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Preface

The purpose of this book is to introduce the fundamental concepts necessary for the de-
sign, use, and implementation of database systems. Our presentation stresses the funda-
mentals of database modeling and design, the languages and facilities provided by data-
base management systems, and the techniques for implementing database systems. The
book is meant to be used as a textbook for a one ot two semester course in database sys-
tems at the junior, senior, or graduate levels, and as a reference book. We assume that read-
ers are familiar with elementary programming and data structuring concepts, and have
. some exposure to basic computer organization. To keep the book as self-contained as pos-
sible we discuss a few elementary topics that some readers may be familiar with; for ex-
ample, the discussion on characteristics of disk storage devices in Chapter 4 and the sum-
mary of tree data structures necessary for the understanding of indexing in Chapter 5.
We have chosen to start the book with the presentation of the concepts at both
ends of the database spectrum—the conceptual modeﬁlg concepts and the physical file
storage techniques. We believe that these concepts are essential to achieving a good un-
derstanding of database systems. For students who have already taken a course on file or-
ganization techniques, parts of Chapters 4 and 5 could be assigned as reading material to
review file organization concepts. Chapter 3, which covers conceptual modeling using
the Entity-Rélationship (ER) model, provides an impotrant conceptual understanding of
data. However, it may be left out, or covered later if the instructor so wish:s.

Key Features of the Book

We would like to point out several key features of Fundamentals of Dawbase Sys:ems
These are the following: : A S

1. Coverage of data models: We offer comprehenswe ommage J the relatlonal net-
work, and hierarchical data models. In addmm, we mdud_g“_m -depth presenta-

-



PREFACE

tions of the ER model (Chapter 3) and semantic modeling concepts (Chap-
ter 15). We also discuss object-oriented and functional data modeling concepts
in Chapter 15. In Chapter 12, we present the similarities and differences among
the classical data models, We also show how an ik schema can be mapped to re-
tationaly network; dr hierarchical schemas, and continue the mapping procedure
in Chaptes: 1510 include advanced semantic modeling concepts. We have tried
to keep. the individual chapters as self-contained as possible. This modular orga-
nization will enable instructors o select the chaprers they wish to cover, and to
caver them:in their preferred order. in particular, the ER model and the three
data models.prgsented.in Part I—the relational, network, and hierarchical mod-
els—can be taight in any order. The instructor may choose not to cover some of
these data models at all without sacriticing continuity.

2. Exampies: We use the same example of a COMPANY database throughout the book
so the reader can compare the different approaches using the same database ap-
plication. . The COMPANY database was structured in a way to illustrate the fine
points of the various data models and query languages. The same set of queries is
demonstrated with different languages, and queries are labelled for easy cross ref-
erencing. Several additional example databases are introduced in the exercises.

- 3. Flexibility: Because it is very difficult to cover all the data models in depth in a
single course, we present each model individually without reference to the other
models. Individual instructors may cover their preferred models in-their favorite
order. In addition, file organization concepts may be covered in depth early on in
a course, left out entirely, or presented later. The simplified dependency chart
below.shows which chapter sequences can be covered following the introductory
chapters 1. and 2. (Later chapters are not included on the dependency chart to
maintain simplicity.)

" 1AND 2
. |NTRODUCTORY\
4ANDS 8 10 1 3
FILE' RELATIONAT. MODEL  HIERARCHICAL  NETWORK ER

ORGANIZATION AND ALGEBRA MODEL MODEL MODEL

A

ST T g 15 °
RELATIONAL SEMANTIC

CALCULUS 13AND 14 MODELING,-
e FUNCTIONAL OBJECT-ORIENTED
7 AND OTHER AND FUNCTIONAL
2 DEPENDENCIES, MODELS
9 NQRMALIZATION,

. QUEL RELATIONAL

AND.QBE DESIGN

Dependency Chart for chapters up to Chapter 15.
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4. Concepts before systems: We cover the conceptual aspects of each major ap-
proach to database management before we give examples of real database man-
agement systems. This approach is pedagogically sound because systems are often
in a.state of flux whereas basic concepts are more stable. We have found that our
students grasp the concepts better when they are presented independently of real
systems, which often have their own idiosyncracies. Chapter 23 provides cover-
age of several commercial DBMSs, including a relational, a hierarchical, a net-
work, and an object-oriented system. In Chaprer 23, we discuss the similarities
and differences between the concepts presented earlier and their implementa-
tion in the actual systems. This material can be mtegrated into the course wher-
ever the instructor feels is appropriate.

5. Coverage of database design techniques and DBMS system implementation con-
cepts: Database design techniques, both theoretical and practical, are covered in
Part 1I1. Implementation concepts and techniques for query optimization, con-
currency control, recovery, security, and integrity are covered in Part IV. The func-
tions of the DBMS catalog/data dictionary are discussed in Chapter 17. The con-
cept of a database transaction is introduced in Chapter 19.

