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This text is intended for use in a one-term course on database processing. The pur-
pose of this text is, first and foremost, to teach the fundamental skills students
need to be successful developing personal databases on their own and working as
members of a team when building workgroup and enterprise databases. Given this
foundation, the second purpose is to discuss and illustrate emerging technology
and applications.

B COURSE FOUNDATIONS

Data Modeling

Relational Database Design
Knowledge of SQL

Application Design Fundamentals
Practice with Different Examples
Multi-User Processing

For a database to be effective, its structure must logically reflect the users’ view of
their world. Such consistency does not arise automatically. No wizard will provide
it. Instead, it must be developed through the hard work of understanding the users’
model of their world. This means that any person or team who hopes to build ef-
fective databases and database applications must be able to create data models of
the users’ needs. Hence, I believe learning solid modeling skills is critically impor-
tant in this course—in fact, the single most important skill to be learned.

Of course, once the users’ requirements have been modeled, they must be trans-
lated into a database design that accurately represents this model. Therefore, the
second foundation skill of this course is database design. Today, the graduates of
this course will encounter relational databases almost exclusively; hence, this text
presents the skills necessary to transform data models into relational database
designs.

In fact, with the exceptions of Chapter 17, which presents object-oriented data-
base processing, and Chapter 18, which surveys the DL/I and the CODASYL DBTG
models, all of this text assumes the use of relational database technology. This
leads to the third foundational skill: knowledge of SQL.

SQL is the lingua franca of database processing. While one could argue that SQL
has failed as an end-user query tool, supplanted today by Query by Example and
Query by Form, there is no question that SQL is the standard means by which ap-
plication programs access and update relational databases. SQL statements are im-
portant for creating views for forms and reports as well.

No organization wants a database for the sheer joy of having a database. People
want to keep track of things and they want to pose queries and generate reports to
gain information about those things. Database applications are the means by
which this is done, and therefore, a knowledge of the relationship of application
design to database design and the users’ data model is another foundation skill.
This topic overlaps with the systems development course. To avoid conflict and
repetition with that course, this text focuses on application design considerations
that pertain directly to databases and data models. See, for example, Chapter 8 and
the ODBC section in Chapter 14. Hence, whether or not the student has already
taken the systems class, the material presented here should be understandable and
useful.

Finally, there is no substitute for experience. To ensure that every student can
have hands-on experience with a software product for creating data models and
database designs, this text is accompanied by the commercial version of SALSA for
the Desktop. Of course, if your university has licenses for other products such as
Microsoft Access, you will also want to use those products. The goal in providing
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Xiv Preface

SALSA is to ensure that students have at least one commercial product at their dis-
posal. More information on the use of Access and SALSA is presented later in the
Preface.

Years ago, database products were so difficult to use that the students had time
to develop, at best, a single database. Often even that was too much work. Today,
however, with the productivity inherent in modern products, students should be
able to develop several data models, if not complete databases. If the projects are
suitably chosen, the students will learn firsthand how different data models im-
pact the design and characteristics of the databases and related applications.

Finally, many databases are used by more than one person at a time. This means
students need to learn the special requirements, techniques, and technologies of
multi-user processing including concurrency control, reliability, security, and data-
base administration.

B IMPORTANT NEW Toprics IN THIS EDITION

ODBC

Data Warehousing

Intranet and Internet Databases
Multimedia DBs

Object Databases

SQL3 and ODMB

Databases are everywhere. Whereas at one time databases were the sole province
of the MIS department that applied the technology only to enterprise databases on
mainframes behind locked doors, today we find databases on personal computers,
in client-server workgroup settings, and as the backbone of data warehouses, mul-
timedia applications, and network databases on corporate intranets and the
Internet.

This text discusses a number of new technologies that support these applica-
tions. The Open Database Connectivity standard has become important in client-
server applications and will increasingly be important for network applications as
well. Many organizations are currently attempting to increase their return on their
data resource by developing data warehouses. Both intranets and the Internet have
become new delivery mechanisms for database applications. Such networks are
likely to dramatically increase the need for skilled database designers. In addition,
databases are being used to support multimedia applications. In the future, it is
likely that most database applications will include at least some multimedia ele-
ments.

Object-oriented databases are also becoming important, although, at present,
they are far less common than relational databases. As object-oriented program-
ming continues to increase in popularity, the demand for such databases will grow.
It is difficult to assess whether such databases will result as an outgrowth of rela-
tional databases (along the lines of the SQL3 standard), or whether organizations
will find a way to migrate to DBMS with completely new architectures (along the
lines of the ODMG standard). Today, I believe the wise course of action is to fol-
low both, while focusing the bulk of this course on the current form of the rela-
tional model.

B ORGANIZATION OF THIS BOOK

This text is organized into six parts. Part I provides an introduction. A number of
different types of databases and applications are presented in Chapter 1, along
with a brief history of database processing. Chapter 2 illustrates the components
of a DBMS and provides an overview of the process of building a database and its
applications.
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The focus of Part II is on data modeling. Chapter 3 explains the concepts and
constructs of the entity-relationship model and illustrates its use. Chapter 4 pre-
sents the semantic object in a similar way. Either of these models can be used to
express the users’ data requirements.

