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THE COVER: The skein of wires on our cover
graphically represents the pervasiveness of
electronic communications. In this issue,
MATRIX describes some of MITRE’s work
in cable telecommunications and its implica-
tions for the future.
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FOREWORD

In the past few years, speculation has run high about the array of new services to be offered
by cable telecommunications. While it is probably safe to say that no medium can meet every one
of the expectations advanced by enthusiastic prophets, the fact remains that cable telecommunica-
tions do hold significant promise. Inescapably, they will have considerable impact on our society
and the lives of each of us. The anticipated move of the base system — cable television — into
urban areas brings the first wave of this impact quite close in time.

Beginning with self-funded independent research programs several years ago, MITRE has
become increasingly involved in cable telecommunications planning, design and development. The
reason is quite simple and straightforward: any technology as powerful as this requires sensible,
knowledgeable guidance and direction. This must include keen technological awareness and a great
deal of down-to-earth engineering, It must also embrace broad understanding of social priorities
and an ability to draw together the many impinging interests to work toward rationally chosen,
beneficial applications of the new medium,

In this issue you will find discussion of the general background of the cable telecommunica-
tions field, and of the programs underway at MITRE which contribute to it. Investigating cable
telecommunications from many viewpoints — technological, economic, social — MITRE’s scientists
and engineers have steadily built up a fund of expertise as a basis for assisting in decisions about
cable applications, designing and engineering cable systems, and improving and extending the
medium’s potential. At a time when development is rapid — sometimes precipitate — it is no small
contribution to bring to the field a blend of experience, judgment and freedom from commercial
bias as a basis for balanced progress.

The first limited cable telecommunications systems are already making their appearance
among us. Within the next decade or two they and their descendants, the fully interactive systems,
will be a familiar presence in our society. As indicated in what follows, MITRE is working to help
ensure that they will be the best systems — from all viewpoints — that we can possibly create.

Robert R. Everett
President
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It sometimes seems as if the

stock materials of yesterday’s science
fiction are taking tangible shape every-
where we look. Cable telecommunica-
tions are no exception, promising to
improve working productivity while
offering unprecedented services in the
home. Cable-borne video and its com-
plementary services are just around
the corner — and their influence will

be profound.

“Cable system technology, with
its broadband, low-cost, widely dis-
tributed capacity, creates opportuni-
ties for whole new classes of service,”
says Lewis Billig. As Technical Direc-
tor of MITRE’s Communication
Systems Division, he has headed one
of three MITRE organizations work-
ing on cable programs. “Some are
obvious now. Others — probably most
— will arise from innovations by those
who will use the new systems.”

Charles A. Zraket, Senior Vice
President for MITRE’s Washington
Operations, says: ‘“As cable moves
into the urban setting it will trans-
form many features of urban life —
but only if it transforms itself to
include a wide range of broadband,
two-way communications services that
can help fulfill the social, cultural,
civic, educational, governmental, busi-
ness and commercial needs of the city.
Introducing this new form of commu-

nications into the mainstream of
American society so as neither to
abridge nor underplay its promise is
one of the most important and com-
plex tasks of the 1970s.”

William Mason, Technical Direc-
tor of the Systems Development Divi-
sion at MITRE-Washington, sums up:
“Cable will introduce a revolution in
human interchange, especially in
urban areas, and other wideband tech-
nologies will complete it.”

Picture a community in which
homes, businesses and governments
have all-purpose terminals in which
videotelephone, high-speed facsimile,
recording services, printout and other
data exchange and display devices are
at your personal service as the tele-
phone is today — bringing in such
diverse services as mail, professional
advice, computational assistance, cash-
less transactions, educational and
emergency assistance. A few years ago
these would have seemed “blue sky”
impracticalities. Yet such services have
been demonstrated, and are now part
of plans for development in cable
systems across the country. Certainly
some of them will arrive sooner than
others, and some — electronic mail,
for instance — are still far off. But the
idea of the wired city has arrived, and
it is bringing the reality closer every

day.
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Coalescence

A word of caution, though, be-
fore we begin. It is easy to oversell the
promise of the wired city; some
prophets, encouraged by the things
that are technically feasible even to-
day, have done so. Enormous changes
are possible, however, and we will cite
some of them, for they are legitimate
options.

But a host of unanswered ques-
tions stands between us and the wired
city. Mostly these are human rather
than technical questions — questions
of politics, economic appeal, and de-
sirability. These, as they coalesce in
the prospective cable market and audi-
ence, will decisively influence wired
city trends.

Accordingly, the vision of the
wired city we present is a prospectus,
not a prediction. It discusses what can
be done, and how our society might
do it, if it chooses. And it covers a
time span from the near to the very
far term. It is extremely unlikely that
the technology now developing will go
unused; technology rarely does. But
its introduction will most likely be
cautious, uneven — harnessed, some-
times stalled, by economic and other
human realities.

It is therefore all the more im-
portant to make sure that the plan-

MITRE MATRIX

ning for the wired city is as rational
and coherent as possible.

Threefold Approach

This issue describes three MITRE
programs which focus on varying as-
pects of the services that already can
be provided to complement video on
the cable networks or will soon be
installed. We begin with a specific
community application of the wired
city: the UNIBAC program, which
seeks to create a modern telecommu-
nications environment on a military
base. This sets the stage for the next
account: the story of the interactive
television (called TICCIT) family of
programs being carried out at
MITRE’s  Washington  Operations,
which is working to meet the chal-
lenge of cabling civilian communities.
The third program, MITRIX, now in
experimental use at MITRE’s Bedford
facility, is a new departure in cable
technology which is already demon-
strating the flexibility needed for
wired city use.

All three programs stem from
MITRE’s independent research work:
two have now resulted in Federal in-
vestment to test their feasibility. They
are closely interrelated: the TICCIT
programs emphasize service over one-
way and limited two-way cable links;
MITRIX creates the capability for full
two-way operation; and UNIBAC seeks

AV




to put these and other capabilities to
use in a military setting.

The technical products of these
programs are not primarily specific
design solutions, but rather are broad
frameworks within which specific in-
novation in cable telecommunications
can take place. UNIBAC, TICCIT and
MITRIX all represent advances in
themselves, but MITRE stresses across-
the-board improvement in cable sys-
tem design and use. Cable, unques-
tionably one of the most important
developments of our time, is begin-
ning to find its direction; it is through
hard-won knowledge and ability in the
field that MITRE can make its most
useful contribution — helping cable
customers choose and develop the
best, most flexible systems to meet
their wired city needs.

Open-Ended Concept

Just what is the wired city?
Basically it consists of a flexible,
accessible network offering two-way
communications of unprecedented
variety to its customers. Technologi-
cally it is not especially complex; it
uses simpler control concepts, for
example, than the telephone system
does today, and needs little or no
technology that is not already in
hand. Its complexity lies in its social

impacts: cost, desirability, and polit-

ical feasibility. Precisely because it is
such an open-ended concept, the wired
city has the potential to be a “man
Friday” that will greatly change the
way people do things. It will bring a
much wider, much more personal
choice of services and information to
its customers. Its effects must be
studied with particular care because
they are likely to be so far-reaching.

The idea of the wired city began
gathering steam when cable television
was recognized as more than just a
medium for carrying commercial TV
signals into weak-reception areas.
Clearly, once you have a system for
carrying TV signals on wires, you are
no longer in the same ball game as you
were with broadcast TV. Signals can
travel in the opposite direction with-
out the complex transmitters which
broadcast TV requires. The resultant
two-way communications yield a ser-
vice as individual as, and potentially
far more flexible than, the telephone.
With the capacity and adaptability of
cable links, the subscriber obtains more
control over resources whose nature
he can select — even perhaps help
determine — for himself.

In fact, an increasingly popular
view holds that one element has been
missing from today’s communications
picture: the locally responsive all-pur-
pose network with which the sub-
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scriber can interact. Capacity limita-
tions have till now enforced central-
ized control and restricted use. But
cable’s wealth of capacity, in the form
of bandwidth, will deliver access and
control at least partly into the sub-
scriber’s hands — working a change as
profound as the introduction of the
automobile into a society whose non-
local travel was based on railroads.

Interest in cable has mush-
roomed since the Federal Communica-
tions Commission (FCC) freeze on
community antenna television
(CATV)! began to thaw in 1971.
While CATV is only part of the cable
telecommunications picture, it is the
top of the iceberg, and as CATV has
gone, in terms of public awareness, so
has the rest of the field. The critical
development came when the FCC
made room for CATV expansion into
urban areas on a trial basis. This was
greeted as a boon for CATV, which
now serves some 10% of the nation’s
households (roughly 5%2 million sub-
scribers) at an average use fee of $5a
month. Enthusiasm has now prog-

ITo define our terms: CATV is the dominant
subset of cable television; for our purposes the
two terms may be regarded as Synonymous.
“Cable telecommunications” in our context sig-
nify the aspect of cable services complementary
to conventional-type television programming,
“Wire” and ‘“‘cable” are often used synony-
mously, but since wires can imply the use of
telephone networks (a legitimate candidate for at
least some wired city applications), “cable” will
be used herein except in the case of the generic
term “wired city’’ itself.
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ressed to the extent that the United
States’ potential as a “wired nation” is
even coming in for animated
discussion.?

Since the first flush of excitement
at the tentative opening of the urban
market, cooler heads have pointed out
the complex questions that remain to
be resolved. Copyright and control
over program material are obvious areas
of competition. The FCC is already
addressing the issue of appropriate
computer-communication integration.
The monopoly question is sure to arise.

Coherent Policy

Eventual cooperation among
CATV, broadcast TV, radio, tele-
phone, telegraph and other carriers
will be the only workable long-term
answer. Each can supply a portion of
the communications jigsaw puzzle
that the others lack. But because
entrepreneurs , entranced by the
money to be made in the CATV
entertainment market are snapping up
franchises, coherent national policy
will be needed to avert deadlocks.

2Some say that wiring the USA could be a $123
billion job, but nobody really knows at what
point in the process the job could be considered
complete. According to William Mason, ‘“When
urban centers are cabled and interconnections
among urban cable systems have been established
by satellite and microwave links, the wired nation
will become a reality.




Further, will the sudden demand
for cable services be backed up by
adequate economic support? The U.S.
Office of Telecommunications Policy,
the voice of the White House in these
matters, has yet to find backing for a
pilot two-way demonstration system
in a city the size of Akron or San
Jose, for example. The first wave of
privately-sponsored demonstrations of
new services has not attracted cable
operators’ commitment. Businesses

and other potential customers hesi-
tate, waiting for the industry to prove
itself. While scientists and engineers
are busy charting the fulfillment of
CATV’s promise, buoyed by strong
public interest, advertisers are hanging
back, not sure there will really be an
important CATV market for the next
five to ten years.

Perhaps there won’t be. But the
cable revolution seems to have come

Prime movers in MITRE’s cable television efforts — (L to R) William Mason, John Monahan and Robert Labonte — at the
Northeast Electronics Research and Engineering Meeting in Boston last November. All three men participated in a panel
session on “‘Developing the Wired Nation.”

to stay. David Willard, who heads
MITRE’s MITRIX project, says:
“There are now over 2,700 cable
systems operating in this country.
Unless Federal authority decrees
otherwise, they’ll tend to tie together.
CATV owners and operators tend to
be interested only in entertainment,
but the FCC has ordered them to
make cable circuits available for lease.
So the facilities for the new kinds of
services will be available.” He adds:
“Pretty certainly government and big
business will be the first widespread
users, as they have been in the com-
puter field. Home use will come
later.”

. Predictions subscribed to by
MITRE and others who have studied
the field indicate that within the next
decade an interconnected national
network of cable systems will bring up
to 40 channels into over 40% of
America’s homes. This may have to be
brought about in part by a determined
effort to sell to the public — but that
effort will surely be made. John
O’Neill, Associate Head of the Tele-
communications Systems Department
at MITRE’s Washington Operations,
concludes that to attain the necessary
“critical mass” of public acceptability
cable may have to cut subscriber fees
— perhaps even below the profit level
to begin with — and provide special
services appealing to the lucrative non-

MITRE MATRIX

household market. He speaks persua-
sively for substantial initial outlay to
have cable facilities ready and waiting
for subscribers as telephone facilities
now are, giving cable a working foot-
hold with its potential customers.

But here and there about the
landscape are the forerunner systems
— like the system now being con-
structed in South Orange, New Jersey
by Video Information of New York
City. Scheduled to begin operation in
1973, this limited two-way system
will enable some 2,000 to 4,000 sub-
scribers to shop, be polled and make
pay-TV selections over a link to a
central computer by means of a six-
button control unit. The system will
also sound alarms at fire and police
headquarters in case of emergency on
subscribers’ premises — a prime selling
point in a community increasingly
worried about crime.

Uncharted Territory

Some people — Motorola Chair-
man Robert Galvin is one — believe
that all broadcast TV must eventually
be phased over onto cable. But even if
this doesn’t happen, says Jack Shay,
Head of MITRE’s Airborne Surveil-
lance and Control Systems Depart-
ment, cable is fairly sure to be the
next emerging “big industry.” It was
Shay who sparked MITRE’s move into
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the field at its Bedford Operations,
complementing the work already in
progress at MITRE-Washington, which
took the first plunge based on its
pioneering TICCIT interactive televi-
sion concept.

From a regulatory point of view,
the time is ripe; the official attitude
runs along laissez-faire lines for the
first time in cable’s brief history. FCC
Chairman Dean Burch announced in
March 1972 that the FCC will “step
out of the way and let the cable TV
industry see if they can make CATV
work ... there is plenty of channel
space for all.” Envisioning a future in
which broadcast and cable TV will be
“more complementary” (and thus by
implication less competitive) than
they are today, Burch concluded:
“CATYV is now an uncommon catrrier,
but no one yet knows if that is the
proper evolution for the industry.”
The implication: CATV will have its
chance to prove itself.

The some 44 channels that can
be provided within a single cable’s
bandwidth® are uncharted commercial
territory, of course — cable is ex-
pected to be a multibillion-dollar in-
dustry — and the rush to exploit this
territory is just beginning. The chance
to shape this new medium wisely must

j’Roughly between 40 and 300 MHz, although the
upper and lower limits vary somewhat among
systems.

be seized soon, or it will vanish as the
industry “hardens.” The cable com-
munications of the future are alread
taking shape, in the form of localized,
limited experimental systems tied to
computers and using digital technol-
ogy to squeeze the greatest possible
capacity from communications
resources.

