The Convergence of Computing
and Telecommunications Systems

David Farber and Paul Baran

A major change in computer communi-
cations is taking place. As the cost of
communications and computation de-
clines, the number of new services that
can be offered will increase and a large
number of new industries can be ex-
pected to emerge. A battle between the
potential suppliers is now under way.

This article considers: (i) the nature of
the new services, (ii) their importance to
the economy, and (iii) the arguments for
regulatory control as proposed by the
major potential competing suppliers. The
basis for seeking regulation hinges pri-
marily on the use of a communication
component provided by a natural monop-
oly that in the past has been highly regu-
lated. Rapid changes in the technological
base make it difficult, if not impossible,
to resolve the differences between the
three major competing suppliers [Ameri-
can Telephone & Telegraph Company
(AT&T), International Business Ma-
chines Corporation (IBM), and the small-
er computer companies] within the exist-
ing communications regulatory frame-
work. Considering computation and com-
munications as distinctly separable
functions does not provide the basis to
resolve boundary disputes rapidly when
regulatory issues are involved. This ar-
ticle examines the underlying technical
changes, reflected in the conceptual
changes, which now make the regula-
tors’ tasks difficult. It suggests that part
of the present turmoil and uncertainty is
a result of the growing use of digital
processes within the communications in-
dustry itself—an inevitable evolution of
the new technology. An appendix de-
scribes the evolution of data transmis-
sion technology.

We do not intend to propose solutions
to the very difficult problems that this
article raises. We do not know of any
completely workable solutions. Our pur-
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pose is rather to sensitize the reader to
the issues and problems that our country
will face now and in the future.

The Nature of the New Services

This article was written by two au-
thors 500 miles apart, using a computer
communication system. Each writes on
the same sheet of ‘‘paper.”” Each am-
plifies, modifies, and clarifies the words
of the other. Misspellings are corrected,
and the order of phrases is changed.
Each author takes his turn tidying up the
modified manuscript by pressing a few
buttons and giving a few commands.
This takes care of the nitty gritty in paper
writing, gobbling up the blank spaces
and even justifying the right margin. Dis-
cussions on content and outlook take
place with the use of the same computer
communications-based message sys-
tems. The method used to produce the
article you are now reading is not tomor-
row. It is today.

Tomorrow, computer communications
systems will be the rule for remote col-
laboration, like the above example. As
computer communications systems be-
come more powerful, more humane,
more forgiving, and above all, cheaper,
they will become ubiquitous. The obvi-
ous next question is, ‘“Why bother to
retype this manuscript manually, set
type, and print this journal on paper?”’
Once the words in this article have been
entered into the computer system, they
are in fact ‘‘published” if a copy has
been stored in a publicly accessible mem-
ory portion of the computer communica-
tions system. Think of the paper wasted
in conventional periodical publications
when only a small portion will ever be
read.

The cost component of the computer
communications cost-demand curve de-
clines each year. Yet improvements of
literally several orders of magnitude are
possible on the basis of what is known
already. Accelerated expansion of de-

mand is a certainty. With increased use
of computer communications, changes in
our institutions will follow. The example
given for publishing is only suggestive
of the range of change. The immediate
reaction of those in publishing to such
change is to feel threatened. Institutions
rarely take kindly to the prospect of
obsolescence of their present justifica-
tion.

Importance to the Economy

Our simple illustration of the potential
change in publishing could, and most
likely will in time, spread across the
entire economy. Even today we are an
information-processing society. More
gross national product is developed in
the United States today in activities in
the information sector than in the produc-
tion of tangible goods.

We have chosen a dramatic applica-
tion of computer communications solely
for illustration. More important are the
mundane applications: automated hotel
reservations, credit checking, real-time
financial transactions, access to in-
surance and medical records, general in-
formation retrieval, and real-time in-
ventory control in business. A wide
range of services such as these and
beyond is coming. Automation of the
office is almost a certainty. The only
questions are ‘‘when,’’ “‘how,’” and ‘‘by
whom?”’ Electronic transmission of
much of the current first-class mail simi-
larly will follow.

