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Database and transaction processing systems occupy a central position in our
information-based society. Virtually every large system with which we interact in
our daily lives has a database at its core. The systems range from those that control
the most trivial aspects of our lives (e.g., supermarket checkout systems) to those
on which our lives depend (e.g., air traffic control systems). Over the next decades,
we will become increasingly dependent on the correctness and efficiency of these
systems.

We believe that every computer scientist and information systems professional
should be familiar with the theoretical and engineering concepts that underlie these
systems. These are the people who will be designing, building, maintaining, and
administering these highly complex systems.

This book is intended to be a text for any of the following courses in a computer
science or technically oriented information systems curriculum:

® An introductory undergraduate or graduate course in databases

® An undergraduate or graduate course in transaction processing for students
who have had an introductory course in databases

B Anadvanced undergraduate or a first graduate course in databases for students
who have had an introductory course in databases

If only one course is to be taught covering both databases and transaction process-
ing, the instructor can select material related to both topics.

Rather than focusing on how to build the database management system itself,
our approach focuses on how to build applications. We believe that many more
students will be implementing applications than will be building DBMSs. We
believe that placing databases in the context of transaction processing accentuates
this emphasis, since transactions provide the mechanism that applications use
to access databases. Furthermore, we include substantial material describing the
languages and APIs used by transactions to access a database, such as embedded
SQL, ODBC, and JDBC.

While the book thoroughly covers conventional topics r elational databases,
SQL, and the ACID properties of transactions it also provides a very substantial
treatment of less conventional and newer issues, such as object and object relational
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databases, XML and document processing over the Internet, and the transactional
issues related to Internet commerce.

Although we cover many practical aspects of database and transaction process-
ing applications, we are primarily concerned with the concepts that underlie these
topics rather than on the details of particular commercial systems or applications.
Thus, in the database portion of the book, we concentrate on the concepts underly-
ing the relational and object data models rather than on any particular commercial
DBMS. These concepts will remain the foundation of database processing long af-
ter SQL is obsolete. (Recall the generation of programmers who were trained in
COBOL and found it extremely difficult to learn any other language.) In a simi-
lar way, in the transaction processing portion of the book, we concentrate on the
concepts underlying the ACID properties and the technical issues involved in their
implementation, rather than on any particular commercial DBMS or TP monitor.

To enhance students understanding of the technical material, we have included
a case study of a transaction processing application, the Student Registration Sys-
tem, which is carried through the book. While a student registration system can
hardly be considered glamorous, it has the unique advantage that all students have
interacted with such a system as users. More importantly, it turns out to be a surpris-
ingly rich application, so we can use it to illustrate many of the issues in database
design, query processing, and transaction processing.

A unique aspect of the book is a presentation of the software engineering con-
cepts required to implement transaction processing applications, using the Student
Registration System as an example. Since the implementations of many informa-
tion systems fail because of poor project management and inadequate software
engineering, we feel that these topics should be an important part of the student s
education. Our treatment of software engineering issues is brief, as many students
will take a separate course in this subject. However, we believe that they will be
better able to understand and apply that material when they see it presented in
the context of an information system implementation. Since the courses that use
this text at Stony Brook are not software engineering courses, we do not cover this
material in class. Instead, we ask the students to read it and require that they use
good software engineering practice in their class projects. We do cover in class those
aspects of the Student Registration System that illustrate important issues in data-
bases and transaction processing.

OVERVIEW

There is sufficient material in the book for three one-semester courses. The first
half of the book is a text for a first course on databases. For students who have
completed such a course, the second half of the book concentrates on transaction
processing and advanced topics in databases. At Stony Brook, we offer both an
undergraduate (introductory) and a more advanced (graduate) database course
as well as an undergraduate and graduate version of the transaction processing
course.



Overview  xxv

The book is divided into parts so that the instructor can more easily organize
the material. We have included a Chapter Dependency Chart to make it easier to
design customized courses.

Part |: Introduction

Chapters 1 through 3 contain introductory material for a first course in databases.
Chapter 1 serves as general introduction. Chapter 2 briefly covers SQL and the
ACID properties of transactions. By introducing this basic material early, we are
able to remove some constraints on the order of presentation of topics discussed
later.

Chapter 3 begins our discussion of the Student Registration System and the
software engineering concepts appropriate for its implementation. In particular,
we discuss requirements and specification documents and the use of application
generators to design graphical user interfaces. In the introductory database course
at Stony Brook, we ask the students to read this material but do not cover itin class
lectures. However, at this point in the course, we start the class project by asking
students to write a Specification Document.

