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Summary

General

1. A Major Program of national scope is
essential to the healthy development of
Computer Applications and Technology
in Canada. Moreover, Computer Appli-
cations and'Technology meets all of the
criteria of a national Major Program.

2. In the sector of service to users,
there is one Major Project which would
dramatically improve the quality and
quantity of computer services available
to all Canadians and would greatly as-
sist Canadian industry. It is the organi-
zation of a nationwide system of com-
puter communications networks.

3. To achieve this goal a positive, vig-
orous Canadian policy is urgently
needed. A “laissez-faire” attitude will
eventually result in the supply of most
computing and information services via
spur lines from U.S. computer commu-
nications networks. Such an outcome is
completely unacceptable on economic
and social grounds. (In this respect the
situation is analogous to the state of air
travel in Canada before the creation of
Trans-Canada Airlines, and a concerted
national effort is again required.)

4. The system of networks should not
be allowed to practise “cream-skim-
ming” by concentrating exclusively on
the densely populated, highly profitable
regions of Canada. It must link all im-
portant centres in Canada in order to
bring computing and information serv-
ices to the greatest possible number of
Canadians.

5. Orderly growth of the network sys-
tem is essential. It must take into ac-
count the entire existing complex of
telecommunications equipment, facili-
ties and circuits, the realities imposed
by this plant, and Canadian geography
and economics. By building on these, it
must evolve into a rationally designed
system serving the greatest possible
number of Canadians. A major plan-
ning effort will be required to develop
strategies for this evolution, and the
government must intervene if necessary
4

to ensure their satisfactory implementa-
tion.

Policy

1. Due to our federal political system
and widely different regional needs, we
feel that the imposition of a single net-
work of uniform design would be inad-
visable. The development of intercon-
nected subnetworks, each tailored.to its
own environment but able to communi-
cate with the others, is a better ap-
proach. However, this approach re-
quires:’

a) a National Spine, or trunk com-
puter communications network, to link
the subnetworks (certain services could
also be offered directly via the National
Spine);

b) provision of regulatory and operat-
ing functions, to ensure the technical
compatibility of subnetworks with the
National Spine and to own and operate
the National Spine.

2. The National Spine is well suited to
ownership by a single Network Organi-
zation. This organization should itself
be entirely Canadian-owned. Moreover,
the federal government must ensure that
it serves the best interests of Canada.
This could be done by federal regulation
of a private organization or by the hold-
ing by the federal government of a con-
trolling interest in a mixed public-pri-
vate venture.

3. The attached service complexes
(computers) should be multiply-owned.
Any organization, public or private,
should be permitted to attach and own a
service complex, subject only to meeting
technical standards for compatibility
with the network. This will stimulate
vigorous competition in computer serv-
ices, which will serve the public interest.

4. Any organization which partici-
pates in ownership of the National
Spine should not be permitted to market
or sell services via either the Spine or the
regional networks. However, this does
not preclude a network owner from at-
taching service complexes to the net-
work for his own exclusive use.



Technical and Economic

1. Digital transmission of data, includ-
ing computer data, voice and television
signals and facsimile, is technically fea-
sible and economically attractive. It is
also more flexible than the current ana-
logue methods and can be made much
more reliable. (The Trans-Canada Tele-
phone System is slowly converting its
voice network to digital transmission for
these reasons.) The major barrier to an
all-digital computer communications
network system is the capital invested in
present analogue plant.

2. The privacy and security of data
entrusted to the network system will be a
major issue of concern. There is no
point in developing safeguards for serv-
ice complexes if the interconnecting net-
work is open to theft of data.

3. The Canadian computer service
industry is vulnerable to the dumping of
surplus computer capacity from abroad,

and to the high costs of current data
communications services.

4. The great majority of network users
will initially be found within organi-
zations, specifically industry, govern-
ment and educational institutions. How-
ever, we foresee eventual growth of
computing and information services
within private homes. As this trend de-
velops, a shared use of home distri-
bution facilities by the Trans-Canada
Computer Communications Network,
the telephone network and Community
Antenna Television (Cable TVv) will be
logical. Specifically, any local distri-
bution facility could be allowed to carry
data to and from homes, although voice
traffic should be restricted to the existing
telephone facilities.

5. Successful prototype networks are
now in operation, but none of these was
designed with Canadian conditions and
needs in mind. Therefore, a major re-
search and development effort is needed
to plan a network system suitable for
Canadian needs. This need, plus the
forecast growth in demand for data
communications, means that an imme-
diate start on network research and de-

velopment is essential. Improved digital
multiplexers, switchers and microwave
radios must be developed. Design
studies based on Canada’s unique geog-
raphy, on transmission economics and
on anticipated types and volumes of
traffic must be undertaken. Exploration
of the twin approaches of circuit switch-
ing and packet switching must be per-
formed. Research into the new software
techniques needed to use computers at-
tached to a network system is needed.*
An agency to issue and monitor R & D
contracts covering these and other items
will be required.

6. It will be necessary to ensure that
the network is responsive to the national
interest, and is not allowed to drift aim-
lessly at the mercy of local and continen-
tal market forces.

7. The success of the network system
will ultimately depend on its offering
cheap enough service - substantially
cheaper than the services offered in Can-
ada today. U.S. services are cheaper to-
day, and the American Telephone and
Telegraph Company (AT&T) expects to
cut its costs by nearly one-half by ex-
ploiting the economies of digital trans-
mission.

*It should be stressed that the existing networks
(see Chapter III) are experimental systems, and
that they have not provided full or adequate solu-
tions to these research and development problems.
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Chapter I

The Computer Industry:
Economic and Technical
Prospects

The Science Council’s involvement with
Computer Applications and Technology
began with Report No. 4." There it was
noted that “the electronic computer may
well be the basis in the 1970s of the
world’s third largest industry, after pe-
troleum and automobiles, and just as
these existing industrial complexes have
wrought innumerable changes in con-
temporary society, so the computer in-
dustry will play a major role in shaping
the society of tomorrow”’.

There can be little doubt that the com-
puter industry* is the world’s fastest
growing industry. Worldwide revenue
for the computer industry has grown
from $975 million (US.) in 1960 to
about $10 000 million in 1969. A value
of $24 000 million has been projected
for 1974.2**

With regard to specific nations, one
study of the British market has pre-
dicted that the total U.K. expenditure on
computing will approach 4 per cent of
GNP by 1980.° In France, the computer
industry is expected to overtake the au-
tomobile industry in dollar volume by
1976.°

In Canada, about 0.48 per cent of GNP
was spent on computing in 1968, and
the industry enjoyed a total revenue of
$500 million in 1969. About $400 mil-
lion of this was spent for computer
equipment, and the rest was spent on the
production and purchase of computer
programs - the detailed sequences of
commands which cause a computer to
do a specific job - and on the purchase
of computing services. (Computer
equipment is known in the industry as

*This report uses the phrase “computer indus-
try” to include the design, manufacture and sale of
hardware (the hardware industry), the design,
manufacture and sale of software (the software
industry), and the sale of computer services (the
computer service industry). Firms specializing in
the latter are called service bureaux.

hardware, and the computer programs
are known as software.) One recent
study’ suggested that Canada may expe-
rience growth rates of 25-30 per cent
per year in hardware expenditures and
40-50 per cent per year in software ex-
penditures over the next ten years. These
rates of growth imply expenditures in
1975 of $1.3 billion and $0.67 billion,
for hardware and software respectively.

Another study® took a different ap-
proach to the problem of estimating
industry growth, but yielded similar re-
sults. It estimated that the total value of
the industry in 1979 - including spend-
ing for telecommunications - will be
between $3.4 billion and $8 billion, with
a “most probable” value of $4.8 billion.
If we assume that Canada’s 1979 GNP
will be $145 billion, this means that
computing (hardware, software and
services) may account for 2 per cent to 5
per cent of our GNP. By way of compar-
ison, we spent 4 per cent of our GNP on
new cars in 1968.