6. State-of-the-art coverage: Coverage of recent advances in database systems is in-
cluded. Semantic modeling and object-oriented concepts are presented in Chap-
ter 15. Distributed databases are covered in Chapter 21. Chapter 22 includes a

. discussion of a number of recent advances in database technology and applica-
tions, such as expert database systems, knowledge bases, multi-media databases,
databases for engineering design, and office information systems.

7. Class testing and comprehensive reviewing: The notes and various drafts upon
which this book is based have been class tested over the past three years at both
the University of Houston and University of Florida. The text has been thor-
oughly reviewed by numerous database systems experts who provided many sug-
gestions that contributed to major improvements over the course of three drafts

of the book.

Contents of Fundamentals of Database Systems

PART | describes the basic concepts necessary for a good understanding of database design
and implementation. The first two chapters introduce databases, their typical users, and
DBMS concepts and architecture. In Chapter 3, we discuss the conceptual design of data-
bases using the concepts of the Entity-Relationship (ER) model. Chapters 4 and 5 show
how database files are organized at the physical storage level. Chapter 4 describes the pri-
mary methods of organizing files of records on disk; Chapter 5 describes indexing tech-
niques for files, including B-tree and B*-tree data structures.

PART 1l describes the data models and languages used in the majority of current com-
mercial database systems. These models are the relational, network, and hierarchical
data models. The material on the relational model is covered in several chapters—
Chapters 6 through 9—because it is becoming the preferred model, both in industry and
for formalizing database issues in academic research. We cover in detail the formal rela-
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tional algebra and calculus, as well as a number of significant commercial relational lan-
guages that have been implemented-—sQL, QUEL, and QBE. The hierarchical and network
data models are covered in Chapters 10 and 11, respectively, independently of specific
DBMSs. Chapter 12 compares the data models and corresponding DBMSs based on their
modeling concepts, languages, integrity constraints, and storage structures, and also shows
how to convert the conceptual design of a database schema in the ER model into rela-
tional. network, or hierarchical schemas.

PART Ll covers database design. First, we cover the formalisms, theory, and algo-
rithms developed for relational database design in Cheprers 13 and 14. This material in-
cludes functional and other types of dependencies and normal forms for relations. Step
by step intuitive normalization is presented in Chapter 13, and formal relational design
algorithms are given in Chapter 14. Chapter 15 discusses data abstraction and semantic
data modeling concepts, and briefly compares these to knowledge representation tech-
niques. The ER model is extended to incorporate these ideas, leading to the enhanced-
ER (EER) data model. The concepts presented include subclasses, specialization, generali-
zation, and categories. We also describe the object-oriented and functional approaches to
data modeling. Chapter 16 presents an overview of the different phases of the data-
base design process for medium-sized and large organizations, and also discusses physical
database design issues pertinent to relational, network, and hierarchical DBMSs.

PART IV discusses techniques used in the implementation of database management
systems (DBMSs). Chapter 17 describes implementation of the DBMS catalog, which is a
vital part of any DBMS. Chapter 18 presents the techniques used for processing and opti-
mizing queries specified in a high-level database language. Chapter 19 introduces the
concept of a transaction and discusses concurrency control and recovery techniques for
multi-user DBMSs. Chapter 20 discusses techniques for specifying and maintaining data-
base security constraints and semantic integrity constraints.

PART V includes two chapters. In Chapter 21, we discuss distributed databases, where
the database and the DBMS are distributed over many sites connected via a communica-
tion network. With powerful workstations and high speed communication networks,
truly distributed databases are becoming viable. Chapter 22 surveys the trends in data-
base technology and includes discussions of several emerging database applications and
technologies, including expert database systems, databases for computer-aided design ap-
plications, multi-media databases, and office information systems.

Finally, PART VI describes some characteristics of several representative commercial
DBMSs. The DBMSs surveyed include IBM’s DB2 relational system, the IMS hierarchical sys-
tem, and Cullinet’s IDMS network system. We also present features of the Vbase DBMS as
an example of an object-oriented system.

Guidelines for Using Fundamentals of Database Systems

There are many different ways to teach a database course. The chapters in Part I and Il
can be used in an introductory course on database systems in the order they are given or
in the preferred order of each individual instructor. Selected chapters may be left out,
and the instructor can add other chapters from the rest of the book, depending on the
empbhasis of the course. For an emphasis on system implementation techniques, selected
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chapters frow Part 1V can be used. For an emphasis on database design, chapters from
Parts Il can he used. Examples to illustrate the use of specific systems can be mcluded
from Part V1.

For a single-semester course, based on this book, some chapters can be assigned as
reading material. Chapters 4, 5, 12, 16, 17, and 22 can be considered for such reading as-
signments. The hook can also be used for a two-semester sequence. The first course, “In-
troduction to Database Systems,” at the sophomore, junior, or senior level, could cover
most of Chapters | to 13. The second course, “Database Design and Implementation
Techniques,” at the senior or first year graduate level, can cover the remaining chapters,
and any chapters left out from the first course. Part V can serve as introductory material
for addirional topics the instructor may wish to cover. Chapters from Part VI can be used
selectively in either semester, and material describing the DBMS at the local institution
can be covered in addirion to the material in the book.
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