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S# | SNAME | STATUS | CITY Sp
S1 | smith 20 | London

S2 | Jones 10 | Paris

S3 | Blake 30 | Paris

S4 Clark 20 London

S5 | Adams 30 | Athens

P# | PNAME | COLOR | WEIGHT | CITY
Pl Nut Red 12 London
P2 | Bolt Green 17 | Paris
P3 Screw | Blue 17 | Rome
P4 Screw Red 14 London
PS5 | Cam Blue 12 | Paris
P6 | Cog Red 19 | London

S# | P# | QTY
S1 | Pl 300
s1 P2 200
S1 | P3 400
S1 | P4 200
S1 | P5 100
S1 | P6 100
52 Pl 300
52 P2 400
s3 P2 200
S4 P2 200
54 P4 300
S4 P5 400

The suppliers and parts database (sample values)




s# SNAME STATUS CITY SPJ
81 | Smith 20 | London

82 | Jones 10 | Paris

83 | Blake 30 | Paris

S84 | Clark 20 | London

§5 | Adams 30 | Athens

P# | PNAME | COLOR | WEIGHT | CITY
P1 | Nut Red 12.0 { London
P2 | Bolt Green 17.0 | Paris
P3 | Screw | Blue 17.0 | Rome
P4 | Screw | Red 14.0 | London
PS5 | Can Blue 12.0 | Paris
P6 | Cog Red 19.0 | London
J# | JNAME CITY

J1 | Sorter Paris

J2 | Display Rome

J3 | OCR Athens

J4 | Console Athens

J5 | RAID London

J6 EDS oslo

J7 | Tape London

s# | p# | aF ! ary
s1 | P1 | a1 | 200
s1 | P1 | J4 | 700
s2 | P3 | ;1| 400
sz | P3| 92 | 200
s2 | P3 | J3 | 200
s2 | P3| J4 | so0
s2 P3 J5 600
sz | P3 | J6 | 400
sz | 3 | 37 | 800
s2 | p5 | 32 | 100
§3 | P3| J1 | 200
s3 | P4 | 32 | 500
s4 | P6 | 73 | 300
s4 | P6 | 37 | 300
ss | p2 | g2 | 200
s5 | P2 | J4 | 100
85 | P5 | J5 | 500
ss | s | 37 | 100
§5 | P6 | J2 | 200
s5 | P1 | J4 | 100
s5 | P3 | J4 | 200
s5 | P4 | 34 | 800
ss | p5 | J4 | 400
S5 | P6 | J4 | 500

The suppliers-parts-projects database (sample values)




<table expression>
1:= <join table expression>
| <nonjoin table expression>

<join table expression>
1t=  <table reference>
[ NATURAL ] JOIN <table reference>
[ ON <conditional expression>
| USING ( <column name commalist> ) )
<table reference> CROSS JOIN <table reference>
( <join table expression> )

<table reference>
1i= <table name> [ [ AS ] <range variable name>
{ ( <column name commalist> )} ] ]
( <table expression> ) [ AS ] <range variable namer
[ ( <column name commalist> ) ]
<join table expression>

<nonjoin table expression>
ti= <nonjoin table term>
| <table expression> UNION [ ALL ] [ CORRESPONDING

[ BY ( <column name commalist> ) ] )
<table term>

<table expression> EXCEPT [ ALL ] [ CORRESPONDING
{ BY ( <column name ccmmalist> ) ] ]
<table term>

<nonjoin table term>
::= <nonjoin table primary>
| <table term> INTERSECT [ ALL ] [ CORRESPONDING
{ BY { <column name commalist> } ]} )
<table primary>

<table term>
::= <nonjoin table term>
| <join table expression>

<table primary>
::= <nonjoin table primary>
| <join table expression>

<nonjoin table primary>
ss=  TABLE <table name>
<table constructor>
<galect expression>
{ <nonjoin table expression> )

<table constructor>
::= VALUES <row constructor commalist>

<row constructor>
::=  <gcalar expression>
l ( <scalar expression commalist> )

( <table expression> )

