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The Canadian Department of Communications (DOC) contracted
the Institufe of Applied Economic Research (IAER) to carry out
a pilot study on the demand for non-voice telecommunication-

services in Canada.

" The work was carried out at the IAER in late 1977 and early

1978 by the following team of researchers:

Project Director:  Jon A. Breslaw
Researcher: Jose Vrljicak
Research Advisor: Vittorio Corbo.

We would like to acknowledge thé'assistance we received from

-

L.A. Shackleton of the Computer Secretariat and Prabir Neogi of

the Department of Communications. We would like to thank the

‘members of the DOC and the FCC for their cooperation, and for

the beneficial discussions with us, while carrying out this study,
as well as Melanie Neufield who provided secretarial assistance

throughout this project and Esther Massa for her typing.




"resulting in the adoption of a new policy statement and

.2)

FORWARD

Sir George Williams UnlverSLtj and L'Ecole des Hautes Etudes
Commerciales affiliated to the Universitd de Montréal jointly
established on June 2nd,1969 the International Institute of
Quantitative Economics (I I.Q.E.) to initiate original research
and promote international sc1ent1L1c collaboration in the field
of quantitative economics.

A major reorganization of the I.I.Q.E. took place in: April 1976

set of

objectives as well as the renaming of the I.I.Q.E. to the Institute

of Applied Economic Research (I.A.E.R.). Consequently, the I.A.E.R.
located at the Sir George Williams Campus, has Leen established as
Concordia University's institute for programs of soclo-~economic

research and training related to both the developing world and
Canada.

Nations both rich and poor, individualiy and collectively
share many common domestic and international problems, which

contribute to the growing threat of global deterioration. Prominent

. among these problems are the need for economic deveLOpment of less

developed countries and the need for readjustments in the econocmic
policies of industrialized societies. Recognition of the importance

of these problems should lead institutions and interested indi-

viduals to apply existing socio-economic knowledge to' their solution.

The I.A.E.R. believes that a majof step towards finding
acceptable solutions to the above problems is domestic and inter-
national cooperation. To this end, the I.A.E.R. utilizes the most

‘modern methods of scientific analysis availablé; as well as the

services 'of 1nternatlonally recognlzed experts in the velevant

Llelds in:

1) initiating, organizing and implementing major economic research
projects, at both international and Canadian levels, occa-

sionally in collaboration with other research 1nst1tutes ana
1nterested spec1allsts, '

organizing seminars and conferences on specific economic issues
of particular international and Canadian interest;

serving as a“link between Concordia University and the.

Canadian private sector with the cobjective of increasing

the latter's awareness of, participation in and support
. for applied economic research.



The I.A.E.R. believes that it has a necessary and useful
role to play in both Canada and the developing world, partlcularly
Latin America and Francophone Africa, given the accumulated

~experience and expertise of its research staff.

Professor V. Corbo
_Director
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EXECUTIVE SUMMARY

Objectives

The overall objective of fhis study.ié to obtain forecasts
for the demand for non-voice telecommunication serviceé which are
likely to‘beAavailable over the next teh years. A secondary -ob-
jecfi?e[is to evaluateAthe impact of this demand on rural users

of telecommunication services.

Structure

The research was developed along two separate paths. The
first path, reported in Part I, involved a comprehensive literature
search in the area of non-voice telecommunication services, with

-

particular emphasis on

-1 thé.state of the art, and

2 the'impact on rural telecommunications.

The second path, repofted in Part II,.conSists of designing a model
to give.an indication of the growth of demand  for nomn-voice tele- -
communication, and then applying the model to produce predictions

for non-voice data transmission in Canada until 1985.
SUMMARY

Part T

An extensive bibliogrartical search was carried out as a'basis‘prior
to the main projecf. A selection of fhe bibliography is presenfed
‘both in_the’text and as appendices. Specifically, an appendix is
presented With bibliography concepnihg'deveiopments in the field

of computer communications outside North America.
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A description of some of the main trends in the fiéld of .

‘computer communication is presented. The main:trend in the field

to be noted is the ever growing interconnection amdng computers,
spécially since the introduction of packet—switching networks.
Another innovation té be noted are optical fibfes, which are
expécted to have an important impact on the cost of telecommuni-
cations. |
The continuing decrease in the cost of electfoniq devices, .

épecifically the ones that are needed to.make use of broad-band

channels (multiplexing) are expected to make possible the-intro¥

duction of real improvements in the Quality of rural commuhications.
This could be called the extension of the "wired-city" to the

rural milieu.

Part II.

The level of EDP activity was determined by scaling down the

US level of all-user EDP expenditure; scaling factors were de-

termined by comparing EDP expenditure and -employment for a number

of sectors. Since the scaling factor changes over time, a model

- Was builf to simulate the scaling factor, and to allow for future

forecasts of the scaling factor. The difference in use of data

communications in Canada and the U.S. was investigated, and a

technological lag factor was derived.

The.growt£ of data tr&nsmission iﬁ the U.S. waé'modelled,
bésed;on Qarious estimates. .This allowed for a prediction of U.S.
non—voiée data transmission; and hénbe, by applying the scaling

factor, a forecast of Canadian non-voice data transmission until
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1985. A comparison of the predictions derived in this study with
those derived by the Computer Secretariat is also carried out.

A summary of the results is given in the conclusion.
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COMPUTER/COMMUNICATIONS

It is common place nowadays to state, when dealing with the
subjects of computers and communications, that they have
become so intertwined that it is'impossible to say where one

ends and the other begins.l

‘As V.G. Cerf2 puts it, the éommunication aspect of computing

is more visible because the availability of wideband trans-

mission media., On the other hand, the computing aspect of

. communication is more apparent now as computers are used to

control the swtiching and allocation of transmission bandwidth.

COMPUTER83

The present status of the computer-field could be described

around its uses and technical characteristics. The users of

~ the éomputer can be classified, following Ruth M. Davis4 into

three sets of applications.

1

.D. Farber and. P. Baran. The Convergence of Computing and
Telecommunications Systems. Science. Vol. 195, No. 4283,

18 March 1977, pp. 11l66- , ’

D.F. Parkhill. Society and Computer Communication Policy.
In Proc. of the Third International Conference on Computer
Communication. Toronto 3-6- August 1976.

See also the January 1977 issue of IEEE Trans. Commun._(Vol.
COM-25), devoted to computer communications.

V.G. Cerf, Research TOplCS in Computer Communication.
Planning Conference on Computer Communlcatlons, Waohlngton, D.C.197¢.

The American Federation of Information Processing Societies, Inc.
(AFIPS) publishes a series of volumes of State-of-the~Art reviews
on developments on the field: Annual Review of Information Science
and Technology. Edited by Carlos A. Cuadra and Ann W. Luke.. AF1PS
Press. Montvale, New Jersey. ‘ :

Ruth M., Davis, Evolution of Computers and Computing. Science.
op.cit. p. 1101



o SN en

=
’.
Vg

gv
4 H

Scientific calculatlon appllcatlons,

characterized by relatively

small amounts of input and output,

and large amounts of (often

complex) computatlono. It also requlred llttle amount of software

support as thé scientific community can prov1de its own software.

 Data processing applications, characterized by large amounts of

~input and output and relatively small amounts‘of data computation.
The users of these applications

rely more on the suppliers to

provide a more complete ‘system, inoludingtthe.software.

'Computer control appllcatlons,

appllcatLOns.

are the less known of the computer
ThlS appears to be the ‘area with more- potentlal for

growth in the near future 3

As for the technical aspects,

fOllOWlng are the main characterlstlcs.

that can be observed with regard to computers nowadays

large scale reduction of the sizeée of computers and their cost
1ncrea51ng computlng power and rellablllty

a trend towards more and more sharlno of. computlng resources
the growth of smart terminals

»the use .of the superconductlv1ty propertles of some materlals

at very low. temperatures

use of fibre optics in the oircuitryrwithin\the”computerﬁ

G.U. Merkel and D.E. Doyle., Trends in industrial computer
communications.  Proceedings of the 8th Annual Southeastern Sym-
posium on System Theory, Knoxville, Tenn;‘April 26—27 1976; (New

York: IEEE 1976), p. 295-305

K.D. Mueller, Instrumentatlon system trends in European Laborator-
ies. IEEE Trans. Nucl. Science (USA), Vol. MS-24, No. 1, p. 336- 73,

(February 1977)

R.G. Burke, Fibre optics in- computlng systems 1977VIEEE‘
International Symposium on Circuits and Systems Proceedings,

Phoenix Arizona,.25-27 April 1977, (New York: IEEE 1977), P. 176-8
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The phySical 1iﬁits to 1ar§e scale integration (LSI) do not appear
to be near, so we should expect more and more computlng and memory
pewer in the already small units (Chlps) It is possible to
ex?ect7 by the early 1980's, the existence of a complete mini-
computer chip of a. squared inch, with a 1l6-bit CPU, 32K bits of
memory and simple I/0 interfaces,Awith manufacturing costs of

less than $10. Robert Noyce8 calculates that if the present rate

of increase of complexlty (in the chlps) were to continue, 1ntegrated
circuits. w1th 109 elements would be available in 20 years. This
trend towards miniaturization is permitting the existence of smarter
terminais, those which do part of the processing by themselves, and

this is part of the dlstrubuted computlng trend.

One area .that is, for the time beihé, actiﬁg as a barrier in the
reduction of both size and cost eflelectronic apparatuses in
general, are the input-output (I/0) devices (interfaceS),.the
transducers and the intereonnections. Another, and related, problem
is how.to assemble the great variety of equipmehnht produced by the

many manufacturers to work ecohomically and realiably.‘

" As a whole, in spite of all the encouraging signs, some authors

expect a slowing down on the rate at which imaginative uses of . the
computers are going to be introduced, when comparing to the first

25 years of computer history.9

» 1 5 )

7 Ruth M. Davis.  Evolution of Computers and Computing.Science.
Vol. 195, p. 1098, quoting D.A. Hodges, Computer.Design 15 (2),
77 (1976).

‘See also the September 1977 issue of Sc1ent1f1c American, which
is devoted entirely to the subject of Microelectronics.

8 Robert N. Noyce, Large-Scale Integration: What is yet to Come,
Science, Vol. cited, p. 1103 .

See Ruth M. Davis. op-cit p. 1102
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. called computer networks.

COMMUNICATIONS

In the above sectibn, we highlighted the situation and trends
in the computers. In this seciton, we shall review developments

in the communication among computers and other devices.

Computers have usually attached to them a variety of devices
which provide input and receive their output. These computer
terminals can be located almost anywhere as long as communication

links exist.

Computers also communicate among themselves forming what are

lo_'In turn, computer networks can

communicate among themselves, in what is called inte_rnet-working.ll
These computer networks could be located in different countries
(and contiﬁents),‘which raises the issue of international standard-

ization (where the regulatory'agency has an impdrtant rdle'to'play).

- .
,
l

1 . , . _
0 N. Abramson and F.F. Kuo. Ed., Computer Communication Networks.

Englewood Cliffs, N.J.: Prentice-Hall, 1973. Since 1976, there
is a quarterly journal devoted to the subject: - Trends and
Applications 1976: Computer Networks, New York: IEEE (1976),

- v + 186, (Conference held at Gaithersburg, Md. Date 17 November 197

11 . . . : . ’
- See P. Marin., Interconnection of networks.. Convention Informatiqur

Pt.I, Paris France, 20-24 Sept. 1976. In French.

C.A. Sunshine. Interconnection of computer networks. Computer
Networks. (Netherlands), Vol. 1, No. 3, p. 175-95, (Jan=1977).
L.G. Roberts. International Interconnection of Public Packet
Networks. In ICCC 76, pp. 239-245. o
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The development of computer networks is parallel to the increased

use of distributed computing.12 Distributed computing is defined

by Vinton cerf? as follows: -

- A computatlon performed in parallel and generallj asynchronously
but co-operatively, by many processors

- A general term.for a computing system in which processing and
storage facilities are geographically dispersed, but loosely

coupled by transmission media

In 1961, Frederick R. Kappel, then President of the AT&T gave
.a speech where he predicﬁed that "in the forseeable future, perhaps
within flfteen years or so, the volume of information cOmmunicated

between machines may be even greater than  the amount of communlcatlon

between people" 14

This was understood for a good while to mean that the number of

‘calls between machines will be greater than those. between peoplé.

This is turn helped the wave of very optimistic predictions

12 : C ' . o '
J.P. Spencer, Ed. Distribiuted systems: internation state of

the art report.. Maidenhead, Berks, England: Infotech Inter-
national (1976), viii.+ 488 pp. Main analysis section deals
with the following topics: = distributed systems concepts;
" distributed computer systenms; systems design; systems imple-
mentation; software 1mpllcatlons and distributed data bases.

In addition to an annotated blbllography the report includes
papers from a number of contrlbutors. (317 refs).

13 .. ' ST ) .
Vinton G. Cerf., Research Topics in Computer Communication

in Planning Conference on Computer Communications, FCC 1976.