“These systems and services truly
represent new ways of doing things,”
says John Monahan, who as Technical
Director of MITRE’s Tactical and
Digital Systems Division oversees the
MITRIX project. “We owe it to soci-
ety to tread carefully. The best contri-
bution we can possibly make is to
learn everything we can about cable’s
potential and implications — come to
an unbiased conclusion about the
merits of the competing technologies,
including our own — and then try to
project ourselves as far into the future
as we can, to work out where we
think this technology is going, how we
propose to get it there, and what
effects we think it will — and should
— have. The MITRE programs are
different in emphasis, but in combina-
tion they have given us a basis of
experience and skill across the board
in the cable field. Society is going to
have cable, willy-nilly. What we want
to do is make certain cable does its
best for people — that both economi-
cally and socially it will be

beneficial.”

MITRE MATRIX

UNIBAC:
Cabling
a Military

Base
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Among the most important con-
siderations in wired-city development
is an appropriate “testbed” — an
environment within which a cable
telecommunications system can be
proved out. Such an environment
should be reasonably circumscribed,
reasonably distinct from its surround-
ings — a self-contained community
such as a hospital, a government
bureau, a school system or a small

town.

One community which has
varied, well-defined communications
requirements is a military base. In
fact, a base is just about ideal. It runs
the gamut of individual and commu-
nity needs, yet has a far more tightly
defined range of economic factors and
variations in test configurations than a
less structured setting has.

MITRE’s Communication Sys-
tems Division, actively studying the
wired city concept, has a military base
close at hand: L. G. Hanscom Field,
site. of MITRE’s chief sponsor, the
Electronic Systems Division of the Air
Force Systems Command. Hanscom
meets the testbed requirement espe-
cially well. It houses a highly technical
business operation, ESD. It has just
about everything a small city has:
education, administration, entertain-
ment, housing, domestic services, pub-
lic safety — even commerce, in the

form of a gas station, the commissary,
the PX and the post laundry. All of
these are candidates for wired city
applications.

And, as UNIBAC (Universal
Intra-Base Communications) project
leader Richard Witt says, “Once cable
telecommunications are established,
the Armed Forces will likely be
among the first and biggest users. A
great deal needs to be learned in a
fairly short time about the effects of
this medium on the military environ-
ment: the services it can provide, its
costs and its benefits. Hanscom may
not turn out to be the first implemen-
tation base. But it has served us as an
environment within which we have
been learning what can be done.”

Configuration Concept

UNIBAC began as part of
MITRE’s independcnt research pro-
gram when MITRE secured Air Force
permission to study Hanscom and two
other bases to evaluate the value of
wired city services to the Air Force as
a whole. Now a full-fledged Air Force
program, UNIBAC is a system — but
not in the usual engineering sense. It is
a configuration concept, a carefully
evaluated framework within which
communications technology can be

put to work.
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“We’re not limiting ourselves to
any one class of hardware,” Witt
explains. “The wired city in military
base terms will probably be an amal-
gam of the best modes for the mix of
applications. The telephone system is
a point-to-point service designed to
handle voice and digital data. Cable
TV is a broadcast service transmitting
audio and video. Remote computer
terminal networks have the many-to-
one connectivity we call polling. We
want to combine them into a single
multimode system that will use all
three kinds of connectivity inexpen-
sively, reliably, simultaneously and

independently.”

The goal of the project is to
show how military base operations
can be improved, and money saved,
through use of local video, audio and
data distribution over a CATV-type
network. “If information can be ex-
changed faster and more readily via
cable telecommunications,”  says
Lewis Billig, “as well as retrieved more
easily and provided in more combina-
tions and formats on a truly inter-
active basis, then the work of a
military installation is going to be
easier and less expensive to do. This
will mean better conduct of business
and less time spent on routine, repeti-
tive tasks whose error rate is compara-

tively high because they’re boring.”
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Significant Assistance

What could this mean in terms of
services at a base like Hanscom? Larry
Stine, who led the UNIBAC project
during its research stage, says: “Face-
to-face video conferencing will proba-
bly be of high interest, since it will
allow people to confer on facsimile-
borne documentation. Remote library
access, training and improvement in
data transmission and display are
some of the aids UNIBAC could pro-
vide to many base functions. Really
there are few areas where UNIBAC
would not be of significant assistance.”

Information moving over a base-
wide network, emerging in video,
audio, facsimile, printout and other
forms almost instantaneously follow-
ing transmission, can in Stine’s view
expedite functions like payroll, sup-
ply, records, and base maintenance
and policing. It can accelerate memo-
randa, speed up file referencing, and
help beat the workload which seems
never to diminish.

Suppose you are a base duty
officer with UNIBAC at your elbow.
Locator services, alarm systems, pa-
trols, records, transient and house-
keeping information could all be dis-
played for your reference. Data a
battery of clerks might need a day to

get out of the files would be yours in

13
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Operations of this control tower at L.G. Hanscom Field would benefit markedly from a tie-in with a UNIBAC-type

capability which can instantaneously exchange information with maintenance, scheduling, and other flight-related

departments.
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a breath, formatted the way you need
it. In such an electronically integrated
data exchange environment, you
would be “tuned in” to all sorts of
resources you never had before —
resources enabling you to do your job
better, as well as resources for educa-
tion and even off-duty recreation.

It was toward this end that the
UNIBAC staff obtained the Base Com-
mander’s permission to survey Hans-
com’s military and civilian personnel
to elicit needs. They found that the
new telecommunications services they
proposed had potential application in
just about any area where information
is gathered, processed, coordinated or
moved in any way.

“For initial focus,” Stine says,
“we looked for the areas where
UNIBAC can make the biggest differ-
ence. Some of these were personnel
training, maintenance of crew ﬂight
time records, the base message center,
and the update, coordination and
transfer of the base’s forms, records,
manuals and regulations. At low incre-
mental cost we can add time savings in
dispensary and dental clinic opera-
tions, more up-to-date and efficient
base locator and phone books services,
and shorter checkout lines and better
inventory control at the commissary
and base exchange.”
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An especially promising applica-
tion is the work of the Electronic
System Division’s many System Pro-
gram Offices — the units responsible
for managing acquisition of ESD
systems. The SPOs generate, process
and coordinate vast amounts of paper-
work. Timeshared video display via
cable would place current contract
files, manuals, regulations, engineering
drawings and project history at the
disposal of each Program Officer, per-

‘mitting faster, more accurate prepara-

tion of work statements and specifica-
tions. Instantaneous message exchange
would eliminate legwork and abolish
delays. The result: shortened lead
time for system procurement.

The staff has also devoted much
study to documentation, one of ESD’s
heaviest, and sometimes most frus-
trating, responsibilities. Hypothesizing
a 100-page report, Witt and his col-
leagues simulated its production cycle
and found that a computer-driven
typewriter controlled through
UNIBAC could yield significant sav-
ings for an organization producing
ESD’s volume of reports. Text editing
using the system’s data storage and
manipulation potential would save
even more. ‘“Wired-city-type telecom-
munications,” Witt summarizes, ‘“‘have
it in their power to enhance the
performance of Air Force business to
a striking degree.”




Two Other Bases

Because of ESD’s presence, Hans-
com may not be typical of Air Force
bases. So two additional bases were
studied: Keesler, a technical training
base at Biloxi, Mississippi, and a mis-
sion command base, Dover Air Force
Base in Delaware. Keesler, with its
flight and survival training and its
350-bed hospital, proves highly adapt-
able to cable telecommunications aid
— in fact, the Air Training Command
is now working on a plan for an
instruction program based on the
TICCIT concept described in the fol-
lowing section. The UNIBAC staff
included in its recommendations com-
plementary training applications and
medical information system uses.

Dover, by contrast, is character-
ized by extensive flight activities. For
this urgent, dynamic environment
UNIBAC recommendations pertained
to functions including flight schedul-
ing and planning — together, of
course, with the streamlining of
housekeeping and other functions
common to any base.

“We’re counseling caution in
adopting UNIBAC-type changes,” says
Witt, “because of their great signifi-
cance. First a prototype system
should be set up on a base to check
out the new services in operation on a

modest scale.”” It wouldn’t be reason-
able, he stresses, to look for visible
time savings and performance im-
provements immediately. But with
familiarization and adjustment, he ex-
pects operations to speed up, fewer
mistakes to be made and over-all
performance of UNIBAC-equipped of-
fices to improve.

“A  UNIBAC user,” he adds,
“will find it as strange as a jet plane
would be to the ordinary driver, at
first. But these facilities are coming
fast and inevitably, and past the
break-in period should be easy to
adjust to, as training of eighth-graders
on computer terminals attests. Our
planned testbed will not only permit
equipment evaluation — it will explore
the whole area of user familiarization
and acceptance.”

Different Approaches

Technologically, there are two
families of systems evolving to make
the wired city go. One is the “hub,”
epitomized by the telephone network
— a highly centralized, switched,
point-to-point resource. The other is
known to communications engineers
as the “tree” — the decentralized
subscriber-controlled CATV-style net-
work modified for two-way communi-
cations. Stine stresses that from a
performance standpoint there is little
difference between the two. But there

MITRE MATRIX
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Hanscom Field base library’s indexes and files can be entered into a computer data base available through a UNIBAC-type
system to anyone on the base or even another base in a multibase cable communication system.
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are important behind-the-scenes fac-
tors: geographical distribution of sub-
scribers, service mixes, dynamic costs.
In areas like these there are important
differences between tree and hub, and
these will influence system choices for
particular bases. Indeed, any given
base may combine both.

The UNIBAC staff is now trying
to keep its planning flexible enough to
accommodate the widest range of
possibilities. Different bases may
benefit from different configurations,
according to the nature of their mis-
sions.  Perhaps most important of
all the many influences on the direc-
tion of the project is an Air Force
mission analysis begun at MITRE in
August, which is studying base com-
munications and the base operations
most intimately tied to them. The
ESD study is considering video tech-
niques, computers, digital communica-
tions, large-scale integration and other
equipment and methods which could
modernize Air Force base communica-
tions, projecting its conclusions
against anticipated needs of the 1985
time period. When completed in early
1973, the study will recommend a
base communications goal and iden-
tify programs and concepts which best
lead to it.

The Air Force planners will be
deciding whether to follow through

on a conventional design using a cen-
tralized telephone system style net-
work, or whether to go along with
current trends toward the wired city
and the services it will provide.
Among other things they will be
evaluating UNIBAC’s plans for a labo-
ratory mini-prototype to be set up
during fiscal 1973, a hybrid tree-hub
configuration. “The hub is most eco-
nomical in the dense base operations
area,” Witt explains, “while the tree’s
flexibility and adaptability to growth
is important at the base periphery. We
envision using the MITRIX system in
the hub case.

“We plan to set up'a computer
with several demonstration terminals
to prove out UNIBAC’s service deliv-
ery — followed by establishment of a
full prototype at an Air Force base
some time the following year. But we
won’t begin the testbed work till we
know what the conclusions of the
mission analysis are.”

If the wired city is chosen as the
desirable trend of Air Force base
communications, then UNIBAC may
be a prime candidate for implementa-
tion in the near term. “UNIBAC is a
1975-era effort,” Witt says, “ten years
closer-in than the Air Force’s goal.
Yet it does provide a significantly
modernized capability.

“In my opinion UNIBAC will

MITRE MATRIX
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Flight planning would also benefit from a UNIBAC-type system which would provide up-to-date information such as flight-
line status, aircraft availability, crew and load status, and weather data.
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Surrounded by a video camera, television monitor and other evidence of their cable system planning, Larry Stine and

Dick Witt discuss a fine point.

answer many of the Air Force’s needs.
I don’t think its benefits will stop
with improvement in working effi-
ciency and reduction in operations
and maintenance costs. It should also

reduce manpower requirements by ex-
pediting Air Force work. And it
should enhance the quality of life on a
base, by eliminating much repetitious
work, providing better entertainment
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and cultural outlets and making avail-
able ‘mind-expanding’ facilities such
as educational courses. Thus it could
serve as a twofold approach to the
problem posed by volunteer force
proposals, which almost certainly
mean that the Armed Forces will have
to get along with fewer people.”

Planned Evolution

UNIBAC is being subjected to
high-level scrutiny, earlier in its life
cycle than the average project. Is the
wired city approach valid for Air
Force bases? If so, is this version of it
cost-effective, feasible and acceptable?
The mission analysis planners will
have to decide. Witt feels UNIBAC’s
flexibility, its openness to growth and
its economy are all persuasive. He
feels the variety of uses it offers will
lower incremental costs sufficiently to
support still more operations — thus
quickly repaying the initial investment
in terms of time and cost savings.
Equipment costs are not unreason-
able, and are likely to drop further as
volume production increases, refine-
ments are introduced and operating
experience lengthens.

“We’re particularly flexible,” he
adds, “in the degree to which we can
add or drop services as we learn
through prototype experience how
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useful they are. We think UNIBAC is
second to no other system in its

ability to be responsive to the actual
needs of the community it will serve.”

Cable planners here and else-
where are increasingly taking the view
that the wired city is with us to stay —
that it is not a question whether we
shall have it, but merely how we shall
decide to put it to use. Accordingly
Witt and his colleagues are strongly
recommending adoption of a wired-
city-style base communications goal
by the mission analysis group.

“With its responsibility for elec-
tronic systems,” Witt says, “ESD —
and therefore Hanscom Field itself —
can’t help but be affected by the new
medium as time goes on. The same,
however, is true of other bases which
are already heavy users of electronic
systems for numerous purposes, and
which are finding some of their big-
gest bottlenecks in the communica-
tions area. We’re sure that Air Force
base communications will evolve into
the wired city era, either piecemeal
and accidentally, or as a planned,
directed effort. By exercising firm
guidance now, the Air Force can avoid
false starts and misguided commit-
ments, and make sure that Hanscom
and other military bases have their
chance to reap the full benefits of this
new technology.”
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Reston, Virginia owns a nation-
wide reputation entirely out of pro-
portion to its modest size. The reason,
of course, is that it is one of the “new
towns” — a community planned and
structured from concept to comple-
tion. For the cable communicator,
Reston has one feature of consuming
interest: every new home built there is
wired for cable television as a matter
of course.

Some 3,000 Reston homes now
contain full cable TV facilities, carry-
ing seven Washington stations, three
from Baltimore and three local-pro-
gramming channels plus 14 FM sta-
tions. The local programs include
round-the-clock time and weather; a
combination newswire, stock market
and local announcement channel; and
alocal service producing several hours’
programming twice weekly. And since
summer 1971 the Reston cable system
has also carried the signals of TICCIT
— an experimental timeshared inter-
active computer-controlled informa-
tion television system designed by
MITRE’s Washington staff which is
making a notable contribution to the
concepts and technology of the wired
city. Charles Zraket, MITRE Senior
Vice President for Washington Opera-
tions, calls TICCIT ‘“‘remarkable,” its
development ‘especially dramatic in
view of the relatively small effort of a
year ago.”