Part III discusses the transformation of data models into relational database de-
signs. Chapter 5 sets the stage by discussing the relational model and normaliza-
tion. Normalization techniques are then used in Chapter 6 to explain the trans-
formation of entity-relationship data models into relational designs and in
Chapter 7 to explain the transformation of semantic object data models into rela-
tional designs. Chapter 8 concludes Part III by discussing database application de-
sign. The presentation in this chapter is limited to those aspects of application de-
sign that pertain directly to database structures.

The implementation of relational databases is presented next in Part IV. Chapter
9 discusses the foundations of relational implementation and briefly surveys rela-
tional algebra. Chapter 10 is devoted to a thorough discussion of SQL and Chapter
11 illustrates the implementation of a personal database using the features and
functions of Microsoft Access.

Part V discusses concepts, techniques, technology, and products that are impor-
tant for multi-user databases. Chapter 12 introduces multi-user processing alter-
natives and describes reliability, security, and database administration. It contains
a brief survey of distributed database alternatives, as well. Chapter 13 illustrates the
implementation of multi-user data using DB2. This chapter is important not only
because it describes a mainframe DBMS, but also because it illustrates the means
by which SQL can be embedded in application programs. Client-server database
processing and ODBC are the subjects of Chapter 14, and the sharing of enterprise
data and data warehousing are discussed in Chapter 15. Part V concludes with
Chapter 16 and its discussion of the use of database technology on intranets and
the Internet. This chapter also discusses the design of two different multimedia
databases.

Nonrelational database processing is addressed in Part VI. Chapter 17 discusses
object-oriented databases and standards. It includes a brief summary of object-ori-
ented programming, along with a description of the need for object persistence
and a discussion of persistence via traditional file structures, relational databases,
and ODBMS. Both the SQL3 and ODMG standards are summarized. Finally,
Chapter 18 discusses the major elements of DL/I and the CODASYL DBTG models.
Little new development is done with the models, but students may encounter
them when working on maintenance or database conversion projects.

I have endeavored to limit the discussions in Chapters 14 through 18 so that all
of this material could be presented in one course. The needs of employers vary
from one locality to another, and it may be that some of this material is unimpor-
tant to your students. If so, Chapters 14 through 18 can be read in any order and
any of the chapters can be omitted without loss of continuity.

B USE OF MICROSOFT ACCESS AND SALSA
FOR THE DESKTOP

I have used Microsoft Access to illustrate discussion points throughout this text. I
understand that many institutions do not have a license for students to use this
product, and further, not every professor would choose this product for illustra-
tion. Using Access is an attempt to balance, on the one hand, the need for the stu-
dent to see how abstract concepts apply to a real DBMS, and, on the other, the de-
sire not to indicate that Access is the only choice. In fact, Access is an excellent
personal DBMS product, and it also happens to be, by a wide margin, the world’s
most popular DBMS product. Hence, students are most likely to encounter it. IBM
(Lotus’s) Approach and Borland’s Paradox for Windows are two other excellent
products.
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This text includes a copy of SALSA for the Desktop. Except for a section in
Chapter 17, I have not illustrated the use of this product in this text. I have, how-
ever, presented the semantic object model, as a model, using product-independent
illustrations. I have done this because I believe that students will find the seman-
tic object model easy to use and powerful. Dan Rogers, writing in the VB Tech
Journal, said, “The arrangement (of semantic objects) feels quite natural and it
leads me to believe that (semantic object modeling) is a break-through modeling
technique that can bridge the gap between the business and technical worlds.”*

Using SALSA is entirely optional; no section in the text depends on it. As stated
earlier, however, I believe that the students’ experiences in data modeling will be
significantly enhanced if they do perform exercises and accomplish some of the
end-of-chapter projects. Be aware that SALSA, however, is designed to hide the
technology that this course teaches. Thus, after building a semantic object model,
the user clicks a button and all of the relations, foreign keys, intersection tables,
SQL, and so forth are generated behind the scenes. Thus, while SALSA can be used
to create models and to observe the impact of changes in those models on forms
and reports, the students will need to cause SALSA to print supplementary reports
to determine the relational structure that is generated from their models. Or, if you
have Microsoft Access, the students can have SALSA generate an Access database
and then examine that database in Access. These issues are discussed in the SALSA
projects at the end of Chapters 4 and 7.

My hope is that using SALSA can raise the level of discourse in this class. Instead
of spending many hours discussing the placement of foreign keys, we can spend
some time on foreign keys, but invest the bulk of the time discussing how well a
particular data model represents the needs of the business that it is intended to
support. I believe that this hope is consistent with the general trend in technology.
Over time, all DBMS vendors will find ways to hide more and more of the under-
lying data structures, and data modeling will become the primary focus of the data-
base development process.
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Part | introduces the topic of
database processing. Chapter 1
surveys the topic and describes
four applications that typify the
wide range of databases in use
today, as well as the benefits and |
evolution of database technol-
ogy. Chapter 2 introduces the
development of databases and
database applications and de-
scribes the elements of a data-
base and the functions of a
DBMS as well.

