item from inventory
Modify an item in inventory
Reorder low inventory

List best and worst selling items in the last week, month, quarter, and year

Courses

I T Sy I E A A HA B N

Create a course

Modify a course

Delete a course

Display and print a list of current and future courses

Select a course and display its information

Enroll a customer in a course

Remove a customer from a course

“Delete”” a course after is has been completed by marking it as inactive
Print a flyer about a course

Print a course roster
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QO  Employees

Create a new employee

Modify an employee

“Delete”” an employee by marking it as inactive

List employees and sales for the last week, month, quarter, and year sorted by sales

Verify that sensitive information (salary, Social Security number, and so on) are visible only
to manager and administrator

Q  Shifts

Assign work shifts for a week

Display and print work shifts for a week

Copy shifts from one week to a new week for all employees
Copy shifts from one week to a new week for one employee
Modify work shifts

Swap two employees’ shifts

Verify that no one can modify work shifts for past weeks

Q  Customers — Information about customers, particularly courses they’re taking.

a

a
a
H]

(]

Qa

Create a customer record
Modify a customer record
Print or email general customer mailing

Print or email customer mailing based on criteria (for example, customers who took or are
taking a particular course)

Display and print customers selected by ad hoc criteria

“Delete” a customer record by marking it as inactive

Note that it’s important to write use cases before you build the database. Developers who build use cases
after the fact tend to slant the tests toward what the application can actually do rather than what it should
do. (Sort of like the politician who predicts prosperity if he’s elected and then after a year of recession
says, “See, I told you there were tough times ahead!”)

_ What's the Use?

Each use case must be specified in enough detail that someone can try it out and decide whether the
database or project has passed the test. Ideally the instructions should be simple enough that less experi-
enced developers or even users can try them out while the more experienced developers concentrate on
making excuses and fixing the problems that the use cases uncover.
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Write out a detailed description for the use case ““Display and print customers selected by ad hoc criteria.”
Give the use case these sections:

1.

Al

Goals.
Summary.
Actors.
Normal Flow.

Alternative Flow.

Refer to Chapter 4 for more information on use cases if necessary.

How It Works
1. Goals.
Allow the user to display and print customer lists using ad hoc criteria.
2. Summary.
Allow the user to enter criteria to select customers. Display a list of the selected customers. Let
the user print the list. Let the user jump from a customer in the list to that customer’s detailed
information.
3.  Actors.
Only the Manager and Administrator should be able to use this feature.
4. Normal Flow.
Here’s where the bulk of the test case begins. The following steps test the normal flow:
a. User selects Reports => List Customers from menu.
Customer List screen appears.
User selects fields (Zip, TotalPurchases, LastPurchaseDate) and operators (<, >, > =) from
combo boxes. User clicks List button.
d. The screen displays a list of the selected customers.
€. User selects Data &> Details from the menu to display a dialog where the user can check the
fields that should be displayed in the list. The list clears after new selections are made. The
user can click List again to rebuild the list.
f.  The user double-clicks a customer’s entry to open that customer’s detailed information.
8. The user selects File & Print from the menu to print the list with the selected fields. (Test
lists containing 1, 2, and 3 pages.)
5. Alternative Flow.
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These steps test unusual or exceptional circumstances. The following steps test unusual condi-
tions:
a. Criteria select no customers.

User enters no criteria (should select all customers).

C. User selects no fields for the list (should make empty list). (Question: Always include cus-
tomer name?)

d.  User tries to print empty list (should refuse).

Write the Requirements Document

The requirements document is the first blueprint detailing the project’s scope. It sets the tone for
future development and guides developers as the project progresses, so it's a very important
document.

Unfortunately, it’s also fairly long. This chapter identified about a half dozen main tables (later chapters
will define more) and around 50 use cases, so a reasonable requirements document would probably
take 50 to 75 pages. To save space, a full requirements document for The Pampered Pet database isn’t
included here.

Fifty or so pages is about the minimum I've seen on a formal project. I've worked on some projects with
requirements documents with around 500 pages stored in multiple ring binders.

Before wrapping up, however, this section shows two key pieces of the requirements document: the
mission statement and the executive overview.

The mission statement is a very brief declaration of the project’s overall purpose. Sometimes it is the

only part of the requirements document that upper management reads, so it needs to be written for “‘big
picture”” executives. (Insert your own joke about ““big picture” executives here.) Ideally it should include
at least a little content so the executives can discuss the project in the clubhouse after a hard round of golf.

The mission statement for The Pampered Pet database might read:

The Pampered Pet Database will allow management to better track and understand
its customers, orders, and inventory. It will provide streamlined administration of
currently manual processes such as work shift assignment to allow key personal to
dedicate additional time to more productive uses. Its data-tracking capabilities will
allow management to better identify customer purchasing trends so the company
can position itself to take best advantage of emerging industry trends. The database
will truly allow The Pampered Pet to move aggressively into 21st century data
management and

forecasting.

Seriously, this mission statement in all of its polysyllabic splendor isn’t quite as silly as it sounds. It gives
your executive champion some useful information and buzzwords that can be used to fight for resources
if necessary and to defend the project from possible outside interference.
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For more hands-on managers such as Bill Wye, you should also provide an executive summary. This
gives him a little more information if he needs it or he’s just curious while not flooding him with so
many details that his eyes glaze over. It explains what and why but not how.

The following bulleted list makes a concise executive summary that identifies the project’s key points.

The Pampered Pet Database will allow management to better:

Track customer orders and fulfillment

Identify customers with particular purchasing histories
Identify customers with a history of taking training courses
Streamline work shift assignment

Identify products that are hot

Identify products that are under-performing

0O 000U 00

Identify salespeople who are over- or under-performing

Demand Feedback

It’s important to get feedback at every stage of development. Remember, the longer a mistake is in the
system, the harder it is to fix. Mistakes made during requirements gathering can throw the whole effort
out of whack.

Unfortunately customers, particularly those who know the most about their business, are often very
busy and may not feel they have time to look over the requirements documents thoroughly and provide
feedback. Because this feedback is so important, you may need to push on them a bit. In this example,
that means pestering Alicia mercilessly until she makes time to review the plan so far. When she has a
chance to look things over thoroughly, she finds the following mistakes:

0  Some inventory items such as live food (crickets, mealworms, feeder guppies) and pet feed have
expiration dates. That means:
Q  The Inventoryltem entity needs a new ExpirationDate field.
Q  The system needs a new Expiring Inventory report.

0O  Employees don’t always show up for their shifts on time and sometimes leave early, particu-
larly if business is slow. That means the work shift data is not enough to determine the hours
that an employee actually worked. That in turn means the database needs a new TimeEntry
entity.

Q  The system should have a report that shows how much money each employee earned for the
store during a particular week, month, quarter, or year.

Q  The system should print payroll checks and record the date on which they were printed.

0  Alicia mentions that they may want to provide direct deposit at some point.

243



Part lll: A Detailed Case Study

This may seem like a lot of changes but it’s really not so bad. The basic database structure is close to
correct. The only real changes are one new field, one new entity, and a couple of reports. This chapter
won’t make these changes but the following chapter will include them.

Summary

Any project begins with requirements gathering. If you don’t have a good understanding of the cus-
tomers’ needs, you have little chance of building an effective solution for the customers” problems.

This chapter described the requirements gathering phase for The Pampered Pet database project. In this
chapter, you saw examples of:

a

U0 0 O0

Meeting with customers to identify requirements.

Building a mockup to increase customer understanding, buy-in, and enthusiasm.
Defining the database’s main entities and their relationships.

Determining data integrity requirements for entities.

Defining and writing use cases.

After you gather requirements information, you're ready for the next stage of design and development:
building a data model. The following chapter describes this phase for The Pampered Pet database project.

Before you move on to Chapter 12, however, use the following exercises to test your understanding of
the material covered in this chapter. You can find the solutions to these exercises in Appendix A.

Exercises
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1.

Make a table showing the data integrity needs for the Course entity. Note any special
requirements and conditions, which fields are required, and any relationships with other
entities.

Make a table showing the data integrity needs for the Employee entity. Note any special
requirements and conditions, which fields are required, and any relationships with other
entities.

Make a table showing the data integrity needs for the Shift entity. Note any special require-
ments and conditions, which fields are required, and any relationships with other entities.

Make a table showing the data integrity needs for the Customer entity. Note any special
requirements and conditions, which fields are required, and any relationships with other
entities.

Make a table showing the data integrity needs for the TimeEntry entity. Note any special
requirements and conditions, which fields are required, and any relationships with other
entities.

Make a table showing the data integrity needs for the Vendor entity. Note any special
requirements and conditions, which fields are required, and any relationships with other
entities.
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Building a Data Model

The previous chapter described requirements gathering for The Pampered Pet database project. It
took the basic requirements and used them to build the fundamental entities that will take part in
the database’s operations.

