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Il 

Foreword 

The field of systems programming primarily grew out of the efforts of many pro­
grammers and managers whose creative energy went into producing practical, util­
itarian systems programs needed by the rapidly growing computer industry. 
Programming was practiced as an art where each programmer invented unique so­
lutions to problems with little guidance beyond that provided by immediate asso­
ciates. In 1968, the late Ascher Opler, then at IBM, recognized that it was necessary 
to bring programming knowledge together in a form that would be accessible to ail 
systems programmers. Surveying the state of the art, he decided that enough useful 
material existed to justify a significant codification effort. On his recommendation, 
IBM decided to sponsor The Systems Programming Series as a long-term project 
to collect, organize, and publish those principles and techniques that would have 
lasting value throughout the industry. 

The Series consists of an open-ended collection of text-reference books. The 
contents of each book represent the individual author's view of the subject area and 
do not necessarily reflect the views of the IBM Corporation. Each is organized for 
course use but is detaited enough for reference. Further, the Series is organized in 
three levels: broad introductory material in the foundation volumes, more special­
ized material in the software volumes, and very specialized theory in the computer 
science volumes. As such, the Series meets the needs of the novice, the experienced 
programmer, and the computer scientist. 

Taken together, the Series is a record of the state of the art in systems pro­
gramming that can form the technological base fpr the systems programming dis-
cipl~e. .. 

The Editorial Board 
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Prefac~ 
to the 

Fourth Edition 

The fourth edition of this book is so different from ail previous editions that it is 
to ail intents and purposes a brand new book. Even the structure has changed, as 
will be explained below. But of course the overall objective is still the same as it 
always was-namely, to provide the basis for a solid education in the fundamentals 
of database technology. The general style and level of exposition are also still very 
much the same; the book is still intended primarily as a textbook rather than as a 
work of reference, and it still retains its introductory and tutorial flavor. 

Readers are assumed to be professionally interested in sorne aspect of data proc­
essing. They may, for example, be systems analySits or designers, application pro­
grammers, systems programmers, students followung a university or similar course 
in computer science, or teachers of such a course. Readers are expected to have a 
reasonable appreciation of the capabilities of a modern computer system, with par­
ticular reference to the file-handling features of such a system; they should also 
have sorne knowledge of at least one high-level programming language. Since these 
prerequisites are not particularly demanding, however, 1 am hopeful that the book 
will prove suitable as an introductory text for anyone concerned with using or im­
plementing a database system, or for anyone who simply wishes to broaden a gen­
eral knowledge of the computer science field. 

The book is divided into six major parts: 

1. Basic Concepts 

2. A Sample Relational System 

3. Relational Database Management 

4. The Database Environment 

5. Nonrelational Systems 

6. Sorne Current Developments 

vii 
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viii Preface to the Fourth Edition 

Each part in turn is subdivided into a number of chapters: 

• Part 1 (thrce chapters) provides a broad introduction to the concepts of data­
base systems in general, and in particular distinguishes between relational and 
nonrelational systems. At the time of writing it is still the case that the majority 
of installed systems are nonrelational. However, this state of affairs is unlikely 
to persist for very much longer-relational products are being developed and 
installed at an ever-increasing rate; indeed, it is a fact that almost ail modern 
products are relational. Furthermore, almosl ail current research and devel­
opment is based on relalional ideas. The emphasis of this book is therefore 
heavily on the relational approach. 

• Part 2 (six chapters) consists of a tutorial trealment of the major concepts of 
relation al systems, using the IBM system DB2 as a vehicle for illustrating those 
concepts. 

• Part 3 (eight chapters), which is the longest part of the book (indeed, it is almost 
a book within a book) consists of a detailed examination of the ideas, both 
theoretical and pragmatic, underlying relation al systems such as DB2. Part 3 
also includes a detailed discussion of another relational system, namely 
INGRES, which is significantly different from DB2 in a number of ways. 

• Part 4 (three chapt ers) then goes on to discuss certain other aspects of database 
systems (relational or otherwise)-recovery, concurrency, security, integrity, and 
so on. 

