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bjf the packet
Because computing costs are now so low,
an unusual new concept of data communications is feasible
The most dominant force over the past 20 years in
both computer and communications architecture has
been the continuous and rapid decrease in the cost of
computer hardware. Not only has this electronics revolution affected the capability and design of computer systems, but it has also made possible a radically
new concept of data communications. Called packet
switching, this concept is strongly dependent on the
cost of computing since it uses computers to correct
transmission errors, to provide high reliability
through alternate routing, and to allocate communication bandwidth dynamically on a demand basis
rather than as a preassigned bandwidth.
The impact of widespread packet-switched communications networks on the computer field should be
momentous. With data communications priced on a
distance-independent basis, it should become economically feasible for terminals and computers
throughout the country to access efficiently—on demand—a wide variety of computer services. The economics of resource sharing will undoubtedly eliminate
the need for many medium-scale data processing centers and permit a considerably higher degree of specialization for the larger service centers. Moreover,
packet switching will make possible far more economic realization of a comprehensive electronic fundstransfer system, on-line credit authorization, integrated corporate data networks, as well as nationwide
access to all forms of data banks and retrieval services.
All these developments hinge on the availability of
low-cost computer communications. Although packet
switching economizes on transmission costs by maintaining high line utilization, until recently the cost of
computer hardware had continued to be too high to
permit practical packet-switching networks. The price
of computing has been decreasing far more rapidly
than the price of communications, however, and one
could have anticipated a crossover point where the
cost of using computers to allocate bandwidth became
cheaper than the cost of the communications themselves. According to my estimate, this crossover occurred during 1969. As a result, packet switching has
now become quite an economic and viable technology,
permitting the establishment of large, cost-effective
networks nationwide. This development in data communications will in turn have substantial effect on
the course of computer technology as preliminarily
indicated by results from the United States ARPA (Advanced Research Projects Agency) network research activity.
One of the main reasons for the great interest in
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computer networks today is the considerable economies that can be achieved through resource sharing.
With a computer network that is reliable and responsive enough to permit the full resources of a remote
computer to be employed locally, it becomes possible
for organizations to consider the elimination or reduction of local computing facilities and the utilization of
remote service centers instead. This not only can lead
to considerable cost savings, as we shall see, but also
has many additional advantages, including increased
reliability of a multicomputer service center, improved service from a variety of competing suppliers,
and increased flexibility for expansion. The main incentive for an organization changing over, however, is
the cost saving. To get a feel for the magnitude of this
effect, it is useful to examine the initial experience in
an environment—the ARPA Computer Network (ARPANET)—where remote use of computing has been
fostered by providing adequate communications facilities.1-3
Cost-effective remote-access computing
Although initiated in 1969, the ARPANET was not
sufficiently developed to permit useful resource sharing activity until mid-1971. As network reliability and
effectiveness proved out, ARPA and its contractors
found many cases where newly required computer capacity could effectively be obtained through the network rather than by adding local computing resources. By March 1973, several contractors were
making substantial use of the network for a majority
or all of their computing resources. Several of the
computer centers on the network had grown to become substantial suppliers of computer service, providing not only time-sharing service but also remote
batch service. At that time, an accounting was made
of the total computer usage obtained through the network, and an estimate was made for each user of the
cost of purchasing comparable time on outside computers or leasing the necessary in-house computer facilities to do the same job apparently being done
through the network. Table I tabulates this information by user organization, identifying both the cost of
computing with and without the network. A total of
$2 million a year was being spent on computing resources accessed through the network—resources that
would have cost $6 million per year if the network
had not existed! This savings of $4 million per year
more than offset the $3.5 million annual cost of the
network.*
At this stage in its development, the network was
only using 20 percent of its capacity; thus, at the
•This cost includes amortization of the system's IMP (interface message processor) minicomputer units.
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