This chapter builds more formal data models describing those entities. Semantic object models
emphasize the entities’ fields and entity-relationship diagrams emphasize the relationships among
them.

In this chapter you see examples of:

Q  Converting requirements entities into semantic objects.

Q  Splitting off repeated data into new objects.

Q  Converting requirements entities and semantic objects into entity-relationship diagrams.
Q

Converting semantic object models and entity-relationship diagrams into relational
models.

Semantic Object Modeling

Semantic object models have the advantage that they are relatively close in structure to the kinds of
entity definitions that you typically get out of requirements gathering. They focus on the attributes
that objects have. That is the same type of information that you get by studying the customer’s
needs and user interface mockups, and then figuring out where those mockups will get their data.

Building an Initial Semantic Object Model

To build a semantic object model, review the tables showing data integrity needs that were pre-
sented in the section “Determining Data Integrity Needs” in Chapter 11. The chapter’s text showed
the data needed by the Order and Inventoryltem entities. The exercises built tables showing the
data needed by the Course, Employee, Shift, Customer, TimeEntry, and Vendor entities. Chapter 11
also discussed the relationships among those entities.
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To convert the data requirements tables in Chapter 11 into semantic objects, simply convert the
entity’s pieces of data into attributes. Then add object attributes to represent relationships with

other object classes.

For example, the following table summarizes the Course entity’s fields given in Chapter 11.

Field Req’d? Data Type Domain

Title Yes String Any string.

Description Yes String Any string.

MaximumParticipants ~ Yes Integer >0

Price Yes Currency >0

AnimalType Yes String One of Cat, Dog, Bird, and so on.
Dates Yes String List of dates.

Time Yes Time Between 8am and 11pm.

Location Yes String One of Room 1, Room 2, yard, arena, and so on.
Trainer No Reference The Employee teaching the course.
Students No Reference Customers table.

This entity has two relationships, one to the employee teaching the course (Trainer) and a sec-
ond to the customers taking the course (Students). Figure 12-1 shows the corresponding semantic

object class.

246

COURSE
ID CourselD 1.1
Title 1.1

Description 1.1
MaximumpParticipants 1.1

Price 1.1

AnimalType 1.1

Dates 1.N
Time 1.1
Location 1.1

CUSTOMER

0.1

0N

Figure 12-1
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_ A Little Class

Define a semantic EMPLOYEE class.

1. Write down the data requirements for the Employee entity.

2. Convert the entity’s fields into attributes.

3.  Add object attributes to represent relationships between Employee and other entities.

How It Works
1. The following table shows the data requirements for the Employee entity identified in
Chapter 11.

Field Req’d? Data Type Domain

FirstName Yes String Any first name.

LastName Yes String Any last name.

Street Yes String Any street name and number. Not validated.

City Yes String Any city name. Not validated?

State Yes String Foreign key to States table.

Zip Yes String Valid ZIP Code. Not validated?

Email No String Valid email address. If provided, send the
customer a monthly email newsletter.

HomePhone No String Valid 10-digit phone number.

CellPhone No String Valid 10-digit phone number.

SocialSecurityNumber Yes String Valid Social Security number.

Specialties No String Zero or more of: Dog, Cat, Horse, Bird, Fish, and
so on.

2. The FirstName, LastName, Street, City, State, Zip, Email, HomePhone, CellPhone,
SocialSecurityNumber, and Specialties fields all turn into attributes in the EMPLOYEE class.

3. The Employee entity is related to the entities Course (an employee teaches courses), Shift (an
employee is assigned to work a shift), and Time Entry (an employee actually works sometimes).
Figure 12-2 shows the initial model for the EMPLOYEE class.
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EMPLOYEE

ID EmployeelD 1.1
FirstName 1.1
LastName 1.1
Street 1.1
City 1.1
State 1.1
Zip 1.1
Email 0.1
HomePhone 0.1
CellPhone 0.1
SocialSecurityNumber 1.1
Specialties 0.N

COURSE| O.N
SHIFT | 0.N

TIME_ENTRY | O.N

Figure 12-2

Improving the Semantic Object Model

Figure 12-3 shows a first attempt at building a semantic object model for the major entities identified
so far.

Notice that the relationships in Figure 12-3 are two-way. If object A is related to object B,
then object B is related to object A. For example, in this model the EMPLOYEE class contains an
object attribute referring to COURSE and the COURSE class contains an object attribute referring
to EMPLOYEE.

A quick look at Figure 12-3 uncovers several problems. First, the ORDER class contains two addresses,
the customer’s address and a shipping address. They are the same kind of data, so they should be
represented by a repeating multi-valued attribute.

This model doesn’t acknowledge the relationship between orders and customers. A customer places
an order, but there’s no link between the ORDER and CUSTOMER classes. The model should be changed
to make that relationship explicit.

Furthermore, one of the addresses contained in the ORDER class is actually the customer’s
address. That address is already represented in the CUSTOMER class, so it’s not needed in
ORDER.

The ORDER class’s second address is the shipping address. It probably makes sense to leave that
address in the ORDER class rather than moving it into CUSTOMER because it tells where that particular
order should be shipped. If this address is missing, the order should be shipped to the customer’s
address.

Because ORDER and CUSTOMER both contain addresses, it makes sense to create a new ADDRESS class
to hold address data for both of those classes.
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Figure 12-3

ORDER INVENTORY_ITEM EMPLOYEE CUSTOMER
1D OrderID 1.1 1D ItemID 1.1 1D EmployeelD 1.1 1D CustomerID 1.1
Date 1.1 UPC 1.1 FirstName 1.1 FirstName 1.1
FirstName 0.1 Description 1.1 LastName 1.1 LastName 1.1
LastName 0.1 BuyPrice 0.1 Street 1.1 Street 0.1
Street 0.1 SellPrice 1.1 City 1.1 City 0.1
City 0.1 QuantityInStock 1.1 State 1.1 State 0.1
State 0.1 ExpirationDate 0.1 Zip1.1 Zip 0.1
Zip 0.1 StockLocation 0.1 Email 0.1 Email 0.1
Email 0.1 ShelfLocation 0.1 HomePhone 0.1 HomePhone 0.1
HomePhone 0.1 ReorderWhen 0.1 CellPhone 0.1 CellPhone 0.1
CellPhone 0.1 ReorderAmount 0.1 SocialSecurityNumber 1.1 Pets
SameAsAbove 1.1 0.1 Specialties 0.N IT\Iame111.1
ShipToFirstName 0.1 ype 1.
ShipToLastName 0.1 COURSE 0N Birthdate 1.1 0N
ShipToStreet 0.1 O.N
Iplost 1D CourselD 1.1 COURSE O.N
ShipToCity 0.1 Title 1.1 0N
gﬂ!g%g?gtg ?-1 Description 1.1 STET VENDOR
I Ip 0. MaximumParticipants 1.1 ID VendorID 1.1
SoldBy 1.1 Price 1.1 P 11 ~ CompanyName 1.1
ltems  — AnimalType 1.1 Date 1.1 ContactFirstName 1.1
Description 1.1 Dates 1.\ StartTime 1.1 ContactLastName 1.1
Enceﬁicq 11.1 Time 1.1 StopTime 1.1 Street 1.1
uantity 1. Location 1.1 City 1.1
TotalPrice 1.1 1.N TIME_ENTRY
Subtotal 1.1 0.1 14 §’|‘§tﬂ1
Tax 1.1 0.1 Date 1.1 ContactEmail 0.1
gh'Pp'{‘g 1|-11 ; StartTime 1.1 ContactPhone 0.1
randTotal 1. StopTime 1.1 Notes 0.1
PaidDate 0.1 0.N

Figure 12-3 also shows that the CUSTOMER, EMPLOYEE, and VENDOR classes share several attributes in
common. They all include name, address, email, and phone information. This makes intuitive sense
because customers, employees, and vendors are all types of people.

To recognize the relationship among customers, employees, and vendors, it makes sense to build
a PERSON parent class that holds name, address, email, and phone information. The CUSTOMER,
EMPLOYEE, and VENDOR classes then become subclasses of the PERSON class.

Finally, the phone information in the CUSTOMER, EMPLOYEE, and VENDOR classes is not exactly identi-
cal. The cUSTOMER and EMPLOYEE classes include both home and cell numbers, whereas the VENDOR
class has only a single contact phone number. That makes sense (most vendors don’t want you call-
ing their employees at home), but it’s easy to generalize the model slightly and allow the PERSON
class to hold any number of phone numbers of various kinds. A VENDOR object may never need a
home phone number, but it doesn’t hurt to allow the possibility.

Figure 12-4 shows the improved model.