TICCIT? began as a corporate-
sponsored program to apply inter-
active television to computer-aided
instruction (CAI). As its name change
suggests (it is now known as “informa-
tion television,” TICCIT, rather than
“educational television,” TICCET), its
world of discourse has markedly
broadened since 1969. To begin with,
under Kenneth Stetten (now head of
the MITRE Systems Development Di-
vision’s Computer Systems Depart-
ment), Conrad Nuthmann and their
colleagues, TICCIT fused timeshared
television with minicomputers and
high-speed disk storage devices to
drive toward an economical CAI sys-
tem. TICCIT provided independent
material to different students within
the “same” time period from an ex-
tensive data base, using continually
refreshed video stillframes, and for the
first time brought CAI down to econ-
omy size, reducing operating costs
from $3-10 per terminal hour to
about 50¢. The system was highly
interactive, allowing a pupil to type in
responses which either generated new
lessons or, in the case of a wrong
answer, triggered remedial frames
leading the student to correct his own
error.

4Whose early development was reported three
years ago in MATRIX. See “Just the TICCET:
Computer-Aided Instruction Where It Is Needed
Most,” MITRE MATRIX, Vol. 2 No. 2, March-
April 1969, p. 10.
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Vigorous Concept

The TICCIT program succeeded
in its initial purpose of routine in-
struction and drill, but it also showed
the kind of vigor and irrepressibility
really basic concepts tend to have.
Just as the modern computer evolved
in part from attempts to build a
universal aircraft simulator,’  so
TICCIT has proved to be much more
than just a CAI system. “We realized,”
says William Mason, “that in TICCIT
we had a concept and hardware poten-
tially applicable to a great many uses,
and hence likely to have considerable
impact on people’s lives.”

The hardware Mason cites is a
low-cost, MITRE-designed home ter-
minal prototype whose projected use
has spawned studies ranging from
evaluations of CAI use to a full-scale
design for a city-wide cable system. In
its first version, a videotape recorder
with its motion inhibited acted as
refresh memory, controlled by a spe-
cially  designed coupler-decoder®
which screened incoming messages
and accepted those with its own ad-
dress pattern. Accepted material was
displayed on an ordinary TV set, and

SFor an account of this absorbing episode in
computer history, see “WHIRLWIND: A Harbin-
ger of the Computer Age,” MITRE MATRIX,
Vol. 4 No. 1, January-February 1971, p. 2.

6Patent applied for.
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could be recorded and played back

using the recorder. Once switched

from broadcast to interactive mode,
the system activated 512 channels of
video information for 30,000 sub-
scribers.

Feasibility

In summer 1971, with the per-
mission of Reston’s developers,
MITRE began demonstrating TICCIT
over a 12-mile microwave link with
Reston, where it was received on
the prototype home terminals in selec-
ted homes and offices. Test sub-
scribers used their pushbutton tele-
phones to request specific information
from the MITRE computer. The result
was to show that ordinary home TV
receivers could be used as remote
computer-driven displays for informa-
tion distribution.

“We sacrificed the apparent mo-
tion of standard TV,” explains Com-
puter Systems Associate Department
Head John Volk, “transmitting pic-
tures only once each second rather
than at the standard 30-per-second
rate. The coupler-decoder played
them back 30 times a second to
refresh the TV picture; users simply
called our computer, read off a list of
services from their home screens and
pressed the telephone pushbutton cor-
responding to the class of information
they wanted. The computer re-
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sponded by generating more specific
sets of questions leading them to the
information they were after.”

For the demonstration a modest
“software package” was prepared,
consisting of interactive educational
and community service material. The
educational material offered two vari-
eties of CAI — one teaching addition,
the other a five-day drill and practice
course  with pre- and post-test
evaluations.

The community service material
was designed to show how responsive
such a system might be to a given
community’s interests. It included a
simulated ski report, baseball scores,
weather, racing forms from Pimlico
and Shenandoah Downs, stock quota-
tions and a local fishing report. Infor-
mation on demand included classified
advertisements for jobs, apartments,
merchandise, pets and the like; the
Reston telephone directory; a weekly
events calendar and a TV guide. Simu-
lated services included checkless bank-
ing, emergency medical information
and income tax computation assis-
tance. In practice, of course, the range
of such material is virtually endless.

Cable Capacity

As the fusion of TICCIT with
cable is demonstrating, mass home use

The city of Reston, Virginia exemplifies the application of future
community concepts, including cable television. Around the shores
of this man-made lake lie the cables through which MITRE’s cable
feasibility work is being done.
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of this kind of system demands the
kind of channel capacity only cable
can supply — while at the same time it
is opening the way for cable’s eco-
nomic success. Indeed, Zraket asserts,
mere traditional cable services will not
succeed in an urban market. “Even if
subscriber fees are cut below what
most companies charge,” he says,
“only one-fourth of all households
might be expected to subscribe if all
that’s offered is distant broadcast sig-
nals, and no urban system could make
it on those terms. We believe we are
the first in this country to design a
system whose principal sales appeal
and economic success will be based on
special programming — community
and public service and other imagina-
tive two-way services. We think bold
steps should be taken now to bring
such a system into being.”

“TICCIT-style systems will be an
attractive revenue-producing item for
cable TV operators, too,” says Mason.
“The equipment for the home termi-
nal isn’t cheap, but the most expen-
sive item, the device used to refresh
the image, is coming down in price,
and we’ve come up with some tech-
niques that could create market suc-
cess even now for a large-scale opera-
tion. Even with the home service
package we’ve been using at Reston, it
appears that TICCIT on cable would
be a significant drawing card to attract
subscribers to cable TV.”

Beyond the Reston experiment
(now expanded to include color capa-
bility and a new type of refresher
device), Mason and his colleagues
hope to catalyze development of this
kind of system by cable TV interests
and equipment manufacturers, and to
interest city, state and Federal plan-
ners in its educational, informational
and cultural potential. Cable theorists
have vied to outdo each other in
enumerating services cable TV could
perform; Mason states categorically
that the TICCIT-type terminal could
provide just about all of them.

There are five fundamental
classes of service: conventional one-
way broadcasting; special one-way
broadcasting (such as dedicated nets
or pay-TV); discrete addressing (elec-
tronic mail, library service); limited
two-way communication (home shop-
ping, tax filing); and finally full two-
way communication. The Reston fea-
sibility ~ system  provides  services
chiefly in the limited two-way class.
More sophisticated services will cost
more — in the thousand-dollar-per-
home category for face-to-face
conversation.

Dollars to Doughnuts
Cost, of course, is the ultimate

question. Enthusiasm about techno-
logical developments is all very well,
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Ansel Gould of MITRE prepares a new demonstration program for the prototype TICCIT system.
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but it takes an appeal to our economic
instincts to make us take out our
wallets — or, if you will, to persuade
us to push the button on our home
terminal that debits our bank ac-
counts for the amount of the pur-
chase. The question is, quite plainly:
how many people are going to want
what service, and at what price?

From the beginning the TICCIT
staff has asked hundreds of visitors to
the Reston demonstrations to respond
to questions about what they’d pay
for this kind of service at home. They
are hardly a typical urban population
sample — they have tended to be
manufacturers, cable operators, offi-
cials, educators and social scientists
from around the world. But their
views provided a start. Better than
nine out of ten indicated interest in
CAI at $1.35 per terminal hour, Three
quarters would pay an average $1.74
per month for one-way services such
as stocks, ski reports, daily ads and
school lunch menus and 69¢ for a
home calculator service. This degree
of initial acceptance was pleasing con-
sidering that what the visitors saw
gave only a modest indication of the
extent to which a working full-scale
system could be tailored to the needs
of specific urban subpopulations.

One such subpopulation showed
especially keen enthusiasm: school

children. Given simple instructions,
the pupils worked quickly and easily
with the CAI mode, showing a high
rate of retention. Project personnel
fondly recall their animated interac-
tion with the terminal — talking back
to the computer, laughing at it and at
themselves, and frequently sharing ter-
minals informally.

To Cable the District

In the meantime, a MITRE study
sponsored by the Markle Foundation
resulted in a mid-1972 report” on the
potential benefits and problems of
outfitting the nation’s capital with an
interactive, two-way cable telecommu-
nications system. The report, already
a “best seller,” exhaustively details
the facilities and financial and institu-
tional arrangements needed to imple-
ment a WCS — a Washington Cable
System.

The report, which has excited
considerable interest and speculation
with its far-ranging analysis of what is
involved in cabling a major city,
stresses that the new family of TV-
related services that could be provided
to every home could help alleviate
many of the traditional communica-

7William F. Mason et al, URBAN CABLE SYS-
TEMS, M72-57, The MITRE Corporation,
McLean, Virginia, May 1972,
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tions problems of municipalities while
supporting public, social and commer-
cial service functions. It supports the
intent of the Federal Communications
Act, which seeks to redirect television
toward diversity, social usefulness,
local expression, and access that is
both inexpensive and widely receptive
to all comers — rich and poor, black
and white, urban and rural.

Using Washington as an example
of a large urban area fitted out as a
“wired city,” the MITRE report pos-
tulates a two-cable, 30-channel expan-
dable system providing local program-
ming of community events in nine
different areas of the city; special-
interest programming on sports, hob-
bies, travel, investments and the like;
instructional programming for pre-
schoolers, visitors and minorities;
channels for rent to private groups for
marketing or opinion; point-to-point
channels for government, hospital,
school or other closed-circuit commu-
nication; and public information chan-
nels carrying everything from drug
rehabilitation information to coverage
of Boy Scout troop meetings. Using
financial, demand and sensitivity anal-
yses including a community market
survey conducted under a subcontract
to Howard University, MITRE con-
cluded that almost 80% of D.C. house-
holds might be expected to subscribe
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to one-way and subscriber-response
services, and almost 50% to electronic
information handling if the program is
sufficiently inexpensive and attractive.

Calling television ‘“the most per-
vasive information and communica-
tion medium in our society,” the
report outlines specific means of pro-
viding greatly expanded services
whose costs will be cheaper and access
extended through provision of many
new channels. Means and varieties of
programming for particular audiences
are addressed, and potential programs
and services are illustrated.

Responsiveness

From a variety of sources, includ-
ing a landmark University of Michigan
study of ghetto attitudes toward tele-
vision, the MITRE report finds abun-
dant evidence to substantiate present
hopes for programming and services
that are truly responsive to the needs
and resources of urban subcultures
which today are excluded from the
communications mainstream. In its
view, cable can do much to counter
alienating trends at work there today.
The Sloan Commission on Cable Tele-
communications compares cable to
the printing press in its democratizing
influence on communications; MITRE
sees the nation’s urban centers, with
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their varied demography, as the places
where this can most clearly be
demonstrated.

MITRE’s WCS concept incorpo-
rates 1,076 street-miles of cable, pass-
ing all of the 263,000 households in
the District. It would provide 30
one-way video channels initially with
provision for 34 more, expandable to
two-way operation. It would include
independent programming from local
studios, and promises two-way com-
munications on a demonstration busi-
ness in the first year of operation. To
be installed over five years, it would
cost about $30 million, with fees at
$3.50 per month for one-way service.
Two-way subscriber-response opera-
tion would cost $3 more, and elec-
tronic information handling an addi-
tional $8.50 to $15.50 — not
unreasonable compared to present-day

phone bills.

“Because we’re emphasizing high
subscriber penetration and low sub-

bRl

scriber costs,” says Zraket, “we be-
lieve our system can be financially
viable and socially useful. The attrac-
tion of this service, aside from its
economy, is plain. Much current
broadcast programming, setting aside
aesthetic questions, is simply irrele-
vant to viewers’ needs. Specialized,
tailorable, participative programming
is going to have broad appeal. We
intend to test this appeal in large-scale
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demonstrations accompanied by mar-
ket surveys.”

The WCS plan is generic enough
to apply to any large city, providing a
technical framework within which im-
pinging political, economic and social
considerations are fully explored and
legal, regulatory and public interest
factors are dealt with. A parametric
set of system options is now being
designed for practical implementation,
and follow-on work, including infor-
mal contact with leaders of other
cities, is now underway to extend the
plan’s relevance to specific municipal
needs.

Washington is seriously consider-
ing wiring itself; Mayor Walter Wash-
ington’s Economic Development Com-
mission favors the idea. Washington’s
many Federal agencies stand to bene-
fit from the availability of a city-wide
cable system. How soon Washington
will be cabled is still uncertain, of
course; the question of public versus
private ownership, for one, is not yet
resolved. But an occasion offers itself
— one that’s only four years away.
“The Bicentennial Celebration in
1976,” Mason says, “is an attractive
target date. A WCS could show other
cities. how an urban cable system
providing better and more responsive
telecommunications can improve a

city’s quality of life.”
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Brass Tacks

Meanwhile, the Markle-supported
analyses and the Reston demonstra-
tions have spun off hardheaded use
studies designed to put TICCIT-style
CAI in reach within a few years. “CAI
has been a commercial failure till
now,” says Kenneth Stetten, project
leader of MITRE’s National Science
Foundation-funded studies aimed at
catalyzing CAI’s mass dissemination.
“Yet the need was never greater,
school systems never had larger bud-
gets, and the technology’s t?,ffective—
ness is demonstrated. The Foundation
wants us to make a market, to con-
vince schools of CAI’s validity as a
reasonable, cost-effective approach to
supporting  individualized  instruc-

tion.”

Two junior colleges were chosen
to prove the market because of their
rapid growth, receptivity to innova-
tion and emphasis on educational ef-
fectiveness. TICCIT systems are being
developed for demonstration use in
these colleges, in an attractive size and
price range. “Courseware” — educa-
tional material — is being developed
under subcontracts to the University
of Texas and Brigham Young Univer-
sity in four high-exposure freshman
and remedial math and English
courses. Emphasizing the student’s
control over his own work habits and
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pacing, the system strives to develop
good learning strategies in the student
while accompanying him through the

course material.

The modular, 128-terminal sys-
tems, including audio response, color
displays, minicomputers and cable
capability, are expected to cost less
than $250,000, and less than one
dollar per terminal hour. “The Foun-
dation wants to stimulate a major CAl
market in five years,” Stetten says.
“We think we can do it. The real
selling of CAI will be done by the
students and teachers who use it and
the administrators who oversee its
operation. If their own experience
shows that it can help them, CAI will
be on its way.”

Assessments

The MITRE-Washington effort is
moving rapidly on a number of fronts.
Stetten and his staff are awaiting Air
Force approval of plans to implement
a TICCIT system for computer-man-
aged instruction in the electronic tech-
nician training program at Keesler Air
Force Base. And under a different
National Science Foundation con-
tract, MITRE is studying the technical
and economic aspects of home deliv-
ery of instruction and other socially
related services via interactive cable
television. What is afoot is a full-scale




assessment of the implications of the
new medium, with special emphasis
on the critical question of acceptabil-
ity. The newest phase of the Reston
demonstrations is making a contribu-
tion here, driving toward implementa-
tion of complete interactive services
on a Reston-type link. In-depth accep-
tance surveys will be conducted
among users of expandable educa-

tional, informational and recreational
service packages, and technical fea-
tures such as character size and style,
color and definition will be tested for
viewer reaction.