Change will be felt widely throughout
the economy and, in a fundamental man-
ner, by many institutions. Such change is
generally perceived as crisis and rarely
accepted with grace. Most people be-
lieve that change is something best ab-
sorbed by others. The interim period will
be a period of inevitable discomfort to
those organizations and professions that
are affected.

The Argument for Regulation

History of potential suppliers in this
information economy . Although comput-
er communications promises to provide
huge new markets for potential sup-
pliers, there is uncertainty about who
they will be. It is not simply a choice of
AT&T, I1BM, or a diversity of smaller
computer companies. Rather, the ques-
tion is which supplier will capture the
largest, most profitable slice of the pie,
and with the minimum degree of the
unpleasantness of competition.
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Each supplier arrives at its claim of
legitimacy to supply the new markets by
a different route. The telephone industry
supplies communications and is now a
regulated monopoly. (The most economi-
cal way of providing basic communica-
tion channels is on a common shared-
resource basis—it is almost unarguably a
“‘natural monopoly.’”’) The IBM claim
in this new industry is well-founded. It
will provide a significant share of the
new market’s hardware. It is cash-rich
and thus unique in the computer industry
in having the financial resources to make
the needed capital investments. And it is
the winner in the proof-by-adversary test
in the free economy. It has been tried
and has won in the free marketplace. The
third contender, the remainder of the
computer industry, feels that IBM has
won unfairly and seeks to handicap the
giant. (There are few computer com-
panies today that have not brought suit
against IBM for alleged violations of anti-
competitive statutes.) These smaller
companies feel that IBM may exercise
monopolistic power in a sector in part
deemed not to be a natural monopoly
and thus not regulated. This may all
seem strange in a free economy. But
the regulatory and institutional con-
straints are so treacherous that the out-
come of the debate may hinge more on
political adroitness than on market ac-
ceptance.

The disintegration of the boundary be-
tween suppliers. The basic premise that
communications functions and computa-
tional functions are separable has been
rendered meaningless by a basic and per-
vasive change in technology. The sepa-
rate ‘‘atoms’’ of communications and
computers form a new ‘‘molecule’” with
properties different from those of their
atomic components.

Consider the recent case in which
AT&T wished to offer its subscribers the
sophisticated model 40 communications
terminals made by its wholly owned sub-
sidiary, Teletype Corporation. A series
of delays ensued as competitors argued
that AT&T was entering the processing
business; AT&T said ‘‘nonsense, it is
just in the communications business.”
The Common Carrier Bureau of the Fed-
eral  Communications  Commission
(FCC) decided against AT&T’s position.
After a short delay, the commissioners
overturned the decision of their own bu-
reau. Indecisiveness and on-again, off-
again decisions at this boundary line are
common. There is no longer an unam-
biguous dividing line upon which to
reach decisions. The lawyers involved in
resolving these arguments are assured of
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an employment stability lacking in most
other sectors of the economy, as the
endless suits at the interface between
suppliers and the government seem to be
careers rather than occasions.

The cause of the disintegration. The
regulatory paradigm assumes that com-
munications is communications, and
computing is computing. Unlike oil and
water, they now mix well—too well to
treat separately, once combined. They
simply are no longer separable into or-
thogonal components subject to different
legal treatment. Separating communica-
tions and computational processes is be-
coming an almost nonsense activity, like
unscrambling an omelet. It is a task bet-
ter left to philosophers than to lawyers
on regulatory commissions.

This has not always been the case. The
basic changes have crept upon us gradu-
ally. The forces melding these two pre-
viously separable domains are several.
At a gross level, there is the economics
of distributed processing. It may be
cheaper in the future to provide indepen-
dent computing power for those who
need it, at their terminal, office, or home.
But just having one’s own computer is in
general not adequate. There is the occa-
sional or possibly frequent need for
shared information where, irrespective
of cost, access to remote shared data in
real-time is mandatory. But, most impor-
tant, the basic nature of the communica-
tions process is that digital bits provide
the natural common form for all signal
transmission and processing. The digital
wave form becomes the universal pack-
age with which to send voice, data, fac-
simile, or anything else. Why this is so,
and how it got that way, provides insight
into the evolving technology and the in-
creasing difficulty that will be felt by
those who try to reach decisions on the
premise that communications are sepa-
rable in computer communications net-
works. What are the alternatives avail-
able for solving our dilemma?

