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,.SUMARY AND CONCLUSIONS
 

CHAPTER ±
 

SUMMARY AND CONCLUSIONS 

The !wOrld's food crlsis has drawn ,attention to,,the DOssible v4alue 

of 1teenational computerIzed Intormation retrieval systems to aid 

techl'caldevelopment in the less developed countries. 

Recently Secretary of State Henry Kisslnger off erred the services
 

of' th' Si"ithsonlan' Institutlons Science Information Exchange to
 

facilitate agricultural development. The US has proposed similar
 

c0-operatlon In the UN, a. proposal that was supported by 
 the
 

General Assembly.
 

'Inorder to draw on International computerized data bases, however,
 

the user must have telecommunications facilities for data
 

transmission. How can the advanced communications technologies
 

needed for such Information systems be provided In the LOCs?
 

That Is the subject of this study. It Is a study of the usefulness 

of certain advanced communications technologies for the less 

developed countries (LOCs). It Is therefore a cost benefit study.
 

It asks both how valuable those te~hnologles might be for poor
 

countrIest and what various designs of those technologies might
 

cost.
 

NEW TECHNOLOGIES FOR COMMUNICATIONS
 

The specific technologies that we shall examine concern non-voice,
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text
non-video electronic communication, i.e. the transmission ofr 

or data. From an engineering perspective, text and data are 

so the usual technical name for what we are describingidentical, 


is "data communication." When a teletype, or computer network, or
 

numeral of data or a character
other electronic channel transmits a 


of text it does so In a six to eight bit code. The Important point
 

is that six or eight bits Is a very small amount. A single
 

satellite voice channel has enough bandwidth to transmit six to
 

eight thousand such characters in one second. (M)
 

one
If one translates that to about two printed pagei per second, 


realizes at once why data communication can be much more economical
 

than voice communication. By voice someone talking may get about a
 

word and a half across In a second. (2)
 

microwave links
For developing countries 	whose telephone cables, 


are now few in number and are expensive to
and satellite circuits 


construct, a mode of communication that can pack large amounts of
 

carries very Important
Information into limited facilities, 


Impl cations.
 

The technologies that have been developed In advanced countries for
 

data communication and which might meet needs of the LOCs arel
 

(1) Even a fairly low grade telephone line (2400 bps) wil carry 

about 300 such characters In a second, or about 45 words. 

(2) Voice communication is more economical, In turn, then video*
 

to j00 voice channels Into the bandwidth of one
One can get 500 

video transmisslon.
 



SUMMARY AND CONCLUSIONS

is Tel ex 

2. FacsimIle* 

30 'Computer Polling Systems
 

4. ComPuter time sharing networks 

5. Packet sititched computer networks
 

6. Satellites 

7. Multiple access satellite systems 

review what each of those technologies can

In Chapter II we shall 


that Its wayq can
do. The bottom line, however, 	 is each, In 

data and text communicationcontribute to making low cost 


internationally available.
 

AGRICULTURAL RESEARCH

THE REQUIREMENTS OF THE LOCOS AND THE 


CENTERS$
 

society are manifold. The
The communication requirements of any 


government requires facilities to mobilize Its population; the
 

In turn must have the means to express Itself. Business
population 


needs communications for management and marketing. Security forces
 

depend upon communcations and so do educators, railroads and
 

airlines.
 

we evaluate advanced telecommunications technologies
In part, as 


for the LOCs we shall try to do It with reference to their total
 

shall consider to what extent LOCs require
communications needs. We 

such gadgetry. However a total evaluation of that sort Is beyond 
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the scope of this study. LOCs, like other countries, have a myriad
 

of different communication needs. We cannot begin to consider them
 

all In any detail&
 

We shall proceed Instead by a case study - an examination of the
 

telecommunications needs of the International Agricultural Research
 

Centers (IARC's), 

The needs of the IARCs are far from typical for the LOCs, Like 

airlines or banks, they are Institutions with extremely advanced 

communication needs that put a strain on the capabilities found In 

poor countries. A study o? how-to meet the telecommunIcatiors needs 

of the IARCGs Is thus a test of what Is possible In an LOC and how 

progress in telecommunications can be Initiated within them* It Is 

not a study of a statistical sample of users of telecommunications
 

In LOCs.
 

To meet the communications needs of the IARCGs is nonetheless of 

considerable Importance to the LOCs. Churchill's remarks on the
 

Battle of Britain could with minor modification be applied to the
 

war against hunger: Never have so many been dependent upon so few.
 

The prospect of avoiding famine In the world rests critically on
 

the research that the IARC's are doing. Any money spent to assure
 

their success will be returned a thousand fold.
 

But those considerations alone do not necessarily Justify a large
 

Investment In communication technologies. It Is not self-evident
 

that better communications will solve the problems of the IARCs.
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That Is a matter for evaluatlon,
 

In fact It turns out that there are fairlf clear Indications that
 

the communications needs of the IARC's are acute and that the
 

character of their communications facilitLes do affect the conduct
 

of their business.
 

One reason for the problem Is the location of the IARC~s. Each
 

research center Is an Island of high technology activity In a
 

remote location. By the very nature of IARC activities they are
 

located In underdeveloped countries, freqjently some distance from
 

the capitalt In rural locations. As we shall see below their main
 

communications problem Is often covering the 30 or 50 miles from
 

their rural site to the nearest capital or ajor city.
 

The research centers have libraries which have to keep up with
 

current literature. They have sophisticated equipment which has to
 

be maintained with parts and advice from remote locations* They
 

engage In co-operative experiments with researchers at other
 

institutions, sometimes located half way. around the globe and
 

sometimes located In places even harder to reach than the IARC
 

headquarters. There Is need for up-to-the-minute weather
 

Information and current reports on crop yields.
 

There is a special requirement for rapid Information on genetic
 

strains and on experimental results, Plants and animals grow on
 

nature's schedule. When the time has come for fertlilzation, or
 

breeding or modifying an experiments the scientist has to learn
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promptly what genetic strains are avallaole and from whereg and he 

has to get them*
 

The research stations have remote sites where experiments 
on their
 

a different envLronment, sometimes
special crop are being done In 


outreach and

in another continent. Th-- centers also conduct 


educationa I programs. 

several dozen sophisticated
Last but not leastg the fact that up to 


their homelands at the
 foreign scientists might be ILvLng away from 

research station creates a communication need. It will be 
isolated 


them there and
 
attract able researchers and keep
much easier to 


have quick and easy communication with children at
 happy If they 


boarding schools, with elderly parentsi and with professional
 

colleagues.
 

then, the IARC's have acute communication needs, over and
 Clearly 


the need of their administrators
above their most obvious need: 
to
 

foundations and governmentsq to
 report to sponsors 	and monitors in 


to make travel arrangements. Those needs can
 
order supplies, and 


We shall
 
also be met better by better telecommunications equipment. 


these needs can be better served.
below consider how all 


of the communications
noted, the Investigation
As previously 


of IARC's may produce pilot models of what can be done 
requirements 

which should be noted,

In the LOCs. There is, however, a caveat 

It may be possible to put one 
namely, the problem of scale* 

onto a global

a remote rural location on-line 
computer from 
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network* Given the scarcyty of capital and of technical and 

maintenance personnel, It may not be possible to do that 0OG times 

or 10,000 times In an underdeveloped country. A successful pilot 

project In telecommunications for the IARCGs may prove what can be 

done, given enough priority and enough allocation of scarce
 

technical resources. It does not demonstrate what would be required
 

to give the LOC the full benefit of the experimental technology.
 

Nonetheless a pilot project permits the measurement of costs,
 

difficulties and maintenance requirements. It provides the data 

needed to estimate how and at what expense a system could be
 

expanded to meet other needs. Thus a telecommunications Pilot
 

project for the IARC's even if not directly expansible Into a
 

national system, would be useful, not only for Its contribution to
 

the IARC's but also as a basis for cost/benefit analysis of more
 

extensive uses of the system tested.
 

Actually, however, our conclusions are more optimistic than that.
 

Iinicomputers used as store-and-forward switching devices seem
 

particularly well adapted to meeting some communications needs of
 

the LDC's. They permit messages to be transmitted automatically 

over telephone lines whenever the connection Is made. The messages 

can be stored until the computer gets through to Its number, 

perhaps late at night when traffic Is low. And where reliable 

phone circuits are not available the computer can receive or send 

the messages at low data rates on telegraph lines or even radio. 

The switching computer can be at a central location In the capital 
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or near the satellite earth station where sophisticated service
 

facilities exist, The 
 nodes at the end of the system can have
 

terminals appropriate to their location.
 

Technically such a system Is possible, The major problems 
are
 

those of an administrative and regulatory nature which Involve the
 

agreement of governments and telecommunications administratlons 
to
 

the ,stablishment of such novel facilities which In some Instances
 

violate their normal way of doing things.
 

In most Instances developing countries simply copy the technologies
 

used by advanced industrialized countries, but with a lag. Oata
 

communication with 
 store and foreward minicomputers Is an example 

of a direction of technical development that Is particularly 

appropriate to LODCs. They have the opportunity to innovate, 

establishing a system that 
 meets their special needst and Is
 

somewhat different from the one they will acquire If they simply
 

follow the established practices of Europe and America.
 

CONCLUSIONS AND RECOMMENDATIONS
 

The actlon-related conclusions and recommendations of this report
 

mostly bear upon the particular case that we studled, the
 

International Agricultural Research 
 Centers. There Is also one
 

general conclusions
 

High technology systems of data communication Including
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facsim"i le, ':o'mpUferp'lling sysItems, packet switching, and 

mtiple access satfiliate 'systems",are managable In, and 

appropriate to the needs of the less developed countries. 

Use of such technologies can 1)*markedly,reduce costs for some
 

lmportant'servlces, 2)locate activities In those-centers where
 

adequate maintenance and technical personnel exists, and 3)
 

give 
 the LOC's access to the best and most advanced technical
 

Information bases. A result of Participation In such
 

International systems 
 will be quickly Increased Independence
 

by the LOCs, not greater dependence. L3C's and aid agencies
 

should, therefore, give high Priority to the development of
 

advanced data and text communication systems.
 

With regard to the International Agricultural Research Centers, 
a
 

survey led to some findings about their present use of
 

communications facilities.
 

International telecommunications are used by the IARC's mostly
 

for administrative business including travel 
 arrangements,
 

employment, purchase orders, and budgetary explanations and
 

proposals. Scientific Information Is generally transmitted by
 

mail or conveyed by travel.
 

For the 
short messages carried In the admLnistrative traffic
 

the present costs of telecommunication are quite low. relative
 

to the large sums that the messages discuss. Because
 

communication is 
a small Item on the oudget, little attention
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Is paid to doing It ef.ficientl.y; substantial Improvements 

could be made. For scientific communication on the other hand 

the present costs of telecommunications are far too high. A 

sharp reduction In costs, making telecommunications 

competitive with airmail would lead to a big Increase In usage 

by scientists, though they are not now thinking much about 

that possibility.
 

Most of the communications by the IARO's Is with the United 

States. CGIAR, A109 and the IIE are the main sources and 

destinations of messages. Also there Is substantial traffic 

with universities with which the centers have contracts and 

with the Ford and Rockefeller Foundations. There Is also
 

substantial communication with Europe.
 

There Is only a modest amount of communication between centers
 

except In those Instances when an outreach or experimental
 

post Is colocated at another center. Most of the long
 

distance communication of the IARC's within the developing
 

world Is to outreach posts and to national research centers
 

with which they are engaged In co-operative research.
 

CommunicatLon within the developing world Is much harder than
 

communication to. Europe and the United States. The most
 

difficult communication problems are often about the last few
 

Miles of rural communication to the IARC or to some 

co-operating rural site* 
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We have three recommendatons for'act Ion by AD *'CGIAR9-1,1 and the 

centers. Of, these't twola~e a .... n ' P and 

are already being0'done by'some cen 'ers. 

0j..lo speed.,up the delivr, scientific publIcations, the US
doof 


pur.chaslng ,agent, for each center should subscribe to journals and
 

other series in the US, collect them and send them by air pouch
 

periodically. Some money would be saved by avoiding overseas rates
 

on subscript ons; but more important, "the' journals wouldcome much
 

more rapidl y'
 

2. All centers should acquire telex and make more use of It Instead
 

Of telegrams.,ZIt is more economical, more reliable and faster. The
 

main problem Is that telex messases can only be sent to recipients
 

who have telex machines. All the main locations with Which the
 

' 
'great bulk of the communic'atIons take'place should be urged to have
 

them. ' Fur'thermore, AID or CGIA'R should puo lish a'directory In many
 

copies listing the telex numbers"otCall the active participants In
 

the international agrlc'itu'al research community. It turns out
 

o
that one of the main reas ns "for not using telex Is that people are
 

not fully Inforied'as-to who has It and are unable to quickly find
 

their numbers. Internati1onal telex ,'dlrectorles have not been
 
widelyydsseminated. "A'specla lized mimeograph'ed dLrectory,' re Iating
 

to the needs':of' the IIARC*s €oU Idi b-e distributed to every major
 
office in each c1€enter *theby
faciitatngi their,use 'of telex.*
 

3. The establishment of an International computer polling network
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should be carefully considered. The switching computer would be In 

the Washington or New York area and a node would be at every center 

and at all places with which the centers do much communicating. A 

phone call to each node once a day would probably be adequate. It 

seems likely that at present all the message traffic could be moved 

within the limits of a minimum-cost three minute call. It seems 

possible that a system of this kind could deliver messages to most 

nodes for a quarter to a half dollar a page. The report outlines 

ways In which various operational problems could be overcome, 

particularly for locations to which there Is no International 

direct distance dialing. The next step toward establisNng a 

polling system would be a detailed on-site engineering study at 

each of the centers.
 

We estimate that about U90,000 a year would cover the 

communication and equipment costs of a telephone based computer 

polling system for all Centers, and would enable each to send and 

receive about 75 typewriter pages a day. 
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WHAT IS TECHNICALLY POSSIBLE?
 

*C1HAPTER'2* % 

,WlHAT IS TECHNICALLY POSSIBLE?
 

Inthls chapter we shall describe several technologies which could
 

be used to. put 
 the IAFC's Into direct rapid contact wlth each
 

other. with off-site 
outreach posts, with their sponsoring
 

organizations In 
 the USA and Europe, with library and Information
 

centers, and with co-operating scientists all 
over the world. This
 

Chapter consists of two parts. 
 The first part surveys a variety of
 

technologies for low 
 cost International communication, some of
 

which are already In use, but still not commercially available. In
 

this section we will lay out the technical alternatives for
 

establishing telecommunications Internationally among the LOCs.
 

The second part of the chapter applies those 
 alternatives to the
 

particular service of the IARC's. 
 It considers seven alternative
 

system designs for an rARC network.
 

In both parts we start with alternatives that are already 

available off the shelf and move on to ones that may become 

regularly available during the next decade or twoo The most 

revolutionary alternatives are described in order to permit a look
 

Into the future. However AID and the IA;C's are not going 
to
 

create whole new communications systems 
 to meet their limited
 

needs; they will use facilities when they become generally
 



MI.To LOW COST COMMUNICATION FOR THE LOC'S A°I.O.
 

avallable. In ou, vreconmendaf.jons for the ARC t ore, we 

stick to the already commercLalized alternatlves. 

Technologies for International Communication
 

1. Telex$ 

Telex Is already widely used throughout the LOCs. Table 2.1 and
 

Figure 2.±a-f show that It Is In operation virtually everywhere.
 

It has nott however, penetrated any more rapidly than telephone;
 

across the board it has not been a substitute although there are
 

some places where telex Is used Instead of the teleohone because
 

long distance phone service Is expensive or Inadequate* Telex can
 

operate on ordinary telegraph grade lines. Indigenous PTT
 

personnelt however limited their skill 
or equipment, are accustomed
 

to doing maintenance on those and on pnone lines; sophisticated
 

skills are not required. Airlines, banks, and traders all over the
 

world therefore posess telex terminals.
 

In Europe telex Is used more than In this country. Telex rates In
 

Europe are lower than here and long distance phone rates higher.
 

Also given the many languages In Europe It Is convenient to have
 

written text to check rather than trying to understand the
 

extemporaneous spoken word.
 

The same considerations apply In the LOCs. Also Important Is the
 

fact that the transmission of International telex messages Is not
 

Inhibited by time zone differences In the way that phone calls are.
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Diffusion of Telephone & Telex Selected Developing Countries 
(1971 Figures) 

Country Pop. Telephones Telex , GNP Phones per Telex per Rate of Increase 
. (Millions), Subscribers Per Capita 100 pop. 10,000-pop. of Telex 

1970-71 

Phillipines * 37.9 351,000 1707 240 0.9 0.43 16% 
Venezuela 10.6 444,000 1748 1060 4.2 1.63' 662 
Uruguay 2.9 235,000 387 750 8.0 1.32-* >52 
Peru* 14.0 243,000 721 480 1.7 0.511 r-42 

Columbia* 22.3 856,000 1921 370 3.9 0.88 '-42 
Brazil 95.4 2,145,000 3190 460 2.4 0.33, 2 
Argentina 23.5 1,828,000 2188 1230 7.7 0.89 10% 
Cuba 8.5 275,000 800 510 3.2 1.94 14Z 
Lebanon* 2.8 300,000 655 660 10,2 2.28 6% 
Egypt 34.0 --- 217 220 - .06 25Z 
Ethiopia 25.2 51,000 194 80 0.2 .08 f22 
Gabon 0.494 --- 112 700 - 2.24- 75% 
Ghana 8.856 19,000 141 250 0.6 .15 262 
Kenya* 
Liberia 

11.6 
1.6 

85,000 
3,000 

185 
74 

160 
210 

0.7 
0.2 

.16 

.47 
62 

232 
Zaire 19.3 41,000 384 90 0.2 .17 12% 
Nigeria* 56.5 87,000 265 140 0.1 .05 8% 
India* 551.0 1,293,000 5838 110 0.2 0.1 212 
Israel* 3.0 584,000 1466 2190 18.8 4.96 16% 
R. China * 15.0 300,000 739 430 20.0 .52 562 
S. Korea 14.3 755,000 800 310 2.3 .25 0 
Malaysia 11.2 15,000 176 400 1.8 .16 172 
Pakistan 62.7 220,000 198 130 0.2 .05 222 
Indonesia 120.0 230,000 720 80 0.234 .058 72 
Mexico* 1,700,000 3231 - 3.4 0.6 192 
Thailand 37.3 202,000 232 210 0.6 0.6 412 
Chile 10.0 393,000 662 760 4.0 .66 272 
Algeria 14.4 199,000 564 360 1.3 .39 27Z 
Morocco 15.3 171,000 1026 260 1.1 .64 152 
Ivory Coast 5.2 34,000 405 330 0.7 .92 32% 
Niger 4.1 4,000 52 100 0.1 .13 24% 
Uganda 10.1 34,000 91 130 0.3 .09 322 

•Locations of International Agricultural Research Centers
 

Table 2.1
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Figure 2.1e : Telecommunications Traffic Volume 
U.S. - Asia 19614-1971 
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WHAT, -IS TECHNICALLY POSSIBLE?
 

Much of the Internatlonal traffIc.,to and from the LOCs Is to Europe 

and America. A telephone call from the US to Nigerla, given the 

six hour time zone difference, must be made before 11300 AM EST to 

reach an office In Nigeria before 5100 PH local time. Since during 

peak hours, there is normally a two hour time delay In getting a
 

call through, It may become impossible to connect at all. To the
 

Far East the situation Is worse. 
 A call from the US East Coast to
 

raiwan must be made between 8300 PM and 4100 AM local 
time In order
 

to be received in Asia between 9300 AM and 5300 PM 
local time. A 

telex message, on the other hand, will usually be on the recipients
 

desk the next morning when he gets In.
 

In most of 
the world telex has been pushing out ordinary telegraph 

traffic. The reliance of telegrams on human delivery at the far 

end is often a source of delay or even loss. Our Interview
 

respondents repeatedly talked 
 about Problems with telegram
 

delivery; to some countries a telegram will sometimes arrive at the
 

same time as the confirmatory letter.
 

Telex Is the most conventionai and widely used text communication
 

technology. It however, expensive and of
is, low capacity. A full
 

speed telex line operates at 66 words per minute. (Half speed and
 

quarter speed lines 
are also sometimes available) International
 

Telex rates are less than telegraph rates, and usually lower than
 

phone rates, but not by much.
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US to 20 word 20 word+ 1 minute telex 3 minute 
telegram letter (66 words) phone call 

telegram station to 
station 

Mexico varies varies $1.6T7 S2.25-3.85
 
Peru $6.20 $3.10 3.00 8.00
 
Col umbia 6.20 3.10 3.00 9.00
 
Nigeria 5.60 2.80 3.00 £5.00
 

Kenya 5.60 2.80 3.00 8.10
 
India 5.60 2.80 3.00* 12.00 
Taiwan 6.80 3.40 3.00 9.000 
Philippines 6.80 3.40 3.00 9.00 

*3 minutes minimum +The minimum Is usually 22 words.
 