Once the facts are in, criteria will
be defined for selecting a demonstra-
tion city where the feasibility model
will get its first large-scale public
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Children at the Reston, Virginia Day Care Learning Center (above) display their talents during a TICCIT d.emonstranon.
At left, a visitor to MITRE-Washington tries out the prototype student terminal, part of the computer-assisted system
being developed under National Science Foundation sponsorship.
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Ken Stetten (R) fields questions following a demonstration of the TICCIT system at MITRE's cable conference last October
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tryout. From studies like these, the
National Science Foundation hopes to
find an effective way to shape the
introduction of two-way interactive
cable telecommunications services
with high social impact — cushioning
adverse reaction, identifying advan-
tages, and finding the market the
entire field is so restlessly seeking.

The Ultimate Audience

with this in mind, MITRE con-
vened in June an advisory panel of
experts from the Markle Foundation,
the New York City Rand Institute,
the Cable Television Information Cen-
ter and other organizations in the field
to discuss means of reaching cable’s
ultimate audience. They discussed de-
sirable alternatives for initial program-
ming efforts, and analyzed methods of
selecting a population sample that
would be representative of the U.S.
population at large. Needs and possi-
ble applications in education and com-
munity relations were evaluated, and
the panel members huddled to iden-
tify requirements. They decided it is
clearly important to minimize com-
plex or expensive software, to incor-
porate community groups in planning
experiments, and to provide people
who are encountering the system for
the first time with a bridge that will
alleviate their uncertainty about the
new technology.
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This was only the first of such
gap-bridging efforts. Shortly before
this issue went to press, MITRE and
the Cable Television Information Cen-
ter co-sponsored a symposium at
MITRE’s Washington facility on urban
cable television. The meeting covered
issues ranging from needed institu-
tions to fee structures and system
ownership. Attracting municipal offi-
cials from the 100 largest CATV
markets, industry, the government
and the academic community, it con-
tributed needed perspective about
realistic means of achieving cable’s
tremendous potential.

“There are three primary barriers
to rapid introduction of new types of
cable services,” says Mason, “system
cost, the costs of preparing two-way
programming, and uncertainty in the
marketplace. A start has been made
on all three, and we believe these
barriers will fall quickly as people see
the new services demonstrated. Televi-
sion itself, to begin with, was seen as
an expensive luxury, yet today few
households are without a TV set.
Cable telecommunications appear to
promise a similar revolution in a rela-
tively short time. And the TICCIT
concept, with its multiple potentiali-
ties for education and information
exchange, is unquestionably one of
the most vital parts of the cable
telecommunications picture today.”
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“It’s axiomatic by now that the
expansion of cable telecommunica-
tions is going to come out of the
bandwidth CATV doesn’t use. Well,
just as the whole rationale behind
current development lies in using that
untapped vein, the rationale behind
our project lies in finding the best way
to use it.”

David Willard of MITRE’s Tacti-
cal and Digital Systems Division is
talking about a new approach to
communicating by cable. Project
Leader Willard and his colleague
Michael Cogan concentrated on a
search for the best possible cable
communications technology as a way
of enhancing MITRE’s effectiveness as
a cable system designer and developer.
The result was MITRIX, a time-divi-
sion multiple-access digital communi-
cations system intended to exploit the
potential of the medium to its fullest.
A year of evaluation has given them a
wealth of experience in cable system
design — and has convinced them that
they have uncovered one of the keys
to the future of cable telecom-
munications.

MITRIX is housed within
MITRE’s Bedford Operations, on a
three-quarter-mile cable loop which
includes standard CATV facilities as
well as some auxiliary equipment one
wouldn’t ordinarily associate with

cable systems. On this testbed,
MITRIX is undergoing continual test
and refinement, to the point that it is
now regarded as sufficiently estab-
lished and sufficiently promising to be
a candidate for the military base
communications application discussed
in the UNIBAC section earlier.
MITRIX is also carrying a number of
services within the Bedford complex
itself — among them on-line editing
and computer-aided typing — which
are contributing to MITRE’s day-to-
day operations while they demon-
strate the system’s viability in the
business environment. Technologi-
cally, MITRE is finding MITRIX most
promising as a vehicle for the kind of
cable telecommunications system de-
velopment it seeks to do.

“The experience we’re obtaining
with MITRIX is a cornerstone of our
approach to cable system work,” com-
ments Technical Director Monahan.
“Systems like it can serve as the basis
for cable facilities that are far more
economical, flexible and capable than
today’s. Needless to say, any cable
task we take on will present its own
demands and problems, so we don’t in
any way restrict ourselves to MITRIX
as an approach. But it does appear to
be a better way of handling many of
the kinds of services now being dis-
cussed, and as such has brought us
nearer to the wired city.”

MITRE MATRIX

Robert LaFleur of MITRE shows how a plant monitoring system might be supported by a capability like IYIITBIX: data is
requested via the keyboard, and readout appears on the video screen, with MITRIX handling the communications.

MITRE MATRIX




The use.r? of a really flexible cable telecommunications system are many: credit card validation, automatically tabulated
transactions, and cashless purchases, for instance.

MITRE MATRIX

Wide-Open Communication

The MITRIX staff sees the new
system as an ingredient which can
help lift many of the limitations of
present  capabilities,  turning the
medium into an all-purpose pipeline
for communications whose nature and
form will be almost entirely up to the
subscriber. Jack Shay, who oversees
the project, considers it a distinctly
new capability, “well ahead of its
field. It appears to be the best choice
for really wide-open communication

by cable.”

Staff member Charles Dolberg,
who has been studying the economic
implications, adds one more point of
special significance. “Cost is often a
sour note when people start talking
about really versatile two-way inter-
action. But we believe we’ve estab-
lished that the MITRIX kind of capa-
bility can be mass-produced inexpen-
sively enough to permit such services
to develop on an economical basis.”

At the beginning of the project
Willard and Cogan studied available
and projected systems clsewhere and
found that while flexibility was on the
tip of everyone’s tongue, most sys-
tems actually offered anything but.
“We found most people wanted quick
one-time access for a variety of uses,”
says Willard. “But outside MITRE,
few people seemed to be developing

MITRE MATRIX

technological approaches which would
take advantage of cable’s practically
unlimited potential for data exchange.
Instead, we found dedicated full-time
systems being designed to do only a
few limited jobs: reading meters, ring-
ing alarms, making pay-TV selections
and so on.”

Keystone System

Willard and Cogan contended
that any company in the business of
engineering effective cable systems
ought to be able to offer its clients a
system which can handle virtually any
communications task. So they set out
to create a system which would not be
limited by its design. It had to be a
communications pipelinc on which
MITRE as a cable system designer and
engineer could base a full-scale system
with confidence that it would not be
outgrown by future needs.

They came up with MITRIX, a
keystone system whose versatility
brings cable’s broad potential into
sharp focus. It consists of two main
elements — a series of terminals called
Subscriber Digital Interface Units
(SDIUs), and a network control cen-
ter. The SDIUs are the user’s key to
the system, achieving flexibility and
economy because they are not tied to
a hard-wired set of uses. They are
detachable from the “end instru-
ments” which are their means of
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expression: cathode ray tube displays,
facsimile devices, keyboards and so
on, which create information through-
put in the form needed for a given use
but do not restrict the system’s for-
matting and carrying capability. Use
of digital communications and easy
access through timesharing add to the
user’s freedom.

“We call this a ‘transparent’
system,”  Cogan says, ‘“because
MITRIX is indifferent to the type and
variety of communications you use it
for. Just as glass passes light, MITRIX
passes digitized information, without
distortion or restriction. Thus we’ve
skirted the problem of commonality
that always afflicts early designs in a
new field. And we have a very power-
ful communications utility adaptable
to many uses in many different kinds
of cable systems.”

MITRIX is one of the many
MITRE programs which have con-
verted and adapted to societal benefit
concepts originally designed for mili-
tary use. In this case, time-division
distributed communications, with
which MITRE has gained extensive
experience in the PLRACTA® and
other military programs, have served as

8See “PLRACTA: A New Approach to Tactical
Communications,” MITRE MATRIX, Vol. 3 No.,
5, September-October 1970, p. 2, and ‘“‘Antici-
pating Tomorrow: PLRACTA” in MITRE
MATRIX, Vol. 5 No. 3, June 1972, p. 33.

a catalyst to give MITRIX increased
flexibility. The staffers redeveloped
the distributed communications con-
cept in terms of the problems pre-
sented by cable, and in doing so
arrived at a technique as strikingly
new and different for civilian commu-
nications as PLRACTA has been in
the military sphere.

Undivided Attention?

Technically, MITRIX operates
rather like the average timeshared
terminal, the difference being in its
provision of all three classic communi-
cations modes: broadcast, one-to-one,
and polling (many-to-one). On notifi-
cation (within 0.1 to 2.6 seconds,
depending on the access time you
want to pay for), the system assigns a
customer time slots. A message, re-
peated by the control center, moves
to the subscriber(s) addressed, and is
recognized by the terminal whose
address matches that accompanying
the message. Over 8,000 minimum-
rate users can be accommodated at
any instant in a full-scale two-way
system of this kind, with a total
network size of 131,072 individual
terminals. And each network can be
interconnected with others to form
the hierarchical configuration of the
wired city — or, for that matter, the
wired nation.
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Information reaches you in what-
ever form your end instruments allow:
display via CRT or television screen,
printout on teletype or computer-
driven typewriter, reproduction in fac-
simile. One application now being
evolved connects a Braille embosser?
to MITRIX to create a communica-
tions system for the blind. MITRIX
data exchange is complemented, of
course, by cable-borne audio and
video. And timesharing produces the
by now familiar illusion that you have
the system’s undivided attention —
whereas in fact it is taking care of
many other users “simultaneously.”

As a whole, this digital-based
information capability gives its user an
uncommon degree of communicating
power. Whether you want to scan
printed information remotely, carry
on a three- or four-way discussion of
the fine points of documentation re-
produced by facsimile at all callers’
locations, send an all-points bulletin,
monitor a remote meter, automati-
cally credit or debit a budget account
merely by registering a purchase, take
a poll, maintain an up-to-the-minute
listing of dynamically changing re-
sources such as equipment inventories
— think of your own information
application — MITRIX, according to

9See ““Braille Translation: The Computer Aids the
Blind,” MITRE MATRIX, Vol. 5 No. 2, April
1972, p. 22.
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its designers, can use a combination of
its resources to accommodate you.

“We’ve done what many develop-
ers of new systems don’t do,” Willard
points out. “We’ve investigated thor-
oughly what kind of distribution
system the wired city really needs in
order to meet its communications
requirements — and used that as a
specification for building our system.
I think MITRIX has benefited from
this order of events, and we’ve gained
the kind of experience we need to be
effective in designing analogous sys-
tems which really respond to the
requirements of specific wired city

installations.”
Jack of All Trades

The “transparency” of the
MITRIX concept of communications
makes it a kind of input-output ma-
trix which can create its own network
according to need. Marrying cable TV
and digital two-way communications
as an integrated facility on the same
cable system is of course a prerequi-
site for the wired city; MITRIX pro-
vides a communications channel acces-
sible and powerful enough to create
an environment within which the
wired city services can be supplied
without stint.

Willard sees considerable prom-
ise, for instance, in the use of systems
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based on a MITRIX-like capability for
high-data-rate tasks in conjunction
with Air Force systems. Apart from
its candidacy for use in UNIBAC,
MITRIX appears to have potential as
an expediting element to enhance the
capability of quick-response command
and control systems. It can act as a
channel for computer-to-computer
data exchange, data storage and re-
trieval, and so could conceivably be
applied to military data management
and real-time planning operations,
whose needs seem constantly to out-
strip the available technical and fiscal
resources. Light, compact MITRIX-
type equipment could enhance tacti-
cal communications flexibility in a
theater or deployed field headquarters

operation.

On the civilian side, many large
organizations with formidable data-
handling problems, from the New
York Off-Track Betting System to the
United Nations, are now being cabled
— as are, of course, many communi-
ties across the nation. “But what
they’re buying,” Willard points out,
“is limited capability, because the
structure of their links and nets, and
of their access instruments, permits
them relatively little latitude in opera-
tion. If they’re going to want to
extend their resources later, as it
seems certain they will, they’d benefit

from the kind of flexibility our cable
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system engineering experience and
MITRIX technique could offer them
now at reasonable cost.”

Conceptual Prototype

Willard and his colleagues have
already begun investigating applica-
tions for which the MITRIX design
may serve as the conceptual proto-
type. Discussions have been held, for
example, with the Massachusetts arm
of a national organization which funds
police improvements. “In times of
message overload — just when they’re
needed most,” says Dolberg, “police
communications can  bog down
badly.!? We see a way to fit dis-

tributed communications into a city

police network, adding low-power mo-
bile transmitters on a local basis to
free up the city-wide frequencies.”

p y q

Electronic mail is another field
with great potential, although much
auxiliary equipment must be devel-
oped before it can become a reality. A
channel like MITRIX could be used to
send facsimiles of letters; encoded for
privacy, these could be automatically
decoded and inserted in envelopes at
the receiving end without being seen
by human eyes, cutting days of mail-
ing time down to a few hours.

10gee “Crime, Communications and the Massachu-
setts State Police,”” MITRE MATRIX, Vol. 5 No.
5, October 1972, p. 38.
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“Scrambled” channels could be
used for other purposes too: pay-TV;
surgical consultation for hospitals;
secure file access for organizations like
the FBI. Computer-to-computer “con-
versation” for credit card validation or
auto registration checking, inventory
control or accounting; remote social
service counseling; vastly improved
employment referral service; home
computation;  shopping-from-home;
political and local event coverage with
viewer participation — the full list of
cable telecommunications services is
within the reach of this new dimen.
sion of communications.

Paperless Office

MITRIX-style concepts have con-
siderable impact in the business en.
vironment as well. The “paperless
office,” in which functions now per-
formed on paper are handled instead
by electronic files and transactions,
has been a favorite theme of techno.
logical forecasters for over a decade.
But little has been done to make it a
reality, despite the volume of com.
“paper

Whether bureaucracies will or can

plaints about pollution.”
yield to such a trend is of course
uncertain, but as Willard points out,
the new capability does offer the

necessary tec}mology coupled with

the required simplicity and reliability
of operation. And it is already opera-
ting at MITRE-Bedford on a small
scale to prove out concepts like the
following.

