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PREFACE

This third edition continues the theme of the successful first two editions. That is, we continue to
provide a solid and practical foundation for the design, implementation, and management of data-
base systems. We build this foundation on the notion that, while good databases are very practical
things, their successful creation depends on understanding the important concepts that define
them. It's not easy to come up with the proper mix of theory and practice, but we are grateful
that many of our second edition's adopter comments and many of our third edition's reviewer
evaluations suggest that we have largely succeeded in our quest to provide the proper balance.

In this third edition, we continue to cover current topics in detail. The updated coverage of
Client/Server and Object Oriented database systems has been augmented by an in-depth explo-
ration of Data Warehousing. In fact, we not only examine the Data Warehouse's role as a new and
powerful basis for decision support, we also provide the details of its design.

As its title suggests, Database Systems: Design, Implementation, and Management covers three broad
aspects of database systems. However, we believe that the practical aspects of database system
design and implementation deserve special attention for several important reasons:

B The availability of excellent database software enables even database-inexperienced people
to create databases and database applications. Unfortunately, the "create without design”
approach usually paves the road to any number of database disasters. In our experience,
many, if not most, database system failures are traceable to poor design that cannot be solved
with the help of even the best programmers and managers. Nor is better DBMS software
likely to overcome problems created or magnified by poor design. Using an analogy, even the
best bricklayers and carpenters can't create a good building from a bad blueprint.

B Most of the really vexing database system management problems seem to be triggered by
poorly designed databases. It hardly seems worthwhile to use scarce resources to develop
excellent and extensive database system management skills in order to exercise them on
crises induced by poorly designed databases.

B Design provides an excellent means of communication, too. Clients are much more likely
to get what they need when database system design is approached carefully and thought-
fully. In fact, clients may even discover how their organizations really function once a good
database design is completed.

W Familiarity with database design techniques promotes one's understanding of current data-
base technologies. For example, because Data Warehouses derive much of their data from
operational databases, the Data Warehouse concepts, structures, and procedures make much
more sense if the operational database's structure and implementation are understood.

In short, database design, far from being a theoretical nicety, is an eminently practical activity that
justifies the in-depth coverage we have given it.

Because we stress the practical aspects of database design, we have covered design concepts and pro-
cedures in detail and we have made sure that the end-of-chapter problems are sufficiently challenging
to let students develop real and useful design skills. We also make sure that students understand



the potential and actual conflicts between database design elegance, information requirements, and
transaction processing speed. For example, it makes little sense to design databases that meet
design elegance standards while they fail to meet end-user information requirements. Therefore,
we explore the use of carefully-defined trade-offs to ensure that the databases are capable of
meeting end-user requirements while still conforming to high design standards.

Our third edition reflects comments and suggestions made by the adopters of our second edition
and by a host of reviewers who examined our extensive rewriting efforts. In addition, we have very
important reviewers, known as students, who can be relied upon to provide useful feedback on
what works in the classroom and what doesn't. As teachers, we continued to discover better ways
to make a point and we discovered that, in spite of the careful reviewing and editing that preceded
the second edition, there were some errors of omission and commission that required redress. The
march of database technology required that we address new topics and that we approach some
"old" topics differently. Finally, by practicing our database craft in the real world, we found better ways
to develop and implement some of the designs and to better explain these ways to others. In short,
experience dictated many changes in coverage and the addition of considerable support.

ToPICAL COVERAGE

Our book's title leads with DATABASE SYSTEMS. Therefore, we examine the database and design
concepts covered in Chapters [-5 as part of a larger whole by placing them within Chapter 6's
systems analysis framework. We believe that database designers who fail to understand that the
database is a part of a larger system are likely to overlook important database design requirements.
In fact, Chapter 6 provides the map for the advanced database design we develop in Chapter 7
and 8. Within the larger systems framework, we can also explore such issues as Transaction
Management and Concurrency Control (Chapter 9), Distributed Database Management Systems
(Chapter 10), Data Warehousing (Chapter |3), and Database Administration (Chapter [4).

The first item in the book's subtitle is DESIGN, and our examination of database design is com-
prehensive. For example, Chapter | illustrates the need for design, Chapters 2 and 3 lay the foun-
dation for the relational database model, while Chapter 4 provides extensive, in-depth, and practi-
cal database design coverage. Chapter 5 is entirely devoted to critical normalization issues that
affect the database's efficiency and effectiveness. Chapter 6 examines the database design within
the systems framework and maps the activities required to successfully design and implement the
complex real-world database we develop in Chapters 7 and 8.This background also enables the
student to understand Chapter |3's detailed Data Warehousing coverage.