Table 2.2
 
Comparison of International Rates
 

The basic reason for the high cost of telex, compared to newer
 

transmission systems aside from marketing and regulatory pollcy, Is 

that it Is Inefficient to use transmission plant at the low data 

rate of telegraphy. The point can be Illustrated by comparing
 

transatlantic rates for private lines at different speeds. 
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Type 
Facility Speed 

Cost per UnIt-,f 
of Purchase Cost/Hbit Cost/hour 

Telex 50, bps $2.55'Lnute (1) $868 $153 

Oatel ±200 bps $4.00/ mLnute (2), -S 55 3240i 

Leased 
5.00 (3).
Telegraph 50 bps $3600WMonth 1. (3) 1$ 


75 bps $4070/month $ 9.50 (3) $ 5.50 (3) 

Leased
 
VoLce/Oata 4800 bps (4) SiG,500/month S 0.38 (3) $3,69 (3)
 

Tymnet 300 bps $9.00/hOur plius S 43.30 (5) $1.82 (6)
 
S0.35/1000 characters 

() One minute minimum
 
(2) Three minute minimuim
 
(3) Cost/Mbit and Cost/hour computed in a 24 hour a day, 7 

day week utilization basis. For 5 day 40 hour week basis
 
multiply by 4.2
 

(4) Some voice/data circuits are operated at speeds as high
 

as 9600 bps but 4800 is the more common practice.
 
(5) Cost includes connect time at 300 bps and per character
 

charge
 
(6) Cost/hour computed on basis of average transnission speed 

of 7 characters/second 

Table 2.3 Comparative Costs of International Data
 
Communication Facilities$
 

U.S. - Western Europe 
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a. Facsimiles 

The facsimile systems that we describe here are those which use
 

ordinary telephone lines and therefore take .abvantage of the
 

economy of the higher bandwidths available on them than on 

telegraph circults.
 

In the long run facsimile will probably prove to be a less
 

efficient way of transmitting text than digital transmission of
 

characters, since facsimile scans and transmits the contents of the
 

entire page, blank spaces and all, rather than merely sending a
 

brief code for each character. However, at the present time
 

facsimile has two great advantages.
 

(M) It does not require transmission facilities beyond those which
 

the Centers already have and use. It operates over existing
 

telephone lines and so Is usually cheaper than most telex messages
 

at present rates except for short messages.
 

(2) Facsimile can reproduce the format and graphics of a document 

In addition to Its text. It is, therefore, used exterq;vely for 

sending engineering drawLngs, hand written forms, or ioPes of 

legal documents.
 

An acoustically coupled, portable facsimile device thaf-rents for 

$29 per month can transmit a black and white page In -foaui% minutes 

from a phone in the US to the same device om the other.,side of the 
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world, Thus, where there is direct distance dialing the cost would
 

be a maximum of $1.2 to send a page at daytime rates to the most
 

remote location. There are varLous ways to reduce that cost.
 

A facsimile machine which transmits an 8 V2 -,by il" sheet of black
 
on white material In 4 minutes, requires six minutes for half
 
tones. More sophisticated models can do it In two minutes by
 
coding schemes which compress the bandwidth needed for faster
 
transmission; this sophistication can be be expected to become
 
cheaper In the future.
 

A single spaced typewritten page contains about 500 words which,
 
at the $2.55/minute telex rate applicable to most European
 
countries, will cost $18.95 to transmit or $3.79 per hundred
 
words. Facsmile, using telephone circuits at $2.25/minute will
 
cost $9.00 or $1.80 per hundred woras. Tie use of small type or
 
the photocopying of two sheets on one 8 1/2" by Ji" page as Is
 
possible with some Xerox machines can reduce these costs still
 
further. Eliminating the need for keyboarding the information into
 
the telex and possible retyping at the other end, and the ability
 
to transmit graphical material are other advantages.
 

Until now FCC approved tariffs would have been violated by such
 

International use of phone lines. A certain amount of such
 

transmission occurred nonetheless, because the rules were difficult
 

to enforce; as long as they existed, full development of the
 

potential of facsimile for international traffic did not occur. In 

January 1976 the FCC announced that It was removing the ban on 

International transmission of data by telephone. 

3. Computer Polling Systemsl
 

Within the US, leased telegraph networks are In many cases being
 

replaced by computerized message switching systems which poll and
 

switch messages among nodes on the network via WATS lines. These
 

systems consist of a central computer 'n&d associated dialling
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equiRlenb_,hch switches the messpges and polls the network and 

nodes whlch are, equ i ped with a printing terminal microprocessor 

8noan.n inexpensive, storage device (e.g. cassette or floppy disk) on 

which outgoing messages are stored to await polling. A large 

company can Install such a device as an In-house communication 

system. The central" eaquipment leases for $1000/month, iand the node 

terminals for $200/month. Alternativelyt the service is provided 

centrally for as low as $0.15 a poll. 

These systems are relatively new. One manufacturer of turnkey 

systems has installed over 609 and many more have probably been 

but lt~up within major organizations. The quoted prices are likely 

to come down In the future.
 

The topography of such a system Is as shown belowl
 

dialup _ - dial up 

Terminjl --- Telephone-- Switching Computer -~Telephone-- Terminal 

JILL. U.S. or Abroad.- Pari 

Periodically the switching computer telephones each terminal to
 

receive whatever outgoing traffic It may have. It then phones each
 

terminal to deliver this traffic. 

The capacity of these systems is much greater than that of the
 

networks they reptaced and the marginal cost of communication Is
 

very low* Vendors salesmen report that their clients now use them
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communications se'nt A 

advantage is that messages may be Interfaced wi h"-another' coi puter' 

for, say, order processing with less .. .ed..

for many formerly ' 6 'n. ddf.i d 

9rouble thtan-with 


telex network.
 

Suich":systems are' capable, of -being.,, used intenatonally. As an 

exoiwp,1e6,"-of the',Lcost,. :advantageof.1o.such a system against a leased 

telex line, we can consider a us er linking New York and Paris via 

even a 1/4 speed line costing S1661.60/month. (For LOC locations 

quarter speed lines are often not available and leased 4ine rates 

are higher*) Assuming that both offices are keeping' rormal 

business hours, the five hour time dIffeeence leaves only -, "a 'three 

hour overlap between both offices working hou'rs. Ifa maximum 

delivery delay duringtoffice time of one hour Is acceptable (only 

banks and a few businesses need faster service), four exchanges 

between the two offices will suffice toclear 'ali'traffic within 

this requirement. The traffic handlig 'ca'p"acity of those four 

calls operating at L200 bps ls' welin excess of that o-f -the 

quarter speed line In the four hour period. (See below). 
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onthly Costs 

20 days X 4 calls/day U.S. Switching computer-Paris
 

terminal at $6.75 per call $540
 

20 ,days X _8 'calls/day U.S. Switching computer-U.S.
 

teerminal at $0.50/call S 80
 

20 days X 12 polls a day by the switching computer
 

at $,15/pol I S 36
 

Rental of two terminals at $200/month $400
 

Rental of two 1200 bps modems at S30/month ..u
 

$±116 

This represents a 30% decrease from the S1660 monthly cost for a
 

quarter speed line. (1) 

These costs are computed assuming that the switching computer Is 

located In the US where a three minute minimum on overseas calls Is 

In effect. In Europe, where metering Is by short time Intervals 

(one second In the UK), the International calls could be shortened 

to the time necessary to clear the traffic. As very short calls 

are unlikely to be permitted by administrations (as ATT has shown 

(M) Recomputing the costs utilizing Datel service (which Is
 
allowed) from the IRCs at $4.00 a minute still yields a slightly
 
lower total cost of S536/month. For a foreign terminal in the UK
 
where there is a special direct dial rate to the US of $3.60 for
 
the first three minutest the total monthly costs over dataphones
 
would drop to $854a. 
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by requ'ring a one minute minimum on WATS calls) recalculatLng wLth
 

a one mLnute minLmum, (as the shortest likely minimum) gives monthly
 

costs ,pf,SE6/month to France and $672 to the UK.
 

Additional advantages of the computer system are greater capacity
 

and the accomodatLon of much higher volumes of traffic 'an the
 

computer system than on a 1/4 speed line* The 1/4 speed circuit
 

can transmit a total of 23,760 words in a 24 hour,dayt while the
 

computer system can transmit £4,400 In just the 12 minutes needed
 

to ensure four polls a day. Furthermore, the computer system is
 

better suited to Interfacing with other in house comouters, and the 

system reportedly reduces labor costs of operating the leased
 

network*
 

Clearly, a message switching system using dial-up telephone Is now 

economically competitive with a low speed leased circuit and could 

be very much cheaper If terminal equipment costs per minute 

diminish and one minute minimum charges are instituted 

Internationally. While all are likely to a varying degreet the
 

reduction In terminal equipment Is almost certain.
 

Our cost-benefit analysis employed the lowest price leased circult. 

Comparison with any other speed teletype circuit will show the 

computer system to be far cheaper. We have also considered a point 

to point system. For a network consisting of several points within 

the USA and abroad In the USA the advantages are greater. For a 

global system there one might link more than one switch In a single 
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system, forwading traffic to the regional sw-I[ch which could,
 

transmit It In turn to the node by whatever local facilities were
 

available and €ceapest. For example, an American organization
 

building such.,a network might locate a switching computer In the UK
 

to take .,advantage of the low 1000 rates and forward traffic to
 

other European countries by telex (which averages S.30/minute
 

Inside Europe) or alternatively by phone calls to terminals,
 

depending on traffic volume and service standards.
 

Time Sharing Networks$
 

There are now a number of computer time sharing networks that
 

operate Ln'.rnatlonally. The largest, General Electric's Mark 1119
 

Is represented In Figure 2.2; Its main computers are In Ohio. One
 

reason why It Is economic for a time sharing service to operate
 

Internationally Is that time zone differences even out peak loads;
 

the computer will be kept busy at different times from different
 

places. The economy of load levelling outweighs the
 

telecommunications costs.
 

Most time sharing systems possess a so-called "mailbox" facilLty.
 

A user of the system can address a message to another user. It Is
 

transmitted to the addressee's files and can be read by him the
 

next time he logs Into the system. The main purpose of the mailbox
 

facilLty is to facIlitate co-operatlon In computer use. A customer
 

can use It to complain that an aspect of the system worked
 

Incorrectly or the user of some data can leave antinstructIon with
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his l abo u t what' analyses-to run'. T sesihoe-wulddbe 


related to computation. But there Is no ffe+tle+'a to prevent'
 

the messages from contaInngCi f agreet 1tais ing +to 

a purchase order, though r 'ailmost'+ ever*ywherepostal regulation+sa 

prohibit such use of a time sharing'system as'a message carrie4r.'
 

Thei.point, we wish, to make here Is not about the legalities, but
 

rather the fact that time sharing systems demonstrate how efficient
 

and cheap a computer based mailbox system can be.
 

A. Vezza of Project MAC has made an estimate of mailbox costs on
 
the ARPAnet. He describes "one message system developed for a
 
POP-io computer known as the Dynamic Modeling System (OHS) at the
 
Massachusetts Institute of Technology's Project MAC that goes
 
beyond the basic services and, In addition, provides a means for
 
computer programs to create and receive messages and for filing and
 
retrieving using of originator, recipient, keywordv file folder
 
name, datet etc. The experimental OHS message system is used by
 
some 30 staff and student researchers for intra-office message

communication and for communication with researchers who are
 
registered users of other ARPAnet hosts.
 

Table 2.4 indicates the cost and price of using the major services
 
of the OHS message system for handling a typical 2000-character
 
message. Cost was computed by amortizing the equipment over a
 
25-month period and adding operating expense. Price was determined 
by sampling the computation price of a number of commercial 
time-sharing companies with similar equipment. The range for CPU 
usage was small; therefore, an average Is stated In the table. The 
price range for on-line disk storage was largert and therefore the 
range is Indicated-. A trillion-bit memory with a relational data 
management system is not yet a commercial service, but the price 
range Indicated Is a projected one. The first number In each 
column opposite "COMPOSING" Is for composing a single typical 
2000-character message. The second number Is for composing 
additional messagest the difference being the overhead to activate 
the composer. Note that the composition charge Is the same 
regardless of the number of addressees. Thus, multiple addressee 
messages cost less to compose on a per-message transmitted basis. 
The transmission cost is the estimated ARPAnet transmission cost 
for such a message. Compared to the computational charges, the 
transmission charges are insignificant. The Present price charged
by commercial time-sharing systems, indicated In the table, Is In 
the several dollar range and therefore not very attractive. 
Furthermore, the OHS message system is a laboratory prototype and 
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Implemented with computational efficiency-In mLnd, but,it was not 

rather put together- using, wherever possible, existing program
 

a commercial
modules. It Is not unreasonable to expect that 

ten Improvement In computational
version could obtain a factor of 


efficiency. In addition, the OHS main-frame hardware Is circa 1965
 
£0 times the computational oowervintage, and main-frames with 6 to 


One can expect that a commercial service similar to the OHS
exist. 

the range of
 

message system could today bo offered for a price in 

Within 5 years, the
 25 to 50 cents per 2000-character message. 

lower than the price of sending a first-class
price could well be 

letter.
 

GENERAL ELECTRIC'S MARK III
 
INFORMATION SERVICES NETWORK
 

. . . .......... 


§ 

.
 ...
4... - . 

..................
-- .........---.-. 


Figure 2.2 
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COMIPOSING 14/80.0 .10/.07 1.57/1.04
 

SENDING 8.8 
 .07 1.02 

RECEIVING 10.4 08 1.22 

ARCHIVING k .&U-..42 

TOTAL 38/32 •29/•26 4.30/3.77 

TRANSMISSION *0006 4012
 

ONLINE STORAGE
 

COST PRICE
 

SolOT 1fMNTH
* 

DISK e04 
 018"250
 

TERABIT MEMORY .002 
 001- .02
 

Table 2.4. CPU and Storage Costs and Prices In dollars for a 2000
 
character message. Storage overhead for Indices Is 25X. Cost 
 Is
 
determined on 25-month payout.
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5. Packet Switchingl
 

There Is one relatively new technique for linking computers In a
 

network that Is particularly efficient for message traffic. It Is 

known as packet switching. The basic Idea Is that an Interface
 

computer sits between each computer on the network and the network
 

Itself; those Interface computers collect the messages, and put
 

them out to their addressees In standard form over circuits shared
 

by the users. The standard form Is a "packet" of uniform size e.g. 

128 characters. A longer message Is sent In several packets
 

reassembled by the computer at the other end.
 

Under most, but not all circumstances, there are substantial gains
 

In efficiency from switching the packet from node to node, rather
 

than using a system that ties up a circuit for a single sender and
 

receiver whenever they wish to communicate.
 

Packet networks are rapidly developing. The prototype was the
 

Defense Oepartment's ARPAnet. There Is now a commercial packet
 

network, Telenet. Several European companies are developing them.
 

The basic expectation Is that they will be so cheap that companies
 

will use them instead of private lines.
 

Telecommunications networks have hitherto employed two switching 
schemes, circuit switching (sometimes called line switching) and 
message switching. Circuit switching requires the establishment of 
a physical circuit between the user terminals Involved, as In the 
telephone network. The circuit Is maintained until the exchange of 
Information ceases. Transmission Is virtually Instantaneous. 
Message switching (also called store and forward) Is used for 
telegrams and many other data communication systems. Messages are 
relayed from their point of origination to the next switching 
center in the direction of the addressee, where they are cooled. 
This process Is repeated until the destination Is reached. 
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Transmission time varies considerably with network ,deslgn ,and
 
traffic load*
 

Circuit switching Is inefficient for Interactive use, since 
frequently less than 10.% of the circuit's capacity is used; thus, a 
user Is paying mostly for Idle time. Oata base publishing 
services, among others, generally Involve short messages from 
originating terminals and longer responses from the computer. 
There Is often no traffic on the circuit for considerable periods 
while the operator digests the computer output and decides what to 
do next. Message switching makes more effective use of 
transmission circuit capacity since one circuit can be used for 
many messages. Long messages, however, can tie up the circuit for 
some time forcing other messages to queue until the circuit Is 
free. This frequently leads to unacceptable delays when a network 
handles both short and very long messages. 

Packet switching combines the efficient line utilization of message
 
switching with the reliable speed of circuit switching. It Is a
 
variant of store and forward techniquess deriving Its name from the 
division of messages Into small sections called packetst each of 
which Is transmitted Individually to the destination where the 
message Is reconstructed. 

A message originating from a user s terminal goes to a small 
computer acting as a switching center where It Is divided Into 
packets about 128 characters long, each with addressi message 
identification, error checking and sequence commands. The packets 
are then transmitted Independently tc the next switching center In 
the direction of the destination. Alternate routing as well as 
priority designation is available. The transmitting switching 
center stores each packet until correct reception Is acknowledged, 
using the Idle Interval for other traffic. This process Is 
repeated until the packets reach the switching center serving the 
addressees terminal. Here the original message Is reconstructed 
and sent to the addressee.
 

End-to-end transmission times are very short, typically £00
 
milliseconds for distances up to several thousand miles. Packet
 
interleaving, the dispersion of short messages between the Packets
 
of long messages, allows the handling of asymmetrically distributed
 
traffic without adversely affecting the transit time of short
 
messages. Subdivision of large data streams into a series of
 
messages each containing a maximum number of packets provides
 
Insertion capability. In the case of a large file transfer, short
 
messages arriving during Its transmission can be strung into the
 
long series of packets forming the file, rather than placed after
 
Its entirety to suffer long delays.
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TECHNICAL AND ECONOMIC AOVANTAGES
 

The continuous and rapid decrease in the cost of computer hardware
 

at the rate of 40% per year has made possible the use of
 

minicomputers at the nodes of the teleprocessing network. Priority
 

schemes In the switching of messages designed to favour shorter
 

Items lower the mean service time. Placing a ceiling on the number
 
of packets per message reduces the buffer requirements. The freed
 

storage area can be used to allocate communication bandwidth 
and loaddynamically rather than on a preassigned basis. Traffic 


fluctuations are continuously monitored, forecasts made and routing
 

strategies altered. Major changes, such as addition/deletion of
 
parts of the system by
nodes/linkst are quickly integrated Into all 

a simple and inexpensive software change. 

can be
Conceptually, the switching computers (or node processors) 

half presents the Interface to a
visualized as two parts. One 


a standardized
specific customer, while the other 	presents 

network. creates
Interface to the rest of the 	 This a
 

one to which customers
communications subnet within the system, and 

effectively plug In. The network management and personnel assume
 

responsibility for all data communications within the network
 
on
between customers. Communications system planning and staffing 


the part of the customer are greatly reduced.
 

Standardized interconnection protocols allow different common
 
any
terminal types to be used at any of their several speeds with 


computer program. Standardization of software and hardware
 

Interfaces between the network's node processors and the customers6
 

technological
equipment allows customers to respond rapidly to new 

in users and the variety 	of their
advances. Growth the number of 


needs can ,e rapidly accomodated as well. Outdated operating
 

can be replaced and terminal ports rearranged with no
systems 

outage due to the network. This also applies to the terminals and
 

the computers with which they are connected by the networki whereas
 

today's installations are bound by Inflexible system hardware.
 

Distributed network configuration, where redundant paths between
 

nodes are provided by different link sets, ensures communications
 
link to node ratios greater than one.
security and reliability for 


this ratio approaches one for centralized
By comparison, 

topologiess which lack these two attributes. These link redundancy
 

the minimum span
levels, three or four times higher than that of 

communication survivability under
networkt provide optimal 	 path 


highly adverse conditions. In addition, the distribution of
 

switching capability throughout the network Increases these
 
a single central switch.
benefits since users no longer rely on 


Because of built-in self-diagnostic ability, most faults that do
 

occur are detected and corrected without the customer even being
 

aware of the existence of the fault.
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Packet switched networks provide essentially error-free delivery of 

data within the network both to and from host computers and their 
terminal Interface points. This data accuracy eliminates the 
necessity for the expensive error detection and correction 
techniques and equipment which are employed"..,by entitles using 
currentr data communications methods. Data securlty Is also 
enhan:ed. Multiple paths and the interspersal "if single packets 
with 'thoso of many other messages make It difficult to monitor any 
single uata streams The local loopt from user terminal to node 
processor, can be contained wholly in-house. For even greater
 
security, message content can be encrypted without affecting the
 
normal functioning of the network.
 