One fact clearly emerges from this
array of numbers and projections: the
computer industry has immense eco-
nomic vitality and growth potential. On
economic grounds alone, it therefore
appears to be a prime candidate for a
concerted national effort.

Technological progress in the com-
puter industry has also been impressive.
New generations of computers, each
involving major new technologies, have
appeared every five or ten years. These
technologies have been able to reduce
the size of central processors by a factor
of 200 in fifteen years, while operating
speeds have risen by a factor of 200 and
the costs of computing have dropped by
a factor of about 300 in the same pe-
riod. These rates of improvement will
persist for several more years, and the
quantitative changes they express will
lead to far-reaching qualitative change.
Greatly increased accuracy in the math-
ematical modelling and forecasting of
the weather, of the dynamics of cities, of
national economies - all of these are
becoming feasible projects. Conse-
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quently Computer Applications and
Technology is a fertile field, ripe for
technological exploitation.

The qualitative changes mentioned
above are creating great social change in
ways which are only partly understood.
Personal privacy is being threatened by
the development of data banks; many
individuals may be able to do a day’s
work via computer terminals without
leaving their homes; and education and
health care may become personalized,
cheaper and more plentiful.

Computer Applications and Technol-
ogy is therefore of prime interest on
economic, technical and social grounds,
and this raises an urgent question for
Canadians. What part should we play in
this vital new industry?

The major resource needed for a com-
puter industry is human brainpower and
skill - the industry is fundamentally a
“knowledge industry”. The manufacture
of hardware items (which requires the
largest material support) is less capital-
intensive than many other industrial
activities, and the software industry is
even less so. Indeed, the plant required
for a software industry consists of office
space, paper and pencils, access to com-
puters, and perhaps a plentiful supply of
coffee! Software requires little support-
ing industrial infrastructure, and a ma-
jor element of infrastructure required
for hardware manufacture is an inte-
grated-circuit production facility such as
Microsystems International Limited.
Educational standards in Canada are
among the world’s best, and we are
training large numbers of mathemati-
cians, engineers, programmers and
other potential computer professionals.
Hence there is no fundamental factor
preventing us from winning a share of
certain intelligently chosen parts of the
computer industry. In fact, many less
well-endowed countries, such as Hol-
land, Sweden and Israel, are already
participating actively in the computer
induswry.

However, the present trends displayed
by the Canadian industry are discourag-
10

ing. The Canadian industry began with
a program of original design and devel-
opment in the 1950s, sustained largely
by defence programs which have since
disappeared. This initial effort has been
replaced by branch plant manufacturing
sustained by tariff barriers and indus-
trial incentive funds. Canadian partici-
pation in the broad range of opportuni-
ties for hardware development and
manufacture has been extremely small,
and the software and computer service
industries are generally weak and shaky.
Most of our computer service bureaux
are reporting annual losses and several
have been taken over by U.S. firms. (The
lion’s share of the revenues cited earlier
is enjoyed by foreign-owned computer
firms.) In short, the Technology of Tech-
nologies is sick in Canada, despite the
fact that there are no fundamental fac-
tors barring the road to a successful
Canadian industry.

The causes of this malaise are well
known, for they have plagued many
other high-technology industries in Can-
ada. They include small and scattered
markets, the effects of Canadian geogra-
phy, exposure to powerful competition
from foreign firms growing in a more
hospitable climate, high costs, and in-
dustrial fragmentation. A detailed dis-
cussion of these problems must await
the completion of the Council’s Study
on Industrial Research and Innovation;
however, it should be said here that the
problems do not appear insoluble. In-
deed there are still many promising op-
portunities open to Canada in the com-
puter industry, but time is running out.
The opportunities will be lost, and Can-
ada will become a mere importer of
hardware technology, software technol-
ogy and services if a coherent policy is
not adopted in the next few years. (In-
deed, a serious trade imbalance in elec-
tronic data processing equipment is
clearly visible.*) The Council feels that
branch plant status for the Canadian
computer industry is just not good
enough. Leaving aside questions of ex-
ports, excessive dependence on foreign



suppliers and lack of worthwhile jobs
for highly educated Canadians, we are
above all faced with the urgent need to
exercise control over the shape and
thrust of the industry, so that its devel-
opment may be harmonized with our
social priorities.

The concept of Major Programs, as
set out in the Council’s Report No. 4,
can make a contribution towards the
objective of a healthy, socially respon-
sive Canadian computer industry. This
report discusses the first of a set of Ma-
jor Projects, which will collectively form
a proposed Major Program. However,
the adoption by government of strong
and positive policies, designed to foster
a healthy computer industry, will be es-
sential to the success of this Major Pro-
gram.

*This trade imbalance has grown from $35 mil-
lion in 1964 to $148 million in 1970, although
exports expressed as a percentage of imports have
risen from 16 to 27 per cent over the same period.
(Dominion Bureau of Statistics, Cat. 65-004 and
65-007. These figures cover electronic computers
and parts plus card punching, sorting and tabulat-
ing machines.)



Chapter 11

Three Phases of Study

The issues outlined in Chapter I cer-
tainly called for further study. Conse-
quently a Committee of the Science
Council was formed in January 1970 to
conduct a detailed study of Computer
Applications and Technology in Can-
ada. The Committee’s mandate was very
broad, so much so that it was hard to
tackle as a single entity. The study was
therefore split into three separate but
inter-related phases. The major ques-
tions posed in each phase are as follows:

Phase I: Satisfaction of the Needs of
Computer Users

What action or actions could provide a
dramatic jump in the quantity and qual-
ity of computing services available to
Canadians, and strengthen the Cana-
dian computer service industry?

Phase II: Development of a Canadian
Hardware and Software Industry

What can be done to build a strong
Canadian industry in hardware (com-
puting equipment per se) or software
(the design and production of computer
programs)? In what areas should the
industry specialize, and what are the
potential costs and benefits? What poli-
cies are required to encourage this in-
dustry?

Phase III: Deployment of R & D Funds
What are the best mechanisms to sup-
port the large amounts of R & D which
successful programs in Phases I and II
will require? It is clear that our existing
methods of R & D funding are inade-
quate. National Research Council grants
to academics, although numerous, tend
to be too small to support significant
work in applied computer science. The
software industry, despite the fact that it
may generate four times as much rev-
enue as that from hardware by 1980,
has not been supported in the past by
the Department of Industry, Trade and
12

Commerce’s PAIT program. Large indus-
trial firms or consortia are conspicuously
absent. How can this situation best be
improved?

This report deals with Phase I of the
study - the satisfaction of the needs of
computer users.



Chapter III

The Needs of Computer Users

Our goal is to supply the best possible
computing and information services to
the largest possible numbers of Canadi-
ans at the lowest possible cost. The
achievement of this goal is also expected
to improve markedly the business cli-
mate of the Canadian computer service
industry.

At present, most of the users belong to
organizations - industries, governments
and educational institutions - and they
are heavily concentrated in urban areas.
In the future, they may be joined by
private citizens, both urban and rural.

The bulk of today’s computing serv-
ices is supplied to users at the computer
site. In the future, many services will be
supplied to physically remote users via
telecommunications links. Even now,
services such as batch processing and
conversational processing, and access to
data banks such as airline reservations
data, stock market data and industrial
product information, are all supplied via
telecommunications. (At least 150 data
banks exist in the public sectors of the
OECD nations alone.’) Under active de-
velopment in Canada are nationwide
teller transaction systems for banking,
medical record systems for doctors, and

distribution systems for Scientific and
Technical Information. In the future,
financial utilities* and computerized
shopping systems are foreseen, to name
only two of a host of radically new serv-
ices.

Most of these services are supplied
from a limited number of sources, and a
user anywhere in Canada must be elec-
tronically connected to one of the
sources in order to use the service. Air
Canada reservations, for example, are
held in one central computer. In princi-
ple, any user may at some time demand
access to any service, just as any tele-
phone user may at some time demand to
be connected to any other telephone.

