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4 1 Foundation

1.1 Applications

Most people know the Internet throughits applications: the World Wide Web, email,
streaming audio and video, chat rooms, and music(file) sharing. The Web, for example,
presents an intuitively simple interface. Users view pages full of textual and graphical
objects, click on objects that they want to learn more about, and a corresponding new
page appears. Most peopleare also aware that just under the covers, each selectable object
on a page is boundto an identifierfor the next page to be viewed. This identifier, called a
Uniform Resource Locator (URL), is used to provide a way of identifyingall the possible
pages that can be viewed from your web browser. For example,

http://www.cs.princeton.edu/~llp/index.html

is the URL for a page providing information about one ofthis book’s authors: the string
http indicates that the HyperText Transfer Protocol (HTTP) should be used to down-
load the page, Www.cs.princeton.eduis the name of the machine that serves the
page, and

/~I|p/index.html

uniquely identifies Larry's homepageat thissite.
What most Web users are not aware of, however, is that by clicking on just one such

URL, as many as 17 messages may be exchanged over the Internet, and this assumes
the pageitself is small enough to fit in a single message. This numberincludes up to
six messages to translate the server name (WWW.cSs.princeton.edu) into its Internet
address (128.112.136.35), three messages to set up a Transmission Control Protocol
(TCP) connection between your browserandthisserver, four messages for your browser
to send the HTTP “get” request and theserver to respond with the requested page (and
for each side to acknowledge receipt of that message), and four messages to tear down the
TCP connection. Of course, this does not include the millions of messages exchanged
by Internet nodes throughout the day, just to let each other know that they exist and
are ready to serve web pages, translate names to addresses, and forward messages toward
their ultimate destination.

Another widespread application of the Internetis the delivery of “streaming” audio
and video. While an entire video file could first be fetched from a remote machine and

then played on the local machine, similar to the process of downloading and displaying
a web page, this wouldentail waiting for the last second ofthevideo file to be delivered
before starting to look at it. Streaming video implies that the sender and the receiver
are, respectively, the source and thesink for the video stream. That is, the source gener-
ates a video stream (perhaps using a video capture card), sends it across the Internetin
messages, and the sink displays the stream asit arrives.
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i 1.1 Applications 5

There are a variety of different classes of video applications. Oneclass of video ap-
plication is video-on-demand, which reads a preexisting movie from disk and transmits
it over the network. Anotherkind of application is videoconferencing, whichis in some
ways the morechallenging (and, for networking people, interesting) case becauseit has
very tight timing constraints. Just as when using the telephone, the interactions among
the participants must be timely. When a person at one end gestures, then that action
must be displayed at the other end as quickly as possible. Too much delay makes the
system unusable. Contrast this with video-on-demand where, if it takes several seconds

from the timethe user starts the video until the first imageis displayed, the serviceis still
deemedsatisfactory. Also, interactive video usually implies that videois flowing in both
directions, while a video-on-demandapplicationis mostlikely sending video in onlyone
direction.

One pioneering example of a videoconferencing tool, developed in the early and
mid-1990s, is vic. Figure 1.1 shows the control panel for a vic session. vic is actually
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Figure 1.1 The vic video application. This shot is from a 1995 release of thetool.
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6 1 Foundation

one ofa suite of conferencing tools designed at Lawrence Berkeley Laboratory and UC
Berkeley. The others include a whiteboard application (Wb) that allows users to send
sketches and slides to each other, a visual audio tool called vat, and a session directory
(sdr) thatis used to create and advertise videoconferences. All these tools run on Unix—
hence their lowercase names—andarefreely available on the Internet. Many similar tools
are available for other operating systems.It is interesting to note that while video over the
Internetis still considered to be in its relative infancy at the time of this writing (2006),
that the tools to support video over IP haveexisted for well over a decade.

Although they are just two examples, downloading pages from the Web and partic-
ipating in a videoconference demonstrate the diversity of applications that can be built
on top of the Internet, and hint at the complexity of the Internet's design. Starting from
the beginning, and addressing one problem attime, the rest of this book explains how
to build a network that supports such a wide range of applications. Chapter 9 concludes
the book by revisiting these two specific applications, as well as several others that have
becomepopular on today’s Internet.

1.2 Requirements

We havejust established an ambitious goal for ourselves: to understand how to build a
computer network from the ground up. Our approach to accomplishingthis goal will
be to start from first principles, and then ask the kinds of questions we would naturally
ask if building an actual network. At each step, we will use today’s protocols to illustrate
various design choices available to us, but we will not accept these existing artifacts as
gospel, Instead, we will be asking (and answering) the question of why networks are
designed the way they are. While it is tempting to settle for just understanding the way
it’s done today,it is important to recognize the underlying concepts because networks are
constantly changing as the technology evolves and new applications are invented.Icis
our experience that once you understand the fundamental ideas, any new protocol that
you are confronted with will be relatively easy to digest.

The first step is to identify the set of constraints and requirements that influence
network design. Before getting started, however, it is important to understand that the
expectations you have of a network depend on your perspective:

M An application programmer would list the services that his application needs, for
example, a guarantee that each message the application sends will be delivered

‘* without error within a certain amountoftime.

B A network designer wouldlist the properties of a cost-effective design, for exam-
ple, that network resources are efficiently utilized and fairly allocated to different
users,
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