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PREFACE

The advent of database management systems for personal computers in the 1980s moved database manage-
ment beyond the realm of database professionals and into the hands of everyday users from all segments of
the population. A field once limited to highly trained users of large, mainframe, database-oriented applica-
tion systems became an essential productivity tool for such diverse groups as home computer owners, own-
ers of small businesses, and end-users in large organizations.

The major PC-based database software systems have continually added features to increase their ease of
use, allowing users to enjoy the benefits of database tools relatively quickly. Truly effective use of such a
product, however, requires more than just knowledge of the product itself, although that knowledge is obvi-
ously important. It requires a general knowledge of the database environment, including topics such as data-
base design, database administration, and application development using these systems. While the depth of
understanding required is certainly not as great for the majority of users as it is for the data processing pro-
fessional, a lack of any understanding in these areas precludes effective use of the product in all but the
most limited applications.

ABOUT THIS BOOK

This book is intended for anyone who is interested in gaining some familiarity with database management. It
is appropriate for students in introductory database classes in computer science or information systems
programs. It is appropriate for students in database courses in related disciplines, such as business, at either
the undergraduate or graduate level. Such students require a general understanding of the database
environment. In addition, courses introducing students of any discipline to database management have
become increasingly popular over the past few years, and this book is ideal for such courses. It is also appro-
priate for individuals considering purchasing a PC-based database package and who want to make effective
use of such a package.

This book assumes that you have some familiarity with computers; a single introductory course is all
the background that is required. While you need not have any background in programming to use this text
effectively, there are certain areas where some programming experience will allow you to explore topics in
more depth.

Changes to the Sixth Edition

The Sixth Edition includes the following new features and content:

e As in the Fifth Edition, the SQL material is covered using Microsoft Access. Also included are
generic forms of all examples that students can use on a variety of platforms, including Oracle
and, new to the Sixth Edition, MySQL. The Sixth Edition continues the two appendices that pro-
vide a useful reference for anyone wanting to use SQL effectively. Appendix B includes a com-
mand reference of all the SQL commands and operators that are taught in the chapters.
Students can use this appendix as a quick resource when constructing commands. Each com-
mand includes a short description, a table that shows the required and optional clauses and
operators, and an example and its results. Appendix C provides students with an opportunity to
ask a question, such as “How do I delete rows?,” and to identify the appropriate section in
Appendix B to use to find the answer. Appendix C is extremely valuable when students know
what they want to accomplish, but can’t remember the exact SQL command they need.

e In addition to the section of Review Questions, the end of each chapter includes three sets of
exercises—one featuring the Premiere Products database and the others featuring the Henry
Books database and the Alexamara Marina Group database—that give students “hands-on” expe-
riences with the concepts found in the chapter.
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e As in the previous edition, the Sixth Edition covers entity-relationship diagrams. The database
design material in the Sixth Edition includes a discussion of the entity-relationship model as a
database model. It also includes a discussion of a characterization of various types of primary
keys.

e The Sixth Edition contains expanded coverage of the important topics of stored procedures and
views.

e The Premiere Products, Henry Books, and Alexamara Marina Group databases are available in
Access 2000 format (the default database format for Access 2000, Access 2002, and Access 2003)
and in Access 2007 format on the Instructor’s Resource CD-ROM and at course.com. For those stu-
dents using database management systems that run scripts (such as Oracle and MySQL), the data
files also include the script files that create the tables and add the data to the tables in the databases
used in the book.

e For instructors who want to use an Access or SQL text as a companion to the Sixth Edition, the
Instructor’s Manual for this book includes detailed tips on integrating the Sixth Edition with
other books from Course Technology that cover Microsoft Access 2007 and SQL (for more infor-
mation, see the “Teaching Tools” section in this preface).

SPECIAL FEATURES

Detailed Coverage of the Relational Model, including Query-By-Example (QBE) and SQL

The book features detailed coverage of the important aspects of the relational model, including comprehen-
sive coverage of SQL. It also covers QBE and relational algebra as well as advanced aspects of the model,
such as views, the use of indexes, the catalog, and relational integrity rules.

Normalization Coverage

The Sixth Edition covers first normal form, second normal form, third normal form (Boyce-Codd normal
form), and fourth normal form. The text describes in detail the update anomalies associated with lower nor-
mal forms as part of the motivation for the need for higher normal forms. Finally, the book examines correct
and incorrect ways to normalize tables. This book specifically addresses this by showing students some of
the mistakes people can make in the normalization process, explaining why the approach is incorrect, dem-
onstrating the problems that would result from incorrect normalizations, and, most importantly, identifying
how to avoid these mistakes.

Views Coverage

This text covers the important topic of views. It discusses the creation and use of views as well as the advan-
tages of using views.

Database Design

The important process of database design is given detailed treatment. A highly useful method for designing
databases is presented and illustrated through a variety of examples. In addition to the method, this text
includes important design topics such as the use of survey forms, obtaining information by reviewing exist-
ing documents, special relationship considerations, and entity subtypes. Appendix A contains a comprehen-
sive design example that illustrates how to apply the complete design process to a large and complex set of
requirements. After mastering the design method presented in this text, students should be able to produce
correct database designs for future database requirements they encounter.

Functions Provided by a Database Management System

With such a wide range of features included in current database management systems, it is important for
students to know the functions that such systems should provide. These functions are presented and dis-
cussed in detail.
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Database Administration

While database administration (DBA) is absolutely essential in the mainframe environment, it is also impor-
tant in a personal computer environment, especially when the database is shared among several users. Thus,
this text includes a detailed discussion of the database administration function.

Database Management System Selection

The process of selecting a database management system is important, considering the number of available
systems from which to choose. Unfortunately, selecting the correct database management system is not an
easy task. To prepare students to be able to do an effective job in this area, the text includes a detailed dis-
cussion of the selection process together with a comprehensive checklist that greatly assists in making such
a selection.

Advanced Topics

The text also covers distributed database management systems, client/server systems, data warehouses,
object-oriented database management systems, Web access to databases, and XML. Each of these topics
encompasses an enormous amount of complex information, but the goal is to introduce students to these
important topics. The text also includes detailed coverage of stored procedures and triggers.

Glossary

The glossary included at the end of this text contains definitions to the key terms in the chapters.

Numerous Realistic Examples

The book contains numerous examples illustrating each of the concepts. A running “case” example—Pre-
miere Products—is used throughout the book to illustrate concepts. The examples are realistic and repre-
sent the kinds of problems students will encounter in the design, manipulation, and administration of
databases. Exercises that use the Premiere Products case are included at the end of each chapter. In addi-
tion, there is another complete set of exercises at the end of each chapter that feature a second and third
case—Henry Books and Alexamara Marina Group—giving students a chance to apply what they have learned
to a database that they have not seen in the chapter material.

Review Material

This text contains a wide variety of questions. At key points within the chapters, students are asked ques-
tions to reinforce their understanding of the material before proceeding. The answers to these questions fol-
low the questions. A summary and a list of key terms appear at the end of each chapter, followed by review
questions that test the students’ knowledge of the important points in the chapter and that occasionally test
their ability to apply what they have learned. The answers to the odd-numbered review questions are pro-
vided in Appendix D. Each chapter also contains hands-on exercises related to the Premiere Products, Henry
Books, and Alexamara Marina Group case examples.

Teaching Tools

When this book is used in an academic setting, instructors may obtain the following teaching tools from
Course Technology through their sales representative or by visiting course.com:

¢ Instructor’s Manual The Instructor’s Manual has been carefully prepared and tested to ensure its
accuracy and dependability. The Instructor’s Manual includes suggestions and strategies for
using this text, including the incorporation of companion texts on Access or SQL for those
instructors who desire to do so. For instructors who want to use an Access or SQL text as a
companion to the Sixth Edition, the Instructor’s Manual for this book includes detailed tips on
integrating the Sixth Edition with the following books, also published by Course Technology:
New Perspectives on Microsoft Office Access 2007—Comprehensive, Nexw Perspectives on
Microsoft Office Access 2007—Introductory, and New Perspectives on Microsoft Office Access
2007—-Brief, by Adamski and Finnegan; Microsoft Office Access 2007: Introductory Concepts
and Techniques, Microsoft Office Access 2007: Complete Concepts and Techniques, and

PREFACE
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Microsoft Office Access 2007: Comprehensive Concepts and Techniques, by Shelly, Cashman,
Pratt, and Last; A Guide to SQL, Sixth Edition, by Pratt; and A Guide to MySQL, by Pratt and
Last.

¢ Data and Solution Files Data and solution files are available at www.course.com and on the
Instructor’s Resource CD-ROM. Data files consist of copies of the Premiere Products, Henry
Books, and Alexamara Marina Group databases in Access 2000 and Access 2007 format and
script files to create the tables and data in these databases in other systems, such as Oracle and
MySQL.

e ExamView® This text is accompanied by ExamView, a powerful testing software package that
allows instructors to create and administer printed, computer (LAN-based), and Internet exams.
ExamView includes hundreds of questions that correspond to the topics covered in this text,
enabling students to generate detailed study guides that include page references for further
review. The computer-based and Internet testing components allow students to take exams at
their computers, and also save the instructor time by grading each exam automatically.

e PowerPoint Presentations Microsoft PowerPoint slides are included for each chapter as a teach-
ing aid for classroom presentations, to make available to students on a network for chapter
review, or to be printed for classroom distribution. Instructors can add their own slides for addi-
tional topics they introduce to the class. The presentations are included on the Instructor’s CD.

e Figure Files Figure files are included so that instructors can create their own presentations
using figures appearing in the text.