There is a great need, therefore, for a
computer communications network able
to selectively connect any user to any
service, quickly, reliably and cheaply.
We have called such a network the
Trans-Canada Computer Communica-
tions Network, or TCCN.

The broad outline of a Trans-Canada
Computer Communications Network is
shown in Figure III.1.

*Financial utilities, as envisaged by a number of
authors, are computer-based systems which could
automate most financial transactions, and thus
could eventuaily lead to the disappearance of che-
ques and the near-disappearance of cash as media
of exchange. Significant first steps in this direction
are being taken by a number of financial institu-
tions, for example the Bank of Montreal (see
Chapter 1V).

Figure III.1 - Structure of a TCCN

User
Terminatls

Service
Complexes



Physically, a computer communica-
tions network such as a TCCN is an inte-
grated system of telecommunications
links and data switching centres. It
would permit nationwide access to com-
puter services from computer termi-
nals*, as well as connecting terminals to
terminals (as a partial substitute for the
Royal Mail) and computers to comput-
ers (to permit machines to work co-oper-
atively). A TccN would allow a design
engineer in Regina, for example, to
draw on

a) a conversational computing service
in Saskatoon for rapid design calcula-
tions using pre-stored procedures;

b) a data bank in Vancouver for de-
sign data and specifications; and

c) an “electronic catalogue” in To-
ronto for the latest prices of materials;
all in the course of a morning’s work.
The effect on the engineer’s productiv-
ity, and on his firm’s ability to generate
rapidly and efficiently new or modified
bids for projects, would be most signifi-
cant. This improved “reaction time”
could in turn have a marked effect on
the ability of Canadian firms to compete
internationally.

As another example, hospital person-
nel in North Bay could call on

a) an analysis service for electrocar-
diograms in Montreal;

b) catalogues of drug prices and char-
acteristics in Toronto; and

c) a central file of patient histories, for
example in connection with an accident
victim whose home was far away, whose
medical history was otherwise unknown,
and whose condition was critical;
whenever these services were needed.
This kind of capability could make a
real difference in the level of health care
available to Canadians. (Notice that
both of these applications involve the

*A computer service is any service supplied by
mating a hardware system (computer equipment)
with appropriate software and data bases. A com-
puter terminal is any device which consumes com-
puter services. Devices such as teletypewriters and
cathode-ray tube displays are computer terminals,

and the push-button telephone can also be used as
a computer terminal.
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connection of terminals to computers.
We expect that this kind of connection
would be prevalent, at least during the
initial period of network operation.)

These examples can be multiplied
endlessly, and a number of computer
communications networks are being
built with these benefits in ultimate
view. At present, for example, we know
of:

a) the U.S. Advanced Research Pro-
jects Agency (ARPA) network'’f, which
links 14 computers at universities and
laboratories from California to Massa-
chusetts. It is basically a research project,
but will allow these institutions to use
each other’s specialized computing facil-
ities and data files.

b) the British National Physical Lab-
oratory’s (NPL) “local exchange”'"'*'*!*f
which links normally incompatible ter-
minals and peripheral devices in a large
laboratory.

¢) the MERIT network, which will allow
Michigan universities to use each other’s
specialized facilities and data files.

d) the Purposely Limited Network,
which will link computers at the Carne-
gie-Mellon University.

e) the Bristol network", which will
allow four universities in the West of
England to share computing loads
between their computers, thereby mak-
ing better use of the excess capacity and
specialized equipment of their ma-
chines.

Thus it is clear that the potential ad-
vantages offered by computer communi-
cations networks are stimulating consid-
erable research and development. Some
of the economic issues motivating this
research and development are discussed
next in Chapter IV.

1Brief technical descriptions of the ARPA and
NPL networks are given in Appendix A.



Chapter IV

Economic Forces and Responses

There are many indications that Canada
and other industrialized nations will
experience startling growth in volumes
of computer communications. The most
carefully developed prediction known to
the Council is that of the U.S. DATRAN
Company, which has predicted a volume
of some 8000 computer communica-
tions “calls”, or transactions per second,
in the United States by 1980. An article
in Fortune magazine'® has predicted that
50 per cent of U.S. computers will be
connected to telecommunications links
by 1974, and in Chapter VI of this
report, it is argued that the present tele-
phone network is not well suited to car-
rying these “calls”. These dual trends of
explosive demand and inadequate sup-
ply of computer communications serv-
ices have led to petitions to the U.S.
Federal Communications Commission
by Microwave Communications Incor-
porated, by Western Union, and by the
DATRAN Company. Each of these firms
wishes to build a specialized computer
communications network.'7-*4232627

In its petition, the DATRAN Company*®
has estimated that the number of data
terminals will increase from 0.18 to 2.5
millions by 1980, owing to expected
growth rates of 45 per cent per year to
1974 and 21 per cent per year thereaf-
ter. They forecast traffic volume of 8 000
transactions per second by 1980, this
being a growth of 1650 per cent over
today’s figure. These forecasts appear
reasonable and they obviously are rele-
vant to the situation in Canada, given
the many parallels which exist between
our two nations. A similar trend is visi-
ble in Great Britain, where the Post
Office reports that there are now 14 000
data terminals, and that forecasts of
50 000 terminals by 1973 and one-half
million by 1983 have been adopted for
planning purposes.” No forecasts of
comparable depth and detail are as yet
available for Canada; however the

reader is referred to Telecommission
Studies 4 and 5* for general informa-
tion. Also, the Department of Commu-
nications Task Force on Computer
Communications is working on a de-
tailed market survey and forecast for
Canada, which should fill this need well.

In addition to the traffic volumes out-
lined above, there are certain other eco-
nomic forces which encourage the
growth of computer communications
networks:

a) A TccN will offer the Canadian
computer service industry greatly ex-
panded access to Canadian markets, and
a host of new computing and informa-
tion services will become feasible. These
effects will in turn help to overcome the
industrial impediments to the Canadian
service industry (small and scattered
markets, geographical distances and
exposure to strong foreign competition)
which were mentioned in Chapter I.

b) Economics of shared resources will
become possible. First, copies of certain
information files are currently kept per-
manently in many computers. When
these computers can communicate via a
network, it will be possible to do away
with many of the copies and use remote
access to shared copies with a saving in
cost. Second, there is considerable sur-
plus computer capacity in Canada today.
Where there is compatability between
machines, a TCCN could allow a re-
stricted form of load sharing (analogous
to load sharing on electric power grids),
thus permitting fuller use of our com-
puter capacity.

¢) Economy of specialization will be
encouraged. Specialized computer de-
signs which do certain kinds of work
with greatly improved efficiency are
being developed. By permitting wider
access to computers, the network will
allow work to be directed to the most
suitable machine, thereby encouraging
the use of these specialized and more
efficient designs.

d) Economies of scale will be encour-

*Produced by the Telecommission of the Cana-
dian Department of Communications.
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aged. Within certain limits, it appears
that doubling the cost of a computer
roughly  quadruples its  capacity
(Grosch’s Law*). Again, access by com-
puters to wider circles of users will per-
mit this technical fact to be exploited
more fully.

e) Regional economic expansion will
be aided to some extent. The availability
of cheap and varied computing services
is one factor influencing the choice of
location by some kinds of businesses
and industries. By evening out the na-
tionwide supply of these services, a TCCN
will encourage a more even development
of the regions of Canada. This effect will
be strengthened if network services are
priced according to quantity of informa-
tion moved (flat-rate charging) rather
than time-and-distance charging as
practised by the telephone network to-
day.j

These economic forces are operating
today, and as one might expect, re-
sponses to them can already be seen.
The drive to establish networks in the

*Dr. Herbert R.J. Grosch, until recently Director
of the Center for Computer Scicnees and Technol-

ogy, National Burcau of Standards, Washington,

D.C.
{The two issues here are social utility and real

costs. Flat-rate charging is highly desirablc from
the viewpoint of social utility. For cxample, the
ability to send a short transaction anywhere in
Canada for a small, fixed charge would greatly
encourage the growth of nationwide information
services of all kinds. East-west flows of informa-
tion would be encouraged and the Canadian com-
puter service industry would be greatly strength-
cned through access to nationwide markets.

