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Preface

At Stanford, we are on the quarter system, and as a result, our introductory
database instruction is divided into two courses. The first, CS145, is designed
for students who will use database systems but not necessarily take a job im-
plementing a DBMS. It is a prerequisite for CS245, which is the introduction
to DBMS implementation. Students wishing to go further in the database field
then take CS345 (special topics), CS346 (DBMS implementation project), and
CS347 (transaction processing and distributed databases).

Starting in 1997, we published a pair of books. A First Course in Database
Systems was designed for CS145, and Database System Implementation was for
CS245 and parts of CS346. Because many schools are on the semester system
or combine the two kinds of database instruction into one introductory course,
we felt that there was a need to produce the two books as a single volume,
which we call Database Systems: The Complete Book.

e If you are a student considering buying this book, and anticipate a later
study of implementation, you should consider buying Database Systems:
The Complete Book instead.

However, because many more students need to know how to use database
systems than to implement them, we have continued to package the first half
of the “complete book” as A First Course in Database Systems. In the third
edition, we have introduced many new topics and altered the overall view-
point somewhat. Today, there are two important models for database systems:
relational and semistructured (XML). We have decided therefore to downplay
object-oriented databases, except in the contexts of design and object-relational
systems.

What’s New in the Third Edition

After a brief introduction in Chapter 1, we cover relational modeling in Chapters
2-4. Chapter 4 is devoted to high-level modeling. There, in addition to the
E/R model, we now cover UML (Unified Modeling Language). We also have
moved to Chapter 4 a shorter version of the material on ODL, treating it as
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a design language for relational database schemas. The earlier, more extensive
treatment of ODL and OQL is available on the book’s Web site.

The material on functional and multivalued dependencies has been mod-
ified and remains in Chapter 3. We have changed our viewpoint, so that a
functional dependency is assumed to have a set of attributes on the right. We
have also given explicitly certain algorithms, including the “chase,” that allow
us to manipulate dependencies. We have augmented our discussion of third
normal form to include the 3NF synthesis algorithm and to make clear what
the tradeoff between 3NF and BCNF is.

Chapter 5 contains the coverage of relational algebra from the previous
edition, and is joined by (part of) the treatment of Datalog from the old Chap-
ter 10. The discussion of recursion in Datalog is either moved to the book’s
Web site or combined with the treatment of recursive SQL in Chapter 10 of
this edition.

Chapters 610 are devoted to aspects of SQL programming, and they repre-
sent a reorganization and augmentation of the earlier book’s Chapters 6, 7, 8,
and parts of 10. The material on indexes and views has been moved to its own
chapter, number 8, and this material has been augmented with a discussion of
important new topics, including materialized views, and automatic selection of
indexes.

The new Chapter 9 is based on the old Chapter 8 (embedded SQL). It
is introduced by a new section on 3-tiered architecture. It also includes an
expanded discussion of JDBC and new coverage of PHP.

Chapter 10 collects a number of advanced SQL topics. The discussion of
authorization from the old Chapter 8 has been moved here, as has the discussion
of recursive SQL from the old Chapter 10. Most of the chapter is devoted to the
nested-relation model (from the old Chapter 4) and object-relational features
of SQL (from the old Chapter 9).

Then, Chapters 11 and 12 cover XML and systems based on XML. Ex-
cept for material at the end of the old Chapter 4, which has been moved to
Chapter 11, this material is all new. Chapter 11 covers modeling; it includes
expanded coverage of DTD’s, along with new material on XML Schema. Chap-
ter 12 is devoted to programming, and it includes sections on XPath, XQuery,
and XSLT.

Use of the Book

There is adequate material in this volume for a one-semester course on database
modeling and programming. For a one-quarter course, you will probably have
to omit some of the topics. We regard Chapters 2-7 as the core of the course.
The remaining five chapters contain material from which it is safe to select at
will, although we believe that every student should get some exposure to the
issues of embedding SQL in standard host languages from one of the sections
in Chapter 9.
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If, as we do in CS145, you give students a substantial database-application
design and implementation project, then you may have to reorder the mate-
rial somewhat, so that SQL instruction occurs earlier. You may wish to defer
material such as dependencies, although students need normalization for design.

Prerequisites

We have used the book at the “mezzanine” level, in a course taken both by
undergraduates and beginning graduate students. The formal prerequisites for
the course are Sophomore-level treatments of: (1) Data structures, algorithms,
and discrete math, and (2) Software systems, software engineering, and pro-
gramming languages. Of this material, it is important that students have at
least a rudimentary understanding of such topics as: algebraic expressions and
laws, logic, basic data structures, object-oriented programming concepts, and
programming environments. However, we believe that adequate background is
acquired by the Junior year of a typical computer science program.

Exercises

The book contains extensive exercises, with some for almost every section. We
indicate harder exercises or parts of exercises with an exclamation point. The
hardest exercises have a double exclamation point.

Gradiance On-Line Exercises

There is an accompanying set of on-line homeworks using a technology devel-
oped by Gradiance Corp. Instructors may assign these homeworks to their
class, or students not enrolled in a class may enroll in an “omnibus class” that
allows them to do the homeworks as a tutorial (without an instructor-created
class). Gradiance questions look like ordinary questions, but your solutions
are sampled. If you make an incorrect choice you are given specific advice or
feedback to help you correct your solution. If your instructor permits, you are
allowed to try again, until you get a perfect score.

In addition, the Gradiance package for the book includes programming ex-
ercises in SQL and XQuery. Submitted queries are tested for correctness, and
incorrect results lead to examples of where the query goes wrong. Students can
try as many times as they like, but writing queries that only respond correctly
to the examples is not sufficient to get credit for the problem.

Gradiance service can be purchased at )

http://www.prenhall.com/goal

Instructors who want to use the system in their classes should contact their
Prentice-Hall representative.
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Support on the World Wide Web
The book’s home page is
http://www-db.stanford.edu/~ullman/fcdb.html

You will find errata as we learn of them, and backup materials. We are making
available the notes for each offering of CS145 as we teach it, including home-
works, projects and exams. We shall also make available there the sections from
the second edition that have been removed from the third.

Mapping the Second Edition to the Third

Here is a table giving the correspondence between old sections and new.

Old | New || Old | New Old | New Old | New | Old | New
1.1 1.1 1.2 [ 1.2 1.3 |13 2.1 | 4.1 2.2 |42
2.3 |43 2.4 | 44 3.1 |22 3.2 |45 3.3 |46
34 3.1 3.5 3.2 3.6 3.3-5 || 3.7 | 3.6-7 || 4.1 Web
4.2 |49 4.3 |49 4.4 | 4.10 4.5 | 10.3 4.6 11.1
4.7 | 112 || 5.1 |22 52 |24 5.3 | 5.1 54 |52
5.5 2.5 6.1 6.1 6.2 6.2 6.3 | 6.3 6.4 6.4
6.5 | 6.5 6.6 |23 6.7 |81-2| 7.1 |71 7.2 |72
73 |73 7.4 | 74-5]| 8.1 |93 8.2 | 94 8.3 |92
8.4 9.5 8.5 9.6 8.6 6.6 8.7 | 10.1 9.1 ‘Web
9.2 | Web ([ 9.3 | Web || 9.4 | 104 9.5 | 10.5 10.1 | 5.3
10.2 | 5.4 10.3 | Web || 10.4 | 10.2
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