Packet switching is a substantially more efficient use of a scarce 
resource (communications channels) than other methods, and can 
possibly Increase resource utilization efficiency to as high as 
80. This provides reduction In network cost for channel purchase. 
Savings in the overall network cost are shared Proportionately 
among the customers since their transmission cost is determined by 
use, a pricing policy justified by the nature of the service, it 
being distance-independent with respect to time delay. Customer~s
 
costs for transmission of data are related primarily to volume of
 
traffic, a parameter within his sphere of Influence and prediction.
 

The flexibilitys variety of service, and savings are passed on to
 
the customers. Network computers can draw on each othergs computer
 
services as desired to obtain more comuplete backup and service
 
capabilities. Resource Interchange In the ARPA network presently
 
yields annual savings of 34 million among its partic pants.
 

Packet switching Is not the most economical technology for all 
purposes. For transmitting a long stream of data, a dial up 
telephone circuit used with good modems will In some circumstances 
produce lower costs. However, this type of usage is likely to be a 
very small volume of future data communications traffic.
 

The cost of terrestrial communications channels appears to limit
 
the future Price of computer-communLcations services. The
 
communications component of total network cost became dominant In
 
£970. Further network cost reductions lie In the Integration of
 
satellite circuits Into such systems@ High capacity channels at a
 
lower cost per circuit-mile are already available. The broadcast
 
mode for packet techniques has already been Implemented
 
successfully by radio In the ALOHA network. Dynamic allocation of
 
satellite capacity by slotted reservation techiques to Increase
 
throughput will be attempted with the CTS satellite In 1975.
 

Future developments In placing an Intelligent payload In
 
geosynchronous orbit will allow the satellite to act directly as a
 
node processor, rather than Its present function as a simple
 
repeater. This may result in further cost reductions as well as
 
minimizing problems from the fixed 250 msec. delay introduced.
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STATUS OF EXISTING NETWORKS
 

In 1968, the Advanced Research Projects Agency of the Oepartment of
 
Defense embarked on the Implementation of a new kind of computer
 
network known as the ARPANET. This research eftort became
 
operational In mid-t9, with J5 sites. It has grown to over 40
 
sites with about 60 host computers spanning the contiguous United
 
States, Hawaii and Europe. Continuing to grow at the rate of one
 
site per month, the ARPANET is the most ambitious, advanced and
 
well-known of the existing networks, and uses packet-switching
 
technology In Its fullest sense.
 

A partnership of 75 International airlInes, SITA (Socibtb de
 
T616communications Abronautiques) launched the first
 
packet-switched network dedicated to business traffic In 1966. The
 
system extends globally, connecting nine high level switching
 
centers with over 7000 termInals, most of which are teletypewriters
 
for administrative matters and reservation Information. Although
 
not a packet system In a purist's sense, the network Is
 
substantially similar to one and differs only In one respect, that
 
of dynamic routing.
 

There Is only one common carrier currently supolying packet
 
switchea communications services In the US and began operations on
 
August J59 J975 offering service to seven cities. Telenet
 
Communications Corporation was formed In last ±972 to Provide
 
packet communicatiors services. The firm Is a subsidiary of Bolt,
 
Beranek and Newman, a Cambridge research firm which was prime
 

(ARPA)
contractor to the Oefense Advanced Research Prolect.,Agency 

for the development and operation of the ARPAnetq the network which
 

pioneered and proved packet switching technology. Sevoral key
 
members of the ARPAnet technical team are now with Telenet,
 

Foreign Packet Networks
 

France
 

The French PTT has an experimental network "Reseau a Communication
 
par Pacquets"(RCP). Nodes are Paris, Rennes and Orleans with
 
extensions to multiplexers In 3 other cities. There is also a
 
university packet network called CYCLAOES which Is Interconnected
 
to the UK's NPL network. In service since 19739 this network now
 
connects 14 computers via a 7 node topology. Although It Is Is
 
still considered experimental, the objective Is to have It acting
 
as a university service bureau, making computer resources available
 
to institutions throughout the country.
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England
 

The BritIsh Post Office has an Experimental Packet Switched Service
(EPSS) serving London, Glasgow 
 and Manchester. In additiong 
an
experimental Packet network has been operated 
 since 1972 by the
National Physical Laboratory (NPL) as a university research network
to 
 study the problems of connecting many different terminals to a
network. This net has been interconnected with the French CYCLADES
packet net since August 1974, the 
link being considered the first

leg of a European Informatics Network(EIN). The potential of
 
linking with the EPSS also exists.
 

The NPL net currently connects 20 host computers and 80 terminals

and is carrying a million packets a day. 
 One service on the set Is
a storage computer which Is enabled 
to provide storage capacity to
other, usually small computers on the net.
 

Spain
 

A Packet switching network 
operated by the Spanish telephone

company, CTNE, been
has In operation since 1972 and 
now has 500
operative terminals, many In banks@ Presently linking Madrid

Barcelona, future plans envision 

and
 
switching centers In each
Province, 
 CTNE Is very satisfied with its experience and Is in


favor of International Packet networking.
 

Canada
 

The Trans Canada Telecommunication 
 System plans to Implement a
Packet switched network called Oatapac, starting In July 1976.
will initially have It

four nodes, Toronto, Montreal, Ottowa and


Calgary, with plans to cover 14 cities by 1980. 
 Charges will vary

between 1.25 and .70 per thousand 255 character packets.
 

European Information Network(EIN)-EIN Is 
 an international

experimental venture 
 involving nine countries, France, Italy,
Netherlands, Portugal, Spain, 
 UK, and Yugoslavia. Formalized by
International agreement In 197i, it Is planned to have nodes InLondon, Zurich, Milan and Ispra. 
 As a result of Its International
character and the attendant administrative problems, progress has
been slow but contracts have been awarded and 
work has begun.
 

6. Satellitest
 

A satellite 
 like coaxial cables and microwaves, Is 
a transmission 

medium that can be used for Computer networkst facsiale, end 

telex. Fundamentally It makes no difference to the user what 
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.hannelIs or1;mIxj'of''channels "are :chosen,, for. a_ giv.en kind of 

telecomumunicatonl transmission because tCSe iuallty of transmission 

is roughly the same over each medium. A sensible. system simply 

picks the cheapest vehicle offered, and perhaps the user does not 

even know what set of circuits Is used. (.) Thus while purists 

the same listmight disagree with the inclusilon of. satellites on 

with.uses to which they can be put, nevertheless they belong on a 

list of technologies that are making possible reliable, cheap, fast 

and long distance communication. 

A significant contribution of satellites Is that they make the 

costs of communication relatively Insensitive to the distance 

covered. 

There Is general recognition that the domain in which costs have 

fallen most, and wII continue ito fall most Is ]ong haul 

transmission. The costs of switching-, the costs of billing, the 

costs of the local loop are by now the greatest part of the costs
 

of a long distance call. (Those are costs that do not vary with
 

distance.) Since there Is no obvious breakthrough pendlng in those
 

costs, the savings that will result from new long.haul technologi1es,
 

may not bring total costs down muchl but those variablo costs that
 

a long distance :cal a partial ,functIon of
make the cost of 


1) To be more precise, there are minor differences between
 
modes. The quarter second delay on satellite circuits
transmission 


or the slightly greater bandwidth on'satellite voice circuits may
 
make a difference to the engineer, but he can make these minor
 
differences Invisible to the user If necessary.
 

41
 



WHAT IS TECHNICALLY POSSIBLE.?
 

distance are tending to) vanish., (1.)-. Gonsider, for example, the 

advancesIn coaxal cabIe and "the: even,mo.e-!dramatIc prospects of 

such devices as optical waveguldes., As ,the footnote shows, each 

successive gener'atLon of carrier has .much,- greater,.capacIty and 

markedly lower costs, per circuit. (2) The capacity that such 

devices as L'5 or waveguIdesoter w.I I pa. for. I theitself only on 

busiest routes. 'However,"transmission costs are also faltilng In
 

microwave transmision and ilnundersea,caoles. Thus even without
 

the advent of the satellite, long dLstance ,transmission costs are
 

becoming a minor part of the total bill. A T and T thinks nothing
 

of routling calls Intenoed to go up and down one coast of'the United
 

States from coast to coast and back again if more direct circuits
 

(1) This point nebds to be emphasized. Throughout this paper we
 
take note of communication costs At the same time we keep
 
emphasizing the failing costs of long-haul communication. The
 
reader may sense a contradiction. There Is none. Total
 
communications expenses may stay put or rise even If the difference
 
In the communication cost between 300 and ±500 miles were to fall
 
to zero.
 

(2) Bell System Coaxial Cable Systems
 

Name Capacity In Cost 
voice circuits fS/voLce circuit/mLle, 

at 100% fill 

LI 1800 1722
 
L3 9000 6.49
 
L4 32000 3.15
 
LS 108000 1.21
 
WT4 241900 1.02 (wavegulde)
 

Source: Evidence offered In testimony to Hart SubcommLttee, 1973,
 
p.802 (Subcommittee on- Antitrust and Monopolyj Committee on the
 
JudicLary, US Senate); from statement by McGowan for MCI.
 
Original source ATT testimony In FCC docket 18±28.s
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are busy~prJIncapacitated. Load levellIng is far more Important to-

A T and T than distance. It Is clear that the marrginal cost of 

transmittng extra miles Is a vanishing number and even the avereage4 

cost (which is the more important figure) Is Just pennies,' even 

over such distances as across the USA. 

.f distance was already a minor factor without satellites, with 

satellites It has become trivial. For a signal that travels 22,300 

miles up and 22,300 miles down, It can hardly be Important whether 

the base of the triangle is 1200 miles or J2,00. 

Indeed, US studies of future costs have tended to show Increasing
 

costs with distance up to about 300 ailes, for It does make a
 

difference whether a message travels only In the local switching
 

system or has to go out onto the interurban switching system. But 

from 300 to 3000 miles will in the future make almost no 

difference. 

7. Multiple Access Satellite Systems$
 

Long distance data communication costs have been reduced to a very
 

low level by digital satellite technology. The major portion of
 

the costs arise In the ground station, with the actual satellite
 

relay costs being Insignificant.
 

The INTELSAT tariff for the space segment for a 64 kbs preassigned 

duplex circuit isj$18,000 (1) per year. Assuming 100 circuit 

(C) INTELSAT 'TarLff .Schedule, 1975
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utilization (.) the space "-segment cost per megablt'is 4.O089. ' 

After ,inclusion of earth station costs and the markup for
 

supportive services and profitv the costs are an order to magnitude
 

higher. The rate for a 56 Kbs"data channel between earth stations
 

In California and Hawaii Is $5,800 per month, (2) which is
 

equivalent to $0.035 per Megabit (about 30.05 per hundred words).@
 

The costs are still another order of magnitude higher after the 

markup by the International record carriers and the very high half 

circuit charges (In the UK 2.5 times the US rate) Imposed by 

foreign PTTs. A 56 kilobit/second circuit from New York to London 

leases for S3R6,000 ($0.15 Hbit). But that Is still seven cents a
 

hundred words.
 

Random access packet switching techniques would allow much lower
 

costs by permitting many earth stations to access a satellite
 

efficientlyt (3) with complete Interconnection via variable
 

capacity virtual circults. In these techniques, each earth station
 

transmits packets at random to the satellLte; correct reception of
 

Its on packets on the satellite's relay acts as verification of
 

nonInterference by another statLon's random transmission. In the
 

event of an overlap In transmissLon with another statlon, the
 

satellite's relay of the transmitted packet will be garbled. This
 

(j) 365 days a year, 24 hours a day at the full data rate
 

'(2' COHSAT tariff schedule, July 1975-


Se
(3) Abramson Norman, "Packet S"Itching'with SetelIteSt" ec.li973
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triggers a retransmlsslon of a packet after a, randoms tIme de a y, to

prevent both earth stations fro* agaLn- retransmIttIng 

siTmultaneously. aUsng' such -techniques, multiple access without, 

cen4thra'lizd control *-can be achieved at a total throughput of 16X of 

the total capacity af the channel. By a modification of. thLs. 

system in ,which bursts of data are not wholly random but commence 

only at' specified time Intervals, a throughput of 37% (1) of 

capacity Is achievable. A more complex technique described by 

Roberts (2) achieves yet higher throughput. 

While this technique Is wasteful of satellite capacity, It is very 

likely the most efficient method of providing service to a large 

number of low density users who require access to multiple 

Information sources. At the seven character per second average
 

rate for interactive communications experienced on existing
 

networks (3) over 300 users could be serviced on one voice channel.
 

Other multiple access techniques such as SPAOE and TOHA are 

designed to provide virtual circuit switched links of constant 

capacity for use with voice cIrcuits. Where the random bursts of 

data are followed by lapses In transmission, the random burst 

system should prove more effective, although such links may have a 

(U) KleInrock, L., Lam Simon, "Packet SwitchIng In a Slotted 
Satellite Channel,"Erc.g. =L±LalL Com&L±. .Q.nfareI 1973, p.703 

(2) Lawrence Roberts, "Dynamic Allocation of Satellite Capacityt" 
Proc NCC?39 p.175 

(3) Blanc, Robert P, "Review of Computer Networking"t M cnJicaJl 
AUiM, Jan. 1974*. 
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place In International data networks.
 

Abramson has outlLned a prospective satellite,system whichuses an. 

INTELSAT IV transponder which Is capable of,60.Hbs when.used with a 

standard (96' foot dLameter) earth stations In hls system a smaller 

earth station is employed,, reducing the transponder datarate Into 

and out of each earth station to about 5 kbs. Higher peak data 

rates would be available since the distrLbutlon of the earth 

stations over many time zones would permit load averaging. Such a 

system would be capable of supporting £00,000 Interactive terminal 

users at one time. 

An alternative technique applicable for use between national packet
 

networks would have each country transmit Its International traffic
 

on a single channel- and monitor the channel from each country
 

accessing the same satellite. Hicroprocessors would select out
 

packets destined for national addresses from each country's
 

transmissions and combine them Into an Incoming packet stream which 

would enter the national network for further distribution. Such a 

system would require one voice channel per country, which In the 

Atlantic basin would be less than a quarter of one transponder's 

capacity* 

The alternatives to multiple access systems are unattractive.
 

Providing a dedicated circuit between each pair of earth stations
 

for N stations requires (N-1) factorial circuits which Is
 

prohibitively expensive and grossly wastefil of satellite capacity.
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A star-network In which every station Is linked to a-master station 

which does the switching Involves two satellite relays which 

doubles the .25 second transit delay Inherent in geostationary 

satellite systems to .5 seconds. With another .5 second del,7%y on 

the reply from a computer, the minimum response time In an 

Interactive system would be one second at best, which Is higher 

than desirable. 

The combination of the best of these satellite options with packet
 

networks, and perhaps such other approaches as facsimile and
 

polling systems on public switched networks, makes the technical
 

prospect of highly economical global non-voice communication very
 

promising Indeed. However, the full ulitization of these
 

techniques lies somewhere In the future. Twenty years from now the
 

International agricultural research centers will perhaps each have
 

a satellite earth terminal linking It to a packet switched global
 

data network. That Is not available now.
 

We turn now to ask what can be done for the IARC's using some of
 

the technologies that we have just descrIoed.
 

Alternatives for the IARC's 

Can advanced communication technologies Improve communications for
 

the International agricultural research centers? Would such
 

technLques be cost/effective? To answer those questions we designed
 

and costed abstract prototypes of seven possible engineering
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solutIons. (W) 

Those abstract system models were based on a hypothetical sixteen
 

point network. The sixteen-locations were arbltrarLly chosen early
 

In our study to permit designing to go forward. At the end of this
 

report we propose a networkrbased on the espirLcally ascertained
 

needs of the IRAC's It differs slightly, but the differences do not
 

affect the conclusions drawn from the hypothetical model.
 

In retrospect, the main emendation we would make In our
 
hypothetical system, on the basis of Interviews with the IARC's
 
about their communication needs, would be to add a number of
 
additional points In the USA: several universities and the
 
Institute for International education and the Ford and Rockefeller
 
Foundations In New York. (2) That change, howevert Is of no
 
technical significance for the US communication network Is so well
 
developed that the addition of any additional points In the US is
 
technically trivial. Similarly, Japan and other European points
 
could be easily added.
 

The L6 points that we chose to link In the hypothetical
 

communication network were
 

1- The International Rice Research Institute (IRRI)t Los Banos,
 

Philippines.
 

2. The International Maize and Wheat Improvement Center (CIMMYT),
 

El Bat~n, Mexico.
 

3. The International Institute of Tropical Agriculture (ZITA),
 

Ibadan, Nigeria.
 

(1) These were developed by Colin Warren 

(2) Another change, given recent eventst would have been to
 
substitute another point for Lebanon. The precise point chosen
 
for the exerciset however, Is not Important
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4. The. International Cen ter of Tropical 	 Agriculture (CdAT),
 

PalmIra, Colombia 

5. The International Crops Research Institute for the Semi-Arid 

Tropics, (ICRISAT) Hyderabad* India. 

6. 	 The International Potato Center, (CIP), Lima, Peru. 

on Animal OLseases7. The International Laboratory for Research 


(ILRAD), Kenya.
 

to be
8. The International Livestock Center for 	Africa (ILCA)t 

located 	In Ethiopia.
 

Resources FAO
9. International Board for Plant Genetic and 


(IBPGR) Rome.
 

Cooperating Regional Centers$
 

£0. Costa Rica, 'Centro Agronomico Tropical de Investigaclon y
 

Enseflaza (CATIE) 

y1. Zaire 

iz. Lebanon - ALAD 

13. Taiwan, Asian Vegetable Research and Oevelopment Center 

(AVROC)
 

14. Israel
 

15. World Bank, WashLngton, D.C.
 

16. AID Washington, D,. 

Figures 2.3 and 2.4 map the sixteen geographic locations of the
 

Intelsat
points In 	 the hypothetical network and depict the 


to which each has access. Satellite communications
satellites 


between the East Asian
between Indian Ocean points and the USA or 
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9 ny 'itAn-.American 

or African points (except Kenya) would requjre two ho' w'th the 

message going from one terminal elther to"the"USA or to*Kenya and, 

then from there to the other terminal. That Would create some 

problems for voice communication, but not or message delivery. 

points (The PhIlippines, Taiwan, and ln"'dia)andl 


The seven alternative communication systems that we shall examine
 

are I
 

1. Use of the International switched telex network
 

2. A leased teletype network
 

3. A leased network of voice grade (AVD) switched lines
 

4. Polling via the International switched telex network
 

5. Polling via the International switched telephone network
 

6. Use of Intelsat with small ground stations
 

7. Use of advanced multiple access satellite technology
 

Some of those alternatives (such as the switched telex network)
 

woulo Involve a dispersed network In which each node could
 

communicate with each other node by some more or less direct path.
 

Host of the systems would Involve the creation of a star network In
 

which there Is one central switching and processing point,
 

presumably Washington, with which all other points communicate and
 

where messages are sorted out and forwarded to their destinations.
 

(See Figure 2.5). 
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T.T'P'eLitC"'Ad T iexNetwori 

Telex Is available In virtually all countries today. ost cas.
 

do ,,use it, and all could. No technological Innovation would be
 

involved, though in some Instances (e.g. 1IRI) the telex at t'he
 
-
capital city office would have to be supleented by a Specil
 

telex line to the field station. The maIn change would be. an
 

organizational one, Involving a decision to use telex more"
 

extensively. It Involves putting the terminals In convenient.,
 

locations and having telex directories readily available e'-In'the
 

following chapter, where we consider economics, we will evaluate",
 

the savings that would result from more extensive telex use.
 

Here It Is suffice to note that a telex normally operates at a 

theoretical 66 words a minute, which allowing for carriage returns, 

etc. amounts to a practical maximum of about 60 words a minute. 