ORGANIZATION OF THE TEXTBOOK

This text includes nine chapters covering general database topics that are relevant to any database manage-
ment system. A brief description of the organization of topics in the chapters and an overview each chapter’s
contents follows.

Introduction

Chapter 1 provides a general introduction to the field of database management.

The Relational Model

The relational model is covered in detail in Chapters 2, 3, and 4. Chapter 2 covers the data definition and
manipulation aspects of the model using QBE and relational algebra. The text uses Microsoft Office Access
2007 to illustrate the QBE material. The relational algebra section includes the entire relational algebra.
(Note: The extra material on relational algebra is optional and can be omitted if desired.)

Chapter 3 is devoted exclusively to SQL. The SQL material is illustrated using Access, but the chapter
also includes generic versions of all examples that can be used with a variety of platforms, including Oracle
and MySQL.

Chapter 4 covers some advanced aspects of the relational model such as views, the use of indexes, the
catalog, relational integrity rules, stored procedures, and triggers.

Database Design

Chapters 5 and 6 are devoted to database design. Chapter 5 covers the normalization process, which enables
students to identify and correct bad designs. This chapter discusses and illustrates the use of first, second,
third, and fourth normal forms. (Note: The material on fourth normal form is optional and can be omitted if
desired.)

Chapter 6 presents a method for database design using many examples. The material includes entity-
relationship diagrams and their role in database design. It also includes discussions of several special design
issues as well as the use of survey forms, obtaining information by reviewing existing documents, special
relationship considerations, and entity subtypes. After completing Chapter 6, students can further challenge
themselves by completing Appendix A, which includes a comprehensive design example that illustrates the
application of the complete design process to a large and complex set of requirements. (Note: Chapters 5
and 6 can be covered immediately after Chapter 2 if desired.)
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Database Management System Functions

Chapter 7 discusses the features that should be provided by a full-functioned PC-based database manage-
ment system. This chapter includes coverage of journaling, forward recovery, backward recovery, authenti-
cation, and authorizations.

Database Administration

Chapter 8 is devoted to the role of database administration. Also included in this chapter is a discussion of
the process of selecting a database management system.

Database Management Approaches

Chapter 9 provides an overview of several advanced topics: distributed databases, client/server systems, Web
access to databases, XML and related document specification standards, data warehouses, and object-
oriented databases. This chapter has been expanded from the previous edition to include more details on
Web access to databases and XML.

GENERAL NOTES TO THE STUDENT

Embedded Questions

There are many places in the text where special questions have been embedded. Sometimes the purpose of
these questions is to ensure that you understand some crucial material before you proceed. In other cases,
the questions are designed to give you the chance to consider some special concept in advance of its actual
presentation. In all cases, the answers to these questions follow each question. You could simply read the
question and its answer. You will receive maximum benefit from the text, however, if you take the time to
work out the answers to the questions and then check your answer against the one provided before
continuing,.

End-of-Chapter Material

The end-of-chapter material consists of a summary, a list of key terms, review questions, and exercises for
the Premiere Products, Henry Books, and Alexamara Marina Group databases. The summary briefly
describes the material covered in the chapter. The review questions require you to recall and apply the
important material in the chapter. The answers to the odd-numbered review questions appear in Appendix
D. The Premiere Products, Henry Books, and Alexamara Marina Group exercises test your knowledge of the
chapter material; your instructor will assign one or more of these exercises for you to complete.

ACKNOWLEDGMENTS
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of this book. We appreciate the following individuals who reviewed the text and made many helpful
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CHAPTER
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Objectives
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e Introdu
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INTRODUCTION

In this chapter, you will examine the requirements of Premiere Products, a company that will be used in many examples in this
chapter and in the rest of the text. You will learn how Premiere Products initially stored its data, what problems employees
encountered with the storage method, and why management decided to use a database management system. Then you will
study the basic terminology and concepts of databases and database management systems, and learn the advantages and
disadvantages of database processing. Finally, you will examine the database requirements for Henry Books and Alexamara

Marina Group, the companies featured in the cases that appear at the end of each chapter.

PREMIERE PRODUCTS BACKGROUND

Premiere Products is a distributor of appliances, housewares, and sporting goods. Since its inception, the
company has used spreadsheet software to maintain customer, order, inventory, and sales representative (sales
rep) data. Management has determined that the company’s recent growth means it is no longer feasible to use
spreadsheets to maintain the firm’s data.

What has led the managers at Premiere Products to this decision? One of the company’s spreadsheets, shown
in Figure 1-1, displays sample order data and illustrates the company’s problems with the spreadsheet approach.
For each order, the spreadsheet displays the number and name of the customer placing the order; the num-
ber and date of the order; the number, description, number ordered, quoted price, and warehouse number of
the item ordered; and the number of the sales rep assigned to the customer. Note that the Ferguson’s order (order
number 21610) and the first Johnson’s Department Store order (order number 21617) appear in two rows
because these customers purchased two different items in their orders.
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Orders requiring more
than one spreadsheet row

Customer Order Part Part Number | Quoted Rep
Number | Customer Name | Number | Order Date | Number | Descriptio ered | Price ehouse | Number

FIGURE 1-1  Sample orders spreadsheet

Redundancy is one problem that employees have with the orders spreadsheet. Redundancy is the dupli-
cation of data or the storing of the same data in more than one place. In the orders spreadsheet, redun-
dancy occurs in the Customer Name column because the name of a customer is stored in more than one place.
All three rows for customer number 608, for example, store “Johnson’s Department Store” as the customer
name. In the orders spreadsheet, redundancy also occurs in other columns, such as the Order Date and Part
Description columns.

Q&A

Difficulty accessing related data is another problem that employees at Premiere Products encounter with
their spreadsheets. For example, if you want to see a customer’s address and a part’s standard price, you must
open and search other spreadsheets that contain this data.

Spreadsheets also have limited security features to protect data from being accessed by unauthorized users.
A spreadsheet’s data sharing features also prevent multiple employees from updating data in one spread-
sheet at the same time. Finally, if the increase in sales and growth at Premiere Products continues at its planned

Chapter 1
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rate, spreadsheets have inherent size limitations that will eventually force the company to split its order data
into multiple spreadsheets. Splitting the spreadsheets would create further redundancy.

Having decided to replace its spreadsheet software, management has determined that Premiere Products
must maintain the following information about its sales reps, customers, and parts inventory:

Premier

The sales rep number, last name, first name, address, total commission, and commission rate for
each sales rep.

The customer number, name, address, current balance, and credit limit for each customer, as well
as the number of the sales rep who represents the customer.

The part number, description, number of units on hand, item class, number of the warehouse
where the item is stored, and unit price for each part in inventory.

e Products must also store information about orders. Figure 1-2 shows a sample order.

PREMIERE
ORDER:21617 DATE:10/23/2010
PRODUCTS
CUSTOMER: 608 SALES REP: 65
Johnson’s Department Store Juan Perez
372 Oxford
Sheldon FL 33553
3
PART PART NUMBER
NUMBER DESCRIPTION ORDERED ERICE EOR

¢

Order Lin@-

BV06 Home Gym 2 794.95 | J1589.90
CD52 Microwave Oven 4 150.00 600.00 4 C@
Extensi@

Footing

ORDER TOTAL >> 2189.90

FIGURE 1-2

Sample order

The sample order has three components:

Premier

The pro
and retrieve

The heading (top) of the order contains the order number and date; the customer’s number, name,
and address; and the sales rep’s number and name.

The body of the order contains one or more order lines, sometimes called line items. Each order
line contains a part number, a part description, the number of units of the part ordered, and the
quoted price for the part. Each order line also contains a total, usually called an extension, which
is the result of multiplying the number ordered by the quoted price.

The footing (bottom) of the order contains the order total.

e Products must also store the following items for each customer’s order:

For each order, the company must store the order number, the date the order was placed, and the
number of the customer that placed the order. The customer’s name and address and the num-
ber of the sales rep who represents the customer are stored with customer information. The name
of the sales rep is stored with the sales rep information.

For each order line, the company must store the order number, the part number, the number of
units ordered, and the quoted price. Remember that the part description is stored with the infor-
mation about parts. The result of multiplying the number of units ordered by the quoted price is
not stored because the computer can calculate it when necessary.

The overall order total is not stored. Instead, the computer calculates the total whenever an order
is printed or displayed on the screen.

blem facing Premiere Products is common to many businesses and individuals that need to store
data in an efficient and organized way. Furthermore, most organizations are interested in more

Introduction to Database Management
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than one category of information. For example, Premiere Products is interested in categories such as sales reps,
customers, orders, and parts. A school is interested in students, faculty, and classes; a real estate agency is
interested in clients, houses, and agents; and a used car dealership is interested in customers, vehicles, and
manufacturers.

Besides wanting to store data that pertains to more than one category, Premiere Products is also inter-
ested in the relationships between the categories. For example, company employees want to be able to asso-
ciate orders with the customers that ordered them, the sales reps who coordinated the orders, and the parts
that the customers requested. Likewise, a real estate agency wants to know not only about clients, houses, and
agents, but also about the relationships between clients and houses (which clients have listed which houses
and which clients have expressed interest in which houses). A real estate agency also wants to know about the
relationships between agents and houses (which agent sold which house, which agent is listing which house,
and which agents are receiving commissions for which houses).

DATABASE BACKGROUND

After studying the alternatives to using spreadsheet software, Premiere Products decided to switch to a
database system. A database is a structure that contains information about many different categories of infor-
mation and about the relationships between those categories. The Premiere Products database, for example,
will contain information about sales reps, customers, orders, and parts. It will also provide facts that relate
sales reps to the customers they represent and customers to the orders they currently have placed.