Suppose that, instead of a memo
to all personnel, a large corporation
sends out a message to terminals in all
departments, to be printed out only
where required. Communications time
would be saved; so would worker time
for coordination, printing and mailing.

Or this kind of flexible cable
system could reduce skill require-
ments for typists by using computer-
driven terminal typewriters to final-
type drafts — edited on the system —
of everything from cafeteria menus to
finished reports on mats ready for
printing. Time sheets and purchase
orders could be tabulated and ab.
stracted in any form desired, using an
on-line computer for data manipula-
tion. Digital communication and inter-
active video create the basis for em-
ployee training, product marketing
and other face-to-face interactions.

Project funding — reports on which
commonly lag weeks behind actual
expenditures — could be monitored

on an up-to-the-minute basis with
itemization to order.
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m j i Cogan'’s left arm
MITRIX: from left, Michael Cogan, David Willard, Project Leader, and Paul Gfl”. Un:l::l g
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Th‘:‘ - b;hil:iriber's Interface Digital Unit, the miniaturized version of the large unit in the foreg
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“Of course, all these applications
require fullscale development,”
Willard warns. “What seems most im-
portant to us is that we have come far
enough to be able to act with confi-
dence as a designer along these lines.
We know now that spccifié questions
of service delivery application within
particular systems can be dealt with.”

Pay for What You Use

Chief among the variables in any
cable telecommunications installation
are effectiveness and economy. Dol-
berg estimates that the present yard-
high experimental SDIU can be minia-

turized into a piece of desk-top equip-
ment about the size of the average
hi-fi amplifier to sell for something
like $500, or to be leased as the
telephone now is. Over and above a
base charge, the subscriber need only
be billed for the actual time during
which, and rate at which, he is ac-
tively using the system.

Paul Gill, creator of much of the
MITRIX hardware, explains: “With
phone lines today you only get really
high data rates by renting a full-time
dedicated line. We can provide the
same high rates in small time incre-

ments without giving up timesharing

Another communications benefit of the future — pushbutton inventory control, with the computer serving as'stockbook.
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— that’s a substantial saving. Yet we
can interface with phone lines, micro-
wave or satellite links without signifi-
cant loss in quality.” Modularity is
another important plus; with detach-
able end instruments, MITRIX is max-
imally tailorable, and it need not even
piggyback on a CATV circuit.

MITRIX, with a maximum ser-
vice rate of over 300,000 information
bits per second, offers a wide range of
data and use rates, including those
now used with phone lines. Its flexi-
bility is readily apparent as the staff
puts it through a rapid series of
demonstrations — accessing and an-
swering a questionnaire using the CRT
and keyboard, ordering and obtaining

facsimile information in about one
eighth the time it takes by telephone,
obtaining printout of displayed mate-
rial, reading a water meter a quarter
mile away (8,000 such meters can be

read off in five seconds — and at
virtually any distance — by this
means).

Monahan stresses that MITRIX is
an approach rather than a solution.
“The system works well,” he says,
“and is a significant step forward in
communicating by cable. But MITRE
is a system designer and engineer, not
an industrial production firm. The
chief value of MITRIX is the way in
which it has advanced our knowledge
and our ability to benefit people who
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seek our help in setting up cable
systems that won’t cramp them.”

All Manner of Interactions

The men responsible for cable
system development at MITRE see the
way open ahead, technologically
speaking, for wired city development,
in part because of such innovations as
MITRIX. As Monahan says, “There
are many communications tasks we
can visualize but can’t do today. The
new capabilities now coming along
will make all manner of interactions
possible. And our own experience
with them has taught us much about
the right ways to design cable
systems.”

But of course there are further
considerations — among them the
caveats we mentioned to begin with.
Public response to cable will be far
from unanimous; regulatory and mar-
ket barriers will make its introduction
uneven. Robert LaBonté subdepart-
ment head for the project, comments:
“I think it’s a mistake to believe that
the ‘wired home’ will enter the picture
very soon. But public use of cable is
going to grow rapidly, starting right
now. As an indication of the intensity
of the demand, government and com-
mercial high-speed data transfer ac-
counts for about three percent of

American Telephone and Telegraph
revenues today. But by 1975 — only
three years from now — AT&T esti-
mates this amount will increase three
to five times. Cable technology in
some form will unquestionably be
called upon to meet a good part of
this added demand. We’d like to help
make certain that the cable technol-
ogy that is there to do the job is the
kind that will do it best.”

LaBonté’s concerns typify those
of many cable planners throughout
the country — fear lest too little
planning will be done, too little advan-
tage taken of truly capable technolo-
gies and techniques, before the indus-
try “hardens,” bringing on service
limitations and eventually a wasteful
retooling comparable to the conver-
sion to integrated VHF-UHF televi-
sion a few years ago. “In a sense we’re
in a race against time,” Jack Shay
sums up, “trying to make sure that
quality and flexibility are in the de-
sign from the outset. Concepts like
MITRIX, and our experience with
them, give us a chance to help build
systems that look ahead, not just to
the needs of next year, but to the
needs of the years to come.”

MITRE MATRIX
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As so often nowadays, we find
ourselves standing on another thresh-
old, trying to see what lies beyond it.
It’s instructive to remember that in
the early days of the automobile,
when everyone was saying it wouldn’t
work, wouldn’t be cheap enough or
reliable enough or popular enough,
Henry Ford put money, gumption and
faith behind something called the Tin
Lizzy. Is what we have under our
hands today the Tin Lizzy of cable
telecommunications? We can come
within an ace of being certain. But
there are enough imponderables so

that we can never be quite sure unless
we try it.

One thing is certain: cable tech-
pology is too powerful, too far-reach-
ing in its impact, to be left simply to
grow on its own. The big questions
must be answered. What about the
vast sums and efforts required for
programming, for example? It is con-
ceivable that this could become one of
America’s largest industries. Public
demand is small today, but as broad-
cast television did, cable telecommuni-
cations will sooner or later capture the
public’s fancy. Cable had better be
prepared to meet the
intelligently.

boom

. What about the depersonaliza-
tion some suppose will accompany the
tighter integration of communities by
cable? What, indeed, will cable’s effect
be on our way of life? On the quality
of our lives? There are promising
remedies underway for the controver-
sial privacy issue. Frank Eldridge of
MITRE’s Washington staff, for exam-
ple, has proposed a composite channel
selection and address gating system
that does much to resolve the problem
from a technical standpoint. But the
effectiveness of such devices rests to a
great extent on the degree to which
their use is governed, and on the
power and goodwill of their governors
— and privacy is only the most obvi-
ous of this class of questions.

Indeed, do we really want to live
in the wired nation? Can we counter
the deluge of information with im-
proved selectivity? What will the in-
formation we entrust to the system be
used for, and can we control it person-
ally? And, in the long term, what
might life be like in a society in which
a great many people don’t have to
leave home very often because they
do their work and obtain their services
remotely via their home terminals?

MITRE MATRIX

Helping Find Answers

We are just beginning to learn
how many such questions, great and
small, there are. There will be many
more. They will test the faculties of a
society whose policy-making wisdom
has not invariably kept pace with its
technological know-how. It is the
business of organizations like MITRE
to try to evaluate questions like these,
to analyze and present clear, unbiased
alternatives, and to help society find
answers before the questions turn into

quandaries.

Resources will continue to be in
short supply. Paradoxically, the FCC
rulings that liberated cable TV have
had an adverse effect on funding for
cable research and development, be-
cause the cable crunch is gobbling up
available money for construction. So
there will be very little elbow room
for the kinds of mistakes that natu-
rally attend the infancy of any major
technological development.

All the more important, there-
fore, is the kind of program MITRE
has set for itself — a program marked
by cautious exploration, modest ex-
penditure and careful assessment of
technical and economic feasibility on
several fronts and in a series of gradu-
ated steps marked by keen under-
standing of social priorities. How will

MITRE MATRIX

people react to the new services? will
professionals accept them? Will they
harm existing services? Each such
question must be carefully weighed,
and answered before its effects be-
come inevitable.

The MITRE testbed environment
presents an opportunity to evaluate
cable telecommunications research
and applications without the cost in
money, and possible premature user
rejection, of a public pilot program. It
prepares the groundwork for the time
_ and it will be soon — when commu-
nities and corporations, schools and
service agencies, armies and govern-
ments and hospitals and eventually
homes will all be using this new
medium. While UNIBAC seeks to pro-
vide military base communications of
unprecedented power and variety, the
projects associated with MITRE-
Washington’s revolutionary TICCIT
concept lay the foundation for the
wired city. The MITRIX system seeks
to refine and redirect the technology
and techniques of cable telecommuni-
cation itself. And MITRE planners
strive to relate these programs most
closely to the trends of the industry
and the tide of public interest, and to
evolve more coherent, more reliable
bases for cable system design, develop-

ment and engineering.

“Government, business and pub-
lic demand for advanced communica-
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tions services is already on the up-
swing,” says Charles Dolberg. “It’s
vital to ensure orderly, economical
transition  into the wired city
environment.”

To see how profound are the
implications for American life in the
near future, we have only to think of
the acceleration of social change at-
tendant on the introduction of the

automobile, the computer and televi-
sion. These have irreversibly changed
American family life, politics, com-
merce and industry, war, trade — and
the face of the land. What changes will
cable telecommunications bring?

This question cannot be evaded
or turned aside. It can only be met as
best we know how. This is what
MITRE is preparing to do. ]

MITRE MATRIX
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| T. F. ROGERS
VICE PRESIDENT

URBAN AFFAIRS

0CT 22 Wn

THE MITRE CORPORATION
WESTGATE RESEARCH PARK
MCLEAN, VIRGINIA 22101

October 19, 1971

Mr. Kenneth H. Olsen
President

Digital Equipment Corporation
Maynard, Mass. 01754

Dear Mr. Olsen:

In the light of that part of our Sunday's
discussion prompted, particularly, by Henri
Busignies observations and questions, I have
asked our Bedford office to forward to you a
copy of the Mitre report entitled '"Local
Distribution of Telecommunications, A
Perspective''.

I would draw your attention, particularly,
to Sections II and III and most particularly to
Figures 1 and 2.

I trust that you will find the report
helpful. ”

Sincerely,

TFR:mc
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THE MITRE CORPORATION
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18 October 1971 D93-608

Mr. Kenneth H. Olsen
President

Digital Equipment Corporation
Maynard, Massachusetts 01754

Dear Mr. Olsen:

I am sending this report to you at the request of
Thomas F. Rogers, Vice President, Urban Affairs.

Cordially,

/ ’\ [l AL .6‘; %}/7/( ) t/ o

Laurie F. Amato
Network Engineering & Analysis
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ABSTRACT

There is a great deal of speculation about the new services (video-
telephone, dozens of TV channels, computer access from the home) and
systems (broadcast satellites, CATV) which will bring about the "wired city"
and "information revolution." This paper contains a survey and analysis of
commercial telecommunications from a broad technological viewpoint. A
method is developed to define and classify the various services and to com-
pare the capabilities of the new and established telecommunications systems
to provide them.

This approach then permits the identification of possible future policy

issues involving competitive and cooperative relationships among the various

evolving systems.
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SECTION I
INTRODUCTION, REPORT STRUCTURE AND SUMMARY

1.1 INTRODUCTION

Civil telecommunications is one of the nation's largest, most rapidly
growing, fundamentally important, and relatively sophisticated industries.
However, public demand for improvements in the nation's present tele-
communications services has become more widespread, articulate and
persuasive in recent years, and there is a growing interest in new services--
the economic support for which, however, remains to be determined.

To sustain this growth, to improve today's services and to address new
apparent needs, a large number of technological innovations are being looked
to that now are in various stages of development. Some are still in the
laboratory; some are now experiencing their first introduction to the com-
mercial and general public: videotelephone, domestic satellite repeaters,
millimeter and optical wavelength line-of-sight radio circuits, waveguides
and optical fibers, coaxial cable, time-shared computers, data transmission
circuits, home video recording and playback, more flexible mobile com-
munications, mini-computers, and digital technology. All of these will bring
about the "wired city' and the "information revolution' which is the subject
of much speculation.

During the past few years these dissatisfactions, expectations, and
innovations all began to have their influence felt throughout the telecommuni-
cations industry and the institutions that serve it, those that it serves, and
those that regulate its operation and growth. Rarely (perhaps even never
before) has the telecommunications field been faced with such great concerns,

OPportunities, and dynamic change.




Since its inception, The MITRE Corporation has been concerned with
the design, development, procurement, and use of large and sophisticated
telecommunications systems--initially with defense systems, and now with
civil systems as well. It appreciates, full well, the great public interest in
a healthy, vigorous, and responsive telecommunications industry, and it is
committed to assisting in its sound progress.

In this general context, late last year it appeared that a study of present
and planned local telecommunications distribution services, and the technical
capabilities of established and potentially new telecommunications services
designed to meet them, could be quite useful--especially if the study results
illuminated important potential policy and regulatory issues and did so in
such a form as to be of utility to those institutions concerned directly with
such issues.

This is a report of the highlights of our study.

1.2 STRUCTURE

The study has looked at local distribution of telecommunications services
from a broad technologically oriented perspective, with the objective of
anticipating future related public policy issues. The report is a logical
presentation of telecommunications services (Section II), the capabilities of
four types of fixed distribution systems to provide these services (Section III)
and, since the capabilities overlap and supplement each other, the com-
petitive and cooperative relationships that exist or could evolve between the
systems (Section IV).

Section II develops generic classifications of the various services. The
capabilities of each system to provide these services are assessed in

Section III. The four systems examined are the telephone and telegraph

carriers, coaxial cable television (CATV*), the over-the-air broadcasters,
and the recently licensed specialized carriers (DATRAN, MCI, etc.). **
Their directions of technological development are identified.

Section IV discusses competitive and cooperative relationships among
the systems. A significant cooperative relationship among all of the systems
involves the generation of technical standards, discussed in Section 4. 2.
The remaining paragraphs discuss relationships between pairs of systems:
(1) the over-the-air broadcasters and CATV, (2) the over-the-air broad-
casters and the telephone and telegraph carriers, (3) the telephone and tele-
graph carriers and CATV, (4) the telephone and telegraph carriers and the
specialized carriers, and (5) the specialized carriers and CATV.

Appendix A is a summary of an investigation into the cost aspects of the

CATYV systems and the local distribution facilities of the telephone system.

1.3 SUMMARY OF THE REPORT

In order to conduct the study, it was necessary to have a method for
comparing the system capabilities. This was done by developing a means of
classifying the various telecommunications services and then assessing the

capabilities of each distribution system to provide the different classes of

service.