Note that some of these steps used to improve the model actually make the database more normal-
ized. Many people think of normalization as a step that occurs after the data model is complete, but
it really occurs throughout the data modeling process. As you see parts of the database that need to
be normalized (and with experience you'll see them earlier and earlier), go ahead and fix them even
if the model isn’t complete yet.
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ORDER INVENTORY_ITEM PERSON VENDOR
ID OrderID 1.1 ID ItemID 1.1 ID PersonliD 1.1 [PERSON]
Date 1.1 HPC o [ifstth'ameﬂ ID VendorID1p1
escription 1. astName 1. = :
%OMERO ?'1 BuyPrice 0.1 Email 0.1 gompanyName 1.
- SellPrice 1.1 ADDRESS 0.1 otes U.
EMPLOYEE |1.1 QuantityInStock 1.1 PHONE 10N INVENTORY_ITEM [0.N
Items ExpirkaﬁionDateg.J SEpg
Description 1.1 tockLocation 0.
PricoEach 1.1 Stelflocaton 0 CUSTOMER 0.5T
i eorderWhen 0.
%%TSE%/C; 11 g 1N ReorderAmount 0.1 __\E/II\EIII\LIIJ_BsEEOSOTST
%)?qoqam VENDOR ] 0.1 SO '
Shipping 1.1 COURSE
GrandTotal 1.1 1D CourselD 1.1 ID Gostomeni 1.1
Title 1.1 = :
SHIFT Description 1.1 Pet,flam“ 1
EMPLOYEE | 1.1 g/le_\xin}u1mParticipants1.1 Typeﬁ
StarTime 1.1 AnimalType 1.1 Birthdate 1.1 0N
StopTime 1.1 1Qates11.1N ORDER|0.N
ime 1. COURSE|0.N
TIME_ENTRY Location 1.1 (LOJRSE]
EMPLOYEE | 1.1 EMPLOYEE | 0.1 EMPLOYEE
gta;?t%i}:qeﬂ CUSTOMER1O.N IDEPrrEgI?)%\‘eIBH
StopTime 1.1 ADDRESS N SocialSecurityNumber 1.1
PaidDate 0.1 Street 1.1 Specialties 0.N
PHONE gyt ORDER] 0.N
Numer 1.1 Zip 11 COURSE] O.N
ype 1. -— [SHIFT] 0.N
PERSON | 0.N E;FESEORN OONN TIME_ENTRY ] O.N
Figure 12-4

Entity-Relationship Modeling

Though semantic object models are fairly easy to build from lists of the database’s main objects and
their properties, they have the disadvantage that their structure doesn’t closely match that of a relational
database. Though the objects typically map into relational tables, the semantic object model doesn’t
emphasize the relationships among the entities. It also allows data arrangements that don’t fit the rela-
tional model, such as attributes that are repeated any number of times within the same entity.

An entity-relationship model has a structure that’s closer to the one used by relational databases, so it
makes some sense to convert the semantic object model into a set of ER diagrams.

Building an ER Diagram

To start converting the semantic object model into ER diagrams, consider a particular semantic class and
build a corresponding entity set. Connect it to other entity sets representing the class’s object attributes.

Finally, consider the class’s group attributes. If a group attribute is repeated, you should probably move it
into a new entity connected to the original one. If a group attribute occurs only once, you might still think
about moving the data into a new entity to either allow repetition later or to make similar data uniform
across other entities. If a Student class contains a single Address group attribute, it might be worth
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moving the Address data into a new table that holds address data for all kinds of entities (Instructor,
Employee, and so forth).

For example, the ORDER class shown in Figure 12-4 is one of the more complicated classes, having rela-
tionships with three other classes: CUSTOMER, ADDRESS, and EMPLOYEE. To start building the ER diagram,
you would create an Order entity set and connect it to Customer, Address, and Employee sets.

The ORDER class has one repeating group attribute: Items. Move that data into a new Inventoryltem entity
set and connect it to the Order entity.

For each of the relationships, think about how many of each type of entity could be associated with a
single instance of the other entity type. For example, the Order entity is related to the Customer entity. A
single Order must have exactly one Customer, so the Customer end of the relationship gets cardinality
1.1. Looking at the relationship from the other end, a single Customer might have 1 or more Orders, so
the Order end of the relationship gets cardinality 1.N.

Similarly, you can find the cardinalities for the Order/Employee, Order/Address, and Order/
Inventoryltem relationships.

Figure 12-5 shows the ER diagram for the Order entity and its relationships.

Customer

1.1
— —_—>
1.N
1.1 0.N 0.N 1.N
Employee Order Inventoryltem

1.N
0.1

Address

Figure 12-5

_ A Matter of Course

Make an ER diagram representing the COURSE class shown in Figure 12-4.

1. Make a Course entity set.

2. Make entity sets corresponding to the COURSE class’s object attributes and connect them to the
Course entity.

3. Consider any group attributes and decide whether to move them into new entities.
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How It Works

1. Simply create a rectangle to hold the new Course entity.

2.  The COURSE class has object references to EMPLOYEE and CUSTOMER, so you should create Employee
and Customer entities and connect them to Course.

3.  The coURrSE class doesn’t have any group attributes, so you don’t need to move them into new
entities. Figure 12-6 shows an ER diagram for the Course entity and its relationships.

Customer

o.N

L e

1N

Employee 11 Teaches oN Course

Figure 12-6

Building a Combined ER Diagram

After you build separate ER diagrams for each of the classes defined by the semantic object model, you
can combine them into one big diagram. The individual diagrams are enough to let you understand
the entities” relationships on a local level but a combined diagram can help show larger patterns of
relationship.

Sometimes it can be tricky arranging the entities so their relationships don’t overlap and are easy to read.
In that case, it is sometimes useful to leave parts of the model out and show them in a separate diagram.

Figure 12-7 shows the combined ER diagram for the bottom-level classes modeled in Figure 12-4. To
keep things a bit simpler, the diagram displays the Customer, Employee, and Vendor entities but does
not show the fact that they are subclasses of the person parent class.

The diagram shown in Figure 12-7 uses more descriptive and business-oriented terms wherever possible.
For example, from a purely theoretical perspective, you could say that an Employee ““has a” Shift, “has
a”” TimeEntry, and “has a”” Course. That would be more uniform but would make the diagram much
harder to read.

The phrase *'Customer Owns Pet” is a bit tricky where I live in Boulder, Colorado. Here people decided
that pet owners would be more responsible and caring if they were called “quardians” instead of “'own-
ers,” so all of the city documents were changed appropriately. My tax dollars hard at work! I suppose
for cities such as Boulder, San Francisco, Berkeley, and others we’ll have to make a special edition of the
book that changes the "'Owns” relationship to ““Is The Responsible And Caring Guardian Of.”
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- —
Course ON Takes ON Customer 11 Owns ON Pet
0.N 1.1
1.1 1.N
1.1 0.N 0.N ) 1.N
Employee Sells Order Contains Inventoryltem
1.1 1.1 0.N 0.1
0.1 1N
Address Vendor
—
0.N
Works TimeEntry
—
Is Assigned 0N Shift

Figure 12-7

Figure 12-8 shows the inheritance hierarchy containing the Person, Customer, Employee, and Vendor
classes. You could squeeze this onto the diagram shown in Figure 12-7, but it would make the result
more complicated. (I think this part of the model is easier to understand in two pieces.)

Person

‘ Customer || Employee || Vendor |

Figure 12-8

Figure 12-9 shows the entities representing the last remaining classes shown in Figure 12-4. This figure

shows the relationship between the person parent class and the Address and Phone entities. (You could
easily add this to Figure 12-8 but to me the two seem logically separate. One shows inheritance and the
other shows entity relationships.)
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Address

Person

Is
Contacted
At

Phone

Figure 12-9

Improving the Entity-Relationship Diagram

If you look closely at Figure 12-7, you'll find two many-to-many relationships. First, a Customer may
take many Courses while a Course may have many Customers enrolled. Second, an Order may contain
many Inventoryltems and an Inventoryltem can be part of many Orders.

Entity-relationship diagrams have no trouble modeling many-to-many relationships, but a relational
model cannot. To see why not, consider the relationship between Customer and Course. To build this
relationship in a relational model, one of the tables must contain information linking it to the other.

To link a single Customer record to many Course records, you would need to list many Course IDs in
the Customer record. Because a customer might take any number of courses, that would require the
Customer record to contain an indefinite number of fields, and that’s not allowed in a relational model.

Now suppose you try to make a single Course record hold information linking it to several Customer
records. That would require the Course record to contain an indefinite number of fields, and that’s not
allowed in a relational model.

The way out of this dilemma is to create an intermediate entity to represent the combination of a particu-
lar customer and a particular course. Then you can connect the Customer and Course entities to the new
one with one-to-many relationships, which can be represented in a relational model.

Figure 12-10 shows this new piece of the entity-relationship puzzle. Now a Customer is associated with
any number of CustomerCourse entities, each of which is associated with a single Course. Similarly, a

Course is associated with any number of CustomerCourse entities, each of which is associated with a
single Customer.