<gelect expression>
1:= SELECT [ ALL | DISTINCT ] <select item conmalist>

FROM <table reference commalist>
[ WHERE <conditional expression> ]
{ GROUP BY <column name commalist> ]
[ HAVING <conditional expression> )

<gelect item>
:1= <scalar expression> [ [ AS ] <column name> ]

| [ <range variable name>, ) *

The syntax of SQL <table expression>s




<conditional expreséion>
1:= <conditional term>
| <conditional expression>.OR <conditional term>

<conditional term>
;:= <conditional factor>
| <conditional term> AND <conditional factor>

<conditional factor>
te= [ NOT ] <conditional primary>

<conditional primary>
1t= <simple condition> | ( <conditional expression> )

<simple condition>

t:= <comparison condition>
<in condition>
<like condition>
<match condition>
<all or any condition>
<exists condition>
<unique condition>

<comparison condition>
;:=  <row constructor>
<comparison operator> <row constructor>

<comparison operator>
1= = | < | <=] > ]| >] <

<in condition>
t1= <row constructor> [ NOT ] IN ( <table expression> )

| <scalar expression> [ NOT ] IN
( <scalar expression commalist> )

<like condition>
::=  <character string expression>
[ NOT ] LIKE <pattern> [ ESCAPE <escape> 1

<match condition>
::=  <row constructor>
MATCH UNIQUE ( <table expression> )

<all or any condition>

::=  <row constructor>
<comparison operator> ALL ( <table expression> )

| <row constructor>
<comparison operator> ANY ( <table expression> )

<exists condition>
::= EXISTS ( <table expression> )

<unique condition>
::= UNIQUE ( <table expression> )

The syntax of SQL <conditional expression>s
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Preface to the Seventh Edition

This book is a comprehensive introduction to the now very large field of database systems.
It provides a solid grounding in the foundations of database technology and gives some idea
of how the field is likely to develop in the future. The book is meant primarily as a textbook,
not a work of reference (though I believe it can be useful as a reference also, to some
extent); the emphasis throughout is on insight and understanding, not just on formalisms.

PREREQUISITES

The book as a whole is meant for anyone professionaily interested in computing in some
way who wants to gain an understanding of what database systems are all about. [ assume
you have at least a basic knowledge of both:

w The storage and file management capabilities (indexing, etc.) of a modern computer
system;

» The features of one or more high-level programming languages (e.g.. C, Java. Pascal,
PL/1, etc.).

STRUCTURE

The book is divided into six major parts;

1. Basic Concepts
1l. The Relational Model
11, Database Design
IV. Transaction Management
V. Further Topics
V1. Object and Object/Relational Databases

Each part in turn is divided into several chapters:

Xvil



xvin  Preface to Hie Seventh Edition

Part I (four chapters) provides a broad introduction to the concepts of database systems
in general and relational systems in particular. It also introduces the standard database
language SQL.

» Part II (five chapters) consists of a detailed and very careful description of the rela-
tional model, which is not only the theoretical foundation underlying relational sys-
tems, but is in fact the theoretical foundation for the database field as a whole.

» Part I1I (four chapters) discusses the general question of database design; three chap-
ters are devoted to design theory, the fourth considers semantic modeling and the en-
tity/relationship model.

» Part IV (two chapters) is concerned with transaction management (i.e., recovery and
concurrency controls).

m Part V (eight chapters) is a little bit of a potpourri. In general, however, it shows how
relational concepts are relevant to a variety of further aspects of database technology—
security, distributed databases, temporal data, decision support, and so on.

m Finally, Part VI (two chapters) describes the impact of object technology on database
systems. Chapter 25 in particular, the last in the book, considers the possibility of a rap-
prochement between object and relational technologies and discusses object/relational
systems.

There are also three appendixes—one giving further details of SQL, one on “SQL3" (2
new version of SQL that is likely to be ratified as a standard round about the time this book
appears in print), and one that lists some important abbreviations and acronyms.