14 . 4
See R,W. Hough., Future Data Traffic Volume, Computer, Sept-
Oct. 1970, PP. 6~ l2
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‘made 'in the sixties about data.traffié\in’the seventies.

Hough explalns that the meanlng of Kapnel's quotatlon should
be understood as savlng that the amount of nonredundant 1n—A
formatlon conveyed by the voice conversatlons will be 51m11ar
to the amount of 1nformatlon that the machlnes exchanqe among

themselves.

So, even if not exploding as fast as it was once thought, the field

of non-voice telecommunications is growing and quite rapidly so.

Next, we are going to see some of the néw.developments‘affecting

" the field of telecommunications, especially the non-voice type.

Digitalisation and Packet-Switching

In all aspects of communication there is a tendency towards

the use.Qf digital communication. This holds even for voice (that
is,for long distance links). Once in digital form the informa-
tion can be chpresSediand-divided,.can be multiplexed and packed.
This way, the amount'of'ihformatiOn that cah be ttansmitted

over a oartlcular line increases greatlv and also prevents

_dlstortlons in the 1nformatlon carried.

So the trend is towards netwdrksiof,computers systems communi-
cating using packet-switching methods.

The concept of packet switehing systems has evolved from message
switching (store -and forward) systems in order to meet the needs
of’  computer resource sharingthetWOrks, or~large networks of

distributed‘terminals.



: Vinton'Cerfnglves a deflnltlon of packet sw1tch1ng and packets
as follows: o |
- Packet‘sw1tch1nq is a form of message SW1tch1ng Whlch
fac111tates asynchronous time~division sharlng and
.sw1tch1ngyof»transm1581on resources. It is partlcularly
sulted to bursty communlcatlon reculrements, permlts
the sharlng of - common SWltChed transmlsS1on resources‘u
among both high bandwidth and low delay appliCationS§
- Packet is a short (lOOO—éOCOxhits)fbiock-of‘data; preeld
‘flxed Wlth addreSS1ng and other control 1nformatlon,.wh1ch
is uSed to carry 1nformatlon through a packet sw1tch1ng

network.

Packet-switching networks\exist~and_are‘beinc”pianned3ouercall‘
the industrialiied.WOrld;i TheSe aredsome of them;e -

ARPANET (US'Defence Communication;Aqencyl(DCA{)

:AUTODINdII (under development by the Us.DCA)

TELENET (TelenetiCommunications‘Corp,A(US)d

DATAPAC (Bell Canada, fCTS)A; '

" INFOSWITCH (CNC?ATelecommunicationsf

EPSS (British'Post ofriég).

TRANSPAC (French PTT)1>>‘>

/-BELL DATA NET (under development bv Bell Telephone Laboratoxles
- Us)). . S

TYMNET (operated by Tymshare corp (Us))

EIN (European Informatlcs Network operated by the European
CounC1l for Sc1ence and Technology)

EURONET (Proposed w1th1n thevEEC)

15Vlnton G Cerf 'Research Topics in Computer Communication, in ‘FCC,

Plannlng Conference on Computer Cormunications. Washington'D.C. 1976




CYCLADES (French paoket—switching svstem used for inter-
communication between computers in universities
and research centres)

There is one development:in the téchnology for voice. transmission

that has relevance  to non-voice transmissions. . We refer to .the

trend_toWards digitaliZation ofvvoice signals."The idea is to

transform the voice:-to digital formf(bitsl "'This‘way'thé

voice 1nformatlon can be packod and transmltted the same way
that non-voice 1nformatlon is transmltted Thus, w1th the use

of mult1plex1ng, telephone llnes could be shared by both voice

~and non-voice uses. tHowever,;lt rs_not expected,;th;s technology'

to replace present analog circuits for Some time.

Fibre'optics

One field that is now iﬁ7tﬁe'fré££iéf‘o% technologioalr
development is the use of" flbre OpthS for communlcatlons. .in'
thig" technology, modulated llqht 1s used to transmlt through
optlcal glass or plastlc flbres.' ThlS method is potentlallv

very superlor to communlcatlng 1nformatlon over conventlonal

-lelectrlcal wires or even ooaxial Cablesh

These fibres are made of dieleotrio materials (they are non-
conductlng and non 1nduct1ve) and thus prov1de optlmum 1mmun1tv

to radio and other-electromagnetlc'1nterference.- These flbres

have electrical isolation, avoid crosstalk, are light in weight

and have\low volume,’

The prlnc1ple advantage of the use of‘fibre~opticsuis“the high
frequency at Wthh it operates, whlchgallowsﬁit‘to carry_muoh
more'lnformatlon than copper cables.idfibre'optics‘is used inl
shortedistanoe transmisslon and:fihre optio transmission~islv

emerging as an attractive alternative to coaxial cable for wide-




“band multi?used_datagdistribution1 networks.

In the communications applications} it isnexpected'thatffibreh
Optlcs are going to be used flrst to link: statlons and c1t1es
with heayy,trafflc load.. At the moment the problem w1th fibres
isAtheir cost,. How_everr gsince the raW»materlal for the~f1bres
is so common and inexpensive; it is expected that once mass
production gets under way, the cost w1ll sharply drop.‘ These
fibres'are expected to become the most.revolutlonary advance

in the field of electronics‘sihceAthe trahsistOr and‘integrated

circuits.l6
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Business Week of June'13' 1977' publlshed a story about a new
method of glass fibre productlon that could cut productlon costs

by 90%. The’ process was developed by Theodore A. thov1tz and

- Pedro B. MaCEdOr both professors of the Cathollc Unlver81ty of

America. If the mentloned process can be;turned 1nto factory

reality, the cost.of fibreﬁoptic cahleycbuid:drop to 1¢ a metre,

about one-tenth of present costs.

16 John R, Pierce. Electronics: Past, Present, and Future. Science,
Vol. 195, 18 March 1977, p. 1093 ~ ‘ '

See also: : ‘ ‘ ‘

‘Electronics, August 5, 1976 p. ‘81 ££. tWthh presents a series

of articles on the state of the art.

S.R. Cole, T.A. Eppes,and P.N. Steensman. Optical fibre‘data— .
. bus networks. EASCON'76 Record, Washlngton, D.C. 26-29 Septi 1976
(New York): IEEE 1976), p. 120A/1 8. ‘

Y. Veno and N. Oogi. Data hlghway uslng optlcal flbre cable.
Conference on Laser and Electro-optical Systems. (Digest of
technical papers), San Diego, Calif, 25-27 May 1976, (New York:
IEEE 1976), p. 78 o A e e o

" D,N. Williams. Fibre optics for data transmission., Instrum,
Technd. (USA), Vol. 23, No. 9, p{ 61-6 (September 1976).
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Satellites

Besides telephone llnes (perate or sw1tched) radlo and

mlcrowaves, the other vehicle for telecommunlcatlon are the

satellites.,
in operation in 1962,

The first: communlcatlon satelllte (Telstar) was
Inte]sat 1 was launched 1n 1965,

carrylng 1nternatlonal commercial trafflc.

In Canada, the flrst domestlc satelllte (Anlk) was launched

in 1972; today there are three Canadian domestlc satellltes

-forming the Telesat system

The first American domestic satellite was launcned.in'l975,

now there‘are‘six of those in operation in the United States.

Accordlng to Edelson and Pollack;7 the U. S. domestic market‘fdr

. data transmltted by satelllte lS much larger than that for v01ce,

~ since the publlC SW1tched telephone network is exten5lve and

transmLSSLOn

it has become inadequate: The same shodld hold‘also for

. Canada.

Satelllte communlcatlon, due to ltS characterlstlrs, Wthh make

them suitable for . multlple orlgln and multlple destlnatlon commun-
lcatlons,-can be~used for-a w1de range of applleatlons;

In the US a Company (Satelllte Buslncss uystems, SBS) was fermedf

owned 301nt1y by Comsat General Aetna Life & Casualty Companv and

IBM. ‘The company will Qperate a domest;c satellite system which

17 B.l; Edelson‘and_L."Pollack. Satelllte Communlcatlons Sciencr
- Vol, 195, l8~Mardh 1977, pp. 1125~ 1133 :
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will be in direct competition with the common telephone carrier

in the market for business commuﬁiCations;~eTheir satellite system
is expected to be in operation by~l979,'ahd will operate in,avin

range of frequencies which allows the use of small earth stations

‘which are relatively inexpensive.lgl'lt is expected,. though, that a

major confrontation is going to.take‘plaoe_between IBM and AT&T

which should have repercussions in Canada.

In the technology of satellite systems, the tendency is towards
.Aearth stations which are'small and: relative inexpensive; and this

is already changing our views about communlcatlon among distant and

isolated areas. In the satellltes themselves, the- tendencv ig to

incorporate more SWltChlng and oroce551ng capabllltles

.1;8'

s. Caswell., Satellite Business Systems: The Start of Something
Big. Computer Decisions (USA),. Vol. 9, No. 3, p. 16D,21
“(March 1977). - '

'N. Abramson. - "Packet Sw1tchlng w1th Satellltes", Proc.uofathe
National Computer Conference,AAFIPS ‘Press, 1973, p. 695-702

N. Abramson. "The ALOHA System", in.Computer Communications
Networks, (Ed. N. Abramson, T Kuo), Prentice—Hall, Englewood
Cliffs, New Jersey, 1973. ~

D.E. Weese. A Satellite Data Network Model Employlng Packet
’ and Cerult Switching. in ICCC 76 pp 111-116,
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The'Canadian Data Telecommunications Systems

BN

.

Following a summary description is made of the Canadian«tele—:

19 : '
,communlcatlon systems Two main svstems are in operatlon

one‘ls. prov1ded by the teleohone companles, and one by CNCP

Telecommunlcatlons. The telephone companies, where Bell Canada

_is clearly dominant with control ol'about‘70 of the market

have agreements of 1nterconnectlon malnly through the Trans—
Canada Telephone System (TCTS). Bell Canada also has agreements.
with the AT&T in thelUS,.andithis accounts:for,the compatihility
of the Canadian and US systems; lhe TCTS‘has micromaVe systems

and provrdes - accross Canada, every type of telecommunlcatlons

~‘serv1ce, except telegraph. ‘The TCTS prov1des<a TWX serv1ce and

data transmlsslon serv1ces:~ Multlcom, Dataroute (not switched

dlgltal service) and the oubllc packet sw1tch1ng Datapaczo,

intrOdUced in'l976q

For a complete rev1ew of data communlcatlon serv1ces in Canada

see; 'S. Pallavicini (Economic Policy and Statistic Branch, DOC):

The. Characteristics of Data Communlcatlons Tarlffs, Ottawa,

June 1976. '

See also G.D. Hutchinson. The Search for orderly development in
computer/communications. Canadlan Buslness, August 1973, pp.
34~38., |

Also D.G. Hartle. The.Regulation oprommunications in Canada.

In Ontario Economic Council: Issues and Alternatives: Governmoent

Regulation. Toronto, 1978.
20W.»W. Clipsham,‘F.Ea Glave and M.L.‘Narraway. Datapac“Network
'Qverview. -In ICCC 76, p. 131-136. ' : .




In thedUS,dtwo~regulatoryfdecisions*shaped”the.relation between

- the common carrier and the-Very-manv manufactUrers of*computer/

using the_Bell#supplied device.

. These decisions in the Us helped to further the competltlon in

13

CNbP Telecommunicatione is a coneortlum of the telegraph'

operatlons of CN ‘and CP. It has also a mlcrowave network that
carrles telegraph data and some’ vorce traffic. | CNCP provrdes
a Telex service (Wthh is much larger than the ohe provrded by
TCTS) . Telex and TWX are essentlally 1dent1cal serv1ces, both

being’trade names.

_ Among CNCP services, we find Infodat (which is not switched) and

" the switched Infoswitch‘(operational eince late‘l976)"

Telesat is a Crown Corporatlon which oeprated the Satellltes,
whlle Teleglobe, also a_CrOWn Corporatlon, is in charge of

overseas. communications.

Some policyvand regulatory issues

communication equipment.a. We refer to the Carterphone Dec1sron
(Fcc Dockets $ 16942 and # l7073)-and the Dlrect;lnterconnect

(FCC,Docket # 19528).

The Carterphone decision of 1968 allowed connectlon of "forelcn
attachments" to Bell phone ]1nes usrng a protectlve dev1Ce. The
Direct Interconnect dec181on, when fully 1mplemented will allow

uSers to attach‘directly;to the common carrler network without

the telecommunlcatlons 1ndustry while- worklng in. the dlrectlon |
that computlng is- taklng dlstrlbuted processrng and the growing

role of computer networks.




14
According to M. Irwin et alzl the,impact of the néw technology
V and the consequent 1ntroductlon of: competltlon, is‘likely to

questlon the very premlse of a prlvate monopolv subject to publlc

.'regulatlon.

The . blulrlng of the dlfferentlatlon between computlng and comm-

E unlcatlon comes not only because computlng uses more. and more
:communlcatlons, but also because the telephone carrlers are us1ng
computers‘ln swrtchlng’and bllllng. Also, it is possrble that
,the.carriers will be offerrnq computation services on a tariff

‘basis (op. cit. p. 17).