In principle, it is possible to impose any kind of
ratc structure on any kind of network, as long as
total revenue is adequate. However, fairness and
practical considerations dictate that the charges to
users reflect real costs of providing scrvice. It is
explained in Chapter VI that the present telephone
network uses a mode of operation (called circuit
switching) in which real costs depend strongly on
the time taken and distance spanned by a call.
Thus the use of time-and-distance charging by the
telephone network. However an alternatc mode of
nctwork operation (called packet switching), which
offers advantages for certain kinds of computer
communications, is also described in Chapter VI. It
appears that the rcal costs of operating a packet-
switched system depend primarily on the quantity
of information moved rather than time or dis-
tance. Thus the technique of packet switching for-
tunately scems to favour a socially desirable objec-
tive.
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United States and in Great Britain has
been noted, and analogous responses are
visible in Canada. CN/CP Telecommu-
nications have planned to offer inte-
grated computing and communications
services.” The Newfoundland Govern-
ment has created a provincial Crown
Corporation for computing}, and the
Saskatchewan Government has made
similar plans. In Ontario, the Committee
of Presidents of the Universities has
studied the possibility of setting up net-
works to serve their institutions?', and
plans for a network to serve educational
institutions have been laid in Quebec.?
Finally, the Bank of Montreal is build-
ing a specialized network to connect all
of its branches in Canada to a central
computer.”’

Hence the options available do not
include the choice as to whether or not
computer communications networks will
be created; economic forces have made
that choice for us. What can be done, if
Canadians move promptly, is to influ-
ence the shape and form of Canadian
networks and the goals which they serve.
Thus we can ensure that Canadians con-
trol the development and applications of
networks for the benefit of Canadian
society. After a brief look at social issues
(Chapter V) and technical issues (Chap-
ter VI), we examine the options fully in
Chapter VII of this report.

I'Newfoundland and Labrador Computer Serv-
ices Company Limited came into being as a provin-
cial Crown Corporation in Scptember 1969.



Chapter V

Some Social Issues

Colin Cherry, the eminent British engi-
neer, has said that a society is a group of
people in communication®® Hence the
kinds and quantities of communications
available to a society strongly influence
its nature. The ability to transmit un-
precedented masses of information
across Canada, coupled with the ability
to store, manipulate and process this
information, is therefore of some social
significance.

We could define information as data
which is relatively difficult for a given
person to access and use. Conversely,
data which has been absorbed into a
person’s inner mental world could be
called knowledge possessed by that per-
son. Thus the contents of an unread
book on your bookshelf is information
available to you, but those contents
become part of your stock of knowledge
after you have read, studied and in-
wardly digested the book.

In the light of this distinction, com-
puterized data banks assume new sig-
nificance. Data which has been stored in
a carefully structured way in a com-
puter, and for which effective retrieval
programs have been written, occupies a
middle ground between information
and knowledge. It is certainly not as
accessible or “personal” as knowledge
(computer science has yet to develop
sufficiently good man-machine inter-
faces!), but it can be far more accessible
and usable than data stored in a book. If
we make such data available to large
numbers of Canadians by a computer
communications network, we will make
a radical change in the mental resources
of our society.

These concepts are somewhat abstract,
but it is difficult for laymen to make
more concrete observations. The exam-
ples given in this report - the design
engineer in Regina working up a project
bid, the medical personnel in North Bay

drawing on a nationwide array of serv-
ices — are examples of these themes. Pri-
vacy and security of information must
rank as the most important specific is-
sues of a social nature, and indeed are
topics of concern even today. However,
the effects of networks on such things as
the concentration of people in urban
areas, the sense of loneliness or commu-
nity felt by individuals, and even the
political process - these are all unan-
swered questions. We urge competent
bodies to seek answers to these ques-
tions, as their answers will determine
much of our common future.

Finally, because of the pervasive in-
fluence of computers on social and cul-
tural affairs, on national unity and on
our sense of national identity, we feel
that Canadians must be able to control
fully the development of computer com-
munications networks in Canada.



Chapter VI

Technical Issues

We do in fact have a “data communica-
tions” network today - the switched
voice (telephone) network is being used
to connect terminals to computers. How-
ever, the Trans-Canada Telephone Sys-
tem’s switched voice network was not
designed to do this job, and so:

a) Error rates are too high (according
to one Canadian company, one error
occurs for every 10 bits of data sent, but
a rate of one error for every 10” bits sent
is needed™*).

b) The service is expensive compared
with the service offered to U.S. competi-
tors of Canadian firms. Worse yet,
the American Telephone and Telegraph
Company (AT&T) has announced a new
network devoted to computer communi-
cations which will span some 60 US.
cities by 1974 and offer costs one-half
the current U.S. ones. The cost reduction
is made possible by digital transmission,
according to AT&T.*"*

¢) The service is inflexible (a much
wider range of data rates is urgently
needed, as well as more modern and
inexpensive interfacing equipment™?).

d) The service is fundamentally un-
suited to short-message traffic which
invokes fast responses, such as data
bank inquiries and conversational pro-
gramming (calls take too long to place,
by a factor of 10-100).

e) The use of the voice network for
this additional service will eventually
harm voice service, as data transmission
violates key assumptions under which

*The user can be provided with low crror rates
in cither of two ways. High-quality or “gold-
plated” lines can be installed, at great cost and
inconvenicnce. Alternately, we can provide some
mcans for dctecting crrors and correcting them
without the user’s knowledge. The switchers of the
ARPA nctwork, for example, store cach message as
it is reccived. When complete, the mcssage is
checked and-if errors are detected the switcher asks
for retransmission. This process continues, un-
known to the customers, until the message is cor-
rectly received. This technique has allowed the
ARPA nctwork to use relatively noisy, low-quality
lines and yct provide ncarly crror-free service.
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the voice network was designed and
built. Specifically, the design of the voice
network assumes that calls last for an
average time of about three minutes,
and that the average usage of telephones
is very low. However, telephones used to
transmit data are often in use forty
hours per week and the calls placed may
last several hours.

However, the switched voice network
exists, it represents a very large invest-
ment, and many parts of it are usable
for computer communications. There-
fore we must learn how to integrate it
with new hardware and technologies, in
order to create a TCCN in an orderly,
rational manner.

Some Necessary Technical Innovations
a) Digital Transmission

- Almost all of today’s telecommunica-
tion facilities transmit analogue signals
rather than streams of digital pulses, in
part because the human voice is a “natu-
rally” analogue signal, and in part
because digital facilities were impracti-
cal in the past.

- Digital transmission} is now fea-
sible, and offers economy, flexibility (a
wide range of data rates and flexible
interfacing are possible), the ability to
send computer data — which is of course
digital in nature - without transforma-
tion (encoding), vastly improved control
of errors, and the ability to send voice,
video and facsimile signals after encod-
ing.

- Digital transmission hardware is
available now for microwave radio links
and wire-pairs, and will be available in a
few years for coaxial cable links.

- The Trans-Canada Telephone Sys-
tem is slowly converting the voice net-
work to all-digital transmission for these
reasons, but this task is not expected to
be completed for many years.

fAlso known in the jargon of telecommunica-
tions as “end-to-end regencrative pulse transmis-
sion”, because of the usc of pulse regenerators at
regular intervals. Thesc are used to create a perfect,
noisc-free pulse for transmission onwards from a
misshapen, noise-ridden pulse reccived by the re-
gcncrzltor.



b) Packet switching
Packet switching is an alternative basic
principle to circuit switching.

