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Welcome to the first edition of Computer Networking: A Top-Down Approach Fea-
turing the Internet. We believe that this textbook offers a fresh approach to computer
networking instruction. Why is a fresh approach needed, you ask? In recent years
we have witnessed two revolutionary changes in the field of networking, changes
that are not reflected in the networking texts published in the 1980s and 1990s. First,
the Internet has taken over the universe of computer networking. Any serious dis-
cussion.about computer networking today has to be done with the Internet in mind.
Second, over the past ten years the biggest growth area has been in networking serv-
Jices and applications, which can be seen with the emergence of the Web, ubiquitous
use of e-mail services, audio and video streaming, Internet phone, ICQ, and online
erce.

We have been teaching computer networking for 15 years, and we will proba-
-.»y continue to teach it for many years to come. Because there is no textbook that
covers the underlying principles of networking while at the same time emphasizing
Internet protocols and network applications, we were motivated to write this text-
book. We believe you will find this new and contemporary approach to computer
networking instruction has numerous benefits.

This textbook is for a first course.on.computer networking. It can be used in
both computer science and electrical engineering departments. In terms of program-
ming languages, the book assumes only that the student has experience with C, C*™,
or Java. A student who has programmed only in C or C** and not Java should not
have any difficulty following the application programming material, even though
this material is presented in a Java context. Although this book is more precise and
analytical than many other introductory computer networking texts, it rarely uses
any mathematical concepts that are not taught in high school. We have made a
deliberate effort to avoid using any advanced calculus, probability, or stochastic
process concepts. The book is therefore appropriate for undergraduate courses and
for first-year graduate courses. It should also be useful to practitioners in the
telecommunications industry. '

What Is Unique ahout This Texthook?

The subject of computer networking is enormously vast and complex, involving
many concepts, protocols, and technologies that are woven together in an intricate
manner. To cope with this scope and complexity, many computer networking texts
.are often organized around the “layers” of a network architecture. With a layered
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organization, students can see through the complexity of computer networking—
they learn about the distinct concepts and protocols in one part of the architecture
while seeing the big picture of how it all fits together. For example, many texts are
organized around the seven-layer OSI architecture. Our personal experience has
been that such a layered approach to teaching is indeed highly desirable from a ped-
agogic perspective. Nevertheless, we have found the traditional approach of teach-
ing bottom-up—that is, from the physical layer towards the application layer—is not
the best approach for a modern course on computer networking.

A Top-Down Approach

Unlike the other computer networking texts, this text is organized in a top-down
manner—that is, it begins at the application layer and works its way down towards
the physical layer. The top-down approach has several important benefits. First, it
places emphasis on the application layer, which has been the high “growth area” of
computer networking. Indeed, many of the recent revolutions in computer network-
ing—including the Web, audio and video streaming, and content distribution—have
taken place at the application layer. We believe that the application layer will remain
the highest growth area in the field, both in terms of research and actual deployment.
An early emphasis on application-layer issues differs from the approaches taken
in most other texts, which have only a small (or nonexistent) amount of material
on network applications, their requirements, application-layer paradigms (e.g.,
client/server), and the application programming interfaces.

Second, our experience as instructors has been that teaching networking ap-
plications near the beginning of the course is a powerful motivational tool. Students
are thrilled to learn about how networking applications work—applications such as
e-mail and the Web, which most students use on a daily basis. Once a student under-
stands the applications, the student can then understand the network services needed
to support these applications. The student can then, in turn, examine the various
ways in which such services might be provided and implemented in the lower
layers. Covering applications early thus provides motivation for the remainder of
the text.

Third, the top-down approach enables instructors to introduce network applica-
tion development at an early stage. Students not only see how popular applications
and protocols work, but also learn how easy it is to create their own network applica-
tions and application-level protocols. Other introductory computer networking texts
do not cover application development and socket programming. (Even though there
are books devoted to network programming, they are not introductory networking
textbooks.) By providing socket programming examples in Java, we highlight the
central ideas without confusing students with complex code. Undergraduates in elec-
trical engineering as well as in computer science should not have difficulty following
the Java code. Thus, with the top-down approach, students get early exposure to the
notions of application programming interfaces (APIs), service models and proto-
cols—important concepts that resurface in all of the subsequent layers.