Part Il: Database Management

Chapters 4 through 15 constitute the core of a first course in databases. Some of the
topics covered are:

B The concept of a relation and the DDL features of SQL, including automatic
constraint checking

B The Entity-Relationship Model and schema design, including methods (and
their limitations) for converting E-R diagrams to relational schemas

¥ Relational algebra, calculus, and the DML features of SQL with particular at-
tention to the semantics of complex SQL queries through relational algebra and
calculus

# Functional dependencies and normalization, including algorithms for decom-
posing a schema into 3NF, BCNF, and 4NF

# Triggers and active databases, including triggers in SQL:1999

# The inclusion of SQL statements in a program written in a conventional pro-
gramming language, including embedded SQL, dynamic SQL, ODBC, JDBC,
and SQLJ. The recently standardized language for stored procedures, SQL/PSM,
is also discussed

B Physical organization of the data and indexing, including B* trees, ISAM, and
hash indices '

B Query processing and optimization, including algorithms for computing selec-
tions and joins, and methods for estimating the cost of query plans

Software engineering issues, as applied to the Student Registration System, are
integrated throughout these chapters. In Section 5.7, we present the database design
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for the system, including the E-R Diagram and relation schema. Chapter 12 presents
material on Design Documents, Test Plan Documents, and project planning that is
needed to complete the system. In Section 12.6, we present the detailed design and
part of the Java/JDBC program for one of the transactions in the system.

Chapter 15 summarizes some of the material on transaction processing from
later chapters. It can be used to enrich a database course if time permits.

Part lll: Advanced Topics in Databases

Chapters 16 through 19 contain materials that can become part of an advanced
database course. Such a course includes all the chapters in this part plus Chapter 27.
In our experience, lack of time prevents one or more sections of Chapters 7, 8,9, 10,
11, and 14 from being covered in a first database course, so this material can also
be included. The topics covered in Part III include

# Object and object-relational databases, including the conceptual model, ODMG
databases, object-relational extensions of SQL:1999, and CORBA

i Database aspects of document processing on the Web, including a detailed
discussion of XML Schema, XPath, XSLT, and XQuery

B Distributed databases, including heterogeneous and homogeneous systems,
multidatabases, fragmentation, semijoins, global query optimization, query de-
sign, and distributed database design

# Online analytic processing and data mining, including star schemas, the CUBE
and ROLLUP operators, associations, and classification

Part IV: Transaction Processing

Chapters 20 through 27, together with portions of Chapters 9 and 10, contain
material for a one-semester course in transaction processing. Many of the examples
in these chapters refer to the Student Registration System design developed in
Chapters 3 and 12 and in Section 5.7. We ask the students to read this material
as appropriate.

Chapter 20 contains a detailed description of the ACID properties of transac-
tions. Chapters 21 and 22 describe a variety of transaction models and the ar-
chitecture of transaction processing systems in a distributed and heterogeneous
client/server environment. Some of the topics covered are

B Models of transactions, including savepoints, chained transactions, transac-
tional queues, nested and multilevel transactions, distributed transactions, mul-
tidatabase systems, and workflow systems

B Architectures for transaction processing systems, including, client-server orga-
nizations for both centralized and distributed databases, two-tiered and three-
tiered architectures, TP monitors, and transaction managers. Transactional re-
mote procedure call and peer-to-peer communication together with their use in
organizing a transaction processing system are discussed
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® Implementation of transaction architectures and models in transaction process-
ing applications on the Internet

Chapters 23 through 26 describe how the ACID properties of atomicity, isolation,
and durability are implemented in both centralized and distributed systems. Some
of the topics covered are

B Concurrency controls for abstract databases, including strict two-phase locking,
optimistic concurrency controls, timestamp-ordered concurrency controls, con-
currency controls for object databases, and locking protocols to implement the
different models of transactions

B Concurrency controls for relational databases, including locking protocols for
the different isolation levels, examples of correct and incorrect schedules at each
isolation level, granular locking, index locking, and multiversion concurrency
controls, including SNAPSHOT isolation

B Logging and recovery, including write-ahead logs, dumps, and checkpoints

B Distributed transactions, including the two-phase commit protocol, global seri-
alization, global deadlocks, and synchronous and asynchronous algorithms for
managing replicated data

Chapter 27 covers security and Internet commerce. Some of the topics covered
are

B Symmetric and asymmetric encryption, digital signatures, blind signatures, and
certificates

B The Kerberos protocol for authentication and key distribution

B Internet protocols, including the SSL Protocol for authentication and session
encryption, the SET Protocol for secure transactions, electronic cash protocols,
and protocols that guarantee goods atomicity, certified delivery, and money
atomicity

Our goals in Chapters 20 through 27 are

B To make students aware of the architecture of the transaction processing systems
with which their transactions must interact, so that they can better evaluate the
features offered by competing system vendors

8 To describe the costs, measured in system resources and performance, involved
in implementing the ACID properties of transactions

B To describe techniques to decrease these costs for example, granular locks,
indices, denormalization, and table fragmentation.