-«

CustomerCourse O'N 11 Customer

Represents

Course

Figure 12-10
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_ Broken Relationships

Restructure the other many-to-many relationship shown in Figure 12-7 between Order and Inventoryltem
so it doesn’t require a many-to-many relationship.

1. Create a new intermediate entity.

2.  Associate the new entity with the old ones.

How It Works

1. To connect the Order and Inventoryltems entity sets, create a new Orderltem entity set.

2. Connect the Order and Inventoryltems entity sets with the new one.

One order can contain one or more items so the OrderItem end of the Order/Orderltem relationship
has cardinality 1.N. One Orderltem is associated with exactly one Order so the Order end of this relation
has cardinality 1.1.

One inventory item can be used in zero or more orders, so it may be represented by many Orderltems.
That means the Orderltem end of the Inventoryltem/Orderltem relationship has cardinality 0.N. A
single order item represents a particular inventory item, so the Inventoryltem end of this relationship has

cardinality 1.1.

Figure 12-11 shows an ER diagram representing the Order/OrderItem/Inventoryltem relationships.

—>

1.1 ) 1.N
Order Contains Orderltem

Inventoryltem

Figure 12-11

Figure 12-12 shows the new larger ER diagram from Figure 12-7 with the many-to-many relationships
replaced by intermediate tables.

The changes to remove the many-to-many relationships are another step that normalizes part of the
database. They remove the need for repeated columns in tables by replacing them with intermediate
tables. The entity-relationship model can represent many-to-many relationships, so you don’t really need
to remove them at this stage. Instead you could wait and remove them when you build the relational
model in the next step. However, the diagram shown in Figure 12-7 makes these relationships easy to
see, so this is a reasonable time to straighten them out and it will make building the relational model
easier in the following chapter.
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(—
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Figure 12-12

Relational Modeling

The semantic object model made it easy to study the classes that will make up the database and allowed
some normalization. The entity-relationship model emphasized the entities’ relationships and made it
easy to remove many-to-many associations.

Now it’s time to use what you've learned by building the semantic object and entity-relationship models
to create a relational model.

Start by making a table for each of the models’ classes and entity sets. Look at the final ER diagrams
shown in Figures 12-8, 12-9, and 12-12, and make tables for the entities drawn in rectangles. The following
list shows the tables that you need to create:

QO  CustomerCourses

O Customers

a Pets
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Courses
Employees
Orders
Orderltems
Addresses
Inventoryltems
TimeEntries
Shifts

Vendors

Persons

o000 U 00U O0d

Phones

Refer to the semantic object model in Figure 12-4 to find the basic fields that each table needs.

Next consider the tables that are directly related in the ER diagrams. Figure 12-12 contains several
one-to-many relationships. To implement those in the relational model, you need one of the related
tables to include a field that leads back to a field in the other table. The table at the “one’” end of the
one-to-many relationship cannot hold an unknown number of fields linking to the ““many”” records, so
the fields must work the other way around.

In the table on the “one” side of the relationships, identify the primary key fields. Remember, to qualify
as a primary key, the fields must guarantee uniqueness so no two records in the table can have exactly
the same primary key values.

Because those fields will be used as the record’s primary key, they should not be values that you will
want to modify later. For example, a combined FirstName/LastName key is a bit risky because people
do occasionally change their names.

The key values will also be contained in the table on the “many’’ side of the relationship, so it’s better

if the key doesn’t include a lot of data. The FirstName/LastName pair might be a moderately long text
string. Though it won’t hurt database performance too much if you use such a key, it’s easier to work

with a single field key.

If the table on the “one” side of the relationship doesn’t contain an easy-to-use natural key, add one.
Name it after the table and add “Id” at the end.

For example, consider the relationship between the Address and Order entities. Figure 12-12 shows that
this is a one-to-many relationship with the Address entity on the ““one” side. That entity contains Street,
City, State, and zip attributes. Even if you allow only a single customer per street address, using those
fields as the primary key would be a risky because you might need to change them later. For example, an
employee might misspell the customer’s street name when creating the customer’s record. Even worse, a
customer might move to a new address. In both of those cases, it would be seriously annoying to have to
delete the customer’s record and create a new one just to update the address. (Although I have an Internet
service provider that cannot seem to figure out how to change a customer’s email address without closing
the account and opening a new one. I'd send them a copy of this book if I thought they’d read it.)
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Because this table has no natural primary key, add an Addressld field to it and use that to link the tables
together.

Now add an Addressld field to the “many”’ side of the relationship. In this example, that means adding
a new field to the Orders table.

Finally, draw the link between the two tables, place a 1 next to the “‘one”” end of the relationship, and a
oo next to the “many’” end.

Figure 12-13 shows the resulting relational model for these two tables. Note that this version considers
only those two tables. In the more complete model, these tables will need additional ID fields to link them
to other tables.

Orders

Date
SameAsAbove
Addressld

8

Addresses
Addressid 1
Street
City
State
Zip
Figure 12-13

Ty It Out | Identifying IDs

Figure out what fields to add to represent the relationship between the Orders and OrderItems tables.

1. Identify the “one” side of the one-to-many relationship. Find or create a primary key for that
table.

2. Give the table representing the “many’’ side of the relationship fields to refer to the first table’s
primary key.

3. Draw the tables and the new link. Include the information about the relationship between Orders
and Addresses shown in Figure 12-13.

How It Works
1. The Orders table represents the “one” side of this one-to-many relationship because one order
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can include many Orderltems. There is no natural primary key in an Order entity (if the same
customer placed another order on the same date, it could have exactly the same values), so add a
new Orderld field to the Orders table.

A single order can have many order items, so Orderld isn’t enough to uniquely identify the
records in the Orderltems table. Add a SequenceNumber field to the primary key to uniquely
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identify the records. This field also lets you display the items for an order in sorted order. The
record with SequenceNumber = 1 comes first, the records with SequenceNumber = 2 comes
next, and so forth. Displaying the items in the same order in which they were originally entered
is generally comforting to the users.

2. The Orderltems table represents the “many’” side of the one-to-many relationship. Give it an
Orderld field that refers back to the Orders table’s Orderld field. Notice that the Orderltems
table’s primary key includes both the Orderld and SequenceNumber fields but the Orders table
refers only to the Orderld field. A program listing an order’s items would use the Orderld value
to fetch all of the related OrderItems records and then would use the SequenceNumber field to
sort them.

3.  Figure 12-14 shows a relational diagram that includes the previous relationship between
Orders and Addresses shown in Figure 12-13 plus the new relationship between Orders and
Orderltems.

Orders 1 oo Orderltems
Orderld Orderld
Date SequenceNumber
SameAsAbove Quantity
Addressld s
Addresses

Addressld

Street

City

State

Zip

Figure 12-14

Putting It All Together

Continue examining the relationships shown in the ER diagram in Figure 12-12. Find or create a primary
key in the table on the “one” side of the relationship and add a corresponding field in the table on the
“many’’ side.

You can make arranging the tables easier if you place them in roughly the same arrangement that
the corresponding entities occupied in the entity-relationship diagram. (Figures 12-13 and 12-14
show the Addresses table below the Orders table because the Address entity is below the Order entity
in Figure 12-12.)

You'll probably need to move the tables around a little because they won’t be the same size as the rectan-
gles in the ER diagram, but starting with that arrangement should make drawing relationships between

the tables easier.

Figure 12-15 shows the resulting relational model.
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As a quick check, examine each relational link. The end touching a primary key field should have cardi-
nality 1. The field’s name should be the table’s name plus “Id.” The exception to this naming convention
is in the InventoryItems table, which includes the natural primary key field UPC.

The end of a link touching the foreign key field on the “many”” side of the relationship should have
the same name as the ID field and should have cardinality 1 (for a one-to-one relationship) or oo (for a
one-to-many relationship).

Note that the two intermediate tables used to represent many-to-many relationships, CustomerCourses

and Orderltems, contain little more than keys linking to the two tables that they connect. For example, the
CustomerCourses table contains only a Customerld field linking to the Customers table and a Courseld

field linking to the Courses table.

The Orderltems table includes its two linking ID fields plus the SequenceNumber field to make the
primary key unique and to allow sorting. It also contains a Quantity field to indicate the number of that
type of item included in the order (for example, 3 pencils).

Summary

This chapter explains the data modeling steps for The Pampered Pet database project. It showed how to
build a semantic object model and how to convert that into an entity-relationship model. Along the way,
it showed how to improve the models by normalizing parts of them.
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In this chapter, you saw examples of:

0  Building semantic objects.

Moving repeated semantic group attributes and some other group attributes into new classes.
Converting a semantic object model into an entity-relationship model.

Representing many-to-many relationships with two one-to-many relationships.

Improving models by normalizing parts of them.