Because database design is affected by the database model, we examine the dominant database
models in depth. For example, our coverage of the dominant relational model begins at Chapter
I's end and is expanded in Chapter 2. Chapter 3's SQL coverage demonstrates the relational
model's querying power, while Chapters 4 and 5 complete the design and quality control tech-
niques that lead to the relational model's implementation. Chapter 9 addresses transaction man-
agement and concurrency control, while Chapter |0 focuses on distributed database management
systems. We provide detailed coverage of Object-Oriented Databases in Chapter |1, while
Client/Server Systems are covered in depth in Chapter 12. Chapter |13 explores the Data
Warehouse in detail and examines how its functions affect design issues.




The second portion of the subtitle is IMPLEMENTATION. Because we used Chapters 7 and 8 to
demonstrate the design of a database that was actually and fully implemented, we were forced to
deal with a wide range of implementation issues. Naturally, we had to deal with conflicting design
goals: Design elegance, information requirements, and operational speed. Therefore, we carefully
audited Chapter 7's initial design to check its ability to meet end-user needs and to establish appro-
priate implementation protocols. The result of this audit yielded the final, implementable design
developed in Chapter 8. (This operational database serves as the basis for the first of Chapter 13's
Data Warehouse problems.)

The final portion of the subtitle is MANAGEMENT. We deal with database management issues in
Chapter 9's Transaction Management and Concurrency Control, Chapter [0's Distributed
Database Management Systems, and Chapter |4's Database Administration.

TEACHING DATABASE: A MATTER OF Focus

Given the wealth of detailed coverage, instructors may "mix and match" chapters to produce the
desired coverage. Depending on where database courses fit into the curriculum, instructors may
choose to emphasize database design, current database technologies, or database management
tracks. For example, if the instructor wants to focus on database design and implementation issues,
Figure | may be used as a basis for developing the course syllabus. Although all three tracks share
the database and design concept foundation, the design track targets Chapters 6-8 in which a
detailed and complex database design is created, verified, and implemented.

Design Track

Optional

Chpters 1 &2 Chapter 3
File Systems and Databases; An Introduction to

The Relational Database model Seructured (‘«S‘Sﬁr Language

Chapters 4 & 5
Entity Relationship (E-R) Modeling;
Normalization of Database Tables

Chapters 6,7,& 8
Database Design; The University Lab: Conceptual Design:
The University Lab: Conceptual Design Verification,
Logical Design, and implementation

Chapters 12 & 13 Chapter 11
Client/Server Systems; Object-Oriented Databases
Data Warehousing 3

The hands-on nature of the design track lends itself particularly well to class projects in which stu-
dents use instructor-selected software to prototype a student-designed system for the end user.
Several of the end-of chapter problems are sufficiently complex to serve as projects, or the instruc-
tor may work with local businesses to give students hands-on experience.



Instructors who want to focus on current database technologies may use Figure 3 as the basis for devel-
oping the course syllabus. Using this track, Chapters 6-8 are skipped or are used simply as background
reading, while Chapters 9-13 become the focus of course coverage. Because it is difficult to understand
the details of current database technologies without a solid foundation in database and design concepts,
the coverage of Chapters -2 and 4-5 becomes the basis for subsequent course development.

Current DB Technologies Track

Chapte
An Introduction to
Structured Query Language
(sq)

Chapters | & 2
File Systems and Databases;
The Relational Dat

Chapters 4 & 5
Entity Relationship (E-R)

Distributed base Managentent Systems
Optional
Chapters 11,12 & |

Object Oriented Databases; Client/§erver Systems;
Data Warehousing

If the instructor wants to focus on database rmanagement issues, Figure 3 may be used as a basis

for developing the course syllabus.

Optional
= Oitaptev 3

An Introduction to
Structured Query Language &
(sQL)

" Chapters4 &5
Entity Relationship (E-R) Modkli

Database Administration|

Optional

Chapters 12 & 13 3 Chapter 11
Client/Server Systems; 4 Object-Oriented Databases
Data Warehousing




Note that some elements of the database design and current database technologies tracks are also
found in the database management track. This inclusion is dedicated to the notion that it is difficult
to manage database technologies that are not understood.

