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Preface

Colin Johnson is a production supervisor for a small manufacturer in Seattle. Several years 
ago, Colin wanted to build a database to keep track of components in product packages. At 
the time, he was using a spreadsheet to perform this task, but he could not get the reports 
he needed from the spreadsheet. Colin had heard about Microsoft Access, and he tried 
to use it to solve his problem. After several days of frustration, he bought several popular 
Microsoft Access books and attempted to learn from them. Ultimately, he gave up and 
hired a consultant who built an application that more or less met his needs. Over time, 
Colin wanted to change his application, but he did not dare try.

Colin was a successful businessperson who was highly motivated to achieve his goals. 
A seasoned Windows user, he had been able to teach himself how to use Microsoft Excel, 
Microsoft PowerPoint, and a number of production-oriented application packages. He was 
flummoxed at his inability to use Microsoft Access to solve his problem. “I’m sure I could do 
it, but I just don’t have any more time to invest,” he thought. This story is especially remarkable 
because it has occurred tens of thousands of times over the past decade to many other people.

Microsoft, Oracle, IBM, and other database management system (DBMS) vendors are 
aware of such scenarios and have invested millions of dollars in creating better graphical in-
terfaces, hundreds of multipanel wizards, and many sample applications. Unfortunately, such 
efforts treat the symptoms and not the root of the problem. In fact, most users have no clear 
idea what the wizards are doing on their behalf. As soon as these users require changes to da-
tabase structure or to components such as forms and queries, they drown in a sea of complex-
ity for which they are unprepared. With little understanding of the underlying fundamentals, 
these users grab at any straw that appears to lead in the direction they want. The consequence 
is poorly designed databases and applications that fail to meet the users’ requirements.

Why can people like Colin learn to use a word processor or a spreadsheet product yet 
fail when trying to learn to use a DBMS product? First, the underlying database concepts 
are unnatural to most people. Whereas everyone knows what paragraphs and margins are, 
no one knows what a relation is. Second, it seems as though using a DBMS product ought 
to be easier than it is. “All I want to do is keep track of something. Why is it so hard?” 
people ask. Without knowledge of the relational model, breaking a sales invoice into five 
separate tables before storing the data is mystifying to business users.

This book is intended to help people like Colin understand, create, and use databases 
in a DBMS product, whether they are individuals who found this book in a bookstore or 
students using this book as their textbook in a class.

Students and other readers of this book will benefit from new content and features in this 
edition. These include the following:

•	 Mircosoft Office 2013, and particularly Microsoft Access 2013, is now the basic 
software used in the book and is shown running on Microsoft Windows 8.1.

•	 DBMS software coverage has been updated to include Microsoft SQL Server 2014 
Express Edition and Oracle MySQL 5.6 Community Server.

New to This Edition

ix
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•	 New material to illustrate the concepts of SQL joins has been added to Chapter 3 
to make this material easier for students to understand.

•	 New material on SQL programming via SQL/Persistent Stored Modules (SQL/
PSM) has been added to Appendix E to provide a better organized discussion and 
expanded discussion of this material, which had previously been spread among 
other parts of the book. This material also provides a discussion of importing 
Microsoft Excel worksheet data in to a database.

•	 Material on Big Data and the evolving NoSQL movement is now briefly introduced in 
Chapter 1, while the main, expanded discussion of this material is in Chapter 8 and the 
new Appendix K, “Big Data” Big Data remains the theme for Chapter 8, which includes 
the material on the development of nonrelational data stores (such as Cassandra and 
HBase) and the Hadoop Distributed File System (HDFS) first introduced in DBC e06. 
Appendix K, “Big Data”—has been added to provide additional, more detailed 
material on the NoSQL databases used in Big Data setups for those instructors who 
still want to cover this topic in depth.

•	 The Oracle NetBeans IDE is used in Chapter 7 in place of the Eclipse PDT IDE. 
Since an integrated downloadable installation file for both the Java JDK and 
NetBeans is available, this results in a much easier software installation of these 
products in Appendix I. The NetBeans IDE is also arguably easier to use then the 
Eclipse PDT, which will make it easier for students to create the HTML and PHP 
Web pages used in Chapter 7.

We kept all the main innovations included in DBC e06, including:

•	 The coverage of Web database applications in Chapter 7 now includes data input 
Web form pages. This allows Web database applications to be built with both data-
input and data-reading Web pages.

•	 The coverage of Microsoft Access 2013 now includes Microsoft Access switchboard 
forms (covered in Appendix H, “The Access Workbench—Section H—Microsoft 
Access 2013 Switchboards”), which are used to build menus for database applica-
tions. Switchboard forms can be used to build database applications that have a user-
friendly main menu that users can use to display forms, print reports, and run queries.

•	 Each chapter now features an independent Case Question set. The Case Question 
sets are problem sets that generally do not require the student to have completed 
work on the same case in a previous chapter (there is one intentional exception 
that ties data modeling and database design together). Although in some instances 
the same basic named case may be used in different chapters, each instance is still 
completely independent of any other instance.