Why aren't microcomputers a perfect
substitute for large interconnected com-
puters? There is a school of thought that
argues that computer communications is
a chimera. There is no need to use the
resources of AT&T or IBM. According
to this viewpoint, computers are going to
be so small and cheap in the future that
we won’t need to use communications
lines to talk with big computers. Is the
low-cost mini-, or micro-, or picocomput-
er the answer? Powerful computers have
become cheap and will get cheaper. The
explosion of the computer hobby market
during the last year and a half has been
remarkable. There are now 150 specialty

stores selling low-cost computers in hob-
by kit form. More computer devel-
opment work is being done by hobbyists
today than by computer science re-
searchers funded by public agencies.
The hobbyists are not all amateurs.
There are some whose vocation is also
their avocation. They are intelligent,
dedicated persons no longer blocked
from entry into computer research by the
cost of the equipment. And there are
many more now at work (or play?) than
the government could possibly support.

The reasons why access to communi-
cations capability will always be a neces-
sary adjunct to the small computer are
basically unchanged:

1) Whenever it is necessary to make
infrequent use of a highly specialized
resource, it is cheaper to share (why
build a machine to make nails when you
can buy the few you need at the corner
hardware store?).

2) The output of one data processing
task is usually the input for another pro-
cess.

3) By agglomerating computing power
as a result of the interconnection of a
number of previously independent sys-
tems, applications that are currently not
feasible in the data processing area can
be handled. These include (i) systems
which provide high availability, (i) sys-
tems which can grow modularly as their
environments grow (the problem of what
to do with a system that supports N
users when the N+1 user arrives), and
(iii) systems which match the physical
organization of computing power with
the corporate organization, thus reliev-
ing organizational strains and stresses.

Distributed processing technology and
its fulfillment. All of the above applica-
tions can be satisfied by distributed pro-
cessing, loosely defined as the use of a
multiplicity of computational devices for
a single processing task. Distributed
processing implies that the units that
compose the distributed computer can
freely intercommunicate. If the distribu-
tion is other than local, then remote com-
puter communications facilities are re-
quired.

Data-processing begets data-process-
ing. Consider the following example sug-
gesting the nature of distributed process-
ing. A cash register in a grocery, really a
counter computer, computes a custom-
er’s bill quickly. But it also generates the
information needed by the store to order
fresh turkeys today for delivery tomor-
row. This same information can be used
by a hypothetical turkey farmer to deter-
mine instantly whether there will be a
shortage or a surplus of his product, and
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whether to hold out for a better price or
sell his turkeys now. This information
has economic value to his procurement
decision. The key feedback signal of a
free economy in the past has been the
flow of money. More rapid signals can be
obtained as an inexpensive by-product of
the flow of information from other pro-
cesses.

Economic examples are not the only
use for computer networking and distrib-
uted processing. Equally, or more signifi-
cant, are those that deal with human
communications. Just as in the prepara-
tion of this article we were able to inter-
change ideas and manuscripts over the
computer communications media inter-
actively, so users of the low-cost comput-
er systems of the future will want to
intercommunicate for ideas, pleasure,
and business. One has only to look at the
meteoric growth of citizen’s band radio
to realize the new opportunities for com-
munications between people in our so-
ciety. Microcomputers with a near-zero
cost making efficient use of a shared
communications resource can open up
entirely new forms of human communica-
tions.