Circuit switching is the basic principle
of the voice network. When A calls B, a
“pair of wires” or circuit is set up
between them and is dedicated to the
call until it is finished. Circuit switching
is a good principle for the transmission
of voices, video and possibly of large
data files.

However, much of today’s computer
communications traffic consists of short
messages invoking rapid responses.
These are called transactions. Circuit
switching, based on today’s relatively
slow circuit-switching machines, is quite
inadequate for this important kind of
traffic - a better principle is packet
switching.

Under packet switching, A simply
makes up a short message or “packet”
of information, attaches a note saying
“send this to B” and sends it off. The
network reads the note and forwards
the packet by the best possible route. As
no dedicated circuit is set up, equipment
may be utilized more fully and the
transmission delay is greatly reduced.
The user may send packets at any con-
venient rate up to the limits imposed by
switchers and telecommunications links,
and a link failure can be smoothly han-
dled by simply choosing a new route.
Also, operating costs are dominated by
the quantity of information sent rather
than by time or distance. None of these
advantages is offered by a circuit-
switched service. Because of these tech-
nical facts of life, the British Post Of-
fice’s planned computer communica-
tions network will probably offer both
types of service. The ARPA network uses
packet switching exclusively.

Things to be Done

We have seen that industries using com-
puter communications facilities are
growing explosively; that the existing
voice network is inadequate and expen-
sive for this service and will become
relatively more so; and that the new

technology needed for a TceN is availa-
ble. Hence immediate action is required.
However, “immediate action” does nor
mean “start building a TccN”, because
although  computer communications
networks have been built, they may not
be well-suited to Canadian needs. Thus
the following steps should be under-
taken:

a) Forecast the types and volumes of
network traffic for Canada.

b) Explore the trade-offs between cir-
cuit-switched and packet-switched serv-
ices.

c) Using the results of steps a) and b)
plus constraints dictated by our geogra-
phy, existing telecommunications facili-
ties, transmission economics, privacy
and security needs, and available and
forecast technology, produce trial net-
work designs.

d) Evaluate these designs extensively,
with the help of computer simulations.
Particular attention should be paid to a
very careful and thorough evaluation of
economic and financial costs and long-
range benefits. Identify “gaps in tech-
nology”.

e) Issue development contracts aimed
at closing the gaps.

f) Freeze the design for a prototype
network.

g) Build and evaluate the prototype
network, again paying special attention
to economic and financial costs and ben-
efits.

h) Start construction of TCCN.

To meet the expected demands, this
program should be completed within
five years. An agency will be needed to
manage the program and fund the con-
tracts.



Chapter VII

Policy Options for the
Computer Utility

In this chapter our view is widened to
include both computer communications
networks and the attached service com-
plexes* - the total computer utility. Our
purpose is to examine the policy options
for ownership and organization of the
entire computer utility.

A Policy Tree

We have examined the options with the
aid of a mathematical entity called a
tree. Beginning at the tree’s root node
(Figure VIL.1), either a policy of some
sort is needed or it is not.

Figure VIL1

ROOT NODE

NO POLICY POLICY

(1.1) (1,2)

Hence we get two new nodes which
are labelled (1,1) and (1,2). We feel that
a National Policy is essential - our ar-
guments are given in Chapter VIII - so
we go to node (1,2), as shown by the
arrow. (Unlike the garden-variety or
botanical tree, a policy tree grows down-
ward from its root node!)

Next, we consider the ownership of
the entire utility - should it be single or
divided? Our view is that a single orga-
nization which owned the computer
communications network and all of the
attached service complexes (including
data banks and processing facilities)

*A service complex is the thing which we attach
to a network in order to offer a computer service
(see page 14). It consists of hardware, software
and data files, the whole being carefully tailored to
supply an efficient computer service.
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would be too powerful - it might even-
tually come to control government and
not vice versa. Hence we develop the
tree as shown in Figure VIL.2 and go to
node (2,2).F

Given a divided form of organization
for the computer utility, we may choose

a) a single, nationwide computer
communications network of uniform
design; or

b) a system of many interconnected
subnetworks, each tailored to its en-
vironment but able to communicate
with the others.

This choice is represented in Figure
VIL3.

Due to our federal political system
and our widely different regional needs,
we feel that a single, monolithic net-
work of uniform design would be im-
practical. Hence to node (3,2). However,
this choice makes desirable:

a) a national spinal computer commu-
nications network to tie the subnetworks
together; and

b) provision of regulatory and operat-
ing functions to operate the national
spine, and to ensure technical compat-
ability of the subnetworks with the Na-
tional Spine and with each other.

This is illustrated in Figure VII.4.

We now deal with questions of
ownership of the National Spine and of
the attached service complexes. Compe-
tition is highly desirable in any business
enterprise, but for the National Spine:

a) Nationwide coverage and compat-
ability are vital.

b) The cost of entry into the “network
business” is very high.

¢) Unit costs decrease with size, due to
the economics of trunking and switch-
ing.

Hence the National Spine is well
suited to ownership by a single organi-
zation. Many bodies could participate in
this organization. However, in order to

FNote that the branches of the tree are not being
developed uniformly. Those that represent unde-
sirable options are abandoned or “pruned”. Also
note that the policy decisions represented by a
given node can be read off by following the path
from the root to that node.



Figure VIL2

ROOT NODE
NO POLICY PoLICY
(1,1) (1,2)
SINGLE UTILITY DIVIDED UTILITY
OWNERSHIP OWNERSHIP

(2,1) ./// \>4.(2,2)

Figure VIL3

(1,2)

SINGLE UTILITY DIVIDED UTILITY
OWNERSHIP OWNERSHIP

(2.1) (2,2)

MULTIPLE
SINGLE COMPUTER SUBNETWORKS WITH
COMMUNICATIONS INTERCONNECTION
NETWORK BY NATIONAL SPINE

(3,1} e )1| (3,2)
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Figure VIL.4A - The Single Computer Network Option
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achieve maximurh benefit to the people
of Canada, it will be necessary to re-
strict the free play of market forces. For
example, it may be necessary for the
federal government to hold a majority
interest in this owning organization, or
otherwise influence its operations and
planning. This approach, whereby a sin-
gle Network Organization owns the
National Spine but many groups are
allowed to participate in the control of
the owning organization, is referred to
as integrated ownership.

For the attached service complexes:

a) Nationwide access is assured if a
complex is attached to the network sys-
tem.

b) The cost of entry into the computer
service business is relatively small.

c) Owing to the continuous flow of
new technology, competition is vital for
the computer service industry. Hence
the attached service complexes are well
suited to multiple ownership. We there-
fore hold that any organization, public
or private, should be permitted to own
service complexes and attach them to
the computercommunications network.

However, one proviso must be added.
Consider an organization which is a
part-owner of the Network Organi-
zation. If such an organization also
owned a subsidiary which sold services
via the network, then the subsidiary
could receive:

a) early notice of new network facili-
ties;

b) preferred treatment in gaining ac-
cess to the network system (earlier deliv-
ery of lines, multiplexers and so forth);

c) better co-operation in clearing up
network faults and the other problems
which bedevil any computing facility
using telecommunications; and

d) favoured treatment through subtle
biases in network design which fa-
voured the subsidiary’s equipment and

service offerings.

All of these unfair practices would be
extremely difficult to detect or prove.
Hence we suggest separate ownership of
the network system and of those at-

tached service complexes which sell
services via the network. However, this
decision would not prohibit a network
owner from attaching service com-
plexes, whose services were not sold but
were for his own exclusive use. These
policy decisions are expressed in Figure
VILS, where we choose nodes (4,2), (5,1)
and (6,1).