• Next, Part 5 (three chapters) introduces the major nonrelational approaches 
(inverted list, hierarchic, and network), and describes a representative set of 
nonrelational systems: DATACOM/DB, IMS, and IDMS. 

• Finally, Part 6 (two chapters) discusses sorne current research directions in the 
database field. 

Note: The six parts have deliberately been written to be somewhat independent 
of one another; Part 3 (at least Chapters 11-14) can be studied before Part 2 if the 
reader wishes, and Part 5 can be studied before Parts 2 and 3 or after Part 6. How­
ever, my own recommendation is to read the material in sequence as written. 

Most chapt ers are followed by a set of exercises and (usually) answers also; 
often the answers give additional information about the subject of the exercise. 
Most chapt ers are also followed by an extensive list of references, most of them 
annotated. References are identified in the text by numbers in square brackets. For 
example, [11.1] refers to the first item in the list of references at the end of Chapter 
11, namely, a paper by E. F. Codd published in Communications of the ACM 
(CACM), Vol. 13, No. 6 (June 1970). 

For readers who may be familiar with the third edition, the major differences 
from that edition are summarized below. 
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reface to the Fourth Edition ix 

Part 1: The old introductory chapter (Chapt 1) has been expanded into two 
chapters (1 and 2) and made a little more gen le. The old Chapter 2 on storage 
structures (now Chapter 3) has been completel rewritten and greatly expanded. 
The old Chapter 3 on different data models h s been dropped; however, ail the 
material of that chapter still survives (indeed, n expanded form) at other points 
in the book. 

Part 2: Chapters 4-9 replace Chapters 5-10 fr m the third edition. The material 
on the System R prototype has been replace throughout by material on the 
DB2 product. 

Part 3: This part is largely new, or at least co iderably improved over the third 
edition. Chapter 10 (new) describes the ING ES system in sorne detai!. Chap­
ters 11-14 present a significantly expanded a d improved treatment of the re­
lational model (replacing the old Chapters and 11-13); in particular, the 
integrity aspects of the mode! are covered in epth. Chapter 15 (new) discusses 
a number of practical aspects of relational stems. Chapter 16 (new) is an in­
troduction to relation al query optimization. nally, Chapter 17 is a revised and 
extended version of the old Chapter 14 on f rther normalization. 

Part 4: This part is also new. Il consists ofl three new chapters. Chapter 18 
discusses transaction processing (in partiCUla

J
, recovery and concurrency con­

siderations); Chapter 19 describes the probl ms of security and integrity in a 
database system; and Chapter 20 discusses number of auxiliary (frontend) 
systems-report writers, business graphics sys ems, naturallanguage interfaces, 
application generators, and so on. ! 

Part 5: This part replaces Parts 3-5 from the third edition. Il consists of three 
long chapters, one for each of the major n nrelational approaches (inverted 
list, hierarchic, and network). Each chapte first discusses the relevant data 
model and then goes on to describe a typic 1 system supporting that mode!. 
Chapter 21 (new) covers DATACOM/DB; Capter 22 (revised and condensed 
version of the old Chapters 15-22) covers 1 S; and Chapter 23 (revised and 
condensed version of the old Chapters 23-26 covers IDMS. Note that Chapter 
23 in particular now describes an (importan ) concrete system instead of just 
the "official" CODASYL specifications, wh ch were never fully implemented. 
Chapters 21 and 23 also include material on e new "relational" extensions to 
DATACOM/DB and IDMS. 

Part 6: This part is also new. Chapter 24 des ibes distributed database systems 
and also briefly discusses database machines Chapter 25 presents an introduc­
tion to semantic modeling; in particular, i !describes the entity Irelationship 
model and the extended relational model R -/T. 

In addition, the old chapters 27 and 28 ha been dropped, though much of 
the material from those chapt ers is preserved at v tious points throughout the book. 
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x Preface to the Fourth Edition 

Why ail these changes? There are several major reasons: 

1. First, the promise of relational systems-foretold as far back as the first 
edition of this book (1975)-is at last beginning to come to fruition. As already 
mentioned, almost every modern database product is relational, and almost ail data­
base research is relational-based. Furthermore, most of the older (nonrelational) 
products are currently being extended to provide sorne kind of relational support. 
Given the intended audience for this book, therefore, it no longer seems necessary 
or appropriate to give "equal time" to the nonrelational approaches. 