Converting semantic object models and ER diagrams into a relational model.

Adding ID fields to tables.

U0 U 000U

Converting entity relationships into relational links.

Not all projects use both semantic object models and entity-relationship models. Many developers prefer
one or the other and don’t bother with the extra work of creating two models. Some even jump straight
to a relational model. Each of these types of models has its strengths and weaknesses, however, so it’s
often useful to work through all three kinds.

Figure 12-15 shows a pretty reasonable relational model for The Pampered Pet database, but it’s still
not perfect. If you look closely, you may be able to identify a few places where the tables are not well
normalized. (Can you spot the tables that are not even in First Normal Form?)

Chapter 13 shows how to improve the model by isolating business rules that are likely to change in the
future. Chapter 14 further normalizes the database and puts the finishing touches on it.

Before you move on to Chapter 13, however, use the following exercises to test your understanding of
the material covered in this chapter. You can find the solutions to these exercises in Appendix A.

Exercises

Consider the entity-relationship diagram shown in Figure 12-12 and think about possible changes that
The Pampered Pet might later want to make to the database. Easy changes include adding or removing
non-identifier fields from an entity. Harder changes would require adding or removing entities or chang-
ing the relationships among them. For each of the following changes, explain how you would make the
change and how hard it would be.

1. The Pampered Pet opens a café that serves snacks for pets and their owners. How would you
handle the new food items for sale?

2. Management decides that only certain employees with special training can teach courses.
How would you model this new type of employee?

3.  The Pampered Pet opens a new store. Management wants to track customers company-wide
but wants to track sales by store. How would you handle that?

o

New courses are offered offsite. How would you store the addresses of these offsite courses?

5.  The Pampered Pet offers free clinics and outings such as dog and llama hikes. How would
you store information about these freebies?
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6.

7.

10.

11.

12.

You need to allow more than one address on an order. How would you store the new
addresses?

You need to store a phone number for each order. How would you store these phone num-
bers?

Management decides they want to track the department that sold each item. How would
you track item departments?

Management decides to track customer addresses as they change over time. How would you
remember old addresses?

The Pampered Pet starts holding sales and offering discounts to employees. Where do you
store the discount information?

Figure 12-16 shows an ER diagram for a Robot Wars competition (see www.marcthorpe. com/
robot.html). A competitor builds one or more robots either alone or with others (so robots
can have one or more builders). Each robot can fight in any number of matches (if it survives)
and a match involves several robots. Finally, each match has a single winner (the last robot
survivor). Unfortunately, the design shown in Figure 12-16 includes two many-to-many
relationships. Draw a new ER diagram that replaces those relationships with one-
to-many relationships.

—>
N Fights In
1.N 1.N
Competitor N Builds LN Robot Match
—>
1.1 1.N
Wins

Figure 12-16

Build a relational model for the solution you built for Exercise 11.
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Extracting Business Rules

The previous chapters have built up a basic design for The Pampered Pet database. They gath-
ered customer requirements, built a semantic object model and entity-relationship diagrams, and
converted those into a relational model.

This chapter further refines the design by identifying business rules in the relational model and
isolating them so they will be easy to modify in the future if necessary.

In this chapter you see examples that:

Q  Identify required fields and other field-level constraints that are unlikely to change.
Q  Identify sanity checks that are also unlikely to change.

0  Identify business rules that are more complicated or likely to change in the future.

Identifying Business Rules

The text and exercises in Chapter 11 listed the fields required for the initial database design. For
each field, that chapter gave the field’s data type, whether the field is required, and its domain. That
information describes most of the project’s business rules.

Domain information usually includes simple “sanity check’ constraints. These are conditions that
basically verify the “laws of physics” for the database. For example, an item’s cost cannot be less
than $0.00. Exercise 5 in Chapter 12 discussed free clinics and outings, so it’s possible that an item
might be free, but it’s hard to imagine The Pampered Pet’s management charging less than nothing
for a product.

Other sanity check conditions include field data types and whether a field is required. It may also
include simple pattern validation. For example, the database might require a phone number to have
a 10-digit format, as in 602-827-1298.
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Because these sanity checks will never change, they can be coded directly into the database by
setting field conditions (data type and required) and check constraints.

Primary key information is also built into the database. For example, making the Inventoryltems
table’s primary key be its UPC field ensures that every record has a non-null UPC value and that
every record has a unique UPC value.

Other domain information is either more complicated or more likely to change over time. Those
conditions should be isolated as much as possible to make them easier to change in the future.

The following sections describe the constraints on each of the tables defined in the relational model
shown in Figure 12-15. They explain which of those constraints can be built into the database and
which should be isolated as business rules.

Courses

The Courses table’s required fields include: Courseld (the primary key), Title, Description, Maxi-
mumParticipants, Price, AnimalType, Dates, Time, and Location. The InstructorEmployeeld is not
required and only gets filled in after an employee is assigned to teach the course. The required fields
can be built into the database.

Sanity checks include:

MaximumParticipants > = 0 and MaximumParticipants < 100.
Price > 0.

Dates no earlier than the current date.

U 0 U DO

Time between 8am and 11pm.
The sanity checks can be built into the database as field-level check constraints.
This table has two fields that take values from enumerated lists:

0  AnimalType comes from the list Cat, Dog, Bird, and so on.

O  Location comes from the list Room 1, Room 2, Back Yard, arena, and so on.
If you coded the lists of choices allowed for AnimalType and Location into field-level check con-
straints, you would have to make non-trivial changes if the allowed values changed. To make the
design more flexible, the choices should be placed in lookup tables AnimalTypes and Locations.
Then the fields in the Courses table can refer to those values as foreign key constraints.

This table contains one slightly more complicated validation:

O  Price > 0. The price must be at least 0. Management has not said it could be equal to 0 but
that’s a change they could make in the future.

This rule could be implemented in the user interface or in middle-tier code that fetches and updates
course data.
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It’s tempting to make this a field-level check constraint. After all, it would be relatively easy to do

so and the change isn’t inevitable. However, suppose the company offers free clinics for a while

and then decides to no longer offer them. At that point, there would be old course entries with Price
= 0 and you could not change the field-level check constraint back to Price > 0 because it would

contradict existing data.

The management will get the most flexibility for this constraint if it is kept separate from the
database’s structure. It could be implemented in middle-tier routines that fetch and update
Courses data.

Figure 13-1 shows the Courses table with its new lookup tables. The lookup tables are drawn with
dashed rectangles so the main tables stand out from them. This figure omits all of the other tables

and their relationships.

1 ! AnimalTypes
—': AnimalType

Courses

Courseld

Title

Description
MaximumParticipants
Price

e Animal Type

Dates

Time

Location
InstructorEmployeeld

Figure 13-1

_ Address Constraints

Identify the various kinds of constraints on the Addresses table and determine which should be
implemented in the database and which should be provided elsewhere as business rules.

1.

2.
3.
4

Identify the primary key and the required fields.
Identify sanity checks that will never change.
Create lookup tables for fields with a fixed set of allowed values.

Identify more complicated business rules and rules that may change in the future.
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How It Works

1.

2.

The Addresses table’s required fields are: Addressld (the primary key), Street, City, State, Zip.
All of these fields should be marked as required in the database.

In the United States at least, the Zip value must always have the form 12345 or 12345-6789.
Verifying the format could be implemented as a simple field-level check constraint.

The State field’s values must be one of the standard state abbreviations. Those abbreviations
should be added to a States table and then this field can refer to it as a foreign key.

The relationship between City, State, and Zip is complex. It probably doesn’t make a

lot of sense to validate every possible combination because that would require a huge
lookup table. It’s unlikely that The Pampered Pet will do business in every state, so

most of that data would never be used. (The United States Postal Service FAQ at

www .maponics.com/ZIP_Code_Maps/ZIP_Code_FAQ/zip_code_fag.html says there are
roughly 45,000 ZIP Codes and there are approximately 25,000 ZIP Code changes every month.
There’s no way I would want to try to keep up with that!)

An alternative would be to build a CityStateZips lookup table to hold the nearby City/State/Zip
combinations and then warn the user if a record has a set of values that is not in the list. This way
if the user misspells a local town or enters a Zip value that doesn’t match that town, the program
will let the user fix it. In contrast, if a customer wants an order shipped a thousand miles away,
the program warns that it doesn’t know about this City/State/Zip combination but lets the user
enter it anyway.

Database constraints are unyielding. A value is either allowed or it isn’t. By itself, the database
won’t ask the user “Are you sure?”” and then accept a suspicious value. That means this con-
straint cannot be implemented in the database. It must be implemented in a middle-tier routine
or in the user interface.

Figure 13-2 shows the Addresses table with its States lookup table and the pseudo-lookup
CityStateZip table. Both are drawn in dashed rectangles to indicate that they are lookup tables.
The relationship between the Addresses table and the CityStateZips table is also dashed because
it is implemented in a middle-tier routine or the user interface rather than inside the database.