With the use of a database, employees can enter the number of a particular order and find out which cus-
tomer placed the order, as well as which parts the customer ordered. Alternately, employees can start with a
customer and find all orders the customer placed, together with which parts the customer ordered and the
amount of the commission earned by the customer’s sales rep. Using a database, Premiere Products can not only
maintain its data better, but it can use the data in the database to produce a variety of reports and to answer
a variety of questions.

There are some terms and concepts in the database environment that are important for you to know. For
instance, the terms entity, attribute, and relationship are fundamental when discussing databases. An entity
is a person, place, object, event, or idea for which you want to store and process data. The entities of inter-
est to Premiere Products, for example, are sales reps, customers, orders, and parts.

An attribute is a characteristic or property of an entity. The term is used in this text exactly as it is used
in everyday English. For the entity person, for example, the list of attributes might include such things as eye
color and height. For Premiere Products, the attributes of interest for the entity customer are such things
as customer name, street, city, and so on. An attribute is also called a field or column in many database systems.

Figure 1-3 shows two entities, Rep (short for Sales Rep) and Customer, along with the attributes for each
entity. The Rep entity has nine attributes: RepNum, LastName, FirstName, Street, City, State, Zip, Commis-
sion, and Rate. The attributes are the same as the columns in a spreadsheet. The Customer entity has nine
attributes: CustomerNum, CustomerName, Street, City, State, Zip, Balance, CreditLimit, and RepNum.

—> Rep
| RepNum |LastName FirstName Street | City | State | Zip | Commission | Rate |
@ibutes
Entities >—
—> Customer
|(‘ Ni @ N: |Street City | State Zip | Balance CreditLimit | RepNum |

FIGURE 1-3 Entities and attributes
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The final key term is relationship. A relationship is an association between entities. There is an associa-
tion between reps and customers, for example, at Premiere Products. A rep is associated with all of his or her
customers, and a customer is associated with its rep. Technically, you say that a rep is related to all of his or
her customers, and a customer is related to its rep.

This particular relationship is called a one-to-many relationship because each rep is associated with many
customers, but each customer is associated with only one rep. In this type of relationship, the word many is
used differently than in everyday English; it might not always indicate a large number. In this context, for
example, the term many means that a rep can be associated with any number of customers. That is, a given
rep can be associated with zero, one, or more customers.

A one-to-many relationship often is represented visually in the manner shown in Figure 1-4. In such a dia-
gram, entities and attributes are represented in precisely the same way as they are shown in Figure 1-3. A line
connecting the entities represents the relationship. The one part of the relationship (in this case, Rep) does
not have an arrow on its end of the line, and the many part of the relationship (in this case, Customer) is indi-
cated by a single-headed arrow.

Rep

| RepNum | LastName FirstName

Street | City | State | Zip | Commission Rate |

Relationship

Zip | Balance

Customer

© C | Street

City | State

CreditLimit | RepNum |

FIGURE 1-4 One-to-many relationship

Spreadsheets, word-processed documents, Web pages, and other computer information sources are stored
in files. Basically, a file that is used to store data, which is often called a data file, is the computer counter-
part to an ordinary paper file you might keep in a file cabinet, an accounting ledger, or other place. A data-
base, however, is more than a file. Unlike a typical data file, a database can store information about multiple
entities. There is also another difference. A database holds information about the relationships among the vari-
ous entities. Not only will the Premiere Products database have information about both reps and customers,
it will also hold information relating reps to the customers they service, customers to orders, parts to orders,
and so on. Formally, the definition of a database is as follows:

Definition: A database is a structure that can store information about multiple types of entities, the attributes
of those entities, and the relationships between the entities.

How does a database handle entities, attributes of entities, and relationships between entities? Entities
and attributes are fairly simple. Each entity has its own table. In the Premiere Products database, for example,
there will be one table for reps, one table for customers, and so on. The attributes of an entity become the col-
umns in the table. In the table for reps, for example, there will be a column for the rep number, a column
for the rep last name, and so on.

What about relationships between entities? At Premiere Products, there is a one-to-many relationship
between reps and customers. (Each rep is related to the many customers that he or she represents, and each
customer is related to the one rep who represents the customer.) How is this relationship handled in a data-
base system? It is handled by using common columns in the two tables. Consider Figure 1-4 again. The Rep-
Num column in the Rep table and the RepNum column in the Customer table are used to implement the
relationship between reps and customers. Given a rep, you can use these columns to determine all the cus-
tomers that he or she represents; given a customer, you can use these columns to find the rep who repre-
sents the customer.

How will Premiere Products store its data in a database? Figure 1-5 shows sample data for Premiere
Products.

Introduction to Database Management
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Rep
- | RepNum | LastName | FirstName [ Strest [ City | State [Zip | Commission | Rate |

Customer

[ Customertum | CustomerName |Streot |Gty | State | 2p | Balance | CreditLimit|Rephum

Orders OrderLine

OrderNum CustomerNum |l OrderNum | PartNum_|NumOrdered

_U
Q
3

PartNum

FIGURE 1-5 Sample data for Premiere Products
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In the Rep table, you see that there are three reps whose numbers are 20, 35, and 65. The name of sales
rep 20 is Valerie Kaiser. Her street address is 624 Randall. She lives in Grove, FL, and her zip code is 33321.
Her total commission is $20,542.50, and her commission rate is 5% (0.05).

Premiere Products has 10 customers that are identified with the numbers 148, 282, 356, 408, 462, 524,
608, 687, 725, and 842. The name of customer number 148 is Al's Appliance and Sport. This customer’s address
is 2837 Greenway in Fillmore, FL, with a zip code of 33336. The customer’s current balance is $6,550.00, and
its credit limit is $7,500.00. The number 20 in the RepNum column indicates that Al's Appliance and Sport
is represented by sales rep 20 (Valerie Kaiser).

Skipping to the table named Part, you see that there are 10 parts, whose part numbers are AT94, BV0O6,
CD52, DL71, DR93, DW11, FD21, KL62, KT03, and KV29. Part AT94 is an iron, and the company has 50 units
of this part on hand. Irons are in item class HW (housewares) and are stored in warehouse 3. The price of an
iron is $24.95. Other item classes are AP (appliances) and SG (sporting goods).

Moving back to the table named Orders, you see that there are seven orders, which are identified with the num-
bers 21608, 21610, 21613, 21614, 21617, 21619, and 21623. Order number 21608 was placed on October 20,
2010, by customer 148 (Al's Appliance and Sport).

NOTE

The table named OrderLine might seem strange at first glance. Why do you need a separate table for the
order lines? Couldn’t the order lines be included in the Orders table? The answer is yes. The Orders table
could be structured as shown in Figure 1-6. Notice that this table contains the same orders as shown in
Figure 1-5, with the same dates and customers. In addition, each table row in Figure 1-6 contains all the order
lines for a given order. Examining the fifth row, for example, you see that order 21617 has two order lines. One
of the order lines is for two BV06 parts at $794.95 each, and the other order line is for four CD52 parts at
$150.00 each.

Orders

NumOrdered

FIGURE 1-6 Alternative Orders table structure

Q&A
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It might seem inefficient to use two rows to store information that can be represented in one row. There

is a problem, however, with the arrangement shown in Figure 1-6—the table is more complicated. In
Figure 1-5, there is a single entry at each position in the table. In Figure 1-6, some of the individual posi-
tions within the table contain multiple entries, thus making it difficult to track the information between
columns. In the row for order number 21617, for example, it is crucial to know that BV06 corresponds to
the 2 in the NumOrdered column (not to the 4) and that it corresponds to $794.95 in the QuotedPrice col-
umn (not to $150.00). In addition, having a more complex table means that there are practical issues to worry
about, such as:

e How much room do you allow for these multiple entries?

e What if an order has more order lines than you have allowed room for?

e Given a part, how do you determine which orders contain order lines for that part?

Certainly, none of these problems is unsolvable. These problems do add a level of complexity, however,
that is not present in the arrangement shown in Figure 1-5. In Figure 1-5, there are no multiple entries to worry
about, it doesn’t matter how many order lines exist for any order, and it is easy to find every order that con-
tains an order line for a given part (just look for all order lines with the given part number in the PartNum
column). In general, this simpler structure is preferable, which is why order lines appear in a separate table.

To test your understanding of the Premiere Products data, use the data shown in Figure 1-5 to answer the
following questions.

Question: What are the numbers of the customers represented by Valerie Kaiser?
Answer: 148, 524, and 842. (Look up the RepNum value for Valerie Kaiser in the Rep table and obtain the num-
ber 20. Then find all customers in the Customer table that have the number 20 in the RepNum column.)

Question: What is the name of the customer that placed order 21610, and what is the name of the rep who rep-
resents this customer?

Answer: Ferguson’s is the customer, and Juan Perez is the rep. (Look up the CustomerNum value in the Orders
table for order number 21610 and obtain the number 356. Then find the customer in the Customer table with
a CustomerNum value of 356. Using this customer’s RepNum value, which is 65, find the name of the rep

in the Rep table.)

Question: List all the parts that appear in order 21610. For each part, give the description, number ordered,
and quoted price.

Answer: Part number: DR93; part description: Gas Range; number ordered: 1; and quoted price: §8495.00. Also,
part number: DW11; part description: Washer; number ordered: 1; and quoted price: $399.99. (Look up each
OrderLine table row in which the order number is 21610. Each row contains a part number, the number
ordered, and the quoted price. Use the part number to look up the corresponding description in the Part table.)
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Question: Why is the QuotedPrice column part of the OrderLine table? Can’t you just use the part number
to look up the price in the Part table?