Thus,bitvis possiblevthat the same service might'be offered
:bothvbyva~re§ulated.Carrier and an?unreouiated firm._ |
eAnother area of 1nterest to the regulatory agency is the . 1nter—
action between the Telex and TWX network with the data networks
ThlS is so because the regulatory body is 1n a posrtlon to’
enforce standards of lnterconnectlon among the systems.‘,ourﬁ\
'feellng is that the Telex and TWX are on thelr way . out, or

Crather, that these networks are g01ng to be absorbed 1nto the

'.data networks.

Cerf and Curzan 221 point to limitations"due‘tO'regulation
that appear to have stopped-the impiementatiOn of new and
;1nnovatlve appllcatlon of the technologles that already exrst
They see &as a solutlon the relayatlon of the regulatlon of the

common carrlers, whlch protect them from competltlon, to arlow

‘_new 1deas to be 1mplemented by 1nnovat1ve flrms.

21

M. Irwrn et al, Future of Telecommunlcstlons. Journal‘of Systems*
Management Aprll 1976, p. 12- 18 '

22V.G. Cerf and>AleX»Curran, 'The Future of Computer Communlcatlons.'

AFIPS Technical briefing to the FCC, Washington, D.C. Nov-7-8, 1976.
- In FCC, Planning ConferenCe‘on Computer Communlcatlons. ‘




In the US, the development to look at is the power struggle

between the AT&T and IBM. According to C.P. Lecht23

"the
IBM VS, AT&T battle will heat up durlng the 1978~ 80 perlod,-
and the outcome of this conflontatlon could dramatlcally

change the-scope and shape of the-datanproceSSlng‘market in
the 1980's."

In Canada, a major policy decision is in the process of
being formulated. We refer to;the>issuevofainterconnection

between CNCP data networks and the TCTS network.

- The services provided by CNCP are'Of the private type.onlY».

They are not 1ntegrated with the publlc telephone system be—
cause the TCTS ‘wants to malntaln 1ts competltlve advantage.
Thus, CNCP has applled to the Canadlan Radlo and Telev1s1on~

Commission for an order that would force the TCTS to permlt

jCNCP the use of the common carrler telephone system, in 1ts ’

application, CNCP is not asklng for 1nterconnectlon between_

the TELEX and the TWX nor between the Infosw1tch and the Datapac
network but rather is asking for the rlght to use the telephone
systemvto interconnect_its customers'with;CNCE'S_system;:The~
hearings'hefore the CRTC are being carriedvout at the nreSent
time. At the hearings before the CRTC,‘afgood nnmberfof‘orqani?
zations and commércial-enterprises'gavevtestimoniesfingfavour of

interconnection, among them some of‘Canada's_larger banks (Royal,

Nova Scdtia),the,Canadian-Manuﬁacturer?sfAssociation,~IBM Canada,v

Westinghouse Canada and«many_others.ii

23 Quoted in Computing Canada: IBM, AT&T" Strategles to be
’discuSSed at Datacomm 78. December 1977.
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One organlzatlon that also is supportlng the CP Telecommunlcatlons
appllcatlon is the Canadian: Informatlon Processrng Socrety 24
The CIPS not only supports the CP appllcatlon, but goes further

and asks for 1nterconnectlon between Datapac and Infoswrtch

Furthermore, the "CIPS consrders-the questlon of l-lfliier_’connection'

between Datapac and Infoswitch to be offsuchﬁimportance‘that_we

recommend that no extension"of either network_be'allowed until
effective interconnection of the two networks is available to

subscribers to either network",

It is felt by many that after the decisionfof.allowing_Telesat_

to. join the TCTSZS, the three-way concurrence that’ekisted in

' Canada, was now transformed into a non balanced concurrence

between two (TCTS and CNCP) The market_for computer communica—:
tions is now dominated by TCTS, i, efdbyféelldCanada; Thls
market structure (duopoly) is not llkely to contlnue 1f CNCP

is not allowed the 1nterconnectlon,‘as CNCP 1tself admltted
recently that it will be- forced to close down 1ts data—trans—
m1ss1on operatlons 1n the event of a refusal by the CRTS (or

by ‘a Cablnet overruling, of an: eventual approval by the CRTS, for
that.matter). In 1976, CNCP accounted for some 9% of the data~
transmission market, and 1t 1s estlmated that w1thout 1nter~\

connection that share will reach some_4%'before.l982,:lead1ng"

24 5.8, Reid, President, Canadian Information Progessing Society..
Statement of Position Regarding Application Before the CRTC’

by CP Telecommunlcatlons for Interconnectlon to’ Bell Canada
System. Ste. Foy, 24 October 1877.

Oon Nov,3- -1977, the decrslon of the Federal Cablnet was announced
to permit Telesat to become a menber of- TCTS. This: de01s1on is
being appealed by CNCP before the\Supreme Court. of Ontarro,~
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to a‘posSibie closing,of data‘tranSmiesiontoperations ByJ
CNCP. To deny 1nterconnectlon w1ll exclude CNCP of part—
101pat1ng in ths grow1ng market Fspec1ally 51nce the

development of computer/communlcatlon is oocurrlng at: the>

expense of TELEX like systemq

James C. Criner. Regulatlon of Computer Communlcatlons,'

. Computer Networks 1 (Nov 1977) " 306- 310

Robert W. Donaldson Communlcatlons for Tekt ProéesSingi
with Application to Electronic Informatlon Services. A Report
to the Department of Communlcatlons (Ottawa), January 1977

D.G. Hartle: [The Regulatlon of Communlcatlons in Canada. Int ‘
Ontarlo Economic Council: Government Regulatlon, Toronto, 1978.

M.R. Irwin and S.C. JohnSon: .The Information Economy and Public
Policy. Science, Vol.195. o : B

W.H. Melody, "Relations between'public'policy‘issues and

economics of scale," IEEE Trans,- on Systems, Man, and CYbern},

vol. SMC~5, pp. 14-22, January 1973.

D.F, Parkhiil, "Society and. communlcatlons pollcy" Conf Rec
Third Inter. Conf, Comp, Commun Phlladelphla, Penn., Aug- ~1976;

7

H. Von Baeyer, "The quest for. publlc pOllCleS in computer/

communications~ Canadian approaches In Conf. Rec., Second
Inter. Conf. Comp. Commun., Stockholm, Sweden,uAuguSt 1974
pp. 19-23.° : B o ‘ : o
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Constraints to growth of computer/communications

.One could thlnk that with computers becomlng more powerful

' 'smaller and cheaper, the need to communlcate w1th other (blg)

computers will be dlmlnlshed However, whlle thlS is a force

worklng agalnst the necesslty for more communlcatlon, Jt is

believed that the baslc reasons for the need for computers to

communlcate are going to perslst Furthermore, the tendency

is towards d1str1buted computlng thus the need for data comm-

unlcatlon should increase.

In‘looking at the future, irwin anddohnson26 dlstlngulSh

three differend trends.' | - o

The first trend is the trend in servrces | More and new servlces
are being provrded every year using the computer/communlcatlon
technologles. Even if some:of these services dld not grow as fast
as was expected some years'aéo, nevertheless,fthe-trend:is»clear;
The'second trend is in the terminals; ymorefandﬁsmarter-terminals
are appearlng and being used,ﬁ | o ' ‘

The third trend is. the development of computer networks, referred

to already.

: S o , o : S
In the study by Cerf and Curran;?,ylt was found that the earlier

expectations about the grOWth of~computer»communications Werehnot

materialized. ‘FurthermOre, their- calculatlons pr03ect1ng the'
demand for information transfer in the next decade gave results

surprrsrngly lower than the ones that they expected ;_They;see as

Irwin M.R. and‘S.C; Johnson;‘ The lnformatlon Economy and
Public Policy. Science, Vol. l95 p. 1174

Cerf and Curran op.cit. - A'*f
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.-

a poss1ble reason a decreas1ng in the’lmaglnatlve(drlve that
characterized the industry some years agoe. A pOSSlble solutlonv‘
for;this.WOuld be, they suggest}>a‘reiaxatlon of. the regulatory
.constraints. | | o .
Among the llmltatlons that can be 1dent1f1ed on the growth of
.computer/communlcatlon serv1ces are the follow1ng28‘:
_user learnlng costs~1n the markets.serv1ng non—computer.”
professionals. B |

. -regulatory constraints inhibiting?technologicaluchange}:‘

29 Cme S N ET
Alex Curran identlfles,two areas where the progress hasvbeen o

"slow. The flrst one 1s to reduce the cost of network access for

smaller centres. The second one is to reduce 51gn1f1cantly the

cost of intercontlnental transm1ss1on.

28 - . ‘
D.A. Dunn . leltatlons on the Growth of Computer Communlcatlons

2§ServiCesg In FCC, Planning Conference on Computer Communications.

Alex Curran. Dimensions of the need for Computer : Comwunlcatlons.
AFIPS - Technical briefing t+o the FCC,  Washington, D.C.
. Nov-7-8, 1976, in FCC: Planning: Conference on Computer
Communications. _— T o

’
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NEW SERVICES

In early 1970 a study performed at the Stanford. Research Inst1tute30‘
studied the demand for 1nformatlon transfer in a broad sense, i.e.
cons1der1ng that almost any 1nformat1on (v01ce, plctures, photo-

graphy, etc.) can be transmltted electrlcallj.

To begln their study, a verv long- llSt of possrble uses (old and

new), was drawn. Some 400 such p0551bllrt1e5>were llsted.

g

: Follow1ng, we llSt here some of the new serv1ces, (some already

started some that are only poss1blllt1es) not to be exhaustlve ‘

but to glVe an idea of the many poss1b111t1es that ex1st.

‘Electronic Mall
Remote lerary Brows1ng

Electronlc Funds Transfer Systems (EFTS)

30 Hough R.W., Carolyn Tratessa, Vlrglnla Holley, A.H, Samuel and
" L.J. Wells, A Study of Txends in the Demand for Informatlon
Transfer, Stanford Research Instltute, "Menlo Park, California,
February 1970, see also Hough R.W., TFuture Data Trafflc Volune, -

Computer, Sept-Oct 1970, pp. 6-12.
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Videophone

Law Enforcement
Brokerage
féioconferencing.3l

:Reservation System

Eléotronic_Snopping

NewsLServices.

Security Surveillanoe

Meterlng and Load Control for Energy Use‘~

- Tele-— Educatlon.>

Computing as a Hobby

. . . . L. . . .

31

S.R.‘Hiltz. A 8001al Sc1ent;st looks at . Computer Conferen01ng
in ICcc 76, pp. 203-207 : :

J. Vallée, R. Johansen, H. Llplnskl and T. Wllson._'Pragmatics‘
and Dynamics of Computer Conferenc1ng A Summary of Flndlnqs
from the Forum Project. ~In ICCC 76, pp.,208 213

Jacques Vallee. The FORUM project. Computer-Networks 1 (1976)
39-52, » ' - R s : ~

.C.E. Lathey. Telecommunlcstlona Substltutablllty for Travel:

An Energy Conservation Potential. US Dept. of. Commerce. Office
of Telecommunications, JanuaryAl975. ’ T '

G.W. Jull, R.W. McCaughern,‘N M. Méndenhall J.R, Storey, AW,
Tassie, and A. Zalatan, "Research Report on Teleconferencing"

Vol. 1 and Vol. 2, CRC Rept. No. 1281 l ‘and 1281-2, Ottawa,
Canada, January 1976. - i :
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Text.Editing/Publishing32

Fac51mlle Transm1551on

- Real Tlme Inventory Control in Bu51ness

General Information Retrleval

Access. to Insurance Recordsn.
Credit Checking
Archiving

Computed Assisted Instruction33'

R, Fajman and J. Borgett, "WYLBUR:  An interactive text-
editing and remote job entry system, "Commun. ACM. Vol.
16, pp. 314-322, May 1973. :

S S. Oren; "A mathematlcal theory of man machlne document
~‘assembly, "IEEE Trans. on’ Systems, Man ,Cybern,, Vol, '
SMC~-5, pp. 520-527, September 1975

S.S. Oren, "A mathematlcal theory of man-machine text
editing", IEEE Trans. on Systems, Man, Cybern., Vol.
SMC~5, pp. 258-267, May 1974. - ' :
33 H.A. Peele and E.M, Risemah, W. . Brown and J. Brahanm "The
‘"The #four faces of HAL: a framework for using artificial
intelligence techniques in computer-assisted instructions,

"IEEE Trans. on Systems,- Man and- Cybern., Vol, sMC=5, pp.
375-380, May 1975 ¥ . , B ;

- W.L. Haney, W, C Brown and J. -Brahan, "The computer aided
learning: program at the Natlonal Research Council of Canada",
Int. J. Man-Mach. Studies, Vol. 5, pp. 271-288, July 1973.
(The entire issue of 13 papers.is devoted to computer alded
ilnstructlon)
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Electronic Mail.