SPECIAL FEATURES AND SUPPORT

We recognize that teaching database systems is hard work. If database coverage is broad, practical,
and detailed, the work required includes the actual creation of the designs and the implementation
of those designs through the creation of databases, tables, relationships, and so on.To make the
teacher's life we have made sure that teachers are given lots of support. Such support includes:

n DATABASES ARE INCLUDED

Unlike previous editions, this third edition includes all of the database structures and table contents
on disk. This feature ensures that

B the database designs developed in the text meet all implementation requirements
B the designs are capable of meeting the stated information requirements

B the illustrations always match the actual database contents
|

teachers do not waste their time creating the database structures and the table contents
to illustrate the important design and information management principles

Although we have used Microsoft Access 2.0 screens to present the text's material more attrac-
tively, Database Systems: Design, Implementation, and Management is NOT an Access 2.0 book.
Access 2.0 was used here because it is very flexible: the Access 2.0 tables can be exported in a
wide variety of formats, including SQL. In fact, to demonstrate some of the SQL features in Chapter
3 we exported our Access 2.0 tables to ORACLE and then used ORACLE's SQL*Plus to produce
the desired query results.

DETAILED INSTRUCTOR'S MANUAL

Because we tackle so many problems in depth, teachers will find the Instructor's Manual especial-
ly useful. Because our book emphasizes the practical aspects of the database environment, we
believe it is appropriate to show you the details of the design solution process. Also, where appro-
priate, we present notes about selected design procedures or alternative approaches that may be
used to solve a particular problem. Finally, we decided to reproduce the book's questions and prob-
lems together with their answers and solutions in this manual. We hope that this simple service
helps make your teaching life simpler and more rewarding.

POWERPOINT PRESENTATIONS

To make sure that teachers do not need to create their own presentation materials, the support
package includes PowerPoint presentations. These presentations follow each chapter's coverage
precisely and include all appropriate illustrations.

n VIDEO DEMONSTRATIONS

We have prepared video demonstrations in which we examine various aspects of database design,
implementation, and applications development. We have covered four topics:



B Implementation of a Database Design and Basic Applications Development. This video illus-
trates a database design from its E-R model to its implemention. It also examines the end-
user view of the database through some sample applications, using a menu-driven interface.
Because the presentation is based on two quizzes, one dealing with database design and
the other dealing with implementation and applications development, this video may be
used as a template for the development of hands-on quizzes and tests.

W Exporting MS Access 2.0 Tables to Oracle. Because database prototyping is often done with
the help of microcomputer RDBMSs such as Microsoft Access, we show how database
tables produced in Access can be exported to an "industrial strength” RDBMS such as
ORACLE. Because the relationships are not exported, we also demonstrate how such rela-
tionships can be re-established in Oracle.

W Basic ORACLE SQL We show how Oracle SQL may be used to extract data from an Oracle
database and how to do basic buffer and screen management. We then illustrate how SQL
commands can be stored and edited with the help of a user-selected ASCII editor such as
Notepad and how such stored SQL commands may be executed. We also demonstrate
the use of a script file containing multiple SQL commands. A selection of Chapter 3's SOL
problems is demonstrated. (All of Chapter 3's SQL problems are supplied as ASCII files,
ready to be executed.)

B UsingAccess 2.0 as a Front End to Oracle. Because many applications are prototyped through
the use of microcomputer RDBMSs such as Microsoft Access, we show how Oracle tables
may be attached to an Access database object. We then demonstrate how Access may be
used to easily develop the forms, including form/subform formats, queries, and reports may
be generated. This approach ensures that the data are maintained and managed at the serv-
er level, while the end user applications are quickly and easily developed at the client level.

MORE AND BETTER PROBLEMS

We have added many new problems and we have greatly improved their teaching potential. For
example, just the first five chapters contain over 140 problems. Problem descriptions and illustra-
tions have been strengthened considerably. As students work their way through the problem sets,
the problems become progressively more complex while drawing on the lessons learned from the
completion of preceding problems. The development of such comprehensive and carefully-crafted
problem sets makes it possible for students to gain the necessary experience to

tackle the real world design developed in Chapters 7 and 8. Many of the prob- g%ﬁ—‘

lems are sufficiently complex to serve as cases or as class projects, especially if

they are carried through the implementation and applications development stages. These problems
are marked with a T-square-like icon.

E INCLUDES DATA WAREHOUSE AND DATA MINING COVERAGE

The new Chapter |3 introduces the Data Warehouse and how it may serve as the foundation for
decision support activities. When done properly, Decision Support Systems are designed to pro-
vide a computerized interface to enable business decision makers to creatively approach, analyze,
and understand business problems. In this chapter, we explore several approaches to the imple-
mentation of Decision Support Systems:

B On-Line Analytical Processing using Relational DBMS




B Multi-Dimensional Databases

Whatever the approach, it relies on operational data that are extracted, summarized, and stored
in some type of Data Warehouse. Because we have covered the design and implementation of
transaction-type (that is, operational) databases so thoroughly, we are able to provide practical cov-
erage of the data warehousing environment without losing the student in the fog of the Data
Warehouse's complexities.