Note; An online Instructor’s Manual is also available, giving guidance on how to use
the book as a basis for teaching a database course. It consists of a series of notes, hints, and
suggcstioﬁs on each part, each chapter, and each appendix, as well as answers 10 exercises
not answered in the book itself and other supporting material. For instructions on how to
access the Manual, please contact your local Addison-Wesley sales representative. To locate
your local representative, please visit us on the web at http://hepg.awl.com/rep-locator.

HOW TO READ THIS BOOK

The book overall is meant to be read in sequence more or less &s written, but you can skip
later chapters, and later sections within chapters, if you choose. A suggested plan for a first
reading would be:
® Read Chapters 1 and 2 “once over lightly™:
» Read Chapters 3 and 4 very carefully;
 Read Chapters5, 6,8, and 9 carefully, but skip Chapter 7 (except perhaps for Section 7.7);
s Read Chapter 10 “once over lightly™;
Read Chapters 11 and 13 carefully, but skip Chapter 12:
Read Chapters 14 and 15 carefully,
Read subsequent chapters selectively, according to taste and interesl.
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Each chapter opens with an introduction and closes with a summary; in addition, most
chapters include-a set of exercises, usually with answers (often the answers give additional
information about the subject of the exercise). Most chapters also include an extensive list
of references, many of them annotated. This structure allows the subject matter to be treated
in a multi-level fashion, with the most important concepts and results being presented “in
line” in the main body of the text and various subsidiary issues and more complex aspects
being deferred to the Exercises or Answers or References section, as appropriate. Note:
References are identified in the text by two-part numbers in square brackets. For example.
the reference “[3.1]” refers to the first item in the list of references at the end of Chapter 3:
namely, a paper by E. F. Codd published in CACM, Vol. 25, No. 2, in February, 1982. (For
an explanation of abbreviations used in references—e.g., “CACM”"—see Appendix C.)

COMPARISON WITH EARLIER EDITIONS

The major differences between this edition and its immediate predecessor are summarized
below.

s Part I: Chapters 1-3 cover roughly the same ground as Chapters 1-3 in the previous
edition, but they have been rewritten, and the treatment of several topics has been im-
proved and amplified. Chapter 4 is new (though partly based on the old Chapter 8); it
provides an introduction to SQL, covering aspects that do not logically belong any-
where else in the book (in particular, host language bindings and embedded SQL).

® Part II: Chapters 5-9 (on the relational model) represent a completely rewritten, con-
siderably expanded, and very much improved version of Chapters 4-7 and 17 from the
previous edition. In particular, the sections on types (domains), relation values vs. rea-
tion variables. integrity, predicates, and views have all been drastically revised.

Note: Some words of explanation are in order here. Earlier editions used SQL to if-
lustrate relational ideas, in the belief that it is easier on the student to show the concrete
before the abstract. Unfortunately, however, the gulf between SQL and the relational
model has grown so wide that I now feel it would be actively misieading to use SQL for
such a purpose. In fact, SQL in its present form is so far from being a true embodiment
of relational principles—it suffers from so many sins of both omission and commis-
sion—that I would have preferred to relegate it to an appendix; but the language is so
important from a commercial point of view (and every database professional needs 1o
have some familiarity with it) that it would just not be appropriate to treat it in so dis-
missive a manner. [ have therefore settled on a compromise—a chapter on SQL basics
in Part I of the book, and individual sections in other chapters (where applicable) de-
scribing those aspects of SQL. that are specific to the subject of the chapter in question.

® Part ilI: Chapters 1013 are a significant revision of the old Chapters 9-12, with new
material on relation-valued atributes, denormalization, orthogonal design, and alter-
native approaches to semantic modeling (including “business rules”).

Note: Again, some explanation is in order. Some reviewers of earlier editions com-
plained that database design issues were being treated too late. But it is my feeling that
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students are not ready to design databases properly or to appreciate design issues fully
until they have some understanding of what databases are and how they are used: n
other words, I believe it is important to spend some time on the relational model and
related matters before exposing the student to design questions. Thus, I still believe Part
H1 is in the right place in the book.

® Part IV: The two chapters of this part are slightly revised and extended versions of
Chapters 13 and 14 from the previous edition.