The term CATYV is used throughout this report to identify both those pre-
sent systems which distribute television signals primarily over coaxial
cable, and those future coaxial cable systems which are expected to evolve

% and to provide many different additional services.
*

Mobile radio systems are not included since they serve a special class of
users. Their relationship with the fixed systems in sharing the frequency
Spectrum is recognized, however.




The initial classification scheme that was explored is one based upon
the division of signals into three types: data, audio, and image, and the
specification of transmission performance requirements for each of these
types. While this approach was found to be useful with reference to the
technical standards area, it was not found suitable for comparing the distri-

bution systems.

A better classification method is one that is based upon two parameters:

(1) how information is distributed, and (2) the rate at which it is transmitted.

Using this method, three broad classes of distribution are defined:
BROADCAST (point-to-multipoint), POINT-TO-POINT, and GATHERED
(multipoint-to-point). Within each distribution class, information can be
transmitted at different rates.

The four transmission systems--telephone and telegraph carriers,
broadband coaxial cable (CATV) systems, over-the-air broadcast stations,
and the recently licensed specialized carriers--are compared within the
context of this classification method.

It is seen that the telephone and telegraph carriers provide, or can
provide, all POINT-TO-POINT services and low-rate BROADCAST services
(news teletype services). Some of these carriers are experimenting with
some low-information-rate GATHERED services (e.g., meter reading).

CATYV systems provide certain audio and video BROADCAST services
(e.g., high-quality audio and standard television) and, inherently, should be
able to provide others as well. The provision of some very low-rate
GATHERED services and POINT-TO-POINT services is being investigated
on an experimental basis by some broadband coaxial cable (CATV) systems,

and if offered commercially, they could compete with the telephone and

telegraph carriers. In fact, it is possible (in a technical sense) for such

proadband coaxial cable (CATV) systems to offer all of the POINT-TO-
POINT services now provided by the telephone and telegraph carriers. If
current technological trends continue, it may be possible (in an economic
sense) to provide such services.

Over-the-air broadcast stations can provide a variety of BROADCAST
services, but only up to the practical information-rate limits imposed by the
spectral width of their channels; also, it is difficult for them to provide the
other two classes of services. Thus, they may not be able to carry such
signals as television with line resolutions greater than today's commercial
standard, or new broadcast-related services such as the gathering of large-
scale viewer response data. These signals may be carried by CATV systems,
however.

The special carriers (DATRAN, MCI, perhaps one or more domestic
satellite systems, etc.) intend to provide most POINT-TO-POINT services
in competition inth the telephone and telegraph carriers. For local distri-
bution they can build their own facilities, interconnect with the local carrier(s),
or establish a cooperative relationship with a CATV system operator. This
last option may become especially desirable if technological advances permit
economical full-duplex, POINT-TO-POINT transmission via CATV systems
(and current trends indicate this as a strong possibility) and if such systems
are able to expand into the major urban markets.

There are two general findings contained in the report, and a number of

Specific potential issues have been identified:

(@) Findings
1. Tt is possible and analytically useful to develop generic

descriptions of telecommunication services based on (a) method

of distribution and (b) the information rate. Their use should




(b) Potential Issues

ease the burden of analyzing each application for a new service 3.
as a completely separate entity and should facilitate the evalua-
tion and comparison of various telecommunication system
capabilities.

The sophisticated systems that are expected to evolve from
today's broadband coaxial cable CATV systems have the
potential, technically, to provide all of the telecommunications
services in a given local area. The application of digital '
technology, the reduced cost of this technology, and the develop-
ment of new services will be important factors in making this
possible. Whether or not they will do so depends, of course,

upon important economic and regulatory considerations.

1.

If CATV systems successfully expand into the larger cities and
are able economically to provide POINT-TO-POINT trans-

mission, they could compete with the telephone and telegraph 5,

carriers in providing local distribution facilities for the

specialized carriers.

Many of the new services rely on the use of a low-rate data

transmission device in the home or office. This terminal may

become as ubiquitous as the telephone--indeed, it often may be

the telephone--and also may have to be as standardized.

Although not discussed in the report, this suggests a corollary

issue; that is, ownership of the terminal and interconnection

with the local distribution system (CATV, telephone), just as

is now being considered for the telephone system alone.

New television programming and advertising offered by CATV
systems will use a data entry terminal and the associated
transmission system to achieve rapid large-scale viewer

responses. If the telephone companies do not also provide

such a capability the CATV systems will have a monopoly, and

over-the-air broadcasters may be at a competitive disadvantage

in offering similar programs.

Much of the information collected and disseminated in the
provision of certain new services (meter reading, viewer
response, data bank access) will be processed by computers.
These computers could be owned by the telecommunications

system operators. This could lead to new regulatory issues

related to the integration of computers and communications--

issues analogous to those which recently were the subject of

an FCC inquiry and ruling.

Digital technology is expected to be applied to all aspects of
telecommunications, including the many new services. Many
digital standards are being developed which sometimes are
compatible with each other--sometimes not; sometimes they
anticipate new technological developments and can be applied to
them, --often they do not. In view of this rapid technological
change and the more complex industrial structure caused by
the entry of new systems into the telecommunications area,

there may be a need for a more coordinated, far-seeing,

national approach to the development of standards for equip-

ment and systems interface, particularly in the digital area.




Expanded local and national BROADCAST services (such as

many commercial and educational television channels) can be

SECTION II
provided to rural areas by a variety of techniques: direct

broadcast satellites, regional terrestrial radio stations, and CLASSIFICATION OF TELECOMMUNICATION SERVICES

wire or coaxial cable. A wire or coaxial cable system is the
2.1 APPROACH
most economical way to provide access to both BROADCAST

and POINT-TO-POINT broadband services for many rural When telecommunication services of the future are mentioned, one

. i " : "o : " NJialea_ 1"
subscribers. To do so, however, may require a cooperative ‘hears phrases such as "newspaper by wire," "voting," "dial-a program,

effort on the part of both the telephone and telegraph carriers 1 and "the checkless, cashless society'’; the list seems endless. For the

and the CATV system operators. purposes of this paper, a generic classification of such applications has

been developed. The three main technical parameters that describe the
services are (1) information type (data, audio, image), (2) transmission
rate (bandwidth or bit rate), and (3) distribution method (broadcast, store
and forward, half-duplex, etc.). Interrelationships among these para-

meters specify other factors. The nature of the information to be trans-

ferred and its rate and accuracy are the major technical determinants of
the transmission performance required from the telecommunications
system. However, in the interest of simplicity and clarity, distribution
method and transmission rate are the parameters used in this report to
assess the comparative capabilities of the telecommunications systems to

provide the services.

2.2 INFORMATION TYPE AND TRANSMISSION PERFORMANCE

Telecommunications signals can be classified in several different
ways. Here, the usefulness of classifying them according to the signal
Source and the ultimate reception point is explored. Three types are

identified: data, audio, and image. Data signals are continuous or discrete




waveforms that are objectively and exactly interpreted. They include
bilevels (which describe on/off or open/closed events), sensor outputs with
a time base and one-dimensional amplitude (such as electrocardiograms or
temperatures), and alphanumeric symbols such as might be generated by

a teletypewriter. Audio and image signals are generally subjectively
interpreted. Audio signals are usually meant to be received by the human
ear. Speech generated by the human vocal system and music are the most
common examples of this type. Image signals are meant for interpretation
by the human eye and are generated by a line-scanning process. Imagery

information is displayed in a two- or three-dimensional presentation.

Figure 1 presents some representative examples of transmission
performance requirements of the three information types. The examples
within each of the three categoriues are listed in order of increasing band-
width if they are in the form of an analog signal, and increasing bit rate if

they are in digital form.

It is apparent that the transmission requirements vary widely for the
various signals, both between and within the same type. For example, the
required signal-to-noise ratios for videotelephone and studio television
are quite similar. However, the same parameter for telephone (intelligible
voice) and AM radio (5kHz) and FM radio (15 kHz) are quite different.

Also, maximum allowable transmission delays vary for the different
applications. Therefore, it would be difficult to develop generic classifi-

cations of services based on this approach.

This viewpoint is useful, however, in developing technical standards
for the performance of transmission systems and terminal devices. Such
standards are an important part of current FCC inquiries into CATV

transmission performance, direct interconnection of non-carrier-provided
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Examples of Information Classified According to Type and Transmission Performance Requirement
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station at a time receives the same message, it is a BROADCAST store-
and-forward system. The store-and-forward processor can also send a
unique message to a single station, in which case the distribution is con-

sidered to be POINT-TO-POINT.

The POINT-TO-POINT modes of distribution are classified according
to the direction of information flow. Unidirectional is the case where
information (with or without return control signals) always flows one way.
Services which are conversational (simplex, half-duplex) in nature are
those in which the two end stations generally share the same transmissi'on
medium (a radio frequency or pair of wires) and with the limitation that
both stations do not transmit at the same time. An equal amount of in-
formation is expected to flow both ways.* Telephone service is a good
example of this type. tFull—duplex distribution is provided when information
flows in both directions at once. Computers are generally tied together
this way. 'Digital voice systems must be full duplex because, even
if information is not being passed simultaneously, synchronization signals
are. If an equal rate of information is expected to flow both ways, the
circuits are symmetrical; if unequal rates are expected, the circuits can
be asymmetrical. Asymmetrical services generally are of the type where
manually generated alphanumeric symbols are sent from a station to a data
base such as a computer complex. The data base then responds with high-
speed data, audio, or video signals. Many remote-control applications

are also included in this classification. For example, a space vehicle

*Sometimes a conversational line is used to provide control signals to
activate a unidirectional service such as the dial-up of a recorded
announcement or to poll a meter and activate its readout signal.

14

sends to earth large quantities of information and receives a few command
signals. The unidirectional classification with the flow direction reversed
is included for the sake of balance. It includes services where data flows

from a sensor to a processor (e.g., a remote television camera) rather

than the other way around (e.g., a video signal sent from a studio to a

remote monitor).

The transition from POINT-TO-POINT to GATHERED service depends

~upon whether the information coming from a station is of a unique charac-

ter (e.g., a teletype message) or is to be treated like information from the
other stations (e.g., a vote is conducted). Polling systems, which are

one type of GATHERED distribution, are like store-and-forward systems

in that one circuit at a time is active. Another type of GATHERED service
is one where all stations are assigned transmission capacity simultaneously,
regardless of whether information is being generated or not. Services of
this type would include pollution monitors, multi-sensor alarm systems

and other real-time multi-source monitoring systems.

2.4 CONCLUSION

Telecommunications services are frequently examined in terms of
their technical characteristics (i.e., bandwidth, noise level, distortion).
This viewpoint is useful for system engineering and standards development.
However, in order to compare the capabilities of different telecommunica-
tions systems to provide these services, a more manageable and simpler
approach is to look at the way these signals are distributed and the rate at
which the information is transmitted. In Section III, each system is
described using this classification method and graphically illustrated

according to the format of Figure 2. The present capabilities of the

15




systems and their ability to expand into providing other services are
assessed. For example, the illustration of the ability of CATV to evolve SECTION III

from a BROADCAST system to also providing GATHERED services and ‘ v DISTRIBUTION SYSTEM CAPABILITIES
[ AND FUTURE D
then POINT-TO-POINT is an example of the use of this viewpoint. FVELOPMENTS

‘3.1 GENERAL DESCRIPTION

This section of the report briefly describes the four local area tele-

communication distribution systems (telephone and telegraph, CATV,

broadcast stations, special carriers) and assesses their present and future

capability to provide the various services. The general classification

'resentation developed in Section II is used to illustrate the system

capabilities.




3.2 TELEPHONE AND TELEGRAPH CARRIERS

The telephone and telegraph common carriers constitute the major

existing telecommunication system in the United States. The following

paragraphs discuss the present configuration and future trends for this sys-

tem and assess its capabilities.

3.2.1 System Description

The local distribution system of the telephone and telegraph plant
basically consists of cabled pairs of copper wires. Until recently these
wires were limited to teletype, voice bandwidth (3.4 kHz) and high-speed
data rates (2.4 kbps). The costofa typical system is presented in Appendix
A. With the addition of special amplifiers and conditioning, a pair of wires
will pass up to 1 MHz of bandwidth, which is sufficient for program audio,
broadband data (0.5 - 6.0 Mbps), and videotelephone. Carriage of standard
television requires the use of special video wire pairs, coaxial cable or
microwave links and, when provided by the telephone company, is found on
a limited basis, usually in support of television studios.

Figure 3 shows the present capabilities of this system to provide the
various services. The existing capability is shown by the hatched area.

Within this area are shown those categories of services where switching is

provided; otherwise the service is available on a dedicated private line basis

only. The dotted areas include services that can currently be supported on

a dedicated basis by a proper configuration of the wire pairs. These pre-

sently untariffed services include all broadcast and unidirectional trans-

mission to a limited number of subscribers, asymmetrical duplex services

at bandwidths less than PICTUREPHONE and multi-source gathering services

at bandwidths less than 1 MHz. Polling and store-and-forward services are
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limited to low data rates because of current processing speeds of the com-
puters and switches and also because no demand for transferring other kinds
of information in this way has developed. The wide-bandwidth, half-duplex
services also reflect the absence of demand. Finally, unlimited real-time
broadcast services, other than teletype news services, are not provided
within their service areas by the telephone and telegraph carriers because
of FCC regulations.

The Western Union Telegraph Company (Western Union) and the

American Telephone and Telegraph Company and its affiliated companies

(the Bell System) are representative of companies providing the above ser-

vices. Their specific areas of activity are presented below.

3.2.1.1 Western Union

Western Union's prime areas of activity include all the low-speed data
services represented by the horizontal top area of Figure 3. For example,
the public telegraph network and the experimental MAILGRAM service are
examples of store-and-forward data services. The TELEX system is an
example of switched, conversational, low-speed service. Unidirectional
and polled teletype configurations are also offered.

Western Union also provides high-speed and wideband full-duplex data
services. They offer TELPAK C (48 kHz), TELPAK D (240 kHz), and
conditioned voice bandwidth circuits (series 4000) for private line use. They
have a switched broadband (48 kHz) exchange service and a new all-digital

Time Division Network that carries data rates from low-speed up to 56 kbps.

3.2.1.2 The Bell System

The Bell System's prime services are provided by the telephone network,
which is a switched, conversational voice bandwidth system. Besides
intelligible speech signals, the network can also carry low-speed and high-
speed data, as well as facsimile signals. The polling of utility meters is a
recent experimental application of the network capabilities to provide a
low-data-rate GATHERED service. The time to poll each terminal is on the
order of seconds, because of the modulation method and the speed of the
central office switch. The system would have to be modified to increase the
polling rate.