Even when there Is a one minute minLmum, and especially where there' 

Is a longer minimumt It Is economic to batch short messages and 

send them all at once so as to efficiently utilize the time for 

which one pays. For example, a 75.word message would be Lbilled for 

two minutes even' though only a fractlon of the second minute is 

actually used for transmission. .-Heavy,, telex, users find it 

worthhwile to rent or buy a terminal. with some memory, so that 

messages can be typed In, and then, .automatLcally transmitted all 

together at full speed, rather than have a typist type the messages 

while on line. The latter procedure is Inefficient due to the 

Inevitable hesitations and Interruptions. The simplest, cheapest 
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Electronic imeaoriesO g.inte!igept
memory, sa paper tape. 


term n,I s gro In number and falling In price.
1are,repial , 


a problem :ror
Naintenarce iJsolafted LOC locations is, however, 


those newer termirals* Which brand of Lntelligent.termlnal could be'
 

s al
to country. Maintenance
woul.d vary from country
serviced 


problem ,even for, conventional teletypes which the PTT-s 'of'
 

virtually all , countries are accustomed to servicing. TYpewriters
 

are less reliable
aremechanIcal .devices with moving parts. They 


Paper tape which Is'also*
than,,:olid state electronic equipment. 


mechanical would not add much to the maintenance problem. CRT's
 

sorts
tape cassettes, floppy disks or core memory are of the same 


as are currently used lh other 'equipment at the.:,IARCOs, e.g. In
 

computers. They are -t'hus*clIe'arly maintainabl-e .inthat environment.,
 

Z. A leased Teletype Network
 

The only reason to establish a-prlvate :teletype, network ,ould be
 

the resultant economy It the level of usage of theswitched .network
 

rose above some break even point'v which would be the cost of leasing
 

The cost of'a 'leased,network aconstant regardless
 

of. amount of use while the' cost of., usLng ;,.the switched network
 

varies with the minutes of usage. As we.shall see later the break
 

a circuit.' is

even poLnt on our hypothetical system would,come when each of ,the
 

1.6'nodes was transmitting for abou4 I.1/4 hours per day.
 
f- r
 

I:f the Traffic ekceeded that level of' tranmssion then alease~i
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c rcuIt,'neltworkw:"ou.l be economicalIv advantageous.' I9'anyl System
 

that does'. not hold traffic in'Song waiting ques, some hours :every
 

day must be wasted. If a system: were .so loaded that there was, no
 

i'dle ti:me left on'any circult, clearly the system would not be ablIe
 

to handle the traffic from the busLer stations or peak.loads,,
 

Except ,at those peaks, some portIon of the system must" be I'de.
 

Let us assume a system with an average of four hours idle time a
 

day-per terminal, ±0 hours of transmissiont and ten hours of
 

rocOpt"on. Such a teletypo system could 1,ndle abou"l 58 po;o of
 

d~ub1e spaced.:typewriter text a day to and from each terminal. (1)
 

That trafflcvolume could be doubled on a full duplex system by
 

having two typewriter terminals- at each-node, one to send and one
 

to receive. Thus the capacity of a leased teletype system would be
 

about 316 pages per day per node at about the same cost as 19 pages
 

per cay per node on a telex network.
 

Figure 2.6 Illustrates the situation. From one page Per node per
 

day up to 19 pages per node per dayt use of telex Is cheaper, with
 

a variable annual cost of $2953 per daily page of traf!ic per node.
 

(2) At a level of traffic of 19 pages per node per day (which costs
 

$55,000 per node per year)t a leased teletype network becomes
 

cheaper. For the same $55,000 It can handle up to 158 pages per
 

node per day. To exceed that limit a second terminal must be added
 

(1) 66 wpm X ±0 hours X 60 minutes/tour 39,600 words per day.

39,600 * 250 words/page = 158 pages per day.
 

(2) A year Is assumed to oe 260 working days.
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a,,$900 peryear, allowing up to 316 pages per node-per day for a 

fixed S56,000.per node. 

A leased network I a Star; network with'"a' mInicomputerwouldbe switch 

in t~ijUSA. To ILnk' every , pa r of pointsA a*ong 16 'nodes would take 

120 circults, instead of 15 for a'star net., If several points were 

along a single trunk, the 120 could be reduced somewhat, but more 

switch. capacity would be needed. A star Is clearly the most 

Aeonomical systemv particularly since most traffic by each IARC Is 

wth the USA,
 

3. A leased Network of AVO Circuits
 

A leased AVO circuit Is a leased telephone grade line used to carry 

,either voice or -data traffic, le. Alternate VLoice or fata. As 

noted above, the bandwidth of such a voice grade line Is much 

greater than that of a telegraph line; It must be to carry voice. 

The disadvantage of a private voice grade network is its cost. Its 

great advantage Is that It can be used for conversations and for 

facsimile as well as for messages. It can even be used for 

computer networking. Indeed, It Is common among leasors of voice 

grade lines to multiplex them so as to simultaneously carry voice 

and teletype traffLc. Typically they are multiplexed as volce + 2 

or voice + 4 teletype channels.
 

-Clearly the power, flexibility and convenience of a voice grade
 

network far exceeds that of a teletype network but at about double
 

the cost., 
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Considering again a star network with the irivate" 'switch"'Ln the 

United States, we can again estimate total'* cai t Sincee 

telphone! tworks (l owLng, partIes to fromare.duplex,,,;ksa talk 

each d it IS possibleba t.o have transmitedsiMultaneously), separate 


mnd receive terminals, at.theo nodes operatin; at once.
 

Telephone lines in the United States are widely used for data 

transmission at 4.8 kbps (4800 bits per second.) Transmission of 

this sort requires specially conditioned lInes. Indeed with: good 

modems It is possible to transmit at 9.6 l bps. On the otis'er hand 

without circuit conditioning and in "noisiar' telephone systems, 

2.4 kbps Is more practical; non-US systems sometimes are onl.y 

capable of reliably transmitting at 1.2 kbos. In our cost-benefit 

analysis we shall do our calculations at 4.8 kbps; one may divide 

by two or more for more conservative assumptions. 

Trafficrunning for 20 hours a day at 4 kbps would carry 345 X ±0 

,to the 6.bits/day, (L), f the system were to only carry text, that 

,numberof bits would amount.to about 30,000 pages per node per day. 

Assuming 45.5, bits per word, (2) 345 X 10 to the 6 bits per 

day a 7.6 X 10,to the 6 words per day.
 

Assuming 250 words per page 7.6 X 10 to the 6 words per day z
 

30,360 pages per day.
 

Needless to say, no Center will send or transmit 30,000 pa;es a
 

min X 60 sac X 44.8 X000 * 345 X j0 to the6.
(W) 20 hours X 6 

(2) 66 words per minute is equivalent to 50 bits per second or 3000
 
bits per minute. So L word is 3000/66 a 45.5 bits per word.
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days Howeve, a Ieised lin telephonetsystem would .not1 eused.fr. 

text, alone; the bu l of the capacity would undoubtedly be used for 

conversations, facsimlle, or computer networking* 

There is much usefulnesi."of eech-of these modes of communication to 

the IARCes. Ciearly the' abilIty'; to .send reprints and graphs by 

facsimile or to' use remote computer systems and data banks on line 

Is of potential' Lnterest', but.only at an appropriate orces 

Polling Systems
 

Th .three sytems discussed thus far all provide for Instantaneous 

communication whenever anyone at any node of the network chooses to 

dial up. The two leased line systems (telex or voice-grade) 

represent a fixed cost for a facility that would be available 24 

hours, a day whenever anyone wished to use it; for that the cost Is 

highs The switched telex system uses the public circuits whenever 

anyone at any node dials a number; costs on that system can be 

reduced by batching the messages rather than by sending each as a 

separate calls Still the telex messages may be sent at will If so 

desired., A stilI more significant economy can be realized by 

accepting the discipline of batched messages sent with limited 

frequency aend at- a high data rate. 

That kind of batching Is the basic Idea behind a polling system.
 

It should be less expensive than the three systems just described
 

because the option of Instantaneous comunication Is forgone.
 

Messages are batched, and only sent periodically to a switching
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comouterI,'-which sorts"and ,reIayslthem to . their tdeslinat Ions. 

of the IARCs need to'! be

Relatively few communications 

r4
 

few generally req,,re voice communcato.n
Instantaneous, and those 


as orders,
rather than' tex -messages. Businessi trafflc ,such 

paymientfs', travel arrangements, and memos, and_ scientific traffic 

such as-'raports, reprints, and even genetic fiIe searches can well 

be handled on a next day delivery basis. Thus for message traffic, 

to save money by batching messages.
It makes much sense 


A polling system consists of an Intelligent terminal with some
 

memory at each node and a switching computer at the center of the
 

star. PerLodically, the switching center sequentlally polls each
 

messages,
node, activates It, orders It to trunsmLt Its stored 

them, and stores them In Its memory. The switchingreceives 


computer then sorts the messages by address and proceeds to a
 

second cycle through each node! the center Is now operating as a 

transmission terminal, delivering to each node all messages 

addressed to It. 

The difference , between -a, polling system operating over switched 

telex andione operating over ,switched telephone lines Is In the 

data rate. Let us, therefore, consider what a telex polling system 

can deliver and then examine the higher capacity telephone system. 

62+
 



M.I.T. LOW COST COMMUNICATION FOR THE LOWS A.IO.
 

4 : PO 1lfngo f,,ex Ma.c l nes 

A pollIng system operating over t'ex lines makes no economilc sese
 

because the dominant cost Is the data transmission costt which IS 

charged at the same rate for the oolling system as for ordinary
 

telex traffic. To route all messages through a switching computer
 

at the hub of the star doubles the message traffic and requires
 

some additional hardware costs* All of that for outshadows the
 

savings from batch~ngo
 

Consider a message from point A to point B such as diagrammed 

be Iow* 

Swihing]
 
Com pute r 

On a polling system, It Is sent from A to the switching computer 

and charged as one message - say $3.00 If It Is one minute le. 66 

words. Then It Is sent from the computer to 8 as another message, 

which for example would cost an additional $3.009 It could be sent 

directly from A to 8 as a single message peesumably at about the 

same $3.00. The $3.00 figure Is a typical US-overseas telex 

charge. Charges between other points may oe substantial ly hlgher,
 

but not so high as to eliminate the advantage of direct
 

communication.
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He may, therefore, dismiss a telex based'poll'ng sysfemsia choIce 0 

that,,s general ly domInated by ordinary telex. 

5. Polling by Telephone" 

A polling system that uses the International telephone switched 

system, however, has many advantages. The batched messages to and 

from each node can be transmitted In a very short time due to the 

considerable available bandwidth on the voice grade lines. Let us 

do Initial calculations assuming the use of 4.8 kbps modems.
 

In a three minute call It would be possible to transmit 862,000
 

bits. (1) That Is aoout 19,000 words or 76 pages. (2) Each node
 

polled would transmit all Its traffic intended for all other nodes
 

combined to the switching computer during a single Poll; It would
 

receive all Its traffic from all other nodes In one call from that
 

computer* Assuming that In each case the total material
 

transmitted was less than the 76 pages that could be sent In a 

minimum three minute callt the cost for the two calls to the most 

remote point on the network would be only SL.00. (3) 

Table 2.5 Inoicates the daily communication costs of a system for a
 

single poll assuming a US switching centeo.
 

(1) 4.8 kbps X 3 min. X 60 sec a 862 kb 

(2) 8629000/4.5 a £8,945. 18,945/250 * 75.8. 

(3) India excepted.
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Node Rate Cost for 3 minute calI
 

PhilIppinest $3.00 $9, 00 

Mexico 2.65 o95' 

Nigeria 3.00 9.00 

Columbia 2.65 7.95 

India 4.00 12.00 

Peru 2.65 ?e95 

Kenya 3,00 9.00 

Ethiopia 3.00 9.00 

Costa Pica 2.65 ?.95 

Zaire 3,00 9.00 

Lebanon 3.0O0 9000 

Taiwan 3.00 9.00
 

Israel 3.00 9.00
 

Italy
 

40.85 122.55
 

Table 2.5
 

Long Olstance Phone jates
 

That cost Incurred twice a day 260 oays a year comes to $63,726.
 

To this must be aaaed tne cost of the Polling equipment and its
 

maintenance. We have no figures based upon past exoerience for 
an
 

International polling system, for none exists. In the US, rentals
 

of the switching comoutor at the hub of the star run about 1,000 a
 

month. The Intellijent terminals at the nodes rent for about $20
 

65
 



WHAT IS TECHNICALLY POSSIBLE?
 

a month. That would suggest that $50,000 a year would cover the
 

cost. We estimate an additional $10,(00per year.'to take.'account
 

of the unknown costs of keeping the equipment operating abroad
 

In aadition 16 modems at $29400 apiece amortized over three years,
 

would add $139000 a year to the cost.
 

Our estimate then of annual cost 1st
 

Communications $64,000
 

Nodes and computer 609000
 

Hodems ±1J.DJI.
 

$137,000
 

That system could expand beyond 76 pages per node by simply adding
 

minutes to the polling calls. Each additional minute would cost
 

only the extra per-minute telephone charge and allow an aditional
 

25 pages of text.
 

There Is large room for expansion of traffic on a polling system
 

beyonj the minimum levels that we have znalyzcd. The central
 

switching computer talking to 16 nodes six minutes apiece Is In
 

active communication only 96 minutes a day - roughly an hour and a
 

half. If the need existed It should be feasible to expand
 

operations say five times to I hours a day without Impinging on
 

busy peak telephone hours. Table 2.6 Illustrates the cost and the
 

effect of such expansion.
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Tot~a Pages sendable Cost prr
 

Length of v Cost pe yr. , Per day pqr page 

"each "one-way-po I I rof Esystem,: +node sent 

75.83 minutes ?137e000 S043' 

6 201*000 5..3 

9t .265,000 227.-4 .e2
 

12 329,000 303.222e
 

15 393.000 379,0 ,26
 

Table 2.6
 

Polling Costs by Length of Call
 

Some additional advantages as well as some qualifications of a 

telephone polling system have to be noted before we r-onclude our 

discussion. 

One additional advantage is that the telephone facl1lties on which 

the system rests are simply the Center's ordinary phone lines. 

Furthermore the polling presumably would be done durin!igff-peak 

hours. To a few ooInts, e.g. Italy, there are reduced :'nighttime 

ratesl more Importantly, though, there is grea'er efficiency 

derived from the ability to communicate during these hodrs because 

of the greater ease In completing a circuit In the dead of 0 ght. 

Even places like India and Nigeria which are normally terrLbl T hard 

to reach during business hours have a good chence of being reached 

If the poll Is scheduled for the off-peak hours. 
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can be
A further .adva t eis that, If needed, a polling system 

for"'comPUter :operations,, iThe ftype ofcoupie"Wilth remote 1'6b initry 
Intelligent terminal ~thit receives the messages, can-read them onto 

a tape cassette or similar -storage medlum. For message traffic
 

If the message is
that is then run off as typewriter printout. 


the computer.
computer data, however, the cassette can be loaded on 


There are, however, several problems that need to be recognized. 

direct distance dLaling.First, ideally a polling system should use 

The switching computer dials(All domestic polling systems do.) 


the number of the node being polled. If the circuit Is busy the
 

computer acts as a "camp-on'* device, repeatedly dialing the number
 

Direct dialing without the Intervention of
until it gets through. 


less than half of the countries
 an operator exists from the USA to 


In our 16 point network*
 

1000 exists OO0 does not exist 

Philippines Nigeria
 

Columbia
Mexico 


India
Taiwan 


Peru
Israel 


Italy Kenya
 

USA Ethiopia
 

Costa Rica
 

Zaire 

Lebanon 

bad
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W4a;shall, consider ln ,detak.r I aer in our,,study, ways:of coping: ,wth. 

that--probIems rThe d beot. have, ,.oerson .utIStspmrititveWay.,WUl
thee call through and as soon ,as,.t'e connectQnl isobtaIned switch 

on tthe computer transmission. Theretarealso special technological 

flxes that are possible with the. co-oper3tLon of. local PTTs. 

Finally, .one can rely In part. on the ,fact that the International 

1000 network Is, growing rapidly The. maJority of nodes w.tl 

presumably have It within a couple of years. Nonetheless Mhe 

' 

absence of 1000 to many places Is a very severe limitation to 'a
 

system that Is designe'd to operate unmanned In the dead of night.
 

Another qualification already noted is that the assumption that the
 

system can work everywhere at 4.8 kbs is unduly optimistic. There
 

will be no problem with the International telephone circuits. With'
 

some of the countriessparticularly those where the field station
 

Is In a remote rural locatlon, however, the telephone lines are
 

likely to be too noisy,.to transmit data accurately at that rate.
 

Such places will have to fall back to a 2.4 kbs transmission rate
 

which will require either calls that are twice as long or will
 

as many pages. Indeed In some extreme cases, as
handle only half 


"here the messages must travel over HF radio or.where lines are
 

a 1.2 kbs transmission
particularly bad, It may be necessary to use 


rate.
 
'. ,~ 

FLnally, the biggest obstacles of all are legal problems which
 

from national restrictions on the use of telecommunications
derive 


facilities. Until January, 1976 the FCC-approved teritf for
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Internationa l telephony for the uses o , the :swltched6rovided 

telephone network only for 'v0ici'itrf fici 2 "It therefore Lllega If.as 

to operate an international polling system, ... That ,i.hast now . been 

changed. Other governments, however, have ,regulatIons: that, could,,, 

be' prohibitory or creatdifficultles Hixlcov- for, ,examplei 

.prohbts tr'amsmIssion of dat over 'voice lines. iOther countries 

limit the modems that may be used toones'they1supply. 

Such regulations are dubious at best. There Is good reason to
 

believe that a petition might be acted on favorably, even If there 

Is no overall change In policy for as worthy a cause as the food 

needs of theI LOCs. 

6. Use of Intelsat With Small Ground Stations 

The at'forementioned five alternative 'systems, use of,f-the-shel f 

technoiogies. They do nothing that Is not done every-day at least 

within the USA. Barring regulatory problems they could be In 

operation in six months. The next two systems we discuss are more' 

experimental. There are significant uncertainties about them 

not about their technical possibility but perhaps about engineering. 

solutLons, and'certainly about costs. 

It would be possible to develop a system which would place a 

satellite ground station at each of the IARC*s, allowing them to 

communicate internationallyt bypassing the Inadequate terrestrial 

facilities at least at the research stations themselves. 
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SImIlar L• . ll, tqe telephone, and trkiffIc, exists, or IseItdi,,Id 1srj;sat a data 

being Installed to 
 ano,_ rom remote locations in. a number of 

applications. The UN has been given a portable ground station to
 

use with the Symphonle satellite for Peace-keeping operations. 
 The
 

Canadians have been experimenting with small ground stations to 
provide two-way telephone and one-way TV AnIkvia to arctic
 

villages. 
 Small ground stations are being Installed on off shore 

oilr ,rigs.. Thellarlsat arid Marots systems are being developed for
 

communication with,shipboard antennas. 
And there are, of course,
 

military applications. 
Rugged portable data terminals exist that a
 

man 
 can carry on his back and can use to communicate via satellite
 

to other units.
 

Clearly, It would be possible to out a ground station at each IARC.
 
But first there needs to be a satel lite ststem that could serve
 

them and one must estimate the cost.
 

At present the obvious satellite system to use Is Intelsat. It Is
 

the agreed International system, covering 
 the globe. Intelsatt 

howevert was designed for use with national ground stations having
 

95froot dishes. Its purpose Is Intercontinental traffic with
 

domestic distribution generally remaining on 
terrestrial circuits.
 

That design ably serves the needs of 
the advanced countries. They
 

have extensive terrestrial circuits In place. The sophisticated
 

ground stations can receive weak 
 radiation from the satellite,
 

allowing close spacing of 
 satellites on the potentially crowded
 

geostatLonary orbit. 
 For LOCs1, however, It would be useful to
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hive ' numerous widel y 'scatfered ground stat'irns to substitute for; 

ie terres'trial' lines that they do not*have. 

It.1s possible to use Intelset with smaller dish antennas' but a
 

penalty chargeis ,assessed since to use a small dish one uses more
 

of the satellites resources than with a large one.
 

comsat has developed a 15 foot terminal ' that "'costs less then 

$150,000. Amortized over "three°yeairs the annualized cost-may be 

taken as $50,000 a year. It accesses the Intelsat 4 global beam. 

The space segment costs are partly a matter of Intelsat policy, 

Regular rates are $3 million per transponder oer year; special 

rates have been offered for unused capacity without back-up (e.g. 

to Algeria) as low as one third of that. rhe 15 toot terminal 

requires a bandwidth of about 3 per cent of the transponder, 

Let us postulate that the sixteen nodes share two way circuits to 

'the satellites Inwhose footprint they fall. Circuits are needed 

for 'at least the Atlantic and Indian Ocean satellites. So eight 

half-circuits are required. (1) Multiplying 3 per cent of $3 

million, i.e. $90,000 by 8 we get a space segment cost for,' the 

system of $720,000 per year. Add 16 $50,000 terminals, or 

$800,000, and the total cost of the system Is $1.52 million dollars 

per year. This Is for four special voice grade lines of 56 kbps, 

(1 Two ways x two satellites x 2 circuit halves*
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° 

r"sstem. one
on~s~'uch .. coutd,:provide lI the caapablities.pted above

for a private line network of voice grade circults., ,It could 

provide voice service, facsimile, and computer networking, as "ell 

as message traffic. To send 400 pages per node -- a larger amount 

than we have generally discussed above -- would require only 22 

minutes of one full circult. 