An Internet Focus

As indicated by the title, this textbook features the Internet. Most existing textbooks
give significant weight to a variety of telecommunications networks and protocol
suites, and they treat the Internet as just one of many networking technologies. We
instead put the Internet in the spotlight, and use the Internet protocols as a vehicle
for studying some of the more fundamental computer networking concepts. But why
put the Internet in the spotlight; why not some other networking technology such
as ATM? First, computer networking is now synonymous with the Internet. This
wasn’t the case five-to-ten years ago, when there was a lot of talk about ATM LANs
and applications directly interfacing with ATM (without passing through TCP/IP).
But now we have reached the point where just about all data traffic is carried over
the Internet (or intranets). Today, the only other type of network that competes with
the Internet is the circuit-switched telephone networks. And this competitor may also
disappear. Although today the majority of voice traffic is carried over the telephone
networks, networking equipment manufacturers and telephone company operators
are currently preparing for a major migration to Internet technology.

Another benefit for spotlighting the Internet is that most computer science and
electrical engineering students are eager to learn about the Internet and its protocols.
They use the Internet on a daily basis (at least to send e-mail and surf the Web), and
they repeatedly hear stories about how the Internet is a revolutionary and disruptive
technology that is profoundly changing our world. Given the enormous relevance of
the Internet, students are naturally curious about what is under the hood. Thus, it is
easy for an instructor to get students excited about the basic principles when using
the Internet as the guiding focus.

Because our book has an Internet focus, it is organized around a five-layer
Internet architecture rather than around the more traditional seven-layer OSI archi-
tecture. These five layers consist of the application, transport, network, hnk and
physical layers.

Addressing the Principles

The field of networking is now mature enough that a number of fundamentally im-
portant issues can be identified. For example, in the transport layer, the fundamental
issues include reliable communication over an unreliable network layer, connection
establishment/teardown and handshaking, congestion and flow control, and multi-
plexing. In the network layer, two fundamentally important issues are how to find
“good” paths between two routers and how to deal with the interconnection of
a large number of heterogeneous systems. In the data-link layer, a fundamental
problem is how to share a multiple access channel. This text identifies fundamental
networking issues as well as approaches towards addressing these issues. We believe
that the combination of using the Internet to get the student’s foot in door and then
emphasizing the issues and solution approaches will allow the student to quickly un-
derstand just about any networking technology.

Preface
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The Web Site

One of the most unique and innovative features of this textbook is that it has it has an
extensive companion Web site at http://www.awl.com/kurose-ross, which includes:

+ The entire text online! If an instructor or student does not have the hard copy
handy, it can be accessed at anytime from anyplace by simply going to the site’s
Web page. Being online also enables us to use more fonts and colors (both within
the text and in diagrams), making the text both perky and cheerful. Also, the on-
line format will allow us to pubhsh updates enablmg the text to keep pace with
this rapidly changing field. '

4+ Over five hundred links to relevant material. As all of us Internet enthusiasts
know, much of the best material- descnbmg the Internet is in thie Internet itself.
The hyperlinks of the online version, embedded in a colierént céntcx;, provide
the reader direct access to some of the best sites felatmg to computer networkmg
and Internet protocols. The links point not only to RFCs, journal and confetence
articles, but also to sites that are more¢ pedagogic in’ nature,’ mcludmg“fxome-
brewed pages on particular aspects of Internet technology and atticlés' apfes ‘
in online trade magazines. Professors can assign the material behind the Tinks ‘as
supplementary or even required reading. We expect to chetk the accuracy of the
 links several times a year.

+ Interacnve learning material. The site contains mteractlve Java applets, illustrat-
ing key networking concepts. It also provides direct access to the programs such
as the Traceroute program (through your browser) that shows the path that pack-
ets follow in the Internet. Professors can use these interactive features as mini
labs. The Web site also provides direct access to search engines for Internet
Drafis, and to a newsgroup in which topics of this book are discussed. A search
feature allows readers to search through the online version of the text. Finally,
the site also makes available interactive quizzes that permit students to check
their basic understanding of the subject matter.

We also expect to be constantly expanding the Web site, adding contributed ma-
terial from instructors and readers, as well as our own new features such as online
lectures. Updates should occiir about every three months. If you have any problems
with the Web site, send mail to aw.cse @awl.com.

The online version of this book and its companion Web site are ideally suited
for asynchronous online courses. Such courses are particularly attractive to students
who commute to school or have difficulty scheduling classes due to course time
conflicts. Using an earlier, draft of the online version of this text, the authors have
given asynchronous, fully online courses on computer networking. We have found
that one successful asynchronous format is to assign weekly online readings and to
have students participate in weekly newsgroup discussions about the readings. In-
structors can give students a virtual presence by collecting the URLSs of all the stu-



dent homepages and listing the URLS on the class Web page. Students can even col-
laborate on joint projects, such as research papers and network application develop-
ment, asynchronously over the Internet. If you are interésted in learning more about
asynchronous online learning, please visit the Asynchronous Leaming Network site
at http://www.aln.org.