2. Following on from the previous point: Given the widespread acceptance of 
the relational approach, a solid understanding of the fundamentals of that approach 
is now more important than ever, for both researchers and practitioners-in fact, 
for anyone involved in any aspect of database management, in any capacity what­
soever. The relational portions of the book have therefore been completely rewrit­
ten, and at the same time consolidated and greatly expanded, with the aim of 
providing a basis for that solid understanding. 

3. In addition, the "coming of age" of relational systems has made it possible 
to base most examples and discussions on commercially available products, instead 
of just on research prototypes as in earlier editions. (lt goes without saying, of 
course, that commercial products are subject to continuai change; details of specifie 
systems are thus not guaranteed to be accurate as of the most recent release. Fur­
thermore, inclusion or exclusion of a particular product in this book should not be 
construed as either endorsement or otherwise of the product in question-the pur­
pose of including any specifie system is merely to use it to make sorne specifie point 
or illustrate sorne specifie idea.) 

4. The reduced coverage of nonrelational systems has made it possible to in­
clude material on a number of topics for which there was no room in the third 
edition. Specifically, the book now includes at least an introduction to ail of the 
following: query optimization, recovery, concurrency, security, integrity, forms­
based systems, naturallanguage interfaces, report writing, graphies interfaces, ap­
plication generators, semantic modeling (including entity/relationship modeling), 
distributed databases, and database machines. Note: Many of these topics are treated 
in more detail in Volume II (see below). 

One result of ail these changes, incident ail y, is that the prefaces to the previous 
editions are no longer very relevant. They have therefore been dropped from this 
edition. 

As indicated above, this book has a sequel, namely An Introduction to Data­
base Systems: Volume II (first edition, Addison-Wesley, 1982)-referred to through­
out the present text as simply Volume II. Volume Il provides a more thorough 
treatment of sorne of the topies introduced in Parts 3, 4, and 6 of the present book 
(hereinafter referred to as Volume l). However, 1 hope the discussions above make 
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reface to the Fourth Edition xi 

it clear that this fourth edition of Volume 1 is far ore than just a rehash of material 
from the previous (third) edition and Volume II; n the contrary, it contains a great 
deal of new material, and a significantly different mphasis on much of the existing 
material. Equally, of course, it is not intended t replace Volume II, which goes 
into considerably more detail (on its own topics) than is necessary or appropriate 
for the present volume. 

Acknowledgments: As always, it is a great leasure to acknowledge my debt 
to the many people involved, directly or indirectl , in the production of this book. 
First, the text has benefited enormously from th , comments of numerous students 
on seminars 1 have taught based on this materi*. It has also benefited from the 
comments of sever al reviewers of the third edit" n: Randell Flint, Alan Hevner, 
Larry Rowe, Sharon Salveter, Stewart Shen, Pa 1 Spirakis, Philip Stone, Richard 
WaIters, and most especially Dave DeWitt. MYtanks also to the following, each 
of whom reviewed at least sorne portion of the anuscript of this edition or made 
technical material available or otherwise helped find answers to my many tech­
nical questions: Paul Butterworth, Roger Bucha~an, Don Casey, Ted Codd, Dave 
DeWitt, Guy Egerton, Ron Fagin, Randell Flint. Robin Haines, Doug Hembry, 
Peter Kreps, Jack Nevison, Larry Rowe, Phil Sha/J;, Mike Stonebraker, and Sharon 
Weinberg. 1 would also like to thank Relational technology Inc. for permission to 
base certain portions of Chapter 20 on an articlej that 1 wrote for them sorne time 
ago on the Visual Programming tools of INGRES. Finally, this book wou Id never 
have been possible without the support and assis$nce of my long-suffering family, 
nor (obviously) without the professional experti~~ of my editor Elydia Siegel and 
everyone involved at Addison-Wesley. To them .lu, my heartfe\t appreciation and 
thanks. 

Saratoga, California C. J. Date 
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