Clearly that Is an expansive and expensive solution to the,
 

communications problems of the IARCs.
 

7. Advanced Multiple Access Satellite Systems
 

Much cheaper satellite systems are In use for certain milltary,
 

earth observation, and meteorological purposes. Many of these
 

require much lower bit rates. For specialized communications
 

purposes such low capacity satellites might be economical If they
 

were available. (1)
 

The systems that would be economical would operate In earth
 

coverage mode, with all stations within the footprint receiving all
 

traffic, but reading only that addressed to It. Calculations have
 

been made for bit streams of 75 bps, 2.4 kbps and £6 kbps. The
 

first speed requires a 14d8 G/T terminal which rents for
 

$1500/month while the higher speeds operate with a 23dB G/T
 

(1) Go P. Petrick and C. 1. Abrahamson, "EconomIc Considerations
 
For Low Capacity SHF Satellite Communications Earth Terminals",
 
ALAA Paper No. 74-459, 1974. Cf also B.I. Edelson, "Small Earth
 
Terminals for Satellite CommunicatIons', Astronautics and
 
Aeroneutics, June 1973 0p, 40-46.
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tslease~d tf' 2000/month. Calculations . 

proesented In Tbe27 

Monthly Monthly costs$
 

Space segment 16 terminals+ Annual
 

Terminal one-way circuit circuits cost
 

Rife "'costpem-a.o costs on two satellites
 

75 bps 1SO0 13751, 1$24,750 1297,000 

2.4Obps, 00 1500 35,000 420,000 

L6 2ps 0o000 52,000 624,0002,00 


Tatle 2,7 

Costs of Alternative Satellite Services
 

How adequate is the capacity that each of these provide?
 

The 75 bps system can handle telex traffic. Seventy-five bps Is 

100 ,words per minute, or In other words somewhat more than a normal 

1!4etype line. if the ten hours for one-way transmission on the 

Atlantic satellite were shared by ten nodes, then with one hour 

available for each node It could send (or receive) 60 x 100 ' 6000 

words or about 25 pages. 

The 2.4 kbs system has enough bandwidth to carry computer 

applicatIons, facsimile* or a polling system - though having a 

polling system on leased lines may not be particularly useful. if 
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limited to 
 text transmission 
It could handle 47 pegaes-of tex~t
 
originating at each node each way In 10 hoirs. 
(1)
 

The 16 kbps system has still more capacity. If fully loaded with
 
text It would carry over 3,000 pages to and from each node each
 

day. That Is 
a rate of five pages In a mlnuteor
 

The cost per page of a system drops with the size 
 of the system,
 
provided that thA traffic Is heavy enough 
to keep the system
 

occuplea as a result of economl of scale.
es (2)
 

Table 2.8 might Imply that one can dismiss the larger systems 
 from
 
consideration 
 for no ono has any use for 100 million pages of 
text
 
or even 13 million, but that perhaps be 
a mistake. Pages of 
 text
 
are 
 measure.
Just a In fact, the higne# speed systems can make
 
sense If most 
 of the capacity Is used for 
 remote computing,
 
Information retrieval, 
 facsimile, 
 or other uses besides text
 
transmission. 
Those other uses consume 
large amounts of bandwidth.
 
If those other uses kept the system busyt the cost per page figure
 
would 
continue to represent a reasonable estimate of the true cost
 
of whatever text was transmitted. The adoption 
of such systems
 
would, however, have to be 
 Justifiedt If alilt other
at by 


(1)
 
29400 bps x 60 sac 
x 60 min x 10 hrs 

x 4?5 pages per node per day45.5 bpw x 250 wpp x 16 nodes 

(2)
 
169000 x 60 
sec x 60 min x i0 hrs
 .
 3038 pages per node per day ',+45.5 bpw x 250 wp- x 16 nodes 
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requirements than text transmission ajone.
 

Pages "Cost
 

Rate 	 Annual ., , transmItted per 

cost S In a year page 

75 bps 297,000 98,742 $3-00
 

2.4 kbPS 420,000 1,976,000 0021
 

16 kbps 624,000 12,638,080 (0.05)
 

56 kbps 1t520,000 9294439520 (o.oL16)
 

(1)
 

Table 2?.8
 

Cost of Satellite Systems
 

(1)
 
This figure Is subject to special error In that we have not
 
explored the kinds of terminal equipment that would be requlred to
 
hanole such volumes of output. There Is no reason to consider that
 
since we conclude that such data rates would be justifled only for
 
other purposes than text transmission and those purposes would
 
control the terminal facilitles.
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At the beginning of this chapter we examined the now techiologles
 

that may help bring down the cost of long distance text and data
 

communication. In the second part of the chapter we 
 examined how
 

some of those technologies could be osed by the International
 

Agricultural Research Centers within the next 
couple of years to
 

solve some of their communications difficulties. However, In
 

underdeveloped countries there are several 
practical oroblems that
 

are likely to obstruct tha implementing of any such Improvements.
 

Specific Problems that we need to consider are maintenance, the
 

quality of telephone lines, the aosence of automatic switching, and
 

the regulatory Policies of the PTT-s.
 

MAINTENANCE
 

Maintenance Is the subject of constant complaints In the LOC's, yet
 

computers considerably more complex than anything that we 
are here
 

discussing are kept In operation. Maintenance Is a problem for
 

which there Is no Panacea, that wilI always be with us, but which
 

Is Improved by adherLng to a few basic principles.
 

In the first place It Is Important to select equipment for high 

reliability. A detailed evaluation of alternative hardward goes 

beyond the scope of the present research Project. If the advice of
 

?This r'eport is accepted and the CGIAR or AID wish to pursue further
 

the Installation of advanced communicatlons equipment In the
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IARC'st one of the ImmedLate next steps would be to commission an
 

engineering study of the various terminals and minicomputers now on
 

the market to evaluate each brand as to Its ruggednessand
 

maintainability In remote rural areas In the LOC's. The manufacture
 

of terminals Is a hi2hly competitive fields There are at present as
 

many as TO product lines offerred by nearly forty companies. (1)
 

Some have CRTs for visual displayt which has the advantage of
 

reducing the amount of mechanical action! it Is the mechanical
 

parts of a typing device that are most likely to wear out. Some
 

method of producing hard copy on paper is necessaryt however. Some
 

terminals use Impact printing, some use thetrmal printing on special
 

paper. Prices range from under S1000 to over S20,000. Some have
 

auxiliary memory such as paper tape, cassettes, or floppy discs,
 

some do not. Some have upper and lower case, some only upper.
 

These devices vary In their reliability and maLntainablilty.
 

Maintainability depends not only on quality of manufacture but also
 

on design. Some devices have been designed to emphasize plug In
 

replacement of defective modules. Probably even more Important is
 

the service organization; Is It present around the world? It may
 

be necessary to have a system using different terminals In
 

different places depending on local availabIlity of service.
 

Maintenance may cost more than the terminal itself. Texas
 

Instruments, for example* rents the kinds of terminals we are
 

(1) Cf. survey of "Interactive Hard Copy Terminals" by Jackson W.
 

Granholmt OatametLon, vol. 21, no. lt Nov. 1975, 51-6±.
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dliscussing forebetween S15 and $30 mmonth IntOe U.SA,. wit'hout' 

maIntenance,'.but charges $85 to,.S1 0, month with malntenance. In 

many-locatLonsl t may well be worth-consIderLng having a duplicate 

machine on hand. 

THE QUALITY OF TELEPHONE LINES
 

There are three main segments to the circuits used by the IARC*s.
 

There Is the International leg from the United States or wherever
 

to the port of entry In the LOC. Secondlyt there Is the leg from
 

that satellite earth station or cable port through the
 

International exchange and then to other exchanges within the
 

capital city. Final ly there Is the leg from the international
 

exchange In the caoital city to the rural location where the IARC
 

has its field station.
 

The International leg presents only one oroblem, shortage of
 

circuits to some countries at peak hours. The quality of the
 

signal Is good. A repeated comment In our Interviews with people at
 

the IARC's was that they could phone more easily to WashIngton than
 

to somewhere fifty or one hundred miles away In the country where
 

they were located.
 

WIthin the capital city, or between the International port where
 

the International circuits come In aid the capital city, the
 

quality of service ranges from poor to good, but Is generally fair.
 

In Lagos It Is a struggle to make a phone call even within the city
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during' busInes iiours, end-'f *the lines to the alrport hayeobeerj 

frequently 'out of order* That, however, Is theexception ,,accounted, 

fo in part by the extraordinary speed in ithe,4growth.-of the-clty.io 

In most of the countries where IARC's are located there.,is,, little,, 

problem communicating within the capital city or in communicating 

abroad from it, at least during off hours. 

The critical communication problem In many. LODCs concerns the last:
 

leg from the capital to' a rural location which may be only,a
 

relatively few miles away. In Nairobi and in Lima the Agricultural
 

Research Center is at the edge of town and within the city
 

telephone exchange. Thus they have reasonably good service. In the
 

Philippinest on the other hand, ItRI In Los Banos is thirty miles
 

outside of Manila, and has to rely on IF radio as its link to
 

Manila. In communicating from the US to ICRISAT In Hyderabad,
 

India, It Is relatively easy to reach Bomoay. The problem is to get
 

a. free line from there to Hyderabad. In general the rural Ilnes,
 

and In some places the ordinary urban lines too, are too noisy to
 

be used Vor remote computing, and may create difficulties even for
 

ordinary conversation. In such instances, text transmission must be
 

sent at a low data rate so as to mLnimize the errors. At low rates
 

data can even be sent over HF radio successfully; ships have been
 

doing that all through the century. Where the ordinary local lines
 

or the local oxchange is too unsatisfactoryt it may be necessary to
 

install a private direct line or microwave circuit to the capital
 

city or to the International exchange.
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AUTOMATIC SWITCHINL
 

noted, ithe 'necessity to go throughan operator 

Ls a major disadvantage for the kinds of applicatLons that we have 

in"mind. Where direct dialing is Possible one can use a camp-on 

devIce to keep dialing the desired number until It is reached, and 

then without human LnterventLon, have the stored messages 

transmitted. Automatic dialing Is now virtually universal within
 

metropolitan centers. 
 As we have noted, It is spreading rapidly
 

for International calls. 
 From the USA direct dialing was available
 

to 22 countrles a year ago; the number Is now 35.
 

Centers like CIAT In CalL, ColumbLa or ZITA In lbadan, Nigeria 

cannot phone anywhere outside their own locality without going 

through the operators at the local exchange.
 

One can think of two technological approaches to the problem of
 

establishing unmanned operatLons, short of 
waiting the decade that
 

It will take #for direct dialing to become more nearly universal.
 

One possibility Is to have the switching computer play a recorded
 

message to the operator In the approprLate language. One suspectst
 

howevert that the telephone management would not like that,
 

particularly if It kept coming back every 
few minutes to a human
 

operator who had Just announced that there was an hours waiting 

cue. The other approach would be to run private lines from it* TARC 

to the satellite ground statlon and have an automatic switch. or 

.that lIne right there. That would require special co-oper&aion by 
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the local PTT to allow the IARO to Instal+Its aWn switchIn' 

computer at the groundstation..+ Technical ly that would present no 

problem, but bureaucraticallyit probablywould.,OPrganizatLons of 

less InternatIonal status, than: the International agricultural 

research centers, would not,be likelyto oe.given such permLssLon. 

BUREAUCRATIC RESTRICTIONS
 

The restrictions placed by PTTs on communications Innovations oare 

likely to be far more severe than any technological difficulties. 

In many countries It is extremely difficult to obtain a private 

Ilinel It Is rarely barred by local regulations, but It may take 

,years to get It Installed, PTTs, In general, seek .to discourage 

private line expansion.
 

Also many PTTs do not permit the customer to attach equipment that
 

he owns to the telephone system. In partlculari, many countries 

require the customer to rent modems from the PTT9 not to buy his 

own. Since modems differ greatly In quality, this may force the 

customer to use a lower data rate than would have been made 

possible by a better modem. 

PTT also generally protect the postal and telegraph monopolies.
 

they are likely to see In a private aessage handling system a
 

threat to their monopoly and their revenues. Some countries, also,
 

are concerned about the International Import and export of date. In
 

fact, countries that take such restrictive postures ore defeating
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their own purposes and harming 'their 
 own communications
 

development. 
 The Installation 
of advanced facilities In a place
 
like an International agricultural 
 research center Is a step
 

towards making a better communications systei available through the
 

PTT on a national basis. Thdtt 
Inaeed, Is the reason why AIO became
 

Interestea In 
this project at all. 
The IARC's were 
simply Picked as
 

Ideal Insititutlon 
 to examine in a demonstration oroject, 
In the
 

hope that 
fromtheir experience 
locul learning and expertise would
 
follow. Ideas tried out 
by the IARCs would spread. One would hope
 

that host governments would 
see In this project a chance to
 
experiment with proceaures that 
they could then apply to 
their own
 

government offices and local 
Institutions so 
as to improve their
 

communications facilities*
 



CNAPTER 3
 

WHAT !ISi ECONOMIC?
 

. 1n Chapter 2 we exsmIned, varlous- r#w technologles: Or !onga,
 

In this,chapter,-.
distance tommunLcation and some of their.,costse 


we compare.the.costs ofthe al.ternativesystems more closely.j soQ
 

,
 
to arrive at somi- judgments on relative cost/effectiveness.
ws 


It,- Is helpful to distinguish long run estimates based on what
 

.becoming technologically poasible from short run estimates based
 

upon current prices of available services and equLpoent available
 

Let us start xeth the long term limits of what
off the shelf* 


may #'go'n to the costs of com,.uniration,
 

Long Term Trends
 

OISTANCE INSENSZTIVITY
 

We have noted above In Chapter 2 (p, 40) that communication costL 

have fallen oost and will continue to fall In long haul 

transmission* 

noted that that Is due particularly to the characterlstics of
We 


advances -n
satellite communications, but Is also the result of 


coaxial cable, optical wave guides, and microwave.
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W.i,;noted-that, exlstLng sutdies show increaslng costs with distance 

up. to ,'about 300 miles, but above 300 miles, distance makes almost 

no dtfference. 

ABUNOANT BANOWIDTH
 

Even if long distance communication costs aecome alimost the same as 

that for local communication that does not tell us what is likely 

to happen to those communication costs. 

No simple prediction makes sense, We leave aside inflation and 

deflation, for we are talking about real costs, not money costs. 

Still we would make opposite predictions for the trend measured In 

bits and the trend measured In consumer services. In the developed 

countries there Is every reason to expect that consumers will spend 

an Increasing amount on communication, but that Is because the 

services they expect are becoming Increasingly luxurious. Radio 

gives way to black and white TV and then to color TV and then 

probably to multi-channel CATV, pay TV, large screen TV, video
 

recorders and video cassettes. Basic voice telephone Is
 

supplemented by, or Is gradually superseded by, camp-on and
 

forwarding devices, and data communication. As a result of these
 

expanding services, consumer usage, measured In bits, Is likely to
 

grow astronomically, and consumer expenditure will rise some.
 

Furthermore, a large part of the cost of communication Is the cost
 

of maintenance and of personal service rather than the cost of
 

transmitting bits. Programming all sorts of software and
 

as
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entertaient, l'eepingsr eeivig 
sets end terminalsin working 
oirder, b ill igI ;dirictof DrOuioLn,'>and. simlila.y'asIistun e,''sale Pi 

matters come to be the dominant costs Instead of thetransission, 

Itself* The cost of delivering stripped down basic service, which 

may often be what LOCs need, may well follow a declining trend even 

though labor intensive and elaborate services go up In cost* 

Indeed, there is every reason to expect a continuing decline In 

costs of transmission measured In bits per dollar. That decline Is 

due In part to advances 'Ln electronics and In part to growth of 

volume.
 

Electronic transmission Is a classic example of an Industry with 

economies of scale. Circuits of greater bandwidth cost very little 

more than circuits of less bandwidth. Toale 3-1, shows the present 

cost per bit of various types of circuit. 

Clearlyl the way to keep communication costs low Is to aggregate
 

the traffic In such a way that It shares a small number of wideband
 

channels, which are kept busy. That Is the basic Idea behind both
 

packet switched networks and polling systems. In each system
 

messages are sent Into a node computer which Is an accumul ator of
 

traffic. The collected messages are transmitted In a short burst
 

at a high rate of speed (the ARPAnet at about 50 kbps or about 1000
 

words of text per secondl. For this to be economical It Is assumed
 

that other traffic will keep the transmission lines busy the rest
 

of the times
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5v tranSmi~t~ting messages in this way ,ropMun'Lcutton COstoutd gOC 

down to2, 002 ,er page's 

Coamunlcatiohs costs for one unit of international electronic mill 

lessage size
 

1,000,000 bits 100,00 bits
 

Oal up telephone and
 

4800 bps modem S60' $c.o? 

Leased line 0.044 SO0.04 

ZOOS $0.43 $0.004 

Oigisat 10.19 o0002 

For LOCs this analysis has certain ImolIcations. First, LOCs
 

should emphasize the development of low bandwidth communications
 

since those can be highly economical. For moss communication this
 

means an emphasis on radio before TV. For message traffic this
 

means an emphasis on text transmission. A oiven switched network 

can carry much more traffic In the for, of text than of voice 

conversations. 

Second, LOCs should transmit those low bandwidth messages over the 

highest bandwidth circuits that they can keep busy. There Is no 
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€ontradiction herof rather It Is an 'unusualsicase ""where one'cnhave 

ones cake and eat It too. Phone service Is necessary 'because some
 

business requires conversation. However, no LOC can keep up with
 

the demand for phone service. A partial solution Is to provide
 

computer controlled message switched text service on the scarce 

telephone lines, and by pricing and other means to encourage 

diversion of as much of the traffic as possible onto that 

economical use of the plant. 

Thirds In this era of satellLtes, LOCs should co-operate In 

creating regional and global satellite consortia for domestic as 

well as International communication. No small LOC and Indeed no 

small country even If highly Industrialized* has enough 

communications traffic to justify having Its own satellite or even 

to justify Its leasing of large numbers of point to point circuits 

on a satellite. The USA has circuits on the Intelsat system to 

each of 75 countries. (1) Typical numbers of circuits linking LOCs 

to other countries are shown In the following table. (2) 

Mexico 1Z
 
Peru 14 
Columbia L1 
Nigeria 5 
Kenya a 
India 18 
Taiwan 12 
Philippines Is 

"'1()Intelsat System Status Reports March 3q 1975.
 

(2) Ibid.
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llo0.t of rthose ircults go to and from Europe. and America. As Is. 

shown Ln Table 3.2t very few link LOCs to each other. Indeed In
 

1975 Intelsat circuits between LOCs numbered about 900 
 as against 

5300 circuits between an LOC and an advanced Industrallzed country 

and 5100 circuits among LndustrialLzeo countries. The fact that 

two LOCs do not have a circuit between them does not mean that they
 

cannot communicate. They can do so via a third country to which
 

they both have circults, e.g. the USA. That, however, requires 
 a
 

double hop, and extra costs. An all Point distributed network of 

the kind that tends to evolve naturally Is not optimal tor the LOCs 

for they are the source or target of only a small part of the 

traffic.
 

The same logic applies to domestic traffic within an LOC. CIrcults
 

between numerous points on a distributed (rather than star) network
 

are likely to be underused.
 

There are means by which all non-voice traffic to or from a country
 

can be loaded onto one or a few circuits. In Chapter 2 we
 

described how a mJIltiPle access satellite system works. All the
 

traffic Is broadcast on a single frequency. Computers at the
 

various ground stations pick out only those messages which are
 

addressed to them. As we noted, all the International (non-voice)
 

message traffic to almost all countries could be handled on a
 

single phone circuit aplece. Using a shared International
 

satellite, an LOC presumablv out Its
could also all domestic
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'
 message traffic on a hingl to'way Phone 'clrcuit (f) 'a"t 4acolt 

b.low that of dmestic malils, not to mentlon the preosenIt costd ,ofC 

telegrams. 

-
Our , long run prognosis (of particular saliency for the LOCs) is 

that the costs of electronic communication of text can be brought
 

down to very low levels# well below that of the malls. However, to
 

schleve those economies will require use of batch transmlssLon, and
 

message switching and will also require sharing by many users of
 

high bandwidth circuits and of satellites.
 