Other Policy Options

Here we discuss some items which do
not fit the tree format well. The first
option has to do with customs tariffs,
whose present patchwork structure is
irrational from the point of view of the
computer service industry. Moreover,
tariffs on computer hardware invariably
place the Canadian computer service
industry at a disadvantage with respect
to the US. computer service indus-
try**** The tariff structure should
therefore be re-examined with a view to
encouraging the Canadian computer
service industry. At the same time, the
need to foster the development of a
Canadian hardware and software indus-
try must be kept firmly in mind. (The
Council hopes to identify promising ar-
eas of specialization for a Canadian
hardware and software industry in
Phase II of its Computer Study.)

A related issue is the question of
dumping. Canadian service bureaux are
vulnerable to the dumping of excess
computer capacity from abroad. Hence
anti-dumping measures are needed.*

Finally, we wish to comment on the
current costs of data communications in
Canada. Briefly, they are much too high.
They are high when compared with U.S.
charges for similar facilities’’***, and
this trend will be accentuated when U.S.

*An example of a potential dumping situation
appears in an announcement of the extension of
Control Data Corporation’s U.S. Cybernet Com-
puter Services network to Calgary, and of plans for
eventual extension across Canada. The following
statement was made: “A point which will be of
interest to users is the question of line costs when
Cybernet Calgary is linked to Palo Alto, Califor-
nia. A user in Calgary, though, is in the same

position as if he were in Palo Alto. He receives the
same billing rate for total costs.”
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Figure VIL.S

(2,2)
MULTIPLE
SINGLE COMPUTER SUBNETWORKS WITH
COMMUNICATIONS INTERCONNECTION
NETWORK BY NATIONAL SPINE

(3,1)/ (3,2)

MULTIPLE OWNERSHIP INTEGRATED OWNERSHIP
OF NATIONAL SPINE OF NATIONAL SPINE

(4,1) .// (4,2)

MULTIPLE OWNERSHIP SINGLE OWNERSHIP
OF ATTACHED OF ALL ATTACHED
SERVICE COMPLEXES SERVICE COMPLEXES
(5,1) \‘(5,2)
SEPARATE OWNERSHIP OF QVERLAPPED OWNERSHIP OF
NETWORK AND OF ATTACHED NETWORK AND OF ATTACHED
SERVICE COMPLEXES SERVICE COMPLEXES

(6,1).( (6,2\)'
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digital networks for computer commu-
nications begin operation.* They are
also too high when the economic feasi-
bility of many exciting and useful new
services is studied. Indeed, the ultimate
success of the Trans-Canada Computer
Communications Network will depend
on its offering sufficiently low rates. New
technology will help to cut these rates,
but government regulation and subsidy
may also be required.

*Specifically, the networks planned or proposed
by AT&T, Western Union, the bATRAN Company,
and Microwave Communications, Inc.
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Chapter VIII

The Need for a National Policy

In Chapter VII we studied several policy
options with the aid of a mathematical
entity called a tree. The first decision
taken there was that a National Policy is
in fact needed. Here we seek to justify
that decision by suggesting some proba-
ble results of a lack of policy.

The Canadian telecommunications
carriers are pursuing some of the tech-
nical studies suggested in Chapter VL
Digital transmission by cable and radio,
digital switching machines and fore-
casts of future needs are all being ex-
plored in Canada. However, there are
some gaps, for example in the develop-
ment of packet switching, and more
overall co-ordination is needed.

More seriously, no long-range com-
mitments to build a Trans-Canada Com-
puter Communications Network, of a
scale comparable to the commitments
made in the United States (by the
DATRAN Company, for example), have
been announced by Canadian organi-
zations. Thus, in the absence of govern-
mental initiatives, it seems likely that
Canadian computer communications
facilities will remain in essentially their
present state for some time to come.

In the short term, this will lead to a
drastic loss of effectiveness in the com-
puting community. The health of our
computer service bureaux will be se-
verely impaired* and the public will be
denied the benefits of new and useful
services.

In the long term, U.S. interests will
provide modern facilities for us, even as
they provide automobiles, academics,
capital, entertainment and school books.
Thus predominantly north-south pat-
terns of computer communications will
become dominant, just as north-south

*The president of one Canadian bureau has said
that there may be substantially no Canadian com-
puter service industry five years hence, if the oper-
ating climate of these companies is not greatly
improved. (Personal communication from Dr. J.
Kates, President, SETak Ltd.)
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patterns of airline transport became
dominant prior to the creation of Trans-
Canada Airlines.*" For example, com-
puter communications between Winni-
peg and Toronto may tend to flow via
Minneapolis and Chicago. This trend
will imply:

a) a continual outflow of funds for
network charges, of a magnitude and
growth rate largely beyond our control;

b) little control by Canadians of pri-
vacy and security standards;

c) little opportunity for Canadian
bodies to even verify that advertised
standards of privacy and security are in
fact being met;

d) the possibility, once trans-Canada
links have been established via the
United States, of supplying cheaper
services direct from U.S. points rather
than “going back up” into Canada.}
Hence a further severe blow to the Ca-
nadian computer service industry;

e) the further possibility that the crea-
tion of source material for services, such
as information banks and computer-as-
sisted learning, would migrate to the
points of supply of these services. Thus
much of the information and many of
the ideas and values which underpin our
society could eventually become largely
alien.

The Science Council, as a group of
concerned and informed Canadians,
considers these trends to be unaccept-
able. They can be avoided if Canadians
generally share this view. To do so,
money and manpower must be allocated
to build Canadian computer communi-
cations facilities. However, such a diver-
sion of resources can properly be re-
garded as a financial investment as well
as a social investment. For, although
public service must be the primary goal
of the Trans-Canada Computer Com-

tAccording to the Financial Post‘“, the Cana-
dian life insurance companies have collectively
developed files containing confidential medical and
other personal information about policy applicants.
These files, called the Life Card Library, have been
kept in Canada until recently. Now, however, they
are being moved to the United States in order to
take advantage of lower costs.



munications Network, an eventual rea-
sonable return on invested capital is a
feasible secondary goal for the network.
Indeed, the program of studies sug-
gested in Chapter VI (“Things to be
Done”’) called for a continual and care-
ful examination of the economic and
financial feasibility of network designs
and services.* Finally, this report has
noted that many parts of the existing
telecommunications networks can be
used by the TCccN as well. This means in
effect that a large part of the total capital
outlay needed to create a TccN from
scratch has already been invested.

In summary, we have a long tradition
of creating nationwide links for na-
tional survival and unity. In the past we
have created the Canadian Pacific Rail-
way, the Canadian Broadcasting Corpo-
ration, and Air Canada. Some of these
links carry goods, others carry informa-
tion, ideas and values. Each required a
sustained national effort and substantial
leadership by the Government of Can-
ada, often in the form of a Crown Cor-
poration. Each has been a major factor
in building national unity and in bal-
ancing the north-south pulls of conti-
nentalism with a healthy concern for
national goals, and at the same time has
built up a strong and valuable Canadian
industry. The Trans-Canada Computer
Communications Network is in fact the
newest potential member of this family
of national links.

*“Economic feasibility” refers to a broad analy-
sis of economic and social benefits versus economic
and social costs, and this report suggests that the
network system can be an economically feasible
proposition. “Financial feasibility” is a narrower
term, and refers to a strict analysis of dollar rev-
enues versus dollar investment. This report sug-
gests that the network system may indeed be ulti-
mately feasible in the financial sense as well, but
that government subsidy may be required for a
considerable period of time.
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Chapter IX

Recommendations

General

1. The Science Council believes that a
strong Canadian computer industry, ac-
tive both in computer services and in
certain areas of development and manu-
facture of hardware, software, and pe-
ripheral devices, is essential to supply
Canada’s needs in this field and for
Canada’s future social and economic
health.

To supply the needs of Canadian
computer users, the development and
construction of a system of intercon-
nected computer communications net-
works should be planned and subse-
quently undertaken as a national Major
Project. As a matter of policy, the sys-
tem should span all populated regions
of Canada, and should be entirely Ca-
nadian-owned.