Other switched networks include various special teletype offerings (but
no longer TWX, which was sold to Western Union), the experimental
DATAPHONE 50 service which is similar to Western Union's broadband
exchange, and the PICTURE PHONE network. The PICTURE PHONE network
can carry not only a 250-line, 30-frame-per-second video signal, but also
other broadband signals that can be accommodated by the 1 MHz bandwidth.
The network is composed of the full-duplex video circuit and the conversa-
tional audio circuit with TOUCHTONE signaling. One application of the net-
work is to use the TOUCHTONE terminal to manually enter data into a

computer, which responds with up to 400 characters displayed on the 5-inch

video screen.

3.2.2 Future Developments

The Bell System recently announced its intention to offer an all-digital,
Private-line, data network to provide synchronous, symmetrical, full-duplex
Point-to-point transmission at 2.4, 4.8, 9.6 and 56 kbps. Eventually this
hetwork may also be expanded to provide switching and lower speed and

higher speed features as well.




Many of the asymmetrical full-duplex services include the use of a present wire strands. Both types of links can carry signals with bandwidths
manually keyed data entry device at the station location and a broadband much greater than 1 MHz and could thus carry many videotelephone signals

return. The PICTUREPHONE network can be used for this application by
3.2.2.2 Digital Technology

providing symmetrical full-duplex broadband capability and a telephone line

with a TOUCHTONE terminal. This is efficient for videotelephone service, _ The use of digital technology in the telephone system is becoming more
but not necessarily efficient for the asymmetrical data service. What may - widespread, especially in the interexchange plant. Currently, T-type
be needed for the latter is a low-speed unidirectional line (driven perhaps by (digital) trunk equipment is approximately half the cost of % i
an ASCII keyboard) and a unidirectional broadband return. . { gquipment. Technical as well as economic . acceler;je
The TOUCHTONE terminal is required to control the switch. Used as a the use of digital technology. Long-haul PICTURE PHONE transmission will
data-entry terminal, the present TOUCHTONE set, although it is inexpensive, . be digital. New short-haul interexchange trunking circuits use digital trans
has the disadvantage of not providing all of the symbols needed. As will be 1 mission. In addition, the new waveguide and optical media will use digi
shown in the next section, cable television systems may have an advantage ‘ transmission. gital
in. providiig those aspmmetrici] BeTaes. i It is not clear yet how rapidly digital transmission will be used in local
Two new te(_:hnological developments that could significantly affect local - distribution. It is expected that operation of the Bell System's and Western
distribution by telephone and telegraph companies are the use of broadband .‘ Union's new all-digital data transmission networks will accelerate the use of
transmission media and digital technology. The broadband media provide an .. digital technology in the local distribution plant. Also, new digital station-

costs as well. °° | |
mposite broadband signal for transmission over a set of lines which, before

B dlition i .
ditioning, normally carry just one telephone signal. This additional per-

3.2.2.1 Broadband Transmission Media : line capacity represents significant cost savings for subscriber loops over

fi . &
Two new broadband media that could be extensively used for local Ve miles in length, or where additional loops cannot be added at reasonable

Ccos : .
distribution are (1) highly directional microwave links operating in the fre- ts because of installation problems. The use of digital technology and
Station- :
quency range above 10 GHz and (2) optical fibers. The former is in the ' tion-carrier concepts offers two advantages. Digital station-carrier
ui i i
prototype stage of development, while the latter is in the early experimental duipment is often attractive for upgrading the capacity of installed wire

cab P ; .
state. Optical fibers can carry enormous information rates, are independent le, and it is an hexpensive way to support rural subscribers, especially

if :
of atmospheric effects, and their physical size is comparable to that of they are highly clustered. Furthermore, the cost of such equipment is

3 Tapidly decreasing.
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As digital technology becomes less costly, the present approach of
providing all multiplexing and switching at the central office could become
one of both centralized and distributed switching and multiplexing. This
concept is already being implemented in rural telephone systems and,
because of rapidly decreasing cost, is becoming attractive for urban use as
well. This may offer a means of providing multiple home terminals that can
be simultaneously in use without requiring either the installation of more

telephone cables or the routing of all traffic through the same central office

switch.

3.2.3 Summary

Telephone and telegraph systems can supply all POINT-TO-POINT and
GATHERED services up to the bandwidth limitations of twisted wire pairs.
The PICTUREPHONE signal is probably this upper limit. The small-gauge
wire plant used for local distribution may eventually be supplemented by
video wire cable, microwave, coaxial cable and optical fibers. The first
three already are used to a limited extent to provide unidirectional video
distribution. These new media would permit services with bandwidths of
more than 1 MHz and could probably provide more efficient ways of providing

services with smaller bandwidths.
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3.3 COAXIAL CABLE TELEVISION (CATYV)

When the "wired city' telecommunication services are discussed, the
distribution system specified is usually the broadband CATYV cable. This
section of the report describes the present capability of CATV systems and
how they can evolve from providing only BROADCAST signals to achieving
the capability to provide GATHERED and POINT-TO-POINT services--
perhaps to the extent of including all of those services now provided by the
telephone and telegraph carriers. Some preliminary economic comparisons
between the telephone system and the CATV system indicate the potential for
this happening.

3.3.1 System Description

As shown in Figure 4, the cable television (CATV) companies presently
provide BROADCAST distribution of FM radio and television signals. The

local distribution system of CATV companies primarily uses coaxial cable

- with repeaters periodically spaced to compensate for transmission losses.

One-way microwave links are sometimes used to replace main trunk sections
of the cable. The CATV systems also provide their own remote studio-to-
headend unidirectional transmission. (See Figure 4.)

The usual CATV distribution network is constructed like a "tree, " with
all of the signals from the headend being made available to each subscriber.

This system can broadcast all kinds of narrowband and wideband information,

» illcluding video signals with bandwidths greater than present commercial

- television. This is illustrated in Figure 4, which shows that CATV systems
}Pl‘eSently provide television and high fidelity audio signals and also have the
€apability to broadcast other kinds of signals as well. These signals could

: include higher resolution television, "facsimile newspapers, " quadrophonic
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scattered throughout the distribution area and fed by a trunk system. One-

way coaxial cable runs between the switch and the individual subscriber.

The Rediffusion system has the switch located at the headend, although there

NIDIRECTIONAL

could be many switches distributed in the same way as in the DISCADE
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system. Rediffusion connects the switch and the subscriber with four 26-gauge
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wires--two carrying the selected video signal and the other two carrying the

Figure 4. Telecommunications Services Provided by CATV Systems
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NUMBER OF CHANNELS

Figure 5. Normalized Cost of a Large Urban CATV System versus the Number of TV Channels

considered as another solution to the same problem of providing a given
service. The selected configuration depends upon the local service area,

cost at the time of construction, and the mix of signals to be transmitted.

(See Appendix A.)

3.3.2 Future Developments

The subject of much of the speculation about the future of CATV or,
more properly, broadband coaxial cable systems, is its potential capability
i:o provide GATHERED and one-way and two-way POINT-TO-POINT services.
As shown in Figure 4, a few experimental CATV systems are being con-
structed to demonstrate the feasibility of providing rapid, large-scale, low-
data-rate GATHERED services. These services include alarm systems,
viewer polling, monitoring of the channels to which subscribers are tuned,
and taking of sales orders in response to a broadcast advertisement.

This kind of capability could be provided by installing two-way amplifiers
in the ""tree" configuration and by the use of economical subscriber terminals
which successively transmit in an ordered sequence upon reception of an
addressed command from the headend. A computer at the headend would
provide system control and could also tabulate and summarize the results.

The broadband downstream and low-data-rate upstream capability of
CATV systems makes possible the provision of POINT-TO-POINT asym-
metrical duplex services. Such services include data bank access and
computer-assisted instruction. Again, the use of CATV for such services
is still in the experimental state, and the current configurations are rather
inefficient for this purpose since the downstream signal is sent throughout
the entire system. However, it could be feasible if the extra capacity is

sufficiently economical or available at off-peak broadcast periods. Also,
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a more efficient configuration could be easily implemented using extra 3.3.3 Summary

capacity only in the trunk. Then, at feeder junction points, signals could be The application of the technology (two-way amplifiers, digital techniques,

picked off and routed to the subscribers attached to that feeder. Considering distributed multiplexing) and system configurations which could enable CATV

the step-like function in CATV costs (see the Appendiz), an additonal systems to provide services other than BROADCAST is still in the early

channel quite often can be supplied at very little expense. Another system experimental stages. The rate and extent to which CATV systems can il

o Wi s . : )
for two-way transmigsion may be the “ring" or "leop" configuration where economically provide these services depends upon the cost of this technology

all transmission is one-way and signals are inserted and taken off as required. and regulatory policy. Some of these aspects have been explored in this

This configuration is analogous to the way network television is presently section and are also explored in Section IV.

distribuied axound the naklom, The new BROADCAST services such as facsimile newspapers could be

Regardless of whether a "tree" or "star" or "'ring" configuration is used, easily provided on CATV systems. The first "upstream' services will

the key to providing GATHERED or POINT-TO-POINT services is how the probably be large-scale, low-data-rate GATHERED services such as viewer

signals are processed at junction points. For example, at each junction of polling and the reading of meters and other low-bandwidth sensors. This will

a feeder with a trunk, upstream and downstream multiplexers and possibly lead into POINT-TO-POINT asymmetrical services such as computer- ‘ |

y il
even switches could be provided. Signals would be routed to make the most assisted instruction and access to computer data bases. Finally, symmetri- |

efficient use of the system capacity. In Section 3.2.2., which described cal full-duplex and half-duplex services such as computer-to-computer data

current technological developments for the telephone and telegraph carriers, transmission, videotelephone, and conversational services may also be pro- |

the trend to install station-carrier systems which make use of distributed 9 Biic d if current frands tn mvlHolexing techaology continue. (
multiplexing and switching was identified. Also, the rapid growth and
decreasing cost of digital technology and its compatibility with distributed
multiplexing and switching was discussed. Through exploitation of these
technological trends, CATV systems have the potential not only to compete
with the telephone and telegraph carriers in providing GATHERED services,
but in providing all dedicated and switched POINT-TO-POINT services, as

well. In the case of switched video many techniques are feasible to provide

such a switching capability. However, the additional cost of such a capability

must be acceptable in the light of the demand for and revenue from such a

service.
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services include remote pickup of broadcast signals, studio-to-transmitter
links, monitoring of transmitter status, and order wire communications for
two-way coordination between the studio and transmitter.

A service that employs a distribution system with more flexibility (but
uncommonly found and with limited range) is the Instructional Television
Fixed Service (ITFS). The system provides both broadcast and asymmetrical
two-way transmission. The studio broadcasts up to four video channels to
selected nearby classrooms with the classrooms having the option of direc-

tional radio links back to the studio to carry voice and high-speed data

signals.

3.4.2 Future Developments

3.4.2.1 High-Resolution Television

Television s.ignals with higher resolution due to more lines and elements
per frame would present a better picture on today's large screens. Whether
such a new signal and resulting new standard is required would probably be
the subject of FCC hearings. However, if such signals are ever to be trans-
mitted over the air, the broadcasters will require that more bandwidth be
made available. This would require substantial changes in the Table of
Channel Assignments. Because of the highly structured nature of the Table
and the limited availability of unassigned frequencies, such changes would

probably be difficult to effect.

3.4.2.2 Viewer Participation

Other new programming that could be offered would involve large-scale
viewer participation such as preference polling or advertising responses.

Presently, the over-the-air broadcasters use the telephone system to obtain
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a limited degree of communication with the viewers. The difficulty of finding
room in the frequency spectrum and the expense of using radio systems for
such a capability would preclude an approach using over-the-air propagation.
If the radio broadcasting system wished to obtain such a capability, they
would have to rely on the CATV systems or an augmented telephone system.

3.4.2.3 Satellite Broadcasting

The difficulty of changing the Table of Channel Allocations also limits
the possibility of broadcasting from satellites directly to the home. This was
recognized by the FCC in the Report and Order (Docket No. 18294) relating
to the U.S. position at the World Administrative Radio Conference for Space
Telecommunications in June of this year. For the United States, it would be
difficult to provide an exclusive frequency allocation for space broadcasting
in the 88-108 MHz FM band and 614-890 MHz UHF television band. Also, in
urban areas man-made noise is at a high level. Shared frequencies would
have zones where neither the space signal nor the terrestrial signal could be
received. There may be some areas, however, where direct broadcasting
could be usefully applied. The United States, therefore, proposes that
possible systems can be accommodated by footnote modifications in the
International Table, permitting space broadcasting in these bands subject to
agreement among the administrations concerned.

Direct space broadcasting also would compete with indirect systems in
Supporting fixed users. Several indirect systems are now under considera-
tion (FCC Docket 16495 concerning Domestic Satellites). These indirect
Systems have highly directional, ground-based, community receive-only
antennas which pick up the satellite-relayed signals for distribution by local
UHF or VHF broadcast systems or by cable systems. These satellite
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s are economical even for small isolated communities of between 500

system
to 1000 population (such as might be found in Alaska), and are also compatible

with the policy of local control of program content and local origination of

programming. In some circumstances (e.g., Alaska), the satellites and

small earth stations will also be useful in providing two-way POINT-TO-

POINT services.

3.4.3 Summary

Over-the-air FM radio and UHF and VHF television stations can provide
a variety of BROADCAST services that are compatible with their assignments
in the frequencér spectrum. Broadcast signals with wider bandwidths such as
would provide a higher resolution television picture are currently excluded.
Also, programming that entails large-scale viewer or listener participation
will require the cooperation of the CATV or telephone systems. In the near
future, satellite systems will most likely continue to operate only in an
indirect way to distribute broadcast programming to the local systems and

carry two-way POINT-TO-POINT communications.
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3.5 THE SPECIAL CARRIERS

The special carriers are primarily those recently licensed under
FCC Docket 18920. In addition, special carriers include those applicants
for a domestic satellite system (Docket 16495) who are not established,
general-purpose, common carriers within the contiguous 48 states (i.e. ,
Western Tele-Communications, Inc. , RCA, MCI Lockheed) and who wish
to provide a variety of telecommunication services incorporating satellite

technology.

3.5.1 System Description

As shown in Figure 7, these carriers would primarily supply
leased POINT-TO-POINT services and, in the case of RCA and DATRAN,
switched full-duplex data transmission services. Applications have not yet
been made to provide store-and-forward and polling services, although

this capability could easily be provided using full-duplex circuits.

DATRAN has described their proposed local distribution system in

more detail than have most of the other special carriers. The proposed

DATRAN local distribution network uses distributed multiplexing to make

optimum use of the various possible links. One switch will serve each

local area and connect subscribers into the long-haul transmission system.

The degree to which DATRAN will be compatible with other switched all-

digital systems and will be able to interconnect with these other systems

is not yet known.