Pedagogical Features

Preface

We have been teaching computer networking for over 15 years. We bring to this text
a combined 30 years of teaching experience to over 3,000 students. We have also
been active researchers in computer networking for over 20 years. (In fact, Jim and
Keith first met each other as master’s students in a computer networking course
taught by Mischa Schwartz in 1979 at Columbia University.) We think this gives us
a good perspective on where networking has been and where it is likely to go in the
future. Nevertheless, we have resisted temptations to bias the material in this book
towards our own pet research projects. We figure you can visit our personal Web
sites if you are interested in our research. Thus, this book is about modemn computer
networking—it is about contemporary protocols and technologies as well as the un-
derlying principles behind these protocols and technologies.

Principles in Practice Sidebars

One important characteristic of this book is that it stresses the underlying principles
of computer networking and the role of these principles in practice. In each of the
chapters we include a special sidebar that highlights an important principle in com-
puter networking. These sidebars will help students appreciate some of the funda-
mental concepts being applied in modern networking.

Historical Sidebars

The field of computer networking, beginning in the late 1960s, has a rich and fasci-
nating history. We have made a special effort in the text to tell the history of com-
puter networking. This is done with a special historical section in Chapter 1 and with
about a dozen historical sidebars sprinkled throughout the chapters. In these histori-
cal pi€ces, we cover the invention of packet switching, the evolution of the Internet,
the birth of major networking giants such as Cisco and 3Com, and many other im-
portant events. Students will be stimulated by these historical pieces. Also, as histo-
rians tell us, history helps us predict the future. And correctly predicting the future
in this rapidly changing field is critical for the success of any networking protocol
or technology. ‘
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Interviews

We have included yet another original feature that should inspire and motivate stu-
dents—interviews with renowned innovators in the field of networking. We provide
interviews with Leonard Kleinrock, Tim Berners-Lee, Sally Floyd, J.J. Garcia-
Luna-Aceves, Bob Metcalfe, Henning Schulzrinne, Phillip Zimmermann, and Jeff
Case.

Supplements for Instructors

We realize that changing your approach to teaching a course can be demanding on
your time. To aid you in the transition, we are providing a complete supplements
package, including:

4 Power Point Slides. The course Web site provides Power Point slides for all eight
chapters. The slides cover each chapter in detail. They use graphics and anima-
tions rather than relying only on monotonous text bullets, to makes the slides in-
teresting and visually appealing. We provide the original Power Point slides to
instructors so you can customize them to best suit your own teaching needs.

4 Laboratory assignments. The Web site also provides several detailed program-
ming assignments, including an assignment on building a multithreaded Web
server, on building an e-mail client with a GUI interface, programming the
sender and receiver sides of a reliable data transport protocol, and an ‘assignment
on routing in the Internet.

4+ Homework Solutions. The Web site provides a solutions manual for the home-
work problems in the text. These solutions are for instructors only. They are
available by contacting your Addison-Wesley sales representative or by sending
an e-mail message to aw.cse@awl.com.

Chapter Dependencies

The first chapter of this text presents a self-contained overview of computer net-
working. Introducing many key concepts and terminology, this chapter sets the stage
for the rest of the book. All of the other chapters directly depend on this first chap-
ter. We recommend that, after completing Chapter 1, instructors cover Chapters 2
through 5 in sequence, thereby teaching according to the top-down philosophy. Each
of these five chapters leverages material from the preceding chapters.

After completing the first five chapters, the instructor has quite a bit of flexibil-
ity. There are no interdependencies among the last three chapters, so they can be



taught in any order. However, each of last three chapters depends on the material in
the first five chapters. Ideally, the instructor will have time to teach selected material

from all three final chapters in a full semester course.
We also note that the first chapter of the text, being comprehensive and self-
contained, can serve as the foundation of a short course on networking.

One Final Note

Preface
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We encourage instructors and students to create new Java applets that illustrate the
concepts and protocols in this book. If you have an applet that you think would be
appropriate for this text, please submit it to the authors. If the applet (including no-
tation and terminology) are appropriate, we will be happy to include it on the text’s
Web site, with an appropriate reference to the authors of the applet. We also encour-
age instructors to send us new homework problems (and solutions), that would com-
plement the current homework problems. We will post these on the instructor-only
portion of the Web site.

We also encourage students and instructors to e-mail us about any comments
they might have about either the hard-copy or online versions. Feel free to send us
interesting URLs, to point out typos, to disagree with any of our claims, and to tell
us what works and what doesn’t work. Tell us what you think should or shouldn’t
be included in the next edition. Send your e-mail to kurose@cs.umass.edu and
ross@eurecom.fr.
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