The digital channel—the evolving
choice for communications transmis-
sion. Before considering this and other
issues in detail, it will be helpful to re-
view some of the characteristics of the
digital channel and the reasons why it is
becoming desirable even for the commu-
nication of basically analog signals. An
analog signal is a voltage sent over the
usual telephone line representative of (or
an analog of) the pressure wave form of
the human voice. Why should such a
conceptually simple wave form be trans-
lated into a series of bits? The reason is
that, once converted to digital format, it
is possible for the wave form to tolerate a
tremendous amount of distortion of its
wave shape (the signal) and still be ca-
pable of simple reconstruction into a
neat distortion-free series of pulses. This
allows greater economy in the packing of
information in a communications circuit
and allows the use of lower quality
(and cost) channels. Once in digital
format, pulses that have been lost or
converted into the wrong symbols are
recoverable.

It is relatively easy to carry out many
rapid calculations upon the data stream
to detect and correct errors. (The price is
a small cost for a few extra bits to serve
as error detectors and correctors.) The
ultimate in such distortion removal is
cryptography, where a bit stream is pur-
posely modified by a known-in-advance
bit stream (called the key). One ‘‘sub-
tracts’’ one binary wave form from the
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other and reconstructs the initial wave
shape without distortion of the trans-
mitted intelligence. An unauthorized ob-
server sees only a binary stream with a
seemingly random chance of either being
a‘‘1” ora‘0,” where “1’s’” and ““0’s”
are the names of the two states possible
in the digital channel. Affordable secure
transmission mandates digital transmis-
sion. The digital stream simplifies the
task of transmission design. Here again,
if the signal does not become too dis-
torted, below 50 percent of its initial
value, it can always be reconstructed
without errors. Digital transmissions,
unlike analog transmission, which re-
quires critical adjustments merely to
minimize distortion, is thus the ideal
technique.

Switching. Communication networks
require both transmission and switching.
Switching is the process of connecting
any network user to any other network.
Switching, by its nature, is a digital pro-
cess. In the 1930’s, an operator plugged
one circuit into the next of a tandem
chain of connections through telephone
switching offices. This is a digital process
as each switch is either open or closed, a
neat binary process. The decision pro-
cess of laying out switches and relays for
telephony was among the earliest practi-
cal uses for Boolean or binary logic. The
foundation of the logical design process
in computer design owes much to the
telephone industry. Moreover, the in-
tegrated circuit devices which make real-
time computer applications feasible are
all offsprings of the transistor developed
at the Bell Telephone laboratories. The
telephone dial itself is a digital device. A
series of pulses from the dial acts to set
switches.

As computer technology matured to
the point where its products were real-
izable as well as elegant and complex,
the quaint electromechanical computers
that formed the telephone switching net-
work of the past were replaced by com-
puter circuit logic. This evolution contin-
ues as digital transmission is now being
combined with digital switching. The
two separate processes in time are meld-
ing into a single integrated process. Bits
going into one end of the network are
thus beginning to be treated almost the
same way as a bit stream in a computer,
albeit with less processing.

What Is the Regulatory Issue?

Who should be the future legitimate
supplier of the digital system? As the
telephone technology slowly evolves to-
ward an almost all-digital system in’the

far future, it will or can develop the
technology needed to provide many of
the new computer communications-
based services. For example, AT&T has
already developed devices for credit
card transactions and sophisticated com-
puter input-output terminals through its
Teletype Corporation.

Equally comfortable in the domain of
processing and perhaps even transmis-
sion is the highly competitive computer
industry. During the last decade, the
FCC encouraged competition in trans-
mission for other than voice telephone
services. New transmission companies
and independent ‘‘value-added carriers’
were authorized. The value-added car-
riers essentially lease telephone channels
from the communications carriers, add
processing, and use the leased lines so
effectively that they are able to sell
the joint product for a profit over and
above the cost of the basic regulated
channel.