Addresses . State
Addressld
Street
City
---7| State
Zip

' CityStateZips
 City
| State

Figure 13-2

CustomerCourses

This table is an intermediate table representing the many-to-many relationship between the Courses
and Customers tables. It contains only two fields, Customerld and Courseld. Both of these are
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required because they are part of the table’s primary key. They are also used as foreign key con-
straints matching values in the Courses and Customers tables. That’s about as constrained as a field
can get, so there isn’t much more to do with this table.

Customers

The version of the Customers table shown in Figure 12-15 contains only two fields. Customerld is
the primary key. Personld is used in a foreign key constraint matching values in the Persons table
so it’s completely constrained.

Pets

The Pets table’s Customerld and Name fields form the primary key. Its other fields, AnimalType
and BirthDate, are also required, so they should be flagged as required, in the database.

It wouldn’t hurt to put a sanity check constraint on the BirthDate field to verify that new dates are
not after the current date. Some pets live a really long time, so it’s hard to set a safe lower limit
on BirthDate. (Macaws can live 65 or more years and aggressive little yippy dogs live practically
forever — at least that seems to be the case with my neighbor’s dogs.)

The AnimalType field can only take a value from a list of allowed values, so those values should be
placed in a lookup table. The design already calls for an AnimalTypes lookup table (see the section
about the Courses table earlier in this chapter), so this table can refer to that one.

Employees

The Employees table’s primary key is its Employeeld field. The Personld and SocialSecurityNumber
fields are also required.

The SocialSecurityNumber field must have a format similar to 123-45-6789. That pattern can be
verified by a field-level check constraint.

Personld is a foreign key constraint referring to the Persons table, so it is completely constrained.

Orders

The Orders table’s primary key is Orderld. The Date, SameAsAbove, Customerld, and SoldByEm-
ployeeld fields are also required.

Customerld is a foreign key constraint referring to the Customers table, so it is constrained. Sim-
ilarly, SoldByEmployeeld is a foreign key constraint referring to the Employees table so it also is
constrained.

The Addressld field is optional. It is a foreign key constraint referring to the Addresses table, so

if it is present it is completely constrained. (This field is fairly confusing. If the SameAsAbove
field has value True, the customer wants the order shipped to the customer’s address. If the
SameAsAbove is False and Addressld is present, the customer wants the order shipped to that
address. If SameAsAbove is False and Addressld is null, the customer is picking up the order and
doesn’t want it shipped. All of this must be implemented in the user interface but doesn’t affect the
database design.)
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Orderitems

Like the CustomerCourses table, this table is an intermediate table used to implement a
many-to-many relationship.

This table’s Orderld and SequenceNumber fields make up the primary key. The UPC and Quantity
fields are also required.

UPC is used as a foreign key constraint referring to the Inventoryltems table, so it is completely
constrained.

For sanity checking, a field-level check constraint should also verify that Quantity > 0.

Inventoryltems

This table’s UPC field is its primary key. The Description, SellPrice, QuantityInStock, StockLocation,
and ShelfLocation fields are also required.

Sanity checks include:

If present, BuyPrice > = $0.00.
SellPrice > = $0.00.
QuantityInStock > = 0.

U 00U O

If present, ExpirationDate > January 1, 2008 (or some other date guaranteed to be earlier
than the oldest expiration date in current inventory when you build the database).

(]

On new records, if present, ExpirationDate > the current date.

O

If present, ReorderWhen > 0. (If null, reorder only occurs manually.)

Q  If present, ReorderAmount > = 0. (If null, someone must specify the amount.)

Vendorld is a foreign key constraint referring to the Vendors table so, if its value is not null, the
value is completely constrained.

The StockLocation and ShelfLocation fields can only take certain values, so those values should be
moved into the lookup tables StockLocations and ShelfLocations.

TimeEntries
This table’s Employeeld, Date, StartTime, and StopTime fields make up its primary key.

Employeeld is a foreign key constraint referring to the Employees table, so it is completely
constrained.

The table should also contain the following field-level sanity check constraints:

0  Date > = some early date such as the date the database is put into use.

a StartTime > = 6am.
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QO  StopTime < = 11pm.
Q  If present, PaidDate > = Date.

Shifts

The Shifts table is similar to the TimeEntries table except it doesn’t have a PaidDate field. Its
Employeeld, Date, StartTime, and StopTime fields make up its primary key.

Employeeld is a foreign key constraint referring to the Employees table, so it is completely con-
strained.

The table should also contain the following field-level sanity check constraints:

0  Date > = some early date such as the date the database is put into use.
Q  StartTime > = 6am.

0  StopTime < =11pm.

Persons

This table’s Personld is its primary key. The FirstName and LastName fields are also required.

Email should have a valid email format. Unfortunately it’s pretty hard to define valid email formats,
so this should be considered a more complicated business rule. Validation should be provided by
a middle-tier routine that saves Persons records, a stored procedure, or user interface code. Then if
management decides to change the way this field is validated, you can make the change reasonably
easily.

This table’s Addressld field is a foreign key constraint referring to the Addresses table so, if it is
present, it is completely constrained.

Phones
This table’s primary key includes all of its fields: Personld, Number, and PhoneType.

Personld is also a foreign key constraint referring to the Persons table, so it is completely con-
strained.

Number should have a valid phone number format such as 987-6543 or 202-123-4567. This won't
change (unless the store starts accepting international orders), so it can be checked in a field-level
check constraint.

PhoneType must be one of several values such as Home, Cell, or Work. Those values should be
moved into a PhoneTypes lookup table so this field can refer to it as a foreign key constraint.

Vendors

The Vendors table’s primary key is its Vendorld field. The Personld and CompanyName fields are
also required.
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Personld is a foreign key constraint referring to the Persons table, so it is completely constrained.

The Notes field is completely unconstrained and optional.

Drawing a New Relational Model

Figure 13-3 shows the new relational model.

1:",Z\nimaITypes H
L AnimalType, T
CustomerCourses |, 1| _Customers | Pets
Courses 1 Customerld Customerld ] Customerld
Courseld =" Courseld Personld Name -
Title AnimalType
Description —‘ BirthDate
MaximumParticipants
- Price Orders Orderltems
AnimalType Orderld 22 "Orderld
Dates Date SequenceNumber L[ Inventoryltems
o [Time_ SameAsAbove UPC =>— UPC
——— Location 22 Customerld Quantity Description
—— InstructorEmployeeld Addressld 0 BuyPrice
22" SoldByEmployeeld Sellprice |
1 Employees 1 [ States 1 QuantityInStock i StockLocations
— Employeeld = Addresses 1:State—: ExpirationDate ! StockLocation
— Personld 1 1 Address| 1] ST ! StockLocation
SocialSecurityNumber [ e ShelfLocation i ShelfLocations :
Specialties o CityStateZips ; Stroet £ Phoneypes & I Reorderwhen { ShelfLocation _:
 Gity N oo City i + PhoneType ___: ReorderAmount | 7”7
TimeEntries : State LA | State Vendorld
Employeeld [ “Zp . Zip Phones
|Date | Personld
StartTime umber Vendors
StopTime REISONS honeType  F==!' [ Vendorld
PaidDate Personid 1 Personid
FirstName 1
Shits LastName CompanyName
Employeeld 2 1 Email Notes
Date Addressld
StartTime
StopTime
Figure 13-3

Summary

This chapter showed how to classify table constraints in The Pampered Pet database. It showed how to:
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Q  Identify the primary key and the required fields (to implement in the database).

Identify sanity checks that will never change (to implement in the database).

a
0  Create lookup tables for fields with a fixed set of allowed values.
a

Identify more complicated business rules and rules that may change in the future.
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After identifying these constraints and adding lookup tables, this chapter showed a new relational design

for the database.

Even at this point, however, the database isn’t perfect. The following chapter makes a few final changes
to make the database more flexible and robust.

Before you move on to Chapter 14, however, use the following exercises to test your understanding of
the material covered in this chapter. You can find the solutions to these exercises in Appendix A.

Exercises

For these exercises, consider the relational model for a Robot Wars competition shown in Figure 13-4 (see
the exercises at the end of Chapter 12 and www.marcthorpe.com/robot.html). Use your own judgment
while working through the exercises.

—_

Competitors 1 CompetitorRobots 1 Robots
Competitorld Competitorld oo Robotld
FirstName Robotld 2 ['Name
LastName Weight
Street MaxSpeed
City Chassis
State Class
Zip

Figure 13-4

oo |___RobotMatches 1 Matches
Robotld Matchld
Matchld oo | Date

Time
Location
20 'WinningRobotld
RobotWeapons
©0 I'Robotld
WeaponType

1. Identify the tables’ primary keys and required fields.

bl

Identify the tables’ sanity checks that will never change.