The application of the electronic revolution to- the field'of
the postal services makes it possible to replace'the
transportétion-of the~phjsioal;letter'or‘dooument by the'v

electronic transmission of its content.

In fact, electronic: mali haslbeen with us 81nce the 1nventlon

of ‘the telegraph The telegram, the telex/twx and the mallgramf;‘
are.also forms of electronic mail. The transm1ss1on of facsimile
copies of documents is #&lso 1ncreas1ngly used among 1nst1tutlonal
users. Computer networks are also.used to interchange messages:and
other information (eg. the firm Bolt, Beranek snaneWman»provides
the Hermes service;-which is alpublicbmessage switchrng faCiiity

via TELENET) .

The ided behind electronic mail is that it is not the éctual letter

that is transmitted, bur rather that an image of the letter, or.

the letter's contents properly coded, which will be transmitted elect-

‘ronically to a distant point where the letter will be reconstituted.

To analee the possible future éVolutionAof the electronic mail, it
is useful to- divide the regular mail 1nto several types.34
Follow1ng there is a brakedown of the mail in five types, with

35

their percentage in the total..

1) Transactions (such as statements, invoices, cheques, bills

purchase orders - 40%
2) Advertising -~ 26%
3) Correspondence - 22%§%13% personal, 5% business, 4% governmentb
34, See R.J. Potter, Electronic Mail, Science , Vol. 195; P. 1160
35 US Figures. President's Commission on Postal Organization.
Toward Postal Excellence., (Government Printing Office , Washington,
D. C., 1968). A ’ . :
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At. the 1976 IEEE International Conference on Communications
(Philadelphia, Penn), several papers were presented on the
matter of electronic mail, among which:

C.M. Laucht Electronic mall for the Canadlan environment,
(pp. (15~ 3)*(15 4)., See Also:

G.D. Hodge, "An electronic mail system~~ will it happen'>
in Conf. Rec., Int, Conf. Comp. Commun., Stockholm, ‘Sweden,
August 1974, pp. 351-357. : ‘

C.R. Kraus, "Meeting the Publlc s communication: needs,' in

Conf. Rec., IEEE Int. Conf. Commun., Seattle Wash., 1973
PP. (6~1)—(6—-6).

4) Magazines and newspapers - 11% .

5) Merchandise - 1%

The first type of mail is also the one that will bevcheaper to do

electronically, thus allowing aﬁ:economic start to‘electronic mail

".on . a large scale.

There are three aspects to consider in dealing with electronic
mail, they are: origin, transmission and printing.

The.message can be originated either writing .it.conventionally
(handwriting, typewriting, drawing) or typed using sume device
which will code it for subsequent transmission.

The transmlss1on can be made us1ng “the telephone network,

microwave systems, satellltes, and packet—sw1tched networks;

The information, once arrlved at its destlnatlon, can be prlnted

in several ways: 1mpact prlnters, xerogratlc prlnters, electro~

graphic, thermal or 1nk—jet printers.

The obv1ous advantage is the speed w1th which a plece of electronlc'

i

_ mall can be dellvered
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At the beginning, it is expected'thet the main users of these

technologies will be large business and government agencies.,

For the tlme belng, the cost of 011g1nat1ng and prlntlng terminals
are too hlgh to be at the reach of most people.‘ However, 1t is
possible to envisage local post offlces hav1ng prlntlng terminals,

which will receive the messages, prlnt them and dlstrlbute them

-as ordinary mail is distributed nowadays.

P01nt of Sale and Electronlc Funds Transfer Systems

‘Point-of-sale (POS) refers to the deVices_Which; located at
the retail store} accomplish some of_the following ﬁuﬁctions:

- Credit Qerification. - tﬁis is done by simpie terﬁinal
devices which verify creait cards or accept keyedaeooouht
numbers, commﬁnicate wifh files of credit information,
and"indicate-the_level of-credit purchase allowable.
This'market is expected to grow_significanrly as credit

card gain increases in acceptance.

- PCS:Systems and\Terminals'? Electronic cesh registers
operating on—lineAtO'a coﬁtrolling computer:(lOCéted
either in the store or ouﬁsidei to-assist salesmen and
to record sales‘detarfor'cash,‘inventory, and sales
analysis; these devices'frequently also incorporate price
mark scanning devices. Tﬁe market.for this‘device:is

expected to'grow rapidly (25% per year).
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The eleotronic funds transfer system(EFTS).is_the basis of any
chequeless'and cashless-eociety-' To have an operating EFTS two.‘
things are needed. TFirst, a terminal at each p01nt—of sale, of

. the second type descrlbed above, Wthh Wlll not only Verlfy

and authorize the account of the customer, but which will also

begin to execute the'transaction, orediting~and debiting. - In
theifuture, these>POS terminals couid-also accept deposits. The
second thing that is needed is a SWitching hetwork whioﬁ-Will

conoect all, the institutions (stores "and banks) that will be affected
by the transactions. Adoption of EFTS will certaihly affect the way
business transactions arelcarried oitt, and the structure of the financi-
-institutions such as banke, since in fact, most if not all

the banking could be done at the'store-(if not at home).

In the words of R. Donaldson36, "it is not difficult~to

visualize an extension by stages whereby electronic banking

and POS systems are merged aﬁd deveiOPed to the point where

cheques become obsolete, credit oards are replaced by one EFT.

card which identifies the bearer and fits ihto terminals for

autOmatio recording of the bearer's EFT account number, and

-cash is reserved for payment of -Paper_boys, parking:metefs

- and the small corner grocer"

36 Robert W. Donaldson. Communlcatlons for Text Processlng
With Application to Electronic Information Services. A

Report to the Department of Communications (Ottawa),
January 1977.
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Certainly'EFTS rafses many legal questions which will have to
be settled:before a truly widespread EFTS is ‘in operation and

before the cashless society is with us.

EFTS, which was hailed by many aS»the beginning of cashless

"soclety, appears to have failed the test. of the marketplace.

" Barly estlmates of the growth of. EFTS dld not materlallze. ‘It:

would appear that the consumer and hlS reactlon were not con51dered
when the plannlnq of the flrst stages was carrled out, Now,‘s1nce
the. cost of the 1nvestment to set up networks of EFTS can. only

be pald if the volume is blg enough then the 1n1tlal partial ”
rejectlon by the customer meant that only very’ large and strong
1nst1tutlons could afford 1t.A But the non enthuslastlc reactlon

by the consumer 1mplled a_small market, whrch turned out to‘be

unprofitable.

There are three reasons to explain the consumers reaction to EFTS.
One 'is the miStrust with respect to'machines, eSpecially by older
people, | k ‘ | o
The second reason 1s a concern about prlvacy.w a"fear‘that
electronic banking will breach it. lhe 1dea belng that 1f EFTS 1s

expanded Widely enough people w1ll not be able to keep prlvate

thelr flnanclal transactlons.

The third reason, is hav1ng been tralned to conslder a cancelled

cheque as a receipt, a re- educatlon is requlred before consumer

acceptance is. achieved.
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Canadlan,banks and other financial institntlons‘are preSently“
atldifferent stages of'cOmpdterlsation-37i That‘evolntion ig.
not presently effectlvely orlented as government pollcy in
the area 1s not vet well clear._ The Canadlan Bank Act whlch
is revised every ten years, was due in 1977 but.ltvls Stlll

in the process of elaboratlon, in fact;the bill has &et\to

" be introduced in the Commons ‘fWhile'the Bank‘Act~revision is

not completed the government has prov1ded some guldellnes

that restrict the data Drocess3ng serv1ces that the banks are

allowed to offer.

The aspects data proce551ng that the Canadlan banks are allowed
to operate on are the follow1ng two In the flrst place the .

prov1s1on of wholesale.. banklng serv1ces (1 e{ to-other»flnancial

1nst1tut1ons), of computer se1v1ces that are an 1ntegral part of

banklng business. In the second place, the banks are allOWed
to carry out automated,payment services-llke eg;ﬂprefauthorlzed‘

payments;«‘

37 D,ﬁ. Parkhill, Soclety and Computer Communlcatlon Pollcy
" In ICCC 76, pp. 11-17. - Ve :
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E.M, ‘Awad. Issues of Electronlc Funds Transfer An over-
view and Perspeotlve, Computers and People, Vol. 26; No. 6,
June 1977, pp.d7—9,' :

M.L. Ernst et al. The ConsequenCe of Electronic Funds Transfer.

Prepared for the National Science Foundatlon under . Contract NSE-
C844, Aurhur D. thtle, Inc., June 1975. Available from the US.

Govérnment Printing Office, Catalog No. NS 1.2: F96/4. '

Computing'Canada. Feature Report- POS and EFTS~>Fébruary 1978.

N. Foy and W..HelgasOn; "EurOpe ¢laims the lead in banklng
Datamation, Vol. 22, PP - 57-59, July 1976

N. French. Net Transferrlng Funds Worldw1de w1thout Hose. CPU,
Computerworld vol. 11, No. 24, June 1977 p.:52 ‘ '

W. Hall.. SWIFT- The Revolutlon Round the Corner. The\BaukerQ
(1973) 633-639 S : o , —

F.J. Jensen, "Centrallzatlon or decentrallzatlon in banklng
Datamation, vVol. 22, p. 60 July 1976. :

R.K. Jurgena Electronlc Funds Transfer Too muohi too soon?
IEEE SpeCtrum Vol. 14, No.-S; May 1977, pp. 51—57

P.U. McEnroe, H,T. Huth E.A. Moon - and W. W Morris III, "Over -
view of the - supermarket system and . the retail store system"
IBM Systenis Journal, Vol 14, pp. 3-15, January 1975

P.J. Scaletta, Jr. Legal Aspecto of Electronlc Funds Transfer

. . Systems. -In Proc. ICCC 76, p. 63-66 -

L.E. Wadman. Real~Time‘Finanoial Transaction Networks.uIn

ICCC 76, pp. 177-180
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‘RURAL.COMMUNICATIONS

- One of the goals of thls pllOt prOJect is- to study the reper-

cussions of the future demand for non- v01ce telecommunlcatlons

‘on rural users.

We feel that the technologies that‘are5beingfdeveloped'for intra-

‘and inter-city -communications will find ready applications

- for rural uses.

Furthérmore, the economles of scale attalned once mass productlon

‘to serve urban users gets under way w1ll allow the economlc

appllcatlon of those new thchnologles to rural communlcatlon

We

refer SpelelCally to the mass 1ntroduct10n of fibre optlcs

38
(and other W1deband communlcatlon channels uch as coaxial cables)

and to the further development of domestlc (COmmerc1al) satellite

systems.

38

In connectlon w1th these - matters, several studles ‘were done

‘lately or are being carrled out presently for the Department

of Communlcatlons

M. Hannld._ Fea81blllty study of us1ng leaky coax1al cable

for rural c0mmun1catlons 197e6.

Canada Wire and Cable Co " Ltd. and Northern Telecom Ltd.
Program definition study of a proposed field trial of fibre-
optlc Communlcatlons technology 1n a rural" env1ronment l978

Bell-Northern Research Ltd. Systems englneerlng study of flbre
optic communlcatlon systems for sw1tched and non-switched broad—
band communlcatlons. 1976 -77.
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'Wideband-cables (or optic.fibres)'wili.perﬁit the provision'of a
.vwide rangelof eervices:to'the'rdrai'ueer,‘on‘a sinoie%party basis.
. With the technology that already exists, it»is’possibie to provide
iat the same time,‘and for‘=each (say rural) subscrlber, ail‘of

the erV1ces that depend on clectronic communlcatlon, 1nclddihg;
:telephone, cable TV, pay TV, telemetry, alarm and tWQ—Way'Video

’serVices‘(videophone);

One example of. the appllcatlon of W1deband communlcatlon channels

that are de31gned to serve groups of ‘rural subscrlbers (formlng

'local'loops, the same way that nowadays there ale several- -party

2

'teiephone lines) is the "CS System II" a product of 3M. It

is an advanced broadband coaxral dlgltal transm1331on and

dlstrlbutlon system, to. prov1de all-single-party service . to

'remote grouplngs of subscrlbers. For thlS partlcular system

the Tmax inumn dlstance is 30 to 50 mlles, and is capable of pro—:'
v1d1ng~ all the SerV1ces mentloned to the above, accordlng to'
the needs of the spe01flc exchange. A two~wayysy9ten&dedicated
entlrely to telephone subecr;ber service.conld accomodate‘

2040 circuits, with an‘additional‘eioht one-way (centrai offioef -

to-subscriber) broadband channel.

. These types of SerViCes depend both on the‘charaoteriSticé of

the cable (coax1al or flbres) and ‘on the mult1plex1ng technlques

being used to permlt many communlcatlons to be carrled by the same

cable.




Cg0

As we saw. before, it is expected that the cost of optical.fibres

w1ll decllne, once mass productlon gets under way. On
,the other hand, the general trend observed in the computers and

" other electronlc devices will affect the serv1ces prov1ded to

the rural user. The cost of electronlc dev1ces (such as those
. ’ . : : : {
needed for multiplexing) is decreasingf(ee'is their size) while

their reliability and power keeps on increasing.