Answer: If the QuotedPrice column didn’t appear in the OrderLine table, you would need to obtain the price
for a part on an order line by looking up the price in the Part table. Although this might not be a bad prac-
tice, it prevents Premiere Products from charging different prices to different customers for the same part.
Because Premiere Products wants the flexibility to quote and charge different prices to different custom-

ers, the QuotedPrice column is included in the OrderLine table. If you examine the OrderLine table, you will
see cases in which the quoted price matches the actual price in the Part table and cases in which the quoted
price differs. For example, in order number 21608, Al's Appliance and Sport bought 11 irons, and Pre-
miere Products charged only $21.95 per iron, and not the regular price of $24.95.

A visual way to represent a database is with an entity-relationship (E-R) diagram. In an E-R diagram, rect-
angles represent entities, and lines represent relationships between connected entities. The E-R diagram for
the Premiere Products database appears in Figure 1-7.

Rep C
RepNum CustomerNum

LastName CustomerName

FirstName Street .

Street City An entity appears
City State

Sron Zip as a rectangle
Zip Balance

Commission CreditLimit

Rate RepNum

Line indicates a
Orders relationship

Part OrderNum
PartNum

OrderDate
CustomerNum

Column names
appear inside
rectangles

Description
OnHand
Class
Warehouse
Price

Absence of a dot

indicates the “one” part
of the relationship

OrderLine

OrderNum
PartNum

Dot indicates the
“many” part of the
relationship

NumOrdered
QuotedPrice

FIGURE 1-7 E-R diagram for the Premiere Products database

Each of the five entities in the Premiere Products database appears as a rectangle in the E-R diagram shown
in Figure 1-7. The name of each entity appears above the rectangle. The columns for each entity appear within
the rectangle. Because the Rep and Customer entities have a one-to-many relationship, a line connects these
two entities; similarly, a line connects the Customer and Orders entities, the Orders and OrderLine entities,
and the Part and OrderLine entities. The dot at the end of a line, such as the dot at the Customer end of the
line that connects the Rep and Customer entities, indicates the “many” part of the one-to-many relationship
between two entities. You will learn more about E-R diagrams in Chapter 6.

DATABASE MANAGEMENT SYSTEMS

Managing a database is inherently a complicated task. Fortunately, software packages, called database man-
agement systems, can do the job of manipulating databases for you. A database management system (DBMS)
is a program, or a collection of programs, through which users interact with a database. The actual manipu-
lation of the underlying database is handled by the DBMS. In some cases, users may interact with the DBMS
directly, as shown in Figure 1-8.
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User

FIGURE 1-8 Using a DBMS directly

In other cases, users may interact with programs such as those created with Visual Basic, Java, Perl, PHP,
or C++; these programs, in turn, interact with the DBMS, as shown in Figure 1-9. In either case, only the DBMS
actually accesses the database.

.Lﬂ =3

User

FIGURE 1-9 Using a DBMS through another program

With a DBMS, for example, users at Premiere Products can ask the system to find data about part KV29;
the system will either locate the part and provide the data or display a message that no such part exists in the
database. All the work involved in this task is performed by the DBMS. If part KV29 is in the database, users then
can ask for the order lines that contain the part; and again the system will perform all the work involved in
locating the order lines. Likewise, when users add data about a new customer to the database, the DBMS per-
forms all the tasks necessary to ensure that the customer data is added and that the customer is related to the
appropriate rep.

Popular DBMSs include Access, Oracle, DB2, MySQL, and SQL Server. Because Premiere Products uses
the Microsoft Office suite of programs, which includes Access, management elects to use Access as its DBMS
initially. Using the tables shown in Figure 1-5 as the starting point, a database expert at Premiere Products
determines the structure of the required database—this process is called database design. Then this person
enters the design in the DBMS and creates several forms, which are screen objects used to maintain, view,
and print data from a database. Employees then begin to enter data.

The form that employees use to process part data is shown in Figure 1-10. Using this form, employees can
enter a new part; view, change, or delete an existing part; and print the information for a part. No one at Pre-
miere Products needs to write a program to create this form; instead, the DBMS creates the form based on
answers provided in response to the DBMS’s questions about the form’s content and appearance.

Chapter 1



(c) ketabton.com: The Digital Library

r R
> PartM urm AT94
Deescription (lran |
—»4 OrHand ’
E ¥<—{ Field values
Class Hiwf
W arehousze [3:|
LF'riu:e $24.95 J

FIGURE 1-10 Part form

In this same way, the DBMS creates the other forms that Premiere Products needs. A more complicated
form for processing order data is shown in Figure 1-11. This form displays data about an order and its order
lines, using data from the Orders table and related data from the OrderLine table.

i r
4 OrderMurm 21610
}-»{ OrderD ate 10/20/2010

Fields from
the Orders table

Fields from the

CustormerMum OrderlLine table

.

[ Parthum - | NumOrdered - | QuotedPrice - |
DR93 | 1| $495.00 |
DW11 | 1) $399.99 |

* ! | !

Record: M < [1of2 | » M b | § loFiter | Search i

FIGURE 1-11  Orders form

Premiere Products can create the reports it needs in a similar way—the DBMS asks questions about the
desired content and appearance of each report and then creates the reports automatically based on the
answers. The Parts report, listing each part in stock, is shown in Figure 1-12.
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Parts

PartNum Description OnHand Class Warehouse Price

AT94 Iron 50 HW 3 $24.95
BV06 Home Gym 45 SG 2 $794.95
CD52 Microwave Oven 32 AP 1 $165.00
DL71 Cordless Drill 21 HW 3 $129.95
DR93 Gas Range 8 AP 2 $495.00
DW11 Washer 12 AP 3 $399.99
FD21 Stand Mixer 22 HW 3 $159.95
KL62 Dryer 12 AP 1 $349.95
KT03 Dishwasher 8 AP 3 $595.00
Kv29 Treadmill 9 SG 2 $1,390.00

FIGURE 1-12  Parts report

ADVANTAGES OF DATABASE PROCESSING

The database approach to processing offers nine clear advantages over alternative data management methods.
These advantages are listed in Figure 1-13 and are discussed on the following pages.

Getting more information from the same amount of data
Sharing data

Balancing conflicting requirements

Controlling redundancy

Facilitating consistency
Improving integrity

Expanding security

Increasing productivity

VONOUILAWN=S

Providing data independence

FIGURE 1-13  Advantages of database processing
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Getting more information from the same amount of data. The primary goal of a computer sys-
tem is to turn data (recorded facts) into information (the knowledge gained by processing those facts).
In a nondatabase, file-oriented environment, data often is partitioned into several disjointed sys-
tems, with each system having its own collection of files. Any request for information that necessi-
tates accessing data from more than one of these collections can be extremely difficult. In some
cases, for all practical purposes, it is impossible. Thus, the desired information is unavailable—it has
been stored in the computer, but it is scattered across multiple files. When all the data for the vari-
ous systems is stored in a single database, however, the information becomes available. Given the
power of a DBMS, the information is available, and the process of getting it is quick and easy.
Sharing data. The data of various users can be combined and shared among authorized users,
allowing all users access to a greater pool of data. Several users can have access to the same piece
of data—for example, a customer’s address—and still use it in a variety of ways. When one user
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changes a customer’s address, the new address immediately becomes available to all users. In addi-
tion, the existing data can be used in new ways, such as generating new types of reports, with-
out having to create additional data files, as is the case in the nondatabase approach.

Balancing conflicting requirements. For the database approach to function adequately within
an organization, a person or group should be in charge of the database, especially if the data-
base will serve many users. This person or group is often called the database administrator or
database administration (DBA), respectively. By keeping the overall needs of the organization
in mind, a DBA can structure the database in such a way that it benefits the entire organization,
not just a single group. Although this approach might mean that an individual user group is served
less well than it would have been if it had its own isolated system, the organization as a whole is bet-
ter off. Ultimately, when the organization benefits, so do the individual groups of users.
Controlling redundancy. With database processing, data that formerly was kept separate in a
nondatabase, file-oriented system is integrated into a single database; so multiple copies of the
same data no longer exist. With the nondatabase approach, each user group at Premiere Prod-
ucts has its own copy of each customer’s address. With the database approach, each custom-
er’s address would occur only once, thus eliminating redundancy.

Eliminating redundancy not only saves space but also makes the process of updating data
much simpler. With the database approach, changing a customer’s address means making one
change. With the nondatabase approach, in which data for each customer might be stored in
three different places, the same address change means that three changes have to be made.

Although eliminating redundancy is the ideal, it is not always possible. Sometimes, for rea-
sons having to do with performance, you might choose to introduce a limited amount of redun-
dancy into a database. However, even in these cases, you would be able to keep the redundancy
under tight control, thus obtaining the same advantages. This is why it is better to say that you con-
trol redundancy rather than eliminate it.

Facilitating consistency. Suppose an individual customer’s address appears in more than one
place. Customer 148, for example, might be listed at 2837 Greenway in one place and at 2856 Wis-
ner in another place. In this case, the data for the customer is inconsistent. Because the poten-
tial for this sort of problem is a direct result of redundancy and because the database approach
reduces redundancy, there is less potential for this sort of inconsistency occurring with the data-
base approach.