(1) The theoetLcal too limit for a single Phone circuit Is about 
400,000 pages a day. The Practical limit is, of course, 
substantially below thatt but well above the daily message traffic 
for most LOCs. 
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Table 3.2
 

US Italy Isr. Leb. Zaire Ethiopia Kenya Nigeria Taiwa. Phil. Mex. Costa Rica Columbia Peru India 

US X 107 44 9 3 7 7 35 32 13 54 39 18 

Italy 107 X 11 7 5 7 7 2 2 9 4 3 2 

Israel 44 11 X 

Lebanon B a X 

Zaire 3 5 X 

Ethiopia X 

Krya 7 7 X 5 

Nigeria 7 7 X 

Taiwan 35 2 X 

Philippines 32 2 K 

Hexico 9 X 3 3 

Costa Rica 13 X 1 

Columbia 54 4 3 X 2 

Peru 39 4 3 2" X 

India 18 2 5 X 

Number of 

Intelsat Circuits Among Countries in Prototype Study 

(December 1974) 
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Immediate Implications
 

The prospects that we have Just outlined will not become available
 

Immediately. They involve large departures from present'ways of
 

doing things. A good deal of experimentation needs to be done to
 

get from here to there.
 

The short run advice given the IARC's in this report is In the
 

nature of recommendation of such experimental steps. We are
 

recommending measures that move towards the long run goals of a low
 

cost text and data communicationsystem for the LOC'st but only to
 

the extent that Is oossible with present commercially available
 

services and equipment.
 

We proceed In this section of the report to examine the alternative
 

systems outlined In Chapter 2 to see what kinds of service each
 

offers for the dollar at the present time.
 

Telex, as we noted above, Is an existlng widely used, publicly
 

available service. Its cost Is a simple function of the amount to
 

which It Is used. Wet therefore, made two estimates of telex
 

costsl one for what we regarded as a minimum of significant usage,
 

and one for as high a level of usage as would keep Its cost below
 

that of a private telelype network. (See Fig. 3.1). The minimum
 

level assumed was that each node would communicate with four of the
 

fifteen other nodes each working dayt and that each of those four
 

connections would last just three minutest i.e. 66x3=J98 words.
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On Figure 3.1 below the low estimate of telex use Is point 1A and
 

the high estimate Is point 18, and the line between them represents
 

intermediate levels of usage. At low levels of usage telex Is 

relatively cheep, though moving very small amounts of text. At
 

higher levels telex is clearly dominated ov other alternatives.
 

Me should note, however, that there Is one other alternative that
 

Is so expensive that we did not even calculate It, namely
 

telegrams. Telex Is mostly used as an alternative to telegrams, as
 

Indeed It should be. (It should be used by the 1ARCs more than It
 

Is.) It has limited attraction. At very low levels ot use It Is
 

attractive because witnout large, new fixed costs, at those levels
 

the costs remain low. The telex is there already and could be used
 

tomorrow lust by deciding to use It.
 

The costs of a leased teletype network and leased voice/data
 

network were calculated by aoding together the current leased line
 

changes from the US to each of the J5 sookes. (J) Teletypwriter
 

leases were assumed to be $75 a month. Modems were estimated to
 

cost 54,000 apioce, amortized over t~ree years.
 

The method for calculating costs for polling and satellite systems
 

has already been explained In Chapter 2. We are now ready to
 

compare the economics of the various systems by examining Figure
 

3.1 and Table 3.3
 

WI) For a teletype network 50 baud half circuits were calculated
 

and then the total doubled for a full duplex network.
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The system that seems most attractive under most circumstances Is a
 

telephone polling system. For that systemt we have made a low
 

usage and high usage estimate because on 
a polling system, as on
 

telex, one 
incurs bills with the carrier that are a function of
 

usage. The flow usage estimate Is point 4A on Figure 3.1, the high
 

usage estimate Is point 48. Intermediate usage Is shown by the
 

line between them* the low usage estimate assumes that all traffic
 

is moved In 3 minute phone calls -- the billing minimum In the
 

United States -- so that represents a lower bound an costs.
 

To Interpret Figure 3.1 one should 
 keep In mind that the most
 

desirable values are toward the lower 
 right hand corner. One
 

wishes to spend aa little as possible and transmit as much as
 

necessary. One might examine the graph by moving ones 
eye upward,
 

up the cost levels. Suppose one wished to 
 spend only about
 

SlS0,oO or less for 
 text and data communication for all of the
 

IARC's combined. One wishes the maximum possible traffic at that
 

price. A polling system Is the one that gives It. 
 Moving up to
 

levels of two, three, and four hundred thousand dollars that Is
 

still true. At $420,000 another alternative seems better. If one
 

Is ready to spend that much one ought 
to begin considering multiple
 

access satellite alternatives with small 
 ground statlons. These
 

become highly interesting at the high levels of traffic that would
 

be generated by on-line computer systems.
 

For message traffic alone the polling system seems to be the most
 

attractive alternative. It dominates all alternatives up to the
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Point xwhere the issaneed. for more than, about 450 peges of. 

traffic per terminal per day4 

It should also be noted that polling systems represent an'off'"the 

shelf technology that could be put Into operation within 90 days to 

countries with which the US domestic network has direct dialing. 

The problem Involved In putting countries without direct distance 

dialing on the system are also soluble. The multiple access 

satellite systems on the other hand would be experimental 

developments, the details of which would have to be worked out; no 

such satellite service Is being offerred by any vendor today. Thus 

a major conclusion of this study is that telephone polling systems 

Could ec3nomically provide large amounts of communications capacity 

to the IARCs. This possibility should be explored further.
 

In closing this chapter, let us note what the estimated costs of 

such electronic transmission of messages for the IARCs would be. 

The cost per page Is presented In the last column of Table 3.3. 

The costs In that column, It should be emphasized, are calculated 

on the assumption that the system Is used to full capacity. A 

private line voice/data network would cost about $1,640,000 a year 

and could deliver over 2590090,OO pages of text for 1.3 cents per 

page. But the cost of the system would not change If It were 

carrying only 125,000 pages, but the cost for each page would then 

lump to $13. Not alt the listed systems have equally fixed cotst
 

but In each case the computed marginal cost per page cannot be
 

assumed to hold at less than full use of the system.
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Th€ou1ss for the most attractive,systems,-- telephone polling or aL
 

mlutile access satellite- system at 2.4 kbps -- range between 43
 

and 26 cents Iper page. (A page It will be recalled Is taken as 250
 

wares, a normal double space typewrLten page.) This is still
 

somewhat more expensive than the post. A densely printed or tyoed
 

single sheet with say 
 500 woras can be mailed for 26 cents.
 

Printed matter Is even cheaper. However, costs in tte 20s to 40s
 

of cents with next 
day delivery are clearly highly competitive with
 

use of 
the mails and much below present telex and telegraph costs.
 

Technically, It Is possible to go 
the next step, to systems that
 

bring the cost of sending a page down to a nickel or even loss.
 

That Is not possible, however, on the scale of 
an experiment
 

Involving only the International Agricultural Research Centers. It
 

requires a volume of traffic far larger th81 that which the 
 IARC~s
 

would generate. 
 Also, as we note In Taole 3.. the handling of
 

that volume of traffic would require computer capabilities both at
 

the terminals and the 
center far beyond the Intelliqent terminals
 

and minicomputers we have discussed In this paper. 
 The requirement
 

for more advanced computers Is not Included In our cost estLmates,
 

but it does not follow that our estimates are too low. They may
 

equally well err In being high, for more powerful equipment that
 

costs more 
In total may cost less per unit of traffic handled. All
 

we can say Is that the figures for futerLstic systems should be
 

used with more caution than those for off the shelf equipment which
 

Is now commercially available. The broad conclusion Is 
 clear.
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n.de~oi,& he towrd~~tt~~2CUm~f'Ca ij th LCs 
-e bV si. ljainstituios.anbe'taken'' even yI the ARCCsIo othel 

an-s prospect Of data,!and Atext., comiuunica gon,f uture 

costs twoe or'ders of. nte Ievels 

COstf/yerCo0"0.O), Pages.day/no.de, Cents/p: ge. 
3.2 11.3..$14
LA,,Telex-low usage 

2 Leased teletype 897 36 .68
 
.I3*33:' Leased voice/data ,1'640' y,30360. 0 

76 .43
Telephone pollLng 137 

(4.8 lcbps)1
 

4A -ow usage
 
46-higlgh usage 393 , 379 .26
 

L,520 229222 .0165 Comsat 
Multiple access. 

. Small dishes. ... 
6A 75 bps 297 24 3.00 

66'j2.L4 kbps 420, 4 75:21; 
3038* *05*
6C 16 kbas 624 


*These systems have a capacity that could not be filled by message
 
' 


traffic. The cost/page-." figuref is il.therefore unrealisticunl!ess 

other uses were found for the system, in which case different 

terninals mlght" be required"*,' 7which :might either Increase, or 

decrease the cost estimate. 

2.4 kbps instead Of 4.d Tne Pages TranbMayted would be cut in
fAt 

half a nd cost per page doubt ed*,,.
 

Tab Ie, 33,-

Costs . Ofr AI ternatlve Systems i7 

http:66'j2.L4
http:Pages.day/no.de
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CHAPTER 4
 

IS IT USEFUL?
 

The most Important questions have not yet been raised. We have
 

shown above that there are ways of electronically delivering text
 

and data among countries for costs substantially lower than those
 

presently used. Does thatt we must ask ourselves, make any
 

significant difference to the LOCs? We have also shown that by use
 

of a telephone polling system It should be possible to
 

substantially reduce the communications expen.ditures of the IARCs 

and/or greatly speed up their communications abroad. Is that we 

Inquire a matter of any great Importance to them? 

We address ourselves In this chapter to those two questions, first
 

the gsneral question about communications and development, and then
 

the specific question about the IARCs.
 

The Communications Needs of the LOCs
 

COMMUNICATIONS AND DEVELOPMENT
 

There Is a large literature on communications and development. It 

has recently been summarized by Frederick Frey In the H gf 

Gzauolc !ao. (1) His bibliography has about 4o0 titles. Perhaps 

(1) Ithliel do SolaPool, Wilbur Schramm, et al., eds. Chicagot
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the crc~l I issue- wad, .raised Db'y' lernr in.9 8raiel inThe 

Passing oI TradItional' Soclety. l) H 'rr 9s dthe .hypothesis 

Sthee growAtho f 'ass edahave DsychologIcal, ly broadenIng 

effect which a modernization and developmente -l:,Numerous ,.later, 

wrlterss sought to challenge Lerner's assertion of a causal 

rielation,ar,guing that the undoubted presence of a correlation 

between development and the growth of communication could be 

expianed Iust as well by the opposite direction of causality. 

However, the Lerner hypothesis has stood up well after numerous 

attempts to test or challenge It. (2) It is not the whole story, 

heth evidenc ts fo)r I)eIng a causali strong there relation 

iw~eh modern communicaions ard development. 

The mechanisms through which this can take place are many. Lerner 

b1asea his thesis'toala ge~extent on the' osycthological process of 

broadening of empathy. Others "haverno+ed the'1breaking of the, hold 

of traditIon, the diffulslon OfC hnovationstq (3) the alslng of 

Rand McNal Iy, 1'973
 

(W) Glencoe, 1111. The Free Press.
 

(2) Hayward Alker, "Causal Inference and PolirtLcal AnalysLs", in 
Joseph Bernd, ed. Mathematical Applications In Political Sclence, 
Dallasl Southern Methodist University Press, 1966. Phillips 
Cutright, "National. Political Oevelopmentl Measurement and 
Analysis, Am. Sociological Review, 28 (April) 1963, 253-264. 
Donald McCrone and Charles F. Crudde, OToward A Communications 
Theory of Democratic Political Developments A Causal Model", Am . 
Political Science Rev. 61 (March) ±967, 72-79. Gilbert W1nham, 
,Political Development and Lerner's Theoryl Further Tests of a 
Causal Model" As. Political Science Review 64 (Sept.) 1970, 
810:81.8.
 

(3) Everett Rogers, Di aln gt Inno.La New York$ Free 
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ex0ec~t at:ors, and the o n .fthe arena of, poitiaand 

econom ic,actln.i:r1-)?, ,.AateVer,.k.the nmechansor,fmechanisms, the 

growth,-of common It atiions.'- oe sem t be ,a m ,or factor, n. 
stitmulIatigdevelmen t,,. 

A Ior I, that conclusion is highly plausible. Anyionoe who has' 

tried to introduce an agricultural innovation, as the I-ARCs§ have,w 

or nr procreational habits'Is aCutely' aware 

of how Important is the human process of a:clieving understandlng 

and motivation. 

As~;a wor ng. hypothesLs,1,we can takeit that the Improvement of 

education, organizatLonal crcmmunication.,and- masscommunication can
 

contribute greatly to the process of development.
 

There,.isaniadd ItonaI.,poInt that should be noted* In a world of 

increasingly ,.scarcej,physical,,resources It is becoming Increasingly 

diffiZcult ,to .assure, every -humapbeing,,on earth the same amount of 

iron, steel, copoer, beeff airplanes, automobiles, and highways 

tht haeeenjnj'yedyb -the 'iproflIgate civilizations of the West. 

There are, however, certain modern ..goods that do not draw as 

excessivelyon those scarcer resources. Communications are among 

these. To enable all .the wo0r'lds population to, enjoy, th'e,, music, thKe 

.P,ress, L962; flodernlzatlonfl Aigna Peasmntst Iba Luac±n 
GJaniatia. New Yorkl Ho lt, Rinehart, and Wilnston, 1969. 

A(.IIthiel de Sola Pool, "The Mass Media and Politics In the
 
Modernization Process"* In Lucian Pye, ed., Communications ja"
 
Political aaelogugo., PrLncetons Princeton University Press.
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drma on t'im , theIews , t'' khowl edge,+ 'and the-+:means ;of expressrion; 

media pr'ovide I's, far ' more *feasible than;' to ,,providerthat modern 

everyone' with, cer+tain otier thngs 

we can also note a number of muchB'eyond these generalIzations, 

more sp)ecific ways in which the growth of the newer technologies of 

to the current needs of theelectronic communication can contribute 


LOCs.
 

Injections
The less developed countries of- the world require large 


are
of information In the form of technology transfer If they to 

tlave economic growth and development. However the means for 

reach. Today a chasmacquiring It are largely beyond their 


countries
separates the research facilities available In developed 


such as the Library of Congress, Weidner and New York Public
 

the Moscow State Library - from the

Libraries, the British Museumt 


extremely limited risearch facilities in LOCs.
 

W41h the development of database publishing to cope with the flood
 

worsen. The LOCs will
 
o, new information, the LOCs position will 


unless some method to
 not have access to such information resources 


lack of
is devised. Given their
tacilitate Information transfer 


modern
 
resources they cannot be expected to, make much use of 


computer communication unless
itormatlon retrieval systems or 


by at least an order of magnitude.
presept-rates fall 


* -computer telec'dnlUnicaio'h S not out'fthe questi'>]t seemS 

~l 0:i 



likeWly'that an .tea'inY aa. ,compUnicVI1ons,5,, nfloowrk ,,using.
data. 

0 c.uld.mk cs o, aabs 
ldto ;,;;~v ,,L bases 

ke-S ichiflgt t.echn0+ogY 

available from anywhere In the world, atr a ,,communicatlons, cost , of 

less than a nickel per 100 "wordso With a network thesuch 

Information gap would rapidly be narrowed. A researcher n 'a ' 

an LOC without adequate reterence
university or planning office in 


sources of its own could retrieve a fact from whafever data base he
 

wished anywhere In the world for little more than the cost of a
 

domestic: -telephone :cal.,somethIng he could afford.,
 

In short, as advanced countries Increasingly transfer their
 

from hard copy Ibrarles to computerized
reference materials 


LOCs will either, fall further behind In
retrieval systems, the 


catch up depending upon
Information capacity, or will begin to 


whether they are linked to tt.ese new infor'mation stores by
 

telecommunications or not.
 

a
For a telecommunications system to serve the LOCs effectively as 


bearer or technical knowledge, It must have certain
 

It must be cheap. It mist also, be rellable,
characteristics. 


relatively rugged, and not require highly sophisticated maintenance
 

It must operate even In the absence of an
and operating personnel. 


nati6nal
elaborate Infrastructure of stable electric current, 


microwave or cable networksq and smoothly functioning telephone
 

link the LOC at its'will to any" "possible
service. Finally It must 

sources of,:-data, not,.-Justto.ones Ina favored metropoleon which 

"Lt1 is dependent -Those are,notinsoluble requirements. There are 

http:c.uld.mk
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technical options In the satellite systems- -,chosenq, in, the
 

poMssibllIties of message switching, and In the pattern of
 

networking which may make these desiderata achievable.
 

International' coIaputer communication using store and forward
 

message sN itching is'a technology particularly well suited to "the
 

need of the LOCs. It bypassest rather than being dependent upon
 

the problemns of'the ordinary phone system* With the ordinary voice
 

telephone call, both parties have to be on the spot at tte same
 

time, which can be very frustrating If It takes a couple of hours
 

to complete the circuit. With a store and forward. system the
 

message sits in the, transmitting computer until the circuit Is
 

available and then gets sent to the terminal for which It Is
 

destined. That may happen at any hour of the day or night.
 

Furthermore, loi4 cost ground stations can be Installed In remote
 

regLons, bypassing non-exIstant or overloaded microwave or coaxial
 

long lines. Moreover, sophisticated data processing operations can
 

be done by remote' access to locations where the prerequisites
 

exist. The main limitation on local facilities at the grass.roots
 

is the servicing of terminals, which suggests that In many
 

Iocations simple CRTs and typewriter terminals will be the order of
 

the day for "a time to :; comel these will convey orders to more
 

sophisticated equipment located where It can be serviced. ,Thus :.al,
 

that the local service must provide Is the capability of carrying
 

low grade code such as that which currently delivers telex or
 

telegrams. International computer communication is weili withLn the
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state 6fi th4,4'C tfor;.(the,,'LOCs.,
 

There Is no doubt that In the short run -those countries that 'fir1st.
 

develop date facilities gain a jump on those that foll 'later.
 

Those'-countries'that have not developed adequate.,data andcomputing
 

reources may have Ito ,use';them, where they exist,.,,by,., means of
 

telecommunication,. :'A- question of Importance Is whether that Is a

self perpetuatIng'ituationor a self-correcting one. The,evidence
 

Is'r quite strong that It Is not a~selt-perpetuating sItuatLon.
 

First let us look.at' some: analogous historica!l situations. Karl 

Oeutsch' has" analyzed. international and domestic mail flows, 

sclentific |,ournals, and.scientific citations.,, (1) What he found 

surprlsed him. He found-that the- proportion-of foreign material 

decined with the maturation.,of. ,the, social, system.. Originally 

dev'elopment would:- take .place In one or a. few locations. 

Consequently there would be much Interaction between.those, centers 

and the rest of''the'world. Gradually,.ho-weverv local businesses, 

or research centers; or Journals werefounded and people Interacted 

more with others ,who were convenientlyclose t,o the!,. Contrary to 

the standard cliche about-,,the world,.growing,,smaller, International 

Interaction as a.proportion .of allInteractIon declined with time 

In maturing societies. 

() "Shifts In the Balance of Communications Flows Pbl~c 4ir1'6
 
Quarterly, vol. 21 no. 1, pp. 143-L60.
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° 
oe of ", s can give apparent counteo-examp lies fromf-or4own 

elipeirence of 'rap'Ld" gr'owth :-of internatLonal contacts, ',rbutitfask 

yourse ''if they are not kn' Innovatlve,*stages of a processi 

There "are however, also other counter-examplest ,:cases where 

foreign diPendence acquIrs a self-perpetuating character. That
 

tends to be the case In highly capitalized activities, not'in-the
 

kind of Intellectual activity that Deutsch discussed. If an oil
 

field Is developed In country A, Its customers In other countries
 

become significantly dependent on it. If superpower B sells Jet
 

fighters to a developing country, the latter, becomed significantly
 

dependent on B for training and parts. If a foreign investor opens
 

an industrial plant in country C, there will be a continuing
 

relationship over many years to follow.
 