The other technological developmeht that is already improving
communication with isolated areas are the satellites. As we
saw before, the trend is . towards smaller (and cheaper) earth
stations.- These technolodies are already in ‘use.in the Cahadianv
North and there 1s every reason to expect that these technlques
w1ll be used to service rural communltles, where, for“
example, - the local central (telephone) office can have a. small
garth statlon for satellite_communicatioh. In. turn,

from that central office local loops of wideband channels.

would distribute to and collect the 1nformat1on from the

individual subscribers, using technlques as the one descrlbed

previously.
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Robert N Noyce, wrltlng in Sc1ence and Sc1ent1f1c Amer1can38,l

‘gives the’ dlmenslon of the mlcroelectronlc revolutlon. We

, quote some facts and trends expected

- In l970;theﬂtotal»worldbconsumptionfoffintégratedicircuitsv

‘was some $l_fbillionb:’. In 1976, the Afigure"‘was$3‘.5 billion"."

- The cost of the hand held calculator decllned by a factor

A_of 100 1n the past decade

- .The cost per b1t of random access memory has decllned an’

average of 35 percent per .year s1nce l970

~ The number of components per clrcult in the most advanced

1ntegrated circuits has doubled every year slnce 1959 when

the translstor was 1nvented.

~ ~ The. product of the mlcroelectronlc 1ndustry falls in prlce

by 25 percent per year

- By 1986 ‘the number of electronlc functlons 1ncorporated into

a wide range of products each year. can be expected to be 100

tlmes greater than is today.

39 R.N. Noyce. Large—scale Integration: . what 1s yet to come,

Science, Vol. 195, No. 4283, 18 March.1977, pp. 1102-1106,

.~and Microelectronics, Sc1ent1f1c Amerlcan Vol. 237, XNo. 3,
September 1977, pp; 62 69 : : e ’ Co
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The other techhological_development that is>already.improving
communications inrisolated areas‘are satellites;_ As‘we saw
hefore, the trend is towards smaller (ahd cheaper)hearth
statiOns._'These-techndiogies.are aiready in uee in the
Canadian North and there is every reason to expect that these
_technlques w1ll be used to service’ rural communltles, where,
for example, the local central (telephone) office can have a
small earth station for sateliite'cemmunication; Iﬁhturnf
from that central offiee; local loops of widebandpchahnelsh
would distribute.te.and coliecththe informatiqh’from'the
ihdividual-SUbscribers,»using techniques‘as the one described

previously.

Rural Communications and Bell Canada

Beil CanadaAhas a piah40 to-upgrade itshbasic non=-urban serviCe
offering‘from.a multi—party to a four—party eerGice. 1(Noh—Urban
Servideilmprovement~ NUSI- programme); The plan'ie to-repiace
the muitinparty serviCe withpthe'four—party one;dn an ekchange~
by erdhange'basie, "as facilities becoﬁe aQailahleﬁ;- It is

' expected that thelcompletion of the‘traheition to the'fogre:

party service will take some five years.

40 The proposed plan: Non-Urban Service Inprovement - Comprehensive

Program" was submitted to the CTC in February 1975. It was
partly based.on the flndlngs of a 1974 survey on the demand for
urban grade service in non-urban' territory. The. .construction
expenditures were outlined in the November 3rd, 1976 application
for a general rate increase (EXhlblt B~76-300). The NUSI

programme . was not avarlable to us at the time of ertlng this -
section.
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The NUSI programme began to be implemented in January 1977;

by mid-1977 it became clear that the demand for urbah—grade

type. of éervices were much greater than was thought. Thus,

additional expenditureS-were planned. According to the 1978
revisionléf‘the plan, it is expected that by 1980 19.7% of

the non-urban sucscribers will have individual or two—pafty

.sefvice, compared to the 47.3% of 1977.

In our reading of the -available Bell Canada documénts (mainly

exhibits to support increases in rates), we did not_detect

' any_plan-fo use the type of technology that was mentioned

above, i.e. the use of multiplexed wideband channels to pro-

vide single-party service.

One should note also that Bell Canada's cénsfrucﬁion éxpenqi-
tures -in the non~urban areés are é‘small percentage of_the"
total. "In 1967 that perceﬁfagé was-abouf'l.S%f In 1977

the percentage was 10%, while tﬁé plans call for 14% in 1978

and 16% .in 1970. Although this is cértaiﬁly anfimprovement,

- past experience had proVed'that construction expenditures in

non-urban areas are pafticularly sensitive to cutbacks.
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NON-VOICE DATA TRANSMTSSION
IN CANADA |

1973 - 1985

I. Introduction

Non-voice data transmission (NVDT) is the most rapidly growing

sector in telecommunications. CN'and CP telecommunications predict

‘growth rates for Infoswitch and Telenefl 'of 21% and 23.1% respective-

1y for 1978-1982 [1]. Presumably this is also the most rapidly

growing component of "other toll" ‘reported by Béll'Telephone.
There are two main COmponents involved in data communication -
the media conversion hardware (machine, terminals eto.)5 and the line

cost. Both have been characterized by steeply falling costs, which

have made interactive and remote batch processing a far more attractive

proposition. than at the begiming of the decade. The fall inlthéjA
cost of integrated circnits is-well-dooﬁmenfea by Noyce.
[2] ; tﬁis has had an effect on téﬁmihals whereby a typicial CRT
low speed terminal aﬂ1be_puP¢haséa for less than $1600. 'Similarly,

the fall in the cost of data transmission by the use of dedicated

digital data network has also had a.profound effect on édéts...Data—

route is.alréady operational ih'Canada, and DDS will be nationwide:
by the end of the 70's in the U.S. fébuplgd,with~fhe:groﬁth of pocket
switohing, this has led to, and will éontinue to'leédito_signifioantly |
redﬁoed costs fof large‘volUme; long hauldata transmissioh. By 1985

a large portion of the signalé carried by the U.S. telephone network
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will be digital [3].; this will make data communication easier and

less expensive. In passing, it also épéns the way to upgrading rural

circuits, using the same technology.

Onoela user starts to use distributed computing, he raﬁidly<
becomes hooked. Consider the use of distributéﬁ compufing in the
following ééétoré: | | |

| Large insurance éémpéniesf
Police L
Brokerage houses
Researéh and Academic Institutions
Heaith induétfy

Banking.

There is no doubt that all of the above néwvrely on distributed computing

- that is,the right amount of processing power where it is needed.

Consequently the processing elements are strung’ out in.differen£ 

_physical locations, and communications links are required to inter-

connect them.

' The purpose of this study is to ésfﬁﬁéte the present level of

. NVDT in Canada, and to make forecasts until 198 5. The methodoiogy is

presented in Section II, the estimates of Canadian.nanVOiée data

transmission in Section III, and forecasts in Section IV. A’ comparison

with other results and conclusions is given in Section V. and Section

VI respectively.
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IT. Methodology

The approach that has been used in this study is to use U.S.
data when available, on thé grounds fhat thé;U.S; dafa is far more
comprehensive ‘and reliable thangihe‘Canadian.dafa; indeed no.Canadian
data for all-user EDP2 expenditure.éxistsa‘ Conséquentiy, pfe~
dictions for the U.S. are esfiméted, and these esfimates are scaled
down to derive Canadian values. In'fhé pfodess of écaling, it is
cleér that the écaling factor changes over time, and this‘wé.also
allow for. |

To facilitate discussion, two concepts are defined.

a. Scaling Factor (SF):

The ratio of EDP éctivity_in Canada to EDP activity in

fhe U.S., for a'particuiar year.

Techriological Log Factor (TLF):

|o’

The ratio of an EDP factor use in Canada to the same
factor use in the U.S., after correcting for -differences

in scale.

"The problems of forecésting, are well known, and need no repeating.
However, in the fields of cOmpUter,communicatibns there are a number of
"classics". Western Union turned dovn.an offer to buy the.Beli system,

presumably because of erroneous‘forecasts. More recently, in the early.

11950's, computer scientists estimatedifhat the U.S. would never need

more than 8 to 10 large computers. Finally, in 1972, Carl Hammer
predicted that "during the 70's the revenue from machines conversing

will surpass that of people Conversing" Lyl

\



T ERN ]

4o

IIT. Canadian Non-Voice Data Transmission - Estimates

A. Scaling Factor

Three approaches are used to estimate the Canadian/U.S.

scaling. factor. These are based on:

1. Occupationél scaling
2. 'Computer Service indusfry
3. Government EDP activity,:

Using the estimates derived from these‘approéches, a model is
built to a give a time series estimate of the scaling factor

1969—1985.

1. Occupational S:aling.

Statistics Canada undertook a detailed study of occupa-
tional distribution of the labour force for 1975, which was

published 'in 1877 [ 5]. The data base consists of the em-

‘ployed labour force, excluding<agricultdral workers, fishermen,

military defence-and domestic service. SIC 2183 consists of

systems analysts, COmputer.programmers'and re1ated occupations.

In the U.S., the annual report "Employment and Training
Report of the President" (6 ] gives employment data for de-
tailed occupations 1973-1976 for the civilian labour force._'The

totals can-bevmade-comparable.to the Canadian study by removiﬁg

farm workers and domestic service.  Occupational codes 003ﬁ005

consist of computer programmers, computér systems analysts and

computer specialists n.e.c. respectively,
: ' . : ) v :



The data for 1975 is shown in Table 1; a scaliﬁg factor
of 7.15% is observed. If the occupational-distribution for.

computer professionals were the same across both countries,

- the ratio would have been close to the ratio-of the two totals,

9.7%.
Table 1
Occupational Scaling for the Employed a
Civilian Labour Force, 1975 _ x 107
CAN Us  CAN/US
Computer Specialists - 2596 363 .0715
Total ‘ 7858 180676 . 0974

[l\)

Computer Service Indusffy.

A firm requiring EDP services may aéquire thesé‘sefviCeé
either by using in—house equipment, or'by.using a'combuter
service bureau.. The chaice made depends on a mix of taskfsize,
ithouse expertise; finéhces'eté. Data ié'available for the

computer service industry in both the U.S. [7 1 and Canada [g 1.

Statistics Canada considers the industry to be composed of
these types of firms;
(a) Establishménts primarily engaged in providing
computer sefviceé. o
(b) Establishments primarily ehgaged in Saleé-aﬁd
| 1éaée or rehtél of ADP ﬁadeare.

(c) :Companigsfand'institutions engaged in'public 




offering of computer services as a secondary

utility.

The Adap 50 report includes all companles whlch offer

computer services as an independent bu31ness, whlle excluding

.manufacturers who offer * serv1cee solely to support the use of

the hardware manufactured bv thom

7o compare the 1ndustry_1n the U.S. and Canada,”weVde_
lineate the industry as if ie defined by the Adapse_report;
this eliminates firms ef type (bj (hardware firms5; The hard-
ware finms were responSibie in 197H for i59 of all revenue de-
rived from sales of proce881ng, software and educatlonal ser-
vices in Canada ([ 8,9 1). |

The services provided by this industry consists of:

a. Processing

b. Input preparation

c. Software-sales §& nental'

d. System deveiopment f

e, Education & other.

We exclude any sales of ADP equipmenti'as well as excluding -
eduipment leasing and maintainance. The industry, as it is.

here defined, is totally softwarc.

To;compare employmnnt fipures, only firms which are

prlmarlly engaged in prov1d1ng computer services are con81dered

in the Canadlan case. .In the U.S., the Bureau of Labor Statlstlee

‘ prov1deS'employment data in all'oceupatlons for the computer
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service industry [10 1. These are shown in Table 2. Also

| shown are software operating revenue 1972-1976 for both the

Canadian and the U.S. industry. In each case, the column

CAN/US gi%és\fhe.éﬁpropriate scaling factor for each year.

Table 2

Computer Service.lndust}y US and Canada-

Employment I Revenue - $m .
cal  US  CAN/US - CAN Us  CAN/US -
1972 189.1 2760 5.1%
1973 6565% | 186.0 3200 . 5.8%
19714 8956 . 138300° ' 6.5% 256.5 . 3960,  6.5%
1975 9693 - . B 318.6 4550  7.0%
1976 385.5% 5325  7.2%
* estimated

See Footnote U,



3. Government

The Treasury Board publlshes an annual report 'Review

.of EDP in the Government of Canada Jlfgll j;~ a slmllar,

'though not as detaJled report is 1ssued by the GSA —,'Summary

of Federal ADP Act1v1t1es in the Unlted States Government'. {l2];

The reports .are comparable, with the follow1ng prov1sos

a. Coverage' The Canadlan report covers general‘purcose
systems for most government agencles ‘ It does not include data
for commerc1al and sem1 commerc1al crown corporatlons such as
Aeranada, the Bank of Canada, CBC CNR and CMHC The-US.report
coversvmost.US agencles, however 1t g1ves breakdOWn hy'General‘
management classification and Spec1al Management Classlflcatlon}
Broadly, the General management descrlptlon is- comparable to the‘

Canadlan data. Although coverage is not lOO°, it can;be reason-

.ably assumed that the major general systems are included.

b, Capital.eXpense: Data for‘the USfis*given~annually,

-while in the Canadlan case an 1mputed rent is g1ven Similarly

overhead" appears to be non- compatlble for the tw0 reports
Consequently, cost comparlsons-are.only made~for-d;rect operat%

ing expenses; excluding overhead and, imputed rent.