•	 Support for Oracle Database Express Edition 11g Release 2 is maintained. Appendix 
B, “Getting Started with Oracle Database Express Edition 11g Release 2,” shows you 
how to use the product and the Oracle SQL Developer GUI utility. The appendix 
provides the basic knowledge, and Oracle SQL Developer screenshots in the text are 
used to illustrate specific concepts.

With today’s technology, it is impossible to utilize a DBMS successfully without first learn-
ing fundamental concepts. After years of developing databases with business users, we 
believe that the following database concepts are essential:

•	 Fundamentals of the relational model
•	 Structured Query Language (SQL)
•	 Data modeling
•	 Database design
•	 Database administration

The Need for Essential Concepts
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And because of the increasing use of the Internet, the World Wide Web, commonly avail-
able analysis tools, and the emergence of the NoSQL movement, four more essential con-
cepts need to be added to the list:

•	 Web database processing
•	 Data warehouse structures
•	 Business intelligence (BI) systems
•	 Nonrelational structured data storage

Users like Colin—and students who will perform jobs similar to his—need not learn 
these topics to the same depth as future information systems professionals. Consequently, 
this textbook presents only essential concepts—those that are necessary for users like 
Colin who want to create and use small databases. Many of the discussions in this book 
are rewritten and simplified explanations of topics that you will find fully discussed in 
David M. Kroenke and David J. Auer’s Database Processing: Fundamentals, Design, and 
Implementation.1 However, in creating the material for this text, we have endeavored to 
ensure that the discussions remain accurate and do not mislead. Nothing here will need to 
be unlearned if students take more advanced database courses.

1David M. Kroenke and David J. Auer, Database Processing: Fundamentals, Design, and Implementation, 
13th edition (Upper Saddle River, NJ: Pearson/Prentice Hall, 2014).

This book does not assume that students will use any particular DBMS product. The book 
does illustrate database concepts with Microsoft Access, SQL Server Express edition, 
Oracle Database Express Edition, and MySQL Community Server so that students can use 
these products as tools and actually try out the material, but all the concepts are presented 
in a DBMS-agnostic manner. When students learn the material this way, they come to un-
derstand that the fundamentals pertain to any database, from the smallest Microsoft Access 
database to the largest Microsoft SQL Server or Oracle Database database. Moreover, this 
approach avoids a common pitfall. When concepts and products are taught at the same 
time, students frequently confound concepts with product features and functions. For ex-
ample, consider referential integrity constraints. When they are taught from a conceptual 
standpoint, students learn that there are times when the values of a column in one table 
must always be present as values of a column in a second table. Students also learn how this 
constraint arises in the context of relationship definition and how either the DBMS or the 
application must enforce this constraint. If taught in the context of a DBMS—say in the 
context of Microsoft Access—students will only learn that in some cases you check a check 
box and in other cases you do not. The danger is that the underlying concept will be lost in 
the product feature.

All this is not to say that a DBMS should not be used in this class. On the contrary, stu-
dents can best master these concepts by applying them using a commercial DBMS product. 
This edition of the book was written to include enough basic information about Microsoft 
Access, SQL Server Express edition, Oracle Database Express Edition, and MySQL so 
that you can use these products in your class without the need for a second book or other 
materials. Microsoft Access is covered in some depth because of its popularity as a per-
sonal database and its inclusion in the Microsoft Office Professional suite of applications. 
However, if you want to cover a particular DBMS in depth or use a DBMS product not dis-
cussed in the book, you need to supplement this book with another text or additional ma-
terials. Pearson provides a number of books for Microsoft Access 2013 and other DBMS 
products, and many of them can be packaged with this text.

Teaching Concepts Independent of DBMS Products
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This new edition of the text continues using “The Access Workbench,” a feature first 
introduced in the third edition. Because Microsoft Access is widely used in introductory 
database classes, we feel it is important to include specific information on using Microsoft 
Access. Each chapter has an accompanying section of “The Access Workbench,” which 
illustrates the chapter’s concepts and techniques using Microsoft Access. “The Access 
Workbench” topics start with creating a database and a single table in Chapter 1 and move 
through various topics, finishing with Web database processing against a Microsoft Access 
database in Chapter 7 and using Microsoft Access (together with Microsoft Excel) to 
produce PivotTable OLAP reports in Chapter 8. This material is not intended to provide 
comprehensive coverage of Microsoft Access, but all the necessary basic Microsoft Access 
topics are covered so that your students can learn to effectively build and use Microsoft 
Access databases.

The Access Workbench

Because it is important for students to apply the concepts they learn, each chapter con-
cludes with sets of key terms, review questions, exercises (including exercises tied to “The 
Access Workbench”), Case Question sets, and three projects that run throughout the book. 
Students should know the meaning of each of the key terms and be able to answer the re-
view questions if they have read and understood the chapter material. Each of the exercises 
requires students to apply the chapter concepts to a small problem or task.