Improving integrity. An integrity constraint is a rule that data must follow in the database. For
example, the rep number given for any customer must be one that is already in the database. In other
words, users cannot enter an incorrect or nonexistent rep number for a customer. A database has
integrity when the data in it satisfies all established integrity constraints. A good DBMS should pro-
vide an opportunity for users to incorporate these integrity constraints when they design the
database. The DBMS then should ensure that the constraints are not violated. According to the integ-
rity constraint about customers, the DBMS should not allow you to store data about a given cus-
tomer when the rep number you enter is not the number of a rep that already is in the database.
Expanding security. Security is the prevention of unauthorized access to the database. A DBMS
has many features that help ensure the enforcement of security measures. For example, a DBA
can assign passwords to authorized users; then only those users who enter an acceptable pass-
word can gain access to the data in the database. Further, a DBMS lets you assign users to groups,
with some groups permitted to view and update data in the database and other groups permitted
only to view certain data in the database. With the nondatabase approach, you have limited secu-
rity features and are more vulnerable to intentional and accidental access and changes to data.
Increasing productivity. A DBMS frees the programmers who are writing database access programs
from having to engage in mundane data manipulation activities, such as adding new data and delet-
ing existing data, thus making the programmers more productive. A good DBMS has many fea-
tures that allow users to gain access to data in a database without having to do any programming. These
features increase the productivity of programmers, who may not need to write complex programs in
order to perform certain tasks, and nonprogrammers, who may be able to get the results they seek
from the data in a database without waiting for a program to be written for them.

Providing data independence. The structure of a database often needs to be changed. For
example, changing user requirements might necessitate the addition of an entity, an attribute, or
a relationship, or a change might be required to improve performance. A good DBMS provides
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data independence, which is a property that lets you change the structure of a database without
requiring you to change the programs that access the database; examples of these programs are
the forms you use to interact with the database and the reports that provide information from the
database. Without data independence, a great deal of effort can be expended in changing pro-
grams to match the new database structure. The presence of many programs in the system may
make this effort so prohibitive that management might decide to avoid changing the database,
even though the change might improve the database’s performance or add valuable data. With data
independence, management is more likely to make the decision to change the database.

DISADVANTAGES OF DATABASE PROCESSING

As you would expect, when there are advantages to doing something in a certain way, there are also disadvantages.
Database processing is no exception. In terms of numbers alone, the advantages outweigh the disadvantages; the
latter are listed in Figure 1-14 and explained next.

1. Larger file size

2. Increased complexity

3. Greater impact of failure
4. More difficult recovery

FIGURE 1-14 Disadvantages of database processing

1. Larger file size. To support all the complex functions that it provides to users, a DBMS must be
a large program that occupies a great deal of disk space as well as a substantial amount of inter-
nal memory. In addition, because all of the data that the database manages for you is stored in
one file, the database file requires a large amount of disk space and internal memory.

2. Increased complexity. The complexity and breadth of the functions provided by a DBMS make it a
complex product. Users of the DBMS must learn a great deal to understand the features of the sys-
tem in order to take full advantage of it. In the design and implementation of a new system that uses
a DBMS, many choices have to be made; it is possible to make incorrect choices, especially with an
insufficient understanding of the system. Unfortunately, a few incorrect choices can spell disaster
for the whole project. A sound database design is critical to the successful use of a DBMS.

3.  Greater impact of failure. In a nondatabase, file-oriented system, each user has a completely
separate system; the failure of any single user’s system does not necessarily affect any other user.
On the other hand, if several users are sharing the same database, a failure on the part of any one
user that damages the database in some way might affect all the other users.

4. More difficult recovery. Because a database inherently is more complex than a simple file, the
process of recovering it in the event of a catastrophe also is more complicated. This is particu-
larly true when the database is being updated by many users at the same time. The database must
first be restored to the condition it was in when it was last known to be correct; any updates made
by users since that time must be redone. The greater the number of users involved in updat-
ing the database, the more complicated this task becomes.

INTRODUCTION TO THE HENRY BOOKS DATABASE
CASE

Similar to the management of Premiere Products, Ray Henry, the owner of a bookstore chain named Henry
Books, has decided to store his data in a database. He wants to achieve the same benefits as Premiere Products;
that is, he wants to ensure that his data is current and accurate. He also needs to create forms to interact with
the data and to produce reports from that data. In addition, he wants to be able to ask questions concern-
ing the data and to obtain answers to those questions easily and quickly.
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In running his chain of bookstores, Ray gathers and organizes information about branches, publishers, -
authors, and books. Figure 1-15 shows sample branch and publisher data for Henry Books. Each branch has

a number that uniquely identifies the branch. In addition, Ray tracks the branch’s name, location, and num-

ber of employees. Each publisher has a code that uniquely identifies the publisher. In addition, Ray tracks the

publisher’s name and city.
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_ Figure 1-16 shows sample author data for Henry Books. Each author has a number that uniquely identi-
fies the author. In addition, Ray records each author’s last and first names.

Author

FIGURE 1-16 Sample author data for Henry Books

Figure 1-17 shows sample book data for Henry Books. Each book has a code that uniquely identifies the book.
For each book, Ray also tracks the title, publisher, type of book, and price, and whether the book is a paperback.
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Book

BookCode PublisherCode Paperback

FIGURE 1-17 Sample book data for Henry Books
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The table named Wrote, shown in Figure 1-18, is used to relate books and authors. The Sequence field indi-
cates the order in which the authors of a particular book are listed on the cover. The table named Inven-
tory in the same figure is used to indicate the number of copies of a particular book that are currently on hand
at a particular branch of Henry Books. The first row, for example, indicates that there are two copies of the
book with the number 0180; they are on hand at branch 1.

Wrote Inventory

BookCode BookCode

(continued)

FIGURE 1-18 Sample data that relates books to authors and books to branches for Henry Books
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Wrote Inventory

BookCode BookCode

FIGURE 1-18 Sample data that relates books to authors and books to branches for Henry Books (continued)

Q&A

Introduction to Database Management
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Question: A customer in branch 1 wants to purchase The Soul of a New Machine. Is it currently in stock at
branch 1?

Answer: No. Looking up the code for The Soul of @ New Machine in the Book table, you find it is 3906. To find
out how many copies are in stock at branch 1, look for a row in the Inventory table with 3906 in the Book-
Code column and 1 in the BranchNum column. Because there is no such row, branch 1 doesn’t have any cop-
ies of The Soul of a New Machine.

Question: You would like to obtain a copy of The Soul of a New Machine for this customer. Which other
branches currently have it in stock, and how many copies does each branch have?

Answer: Branch 2 has one copy, and branch 3 has two copies. You already know that the code for The Soul
of a New Machine is 3906. (If you didn’t know the book code, you would look it up in the Book table.) To find
out which branches currently have copies, look for rows in the Inventory table with 3906 in the BookCode
column. There are two such rows. The first row indicates that branch number 2 currently has one copy. The
second row indicates that branch number 3 currently has two copies.

The E-R diagram for the Henry Books database appears in Figure 1-19.

Publisher

PublisherCode
PublisherName
City
Book
Author
BookCode
AuthorNum
Title
AuthorLast PublisherCode
AuthorFirst Type
Price
Paperback
Wrote
BookCode
AuthorNum
Sequence
Branch
Inventory
BranchNum
BookCode
BranchLocation
NumEmployees OnHand

FIGURE 1-19 E-R diagram for the Henry Books database

INTRODUCTION TO THE ALEXAMARA MARINA
GROUP DATABASE CASE

Alexamara Marina Group offers in-water boat storage to owners by providing boat slips that boat owners can
rent on an annual basis. Alexamara owns two marinas: Alexamara East and Alexamara Central. In addi-
tion to boat slips, Alexamara also provides a variety of boat repair and maintenance services to the boat own-
ers who rent the slips. Alexamara stores in a database the data it needs to manage its operations.

In the Marina table shown in Figure 1-20, Alexamara stores information about its two marinas. A marina
number uniquely identifies each marina. The table also includes the marina name, address, city, state, and
zip code.

Chapter 1
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Marina

(arnonom | Name | paders Gty oo | mp

FIGURE 1-20 Sample marina data for Alexamara Marina Group

Alexamara stores information about the boat owners to whom it rents slips in the Owner table shown in
Figure 1-21. An owner number that consists of two uppercase letters followed by a two-digit number uniquely
identifies each owner. For each owner, the table also includes the last name, first name, address, city, state, and
zip code.

Owner

FIGURE 1-21 Sample owner data for Alexamara Marina Group

Each marina contains slips that are identified by slip numbers. Marina 1 (Alexamara East) has two sec-
tions named A and B. Slips are numbered within each section. Thus, slip numbers at marina 1 consist of the let-
ter A or B followed by a number (for example, A3 or B2). At marina 2 (Alexamara Central), a number (1, 2, 3)
identifies each slip.

Information about the slips in the marinas is contained in the MarinaSlip table shown in Figure 1-22. The
table contains the slip ID, the marina number and slip number, the length of the slip (in feet), the annual rental
fee, the name of the boat currently occupying the slip, the type of boat, and the boat owner’s number.

Introduction to Database Management
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MarinaSlip

[Sipo | rinaom | Siptum | Lonts | Retlres | BosName | Sostype | Ounerr |
TU A 40 000 Anmenll S ANTS
20 M @ s owly R Has

FIGURE 1-22 Sample data about marina slips for Alexamara Marina Group

Alexamara provides boat maintenance service at its two marinas. The types of service provided are stored
in the ServiceCategory table shown in Figure 1-23. A category number uniquely identifies each service that
Alexamara performs. The table also contains a description of the category.