In short, one must distinguish the developmental pattern that
 

follows on different kinds of International relationships. Examples
 

of quite different'international patterns are offerred by
 

agriculture, extractive investments, Industry, and Intellectual
 

activities. Foreign investments In agriculture whether by settlers
 

or by creation of a plantation system have profound social effects
 

which usually conclude in more or less violent'intergroup conflicts
 

because so many thousands or millions" of ordinary people are
 

directly af fected in their whole way of' Ife. Investments In 

extractive Industries , are tusuall y seen: by'" the 'local people ,as 

particularly' explotive because few loca'l-- facili ties '_are 



eStablished, ;,,,,andil'4so-the rend of-theprocess s often exp.pr LatLon 

dr-inatlonalzatl'oni, Investment-in heavy ,-manufactuIng,. has .,quite 

di f ferent.v:e ffects.Ye Ithis;much' mor.of avorab,l.e ,to development. but 

also has the partially self- perpetuating character noted above. 

Thew ntrusiontc,.of,:i'servceiiand intellectual activties has a qute 

dlifferent;s°effect-.-mbecausez they. are, labor inten sive,-and. :,the, initpI 

practtloners.-have 'no,,waysof .keeping .their monopo Iy. 

The development of movies Illustrates the point* Once upon a fie
 

In the 1920s and 1930"s Hollywood had a franchise on the world
 

cinema market. Hollywood pictures were made for thAmerican 

audience, but they had a universal human appeal. As a result local
 

entrepreneurs set up movie houses everywhere - luxurious palaces In 

some rich cities or benches In a shed In some developing' villages.
 

But the films were mostly made in Hollywood. That did not last
 

long-Phowever.. ,In ndla, in-,Japan, In Turkey, In Mexico, local
 

producers discovered that they could make movies too. The actors
 

and technicians were not paid like the Hollywood stars or union
 

cameramen. , -Production, .being labor intensLves, turned,out to be 

cheapvi.. not, slick. What Is more, -the local audience liked the 

,local .:product; , it was ..better attuned to their taste. So the 
,orginal inflowot Hollywood flms, by leading to , the , opening, of 

,movie houses, I almd the foundations. for a local., industry. Far ,from 

.Hol lywoodO.s ,activities being.self-perpetuating, they,turned out to
 
,be !, self.-erodinge. r Today.,,most American ,movie. makers find that, they 

must go,nto:co-production ,with j.foreign maers If thpey are to 

http:ntrusiontc,.of
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succeed at all 

To a large extent that is the patterm -tha4t one "66a-n'et:' froa 

nternatLonal computer c'ommUnicaton. 1f techncians. aa'-lessin 

developed country are trained to operate on a moderni:'omputer fr6m 

a remote" terminal, gradual ly but "fairlY rapidly,Iprogrammers wLl1 

be trained and analysts will learn to use the computer* Soon they 

will be.doing their o'wn 'Diput and developing their own data bases' 

In short, the main barrier to entering the game Is trained humans 

and acctss to a machine. 'Remote access provides both at an early 

stage. Soon minis and then larger computers will follow, once the 

skilled personnel exists. TelecompuJt'ng accelerates, rather than 

inhibits, the development of computing in the LOC. 

There Is an element of the situation that is less flexible, less a
 

function of personnel training and more a function of fixed capital
 

Investment. In the past the computer Itself might have seemed like 

a massive capital item that LOCs could hot easily support. In this 

day of powerful minis that Is no longer a consideration. True, 

very large operations may be done by remote computing to take 

advantage of facilities,.the LOC does not have. But even that Is a 

useful learning experience by which some computer technicians learn 

how,. ,to do. thing that, they w Il do on their, next generation of 

maxi-mlnLs soon after. 

So It is not the need for capital Investment In" "age "courters 

that checks the spread o idpenden computer act V Ltes to the 
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data Tbj's
LOCs. More Important In that respect Is likely to bew 


he physics articles published In
Putting,together lising-of ,,all 


the .past decade is a,massive 1ob and when someone has done It once,
 

It Is therefore partly
Ltls,not-sensible to do, it-a second time. 


true that.those -count tat get.a jump.on data base publishing
 

awe lkely to keep it for some tme6 Nonetheless data base
 

publIshing is.still in its.infancy. There is still 	vast room. for
 

Also, some data
couptries,-, to, get Into I t, and clearly many will. 


content.
bases are inherently regional or national In their 


computer
Nonetheless,, foe,,,this. one kind of International 


communication (namelyintormation retrieval from data bases) our
 

general conclusion, that a lead In International computer
 

communication is not self-perpetuating, but rather self-eroding,
 

should perhaps be'slightly qualified.
 

seems clear that It Is In the Interest of the LDCs
In genera!, It 


to, give substantial priority to telecommunications development.
 

ADVANCEO,SYSTEMS FOR THE LOC'S
 

It Is often assumed that ff an LOC cannot make Its ordinary
 

tele'Phone system work satilsfactorliy,"thenit-t"certalnlV 'cannot use 

sophLstLcat'ed new'technflogy,'"suchhas a kcket switched computer 

,
communication network using satellite transmlssion*," That. is-a
 

.fallacious concluslan One can imagine someone saying, lust before
 

If
the transistor radio. revolution hit the LOCs that those 

countries could not maintain a conventional press or wide 

T/it0
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dissemination of ordinary tube radios, how,,ould they .d'e the
 

;,new advanced technology of-the transistor. As that example makes 
clear, there are some advangs in technology t t make peration 

and maintenance easier. One has to examine the parti'cularitLes o'f
 

any advanced technology before one can assess Its"'P rorIatenes
 

to the LOCs. Advanced or intermediate Technologies:
 

The satellites now available were optimized for the needs of the 

developed countries, not for the needs of the LOCs. We can explain 

this by comparing two sets of SatellI.tes which we shall 'call 

"conventional" and "high po.ered". The current commerical
 

satellites 'such as Inte'lsat, Anik in Canadat Wester In this 

country, what Hughes is building for IndonesLa, are all what we 

call conventional. They mostly use the 4-6 gigaherz (GHz) bands 

which are fairly crowded so the bird must radiate a rather weak 

signal (5 watts). Reception requires a Iarge expensive dish. The 

standard Intelsat dish Is 95 feet in diameter and so the ground 

station costs one to two million dollars. At considerable loss In 

efficiency, and thus cost, one can operate with smaller antennas.
 

Some countries use 50 feet dishes that cost aboutI $250,000.
 

Antennas are now being built for off-shore oi rigs, that cost s40
 

to 150 thousand. For one two-way telephone channel oec se
 

6 foot dish. To receive TV (one-way) one needs a 32"foot dish wIth
 

such satellites. Howeverv for the broad-band two-way andmany* 

voice channels required for a public communication system, 

conventional satellites require expensive grounodstations and so 
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.;naadeveloped co4ntry the sparseness of ground stations does not 

r t te.i thce, scattered ground stations feed into the 

terresteiaelaeitwor that Is already there. Intelsat messages are 

picked up on either the East or West Coast and from there go over 

the Bell system or Western Union lines. 

foan, urderdeveloped country like Indonesia the need is for a 

.dltfferen.t,system,that willu/,te, f have ground stations scattered on 

every, Island and district townsr,since the landlines are not there. 

,To.do.+ that economlcallylrequlres bringing down the cost of the many 

,ground stations, even at +the expense of using a somewhat more 

emx nsive satellite. That leads to the ise of higher powered 

satellites on uncluttered parts of the spectrum such as the 12-14 
I.a 

GHz band. NASA's ATS-6 which was used In the Rocky Mountain and 

Applaichan experiments and Is now being sent to India for village 

broadcasts Is an example. However, that portion of the spectrum 

and that type of satellite are still experimental and only partly 

understood.
"' Nonetheless.-' ... .. " -,a iven such.'.a. a -a 20 watt . . ' , satellite,a+" . . i ' Bruce , " + 

.Lusignan of Stanford estimates that one could send TV one way to 
4000 ground stations and that for $209000 to $40,000 one could 

,provId,e, a rural town with one-way video and some two-way voice 

channels with switching capability. In short,. for a very small
 
investment an isolated rural location could 
Join the modern world,
 

given a high powered satellite.
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When such advanced satellite systems come Lntouse, as theyo surely.
 

wll,1 there will be thousands of ground stations for each
 

satellite, so savLngs on the ground statton' wi clearly dominate
 
the cost equation. nste S
 

the'equaion This thn is an example "'of' an, advanced 

technology at the iImLt 1of the stdte of the, art, whch IS of
 

partLcular interest to LOCs.
 

Another .examp.le,of ran advanced technology that should interest LOCs
 

ks;vPack.et switched data,networkso..
 

http:ks;vPack.et


Stages*of: evelpment!l 

simPly imLtate 

fol'lowed, by those who came before them in adopting new technologies
 
fL developing., es scount the sequence of steps
 

thOeym)i ss, the opportunity of rapidly closing the technological gap 

which separates them from the technologically advanced nations. In 

the history of technologys It Is a common phenomenon that the later 
which adOpT a technology, adot: it i4n "Its moreeadvanced'
coutr es 


forms, skipping over the stages of,"-deve~lop 'ent, tfoHllowed by , ,.thek 

pioneers. For example, telephone Initally spread more rapidly in 

the USA than In Europe. As a result the Bell System had a large 

Europe's telephones. had automatic sw tching,but 


Investment In manual switchboards at the time when automatic 

dialing was coming In. By the 19300s, two-thirds of Western 

less than half of 

those In the US had this capability. 

current examples of this
OevelopLng countries benefit from many 

ability to skip stages and close the gap. 

Central ized Services: 

and should use some advanced
Though developing countries can 


technologias, they often can do so only in a few locations. The
 

difference between an LOC and an advanced country may not be great
 

In the kinds of things done in the top Intellectual and
 

organizational centers, but rather in the extent of diffusion of 

advanced methods. the econometric analysis or computer facilities 

In the top university or central planning. office may-riot, lf ffer 
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much between a Edrdbutan. oO'ntryand 'an.Asl~an:.oQnee bu the back up,
 

and numbers of such centers may differ greatly.
 

The Implication of that fact Is that many advanced activities must
 

be centralized In the LOC's, and their benefits diffused by
 

telecommunications. In an advanced country It Is possible to have
 

many good libraries, computer centers, medical centers, or teacher
 

training Institutes. A developing country may have only one of
 

eihq,and Ithere-fOre has much greater need for put tIng,that, one, op
 

Ilne to' the6 whole -country., TraInIng teachers by TV,, advisLng
 

medical,,technicians.bytelephon, backing up,, jtocal administrators
 

by -'nline, servlces -may, be-, even-more,,important. in, a developing
 

country-than'a developed,one.
 

The International agricultural research centers with their outreach
 

better communication facilItLes. 


programs are examples of isolated centers of development whose 

Influence on the rural world around them could be Increased by 

" 
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The 0ommun*ications' Needsiof,,'the. IARCs, 

A SURVEY OF IARC COMMUNICATIONS
 

To ascertain the current communications practices and needs of the 

IARC's we conducted a survey, asking eight of them what they were 

doing now In international communication, and of what problems they 

were aware, 

A'S 'fi jrther test ofthe' present-1 communication ,situatjon, of the 

Centers, we conducted' the 'survey' by telephone, completing all eight 

interv ewsafter some 88, attempts., ,(1t)vIn!,generalA once- the!. calls 

here Ico pletel, sbmetimes at.20 A:*.tUS .the quality ofe s . time, 

transmission was usually quite adequate, atlleast..,at the -US end;
 

although not always at the IARC. The difficulty of getting through
 

to those places which could not be dialed directly* made It clear
 

to us why the IARCs use the ohone as little as they do.
 

The main finding of the survey was that,te1lecommunlcatIons are- now 

used by the IARC's almost wholly for administrative traffic. 

Scientific communication Is almost en'tirely by human travel or by 

the mails. Scientists would be happy to communicate with greater 

speed and reliability than the malls now provide, but present 

alternatives are so far out of reach that the researchers have not 

given much thought to the communication problem. 

(1) Another reason for ,the telephone Interviews was economy. They 
cost no more than a quarter of what It would have cost to send ari 
Interviewer around. 
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TkE$INTERNAT IOIMAL AGRICULTURAL RESEARCH, CENTERSI' 

Table 4 .. provides a list of the International' agricultural 

research centers, Including their location, budget, senior staff. 

Currently, there are seven International centers In operation, wi.h 

an eighth about to being Its program. A ninth center is still -in 

the planning stage. Each of the centers soecializes In research Ih 

se'!ected areas' U fCood9 'production. 

Co-ordinating their support is the Consultative Group on 

International Agricultural Research (CGIAR). This body, under the 

Joint sponsorship of the World Bank, the Food and Agricultural 

Organization of the United Natlonsl (FAO), and the UN Developme'nt 

Program (UNOP), consists of 33 governmental and non-governmental 

organizations which through this framework support the activities 

of the centers and of related programs devoted to Improving the 

qualitydf food production In the Third World. Table 4*2 lists the 

var ous ' 'organizations supporting the CGIAR. It is the goal of the 

drlectors ofCGIAR that each center recruit the most capable 

sclentists, regardless of nationality and exchange Information with 

each o'ther . as well as: with other research Institutions throughout 

thew' orld which conduct research on matters which dan affect.. food 

production In developing areas. Heavy emphasis Is put on the 

diffusion of new farming methods to farmers, who can then apply the 

techniques to Increasing food production In their countries; the 

centers are not, therefore, Ivory tower Institutions, concerned 

with acquiring knowledge for Its own sake, but are heavily. Involved 

tit?7
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in.Its practical aPpI catin& ~ prt~f his,~nto each, 

center, maintains extensive outreach programs In which citizens of 

developing countries are trained at t-he Institutes themselves, or 

There
In. their own countrLes, perhaps even In their own fields. 

Is, therefore, close collaboration between the International 

c enters and many national agricultural research centers. 

As can be seen, from Table 4.1 the centers, areao.f varying sizes, in. 

the fact that some have only recently begun operations.part due to 


With many of the centers In the early stages of growth, budget
 

figures Include significant amounts of capital expenditures for
 

construction of necessary facilities. Some of the centers are
 

Involved In similar research, although in different areas of the
 

globe. Figure 2.3 in Chapter 2 above shows the locations of the
 

centers relative to each other.
 

some
in additlon to the'international'centers, CGIAR also supports 

activities of the AsianVegetable Research and Development Center
 

inTalwan, and the West African Rice Oevelopment Associationo The
 

lInternational Board. for Plant Genetic Research (IBPGR) Is also
 

funded by CGIAR. This organization seeks to facilitate the 

lexchange of genetic' reserach data among the centers and other 

1important institutions.* 



Table 4.1 - The International Agricultural Research Centers
 

Center Gross Financial Requirements* 
(1975) 

(millions $) 
core operating & 
capital budgets 

CIYT (Mexico) 7.9 

CIP (Peru) (1972) 2.7 

IITA (Nigeria) 9.7 

IRRI (Philippines) (1960) 8.7 

CIAT (Colombia) 7.0 

ICRISAT (India) (1972) 9.1 

ILRAD (Kenya) (1975) 3.1 


ILCA (Ethiopia) (1975) 2.6 

AVRDC (Taiwan) (affiliate) (unavailable) 

*Source "Integrative Report", CGIAR, July 11, 1975 

(except for AVRDC) 

Senior Staff(1975)* 

(Senior Scientists &
 

Administration)
 

55 


19 


73 

49 

46 

46 

21 


19 

15 

Area of Specialization
 

Maize Wheat (sorghum & barley) 

Potato 

Root & Tuber crops; Grain ,legumes; 
Cereals; Farm Systems for humid 
tropics
 

Rice 

Rice, Maize, Beef, swine, cassava, 
beans, farm systems for lowland 
tropics 

Sorghum & Millet; Grain legumes 
Small-scale farming in dry regions 

Control of animal diseases
 

Animal husbandry 

Vegetable Production in Asia 
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CONSULTATIVE ,GROUP" ON: INTERNATIONAL AGRICULTURAL RESEARCH 

July 11,1. 1975 
Consultative Group Members
 

A. Continuing Members
 

Countries
 

Australia New Zealand
 
Belgium Nigeria,
 
Canada Norway
 
Denmark Saudi Arabia
 
France Sweden
 
Germany Switzerland
 
Japan United Kingdom
 
Netherlands United States
 

International Organizations
 

African Development Bank
 
Asian Development Bank
 
European Economic Community (FED)
 
Food and Agriculture Organization (FAO)
 
Inter-American Development Bank
 
International Bank for Reconstruction and Development
 
United Nations Development Programme (UNDP)
 
United Nations Environment Programme (UNEP)
 

Foundations
 

Ford Foundation
 
International Development Research Centre
 
Kellogg Foundation
 
Rockefeller Fot-mdation
 

B. Fixed-Term Members Representing Developing Countries
 

Asia Region 	 Malaysia
 
Thailand
 

African Region 	 Morocco
 

Latin American REgion 	 Argentina
 
Brazil
 

Southern and Eastern Israel
 
European Region Roumania
 

NeAr Eastern and South Egypt
 
Asia Region Pakistan
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Communicatlons, ,and,,the, ;nternational Centers$ The Problem.
 

;mportance of Effectiove Communications 

Essential to the successful operation of the "internfatLonal research 

centers Is the 'capability of',each of temcenters to communicate 

with the rest of the world$ Good internatLonal communications Is 

especially Important to these centers, since they are usually
 

located away from the major Intellectual and cultural centers of
 

the Western, orld. The iMplicatLons of this for the operations of
 

each center are numerous. Electronic communication Is currently
 

used by the IARCs mostly for administrative matters. Phone calls,
 

teleaxes and telegrams mainly concern travel arrangementst
 

employment, purchases, and funding. The diLectors we Interviewed 

saw administrative efficiency as the main gain from better 

telecommunications. Only rarely do the scientists use anything but 

the malls to transmit technical Information. But when It happens 

it can be Important. 

A scientist working on a project at one of the centers, for
 

example, might require a reprint or other relevant Information as 

part of his research. This informatlon might not be available 

within the host country. Thus, a request would have to be made to
 

a source In a foreign land. Poor communications can contribute to
 

delays In the reception of the Important information, thereby
 

Impeding the progress of the, work being conducted. For the
 

scientists to be Informed on the latest developments within their 

fIelds requires consider.ale expensive travel by their researchers.
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-Each of the cente mu.st. make mportanpurch ases n +the1US 'or 

Europe. Poor communcations can Intererre with tihe .or'd rn 

process., Furjhermore,,,_.. contact i.th CGIAR headquarters In 

Washington,. O.C..,,should,, be ,efficient In, order to facilitate 

financIal,r,,.eporting, ... explanation, .of budget requests or other 

administrative matters.
 

Eflcient communications' Is" necessary for, the success of' the 

various outreach and 'special programs conducted by each~of the
 

centers, as well as for maintalning contact with forer students
 

who have returned home and' are seeking to 1iplement the lessons
 

they learned at the centers.
 

Since the centers are intended to serve as uepositorles of data for
 

ongoing research, each of them should be readily accessible to
 

Inquiries by interested researchers from all points of the world.
 

Good communications are also necessary to relieve the feeling of
 

Isolation which might occur among some scientists from developed 

countries who have been relocated to the centers. The Inability to
 

communicate rapidly with one's friends and colleagues as well as
 

receive the latest information on cultural and political events at
 

,home might discourage some very capable people from working at a
 

,center# thus depriving the Institution of his expertise.
 

In short, communications Impacts upon the research, administrative, 

and social aspects of the centers Poor communlcatlons can have 

deleterious Implicationsfor +ttle'lAlllmenft of the missions of 

22
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each of the centers.
 

To gauge theextent t which the centers c.ommunicate, we examined
 

e"tain'4civiLies offthe'centers- whlch would serve -as F-helpful
 

Lndicators"of this.
 

Information, Documentation, Library
 

Each'of the'centers Is involved In some sort of information service
 

In;which'It provides reports on Its current researcl, and activities
 

to interested people-and organizations. In addition, each has 14s
 

own library anid documentation system In which, reports and data
 

relevant to ongoing research are collected and kept for use at the
 

center, All of the centers have created genetic resource
 

collections which are made available to Interested parties.
 

Informalon services Include- such activities as general newsletters
 

of, current research, annual reports, and technical publications
 

dealing with the results-of recent work. Table 4o3 summarizes
 

expendltures In each of these areas for each of the centers. (U)
 

Table 4.3 - Su mary of Information, Documentation, and Library Budgets 
($1,000:1975)
 

CENTER INFO. DOC. & LIBRARY Total
 
CIMMYT $430 X $10 $440
 
CIP 2 41 9 52
 
IITA 169 188 X 357
 
IRRI 231 1061 106' 337
 
CIAT X X X 434
 
ICRISAT 136 75 X 211
 
ILRAD 8 4 15 27
 

1. Combined library and documentation expenditures
 

X Information unavailable
 

1) ILCA was not stuiiei oecause If has only very recently begun
 
operations.
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The scope of these activities depends upon the extent of the
 

centers,operations iand-tferesearCh and.documen atiolOit is
 

supposed ,to play In. respect to e. othe! centers and tothe
 

developing world, In general. Comparisons of figures may,:.also _be
 

misleading because similar activities may be organized by different
 

centers In different ways; In addition, some centers have not yet
 

reached antlclpatedI e vels5 -of operation. Thus, for example,
 

CIAT's expenditures In -.1975 for information, Ilibrary, . and
 

documentation,was reported ln-excess.of _S500q00P, while, that of
 

ILRAD '-was ,reported., as only $27,000. (That, Is, due to ia large
 

extentqto the fact that ZILRADi;s a recently established center.).
 