The first of the projects, Garden Glory, concerns the development and use of a database 
for a partnership that provides gardening and yard maintenance services to individuals and 
organizations. The second project, James River Jewelry, addresses the need for a database 
to support a frequent-buyer program for a retail store. The third project, The Queen Anne 
Curiosity Shop, concerns the sales and inventory needs of a retail business. These three 
projects appear in all of the book’s chapters (although the actual text of the James River 
Jewelry project is found in online Appendix D). In each instance, students are asked to 
apply the project concepts from the chapter. Instructors will find more information on the 
use of these projects in the instructor’s manual and can obtain databases and data from the 
password-protected instructor’s portion of this book’s Web site (www.pearsonhighered 
.com/kroenke).

Key Terms, Review Questions, Exercises, Cases, and Projects

Just as we have treated our discussions in a DBMS-agnostic way, whenever possible, we have 
selected software to be as operating system independent as possible. It is amazing how much 
excellent software is available online. Many major DBMS vendors provide free versions of their 
premier products (for example, Microsoft’s SQL Server Express edition, Oracle Corporation’s 
Oracle Database Express Edition, and MySQL Community Server). Web editors and inte-
grated development environments (IDEs) are also available (for example, Eclipse, NetBeans, 
and Visual Studio Express edition). PHP, considered the fourth most commonly used program-
ming language, is downloadable for use with many operating systems and Web servers.

So although the examples in this book were created using a Microsoft operating 
system, SQL Server 2014 Express edition, Microsoft Access 2013, Microsoft Excel 2013, 
and the IIS Web Server, most of them could just as easily be accomplished using Linux, 
MySQL Server Community edition, Apache OpenOffice Base, Appache OpenOffice Calc, 
and the Apache Web server. Some software products used in the book, such as PHP and 
NetBeans, are available for multiple operating systems.

Software Used in the Book

www.pearsonhighered.com/kroenke
www.pearsonhighered.com/kroenke
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Over the past 30-plus years, we have found the development of databases and database 
applications to be an enjoyable and rewarding activity. We believe that the number, size, 
and importance of databases will increase in the future and that the field will achieve even 
greater prominence. It is our hope that the concepts, knowledge, and techniques presented 
in this book will help students to participate successfully in database projects now and for 
many years to come.

The most significant change in this edition is the coverage of the rapidly evolving use of 
Big Data and the associated NoSQL movement. The need to be able to store and process 
extremely large datasets is transforming the database world. Although these developments 
leave the database fundamentals covered in this book unchanged, they do require us to put 
the relational databases that are the core of this text into the context of the overall database 
picture and to provide the reader with an understanding of the nonrelational structured 
storage used in the Big Data environment. Therefore, Chapter 8 is now organized around 
the topic of Big Data, and the topics of data warehouses, clustered database servers, dis-
tributed databases, and an introduction to business intelligence (BI) systems find a natural 
home in that chapter. To provide additional coverage of Big Data, Appendix K has been 
added to allow a discussion in more depth than the page limitations of the book allow. For 
those wanting the same coverage of BI found in the previous edition of Database Concepts, 
we have moved BI material that no longer fit in Chapter 8 to Appendix J.

Finally, we have maintained the chapter-independent Case Question sets we added 
in the sixth edition. Although the chapter projects tie the topics in each chapter together, 
the case questions do not require the student to have completed work on the same case in 
a previous chapter or chapters. There is one intentional exception that spans Chapters 4 
and 5 that ties data modeling and database design together, but each of these chapters also 
includes a standalone case. Although in some instances the same basic named case may be 
used in different chapters, each instance is still completely independent of any other in-
stance, and we provide needed Microsoft Access 2013 database and SQL scripts at the text 
Web site at www.pearsonhighered.com/kroenke.

We have, of course, also updated information on all the other products in the book. 
In particular, we cover the newly released Microsoft SQL Server 2014 and MySQL 5.6 
Community Server.

We have kept and improved upon several features introduced in earlier editions of the 
book:

•	 The use of “The Access Workbench” sections in each chapter to provide coverage 
of Microsoft Access fundamentals now includes Microsoft Access switchboards 
(Appendix H, “The Access Workbench—Section H—Microsoft Access 2013 
Switchboards,” available online).

•	 Introductions to the use of Microsoft SQL Server 2014 Express Edition 
(Appendix A, “Getting Started with Microsoft SQL Server 2014 Express Edition,” 
available online), Oracle Database Express Edition 11g Release 2 (Appendix B, 
“Getting Started with Oracle Database Express Edition 11g Release 2,” available 
online) and Oracle MySQL 5.6 Community Server (Appendix C, “Getting Started 
with MySQL 5.6 Community Server,” available online).

•	 The use of fully developed datasets for the three example databases that run 
throughout various portions of the book—Wedgewood Pacific Corporation, 
Heather Sweeney Designs, and Wallingford Motors.

•	 The use of the PHP scripting language, now used in the NetBeans IDE, in the Web 
database processing topics now includes code for Web page input forms.

•	 Coverage of the dimensional database model is maintained in the restructured 
Chapter 8, together with coverage of OLAP.