Data is shown in Tab]c 3, for 1ho U° and Canada, FY lQGQ—ZO

to FY 1976-77. No~ attempt has been made to correct for rate of

ekchange changes. Agailn the column CAN/US glves'the respectlve

scaling factor.




Table 3.

"EDP/ADP Activity in Government

Employment

" Operating Costs $m

8030

Yeap B (Man years) (Direct)-

- CAN Us .CANéUS CAN s "CANéUS
1969-70 4160 12750 3.26 5l 2 ‘.1833 . 2.986
i970-71‘ 6560 12200 3.72 6u.5 1981 . 3.26
1971-72 5800 124286 i.67 85.2° 2091  4.07
+1972-73 6180 118801 5.20 107.4% - 2273 4.73
1973-74 7110 114286 6.22 '138.0 2310 5.97
1974-75 7440 117374 6.34 169.3 2575 6.57
1975-76 773y 114014 6.78 201.4% . 2689 ©  7.ug
1976-77 117301 6.85 234.4 . 2949 7.95

- See Footnote 5§



4. Model _ | - i

From Tables 1, 2 and 3 a con81stent pattern emerges Fﬁrst

, the scallng factor for every year is- not dependent on its dee

rivation. Both'populat;onrandrrevenue data produce Slmllar values
for the‘ SF, and the Valﬁefie robust aorose.sectors. Second ,
the level of E;DWP. activity in Eanada, as expres sed as a per-

centage of U.S. E.D:P. aet1v1ty, has 1ncreased falrly stead11v~

over the ‘decade. The trend reflects the c1081ng of the gap

'~ between the two countrles in the~utlllzatlon of computer
technology. “The ratlo w1ll 1ncrease over tlme, but at a slower

and slower rate as an asymptotlc level of the scallng factor

is reached.

“-All the data points for eoaling factors shown~in'Tables 1

.through Table 3 were used for a pooled time seriés'regreSSion,"

Equation (1) was estimated, using a non-linear procedure.

—a.t

_ Tag-(e .l.)/all - o o
SF, = e a0 ()
Equation (1) has certain. desirable prOPertiesr' As t >,
a : : 1 o
SF > e ~, a constant.: The percentage rate of change of SF
is given by o
3 log(SF). L S
o amaqt : o
3t - © 1 ' - , (2.)

Thus when: t is low, the percentage growth rate 1s hlgh
and as.~t > oo, “the growth rate tends to Zero.. A graph of

the functlon is shown in Ftpure 1
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Eigufe 1
Scaling Factor Model

St . o e e e e Z

(Scaling S ;////;;//f”’g .
Factor) | : _ - o

t (time)

The reésults ef the regression are shown below:

a, i 2.0884  85.6
ag 4311 Y
R - o206 DW= 2.0212 ' SER = 4068

The fitted values ave shown in Table 43 these fitted
values will be used as the scaling factor for the remainder of

the paper.

It is worthwhile to note-that not only does .a véry"gp¢d

'fit exist, but also the assymptotic‘Vélue obtained is quite

reasonable.



Tabie'ﬁ

Fitted Values of SF (Scaling Factor)

Year -

1969
1970
1971
1972
1973

1974

1975
1976 -
1977

1978 -

1879

1980

.1981

1982

1983
1984

1985

S.F.
1.701
2.883
.063
5.077ﬂ
5.868
6.uug

6.854
vf7.152
7.319
70443
7.524
7.613
7.636.
7,650
j 7.660
 7.666

7.670
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For comparison, the ratio of the employed’civilian 1abour force

in Canada to_theiU.S. ‘excluding agrlculture and domestlc serv1ce

©1s 9.7u4% (frdm Table 1). The dlfference can be malnly attrlbut—_

ed to. dlfferences 1n 1ndustr1al structure in Canada and the U.S.

- As can be seen from Table 5, the- ‘primary sector accounts “for

a low percentage of non—gbnernmental EDP spendlng, Whlle the‘
secondary and tértiary éeéfors‘adcdnnf‘fdf Quita‘a'nigh éep-
centage. Since Canada haa an induatrial afructure.more heavily
welghted toward the primary sector, ‘it is evident that the scallng
factor will fall short of the ratlo of employed 01v111an labour
force in: the two countrles If the US dlstrlbutlon of-EDP
spending is weighted by the Canadian inddstrial-sffucture, the
effect?'after Cdrrecting for acale.is a'reducfion to 81% of the
UQS._level.: Applying .8073‘to the 9.74%'figura gives f.86%3

which is close to the assymptotic value of 7.68_répoftéd above.




,iable’s

197y

Distribution of

EDP spending

u.s.

1975
Non-=government
LabQur'Forqe
Distribution

U.S. - CAN.

Agriculture, Mining

& Construction
Manufacturing

Transportation
&€ Utilities

Wholesale/Retail

“Banking, Insurance.
¢ Finance

Education

Health ServiceS'

Other’

n.7%
3u.0% -
11}7%':
11.6%
22.5%

9.7

w
N
Toeer oo
w
=

N
-
e

L1130 - 151

.280 4 AV;225.;

069 . 093

S i288 188

065 . .053

.018 )

L08Y4 ) 214,289

131

See prtnofe 6.

U.S. Total

[f;,ldO%

.Canadian_Tofal, weightéd by o

 labouvr fordeﬁfigures‘£ ‘8b;73%;.




‘B. Homogeneity,

In thls analysls, we have ‘assumed that the use of EDP 1n
Canada resembles that in the u. S the only dlfference belng

one of ‘scale. Thls assumptlon can be tested by con51der1ng

_the 1nput and output mix f01 varlous sectors of the EDP 1ndus ry.

Agaln the maln data services are the,computer serv1ce 1ndustry

reports [r7,8 ] fand the use of EDP in government reports.<

11,121

For‘the computer service industry,hStatistics‘Canada

‘breaks down expenses for establ1shments prlmarlly engaged 1n

‘prOV1d1ng computer services as a percentage of total operatlng

revenue. ~ In the U S., the 1977 Adapso report glves less de—'-h

talled expendlture categorles by comparlng slze, as a percentage.

of total expenses. Slnce profit marglns are also glven, these

figures can be transferred to a percentagefofitotal operatlng

Vrevenue,,and thus made comparable to the . Canadlan data The

data for each type of company was welghted by total revenue .

share to glve;an-lndustry plcture. The results are shown in-

‘ATabie 6;

A slmllar,:but more detalled.analysls, can. be carrled‘out
on the governmenL sector. Much more . doLalled data is avallabjr
for EDP use in both countrles;‘and a comparlson of factor share
is posslble Slnce purchased equlpment is reported as.a

capltal cos1 in the U. S case, and as an 1mputed rent in the‘

~Canad1an, the analys1s is restrlcted to operatlng costs so thet .




‘Table 6

Factor Shares for EDP~Output

]
i

58

'CANADA | s.
Computer Service Industry -
Expenses as ' a percentage of
Total Operating Revenue
Salaries, wages and éﬁployee ~ . o
benefits ‘ ‘ 42.3 43.2
" Rent, depreciation on cbmpu%er
equipment, plus data communi-
cation expenditure B S22 S 24,1
EDP/ADP in Government
Expenses as a percentage
-0of Net operating expenses
Salaries and employee'bénefits . 55.6 59.5
Actual Equipment rent 0 19.8 171
Contract services - - - 20.8 .18.9
Production supplies - 3.8 5

. See Footnote 7.




the computer service sector has a higher
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the data is compatible. These vesults also are shown for,

FY 1973 to FY 1976 in Table 6.

As can be seen from Table_G,'there is no reason to pe-
ject the homogenelty of Amputs hypofhesis;‘ at least in.the

broad classes so far dlscussed."That>is, as a’whole,.the

- Canadian 'user resembles the U.S. user in the dserf‘féctOfs.

Even though the Canadian déér resembles the U.S. user
in terﬁs of broad factor use , fhis,assumﬁtién.may nbt carry
through when considering a factbr‘at a finer level of_detail.
Consequently an 1nvest1gatlon of data transm1851on use was
also carrled out A comparlson of data transm1581on costs,
given as a percentage of full EDP costs (1ncludlng overhead)
is given in Table 7. Looklng f;rst\at.the U.S. data [12 ]
a steadily increaéing trend is clééf The level for the
computer serv1ce 1ndustry is in. the same order as the other
U.S.‘data, but slightly hlgherﬂ< The computer éerv1ce industry
Canada8 and the gbvernﬁent sector are alsd not fbo"diSSimilar;.
» % than the government
Sector, which.iS'feasonablé givén the different naturé;Of EDP.

activity in each sector.

Iflwe conclude from the U. . ddta tﬁét the 1ével of datan
transmission usual in the ﬁompufor service 1ndustry is at least
as groat (and probably greaLor) than for FDP users as. a whole,
it follows that use of the level of data,transmiséiOn in the.
Canadian éepvice industr& as a proxy for all-usev  data trans-—

mission activity is an upper bound; Accepting -the 3.2% level
S . . [ » .
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Table 7

Data Transmission Costs as a % of Full EDP Costs.

Ty 75 7877
U.s. | |
User EDP expenditure . 3.6 3.9 b.1 SN
Computer Service Industfy : oL,y
CANADA
Computéer Service Industry' _ 3.2
" Government EDP expenditure 2.0 2.7 3.0 3.

See Footnote 10.




‘for 1975 as the percentage of users ccst for daté transmission,
it follows that a correction-has t6 be madé for téchnological-

lag in data transmission.

" For 1975, the upper bound for this would be 3.2/3.9 = .82.

3.2 is the upper bound for Canada;. 3.9 is an‘dliﬁ@ser-.leQel

which is less than the-US computeér service sectdr.level._ Thus

1 0.82 is an upper bound. Over time, in a static industry, this

value would rise to unity as thé'lag is closed. Since techno-
1ogical change is‘likely.fo remain rdpid in telecommuniéations

over the pefiod.coﬁsidered, it is unlikely that the gap will

~close: conéequently".82 is taken as the value for,the'

technological factor lag over the whole.period.

C. Results

To compute the level of data transmission in Canada, on

. the basis of U;S._data, two faC%orS'musf:be utilized.

(i) Scaling'FactOr‘ (SF.) . Utilize the ‘data shown in

Table 4, section A.

(ii) Technological Lag Factor (TLF,) Utilize a value of

0.82, derived in section B.

Thus:
Canadian Data Transmissibn,iz“SF; .TLF. U.S;'Data Transmission.
The‘resulté"are shown .in Table 8. A domparisdn of these results

with other reportedivalués is given in Section V.

1
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Table 8‘

Canadian EDP Expenditure

= USEDP
CDT - SF. TLF. USDT -
_‘CEDP —ACanadian EDP ekpenditure_
USEDP —V.U.S. ﬁbP expendituré
CDT - Canadian Data Transmission
SF - Scaling féctOP - from Tagle b
TLF - Technological lag-— 0.82
USDf --U.8. Déta_Transmission
Year USEDP ~ UsSDT CEDP CDT
1973 23815 ‘ 885 1400 | L3
1974 29935 . . 1091 - - 1930 " 58
1975 waLs o 1350 2350 76
1976 39620 © dewo . 2825 - 96
u6s10 - 1910"  guos 115

1977

See Footnote 11

)
w

estimate -



IV. Data Transmission Forecasts

Forecasts for the growth of data transmission. costs, and

‘associated hardware costs, are available from a ‘number-of

'sources. It is assumed that terminal usage remains constant;

thus the growth of terminals can be considered a proxy for

the growth of traffic.

Curran [13 ]. estimatéd,thé ﬁumber of instalfed ﬁerminals
will increase by a factor of 2.4 to 3.1 betWeen~1975_and.l98O

[14,15 J. Assuming . per terminal'ﬁsage décreases.oyer time,

-a forecast traffic growih of 2.2 times iS;SuggestedQ*

Irwin [16 ] testified té*a U.S. House Committee that data
terminal equipment conhectedjfo computers has been increasing.
at greater than 30% p.a. since 19870. ~Salzman.[17_] " reports

a similar finding - the terminal sector of the déﬁa prooessing"

industry has been grQwiﬁg>at;a fatefsignificantly‘higher than

_that of the ihddstry as a whole, and this trend is ekpectéd to.

éontinue. Dolotta et al. [ 3 jl:aléo-eﬁdor5685this view.

Communication News [ 18 ] forecasts that frdnt—énd

processors, stored programs and electronic control ﬁardWare

- will increase at an annual rate of 18.8% 1975-1980.

AFIPS [ 19} giVes‘éstimateé of the installed base of

‘data entry equipment in the U.S.: .554m in 1971, 1.8m in 1976

and (in $1976) $9. in 1976 to $20m in 1981.