Today, much of the in-fighting in-
volves legal and regulatory actions seek-
ing to block new service offerings and
capabilities. It is, in part, an attempt to
prevent the opponents from establishing
beachheads by precedence. And, in part,
it is a way of adding uncertainty to the
industry to discourage capital invest-
ment. Any new computer communica-
tions service offered today by a potential
supplier is certain to be opposed by the
other major contenders. IBM’s plan for a
communications satellite network for ma-
jor business users, which bypasses
AT&T Long Lines, faces opposition
from both AT&T and computer com-
panies fearful of IBM’s assumed long-
range intent. AT&T’s offering of sophisti-
cated terminals is met with counter-
vailing opposition from the suppliers of
computer terminals. The outcome of the
competition between the suppliers will
be decided, in part, by the staying pow-
er, legal resources, and political muscle
each allocates to the fray. Little atten-
tion is paid to the ‘‘public interest.”” The
term defies definition. Is the public inter-
est the interest of the cross-subsidized
residential telephone user? Is it the inter-
est of a business which faces a reduced
communications bill? Is public interest
to be viewed primarily in the short term,
irrespective of long-term damage to exist-
ing institutions in achieving immediate
savings? There is no simple calculus to
reach decisions. At present, there is a
struggle between those who point out the
advantages of competition versus those
who hold that better use of limited capi-
tal results by virtue of monopoly. It is
unclear which view will prevail. Until it
becomes clear, resources will be wasted
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and future economically beneficial ser-
vices to the nation will be delayed simply
by the inability of industries to cooper-
ate.

Summary

Since we do not know of any complete-
ly workable solutions to the problems we
have considered, we shall settle for a few
general observations:

1) The public availability of socially
useful computer communications ser-
vices is and has been held back by legal
battles that are now under way between
the potential suppliers.

2) No simple resolution of these issues
in the near future seems likely in view of
the past conceptual separation of com-
puters and communications doctrines.

3) The current policy is to determine
whether the nation shall or shall not have
certain computer communications ser-
vices, by the adversary process. In this
process, often only the voices of the
loudest adversary suppliers are heard.

4) Although there can be no certainty
that better alternatives cannot be de-
vised, we believe that such a possibility
assumes a higher probability if the key
actors come from the technical commu-
nity sectors more representative of the
future consumers.

5) If we are to have the new services
that are possible, we need an approach
that makes better use of the tech-
nologists’ dreams and goals rather than
have future prospects excessively bound
by lawyers paid to preserve the interests
of their clients, irrespective of any sec-
ondary consequences.

6) We cannot be sanguine about this
possibility, as technological statesman-
ship is too easily corrupted by the same
forces that have placed us in this predica-
ment. Furthermore, even if not corrupt-
ed, beneficial cooperation can too read-
ily be regarded as simply collusion.

7) Although we do not have any clear
answer, we do know that present ap-
proaches are not taking us where we
want to go very rapidly and that alterna-
tive approaches should at least be consid-
ered.

Appendix: Advances in Digital

Computer Communications Technology

We consider here the technical evolu-
tion of digital communications.

Modulation. The first digital transmis-
sion circuit was the electrical telegraph,
predating the voice telephone by 35
years. Although local telephone lines can
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be and are used for simple on-off direct-
current (d-c) signals, the need to transmit
signals beyond the limited distances
where a d-c path exists led to the use of
tone or alternating-current (a-c) transmis-
sion.

The device that converts the binary
signal into an a-c signal for transmission
is called a *‘modulator.”” The device that
converts the a-c tone back into a proper-
ly shaped digital signal is called a ‘‘de-
modulator.”” The generally used arrange-
ment, called a ‘““‘modem’ (MOdulator/
DEModulator), combines both func-
tions.

The first of the present-day-type mo-
dems was developed in the 1950’s primar-
ily by researchers at the Lincoln Labora-
tories of the Massachusetts Institute of
Technology for transmitting digital sig-
nals between air defense sites over ana-
log telephone lines. The efficacy of these
devices has improved steadily since then
as a result of improvements from a num-
ber of organizations. Today we are reach-
ing perhaps 50 percent of the theoretical
transmission rate of the conventional
telephone line. Modem costs have been
declining steadily as the signal process-
ing within the modem is itself converted
to digital processing. This conversion is
carried out effectively with the use of
large-scale integration semiconductor
chip circuits. The telephone plant in exis-
tence today provides a widespread ac-
cess channel with low entry cost for
many of today’s computer applications.