Define lookup tables for fields with a fixed set of allowed values.

I can think of three somewhat more complicated business rules that should be implemented,

but in general it would be hard to identify more complicated business rules without know-
ing more about the competition. See if you can think of the three I thought of and make up
some others. What sorts of things would make interesting business rules that should not be
built into the database?

5. Draw a new relational model showing the new tables.
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14

Normalization
and Refinement

Chapters 11 through 13 walked through the steps of designing a preliminary database for The Pam-
pered Pet. They showed how to gather requirements, build semantic object and entity-relationship
models, and convert those into a relational model. Chapter 13 showed how to identify rules that
should be built into the database and more complex or changeable rules that should be isolated as
business rules.

Even after all of this work, the database isn’t perfect. This chapter puts the finishing touches on the
database by normalizing it appropriately.

In this chapter you see examples of:

Q  Improving the design to make the database more flexible.
Q  Identifying tables that are insufficiently normalized.

O  Normalizing tables to prevent data anomalies.
a

Not normalizing where normalization would be more trouble than it’s worth.

Improving Flexibility
Figure 14-1 shows the relational design built in Chapter 13.

This design is fairly reasonable, and I've seen worse designs in working databases, but it can use a
couple of improvements. Later sections in this chapter discuss normalization, but first there’s a big
flaw to fix.

If you think about the design long enough and you walk through the use cases, you'll notice that
there’s a problem with the course data. Currently the design allows many customers to take a course
and it allows a course to hold many customers. However, the design allows only one instance of any
given course. If you run a Puppy Socialization course in April, you cannot run the same course again
in May because the course’s dates would have already passed.
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Figure 14-1

Furthermore, the same customer couldn’t take both the April and May courses (some dogs are slow
learners) because that would require identical records in the CustomerCourses table.

Instead you would need to make a completely new Courses record for the May course. That
wouldn’t be the end of the world, and some applications would do exactly that, but now the table
contains multiple records that really represent different offerings of the same thing. You can tell
that there’s a problem because the records would have so many duplicated fields: Title, Description,
Price, and AnimalType. The fields that would change between offerings are MaximumParticipants,
Dates, Time, Location, and InstructorEmployeeld.

The customers taking the course would also change (except for those who fail the first time and
retake the course), so the course offering would need some kind of new ID value to link it to the
CustomerCourses table.

The database needs a new type of object to represent a course offering. The course offerings will
link to a Courses record that provides all of their shared data.

One course can have many offerings, but an offering corresponds to only one course, so this

is a one-to-many relationship, and you can add it to the database the way you always build a
one-to-many relationship. First, add an ID field to the “one”” table. Then refer to the ID field in the
“many”’ table as a foreign key.
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Now the CustomerCourses table should link to the new CourseOfferings table instead of
the Courses table (because the customer takes an offering of a course not the abstract course
description).

Figure 14-2 shows the design with the new table added.
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Figure 14-2

Verifying First Normal Form

The previous chapters were pretty careful about building their tables so they’re almost certainly in 1NF,
right? Not always. With some experience and attention to detail, you should be able to build tables in
INF almost all of the time and 3NF most of the time, but occasionally a few normalization bugs slip
through.

Recall the rules for 1NF:

1. Each column must have a unique name.

2.  The order of the rows and columns doesn’t matter.

3. Each column must have a single data type.

4.  No two rows can contain identical values. (The table has a unique primary key.)
5

. Each column must contain a single value.
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You can easily verify the first four rules. For example, the Courses table’s columns all have different
names, the order of rows and columns doesn’t matter, each column in the Courses table has a single data
type, and the Courseld field is the primary key so no two records can have the same Courseld value and
therefore, they are different.

The rule that usually catches people is rule 5: Each column must contain a single value. Sometimes the
data in a field contains more than one logical piece of data. In that case, the field should be broken into
pieces.

If you know how many pieces there will be, you can use multiple fields in the same table. For exam-
ple, if you have a Name field that should be broken into FirstName and LastName, you know there are
only two pieces to the field and you can just replace it with two new fields.

If the field’s data could contain any number of values, you should move the values into a new
table and link back to the original table. For example, suppose the Customers table contains a
Children field that lists the customer’s children’s names separated by commas. In that case you
can’t just add a bunch of Child fields to the Customers table. Instead you need to add a Cus-
tomerChildren table that uses Customerld to find the Customer associated with a particular
record.

If you look carefully at each of the fields shown in Figure 14-2, you'll find a couple that might contain
multiple data values. You can ignore simple compound values such as the Pets table’s BirthDate field and
the Phones table’s Number field. Though you can think of a birth date as containing a day, month, and
year, The Pampered Pet will probably never need to look at those values separately. I suppose someone
might want to make a list of all pets born on the 13th of every month, but that would be pretty strange.
Similarly, unless the requirements call for you to be able to list customers in a given area code, it isn’t
worth breaking up the phone number field.

The first field that truly holds more than one value is the CourseOfferings table’s Dates field. This single
field is supposed to hold a list of the dates when a course offering takes place. For example, a particular
offering might occur every Wednesday for six weeks.

If every course is only offered on a weekly schedule, such as every Wednesday, you could encode that
in a single field by simply giving the day of the week. If there might be exceptions (for example, six
Mondays, skipping Labor Day), that system doesn’t work as well.

To solve this problem, you can break the Dates field into pieces. If The Pampered Pet doesn’t require
every course to have the same number of sessions, you need to move the values into a new CourseOffer-
ingDates table that refers back to its course offering.

Figure 14-3 shows the design with the new CourseOfferingDates table.
One hint that a field might contain multiple values is that its name is plural. If the field rep-
resents a number, such as the CourseOfferings table’s MaximumParticipants field, it probably

represents a single value. If the field represents a group of values, however, it should probably be
broken apart.

276



Chapter 14: Normalization and Refinement
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TR Normal

There’s one other table in Figure 14-3 that isn’t in 1INF. Find and fix it.

1. Look for fields that don’t represent a single value.

2. Decide whether the field contains a fixed, known number of values or an unknown number of
values. If the field contains a fixed number of values, split it into the required number of fields. If
the field contains an unknown number of values, move the values into a new table.

3.  Perform other modifications to the design if this change requires them. (Hint: In this case, you'll
need to create a new lookup table.)

How It Works

1.  All of the fields shown in Figure 14-3 represent a single value except the Employees table’s Spe-
cialties field. This field lists the employee’s areas of expertise. They might include animal types,
products, problems, and so forth. A typical value might be, ““Cat, Dog, Parasites.” (This is also
the only field in Figure 14-3 that has a plural name other than MaximumParticipants, which rep-
resents a single number.)
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2. The Specialties field could contain any number of values so it cannot be broken into new fields
within the Employees table. Instead the model needs a new Specialties table that refers back to
Employees. The new table will have fields Employeeld and Specialty.

3. The new table’s Specialty field can contain only specific values, such as Cat, Dog, and Penguin, so
the model should validate the field by making it a foreign key that refers to a lookup table. In this
case, the new table should be called Specialties and will have a single field Specialty. Figure 14-4
shows the new design.
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Figure 14-4

Verifying Second Normal Form

Recall the rules for 2NF:

1. Thetableisin INF.
2. Allof the non-key fields depend on all of the key fields.

Many of the tables have a one-field primary key, so every other field must depend on the entire primary
key. In the intermediate tables representing many-to-many relationships and the lookup tables, every
field is part of the primary key, so rule 2 doesn’t apply.

The only tables remaining to consider are Pets, Orderltems, and TimeEntries.
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Pets

The Pets table’s primary key contains the combination Customerld/Name. Its other fields are Ani-
malType and BirthDate. AnimalType depends on both Customerld and Name because you need to
know both Customerld and Name to deduce the pet’s AnimalType.

Another way to think of this is to notice that if you know the Customerld alone, you cannot guess the
pet’s AnimalType because the customer might have a cat and a fish. Similarly, if you know the pet’s
Name, you cannot determine the AnimalType because different customers might have different kinds
of pets with the same name. You can use similar arguments to show that BirthDate depends on both
Customerld and Name.

A third way to look at this, which may be less intuitive but which is easy to apply mechanically, is to ask
yourself whether the database could contain any record with the same Customerld, a different Name,
and a different AnimalType. If Customerld alone determines animal type, then every record with the
same Customerld must have the same AnimalType.

In this case, the database could hold a record with the same Customerld, a different Name, and a dif-
ferent AnimalType (someone could own a fish named Phred and a dog named Pheidaux) so you know
that AnimalType depends on Customerld.

Similarly, you can ask whether another record could have the same Name, different Customerld, and
different AnimalType. I have a dog named Snortimer and I've met two other people with cats named
Snortimer, so that situation is possible. That means AnimalType also depends on Customerld.