Changes from the Sixth Edition

www.pearsonhighered.com/kroenke
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In order to make room for this new material, we have had to move some valuable mate-
rial previously found in the book itself to online appendices. This includes the James 
River Jewelry set of project questions, which is now in online Appendix D, “James River 
Jewelry Project Questions,” the material on SQL Views is now in online Appendix E, 
“SQL Views, SQL/PSM, and Importing Data” with additional material on SQL Persistent 
Stored Modules (SQL/PSM) and how to import Microsoft Excel data. The business intel-
ligence systems material on reporting systems and data mining is now in online Appendix J 
“Business Intelligence Systems.”

This textbook consists of 8 chapters and 11 appendices (all of which are readily available 
online at www.pearsonhighered.com/kroenke). Chapter 1 explains why databases are 
used, what their components are, and how they are developed. Students will learn the 
purpose of databases and their applications, as well as how databases differ from and im-
prove on lists in spreadsheets. Chapter 2 introduces the relational model and defines basic 
relational terminology. It also introduces the fundamental ideas that underlie normalization 
and describe the normalization process.

Chapter 3 presents fundamental SQL statements. Basic SQL statements for data defi-
nition are described, as are SQL SELECT and data modification statements. No attempt 
is made to present advanced SQL statements; only the essential statements are described. 
Online Appendix E adds coverage of SQL views.

The next two chapters consider database design. Chapter 4 addresses data model-
ing, using the entity-relationship (E-R) model. This chapter describes the need for data 
modeling, introduces basic E-R terms and concepts, and presents a short case application 
(Heather Sweeney Designs) of E-R modeling. Chapter 5 describes database design and ex-
plains the essentials of normalization. The data model from the case example in Chapter 4 
is transformed into a relational design in Chapter 5.

In this edition, we continue to use the more effective discussion of normalization 
added in an earlier edition. We have presented a prescriptive procedure for normalizing 
relations through the use of a four-step process. This approach not only makes the normal-
ization task easier, it also makes normalization principles easier to understand. Therefore, 
this approach has been retained in this edition. For instructors who want a bit more detail 
on normal forms, short definitions of most normal forms are included in Chapter 5.

The last three chapters consider database management and the uses of databases in 
applications. Chapter 6 provides an overview of database administration. The case example 
database is built as a functioning database, and it serves as the example for a discussion of 
the need for database administration. The chapter surveys concurrency control, security, 
and backup and recovery techniques. Database administration is an important topic be-
cause it applies to all databases, even personal, single-user databases. In fact, in some ways 
this topic is more important for those smaller databases because no professional database 
administrator is present to ensure that critical tasks are performed.

Chapter 7 introduces the use of Web-based database processing, including a discus-
sion of Open Database Connectivity (ODBC) and the use of the PHP scripting language. It 
also discusses the emergence and basic concepts of Extensible Markup Language (XML).

Chapter 8 discusses the emerging world of Big Data and the NoSQL movement. 
Business intelligence (BI) systems and the data warehouse architectures that support them 
are discussed, but many details of BI systems have been moved to online Appendix J. 
Chapter 8 also discusses dimensional databases. The chapter also walks through how to 
build a dimensional database for Heather Sweeney Designs and then use it to produce a 
PivotTable Online Analytical Processing (OLAP) report. Chapter 8 also provides a discus-
sion of distributed databases and object-relational databases.

Appendix A provides a short introduction to Microsoft SQL Server 2014 Express 
Edition, Appendix B provides an introduction for Oracle Database Express Edition 11g 
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Release 2, and Appendix C provides a similar introduction for MySQL 5.6 Community 
Server. Microsoft Access is covered in “The Access Workbench” sections included in each 
chapter. Appendix D now contains the James River Jewelry project questions, and the mate-
rial on SQL views is located in Appendix E. Appendix F provides an introduction to systems 
analysis and design and can be used to provide context for Chapter 4 (data modeling) and 
Chapter 5 (database design)—although in this book we focus on databases, databases are 
used in applications. Appendix F describes the application development process in more de-
tail. Appendix G is a short introduction to Microsoft Visio 2013, which can be used as a tool 
for data modeling (Chapter 4) and database design (Chapter 5). Another useful database 
design tool is the MySQL Workbench, and this use of the MySQL Workbench is discussed 
in Appendix C. Appendix H extends Chapter 5’s section of “The Access Workbench” by 
providing coverage of Microsoft Access 2013 switchboards. Appendix I provides detailed 
support for Chapter 7 by giving detailed instructions on getting the Microsoft IIS Web 
server, PHP, and the NetBeans IDE up and running. Appendix J provides additional mate-
rial on business intelligence (BI) systems to supplement and support Chapter 8 by giving 
details on report systems and data mining. Finally, Appendix K provides additional material 
on Big Data and NoSQL databases to supplement and support Chapter 8.

In order to keep Database Concepts up to date between editions, we post updates on the 
book’s Web site at www.pearsonhighered.com/kroenke as needed. Instructor resources 
and student materials are also available on the site, so be sure to check it from time to time.