Given the existence of the Data Warehouse, Data Mining activities become a growing component
of new Decision Support Systems. Data Mining systems provide automated tools to perform data
extraction and data analysis. The data analysis procedures are designed to identify data relation-
ships, thus setting the stage for uncovering business problems and opportunities.

Because we focus on a hands-on approach to database coverage, we examine the criteria that
form the basis for designing and building a data warehouse. Therefore, we are able to move beyond
the basic concepts and we can show how the data warehouse "facts and dimensions" are used as
the basis for the star schema and the multidimensional cube. Having provided practical examples,
we offer students the opportunity to actually design and implement a small Data Warehouse.

DESIGNS ARE DEVELOPED TO REACH THE IMPLEMENTABLE LEVEL

As we developed database designs in our own classes, we discovered that too many students
encountered problems when they tried to translate some of the designs into appropriate table
structures and relationships. Those troubles were traceable to the fact that our relationships were
sometimes displayed at the logical level, rather than at the implementation level. We have made
sure that we corrected that shortcoming. Optional relationships within the M:N framework were
particularly troublesome; although we decomposed the M:N relationship into |:M relationships
with the help of a composite entity, some students found it difficult to migrate the optionality to
the new structure. Chapter 4's revised Entity Relationship illustrations, accompanied by examples,
appear to have eliminated that hurdle. Teachers who choose to cover Chapter 3's SOL material
will also be able to illustrate the impact of properly-defined optional relationships by examining the
SQL delete and update requirements written in each table structure definition.

E COMMONLY-USED GRAPHICAL MODELING DISPLAYS

Although Chen's Entity Relationship (E-R) model is an especially valuable classroom teaching
device and end user communications tool, many computer-based modeling tools are based on
alternate E-R presentation methods. Because several of our second edition's users suggested that
we illustrate at least a few of these methods, we have added coverage of the Crow's Foot, the
Rein85, and the IDEFIX methods in the new Chapter 4's Section 4.5. By using a familiar Chen
model as the starting point for a simple invoicing system, students have found it easy to become
used to the alternative modeling styles.

E SELF-DOCUMENTING NAMING CONVENTIONS

Given our own experience as database practitioners and as classroom teachers, and given the
comments from several of the second edition's users, we have revised all the table structures to
improve their self-documentation. Therefore, we introduce attribute naming conventions that
ensure the use of descriptive attribute names, that use a prefix that ties the attribute to a table,



and that make it obvious which attributes serve as foreign keys. By consistently adhering to these
naming conventions, we make it easier to track the system's attributes during the design process.
In addition, the use of such self-documenting naming conventions makes it much easier to develop
end-user applications, especially when "drag-and-drop" techniques are used.

m RELATIONAL SCHEMAS

Because Relational Schemas are an excellent and simple way to illustrate the nature of the rela-
tionships we model, we introduce them early to reinforce the modeling lessons. Students
encounter their first Relational Schema in Chapter |'s Figure 1.9, see the development of a more
complex set of relationships in Chapter 2's Figure 2.13, and graduate to their common use in sub-
sequent chapters.

TABLE CONTENTS ARE SHOWN TO ILLUSTRATE THE MORE COMPLEX
DESIGN ISSUES

Several users (and more than a few of our own students) indicated that the inclusion of table con-
tents would make the more complex relationships more readily comprehensible. We have, there-
fore, included such examples: note particularly the expanded discussion of ternary relationships
presented in Chapter 4.

UPDATED SQL COVERAGE

The feedback we've had indicates that Chapter 3's SQOL coverage has become a popular option.
But, because we recognize that many teachers do not want to cover SQL, we have made sure that
the rest of the book is not dependent on Chapter 3's SQL coverage. Although we have occasion-
ally used SQL to illustrate some topics (such as transaction management and distributed database
implementations) in subsequent chapters, proper coverage and understanding of these topics does
not require SQL knowledge.

COMPREHENSIVE TEST BANK

Because a database course requires hands-on design and implementation work, testing tends to
follow that format. However, basic knowledge of concepts, implementation issues, and vocabulary
may be tested with the help of a comprehensive test bank supplied to adopters.This test bank con-
tains approximately |50 questions per chapter. The test bank includes graphics from the text and
provides a mix of multiple choice, true-false, fill-in-the-blank, and essay questions.
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