You can use similar arguments to show that BirthDate depends on both Customerld and Name.

(This all assumes a customer doesn’t give multiple pets the same name. There’s a silly Sandra Boynton
song named “Fifteen Animals’” about a guy who has 15 pets all named Bob, except his turtle, which he
named Simon James Alexander Ragsdale III. For this customer, you'll probably have to assign the pets
serial numbers or something: Bob-1, Bob-2, Bob-3, and so forth.)

_ Orderltems

Verify that the OrderItems table is in 2NF. For each of the table’s primary keys (Orderld and Sequen-
ceNumber) and each of the non-key fields (UPC and Quantity), see if another record could have a
different value for the key field and a different value for the non-key field. Consider all four combinations:

1. Orderld and UPC

2. Orderld and Quantity

3. SequenceNumber and UPC
4

SequenceNumber and Quantity

How It Works

1. Could there be two records with the same SequenceNumber, different Orderld, and different
UPC? Yes. Two orders could contain different items listed first. Then the Orderltems records will
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have the same SequenceNumber (because the items are listed first), different Orderld (because
they’re two separate orders), and different UPC (because the orders are for different things).

2. Could there be two records with the same SequenceNumber, different Orderld, and different
Quantity? Yes. Two orders could contain different quantities of the same item. For example, one
customer could order one toy mouse and a second customer could order two toy mice. Then the
Orderltem records will have the same SequenceNumber (because they are the first items for each
order), different Orderld (because they are different orders), and different Quantity (because the
first customer ordered one toy mouse and the second customer ordered two).

3. Could there be two records with the same Orderld, different SequenceNumber, and different
UPC? Yes. Suppose an order contains two different items. Then the Orderltems records will
have the same Orderld (because they’re part of the same order), different SequenceNumber
(because they’re different line items in the order), and different UPC (because the two items are
different).

4. Could there be two records with the same Orderld, different SequenceNumber, and different
Quantity? Yes. Suppose an order contains two items with different quantities (for example, one
hamster wheel and two rawhide bones). Then the OrderItems table will contain two records for
this order with the same Orderld, different SequenceNumber (1 and 2), and different Quantity
(1T and 2).

Because the table can hold all of these combinations, all of the non-key fields depend on every primary
key field, so the table is in 2NF.

TimeEntries

The TimeEntries table’s primary key includes the fields Employeeld, Date, StartTime, and StopTime.
Its only remaining field is PaidDate. To see that PaidDate depends on all of the primary key fields, ask
yourself whether you could deduce the PaidDate value if you are missing one of the key values.

If Employeeld is missing, another employee might have worked the same shift and may or may not be
paid.

If Date is missing, the employee might have worked similar hours on another date and may or may not
have been paid.

The StartTime and StopTime fields are a bit trickier. If StartTime is missing, the table could contain
another record for the same employee on this date with the same StopTime but a different StartTime.
However, the business rules require that this table cannot have two records for the same employee on
the same date with overlapping times, so this record would not be allowed.

Does that mean the PaidDate field doesn’t depend on StopTime, so the table isn’t in 2NF? Not really.
Though the table isn’t allowed to hold a record with overlapping times, the table’s structure doesn’t
prevent it; a business rule does.

To see this in another way, consider the wrestling match schedule described in the “Second Normal Form

(2NF)” section of Chapter 7. The following table shows part of a schedule of matches. The table’s primary
key is the Time/Wrestler combination.
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Time Wrestler Class Rank
1:30 Annette Cart Pro 3
2:00 Sydney Dart Amateur 1
3:45 Annette Cart Pro 3

The problem with this table is that Class and Rank depend only on Wrestler and not on Time. Annette
Cart is ranked 3rd professionally no matter when she wrestles. That makes the table vulnerable to data
anomalies. For example, if you change the first entry’s Class to Amateur, it contradicts the third entry.

Now consider again the TimeEntries table. Because of the “no overlapping time” business rule, this table
cannot hold two records with the same Employeeld, Date, and StopTime. It cannot hold two records that
correspond to the two wrestling schedule records for Annette Cart and that means it cannot suffer from
the same kind of modification anomaly as the wrestling schedule table.

Similarly, the table is safe from update anomalies because you cannot add two records with the same
Employeeld, Date, and StopTime.

Verifying Third Normal Form

Recall the rules for 3NF:

1. The table is in 2NF.

2. It contains no transitive dependencies.

A transitive dependency is when one non-key field’s value depends on another non-key field’s value. It
takes a bit more work to find transitive dependencies than it does to detect other errors.

Because transitive dependencies occur when two non-key fields are related, you only need to consider
tables that have at least two non-key fields. In this example, those tables are Courses, CourseOfferings,
Pets, Orders, Orderltems, Inventoryltems, Employees, Vendors, Addresses, and Persons.

Most of these tables are easy to check. For example, consider Orderltems. Its non-key fields are UPC
and Quantity. Are these fields related? Of course not. The type of item a customer is buying does not
determine the number of items bought or vice versa. (If the store has only one Jack Russell Terrier, you
can only buy one, but that’s an inventory issue, not a database design issue. Of course Jack Russells are
so energetic it might be insane to buy more than one but again, that’s not a database design issue.)

In the Courses table, the Title, Description, Price, and AnimalType fields don’t depend on each other. If
the business requirements stated that all Dog courses had the same price, then things would be different,
but in this example there are no such restrictions.

The Orders table might give you pause because the Customerld might be related in some sense to the

Addressld. Remember that an Orders record has an Addressld field only if the customer wants the
order shipped to an address other than the customer’s usual address, however, so the relationship is not

281



Part Ill: A Detailed Case Study

really there. If the order included the customer’s home address every time, there would be a relationship
between the Customerld and the AddressId.

The Addresses table also contains the standard weird relationship between City, State, and Zip.
Chapter 13 already considered this relationship (see the section “Try It Out, Address Constraints”’) and
decided to live with a lookup table for local addresses rather than building an enormous lookup table
for every City/State/Zip combination.

The last tricky table is CourseOfferings. The maximum number of participants for a course is determined
by the location where it is taught. For example, the store’s back conference room can only hold 20 people
so that’s the maximum size for any course taught there.

This transitive dependency means that any course in a particular location will have the same
MaximumParticipants value. To remove this dependency, you should create a new table that lists

the MaximumParticipants value for each location and then remove MaximumParticipants from the
CourseOfferings table. However, the design already contains a Locations lookup table that holds location
names. You can use that table if you add the MaximumParticipants field to it.

Note that it’s not always a good idea to combine tables in this manner. In this case, however, the new
version of the table holds data for a single, clearly defined purpose: to describe locations. Because the
table’s fields both fit this purpose, it makes sense to put them in the same table.

Figure 14-5 shows the new design. The new version of the Locations table is no longer simply a lookup
table, so it’s not drawn with a dashed rectangle in Figure 14-5.
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Notice that the Locations table acts as a lookup table for the CourseOfferings table’s Location field. The
Locations table is not only a lookup table, however, so it’s not drawn with a dashed rectangle. You could
remove the pure lookup tables from the database and the database would still function, although you
would need to implement some field-level check constraints. If you removed the Locations table,

you would lose all of the MaximumParticipants data.

Note that the business rules could have indicated that different courses using a particular location might
be able to have different numbers of participants. For example, a seminar on piranha feeding takes less
room than a hands-on elephant training workshop, so more people will fit in the room. You could model
that situation by making the Locations table use Location and AnimalType as its primary key, but this
example seems complicated enough already.

Summary

This chapter refined The Pampered Pet database to increase its flexibility. It also normalized the
database’s tables to make the database more resistant to data anomalies.

This chapter showed examples of:

Q  Increasing the database’s flexibility by allowing multiple offerings of a particular course.

Q  Putting the CourseOfferings table into 1INF by moving course dates into a new CourseOffering-
Dates table.

0  Putting the Employees table into 1NF by moving employee specialty information into a new
EmployeeSpecialties table.

Q  Putting the CourseOfferings table into 3NF by moving information about the maximum number
of participants at a location into a new Locations table.

(Of course you may have seen these problems earlier and been muttering under your breath about
how silly the design was for the last few chapters, but sometimes these problems sneak through to the
bitter end.)

At this point, the database is in pretty good shape and you should be able to build it with some confidence
that it can successfully fend off some serious data anomalies.

However, Figure 14-5 doesn’t show the complete picture. It shows the table structures and lookup tables,
but it doesn’t show the many additional constraints that were identified in Chapters 11 and 13. Those
must be implemented as field- and table-level check constraints.

The following chapters show how to build this database in the Access and MySQL relational database
management systems. They show how to build the tables shown in Figure 14-5 and how to provide the
necessary check constraints to really make the database robust.

Before you move on to Chapter 15, however, use the following exercises to test your under-

standing of the material covered in this chapter. You can find the solutions to these exercises in
Appendix A.
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