8 To describe situations in which an application will execute correctly even though
isolation is not total for example, transactions that might execute correctly at
an isolation level less stringent than SERIALIZABLE
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We have also included an Appendix, which covers certain system issues that
are important for understanding parts of the text. These include the ideas behind
modular systems and encapsulation, the basics of the client/server architecture,
multiprogramming and threads, and the basics of interprocess communication.
Instructors might choose to present some of this material if the students have not
covered it in previous courses.

DEPENDENCIES AMONG CHAPTERS

To help instructors tailor the material to the needs of their courses, we have iden-
tified certain sections that can be skipped without disrupting the flow of material
in the corresponding chapters. Such sections are marked with an asterisk. Even
though material covered in these sections is sometimes referenced in other chap-
ters, these references can be ignored. In addition, exercises that are more difficult
than the rest are marked with one or two asterisks, depending on the difficulty.

The text can be used in a number of different ways depending on the goals of
the course. To provide some guidance to the instructor, the table on the next page
shows the chapters that might be included in five different courses that address
different student populations and attempt to emphasize different aspects of the
subject. In this table, yes means that all parts of the chapter should be covered by
the lectures. Parts means that the instructor can select only parts of the material
presented in the chapter. Read means that the chapter can be given as a reading
assignment to the students.

Column 1 marks chapters that would be covered in a slow-paced introduc-
tory database course. In such a course, for instance, only parts of Chapter 8 on
normalization theory might be included per haps only the introductory sections.
Similarly, only some parts of Chapter 10, on various ways in which SQL can be
combined with a host language, might be covered per haps only one approach,
the one required for the course project.

Columns 2 and 3 outline two more intensive introductory database courses.
Column 2 expands the material covered in the introductory course in the direction
of database applications, while Column 3 describes a more theory-oriented version
of the course. It provides a more in-depth coverage of the normalization theory,
foundations of query languages, and query optimization at the expense of the
application-oriented material in Chapter 10. Although we have characterized this
material as theory-oriented, we might also have characterized it as system-oriented,
because it covers issues involved in the design of a DBMS. The courses in these
two columns are the ones we teach in our undergraduate program at Stony Brook
(depending on the interests of the instructor).

Column 4 describes an advanced database course. The course might start by
reviewing or filling in material that the instructor judges the students might not
have covered in a prerequisite, introductory database course. Such material would
probably be found in Chapters 7, 8, 9, 10, and 14. The body of the course then
continues with advanced database topics and some material on transactions in
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Courses

Chapter | DB/Intro DB/Applications DB/Theory DB/Advanced Transactions

1 yes yes yes yes

2 yes yes yes

3 read read

4 yes yes yes

5 yes yes - yes

6 yes yes yes

7 parts yes parts

8 parts parts yes parts

9 yes yes yes yes
10 parts yes parts yes
11 yes yes yes
12 read read
13 parts yes yes
14 parts yes parts
15 yes yes yes
16 yes
17 yes
18 yes
19 yes
20 yes
21 yes
22 yes
23 yes
24 yes
25 yes
26 yes
27 yes yes

electronic commerce. At Stony Brook this course is taught to graduate students

who had a database course in their undergraduate years.

Column 5 describes a course on transaction processing that also assumes that
students have had an introductory database course as a prerequisite. At Stony
Brook, we teach both an undergraduate and a graduate version of this course.
The material on transaction processing is supplemented with related material that
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might not have been covered in the students prerequisite database course, for
example, some material from Chapters 9 and 10.

For further fine-tuning of courses, the chapter dependency diagram that follows
can be of help. The figure identifies two kinds of dependencies. Solid arrows
indicate that one chapter depends on much of the material presented in another
chapter, except for the sections marked as optional. Dotted arrows indicate weak
dependency, which means that only a few concepts developed in the prerequisite
chapter are used in the dependent chapter, and those concepts can be covered
quickly. The dependencies involving Chapter 27 are a special case. It can be taught
either at the end of a transaction processing course, in which case it depends on
Chapters 21, 22, and 25, or at the end of a database course, in which case it depends
on Chapter 15.

Legend:
—> Depends on

_____ » Depends
partially e

e e —————————d e

b
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SUPPLEMENTS

In addition to the text, the following supplementary materials are available to assist
instructors:

M Online PowerPoint presentations for all chapters
B Online PowerPoint slides of all figures
B An online solution manual containing solutions for the exercises

B Any additional references, notes, errata, homeworks, exams, and so forth, that
we think might be of interest to our readers

For more information on obtaining these supplements, please check online in-
formation for this book at www.aw.com/cssupport. The solutions manual and Power-
Point presentations are available only to instructors through your Addison-Wesley
sales representative.
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