Keeping Current in a Rapidly Changing World
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Part 1 Database Fundamentals

P art I introduces fundamental concepts and 
techniques  of relational database management. 
Chapter 1 explains database technology, discusses 

why databases are used, and describes the components of a 
database system. Chapter 2 introduces the relational model 
and defines key relational database terms. It also presents 
basic principles of relational database design. Chapter 3 
presents Structured Query Language, an international stan-
dard for creating and processing relational databases.

After you have learned these fundamental database 
concepts, we will focus on database modeling, design, and 
implementation in Part II. Finally, we will discuss database 
management, Web database applications, Big Data, and 
business intelligence (BI) systems in Part III.
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•	 Identify the purpose and scope  
of this book

•	 Know the potential problems with lists

•	 Understand the reasons for using  
a database

•	 Understand how using related tables 
helps you avoid the problems of using 
lists

•	 Know the components of a database 
system

•	 Learn the elements of a database

•	 Learn the purpose of a database 
management system (DBMS)

•	 Understand the functions of a database 
application

•	 Introduce nonrelational databases

Chapter Objectives

Chapter 1

K nowledge of database technology increases in 
importance every day. Databases are used every-
where: They are key components of e-commerce 

and other Web-based applications. They lay at the heart of 
organization-wide operational and decision support applica-
tions. Databases are also used by thousands of work groups 
and millions of individuals. It is estimated that there are 
more than 10 million active databases in the world today.

The purpose of this book is to teach you the essential 
relational database concepts, technology, and techniques 
that you need to begin a career as a database developer. 
This book does not teach everything of importance in 
relational database technology, but it will give you suf-
ficient background to be able to create your own personal 
databases and to participate as a member of a team in the 
development of larger, more complicated databases. You 
will also be able to ask the right questions to learn more on 
your own.

In this first chapter, we investigate the reasons for 
using a relational database. We begin by describing some 
of the problems that can occur when using lists. Using a 
series of examples, we illustrate how using sets of related 
tables helps you to avoid those problems. Next, we de-
scribe the components of a database system and explain 
the elements of a database, the purpose of the database 
management system (DBMS), and the functions of a da-
tabase application. Finally, we introduce nonrelational 
databases.

Getting Started
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A database is used to help people keep track of things. You might wonder why we need a 
special term (and course) for such technology when a simple list could serve the same pur-
pose. Many people do keep track of things by using lists, and sometimes such lists are valu-
able. In other cases, however, simple lists lead to data inconsistencies and other problems.

In this section, we examine several different lists and show some of these problems. As 
you will see, we can solve the problems by splitting lists into tables of data. Such tables are 
the key components of a database. A majority of this text concerns the design of such tables 
and techniques for manipulating the data they contain.

Problems with Lists
Figure 1-1 shows a simple list of student data, named the Student List,1 stored in a spread-
sheet. The Student List is a very simple list, and for such a list a spreadsheet works quite well. 
Even if the list is long, you can sort it alphabetically by last name, first name, or email address 
to find any entry you want. You can change the data values, add data for a new student, or 
delete student data. With a list like the Student List in Figure 1-1, none of these actions is 
problematic, and a database is unnecessary. Keeping this list in a spreadsheet is just fine.

Suppose, however, we change the Student List by adding adviser data, as shown in 
Figure 1-2. You can still sort the new Student with Adviser List in a number of ways to 
find an entry, but making changes to this list causes modification problems. Suppose, 
for example, that you want to delete the data for the student Chip Marino. As shown in 
Figure 1-3, if you delete the seventh row you not only remove Chip Marino’s data, you 
also remove the fact that there is an adviser named Tran and that Professor Tran’s email 
address is Ken.Tran@ourcampus.edu.

Similarly, updating a value in this list can have unintended consequences. If, for ex-
ample, you change AdviserEmail in the eighth row, you will have inconsistent data. After 
the change, the fifth row indicates one email address for Professor Taing, and the eighth 
row indicates a different email address for the same professor. Or is it the same professor? 
From this list, we cannot tell if there is one Professor Taing with two inconsistent email ad-
dresses or whether there are two professors named Taing with different email addresses. By 
making this update, we add confusion and uncertainty to the list.

Figure 1-1

The Student List in  
a Spreadsheet

1In order to easily identify and reference the lists being discussed, we capitalize the first letter of each word 
in the list names in this chapter. Similarly, we capitalize the names of the database tables associated with 
the lists.

Figure 1-2

The Student with 
Adviser List

Why Use a Database?
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Finally, what do we do if we want to add data for a professor who has no advisees? For ex-
ample, Professor George Green has no advisees, but we still want to record his email address. 
As shown in Figure 1-3, we must insert a row with incomplete values, called null values, in 
the database field. In this case, the term null value means a missing value, but there are other 
meanings of the term null value that are used when working with databases. We will discuss 
the problems of null values in detail in the next chapter, where we will show that null values 
are always problematic and that we want to avoid them whenever possible.

Now, what exactly happened in these two examples? We had a simple list with three 
columns, added two more columns to it, and thereby created several problems. The 
problem is not just that the list has five columns instead of three. Consider a different list 
that has five columns: the Student with Residence List shown in Figure 1-4. This list has 
five columns, yet it suffers from none of the problems of the Student with Adviser List in 
Figure 1-3.