IDC [ 201 ‘reports on general purpose terminals » 0.6 m

L




rising to 1.5 m by 1980; these.figures eéxclude an equal number -

of autotransaction and special purpose terminals.

| Datamation [ 15 ] repofts on‘the,inétalled Base for both‘gé—
neralfpurpose'and Special purpose terminals. In 1975,_a/US va1ue of
.918 m GP and .315 m SP terminals was given with a 1980

forecast of 1.99 m GP and .975 m SP +terminals.

Cerf‘and Curraﬂ [ 21 i>.considéred the méxiﬁum pOssible"
reasonabie estimates for déta-f?&nsmissidn ih_thé UJS.'by con-
Sidering-the growth of”3 key ééétbrs: .EFTS;:POS‘€ giégtronic
mail. Their-concluéigns.were_that the maximum éxpeéteq level
of new data traffic in 1986 is $u.5 b\"ﬁ.a. In ;976 the level
of data transmission was $1;64 b; thus a gfthh faté of
10.6% is implied. Cerf and Curfan point 5uf fhéf‘in féfmé of.

revenues, non-voice in 1986 will not exceed 7% of voice revenues.

ATT - have given estimates of the potential market for data

communications and data ffansmission costs. [ 22,23

$b 1985 . 1975 1980 1985
Communication S . C : ,

Costs 1.0 0 5.5 ‘ 12.0. - 22.5
Transmission : .55_ ‘ 'i.? o 3.2:

T
i

.

Transmission falls as a percentage of total communication -

costs as intelligent (smart) terminals take over some of the data

handling functions.
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For comparison, some non-U.S. growth forecasts are given.

These data points are not used in the subsequent analysis.

A‘Eurodata (24 stuoy on European ComputeuAand.Communi~
catlons Markete 1973~ 198o predicted. an average annual growth
rate of 20% forAdata communlhatlons trafflc Curran t | J'
cites reports for Canada éﬂa the UK in Wthh a. growth rate of

25% p;a. were estlmated based on 1970 flgures

In 1977, IDC undertook a study of EDP users 1n thlrteen
Western European countrles [ 25 1. The growth rate for exk- .
penditure on terminals and communications 1977_to;l9822is 20.23%:
In a related study on distribu%eo proceseing[Qatauoommunioations,
IDC estimated communications related oostsz(hardWareguremote |

services and lines) rising from $5 b in 1973 to $30 b in 1983,

Finally, to check whethep theee.growth rates were possible}
a telephone interview with company personal from Texas Instru-

ments was undertaken t26 ]

- Texas Instruments is one of the leading manufacturing firms
of distributed proce581ng equlpment In terms of terminals,
mlnlcomputers and calculatoro, Texas sees 1ts volume 1ncreasnng by

a factor of 5 from 1977 to 1985.'5The_demand is so high that

March 19781fheir backlog on tefmihalsfwas over six”months.

These results are summarized (for the US) in Table 9.
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‘Table 9

66

Forecasts of Installed Data Transmission Equipment and -

and Traffic-in .the U,S,.

“Period - Mid Yr Point

Average Growth
Rate % B

Trwin [16] | 1970- 1970 30,0
AFIPS [10] 1072276 197y | 26.6 |
Curran [13] 1975-80 . 1978 19{1-25.6 (22.25)
Curran lflé] | ‘ 1975-80"A , 1978- R 17 .1
.cOmm, Néws [18] ‘.1975%8GA 131978 .18.8
.Datamation " [15] '1975-80 1978 19.2
AT, [22] ~ 1975-80 1978 135
I.D.C. [2¢] ~ 1976-80 1978/9 25,7
AFIPS  [19] o 1976-81 1979 17.3
Cerf & currén [Qij . 197686 198172 10.6
A.T.T. [22] . 1980-85 1983 11.4
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From Table 9, it is elear‘thaf fhe rate of  growth of
data transmisejon decreasee ovef:time _This is~ih'keeping
with other reports on the- dlfoSlOD of.a new technology - a .
rapld growth at the perlod followed by a slower rate of growth

over time.

A suitable form to estimate sueh behaviour'isw

- © —aT - ‘ _ \
GR = aj + ele o o o (2).

1t

. where ~ GR lgfo&th rate

T = mid point of estimate.

Slnce only ll data p01nts ex1st and there is wvery little

1nformatlon about the asvmgtotlc level ao,‘ a number of op-

tions are open. The method ohosen was to choose a medlum valua

of lO%, and.to'run a~sen51t;v1ty analy51s for ao = Gﬁ"and
ag = 14%. Consequently 3'fofeeasts are given - low, medium
and high."

" The graph of Bquatlon 2 1s shown in Flgure 2. As T » o,

“the’ growth rate. tends asymptotlcally to 'ao, A%: T = g,

GR. = ao + al ‘The - results for ao’i-lO‘:afe'éhowh below:

Coeff. L Veldeltl‘ ' t-stat.
ag lO;_: E -
ay 21,7961 - 5.7
. . .1171 . n.0

DW - 2.2uka  RZ = .25y



. Figure 2

" Data Transmissiéﬁ;GPOWth~Rafe Punctidn

GR
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The fltted values for the prf”th rar ofbdafa'traﬂemission‘
1970~l985 is shown in Tang lO Ao can be seen, although the

fltted values are. sen51t3vc to the ch01ce of there 1s-~='

O"

not a great deal of difference between the three estlmates

This process is one. of a number of posalble ways of

obtalnlng the growth rate of " data transmlsSLOn from the data

- shown in Table 9. It 1 - not partlcularly sophlstlcated

rather it attcmpts to use as much 1nformatlon as - D0551ble from

\»VaPlOHS expert forecasts; In a sense that an. average is ta}en,

the . proceso'can be compared w1th the Delphl technlquec (for

surveys) Whlch reduces the varJance of survey responses

-by‘a feedback mechanlsm In thls case the varwance is re~-

'~duced by a best Fit mechanlsm

To compare “the growth rates shown in Table 10 w1th actual
data, the ratea are applled to the 1973 value for U. S data

transm1551on (from Table 8 ).

Year | Achieved " Predicted USDT
| . uspr -} . Low.  Med °  High
1973 885 . . | . 885 885 885
1974 S109L . - d113 1109 . 1103
1975 .| 1350 | . 1380 - 1371 . 1357
11976 S ae40 L . 1690 1675 1650
The predlcted values track well Not a great deal of'difference

occurs between the 3 estlmates, since the asymptotlc values:

1
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Table 10

- ULS;>Data TﬁéﬁsmiéSidﬁ“Gpowth'Rafés‘

. Low B o Medium High‘

S 8oL

0% 1wy

1970
1971 -
1972
1973
 197u
'i975"
1976
Co1971
1978

1979

1980

1981

19.82

1983 °

1984

C 1985

31.89
29.65
27.61
25.74~'

-f?H.Oﬁr-
22.48
21.06
19.76
15{5?-,
_17;ué
‘15;u§“
»15.58“

'f1u.767:

“1H,QO";F‘

13,31

12.68 .-

31.

29

‘27.
:25'
23
22.
'éQ}

19,

18

17

o _1‘6‘.:
16,
15,

RS

R

13}

.§9 ;f
2u
ey

B0

IR

79
60
;Su ‘S
.solf;ﬁ
76
0i }"
35
75
.2§ 52

22

- 21
0.
19,
18,
"17j
17
16
16.
18,

15

.99°

.60

L

ns
617
o
30
79
36
00"
-69°

,.#3
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only:have.an effect. at high values

diction “has lower values since the

slope initially.

71

of -T‘ The "Tugh" pfe—

functlon has a steeper

"FOfeqasts forﬁthé'Uﬁé are shown in Table ll u51ng 1976

as a starting. value. Thb dnadlan

the same way as for Table 8, i.e:

ﬂctlmates are derlved in-

DT = SF. TLF. USDT.

Canadian data transmissibn rates are showh to grow. at

29.1% 1975-80, - and 15.6% 1980;85

The dlfference betWeen

the medlum forecast and the hlgh va]ue for 1976 is u%; thls

is the- largest dlfference Consequently the medlum flgure -

,whlch gives a 1985 value of $Q26le

the Canadian forecast.

uwlll be taken to represént-



 Table 11

Predicted Data Transmission; L
S ULCSY T and Canada - - . . o » vv$m,”

u.s. \‘“ . _Canada-
Yeaf: .

Low ~ Med ‘v*‘High‘_ui"Eow“i‘VMéd- ' ingh‘

|1973 | - Coses o | 43

1974 | 1091 | se

1975 | 1350 L 78

19760 | . 16w0 - | o gs

1977 | 1985 1981 . 1975 | . . 119

1978 - | 2377 2369 - 2359 | - . 1u5

1979 |--2819 - 2809 2798 | . 173 o

11980 | 3312 3303 .- 3299 | 207 . 206 . 206 .
1981 | 3858 3856 - 3870, | . 2u2

|1982 | ‘usge . uu73 - ws20 - [ o . 281

1983 | 5117 5160 - 5260 | <. 32u

198y | se3w . s922 - sl02 | . . 372 |

1985 | 6610 - 676y - 7059 | uie - w26 ouun -

Annual .__‘" N Ufo_   - ;fx”'?,’Canada&"
Average - |, R N B - .
Growth - | Low ‘Med - . High | - Low.  ~Med - High"

Rate »
1975-1980 |'19:7% 19.6% 19.6% | 22.2% 22.1% - 22.1%

'1980-1985 | 14.8% 15.4% -16.u% |  15.0% 15.6% 16.6%
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V. Comparisons

There are two separate ommDaW1sons that can be made,
the flrsi is a U S. occupatlon Summary,-and the,Second'the

Compuier/communlcatloﬁs«réport.p

In . the U.s., it;is~thmn'Tﬁét‘théiﬁafio‘of fhé‘cémputmr

service-induOtry to total EDP SDondlng is’ approylmately 1u°

Taklng the FompuLer Manpowcr ouLloo] f;gures L 27 ] ,flgures;.

- | Employed persons : Pfdgfamméré; Systems'Analysfs»

and computer specialists n.e.c.

Computer Serv1ce;.‘ ‘;-Totalil Service Bureau
: Bureau S e v ‘ . Total .

1970 | 38365, . - 279204 . .. 13.714%

1980 - | . 56058 . 415000 - . . 13.51%

Taking-a 1975 figufe of 13. 69; and aDplylng lt to total

. Canadian and U,S. EDP spendlng (Table 8)

. USLEDP‘ CAN EDP R Computer Serv1ce BUPeau
$m | Total .. Total | . u.s. - o can.

>_Aciua] Prnd1cted Actual Predwtr

1975 | 38315 2350 | 4SS50 . u6GE ;318,6. a0

The’ actual and predlcted values are very close, thus glVlng our>

results a Lonflrmatlon for 1nternal con81stency




.

The @omputer Secretariat 19, 28 1 - glves_estlmates .

for the level-ofvEDP ekpendiﬁurelin hana”da; as\gell aé*levels
ef data'ffanemission‘~ Thesefare ba ed ‘on the data glven by
Statlstlcs Canada fof the computer service wndustry [ 8231,
scaled up to represent totdl TDP exprndnture The results;
for total EDP expendlture for l975, 92705 m,‘ glven by the
secretarlat in the Dec. 19/7 estlmateo : oompares moderately

We]l w1th the flgures reported in Tablc 8 ($2350 m)

However> the eqtlmates for data. transm1881on in Canada

- are very dlfferent from those reported here - The Secretar1a1 esti-

mates>‘ data transm1551on levels of - $lQD m :1n 1975 rlslng to

$590‘m in 1985 from Table ll, our. respeotlve values are $76 m

and $u26 : respectlvely : lhe main qource of dlscrepency is the

1975 figﬁreu Much of the reason for thls dlscrepency arlses

'from asoumlng daia iran;mlvelon was respon81ble for u° of

computer servlce bureau cosis, based on the. 197u Statlstlos

o -8
'Canada*report Based on the 197o report _whlch_glyes data

transm1551on levels separate from-other~commuﬁicatioﬁ‘chafges,
a flpure of 2% is glven for thﬁ peroentage of total costgh
accounted»fqrebyvdata.transmlsSLon{:Proratlng the Ebcretarlaf'e
figures'reéﬁeefively\Wodla'Peaﬁee.the §1?D m flgure to $96

. The other dlsoropany isﬁiva dxff(rnnco 1n total*BDP'e”~

pendlture.’..‘aThe SecretaY1a1 aesumed that 81mple scallng

‘ of The computer serv1ce seotor wa° not adm1551ble (as WmS done

in the 1976 report) because of . hlch levels of 1mportatlon of

computer»serv1ces.> Thuq 1t wac suggectcd that the size of the.:

computer service industry“;n‘Canada»1s~b1ased low Qompared to

.‘:x'



7

o .

the size it would be if it reflected all purchéséd,oufsidé
services . [ 29 1. Preliminary'éstimatés suggesf that'imports

may be as high as 50% of the Canadian compdter Service[fotal

revenue in 1975.