~ ® Part V: Chapters 19 (on type inheritance), 21 (on decision support), and 22 (on tem-
poral databases) are all new. Chapters 16 (on security), 17 (on optimization), 18 (on
missing information), and 20 (on distributed databases) are expanded and significantly
revised versions of the old Chapters 15, 18, 20, and 21, respectively. Chapter 23 (on
logic-based or deductive databases) is a revised version of the old Appendix C.

m Part VI: Chapter 24 is a completely rewritten and much improved version of the old
Chapters 22-24. Chapter 25 is mostly new.

Finally, Appendix A is based on part of the old Chapter 8; Appendix B is new; and Ap-
pendix C is an updated version of the old Appendix D.

In addition to the changes sketched above, the following topics have been dropped in
this edition:

» Storage structures and access methods (old Appendix A);
® Detailed discussion of DB2 (old Appendix B).

WHAT MAKES THIS BOOK DIFFERENT?

Every database book on the market has its own individual strengths and weaknesses, and
every writer has his or her own particular ax to grind. One concentrates on transaction
management issues; another stresses entity/relationship modeling; yet another looks at
everything through an SQL lens; still another takes a pure “object” point of view; still an-
other views the field exclusively in terms of commercial products; and so on. And, of
course, I am no exception to this rule—I too have an ax to grind: what might be called the
foundation 2x. I believe very firmly that we must get the foundation right, and understand
it properly, before we try to build on that foundation in any way. This belief on my part ex-
plains the heavy emphasis in this book on the relational model; in particular, it explains the
length of Part [l—the most important part of the book—where 1 present my own under-
standing of the relational model as carefully as I can. Tam interested in foundations, not fads
and fashions.

In this connection, I should say too that 1 am well aware that the overall tone of this
book has changed over the years. The first few editions were mostly descriptive in nature:
they described the field as it actually was in practice, “warts and all.” This edition, by con-
trast, is much more prescriptive; it talks about the way the field ought to be and the way
it ought to develop in the future, if we do things right (in other words, it is a textbook with
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an attitude!). And the first part of that “doing things right” is surely educating oneself as
to what those right things actually are. I hope this edition can help in that educational
endeavor. ]

And another (related) point: Some of you might know that, along with my colleague
Hugh Darwen, I recently published another “prescriptive” book on database technology,
whose title (abbreviated) is The Third Manifesto [3.3]. That book builds on the relational
model to offer a detailed technical proposal for future database systems (it is the result of
many years of teaching and thinking about such matters on the part of both Hugh and my-
self). And, not surprisingly, the ideas of the Manifesto inform the present book throughout.
Which is not to say that the Manifesto is a prerequisite to the present book—it is not; but it
is directly relevant to much that is in the present book, and further pertinent information is
often to be found therein.

A CLOSING REMARK

[ would like to close these prefatory notes with the following edited extract from another
preface—Bertrand Russell's own preface to The Bertrand Russell Dictionary of Mind, Mat-
ter and Morals (ed., Lester E. Denonn), Citadel Press, 1993, reprinted here by permission:

I have been accused of a habit of changing my opinions . . . I am not myself in any degree
ashamed of [that habit]. What physicist who was already active in 1900 would dream of
boasting that his opinions had not changed during the last half century? . .. {The] kind of
philosophy that I value and have endeavoured to pursue is scientific, in the sense that there
is some definite knowledge 1o be obtained and that new discoveries can make the admis-
sion of former error inevitable to any candid mind. For what I have said, whether early or
late, | do not claim the kind of truth which theologians claim for their creeds. I claim only,
at best, that the opinion expressed was a sensible one to hold ar the time . . . | should be
much surprised if subsequent research did not show that it needed o be modified. [Such
opinions were not] intended as pontifical pronouncements, but only as the best | could do
at the time towards the promotion of clear and accurate thinking. Clarity, above all, has
been my aim.

If you compare earlier editions of this book with this seventh edition, you will find that
I too have changed my opinions on many matters (and no doubt I will continue to do so0). 1
hope you will accept the remarks quoted above as adequate justification for this state of af-
fairs. 1 share Bertrand Russell's perception of what the field of scientific inquiry is all
about, but he expresses that perception far more eloquently than I could.
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