ServiceCategory

CategoryNum CategoryDescription

FIGURE 1-23 Sample data about service categories for Alexamara Marina Group

Information about the services requested by owners is stored in the ServiceRequest table shown in
Figure 1-24. Each row in the table contains a service ID that identifies each service request. The slip ID iden-
tifies the location (marina number and slip number) of the boat to be serviced. For example, the slip ID on
the second row is 5. As indicated in the MarinaSlip table, the slip ID 5 identifies the boat in marina 1 and slip
number B2. The ServiceRequest table also contains the category number of the service to be performed, a
description of the specific service to be performed, and a description of the current status of the service. The

Chapter 1
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table also contains the estimated number of hours required to complete the service. For completed jobs, the -
table contains the actual number of hours it took to complete the service. If another appointment is required
to complete additional service, the appointment date appears in the NextServiceDate column.

ServiceRequest

Service | Slip | Category | Description Est ent | Next
ID ID Num Hours ServiceDate

FIGURE 1-24 Sample data about service requests for Alexamara Marina Group
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ServiceRequest (continued)

Service S||p Category | Description Status Est Spent | Next
ID Num Hours | Hours | ServiceDate

FIGURE 1-24 Sample data about service requests for Alexamara Marina Group (continued)

Q&A
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The E-R diagram for the Alexamara Marina Group database appears in Figure 1-25.

Marina Owner
MarinaNum OwnerNum
Name LastName
Address FirstName
City Address
State City
Zip State
Zip
MarinaSlip ServiceCategory
SliplD CategoryNum
MarinaNum CategoryDescription
SlipNum
Length
RentalFee
BoatName
BoatType
OwnerNum
ServiceRequest
ServicelD
SliplD
o| CategoryNum
Description
Status
EstHours
SpentHours
NextServiceDate

FIGURE 1-25 E-R diagram for the Alexamara Marina Group database
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Summary

Problems with nondatabase approaches to data management include redundancy, difficulties accessing
related data, limited security features, limited data sharing features, and potential size limitations.

An entity is a person, place, object, event, or idea for which you want to store and process data. An attribute,
field, or column is a characteristic or property of an entity. A relationship is an association between entities.

A one-to-many relationship between two entities exists when each occurrence of the first entity is related to
many occurrences of the second entity and each occurrence of the second entity is related to only one occur-
rence of the first entity.

A database is a structure that can store information about multiple types of entities, the attributes of the enti-
ties, and the relationships among the entities.

Premiere Products is an organization whose requirements include information about the following entities:
reps, customers, parts, orders, and order lines.

An entity-relationship (E-R) diagram represents a database visually by using a rectangle for each entity that
includes the entity’s name above the rectangle and the entity’s columns inside the rectangle, using a line to
connect two entities that have a relationship, and placing a dot at the end of a line to indicate the “many” part
of a one-to-many relationship.

A database management system (DBMS) is a program, or a collection of programs, through which users inter-
act with a database. DBMSs let you create forms and reports quickly and easily, as well as obtain answers
to questions about the data stored in a database.

Database processing offers the following advantages: getting more information from the same amount of data,
sharing data, balancing conflicting requirements, controlling redundancy, facilitating consistency, improving
integrity, expanding security, increasing productivity, and providing data independence. The disadvantages of
database processing include the following: larger file size, increased complexity, greater impact of failure, and
more difficult recovery.

Henry Books is a company whose requirements include information about the following entities: branches,
publishers, authors, books, inventory, and author sequence.

Alexamara Marina Group is a company whose requirements include information about the following entities:
marinas, owners, marina slips, service categories, and service requests.

Key Terms

attribute entity-relationship (E-R) diagram
column field

data file form

data independence integrity

database integrity constraint
database administration (DBA) one-to-many relationship
database administrator redundancy

database design relationship

database management system (DBMS) security

entity

Review Questions

o ok 0 Db =

What is redundancy? What problems are associated with redundancy?

Besides redundancy, what other problems are associated with the nondatabase approach to processing data?
What is an entity? An attribute?

What is a relationship? A one-to-many relationship?

What is a database?

How do you create a one-to-many relationship in a database system?
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7.
8.
<,
10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

What is an E-R diagram?
What is a DBMS?

What is database design?
What is a form?

How is it possible to get more information from the same amount of data by using a database approach as
opposed to a nondatabase approach?

What is meant by the sharing of data?

What is a DBA? What kinds of responsibilities does a DBA have in a database environment?

How does consistency result from controlling redundancy?

What is an integrity constraint? When does a database have integrity?

What is security? How does a DBMS provide security?

What is data independence? Why is it desirable?

How is file size a disadvantage in a database environment?

How can the complexity of a DBMS be a disadvantage?

Why can a failure in a database environment be more serious than an error in a nondatabase environment?
Why might recovery of data be more difficult in a database environment?

Premiere Products Exercises

Answer each of the following questions using the Premiere Products data shown in Figure 1-5. No computer work is
required.

1.

© ® N o g k0D

_k
©

List the names of all customers that have a credit limit less than $10,000.

List the descriptions of all parts in item class AP and located in warehouse number 3.

List the order numbers for orders placed by customer number 608 on October 23, 2010.

List the part number, part description, and on-hand value (OnHand * Price) for each part in item class SG.
List the name of each customer that placed an order for two different parts in the same order.

List the name of each customer that has a credit limit of $5,000 and is represented by Richard Hull.

Find the sum of the balances for all customers represented by Juan Perez.

For each order, list the order number, order date, customer number, and customer name.

For each order placed on October 21, 2010, list the order number, order date, customer number, and cus-
tomer name.

For each order placed on October 20, 2010, list the order number and customer name, along with the name of
the rep who represents the customer.

Henry Books Case

In later chapters, you will be asked to perform many tasks to help Ray Henry manage and manipulate his database.
To familiarize yourself with the database in preparation for those tasks, answer each of the following questions using
the Henry Books data shown in Figures 1-15 through 1-18. No computer work is required.

1.

© ®» N o o kWD

How many total employees work at all branches of Henry Books?

List the name of each publisher that’s not located in New York.

List the title of each book published by Jove Publications.

List the title of each book that has the type PSY.

List the title of each book that has the type MYS and that is in paperback.

List the title of each book that has the type HOR or whose publisher code is SC.
List the titles of paperback books that have the type FIC and a price of less than $8.
List the title of each book that has the type HIS or TRA.

List the title and publisher name for all books with a price greater than $20.

Introduction to Database Management
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10.
11.
12.

For each book with coauthors, list the title, price, and author names (in the order listed on the cover).
For each book with more than six total copies on hand across all branches, list the book’s title and price.
List the title of each book that has the type FIC and that was written by John Steinbeck.

Alexamara Marina Group Case

Answer each of the following questions using the Alexamara Marina Group data shown in Figures 1-20 through 1-24.
No computer work is required.

1.

a r DN

10.

List the owner number, last name, and first name of every boat owner.

List the names of all boats that are stored in a slip with a length of less than 30 feet.

List the last name, first name, and street address of every owner located in Glander Bay.

List the last name, first name, and city of every owner who has more than one boat stored at the marina.

List the last name, first name, and city of every owner with a boat located in a slip whose rental fee is greater
than $2,500.

List the boat name and boat type of all boats that are stored at the Alexamara East marina.

List the last name and first name of the owner and the boat name of all boats that have a completed or open ser-
vice request.

List the boat name and boat type of all boats that have two or more completed or open service requests.

List the boat name and boat type of all boats that have a completed or open service request for a fiberglass or
canvas-related service.

List the boat name and the last and first names of the owners for all boats that have engine repair service
requests.
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CHAPTER

THE RELATIONAL MODEL 1:
INTRODUCTION, QBE, AND
RELATIONAL ALGEBRA

INTRODUCTION

The database management approach implemented by most personal computer DBMSs (and by many mainframe systems as
well) is the relational model. In this chapter, you will study the relational model and examine a method of retrieving data from
relational databases called Query-By-Example (QBE). Finally, you will learn about relational algebra, which is one of the original

ways of manipulating a relational database.

RELATIONAL DATABASES

A relational database is a collection of tables like the ones you viewed for Premiere Products in Chapter 1. These
tables also appear in Figure 2-1. You might wonder why this type of database is not called a “table” data-
base, or something similar, if a database is nothing more than a collection of tables. Formally, these tables are
called relations, and this is where this type of database gets its name.
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Rep
| RepNum_| LastName | FirstName | Street | City | State | Zip | Commission | Rate

Customer

| CustomerNum | CustomerName | Streest [ City | State | 2ip | Balance | Credittimit | RepNum |

Orders OrderLine

OrderNum NumOrdered | QuotedPrice

OrderNum | OrderDate | CustomerNum

Part

PartNum

FIGURE 2-1 Sample data for Premiere Products
Chapter 2
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How does a relational database handle entities, attributes of entities, and relationships between entities? Each
entity is stored in its own table. For example, the Premiere Products database has a table for sales reps, a table for
customers, and so on. The attributes of an entity become the fields or columns in the table. In the table for sales
reps, for example, there is a column for the rep number, a column for the rep’s last name, and so on.

What about relationships? At Premiere Products, there is a one-to-many relationship between sales reps
and customers. (Each sales rep is related to the many customers he or she represents, and each customer is
related to the one sales rep who represents it.) How is this relationship implemented in a relational database?
The answer is through common columns in two or more tables. Consider Figure 2-1 again. The RepNum col-
umns in the Rep and Customer tables implement the relationship between sales reps and customers. For
any sales rep, you can use these columns to determine all the customers the sales rep represents; and for any
customer, you can use these columns to find the sales rep who represents the customer. If the Customer table
did not include the sales rep number, you would not be able to identify the sales rep for a given customer
and the customers for a given sales rep.