3.5.2 Future Developments

For local distribution, these prospective carriers will interconnect

With any local telephone-telegraph carrier or cable system. They also
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3.6 REVIEW OF SYSTEM CAPABILITIES

The established telecommunications systems provide services
that generally do not overlap. The over-the-air radio and television
stations broadcast high-quality audio and standard television signals. The
telephone and telegraph carriers provide most one-way and two-way
symmetrical POINT-TO-POINT services up to the capabilities of their
present wire plant. This plant is expanding to incorporate the higher
bandwidths of private line data and videotelephone. The new systems,
CATYV and the special carriers, have generally overlapped these service
areas. CATV companies carry the same BROADCAST signals as the over-
the-air stations. The special carriers are expected to provide POINT-
TO-POINT services, although generally on a leased rather than a switched
basis. DATRAN and RCA (through its pending domestic satellite application)
are exceptions and expect to provide switched full-duplex data service up

to 64 kbps.

The future potential areas of conflict between these systems will
involve new services (high-resolution television, computer-assisted
instruction, viewer polling, sensor monitoring) and expansion of present
services into new market areas, particularly the residence (data base
access, videotelephone, teletype). It is difficult to forecast when and how
these issues will arise until the specific situation occurs. However, in
view of the general trends of each of the systems discussed in this section,
some potential issues can be predicted. The next section of the report

compares the systems, one against another, to identify possible future

policy issues.
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SECTION IV

INTER-SYSTEM RELATIONSHIPS AND POTENTIAL ISSUES

4.1 OVERVIEW

The previous sections in this report described the ability, at least

technically, of individual telecommunications systems to provide various

telecommunications services. In order for the systems, jointly, to provide
a given service efficiently, there must be agreement on technical standards.
This topic is discussed in Section 4.2. In addition, by comparing the four

systems discussed in Section III, other potential cooperative and competitive

relationships emerge.

In developing the system interrelationship, the systems are treated
in pairs: for example, the relationship between the special carriers and
the telephone and telegraph carriers is examined. It seems apparent,
however, that many of the significant issues probably will have to do with
the rapidly evolving capabilities of broadband coaxial cable (CATV) systems.
This emphasis is a result of the transmission capability of broadband
coaxial cable to carry BROADCAST, POINT-TO-POINT, and GATHERED
services over an entire range of bandwidths, unrestricted by the frequency
Spectrum limitations and subsequent government regulation inherent in
methods which employ transmission through the earth's atmosphere. Thus,
even though the study examines the local distribution of commercial tele-
communications from a broad viewpoint, it is found that widespread use of
broadband shielded media for local distribution — now almost exclusively
Provided by CATV systems — will have a major impact upon near- and

intermediate-term policy issues.
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are available and current technology trends continue,
the special carriers may choose to rely on them since
the latter systems may not be competitors. Also,
there is a "match' between the long-haul capability
of the special carriers and the local nature of coaxial

cable (CATV) facilities.

To the extent that "interactions'' develop in these areas, it probably
will be necessary for the government to address certain policy and regulatory
issues. Specific potential issues are included in the discussion of the sys-

tem interrelationships presented in the following Sections 4.2 through 4. 7.

4.2 TECHNICA L STANDARDS FOR INTER-SYSTEM COMPATIBILITY

When all of the systems are viewed together, it becomes apparent
that, under many circumstances, they will need to interconnect with one

another. This will be possible only if suitable technical standards are

developed.

Technical standards are needed not only to allow various tele-
communications systems to interconnect with one another but, as well, o
achieve economies of scale in manufacturing, to promote widespread use
of a product or service, and to specity a level of performance for the
product or service. Generally speaking, a standard is most usetul if it is
formulated during the early development phases of a technology, if it is
evaluated on a forward-looking and comprehensive basis so that many
alternatives and system configurations are analyzed, and if all affected

organizations participate and coordinate with one another in their adoption

and use.

In the United States the standards formulation process for commer-
cial telecommunications systems is primarily one of voluntary participation
by, and negotiation among, those industries that are active in various
independent standards groups. These groups are sponsored by such organi-
zations as the American National Standards Institute (ANSI), the Business
Equipment Manufacturers' Association (BEMA), the Electronics Industries
Association (EIA), and the Institute of Electrical and Electronics Engineers

(IEEE).

In addition to voluntary organizations, the Federal Communications
Commission has a responsibility in standards establishment. For example,
the Commission has been involved in the formulation of standards for color

television, and it is currently involved in the grade of service for signals

provided by CATV systems (Docket No. 18894) and the direct interconnec-

tion of customer-owned equipment with the telephone network. Also, it is

becoming more involved in standards for the use of microwave in urban

areas by both the present carriers and the new specialized carriers.

This report has identified the special carriers and CATV systems

as new entrants into general telecommunications service markets. They

should be participants in the standards-generation process, since they will

be establishing a position of compatibility or incompatibility with existing

standards. The less they participate, the more likely it is that they will be

incompatible with other systems. For example, the special carriers could

Participate in the activities of such groups as ANSI Section X. 3.3, which

is concerned with data communications standards. As CATV systems

develop their own concepts, using digital technology, they could also parti-

Cipate in organizations such as ANSI, in addition to formulating standards

Just for use within their own industry.




In order that future telecommunications services may become
widely available, universally accepted standards are needed in the rapidly
developing technologies of low-speed data entry devices, all aspects of
digital telecommunications systems, facsimile, higher resolution television,
and electronic video recording. In some of these areas, such as electronic
video recording, it is difficult to determine which of many alternative
systems will dominate the market. In other areas, such as facsimile,
it may be possible to arrive at a high level of standardization. The
standards-formulation process of the voluntary organizations may or may

not keep pace. If they fail to provide timely acceptable standards, it may

be necessary for the government to become more intensively involved in

the formulation and coordination process.

4.3 THE OVER-THE-AIR BROADCASTERS AND CATV SYSTEMS

The present competitive relationships between the over-the-air
broadcasters and CATV systems are being considered by the FCC under
Dockets 18397, 18397-A, and 18894. These issues include the effects of
CATV systems on the viability of UHF stations, importation of distant
radio and television signals, copyright liability, common carrier aspects

of CATV, and Federal versus state and local regulation of CATV. This

section will not deal with these current considerations, but instead, explores

their relationship with regard to new broadcast services and studio-to-

studio distribution.
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4.3.1 New Broadcast Services

When one compares Figures 4 and 6, it becomes apparent that
CATYV systems can offer two kinds of BROADCAST-related services that
the over-the-air broadcasters presently cannot: rapid, large-scale
gathering of viewer responses, and higher resolution video. Depending
upon regulatory decisions and technological development, CATV systems
could achieve a competitive advantage in these areas with respect to the

broadcasters.

The first service, rapid large-scale viewer responses, is expected
to make certain kinds of programming more appealing to the audience by
giving them the opportunity to participate in the activity at the studio. It
also would enable the programmer to nearly instantaneously evaluate his
audience and to receive information from them. For instance, one can
obtain voting information and customer orders on a real-time basis from
numbers of people. If the competitive relationship of the over-the-air
broadcasters is to be maintained, it may be necessary that the CATV sys-

tem be required to provide the viewer-response service to them also.

Higher resolution television, the second service, would be useful
in providing a better quality picture on larger screens. This could be
attractive to audiences in a single large room and also to the home viewer.
Detailed print and graphic information may also be presented. Assuming

that there is significant demand for such a service, decisions would have

1o be made in the areas of signal structure compatibility and standardization,

and revisions made to the Table of Frequency Allocations.
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4.3.2 Studio-to-Studio Program Distribution

The establishment of a national program distribution network for
CATV systems has been proposed that will compete with existing networks.
As a result, regulatory agencies are currently considering whether or not

to permit and foster the development of such a network.

Currently, many of the applicants for the domestic satellite syst'ems
intend to offer program distribution services to both over-the-air broad-
casters and CATV systems. (Only the Hughes Aircraft Company proposes
to serve CATV systems alone). If both the CATV operator and the broad-
caster access their network programming through the same earth station,
it could encourage closer ties between CATV systems and the three present
national television networks, since the signals would be easily accessible
by both parties. Also, if the same satellite and earth stations carried
programming for both, it might make the cost and risk of network program-
ming for CATV systems much lower than if the CATV systems had to
develop their own network of satellites and/or earth stations. This could

enhance the feasibility of national program distribution for CATV systems.

4.4 THE BROADCASTERS AND TELEPHONE AND TELEGRAPH
CARRIERS
Over-the-air broadcasters might avoid relying on a CATV system
for viewer response data by using, instead, augmented facilities of local
telephone companies. The telephone companies presently provide uni-
directional program transmission for the broadcasters. They also provide
telephone service to make possible audience participation in talk shows,

contests, and money-raising auctions and appeals. If requested, a tele-

phone company could also provide a rapid, large-scale, viewer-response
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polling system similar to that of the CATV company. The service could

be provided by polling a group of subscribers over a single, specially
configured, wideband circuit, or by augmenting the present telephone sys-

tem wires and central offices. Such a capability would limit the ability

of CATV systems to obtain a monopoly in providing this service.

4.5 '

ggVTS ;_.SI,ETI;E}IIVIOSNE AND TELEGRAPH CARRIERS AND

The following paragraphs examine the relationship of CATV systems
to the telephone and telegraph carriers. The present cooperative relation-
ship between them, and the economic advantages of integrating some of the
aspects of CATV and telephone company operations — specifically, joint
construction of facilities and reaching rural areas with broadband services —

are discussed in Section 4.5.1. Possible areas of competition between

the two are examined in Section 4.5.2.

4.5.1 Cooperative Relationships

Since telephone companies are prohibited from operating CATV
Systems in their service area, the primary interaction between telephone
and CATV systems currently involves the sharing of pole and duct space,
or the leasing of a telephone company-constructed CATV system to an
operator. This requires a cooperative relationship since the parties must

reach an agreement in order to provide the CATV service.

If it were possible to integrate, and simultaneously to construct

both the CATV and telephone and telegraph systems, significant cost

-
avings could result. For example, the labor cost alone for installation

of aerial CATV or telephone cable is over $200 per mile. With the




simultaneous installation of separate systems — in new towns or develop-
ments, for example — nearly the entire labor cost for installing one
separate system can be saved. Actual electrical integration of the sys-
tems could provide savings substantially greater than installation labor
alone. Thus, as telephone plant is upgraded (e.g., goes underground or is
replaced), it may be advantageous from a cost viewpoint for both systems
to be integrated as much as possible. Also, as discussed below, it may
be necessary for the CATV and telephone and telegraph carriers to use an

integrated system in order to economically provide broadband BROADCAST

and POINT-TO-POINT services to rural areas with low population densities.

There are a variety of ways to bring broadband BROADCAST
services to the rural subscriber. These include satellite-based radio and
terrestrial radio and cable systems. For many rural locations where
subscriber densities are very low but where telephone service is now
provided, a cable system that provides both BROADCAST and POINT-TO-
POINT services may be the preferable alternative. A cable system can
economically provide many more channels of video than is available by

radio and can offer economies due to integration with the telephone plant.

The distribution system could be a hybrid version of the DISCADE
or Rediffusion CATV system and telephone station carrier. Each sub-
scriber would be provided with an incoming video channel and several
narrowband channels all transmitted over a coaxial cable. In the reverse
direction, using a wire pair, he could transmit several outgoing narrow-
band channels including a telephone signal, a teletype signal, a polling
signal, and a signal to select the video channel to be received from the
headend or central office. Several subscribers could have their signals

multiplexed on a single cable, similar to the present telephone station
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carrier configuration, or just one subscriber could be served. The basic
difference in transmission line configuration would be the total bandwidth
transmitted and the spacing of amplifiers. The results of a preliminary
cost study (which is described in the Appendix) indicate that such a joint

system should be feasible in many areas, and distribution costs would be

less than twice that of the current telephone distribution system although

much more than the cost of a typical suburban 12-channel CATV system.

To provide such a system to bring broadband BROADCAST and

- POINT-TO-POINT services to rural subscribers, CATV companies and

the carriers, again, would have to cooperate. Presently, the FCC requires

the telephone companies to cooperate with CATV companies in the use of
pole and duct facilities. However, the FCC also prohibits telephone com-
panies from operating a CATV system, although they may build and maintain
it. Another constraint to this cooperation and integration is the section of
the Rural Electrification Act that prohibits REA borrowers from using the
borrowed funds to provide CATV service. If the integrated system proves

to be a technically and economically desirable way of providing these services,

and if such services are required, the above regulations may have to be

modified.

4.5.2 Competitive Relationships

If CATV systems provide GATHERED and POINT-TO-POINT
services, the relationship between CATV and the telephone and telegraph
systems will become competitive. In the following paragraphs the extent

to which this competition could develop is discussed.

The first competitive service will probably be the provision of
low-data-rate polling and multi-source GATHERED services. These

services include meter reading, burglary and fire alarms, and data entry
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services such as point-of-sale recording. It could also include viewer
responses to broadcast programming. A few of these services are now
being provided by the telephone company on either a regular or an experi-
mental basis. The low-data-rate "upstream' transmission capability of

CATV systems will also be able to provide them.

Competition in providing POINT-TO-POINT services could occur
in the area of asymmetric full-duplex services. The low-data-rate polling
and gathering terminal of the CATV system could be used to access a ’
central data base that contains news items, price quotations, and a variety
of alphanumeric or pictorial information. The data base would transmit
the desired information so that only the proper subscriber receives it.
However, the PIC TUREPHONE network can also provide this capability.

It may occur that the CATV system will primarily serve residential
subscribers with the PICTUREPHONE system primarily serving commer-
cial subscribers, so that the two will not usually compete, but this does

not seem likely.

CATV companies, in providing low-data-rate subscriber services
for voting and polling, ordering of merchandise, audience participation,
data-base access, and monitoring of alarms, meters and other sensors,
will have to use a computer to control the data collection system and,
possibly, to summarize and analyze the data. The processing capability
could be made available not only to customers who interact with the
system through the headend (i.e., advertisers, utilities, etc.) but also
to system subscribers. The FCC recently completed an inquiry into
regulatory and policy questions raised by the growing interdependence of
computers and telephone and telegraph communications systems (Docket

No. 16969). It ruled that regulated common carriers with operating
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revenues of $1 million or greater must operate their data processing

affiliates separ'ately from the parent company. In view of current trends

in CATV system development it may occur that the FCC will have to

re-examine its policy concerning the integration of computers and communi-

cations as it regards CATV systems.

As the cost of multiplexing equipment decreases, it may become
economical to use a broadband coaxial distribution system subdivided into
‘large numbers of efficiently routed narrowband channels to provide all
POINT-TO-POINT services. This could provide an alternative to the
telephone company for the installation or modification of the present
cabled wire pairs. The CATV sy<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>