In 1975 the Canadlan Conputer service 1ndu8try report@g
services valued at 2 8% of total revenues. In‘1976‘the U.S.
Qomputer service indusfry'(saftware type) has -international

séles valued at'7.9% of totalAfévenues._ Thus the supﬁosition

that Canada is a net 1mporter of ‘computer services seems

reasonable.

However many Qf_the-serviéés offered in the U.S. are not

‘available in Canada (ewg¢,specialized'daté bases), though\thé
>Situation.is changing. Cbhsequéntlyymuéh of the imports are

.not substitutes for domestic operations.“SincéAthe scdaling

factdr for computer’serviénﬁ'ls in good agreement with both

the - occupatlonal qcallng factor and tho governmental scallng
factor, ‘and since alsoAboth 1n_the U.S5. and Canada the revenue
of the computér Serﬁicévindgstfy_is. = 14% ”df_tétal‘ED?‘_éx;

penditure, there appearé no reason to reject the value of total

EDP expenditure of $23 m in 1975 for Canada. Prorating the
'flgure of $96 m by 2350/2705 glvpg 583 m, whlch:is‘close~t0

~ the value of $76 m. glven in this report.

Flnally, the growth of data transm1851on betWeen 1975-198%5 .

lS seen as very Slmllar 1n DorhonLage Lﬂrms. The Secretar1a1

predlcts_an increase from $120 n in 1975 to $690 m- ‘in'1985,"
equivalent to an annual - growth rate of 19 1° .The medlum

foreoastigiVQn'in Table 1] pIOdLCi“»a growth from $76 m -in

A1975 to $626 m in‘1985,'équ1valent_to an annuali growth rate

13 : R .
of 18 8° » ' B '




VI. Conclusions

The level of nbnfvoicéﬂdafa transmission in Canada for
1975 has been estimafed at‘$7é m, and:is eﬁﬁectedffo(risé to
$£gg ﬁ' by 1980, and to $426"m_ by 1985.1>This'implieé anﬁual
growth rates of 22.1% and 15:%% fespec%ively.A Fof_lSﬁé; non -
voice data fransmiésion repfésenté bnly 2;7%_of~f§tal 5perafing

revenue of the Canadian TelecommuniCatioh»Carriers ISQ 1.




[S2 0N

.Computer facility‘mahagemen%t 45

Footnotes

Without-interconnection. ™ith interconnection thééé

_growth vates ave substantially higher'. Caution must be

used with these estimates since théy reflect marketushafe

‘assumptions by CN-CP.

EDP - electronic ‘data prbcessihg.- The term ADP - automatic

data processing - is synonymous.

Source | 5, 6 ].A‘Tbtals“exclude military, agficﬁltural

workers and domestice servants.

Source [ 7,8]. 1973 émployment.figures for Canada assumes

the ADP equipment sector waé‘réspdﬁsible-for.HB% of the

. employment for this sector . Onthe revenue side, certain

. data was not publisﬁed by Statistics Canada_to preserve

confidentiality.  The following.aSSUmptions were used:
‘ % .systems$ maintainance,
as in'l975. . Education: 2.2% of dperating"revénﬁé.(ex—

cludihg'hardware'éﬁd~maintanancejw _Ih,1973, hérdware fifms
pesponéiblé'for }5;4% of-software oﬁérating‘revenﬁe,.aslin.
1975. 11976 reVenue Egéed oh‘?l% gro&th rate éstimated by;_

Evans t’3l 1.

Source- [ 11,17. Opérating costs are defined as: -

- U.s. Personnel , rent,fédntract»and production supplies.

CAN.  All dirvect EDP operating costs, excluding -
imputed »rent,’including‘empldyee'benefits;

s For_eariy years,‘imputed ‘rent was ‘calculated
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based on percentages shown in later years.

Both sets of data are for genéral systems.

Source [19,32,33,3% 1. The data presented in this table

excludes government. The Canadian weighted.to{ai_is*given

by
“ CLy . _ )
> « USEDP. where - "CL. = % Canadian labour
~ USL. . 1 S . 1 B .
ST - forcelln secter 1
o USEi = % U.S. labour force
o in sector i
USEDPi = % US EDP expenditure
for sector 1i.
‘Source [ 7,8,11,12 1.

For the computer'ser&iee industry,‘the U.S. data is

for 1976, the Canadlan data is "the average of 197y and 1975.

The expenses for Canadjan firms are ‘based on a panel of
establishments prlmarlly ‘engaged in prov1d1ng computer

services.: For 1974, the Canadlan computer service 1ndustv

structure is assumed to be Lhe_oame‘ae in 18765.

For the government sec{or,‘data for‘both.eOuntfies»is
the average of FY 1973—H to FY 197R-7 Net direct operat—

ing expenees include all dlrect oporatlna expenses ‘except

.'1mported renté‘and also 1nclude-employee beneflts. Contract

serviceg (cost of‘Commerciaj sefviees) includes equipment
maintainance, data Lpanumlf"lon coets, external: fac111tacs,\

software acqulsltlon.and consultants.

Data transmission For the.computer service sector in Canada .

as a percentage of totdl revenue is significantly less in

/1975 than in 1976. In 1974, the entry for communication
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‘ costslcovered'all voioe;and'non¥voice communicatiOns -

telexg telephone, telegraph, pogtage and data communlca—~

tions. The 1975 entry glve% separate data communlcatlono‘
coéts.

9 Dataoom '76 [35 1 reports on a survey.of traffic by 'd
1ndustry - Service'bureaus éenerate'uzp of the. data

communlcatlons trafflc, even though they operate only 21°
of the central 51te~hardware ‘ On a per company ba51s, the
service bureau respondents generate far more data commu -

' nlcatlons traffic than any_other type of-eompany.

10 - Source: U.S. EDP expenditure from IDC [ 36] and
Hopemell [37 1. Overhead wasvaséumed'asi,
22° of total EDP- eypendlture

u.

[¥p]

Computer service 1ndustry data based on

- ADAPSO report i 7.1.‘,Transmlss;on costs
1were taken as .6u Aofidata communicationeif
costSL(Hopewell'[Si‘])} | .

Canadian oomputer_seryice industry\expenses based

_don a'panel o%‘firms-” primarilyaengaged.

in prov1d1ng computer serv1ces 1‘8‘]

Canad1an government EDP data are . taken from’ Treasury

Board.report.[ 1. Data transm1881on costs
are for fiecal years ; and are - glven as a per—

centage of Net EDP costs.
11 - U.S: Data Transmission from I.D.C.- [11] and Hopewell [37]
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"éThe estlmates glven by Tho Socretarlat in. December, 1977,
L 28] are prellmlnarv and_fbé dlSCUSSlOH u51ng thls‘

data should be'conéidered 1n\thls llght

‘ﬁThe growth rate 1975 to 1985 fér the low éstimate'ié 18.5%

o\°

and for the- hlgh value 19. Thus the Secretarlat s'

'growth flgure is in good agreement w1th the growth rates»

utyllzed 1n thls repori.




- em st Gm W W

A 10.

11‘.'

12,

6L

REFERENCES . .~ .

CN CP Telecommunications, ’”Flve Vear Forecast 1978 82
with and without Interconnectlon" ~Submitted to CRTC, Feb
1978 ' o . S

R,HNoyce "Mlcroelectronlc°”§fSoientifidiAmefioan.237 (3),7
Sept. 1977; pp. 63- 69 ‘ g T T

T.A. Dolotta, M.I. Bernsteln, R.S. chksoﬁ, Jr. N A France, \

B.A. Rosenbiatt, D.P. Smlth, and T.B. Steel, Jr *Data.
Processing in 1980-1985: - A Study of Potential leltatlons
to Progress.’ John Wlley & Sons, N.Y. 1976. S

‘C. Hammer,"Computer Communlcatlons The Future" . Proceed-

ings of the ICCC Oct. 1972, 'p. 31

Statistics Canada; Oocupatlonal Dlstrlbutlon of Employment
Canada and Prov1nces 1975 “Cat. 72- 515 Dec. 1977.

,U S. Department of Healthl, quoatlon‘andgwelfare,“and the

U.S. Department of Labour, -Employment and Tralnlng Report
of the Pre31dent 1977 Washlngton, D.C. 1977 .

A88001atlon of Data Proce831ng Serv1ce Organlzatlons (ADAPSO),

1977 Annual Report, The r‘omputer Serv1ces Industry 1977

Statistics:Canada; Computer Serv1ce Industry, Cat.t63¥222.

 (Annual Report). Ottawa.

'Computer/Commnnioationé @ecretafiat,: The Growth of Computer/

. Communications in. Canada, Dept of - Communlcatlons, Ottawa

Dec. 1976.

‘Bureau of. Labor Statistios:Dataf 1977. ‘RepOPted&in'Eleﬂ

Treasury Board§~ Review of EDP 1n the Government of Can(da
(Annual Report).. Ottawa ~

General Serv1ce Admlnlstratlon, :Summary'of.Federai-ADP.'

.Act1v1t1es in the United States :(Annual'Report)g Waehington,.

D.C.




- N e S O an

- -

13,

T,

15

e’lsi

18.

- 19.

20,
1.
22,

23,

2u.

25,

Amerlcan Federatlon of . Iniormatlon Proce881ng 8001et1es, Inc

AL \Curran,,f"Dlmen81on of Lhe‘qced for Computer Communlcatlons”

Computers and Communications: Proceedlngs of the FCC.Planning

‘Conference, November 8. and 9, 1976 AFIPS Press, Montvale.

1977

Stenfofd'Research'lnsfitdte; Long Range Planning“serviceshc‘
Report #ssu,ipec,,1975¢‘:»v T . = =

Deﬁamatidn Nowv. 1975,’

M.R. Irwinj. (TeStimenyIQ-fCoﬁﬁetitién in the- TelecommuniCatlons‘
Industry, HR Doe. No. 94-129. U.S. House Committee of Inter-
State .and Forelgn Commerce Subcommlttee on,_ Communlcatlons ’

R;M.-Séliman;e "An Outlook for the Termlnal Industry 1n the
United,States"g Computer u (6) 18 25 :

Communication News . :Sept.'19781 |

b]

(AFIPS); "Information: Proce831ng in the United.States: A

. Quantitative Summary', .ed.  P.S. Nyborg,. P .M. McCarter and -
"W. Erickson. AFIPS Prese, Montvale 1977 5 .

.Internetional Data CorporationftiDCj dai:aJ reporfed‘in'flgj.

V. Cerf-and AL Curfan,- ”The Future of Computer Communlcatlons"'
Computers and Communications: Proceedings of the FCC Planning

" Conference, November 8 and 9, 1976... "AFIPS Press, Montvale, 1977

i

‘AmericeanelepHene«and Telegraph' Subm1831on to 2nd Computer
. Inquiry, FCC 1976. HR Doc. No. 20c28

_Détamation;'June,1976

;EURODATA - European Computer and Communlcatlons Market 1973 85
P.A. Management Serv1ces S. A Frlbourg, Sw1tzerland

EDP. Industry Reports. Dec. 16, 1977




)

26

27.

28.

29,

30,

31,

32.

33.

3y,

- 35.

36.

~37-t

\March 1976

Personal. Communication - v. Kolos, Texas;Instruﬁente‘Inc$,
Montreal, March 18, 1978 R P c

Bureau'of'babour‘Statiétics;~géomputer‘Manpowerfodtlook,'
Bull. 1826, U.S. Dept. of Labour, Weshington;ﬂD{C,,1976.

Compoter/Communtcatione Secretariat; Estimates of Computer/:
Communications in.Canada 1970- 1985 ~Dept. of Communications,
Ottawa, Dec. 1977. . - - o

Computer/Communlcatlons Seoretarlat, port on Surveys -

'Computer Use and Migration. Dept of Communlcatlons, Ottawa,

Nov. 1977.

Department of Communlcatlons,- Flnaneia1:8tatistiés on Canadian.

- Telecommunication. Common. Carrlers .. -Ottawa, 1976,

' Evans Research Corp.; ;Reported‘at'CADAPSO énnuel{meeting;

Montreal, Nov. 1977.

Bureau of Labor Statlstlcs,' EmploYment«and Earnings 22_(9)

Bureauyof Commerce;  Survey of Current Business. 56 (8) Aug.
1976, o = SNt ZUSINESS. -~ LA

‘Statistics Canaday. The Labour Force,. Cat. 71-001, Dec. 1973.

Communications Reseéarch C ntre,‘ Datacom '76: . Results of a
Survey of Computer/Communlcatlons Facts and’ Oplnlons,‘_ed
T.A. Kubacki. Price Waterhouse Ass. CRC Report No. 1?06
Dept.rof‘Communications, Ottawa, April 1977.. - . .

EDP Industry Report;;e Varioos issueS;

L.'Hopewell;' "Computer Communlcatlons-~ An Introductlon and .
Overview", Computers and Communications: Proceedlng: of the
FCC’ Plannlng Conference, November 8 and 9 .1976.,  ‘AFIPS Press.,
Montvale, 1977 ‘ : L \ e