More formally, a relation is essentially just a two-dimensional table. If you consider the tables shown in
Figure 2-1, however, you might see certain restrictions that you can place on relations. Each column in a table
should have a unique name, and all entries in each column should be consistent with this column name. For
example, in the CreditLimit column, all entries should, in fact, be credit limits. In addition, each row should
be unique. After all, when two rows in a table contain identical data, the second row doesn’t provide any infor-
mation that you don’t already have. In addition, for maximum flexibility, the order in which columns and rows
appear in a table should be immaterial. Finally, a table’s design is less complex when you restrict each loca-
tion in the table to a single value; that is, you should not permit multiple entries (often called repeating groups)
in the table. These ideas lead to the following definitions:

Definition: A relation is a two-dimensional table in which:

1. The entries in the table are single-valued; that is, each location in the table contains a single value.

2. Each column has a distinct name (technically called the attribute name).

3. All values in a column are values of the same attribute (that is, all entries must match the col-
umn name).

4. The order of columns is immaterial.

5. Each row is distinct.

6. The order of rows is immaterial.

Definition: A relational database is a collection of relations.

Later in this text, you will encounter situations in which a structure satisfies all the properties of a rela-
tion except for the first item; that is, some of the entries contain repeating groups and thus are not single-
valued. Such a structure is called an unnormalized relation. This jargon is a little strange in that an
unnormalized relation is really not a relation at all. This term is used for such a structure, however. The table
shown in Figure 2-2 is an example of an unnormalized relation.

Orders
| OrderNum | OrderDate | CustomerNum | PartNum | NumOrdered

FIGURE 2-2 Sample structure of an unnormalized relation

The Relational Model 1: Introduction, QBE, and Relational Algebra
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NOTE —— |

Rows in a table (relation) are often called records or tuples. Columns in a table (relation) are often called fields or attributes.

There is a commonly accepted shorthand representation that shows the structure of a relational database: You
write the name of the table and then, within parentheses, list all the columns in the table. In addition, each table
should appear on its own line. Using this method, you would write the Premiere Products database as follows:

Rep (RepNum, LastName, FirstName, Street, City, State, Zip, Commission, Rate)

Customer (CustomerNum, CustomerName, Street, City, State, Zip, Balance, CreditLimit, RepNum)
Orders (OrderNum, OrderDate, CustomerNum)

OrderLine (OrderNum, PartNum, NumOrdered, QuotedPrice)

Part (PartNum, Description, OnHand, Class, Warehouse, Price)

The Premiere Products database contains some duplicate column names. For example, the RepNum col-
umn appears in both the Rep table and the Customer table. Suppose a situation exists wherein the two col-
umns might be confused. If you write RepNum, how would the computer or another programmer know which
RepNum column in which table you intend to use? That could be a problem.

When duplicate column names exist in a database, you need a way to indicate the column to which you are
referring. One common approach to this problem is to write both the table name and the column name, sepa-
rated by a period. Thus, you would write the RepNum column in the Customer table as Customer.RepNum and the
RepNum column in the Rep table as Rep.RepNum. Technically, when you combine a column name with a table
name, you say that you qualify the column names. It is always acceptable to qualify column names, even when
there is no possibility of confusion. If confusion may arise, however, it is essential to qualify column names.

The primary key of a table (relation) is the column or collection of columns that uniquely identifies a given
row in that table. In the Rep table, the sales rep’s number uniquely identifies a given row. For example, rep
35 occurs in only one row of the table. Thus, RepNum is the primary key.

The primary key provides an important way of distinguishing one row in a table from another. Primary keys
are usually represented by underlining the column or collection of columns that comprises the primary key for
each table in the database. Thus, the complete representation for the Premiere Products database is as follows:

Rep (RepNum, LastName, FirstName, Street, City, State, Zip, Commission, Rate)

Customer (CustomerNum, CustomerName, Street, City, State, Zip, Balance, CreditLimit, RepNum)
Orders (OrderNum, OrderDate, CustomerNum)

OrderLine (OrderNum, PartNum, NumOrdered, QuotedPrice)

Part (PartNum, Description, OnHand, Class, Warehouse, Price)

Question: Why does the primary key of the OrderLine table consist of two columns, not just one?
Answer: No single column uniquely identifies a given row in the OrderLine table. It requires a combination
of two columns: OrderNum and PartNum.

QUERY-BY-EXAMPLE (QBE)

When you ask Access or any other DBMS a question about the data in a database, the question is called a query.
A query is simply a question represented in a way that the DBMS can recognize and process. In this sec-
tion, you will investigate Query-By-Example (QBE), an approach to writing queries that is very visual. With
QBE, users ask their questions by entering column names and other criteria using an on-screen grid, and data
appears on the screen in tabular form.

NOTE |

This chapter features a specific version of QBE, Microsoft Office Access 2007, to illustrate its use. Although the various ver-
sions of QBE are not identical, the differences are relatively minor. After you have mastered one version of QBE, you can apply
your skills to learn another version of QBE.

Chapter 2
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In Access, you create queries using the Query window, which has two panes. The upper portion of the win-
dow contains a field list for each table you want to query. The lower pane contains the design grid, the area
in which you specify the format of your output, the fields to be included in the query results, a sort order
for the query results, and any criteria the records you are looking for must satisfy.

The following figures and examples will show you how to retrieve data using the Access version of QBE.

NOTE —— |

If you plan to work through the examples in this chapter using a computer, you should use a copy of the Premiere Products data-
base because the version of the database used in subsequent chapters does not include the changes you will make.

SIMPLE QUERIES

To include a field in the results of a query, you place it in the design grid.

List the number, name, balance, and credit limit of all customers in the database.

To include a field in an Access query, double-click the field in the field list to place it in the design grid,
as shown in Figure 2-3. The check marks in the Show check boxes indicate the fields that will appear in the
query results. To omit a field from the query results, remove the check mark from the field’s Show check box.

Click the Run
button to view the
query results

@ (= R s QueryTools | Prermiere Products ; Database (Access 2007) - Microsoft Access - o x
e e s Eril itote ] -
. Hpme Create Extemal Data Database Tools Design @
E ' j' @' /' x' I Union _;|'I:j Salnsert Bows 4 Insert Columns z |5 Property Sheet
- k N B b E =
9 ;- ] Ly il ® @ PasiThrough 2 pelete Rows Y Delete Columns 25 Tabile Namn]
Wiewe  Fun Select| Make Lppend Update Crosstab Delete i Show e = Totals o
” Table ﬂ Data Definition Table ::..\ Euilder ml-l Returm: Al ' Tsl Parameters
Results Cuery Type Query Setup Showy/Hide
sEe=
= al
Customer =
w
T Customerium
Custamertame
o Fields in the
City
State Customer
ap table field list
Balance
Creditlimit
RepMurm
] .
E Fields Check marks
i included in the indicate fields to appear
o . . .
= design grid in the query results
oy |
= —
5 ‘LUL' [ T | iz L <<
| | | =
: v 1 M T T
Field: | Cuskomerblum | Customertlame | Balance | =l | |
Table: | Cuskamer | Custamer | Customer | Cuskamer | | | |
Show: [Fi ] | Fi | Fi ] ] | [ [F] | =
Criteria:
an

FIGURE 2-3 Fields added to the design grid
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W

Clicking the Run button in the Results group on the Query Tools Design tab runs the query and displays
the query results, as shown in Figure 2-4.

@- bl -0 Pramiere Products : Database (Access 2007) - Microsoft Access i
L a.‘ — e - v
| Home | Create  EstemalData &

Only specified
fields are

% ) * s :F'_L”j_" | .. = New E Totals ‘ii {r W Selection ~ [ﬁ U Replace

R E 7 . =8 Save 7Spe:[|ng | “]Advanced * = GoTo~ |
| View | paste (B 7 ulA-|D included Refresh o | Filker o | Fing .
e | - 5 4 = - Al K Delete - EMEI’E X ) W Tagale Filker Wy Select= |
| Views | [Clipboard & | Fort Records I Sart 2 Filter | Find

|| 3 queyt
|71 customertium - Customerhlate - | Balance - | Creditlimit -
L] E Al applisnce and Sport S6,550,00 57,500.00 )
282 Brookings Direct 543150 £10,000,00
BES Ferguson's 45,785.00 7,500.00
408 The Everything Shop 55,285.25 55,000,00
a2 Bargains Galore 53,412,00 £10,000.00 All records
524 Kline's 412,762.00  $15,000.00 are included

608 Johnson's Department Store | 42,106,00 £10,000.00
687 Lea's Sport and Appliance $2,851.00 £5,000.00
| 725 Deerfield's Four Seasons 5248,00 57,500.,00
| Baz Al Season 58,221.00 57,500.00 J
2%

FIGURE 2-4 Query results

List all fields and all rows in the Orders table.