Bandwidth availability. The figure of
merit for a modem is the number of bits
per second of digital information that can
be transmitted over a conventional tele-
phone channel. Data rates on the order
of 300 bits per second (about 30 charac-
ters per second) simultaneously in both
directions are readily achieved at low
cost without electrical connection by
means of acoustic coupling over any tele-
phone line. Data rates as high as 9600
bits (one way) (about 960 characters per
second) are achievable over most (but
not all) voice-grade circuits with relative-
ly expensive state-of-the-art technology.

Transmission carriers lease full-time
circuits with greater bandwidths than
voice circuits. Millions of bits per second
can be transmitted over television band-
width channels. Naturally, the tariffs for
such arrangements are expensive, and
the applications for such channels limit-
ed.

Multiplexing. Even though broad
bandwidths are technically feasible,
most applications can be satisfied by low
data rates. A local telephone call or cir-
cuit rental has historically been in-
expensive, whereas long-distance cir-

cuits have been expensive. The cost of a
short-period terminal connection to a
computer on the other side of the coun-
try, an expensive business, is equal to a
long-distance voice call, albeit few bits
may be exchanged. :

The answer, of course, is combining
many users’ signals to share a single
expensive long-distance channel. Many
telegraph, and later, data signals were
combined together on a single line. This
process is called multiplexing. One form
is called ‘‘frequency multiplexing.”
Here each user is assigned a different
frequency, and the individual fre-
quencies are separated at the receiving
end by tuned filters. Alternatively, in
time division multiplexing each user’s bit
streams are interleafed sequentially. Fun-
damental to the notion of multiplexing is
the fact that each data user will not be
transmitting most of the time. The fastest
typist at a keyboard generates only a few
tens of bits per second. For the hunt-
and-peck typist, the result is only a few
bits per second. The telephone channel
can readily transmit 4800 bits per sec-
ond, providing a potential for sharing.

Statistical multiplexing. When there is
a cluster of data users who wish to send
signals to a distant computer, a single
expensive circuit can be used. To pack
more users onto the line means taking
advantage of the fact that, at any one
instant of time, only a portion of the
possible users would want to transmit.
Moreover, to make the averaging even
more effective, advantage can be taken
of readily available digital storage to hold
data and thus smooth out the peaks.
*“Time buffering’” increases the efficien-
cy of the multiplexing process. So de-
vices were developed that combined sig-
nals from many users and elegantly
packed them together for transmission
over a single line.

Spatial multiplexing or packet switch-
ing. Multiplexing is highly effective if all
users who want to intercommunicate
with one another are in only two loca-
tions. If the potential users are spread all
over the map, the same statistics can be
utilized, although it becomes necessary
to identify uniquely where the bits came
from and where they are to go, and to
add a little housekeeping data to detect
damaged packets in transit. To minimize
the processing equipment, the bits are
formed into consistently organized pack-
ages called packets. Such packet switch-
ing appears on the ascendancy. Most
widespread computer communications
networks to be built in the future prob-
ably will use packet switching, at least in
part.

Packet switching networks are now
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being built in the United States, Canada,
Europe, and Japan. Interconnection be-
tween these networks is planned. Packet
switching has several advantages: (i) a
very robust structure can be built that
readily permits the building of systems
whose operation is much more reliable
than its elements (communications lines
and packet switching centers); (ii) it pro-
vides the highest degree of statistical
averaging to make most effective use of
the basic resource; (iii) the standard for-
mat package simplifies full effective inter-
connection between completely different
computer systems and terminals; and
(iv) no better alternative is in sight for
most user-to-computer and must comput-
er network applications.