In the Student with Residence List in Figure 1-4, we can delete the data for student Chip 
Marino and lose only data for that student. No unintended consequences occur. Similarly, we 
can change the value of Residence for student Tzu Lai without introducing any inconsistency. 
Finally, we can add data for student Garret Ingram and not have any null values.

An essential difference exists between the Student with Adviser List in Figure 1-3 and 
the Student with Residence List in Figure 1-4. Looking at those two figures, can you de-
termine the difference? The essential difference is that the Student with Residence List in 
Figure 1-4 is all about a single thing: All the data in that list concern students. In contrast, 
the Student with Adviser List in Figure 1-3 is about two things: Some of the data concern 
students and some of the data concern advisers. In general, whenever a list has data about 
two or more different things modification problems will result.

To reinforce this idea, examine the Student with Adviser and Department List in 
Figure 1-5. This list has data about three different things: students, advisers, and depart-
ments. As you can see in the figure, the problems with inserting, updating, and deleting 
data just get worse. A change in the value of AdviserLastName, for example, might 

Deleted row—too 
much data lost

Changed row—
inconsistent data

Inserted row—
data missing

Figure 1-3

Modification Problems in the Student with Adviser List

Inserted row—
data OK

Changed row—no
inconsistent data

Deleted row—no
data loss

Figure 1-4

The Student with Residence List
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necessitate a change in only AdviserEmail, or it might require a change in AdviserEmail, 
Department, and AdminLastName. As you can imagine, if this list is long—for example, 
if the list thousands of rows—and if several people process it, the list will be a mess in a 
very short time.

Using Relational Database Tables
The problems of using lists were first identified in the 1960s, and a number of different tech-
niques were developed to solve them. Over time, a methodology called the relational model 
emerged as the leading solution, and today almost every commercial database is based on 
the relational model. We will examine the relational model in detail in Chapter 2. Here, 
however, we introduce the basic ideas of the relational model by showing how it solves the 
modification problems of lists.

Remember your eighth-grade English teacher? He or she said that a paragraph should 
have a single theme. If you have a paragraph with more than one theme, you need to break 
it up into two or more paragraphs, each with a single theme. That idea is the foundation of 
the design of relational databases. A relational database contains a collection of separate 
tables. A table holds data about one and only one theme in most circumstances. If a table 
has two or more themes, we break it up into two or more tables.

If Adviser Baker is changed to Taing, 
we need to change AdviserEmail as
well. If changed to Valdez, we need to
change AdviserEmail, Department, and
AdminLastName.

Deleted row—Student, Adviser, and 
Department data lost

Inserted row—both Student and Adviser
data missing

Figure 1-5

The Student with Adviser and Department List

A table and a spreadsheet (also known as a worksheet) are very similar in 
that you can think of both as having rows, columns, and cells. The details 
that define a table as something different from a spreadsheet are discussed 
in Chapter 2. For now, the main differences you see are that tables have 
column names instead of identifying letters (for example, Name instead 
of A) and that the rows are not necessarily numbered.

BTW
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A Relational Design for the Student with Adviser List  The Student with 
Adviser List in Figure 1-2 has two themes: students and advisers. If we put this data into a 
relational database, we place the student data in one table named STUDENT and the ad-
viser data in a second table named ADVISER.

STUDENT data linked
to ADVISER data via
AdviserLastName

Figure 1-6

The Adviser and Student Tables

In this book, table names appear in all capital, or uppercase, letters 
(STUDENT, ADVISER). Column names have initial capitals (Phone, 
Address), and where column names consist of more than one word the 
initial letter of each word is capitalized (LastName, AdviserEmail).

BTW

We still want to show which students have which advisers, however, so we leave 
AdviserLastName in the ADVISER table. As shown in Figure 1-6, the values of 
AdviserLastName now let us link rows in the two tables to each other.

Now consider possible modifications to these tables. As you saw in the last section, 
three basic modification actions are possible: insert, update, and delete. To evaluate a de-
sign, we need to consider each of these three actions. As shown in Figure 1-7, we can insert, 
update, and delete in these tables with no modification problems.

For example, we can insert the data for Professor Bill Yeats by just adding his data 
to the ADVISER table. No student references Professor Yeats, but this is not a problem. 
Perhaps a student will have Professor Yeats as an adviser in the future. We can also update 
data values without unintended consequences. The email address for Professor Susan 
Taing can be changed to Sue.Taing@ourcampus.edu, and no inconsistent data will result 
because Professor Taing’s email address is stored just once in the ADVISER table. Finally, 
we can delete data without unintended consequences. For example, if we delete the data 
for student Chip Marino from the STUDENT table, we lose no adviser data.

A Relational Design for the Student with Adviser and Department List  We 
can use a similar strategy to develop a relational database for the Student with Adviser and 
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Department List shown in Figure 1-5. This list has three themes: students, advisers, and 
departments. Accordingly, we create three tables, one for each of these three themes, as 
shown in Figure 1-8.