2. Planning responsibility for the or-
derly growth of the network system
slould be assigned to the Department
of Communications Task Force on
Computer Communications or to its suc-
cessor. The objectives of this planning
should include the development of a
wholly digital National Spine inte-
grated with existing telecommunications
plant where feasible, and the encour-
agement of east-west flows of informa-
tion. The Task Force is ideally orga-
nized to do a comprehensive analysis of
alternatives, followed by the formula-
tion of recommendations and the set-
ting of priorities. (Because of the limita-
tions on time and manpower available
to the Task Force, the bulk of detailed
planning might best be left to a succes-
sor agency.)

Policy

1. A national trunk or spinal network
should be established. It should serve all
of Canada, it should employ digital
transmission throughout*, and it could
be built on surplus capacity} of the ex-
isting trans-Canada microwave systems.
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The Network Organization (discussed in
Chapter VII) should function as owner-
operator of the National Spine.

2. The development of standards, to
ensure compatibility of subnetworks
with each other and with the National
Spine, should flow from research, devel-
opment and network planning con-
ducted by the Canadian electronics in-
dustry and the universities. The defini-
tion and administration of these inter-
connection standards should be per-
formed by the Network Organization.
The Organization should ensure that
equipment attached to the network sys-
tem remains compatible by certifying
that adequate maintenance contracts
are in force for all such equipment
where necessary.

3. Any organization, public or pri-
vate, should be permitted to attach serv-
ice complexes (computers, plus system
software, plus applications software) or
terminals to the network, subject only to
meeting the interconnection standards.
However, no organization which partic-
ipates in ownership of the network sys-
tem should be allowed to sell computing
services via either the National Spine or
the regional networks.

Technical and Economic

1. The network system should employ
digital transmission throughout at the
earliest possible date. Because of the
cost required to convert local distri-
bution facilities, this goal will not be
completely attainable ab initio. How-
ever, the National Spine should be en-

* At least one “set of boxes” to accomplish this is
now available on the Canadian market - Canadian
Marconi Limited’s Mcs 6900. It offers digital trans-
mission in the sense that the phrase is used
throughout this report: end-to-end regenerative
transmission of discrete signals.

{The existing microwave systems have surplus
capacity in the following sense. The towers and
equipment rooms are respectively able to accom-
modate additional antennas and repeaters, and
frequency assignments for additional channels
have been established. Hence additional channels
are potentially available at very little additional
cost, as the great majority of costs for a microwave
system lie in the towers, buildings, access roads,
hydro feeds, rights-of-way and so forth.



tirely digital from the beginning, and
the subnetworks should employ digital
technology to the fullest possible extent.
To this end, the Network Organization
could collaborate with CN/CP Telecom-
munications and the Trans-Canada Tel-
ephone System in activating some of the
surplus capacity of their trans-Canada
microwave systems to create a digital
trunk, providing transmission facilities
for the National Spine. In addition, the
planned installation of T-4 and T-1 dig-
ital links by the Trans-Canada Tele-
phone System could, respectively, pro-
vide alternative and supplementary
sources of supply.

2. In all probability, the network sys-
tem will have to offer both packet-
switching service (to cope with the im-
mense forecast volume of short-message
traffic requiring very fast switching),
and circuit-switching service (to handle
lengthy messages generated by the
transmission of large computer files,
digitized video and so forth). It may
well be possible to provide the circuit-
switching service by upgrading present
circuit-switching  services such as
MuULTicOM and Broadband Exchange.
The packet-switching service will re-
quire extensive new facilities, in addi-
tion to facilities shared with the circuit-
switching service.

3. It will be necessary to develop ef-
fective standards for the privacy and
security of data passing through the net-
work system. Moreover, it will be neces-
sary that these standards be both en-
forced and seen by the public to be en-
forced. Reassurance of the public that
the privacy and security of data are not
being violated should be a prime aspect
of the regulatory function for the net-
work system. Regulation should, of
course, be done by Government. How-
ever, as in the past, it should be done,
not by a government department, but by
a semi-judicial body holding public
hearings.

4. Measures should be adopted to pre-
vent the dumping of excess computer
capacity from abroad in Canada.

5. A Design Authority should be des-
ignated for the network system. It
should be given broad responsibility for
systems definition activities, and for the
award and monitoring of contracts cov-
ering feasibility studies, network plan-
ning, specific research and development
tasks, development of prototypes and
subsystem manufacturing. First prefer-
ence for all contract awards should be
given to the Canadian computing, tele-
communications and electronics indus-
tries, in order to encourage the transfer
of technology needed for manufactur-
ing. Second preference should be given
to the universities, and only if both of
these alternatives are absolutely un-
workable should a contract be awarded
to government laboratories or agencies.
In order to attract and retain a group of
technically competent systems special-
ists able to carry out these supervisory
and monitoring functions, the Design
Authority should perform a limited
amount of in-house research and devel-
opment.* However, this research should
be focussed on system problems rather
than “nuts and bolts” development of
specific devices. Moreover, the in-house
component of research and develop-
ment should not be permitted to exceed
10 per cent of the total performed,
whether measured in terms of dollars or
man-hours.

6. We have noted that the success of
the network ultimately depends on its
offering sufficiently low rates. This
places the following responsibility on
Government. If the exploitation of scale
and technology does not yield large
enough cost reductions quickly, Govern-
ment should be prepared to subsidize
the operation of the network for a lim-
ited period of time. Ultimately, the net-
work should be expected to become self-
supporting in the same manner as Air

*The Council holds that highly competent tech-
nical specialists are vital to intelligent systems def-
inition and contract monitoring activities. A certain
amount of in-house research and development is
essential to attract, develop and retain such special-
ists.
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Canada. However, public service must
be the first priority, with eventual prof-
itability as a secondary priority. In the
same vein, Government may have to
provide a large share of the capital in-
vestment needed to develop and build
the network system, or develop suitable
inducements for the supply of private
capital.

Finally, owing to the urgency of the
situation, interim measures to reduce
the prices of existing data transmission
services should be adopted without de-
lay.
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Appendix A

Two Computer Communications
Networks

This Appendix gives a brief technical
description of two networks. They are
the network proposed by Davies and his
colleagues at the British National Physi-
cal Laboratory (NPL), and the U.S. Ad-
vanced Research Projects Agency’s
(ArPA) Network. They were chosen
from the list of networks in Chapter III
because they embody promising ap-
proaches to future needs, and because
they have actually been built wholly
(ARPA) or partially (NpL), and found to
work well. In addition, these two net-
works, although developed largely inde-
pendently, resemble one another to a
striking degree. In fact, we will see later
that the NPL network consists of two
parts. One part has been built and is
operational in Britain; the other part is
nearly identical with the ARPA network
which is operational in the United
States.

The NpL network is intended to serv-
ice a wide variety of customers’ equip-
ment: typewriter consoles, line printers,
multi-access computers, file storage sys-
tems and so forth. The design of the
network will allow any of these equip-
ments to send information to any other.

Two goals were paramount in the
design of the NPL network. The first was
the need to supply a very wide range of
transmission speeds, ranging from a
few characters per second to a million
or more. The second was the need to
reduce the delay encountered by a mes-
sage (from the time it leaves the sender
until it arrives at the receiver) to much
less than a second. (The switched voice
network may require as much as 10 or
20 seconds to complete a trunk call).
These considerations led Davies and his
co-workers to the following approach.
Since one party to most “conversations”
is a computer which is able to store
data, the basic unit of data is taken to
be a short message called a packet.
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Packets are handled by the technique of
packet switching, as was described in
Chapter IV. That is, each packet carries
a “label” which bears the name of the
intended recipient. A packet is sent
from its originator to a switcher, which
in fact is a specialized computer. The
switcher stores packets in its memory,
and then inspects the labels. Using the
address information, it decides on the
best way to forward each packet and
does so. As was mentioned in Chapter
IV, this process is quite different from
the process used by the telephone net-
work, where a “pair of wires” or the
equivalent is specifically set up for each
conversation and is dedicated to that
conversation.

