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Executive Summary

Importance of the Web

The creation of the World Wide Web was one of the most important events in the
history of information technology. Whether measured by amount of content
reachable over the Web or by the number of users accessing that content, the Web
continues growing at an incredible rate ten years after it was first invented.
Estimates are that by 2001, the number of Web users will be greater than 175
million. One of the largest Internet Service Providers estimates that network
traffic is doubling every 90 days as graphics, audio, and video become more
common. The Web has penetrated households throughout the United States faster
than any other technology in history, including the telephone, television, and
VCR.

The Web’s explosive growth has placed enormous stress on the capacity of the
Internet, spurring massive investment on the part of carriers and network service
providers in order to expand Internet capacity from the backbone all the way to
homes and businesses. At the same time the Internet is becoming the network of
choice for many types of business applications, spurring additional growth and
increased load. The Internet is becoming a major, albeit distributed, center for
commerce of all types. An increasing proportion of Internet traffic is in the form
of business-to-business and business-to-consumer E-commerce transactions.
Estimates of the economic impact of E-commerce over the next few years range
from tens of billions to hundreds of billions of dollars. In any event, the Web is
well on its way to becoming a major tool to people who conduct business all over
the world. The expanding importance of the Web as a stimulant for world
economic growth means that it must be a safe, reliable, predictable, and
affordable place to do business.

Problems Caused by the Web’s Success

The enormous success of the Web as a source of information and as a platform for
E-commerce has led to serious problems. Users’ expectations for a fruitful and
enjoyable experience browsing the Web are often met with frustration and
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annoyance because of slow performance and unreliable connections. Web sites
take a long time to access and pages seemingly take forever to download. Cynics
claim that WWW stands for “World Wide Wait.” Many people despair as to the
prospects for improvement in the foreseeable future. Companies using the Internet
to conduct business need more reliable performance as well.

One of the major problems lies in the inherently inefficient nature of the Web.
Every user seeking to view specific content must obtain it directly from the server
that is the point of origin for that content. This is like everyone having to fly to
Hollywood to see the latest movie. There is no distribution mechanism designed
into the Web that is analogous to the system of movie theaters that place first-run
movies in your hometown. Internet bandwidth is not an unlimited resource. All
too often, users consume all available capacity. Since it is not possible to have
dedicated, point-to-point bandwidth allocated to users, congestion is bound to
occur. Special events, whether planned or unplanned, cause unpredictable peaks
in bandwidth usage. As broadband access to home and work becomes more
widespread, even greater pressure is placed on total available bandwidth. Added
to bandwidth constraints is the fact that, as Internet use increases, servers are
becoming overloaded and can’t handle the load.

Simply adding more bandwidth to the Internet backbone isn’t the solution. First,
all the bandwidth added to date has barely kept pace with Internet growth.
Second, whether the bandwidth is being added to the backbone that spans the
globe or the last mile between an Internet Service Provider and a household or
office, the cost of delivering more bandwidth is extremely high. Adding
bandwidth also just tends to move the bottleneck, rather than eliminating it. Other
solutions must be sought to provide improved performance and to make the
medium more predictable for users. Otherwise the Web will not fully realize its
potential as an information resource and a vehicle for global trade.

Caching Improves Performance

One way to improve performance and make it more predictable is to minimize the
variability introduced by long trips across the Internet from the content source to
the user’s browser. By storing frequently accessed content at a location closer to
the user, a great deal of latency and unpredictable delay in the Internet can be
eliminated. The technique for doing this is called caching. Caching is a means of
storing content objects from a Web server closer to the user, where they can be
retrieved more quickly. The storehouse of objects, including text pages, images,
and other content, is called a Web cache (pronounced cash).

Caching has long been used in computer design. Data that are frequently used by
the central processing unit (CPU) are stored in very fast memory, sometimes right
on the CPU chip, thereby reducing the latency for reading those data and reducing
the frequency with which a CPU has to read data from a slower disk drive.
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