As illustrated in Figure 1-8, we can use AdviserLastName and Department to link 
the tables. Also, as shown in this figure, this set of tables does not have any modification 
problems. We can insert new data without creating null values, we can modify data without 

Changed data—data 
remains consistent

Inserted data—no 
STUDENT data 
required

Deleted data—no
ADVISER data lost

Figure 1-7

Modifying the Adviser and Student Tables

Can change 
STUDENT Adviser 
name as needed—
new value is linked to
its own data

Can delete
STUDENT data as
needed—no
DEPARTMENT or
ADVISER data lost

Can insert 
DEPARTMENT
data as needed—
no ADVISER or
STUDENT data
required

Figure 1-8

The Department, Adviser, and Student Tables
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creating inconsistencies, and we can delete data without unintended consequences. Notice 
in particular that when we add a new row to DEPARTMENT we can add rows in 
ADVISER, if we want, and we can add rows in STUDENT for each of the new rows in 
ADVISER, if we want. However, all these actions are independent. None of them leaves 
the tables in an inconsistent state.

Similarly, when we modify an AdviserLastName in a row in STUDENT, we automati-
cally pick up the adviser’s correct first name, email address, and department. If we change 
AdviserLastName in the first row of STUDENT to Taing, it will be connected to the row in 
ADVISER that has the correct AdviserFirstName, AdviserEmail, and Department values. 
If we want, we can also use the value of Department in ADVISER to obtain the correct 
DEPARTMENT data. Finally, notice that we can delete the row for student Marino with-
out a problem.

As an aside, the design in Figure 1-8 has removed the problems that occur when modify-
ing a list, but it has also introduced a new problem. Specifically, what would happen if we de-
leted the first row in ADVISER? Students Andrews and Fischer would have an invalid value 
of AdviserLastName because Professor Baker would no longer exist in the ADVISER table. 
To prevent this problem, we can design the database so that a deletion of a row is not allowed 
if other rows depend on it, or we can design it so that the dependent rows are deleted as well. 
We are skipping way ahead here; however, we will discuss such issues in later chapters.

A Relational Design for Art Course Enrollments  To fix in your mind the ideas 
we have been examining, consider the Art Course List in Figure 1-9, which is used by 
an art school that offers art courses to the public. This list has modification problems. 
For example, suppose we change the value of CourseDate in the first row. This change 
might mean that the date for the course is changing, in which case the CourseDate values 
should be changed in other rows as well. Alternatively, this change could mean that a new 
Advanced Pastels (Adv Pastels) course is being offered. Either is a possibility.

As with the previous examples, we can remove the problems and ambiguities by 
creating a separate table for each theme. However, in this case the themes are more dif-
ficult to determine. Clearly, one of the themes is customer and another one is art course. 
However, a third theme exists that is more difficult to bring to light. The customer has paid 
a certain amount toward a course. The amount paid is not a property of the customer be-
cause it varies depending on which course the customer is taking. For example, customer 
Ariel Johnson paid $250 for the Advanced Pastels (Adv Pastels) course and $350 for the 
Intermediate Pastels (Int Pastels) course. Similarly, the amount paid is not a property of 
the course because it varies with which customer has taken the course. Therefore, the third 
theme of this list must concern the enrollment of a particular student in a particular class. 
Figure 1-10 shows a design using three tables that correspond to these three themes—we 
name this set of three tables the Art Course Database.

Notice that the Art Course Database design assigns an ID column named 
CustomerNumber that assigns a unique identifying number to each row of CUSTOMER; 

How to enter the fee 
for a new course?

Consequences of 
changing this date?

Consequences of 
deleting this row?

Figure 1-9

The Art Course List with Modification Problems
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this is necessary because some customers might have the same name. Another ID column, 
named CourseNumber, has also been added to COURSE. This is necessary because some 
courses have the same name. Finally, notice that the rows of the ENROLLMENT table show 
the amount paid by a particular customer for a particular course and that the ID columns 
CustomerNumber and CourseNumber are used as linking columns to the other tables.

A Relational Design for Parts and Prices  Now let’s consider a more complicated 
example. Figure 1-11 shows a spreadsheet that holds the Project Equipment List used by 
a housing contractor named Carbon River Construction to keep track of the parts that it 
buys for various construction projects.

The first problem with this list concerns modifications to the existing data. Suppose 
your job is to maintain the Project Equipment List, and your boss tells you that cus-
tomer Elizabeth Barnaby changed her phone number. How many changes would you 
need to make to this spreadsheet? For the data in Figure 1-11, you would need to make 
this change 10 times. Now suppose the spreadsheet has 5,000 rows. How many changes 
might you need to make? The answer could be dozens, and you need to worry not only 
about the time this will take but also about the possibility of errors—you might miss her 
name in a row or two and fail to properly update her phone number in these rows.

