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Preface

This book developed from course notes used in Stanford’s CS145 introduction to
databases. CS145 is the first in a sequence of five courses.! As taught originally
by Arthur Keller, it evolved into a course that stresses the aspects of database
systems of most use to the majority of computer science students: database de-
sign and programming. The course also involves an extensive, running project,
in which the students design and then implement a substantial database ap-
plication. Assignments related to this project, other homework assignments,
exams, and other course materials are available from this book’s home page;
see the section on “Support on the World Wide Web.”

Use of the Book

This book is suitable for a one-semester course. In a one-quarter course, such as
(8145, we have had to omit or skim some of the material. We'll leave it to the
instructor what can best be elided, but obvious possibilities include material
on Datalog, advanced aspects of SQL programming, and detailed coverage of
SQL3.

If you have a running project as part of the course, then it is important
that SQL instruction be moved earlier than it appears in the book. Some of
the things that are suitable for postponement include the material on Datalog,
SQLS3 sections in Chapters 5 and 6, and some of the theory in Chapter 3 (but
students need normalization and possibly multivalued dependencies if they are
to do a good relational design before starting SQL programming).

Prerequisites

We have used the book at the “mezzanine” level, in a course taken both by
advanced undergraduates and beginning graduate students. The formal prereq-
uisites for the course are Sophomore-level treatments of: (1) Data structures,
algorithms, and discrete math, and (2) Software systems, software engineering,

I'The four that follow are: database system principles, a project course in database system
implementation, transactions and distributed databases, and database theory.
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and programming languages. Of this material, it is important that students
have at least a rudimentary understanding of such topics as: algebraic expres-
sions and laws, logic, basic data structures such as search trees, object-oriented
programming concepts, and programming environments. However, we believe
that adequate background is surely acquired by the end of the Junior year in 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.

Some of the exercises or parts are marked with a star. For these exercises,
we shall endeavor to maintain solutions accessible through the book’s web page.
These solutions are publicly available and should be used for self-testing. Note
that in a few cases, one exercise B asks for modification or adaptation of your
solution to another exercise A. If certain parts of A have solutions, then you
should expect the corresponding parts of B to have solutions as well.

Support on the World Wide Web

The book’s home page is
http://www-db.stanford.edu/ " ullman/fcdb.html

Here are solutions to starred exercises, errata as we learn of them, and backup
materials, We hope to make available the notes for each offering of CS145 as
we teach it, including homeworks, solutions, and project assignments.

Acknowledgements
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smith, Steve Huntsberry, Leonard Jacobson, Thulasiraman Jeyaraman, Dwight
Joe, Seth Katz, Brian Kulman, Le-Wei Mo, Mark Mortensen, Ramprakash
Narayanaswami, Torbjorn Norbye, Mehul Patel, Catherine Tornabene, Jona-
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Chapter 1

The Worlds of Database
Systems

In this book the reader will learn the effective use of database management
systems, including the design of databases and the programming of operations
on databases. This chapter serves to introduce a number of important database
concepts. After a brief history of the subject, we learn what makes database
systems different from other software genres. This chapter also provides back-
ground concerning the implementation of the database management systems
that support databases and their use. An understanding of what goes on “be-
hind the scenes” is important if we are to have an appreciation of why databases
are designed as they are or why there are limits on the way operations can be
performed on databases. Finally, we review some ideas, such as object-oriented
programming, with which the reader may be familiar but that are essential in
the chapters to follow.

1.1 The Evolution of Database Systems

What is a database? In essence a database is nothing more than a collection of
information that exists over a long period of time, often many years. In common
parlance, the term database refers to a collection of data that is managed by a
database management system, also called a DBMS, or just database system. A
DBMS is expected to:

1. Allow users to create new databases and specify their schema (logical
structure of the data), using a specialized language called a data-definition
language.

2. Give users the ability to query the data (a “query” is database lingo for
a question about the data) and modify the data, using an appropriate
language, often called a query language or data-manipulation language.

1
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3. Support the storage of very large amounts of data — gigabytes or more —
over a long period of time, keeping it secure from accident or unauthorized
use and allowing efficient access to the data for queries and database
modifications.

4. Control access to data from many users at once, without allowing the
actions of one user to affect other users and without allowing simultaneous
accesses to corrupt the data accidentally.

1.1.1 Early Database Management Systems

The first commercial database management systems appeared in the late 1960’s.
These evolved from file systems, which provide some of item (3) above; file
systems store data over a long period of time, and they allow the storage of
large amounts of data. However, file systems do not generally guarantee that
data cannot be lost if it is not backed up, and they don’t support efficient access
to data items whose location in a particular file is not known.

Further, file systems do not directly support item (2), a query language for
the data in files. Their support for {1) — a schema for the data — is limited to
the creation of directory structures for files. Finally, file systems do not satisfy
(4). When they allow concurrent access to files by several users or processes,
a file system generally will not prevent situations such as two users modifying
the same file at about the same time, so the changes made by one user fail to
appear in the file,

The first important applications of DBMS’s were ones where data was com-
posed of many small items, and many queries or modifications were made Here
are some of these applications.

Airline Reservations Systems

Here, the items of data include:

1. Reservations by a single customer on a single flight, including such infor-
mation as assigned seat or meal preference.

2. Information about flights — the airports they fly from and to, their de- '
parture and arrival times, or the aircraft flown, for example.

3. Information about ticket prices, requirements, and availability.

Typical queries ask for flights leaving about a certain time from one given
city to another, what seats are available, and at what prices. Typical data
modifications include the booking of a flight for a customer, assigning a seat, or
indicating a meal preference. Many agents will be accessing parts of the data
at any given time. The DBMS must allow such concurrent accesses, prevent
problems such as two agents assigning the same seat simultaneously, and protect
against loss of records if the system suddenly fails.