The NpL network does not use a single
large switcher to switch packets. Rather,
there is a collection of geographically
dispersed small switchers, tied together
by telecommunication lines. Davies calls
these switchers node computers, and the
collection of node computers plus tele-
communications links is called the high-
level network. (See Figure A.1.)

All information processed by the
high-level network is in the form of
packets, which are at most 128 charac-
ters long and have address labels. The
network users, however, do not have to
break their messages into packets - this
is done by machines called interface
computers. An interface computer han-
dles a mixed collection of customers
within a small geographic area. Thus
one might have an interface computer
for a high-rise office building, a small
industrial park or perhaps eventually a
residential neighbourhood. All customer
equipments transmit to the interface
computer one character at a time,
whether they are teletypes, graphic dis-
plays or service complexes. Characters
are collected into packets, labelled and
sent to the high-level network by the
interface computer, which also allows
customer equipments to communicate
directly (local calls), and provides vari-
ous control and acknowledgement sig-
nals which they require.
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An interface computer plus all equip-
ment attached to it is called a local area
network, as shown in Figure A.1.(A na-
tional system would therefore consist of
one high-level network and many local
area networks.) Two types of “custom-
ers” are catered to by the local area
network:

1. Devices such as service complexes,
which possess “intelligence” and can
move data at high rates. These connect
directly to the interface computer.

2. Slow, “stupid” devices, such as
typewriter terminals, which are con-
nected via multiplexers.

For the latter group, short response
time to the interface machine, very sim-
ple out-lying gear on the customer’s
premises (to reduce costs), and the abil-
ity to cope with all data codes and con-
trol procedures are important. These
goals have been largely met by the pro-
posed design. Davies’ NPL group has
built a local area network, including the
interface machine.

To conclude, the design for the NpL
network offers the following features:

1. Control procedures to suit the cus-
tomer’s devices are provided by the net-
work. This minimizes the cost of gear
on the customer’s premises.

2. Bit rates to suit the customers are
provided. The costs vary primarily with
the amount of data (number of mes-
sages) sent. They do not depend
strongly on customer connection time or
distance.

3. Data could be translated automati-
cally if desired, allowing dissimilar
computers and terminals to communi-
cate more easily.

4. Data routing is done automatically.

5. The network can grow gracefully.
For example, the maximum size of mes-
sages can be varied, and the speeds of
nodes and links can be upgraded piece-
meal. (This is due to the store-and-for-
ward or packet-switched mode of de-
sign.)

6. Each local area network must have
only the translation and control facili-
ties needed by its particular set of cus-
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tomers. A new type of customer can be
added relatively easily.

The other network discussed here is
the ARPA network, funded by the Ad-
vanced Research Projects Agency of the
United States Department of Defense.
The ARPA network is a “high-level”” net-
work in Davies’ terminology; it links
together service complexes rather than
terminals. At present, it interconnects
some 14 service complexes (computers)
scattered between Massachusetts* and
California.f Machines at the Universi-
ties of Illinois and Utah are also on the
network, and the ILLIAC IV array proces-
sor will be on after it becomes opera-
tional.

The ARPA network was designed to
allow resource sharing between the serv-
ice complexes attached to it. The re-
sources to be shared include hardware,
software and data files. Thus, any pro-
gram running on an attached service
complex would be able to freely access
data stored in other service complexes,
and it could also get the other service
complexes to perform computations for
it. This kind of pooling could greatly
improve the utilization of hardware and
software resources, and would also al-
low rapid retrieval, comparison and
merging of data from files scattered
across the United States. Finally, a user
would not have to acquire several dif-
ferent terminals in order to use several
different service complexes - a single
terminal connected to any service com-
plex of the network would suffice.

The ARPA team, led by Dr. L.G. Rob-
erts, began work with a modest trial
project. They interconnected two large
time-sharing systems so that each would
act as a user terminal of the other. This
experiment helped to define the major
project goal - a completely new com-
puter communications facility able to

*Computers at Harvard, mtr, the mitre Corpora-
tion and Bolt, Beranck and Newman Inc.

tComputers at the Santa Barbara and Los Ange-
les campuses of the University of California, at
Stanford University, Stanford Research Institute
and the Rand Corporation.
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pass short messages quickly, reliably and
cheaply. More specifically, the goals of
the new communications facility were to
include:

1. Reliability greatly in excess of that
provided by the common carriers;

2. An end-to-end delay or connection
time of less than half a second (in con-
trast to the connection times of 5-20
seconds offered by the voice network);

3. Capacity sufficient to serve 20 or so
attached service complexes;

4. Costs sufficiently low to ensure that
the communications costs borne by a
network user would always be less than
25 per cent of his computing costs.

The system which was developed to
meet these rather ambitious specifica-
tions is the ARPA network. Technically, it
is a distributed, over-connected, packet-
switched network, which means that it
uses many physically dispersed small
switchers rather than one large one;
that there are always at least two paths
from any point in the network to any
other point; and that the switching dis-
cipline employed is packet switching
rather than circuit switching (see Chap-
ter VI for definitions of these terms).

The switchers of the ARPA network
are called Interface Message Processors
or iMps. They are actually small comput-
ers, so-called mini-computers, and they
correspond to the node computers of the
NPL network. They are connected by
high-speed (50 kilobits per second) pri-
vate lines leased from AT&T. In addi-
tion, IMPs serve as the attachment points
to connect service complexes to the net-
work, as shown in FigureA.2. Notice that
a given IMP is usually connected to two
or three other iMps, that at least two
possible routes exist between any pair of
mMps (for reliability reasons), and that a
packet may have to pass through several
IMPs to reach its destination.

Thus an iMP has several functions to
perform. It accepts messages of variable
lengths from its attached service com-
plex, breaks them up into packets, at-
taches a label bearing the name of the
addressee service complex plus control



information, and forwards the packets
to other iMps for delivery. It accepts
packets from other iMps and checks each
for transmission errors until the
packet is received correctly. If errors are
detected, it asks for retransmission of
the erroneous packet. It then examines
the label. If a packet is addressed to the
local service complex, it stores it in
memory, pending the arrival of the
other packets of the message. When
these are all available it sorts them into

correct order, strips off extraneous in-
formation and delivers the message to
its local service complex. If, on the other
hand, a received packet is not addressed
to the local service complex, it is held
briefly while the iMp determines the best
route and is then forwarded via that
route. Finally, an Mp is able to avoid
lines which are out of service or overly
busy, and it is also able to cope with its
own internal troubles by requesting as-
sistance from neighbouring mps.

Figurc A.2
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Connection
IMP IMP
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37



The performance achieved by the
ARPA network is remarkable. Fourteen
service complexes of several different
types are attached to it, and each is able
to send messages to any of the others.
The Mps are able to receive, store, iden-
tify and forward a packet in about one-
third of a millisecond, and each MP can
handle traffic at a peak rate of about
100 000 characters per second. The error
recovery procedures discussed above
have yielded excellent transmission reli-
ability, and the network is able to sur-
vive at reduced capacity in the face of
severe hardware breakdowns. Finally,
because of the naturally complementary
nature of the local area network at the
U.K. National Physical Laboratory and
the ARPA network, plans are afoot to
connect them via some sort of trans-
Atlantic link.

In summary, the ARPA network is a
very promising medium for intercom-
puter communications. The major un-
solved problem probably lies not in the
network itself, but in the attached serv-
ice complexes. For it is necessary that
each service complex “understand” how
to interpret and respond to messages
delivered to it by the network. In most
cases, this will involve basic research on
the problems of getting computers to
work co-operatively with one another in
an efficient way, followed by extensive
modifications to the machines’ operat-
ing software to implement the new tech-
niques. The difficulty of this problem
should not be under-estimated; in fact it
is probably largely responsible for the
fact that the volume of traffic carried by
the ARPA network is still relatively light.
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