Future directions for digital networks.
Packet switching, although important, is
by no means the end of the development
for future computer communications sys-
tems. The telephone plant itself is mov-
ing on to a mostly digital structure in
order to achieve a number of economic

advantages. In the process it looks more
like a computer communications net-
work but with tremendously greater
data-handling capacity. One might argue
that the two systems are really the same.
However, the minor differences between
the two systems are certainly of major
significance. An argument can even be
raised that the conventional telephone
set is nothing more than a ‘‘terminal”’
which generates and accepts commands
and which receives and generates data to
other such instruments, with the ‘‘data’
being digitalized voices. A single digital
voice channel in today’s digital tele-
phone systems carries 64,000 bits per
second without a conventional modem.
Clearly this is a tremendous capacity.
There are future needs that could well
use some of these high-capacity trunks
of the telephone plant. There is a need in
the distributed processing area for large
bandwidths. In the case of intercomputer
file transfers or access, bandwidths on
the order of two to three megabits are

The Information Economy and

Public Policy

Manley R. Irwin and Steven C. Johnson

If a single word summarizes U.S. tele-
communication policy, that word is con-
flict. Telephone markets are vulnerable
to competition from specialized carriers,
the telephone industry is challenged by
domestic satellites, telephone equipment
is experiencing increased competition
from outside manufacturers; the comput-
er and communications industries are en-
gaged in skirmishes for the lucrative mar-
ket of data processing.

And this is only the beginning. Both
state agencies and the FCC have squared
offin a quarrel over their respective regu-
latory jurisdictions; controversy has
erupted as to the proper policy mix be-
tween competition and regulation; both
government and private antitrust suits
have challenged the structure of the tele-
phone carriers; and legislation has been
introduced declaring a moratorium on
competition in telecommunication.
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In this article we attempt to provide
the framework in our search for answers
to questions concerning the cause of the
conflict, the forces that contribute to it,
the policy alternatives that are open for
future consideration, and their effects on
service markets.

U.S. Telecommunications

Conflict surfaces when two concepts,
two ideas, or two philosophies find them-
selves juxtaposed. The telephone carrier
industry, its services, its equipment, its
organization—indeed the premise of reg-
ulation—is today subject to scrutiny and
reappraisal. What has been the basis of
the U.S. telecommunications industry
for the past decades? The answer must
begin with an examination of the tele-
phone industry.

appropriate whereas for the interchange
of high-fidelity pictorial information 10 to
50 megabits are necessary.

Broad bandwidths are not needed ev-
erywhere. The same situation prevails in
the local versus long-distance distribu-
tion of data as in the local versus toll
distribution of voice communication;
namely, the cost of local circuits is much
less than that of toll circuits. In the case
of local distribution of high-speed data,
new systems such as the Pierce loop
developed at Bell Laboratories, the Irvine
ring designed at the University of Califor-
nia, Irvine, and the Ethernet produced
by the Xerox Palo Alto Research Center
have been proposed and constructed to
attack the problem. These systems are
marginally applicable to the distribution
of such capabilities over large distances.
The interfacing of such local data net-
works to national and international net-
works represents one of the present
edges of computer communications tech-
nology.

Service. Telephone companies have
traditionally regarded their mandate as
rendering a universal service to all sub-
scribers (1, p. 4). Such universality, plain
old telephone service, presumed carrier
ownership of transmission, switching,
terminals, and local loop plant. Local
exchange services were priced at flat
rates within specific areas and tariffs be-
tween customer classes rested on the
concept of service value (/). Long dis-
tance tariffs were determined by the vari-
ables of time and distance.

Telephone companies were assigned
exclusive service areas. Costs were ag-
gregated or spread among the various
types of equipment, vintages of plant,
and density of population areas. Inevita-
bly, subscribers in some areas subsi-
dized customers in others.

The industry was capital-intensive.
The investment required to establish a
large telephone system was deemed to
erect prohibitive barriers to entry. The
industry was also said to enjoy econo-
mies of scale or size that gave monopoly
a social advantage over competition (2).
The results saw the industry evolve into
a private monopoly—a development that
laid the foundation for government regu-
lation.

Dr. Irwin is a professor of economics in the
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