Consider a second problem with this list. In this business, each supplier agrees to a 
particular discount for all parts it supplies. For example, in Figure 1-11 the supplier NW 
Electric has agreed to a 25 percent discount. With this list, every time you enter a new 
part quotation, you must enter the supplier of that part, along with the correct discount. If 

Can change COURSE
CourseDate without
problems

Can insert new
COURSE data as
needed

Can delete
ENROLLMENT
rows as needed—
no adverse
consequences

Figure 1-10

The Art Course Database Tables
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dozens or hundreds of suppliers are used, there is a chance that you will sometimes enter 
the wrong discount. If you do, the list will have more than one discount for one supplier—a 
situation that is incorrect and confusing.

A third problem occurs when you enter data correctly but inconsistently. The first row 
has a part named 200 Amp panel, whereas the 15th row has a part named Panel, 200 Amp. 
Are these two parts the same item, or are they different? It turns out that they are the same 
item, but they were named differently.

A fourth problem concerns partial data. Suppose you know that a supplier offers a 20 
percent discount, but Carbon River has not yet ordered from the supplier. Where do you 
record the 20 percent discount?

Just as we did for the previous examples, we can fix the Project Equipment List by 
breaking it up into separate tables. Because this list is more complicated, we need to 
use more tables. When we analyze the Project Equipment List, we find data about four 
themes: projects, items, price quotations, and suppliers. Accordingly, we create a database 
with four tables and relate those four tables using linking values, as before. Figure 1-12 
shows our four tables and their relationships—we will name this set of tables the Project 
Equipment Database.

In Figure 1-12, note that the QUOTE table holds a unique quote identifier (QuoteID), 
a quantity, a unit price, an extended price (which is equal to [quantity * unit price]), and 
three ID columns as linking values: ProjectID for PROJECT, ItemNumber for ITEM, and 
SupplierID for SUPPLIER.

Now if Elizabeth Barnaby changes her phone number we need to make that change 
only once—in the PROJECT table. Similarly, we need to record a supplier discount only 
once—in the SUPPLIER table.

Processing Relational Tables
By now, you may have a burning question: It may be fine to tear the lists up into pieces in 
order to eliminate processing problems, but what if the users want to view their data in 
the format of the original list? With the data separated into different tables, the users will 
have to jump from one table to another to find the information they want, and this jumping 
around will become tedious.

Figure 1-11

The Project Equipment 
List as a Spreadsheet
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This is an important question and one that many people addressed in the 1970s and 
1980s. Several approaches were invented for combining, querying, and processing sets of 
tables. Over time, one of those approaches, a language called Structured Query Language 
(SQL), emerged as the leading technique for data definition and manipulation. Today, 
SQL is an international standard. Using SQL, you can reconstruct lists from their underly-
ing tables; you can query for specific data conditions; you can perform computations on 
data in tables; and you can insert, update, and delete data.

Processing Tables by Using SQL  You will learn how to code SQL statements in 
Chapter 3. However, to give you an idea of the structure of such statements, let’s look at an 
SQL statement that joins the three tables in Figure 1-10 to produce the original Art Course 
List. Do not worry about understanding the syntax of this statement, just realize that it 
produces the result shown in Figure 1-13, which contains all the Art Course List data 
(although in a slightly different row order2).

SELECT	 CUSTOMER.CustomerLastName,
	 CUSTOMER.CustomerFirstName, CUSTOMER.Phone,
	 COURSE.CourseDate, ENROLLMENT.AmountPaid,
	 COURSE.Course, COURSE.Fee

FROM	 CUSTOMER, ENROLLMENT, COURSE

WHERE	 CUSTOMER.CustomerNumber = ENROLLMENT.CustomerNumber

AND	 COURSE.CourseNumber = ENROLLMENT.CourseNumber;

Figure 1-12

The Project Equipment Database Tables

2We will discuss how to sort data to control the row order in Chapter 3.
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As you will learn in Chapter 3, it is also possible to select rows, to order them, 
and to make calculations on row data values. Figure 1-14 shows the result of the SQL 
statement:

SELECT	 CUSTOMER.CustomerLastName,
	 CUSTOMER.CustomerFirstName, CUSTOMER.Phone,
	 COURSE.Course, COURSE.CourseDate, COURSE.Fee,
	 ENROLLMENT.AmountPaid,
	 (COURSE.Fee-ENROLLMENT.AmountPaid) AS AmountDue

FROM	 CUSTOMER, ENROLLMENT, CUSTOMER

WHERE	 CUSTOMER.CustomerNumber = ENROLLMENT.CustomerNumber

   AND	 COURSE.CourseNumber = ENROLLMENT.CourseNumber

   AND	 (COURSE.Fee - ENROLLMENT.AmountPaid) > 0

ORDER BY  CUSTOMER.CustomerLastName;

This SQL statement joins the Art Course Database tables together, computes the dif-
ference between the course Fee and the AmountPaid, and stores this result in a new 
column named AmountDue. The SQL statement then selects only rows for which 
AmountDue is greater than zero and presents the results sorted by CustomerLastName. 
Compare the data in Figure 1-13 with the results in Figure 1-14 to ensure that the re-
sults are correct.

Figure 1-13

Results of the SQL Query to Recreate the Art Course List

Figure 1-14

Results of the SQL Query to Compute Amount Due