To display all fields and all rows in the Orders table, you could add each field to the design grid. There is
a shortcut, however. In Access, you can add all fields from a table to the design grid by double-clicking the
asterisk in the table’s field list. As shown in Figure 2-5, the asterisk appears in the design grid, indicating that
all fields will be included in the query results.
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Da) | (= B QuensTools | Premiere Products : Database (Access 2007) - Microsoft Access - =7 X
[ e T |
o Home Create Extermal Data Database Tools | Design @
; = wu
== B = Ll
E ' EE:——EI E' *' /' x' (D Union = “alnsert Rows 4 Insert Columns z |5 Praperty Sheet
- ke * b A . @ Pass-Through S Delete Rows S Delete Columns [ﬂ Table Names] |

Wiew  Run Select | Make Append Update Crosstab Delete e Show 3 P Tokals "5

v Table &, Data Definition || Taple o Builder i Retum: Al ¥ oy Parameters |

Results Cluery Type Query Setup ShowyHide

Asterisk in the
Orders table
field list

Orders
Y
T rderblum
OrderDate
Customertum

Asterisk indicates
that all fields will

g be included in the
2 query results
2
=
2 |
2l W — >
Fields [ | [ | | !
Table: | Orders | | | | |
Sort: | | | | | | |
Shonw: | 4l | [ | I | [ | L | = | A
Crlteria:
on
FIGURE 2-5 Query that includes all fields from the Orders table
The query results appear in Figure 2-6.
@ ) B Prepmizre Products : Database (Aocess 2007) - Microsoft Access - B X
= | Home | Create External Data Database Tools 2
THE e | “a = New X Totals 21 \"r i;‘ Selection = 2 Replace |
= il —— | = lBowe P spening | %) T Advanced ~ = GaTo i
[§=i=|[22 ||| Refresh A | Fiteer ; Find |
|| B2 [| a0 ¥ Delete - B Mare - |25 W Taggle Filter | by Select - |
| o michTet || Records | Sort & Filter | Find |

All fields from
the Orders table
are included

10/20/2010 148
10/20/2010 356
10,/21/2010{ 408
10/21/2010 282
10,/23/2010 608
10,/23/2010 148
10,/23/2010 608

FIGURE 2-6 Query results

SIMPLE CRITERIA

When the records that you want to display in a query’s results must satisfy a condition, you enter the condition
in the appropriate column in the design grid. Conditions that data must satisfy are also called eriteria. (A
single condition is called a criterion.) The following example illustrates the use of a criterion to select data.

Find the name of customer 148.

The Relational Model 1: Introduction, QBE, and Relational Algebra
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To enter a criterion for a field, include the field in the design grid, and then enter the criterion in the row
labeled “Criteria” for that field, as shown in Figure 2-7.

| QueryTools | Premiere Products : Database (Access 2007) - Microsoft Access
i ﬁesfgn 1

@' *' ﬂ % ! Q0 Union SJE T lnzert Rows g Insert Columns 2 (%5 Property Sheet |
- .. * @ PassThrough ‘ — ZX pelete Rows B Delets Columns Edaﬁle-.hli@
t | Make Append Update Crosstab Delete S Showy : Totals '
| Takle &, Data Definition | Taple 2 Builder o] Parameters
_ ShowfHide

Database Tools

E Return: | All X

_ QueryType  QuerySebup

Customer

w
W Customertum

Customerblame
Street
City
State
Zip
Balance
Creditlimit
Rephurn

Criterion causes
the query to select a
record only when the
CustomerNum is 148

0

. T
Field: | Custemertum Customertlame }
Table: | Customer Custamear
| Sor: [
I ] ¥
Criteria! |18 «—— 1 I - T I
| or

FIGURE 2-7 Query to find the name of customer 148

NOTE
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The query results shown in Figure 2-8 show an exact match; the query selects a record only when
CustomerNum equals 148.

(C' ﬂ ) {‘ﬂ - % Prermiere Products : Database (fccess 2007) - Wicrosoft Access Shie
| Home | Create External Data Database Tools @
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Sort & Filter Find

aIH
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|l

& New X Totals %l

=t ”‘] |--li Save ?Sptlling il
| (it F!e.a.‘[lrl‘a*S I K Delete ~ are )

Only customer

148 (Al's Appliance and
Sport) is included in

the query results

Views | [Cliphoard = Font |

£73 @ Queryl -
Customerilum - Custormerfame -

Al's appliance and Sport

# 1

FIGURE 2-8 Query results

If you want something other than an exact match, you must enter the appropriate comparison operator,
also called a relational operator, as you will see in the next example. The comparison operators are = (equal
to), > (greater than), < (less than), >= (greater than or equal to), <= (less than or equal to), and NOT (not
equal to).

NOTE R

It is common in QBE to omit the = symbol in “equal to” comparisons, although you can use it every time.

COMPOUND CRITERIA

You can use the comparison operators by themselves to create conditions. You can also combine criteria to
create compound criteria, or compound conditions. In many query languages, you create compound crite-
ria by including the word AND or OR between the separate criteria. In an AND criterion, both criteria must
be true for the compound criterion to be true. In an OR criterion, the overall criterion is true if either of the
individual criteria is true.

In QBE, to create an AND criterion, place the criteria for multiple fields on the same Criteria row in the
design grid; to create an OR criterion, place the criteria for multiple fields on different Criteria rows in the
design grid.

List the description, on hand value, and warehouse number for all parts that have more than 10 units on hand
and that are located in warehouse 3.

The Relational Model 1: Introduction, QBE, and Relational Algebra
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-

To indicate that two criteria must both be true to select a record, place the conditions for each field in the
same Criteria row, as shown in Figure 2-9. In this case, you want the query to select those parts where the
value in the OnHand field is greater than 10 (which requires the use of the > comparison operator) and the value
in the Warehouse field is 3.

) Ho-x- s QueryToals  Prermiere Products : Database (Access 2007) - Microsoft Arcess = X
e s
p Home Create Eaternal Data Database Tools | Design @
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" Bt Y A E A =
E - 1 * . _E=== x' e Fass-Through ‘j EP Delete Rows # Delete Columns Tabte Namesi
Wiew  Run Select | Make Append Update Crosstab Delete e Shiow 2 % Totals a s
) Table o, Datz Definition | Tape SN Builder 2l Return: (Al - o] Parameters
PResults Queny Tepe Query Setup ShawyHide
cFeen A
Part E
T Parthlum
Crescription
CnHand
Class
Warehouse
Price
Criterion to select Criterion to select
records in which the records in which the
E Because the criteria OnHand value is Warehouse value
. o |
are in the same Criteria greater than 10 equals 3
row, both criteria must be 3
2\ trueto select a record »
Field: | Description iOnHand :Wmhause I I
Table: | Part EPm Fart |
Sort | |
S | | ™ v | ] | A F | ] [l
riteria =10
ar;
FIGURE 2-9 Query that uses an AND criterion
The query results appear in Figure 2-10.
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502 ]
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__ Stand Mixer 273 located in warehouse 3

® are included

FIGURE 2-10 Query results

List the description, on hand value, and warehouse number for all parts that have more than 10 units on hand
or that are located in warehouse 3.
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To indicate that either of two conditions must be true to select a record, place the first criterion in the
Criteria row for the first column and place the second criterion in the row labeled “or,” as shown in Figure 2-11.

= 1l
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Clazs
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Fleld: | Description | OnHand Warehause | | | |
Table: | Park | Part Part | |
3o | | | | |
Show: | | v ) | L | Ll | [ | i | A
Criteria: > 10—
or L—>3
FIGURE 2-11 Query that uses an OR criterion
The query results appear in Figure 2-12.
= Moo Bremiere Products ; Database {Access 2007) - Microsoft Access = o X
| =
| Home | Create External Data Databasze Tools @
= = ] e Al S sl
BZ | 75 ¥ icamn o [ ) [y = D A Yhsdedionz.l | P s Repiace,
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| Views |[Clipboard | Font {F] RichText | Records | Sort & Filter. Find

= queryl
Description - i GnHand
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FIGURE 2-12 Query results

List the number, name, and balance for each customer whose balance is between $1,000 and $5,000.
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This example requires you to search for a range of values to find all customers with balances between
$1,000 and 85,000. When you ask this kind of question, you are looking for all balances that are greater than
81,000 and all balances that are less than $5,000; the answer to this question requires using a compound cri-
terion, or two criteria in the same field.

To place two criteria in the same field, separate the criteria with the AND operator to create an AND
condition. Figure 2-13 shows the AND condition to select all records with a value of more than 1000 and less
than 5000 in the Balance field.

| P B R | QueryToals | Premiere Products : Database (Access 2007) - Microsoft Access S L
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for a single field
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FIGURE 2-13 Query that uses an AND condition for a single field
The query results appear in Figure 2-14.
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FIGURE 2-14 Query results

COMPUTED FIELDS

Sometimes you'll need to include calculated fields that are not in the database in queries. A computed field
or calculated field is a field that is the result of a calculation using one or more existing fields. Example 7 illus-
trates the use of a calculated field.
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List the number, name, and available credit for all customers.

Available credit is computed by subtracting the balance from the credit limit. Because there is no avail-
able credit field in the Customer table, you must calculate it from the existing Balance and CreditLimit fields.
To include a computed field in a query, you enter a name for the computed field, followed by a colon, and then
followed by an expression in one of the columns in the Field row.

To calculate available credit, you can enter the expression AvailableCredit:CreditLimit-Balance in the
desired Field row in the design grid. When entering an expression in the design grid, the default column size pre-
vents you from being able to see the complete expression. An alternative method is to right-click the col-
umn in the Field row to display the shortcut menu, and then click Zoom to open the Zoom dialog box. Then
you can type the expression in the Zoom dialog box, as shown in Figure 2-15.
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FIGURE 2-15 Query that uses a computed field

NOTE —— |

When a field name contains spaces or SQL reserved words, you must enclose it in square brackets ([ ]). For example, if the field
name was Credit Limit instead of CreditLimit, you would enter the expression as [Credit Limit]-Balance. You can also enclose a
field name that does not contain spaces in square brackets, but you do not need to do so.
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The query results appear in Figure 2-16.
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