The goal of this part is to set
the stage for the discussion of
data modeling that begins in
Chapter 3.







INTRODUCTION
TO DATABASE
 FROCESOIING.

This book presents the fundamental skills you will need to be able to design and
develop a database and its related applications. Many students find this subject en-
joyable and interesting, even though it can be challenging. Learning this material
will certainly be worth the effort you put forth as these skills are in great demand,
and many fulfilling and well-paying database development positions are available.
The reason for this demand is that almost every business person needs the bene-
fits of database technology, but very few know how to use that technology and few
want to learn. Hence, there is a great need for people who can serve as liaisons be-
tween business users and database technology. The goal of this book is to help you
learn the knowledge and skills you will need to provide that service.

The purpose of a database is to help people keep track of things. The classical data-
base applications concern the tracking of items like orders, customers, jobs, em-
ployees, phone calls, or other items of interest to a business person. Recently, as
databases have become more readily available, database technology has been ap-
plied to new areas such as databases for the Internet or for organizational intranets.
Also, databases are increasingly used to create and maintain multimedia applica-
tions. Consider several typical examples.

B MARY RICHARDS HOUSEPAINTING

Mary Richards is a professional housepainter who owns and operates a small com-
pany consisting of herself, another professional painter, and, when needed, part-
time painters. Mary has been in business for ten years and has earned a reputation
as a high-quality painter who works for a reasonable rate. Mary gets most of her
work through repeat business from customers who hire her to paint their houses
and also from their word-of-mouth referrals. In addition, Mary gets some work
from building contractors and professional interior designers.

Customers remember Mary far better than she remembers them. Indeed,
sometimes she is embarrassed when a customer calls and says something like, “Hi
Mary, this is John Maples. You painted my house three years ago.” Mary knows she
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w Tables of Data for Mary Richards Housepainting

Fie Edt View Inset Fomat Records JTooks Window Help
- R ¥ ele]7] ] 2UEL ] M8 2> =8| N2

0 R able
CUSTOMER Street City | State | Zip Area | Number | SOURCE_ID
» 1 Wu, Jason 123 E. Eim Denver CO 80210 303 555-0083 2
it} 4 Maples, Marilyn 2518 S. Link Lane Boulder CO 80243 303 7730333 3
L 5 Jackson, Chris 4700 Lafayette St Denver CO 80237 303 774-9388 2
*
Record 14| « ] I L
JOB_ID JobDate Description AmountBilled| AmountPaid | CUSTOMER_ID
i3 1 3/3/%6 Paint exterior in white $1,750.00 $1750.00 1
] 2 7/7/36 Paint dining room and kitchen $778.00 $778.00 1
25 3 10/15/96 Prep and paint upstairs bath $550.00 $550.00 1
i) 4 4/3/96 Prep & paint exterior $2,750.00 $1.875.00 4
| | 5 7/8/36 Paint garage $550.00 $550.00 5
*
Recordt 14| < |[ T 2 vifrefof5
X
SOURCE_ID Name Area | Number
- 1 Valley Designs 303 549-8879
- 2 Aspen Construction 303 776-8898
- 3 Mary Engers Design 303 767-7783
Record: 14 ¢ ] 4o qmpe]ofa
[Datashest View BRI E ] ] i e ]

is supposed to remember the caller and the work she did for him, but since she
paints more than fifty houses a year, it usually is difficult for her to do so. This sit-
uation becomes worse when the customer says something like, “My neighbor liked
the job you did on our house and would like something similar done to her
house.”

In order to help her memory and to keep better track of her business records,
Mary had a consultant develop a database and database application that she uses
on her personal computer. The database stores records regarding customers, jobs,
and sources in the form of tables, as shown in the example in Figure 1-1.

It is the job of a program called a database management system (DBMS) to
store and retrieve the data in these tables. Unfortunately, when such data are in
the form of tables, they are not very useful to Mary. Rather, she would like to know
how customers and jobs and referrals relate to one another, for example, what jobs
she has done for a particular customer or what customers have been referred by a
particular person.

To provide this capability, Mary’s consultant created a database application
that processes data entry forms and produces reports. Consider the example form
in Figure 1-2. Here, Mary keys in data about customers such as name, phone, and
address. She also links the customer to a particular referral source and keys in data
about jobs performed for the customer. This data can then be displayed in reports
like the one shown in Figure 1-3.

It is the function of the database application and the DBMS to process the form
and store the data that are entered into tables like those in Figure 1-1. Similarly,
the application and DBMS extract data from tables like those in Figure 1-1 to cre-
ate a report like the one in Figure 1-3.

Consider again the data in Figure 1-1, and notice that the rows in the tables
cross-reference and are linked to one another. Each JOB contains the Customer_ID
of the CUSTOMER who purchased that JOB, and each CUSTOMER contains the
Source_ID of the person who referred that customer. These references are used to