,IRRr;i, which-plays a major role In global rice,production, alsohas
 

relatively hfgh expenditures In this area.
 

In general, combined expenditures In 1975 for all of the
 

International research, centers for library and documentation was
 

$S4.5millionpor 5% of all core operating expenditures.
 

In the area of library and documentation, holdings of the centers
 

vary. ICRISAT, for example, had less th.an one thousand books and
 

bound voIumes r'of-periodicals asof arch 974. whont was still
 

In the early stage of its development. IITA, on the other hand,
 

had over ?O5'0 books, 12,000 periodical volumes, and, over 29000
 

pamphlets and reprints as of Decembert 1974. Whileit is difficult
 

to draw Implications from mere numbers of volumes In a lIbrary, it
 

can be Interred that the relatively small number-of volumes on hand
 

in the specialized IARC libraries suggests a need' for .nformatipnr
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fromoutsde .sources in- or,,de, fo vesearch tio'be sucqesfuI. 

Eacii of the centers Is creating collections af Informati on 

geneic dta. he, purpose of ,this is toesalhseclzd 

Which can readily provide genetic-informatlon
Informatlon centers 


development
tothose!orqanlzatlons and people in the agricultural 


These data bases are beLng organized
community who require It. 

Sf o'su -y.-.tu ed reto' 


the IBPGR In the Communicatlons,
ntoastructured network. by 


InformatLon,--and Documentation System (CIOS) aroject. For this
 

network to be effective, however, each center requires
 

can rapidly access data
communications facilities through which It 


stored In foreign locations and be easily accessed In turn. The
 

centers currently lack this capability.
 

Outreachand Special ,Programs
 

programs of the International centers
The outreach and 	 special 


Important ,part of their activities. These
constitutea;,Very 

programs involve,,,he.stationing of personnel of each center at
 

to work
otherilocatlons.,, ThLsimlght Involve,thesendIng of staff 


with;-,,,othe r natIonaI research Institutions or with other
 

International centers. Such prosrams Imply a need for
 

communications between the. off-si,te personnel and their, home
 

centers on various research, adminLstratlve, and personal matters.
 

Let us summarize some of these activities.
 

was made by IRRI.
The" largest expenditure for outreach programs 


That center spent over S28 million last year and placed staff in'
 

such places as Sri Lanka, India, Indonesla, the PhIllipines,
 

Bangladesh, Pakistan, Egypt, and Thailand.
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.ZITA spent over 5,6 *l oi1197 torof f- s te . programs. These 
programs were conducted In Liberia, Tanzania, NigerIa, Sierra
 
Leone, and Zaire.
 

CIMMYT budgeted $..3 million in J974 for off-site outreach programs
 
in such locations as Ecuador, Kenya, Central -i,.AteerLca, Algeria",l
 
Tunisia, Turkey, Pakistan, Nepal, Zaire, Tanzania, and Bangladesh
 
and at the CIAT and tCRISAT headquarters.
 

ICRISAT spent $8049,000 last year for programs 'A1n West 'AFtrica: 

(Nigeria, Senegal, Upper Volta, and Niger). 

CIP conducted programs In, Latin America, Africa, the Near East, 
WestAsia, and Southeast Aslia':at 8Itot'l cost In 1975"'of54P30,00 

ILCA sent personnel to Ma, Kenya, and lNiger'ia"at:atotal cost ;of 
$330,000 in ±975. 

AVRDC has an outreach program at IRRI and a sub-center In South 
'''Ko ea . . " 

In general, combined expenditures in 1975 by all of the centers for 

outreach was S±.4 million. For IRRI and CIP, expenditures for 

these activities were about one-thirdof theiro.total budgets for 

!ast.year. 

The degree of communlcations stemming froi these activities depends 

u0on' theetent of the programs. Thusl -CINMYT,and IITA, both 'of 

wtjitch -have extensive activities throughoUt the orld,lmayihavea 

re'la'tvely'high need for communicatingwlth these'other locations. 

"As' the" outreach programs; of++thiecenters lncreaseW:so wll theineed 

'for greater communicatioons capablities.' 

Each of the centers trains people from various developing 

countries. Once they leave the centers, It Is very likely that the 
It ,Mldwish comnlcate the.,center for, various'to ,ith: 

+ -.reasons. From the'st i nd b oint of : 'the centers, such communications 
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o ute, ,to re iforclng, the training which" they provided' 

Cq.r 	 aqusntly ef f cve communications is Important for this area 

actyvt ies,. ~search Related Communication 

Sc"ientists 'yinvoW'd In re'search sometimes rbequre in f ormatLonwhICh 

Is uaailable. 'Th~sinforivatin maiy Inv~lve-sUch'thIngtlocal 


as reprints--results of an outreach programs1 or experLments i or
 

consultation with a colleague In a distant land.
 

Host requests for reprints are usually made to the US Library of 

ngress, the'USOA LibraryI"n'Maryland, or the-BritIsh Library In 

En. Universities and research Institutions In both the US, and 

UK are often the object of Information requests. One center
 

expressed a desire to access the extensive computerized literature
 

In the US but which, It Is presently
search ,,systems, available 


unable, to do, 

Some'of the c enters have a need to comm'uhicat'e' with other centers 

wich do similar worlk. For examIle, dCAT, :UTA,' and --IRRI 

extensively exclhan'ge Information In the' area , of ge'nettc-, data 

r'esources and library materials. 

crops.,Some cfenters_belong to research networks devoted, to spe~cflic 

For examplet IRRI serves as the 	 hub of the Internationsl rice
 

serve as relay centers in
research network while CIAT and IITA 

Latin America and Africa, respectively.' nstttutions 1in'the" US ;nfd 

.to.t..s
numerous oth ao'unkr'ies 	 belo .. .developrig also 

W ofter networks.'1CRIS'AT and ciiMi areS 'Ohubs" r*search 	 The
 



supposed to provide leadership, SYSTemaTTC inTormaTL-on
"hubs" are 


- '
 
exchange and coordination and advisory services th o0or'h r
 

members of the networks. 'A major goalS'ffor the creatIo()n of
 

Jontl.. PIOcts a te , partLcipating
collaborativw~ald,.. 


InstltutLonsovof!,eachfonetork.elgEffectlve coordination of the work
 

of th 'mIemberInstLtutions,of. these .networks requires effective
 

communicatIons.
 

.center, must-have access to, facilities which
In ,.concjusiong,i each 


enable t to communicate with other institutions, and,. In turn, be
 

accessible for information requests from locations throughout the
 

worl!d.
 

'
 Several efforts are" being jade to failitate the exchange of
 

to current research among the intern'at'ional,
information relevatl 

as well as other national agricultural research centers* One' of 

t,-hese , is AGRIS, ,the. InternatIonal IInformation ,System for the 

Agricultural Sciencesand Technology. The goal of this system is
 

, systematically collect, organize, and make avallable abstracts
 

of recent articles In the fields relating to agriculture. The need
 

for such a system Is indicated by the fact that over 200,000 new
 

titles In agricultural biology' have been' pub'lished an'ually In
 

recent years
 

.o 


LAGR IS;,organized,on two, levels. The,f.rst level consists of a
 

*qomprehensIve and rald documentation service.which will provide an
 
findex , f crent iniomation in allI ,fields of FAO responsibility.
 

rent 8Aformal1on 
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Ssecond olevel, contains ,specIalLzed servlces, Including the 

disseminatIonoft, abstracts ..and, deep Indices. On this level,
 

utilized,
InformatLon centers and data banks would oe. 


Numeous national research centers 'are cOntributing" to this
 

gof input from various-sources
network. The processlng and mer'ginq


Vill be accomplished a a centralipoLnt, which wll be anFAO
 

center.
 

level C- i call for the publication of a monthly
Present plans for 


Index, AGRINDEX, containing approximately 6500 citations.
 

the creation of specialized Information
Level II will Involve 


banks and data analysis centers responsible for the
centers,. data 


se.lection of, indexed articles In specific fields. Articles will
 

be organized in three fields: veterinary medicine, forestry, and
 

this level will be the
tropical agriculture. The main activity of 


of abstracts through bibliographic
preparation land dissemination 


and abstracing services.
 

AGRIS, is, undsr the general direction of the FAO which will
 

coordinate the Interaction of the subject-related centers.
 

to AGRIS Is CARIS9, the Current Agricultural Research
A,,.complemept, 


In the process of being establLshedt it is

Information System. 


become the responsibility
Currently being funded by CGIAR but will 


ofFAO In 1977. The purpose of CARIS Is the establishment of an
 

which ill col lect, process and
system
international Information 
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disseminate"basic data on research "institutions, woik rs, programs 
o r s r0 ee-' 

and oPe'ation in, or on behalpf of develoigcourtrtes"'Its gaI 

Is the Improving of cmutnicatlon between intttI andresearch fos o 

researcoers.andtO+h~lptnoevluatng the existing research effort 

by .identfytng current , research being done, by ,whom In what 

,location and noting.'anymaJor, gaps and wealnesses In 'the total 

agricultural research effort. 

The CARS proJect Involves the creation of lalson offices In all 

participating count~res-and the establishment of CARIS centers 

throughout the developing world. The local centers will be 

responslble for the collect lon, Indexing and processing of data 

which will be sent to a coordinating center that will servqr as a 

world clearinghouse for Information and which will establish ta data 

base for the preparation of directories and data base taPes. 

The creation of data collections as part of AGRIS and CARIS at 

various locations throughout the world will require efficient 

communications systems for the International agricultural centers 

to have easy access -to them' a t therefore b able to-effectively 

'
 ut'llize the . Services. 

The Agricultural Libraries Information Network (AGLINET) has been
 

created within' the framework of the International Association of
 

Agricultural Librarians and Documontalists to organize, at regional
 

and International levels, cooperation amoqg agricultural librarles.
 

Hopefully this networkg, In conjunction with Improved communications
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Improve the process of Information exchange, among
facilities, will 


and them and the malor

the International centers between 


agicutural~ ~ibraries in'he wbrldby locating releVant,citations.
 

AG INET'Is eind t coil'lemint' AGRIS.
 

Eav, ,9we brieflY referred to the CommuncaTionSp Information and 

of thisthe LBPGR. The major goal
Documentation, System (CIDS) of 


Colorado, Is to
 
networkq_ whose headquarters are In Boulder, 


e a list of available genetic resources, the locations where
 assembl 


regarding their

they, are maintailned, and any other information 


CIOS wll Involve
 
sources of, origin and agronomic characteristics. 


conservation, Improvement, and
 
the exploration, collection* 


It will provide documentation 
data
 breeding of genetic resources. 


involve creation

and experiment results. CIOS will the 	 of
 

on
 
centers whose 'functlon Is the collection of data


individual 


a functional
 
specific subjects, whIcht when coordinated, will form 


the hope of many In the agricultural development

network. (It Is 


community that participating nations will establish the CIDS, CARIS
 

and centers at the same locations, In
 and AGRIS liasion offices 


Information.)
order to facilitate the exchange of 


an
 
Data will,be-published In 	 catalogues as well as put onto 


storage and retrieval system. CIDS
 
a"ticlpated computerized 


In order for the voluminous data In
 already,has an on-line system. 


gepqtc resources to.be efficiently stored and 
retrieved, efficient
 

participating centers.
cOllunicatLon,,lnl are required among the 
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Communications Facilities of the IARCs
 

The communications facilities of the centers vary.,considerably In
 

sophistication, reliability and,speed., The major, media through
 

which the centers communicate are the malls, telephone, telex, and
 

cable. Transportation is also a form of coumunications. However,
 

since te are concerned with communications whLch lend themselves to
 

transmission through postal and telecommunications medIa, and since
 

the extent to which transportation substitutes for this among the
 

centers cannot be determined from available Information, we will
 

disregard this activity axcept for noting Its potential effect.
 

Table 4.4 summarizes the communications expenditures of each of the
 

centers. Communications Is not a large budget Item for the
 

Centers. It Is small compared to travel, for example. That Is one
 

reason why there has not been much pressure to rationalize
 

communications practices - to use telex rather than cablest for
 

example. Cost Is seldom an Inhibition to a phone call or cable
 

because the few dollars It costs are minor compared to the Nndreds
 

or thousands of dollars of travel costst or purchase orders, or
 

budget revisions with which the communication typically deals.
 

However, a sharD fall In communication costs could change that
 

picture drastically. At several dollars a call or message,
 

scientists do not make much use of telecommunications* At costs
 

lower by an order of magnitude a whole new class of users would
 

enter the system for 'research rather thani administratiVe
 

communications.
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Table 4,4 - Comunications Facilities and Expenses
 

External
Center E 	 Internal Telex? International Expenses,
 
Phone Lines Extensions (monthly 

Mail Phone 

CIIT1 0 + 4 142+ 4 No 	 (2mo.) 2
 
4250 3800 


CP 	 7(4+ 3) 40 on 4 No 500 333 

+3 

1LTh 	 10 300 No 30,000 90004 


IRRI 	 Private X Yes 2180 1925 

(microwave (in
 
to Manila) Manila
 

Office)
 

CIAT 20 180 Yes X 45002 

ICRISAT 58 (32 in 69 Yes 20002 26002 

residences) 

No 500 28005
ILRAD 3 30 


AVRDC 5 X No 280 106 


- 1975) 
Telex] Cable
 

1830
 

0 

500 

30,G00
 
z
 

122 1000P
 

0 

7002 2000
 

6002 7502 r
 

C) 

28005
 

387
 

1. Includes 10 lines & 142 extensions at El Ratan; 4 lines in 	Mexico City office.
 
2. Includes local and international
 
3. Total - Post & cable, 1975 budget estimate
 
4. Total - 1975 budget estimate 	 3
 
5. Telephone, telegrams and postage for 1974 
X - information unavailable 
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caveats
.,When comparing expenditures of the various centers sevfjral 


should be kept In mind. I , Lack of reliable service by one medium
 

might necessitate the Use of another medium which might be more 

expensive. 2 - Expenditures are a function -of 'postal and 

'to! country. 3 rates, which vary froa coutr 

The mails are extensively used for transportation of seed and are 

not therefore solely a medium of communLcations. 4 - Accounting 

telecommunications 


methods vary In how particular services are recorded. 5 - The 

figures might not reflect added costs resulting from poor 

communications facilities; for example, travel to an earth station
 

to place an urgent call which cannot be made from an agricultural
 

center because of Inadequate phone service there.
 

On the basis of telephone Interviews and correspondence with
 

relevant personnel In each of the centers, It Is evident that
 

communications problems result from a variety of factors, the major
 

ones being, to varying degrees In each center, lack of adequate
 

commun~cations facilities at the centers, inefficient use of
 

existing communications facilitios, and poor national systems of
 

the some of the centers are
communications In countries In which 


located.
 

ZITA, for example, In Ibadant Nigeria, very rarely attempts to
 

place International telephone calls because of the long delays
 

one sets through at all. Telephone
Involved In getting through If 


even to nearby
communications to other points within NLgeria, 


Lagost are also poor. (Substantial optimism was expressed,
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I * u improvement ln MNlgerian,l'r"e! Utur'e 


communication.) Problems plague?. ICRISAT, whlch"'is' located, In 

in'dial anvd CIAT- -n-Coob1a. 

Our own experience in attempting To piace calls to the centers
 

illustrates the problem of -telephonic communications with the
 

cednters. In order to successfully place reach eight centers we made
 

88 attempts. The most frequent reasoi for failure to obtain a
 

either at the International or
connection was ousy circuits 


national level, the latter involving the connection between the
 

center.
gataway In the developing country and the Table 4.5
 

centers. further
summarizes our attempts to telephone the A 


some
complication which we encountered was that In instances,
 

we
although we had gotten through, the connection was so poor that 


had to hang up and place another call.
 

In the course of our research, we placed calls to each of the
 
In making these calls,
agricultural research centers under study. 


to collect Information relevant
 we had a dual purpose In mind$ one, 

study from each center, and two, to measure the efficiency
to our 


and reliability of International telephone service to each4 of the
 

centers.
 

experience in attempting to make connections with each center
Our 

Is summarized In Table 4.5.
 

Dials no Olall no Wrong Person Suqcess
Circuits 

Busy Result Answer Number not there
 

5 10
2 4 


Table 4e.5 Summary of Attempted Calls to Centers
 

Zn all, we placed 88 calls and made 19 completions. Howover, In
 
we wanted to
 

31 36 


only LO Instances did we reach the person with whom 

we dialing an
speak. In four Instances we learned that were 


to us and Ln five other
Incorrect number which had been given 


Instances we got through to the center but the person with whom we
 

wanted to speak was unavailable. Thus, In general we had a
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successful circuit, compIetIonV,.total attempt ,ratlp%,of,about.,,1!3,.5,
 
(193691, which reduced to about ,38 (U08781 for total successTflU'
 
completions to total of ca:lls placed.
 

In terms of our table headings, "circuits busy" refers to either
 
the International or national link; "diall no result", to any other
 
reason why we did not make a connection Including such things as
 
failure of the overseas operator to answer, failure of the operator
 
to call back within a significant amcunt of time, and/or a circuit
 
disconnection; 'dial, no answer" signifies that a phone was ringing

but was unanswered; "person not there" refers to the unavailability
 
of our Intended source; and "wrong number" and "success" are 
sel f-expl anatory.
 

By far, the most rapid connections were made with those centers,
 

whom we ,were able to dial directly. In those cases, we did not
 

have to bother with an overseas operator and clruits were usually
 

available. Even when they were not, we were able to discover this
 

quickly. By far, the most rapid connections were made with centers
 

which -could be directly dialed fom the US. Those were CIMMYT and
 

AVROC.
 

Telephone service, -however, was not, the only target o
 

dissatisfaction. ~Complaints by center personnel Were often made
 

about the postal systems of their host countries. Several centers
 

mentioned that It normally took two weeks for a.letter to reach Its
 

destination In a foreign country. If a response was required, this
 

meant at least another two weeks for the return, assuming no
 

administrative work at the other end. The complete two-way
 

communicationt therefore, would take at least a month? Such slow
 

communications can-ihave averynegative affect on the progress of
 

research.
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in addition to delays, some centers reported the f requent, Ioss-q 

mail by the postal authorities.
 

I'ITAI- has opted+ to send certaln' mportant +materials by .air pouchA,1r 

ord ;ritoavld tthe delays Inherent In the publictpostal system., v --n 

Cables are a widely used medium of communication by the centers,
 

although CIAT, CIP, and ILRA reports delays In cable delivery to
 

certain destinations0
 

Four centers possess or are about to possess. telex. IRRI possesses 

a telex, but It Is not located on site at Los Banos, but In the 

center's Manila offices. The public networkls facilities linking 

Los Banos and Manila were inadequate to meet the requirements of a 

telex In Los Banos. IRRI Is constructing Its own microwave link 

between Los Banos and Its Manila office, which will make possible 

direct International electronic linkage with Los Banos, If desired. 

As a 'result of delays In mail sent by one of the Latin American 

centers,' that center undertook a survey to determine the 

reliability of the posts for correspondence to different sections 

of the world. The results Indicated that all postal communications 

addressed to Algeria, Egyptt Lebanon, Nepal, Pakistan, Thallandt 

Tunlsla, and Zaire be enclosed In another envelope and sent to a 

major philanthropic foundation In New York with a request to 

forward the mall. The experiment also Indicated that for mall to 

Indlat NLgerla, the PhIllipines, and Turkey, use of the forwarding 

facilities of the foundatlon would not Improve the time for 
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delIV-40y olf, .a,11. 

One center reported TnaT wn te it possessed a telex* for several
 

years, t ldld-inot favi;k~ tSel fo f th Is serv ice -as ,much as t would
 

have -because it did-ot have ian. international Jtelex ,,directoriy,,,,
 

which It had orlered several times, but did not arrive for three
 

years.
 

In general, for all medla, better reliability and less delays ,are.
 

found for communications with developed countries, particularly the
 

United States, than with LOCs. Many respondents reported better
 

international service than they got within the country. The
 

poorest quality of communication links occurs when two less
 

developed countries are attempting to communicate. In some cases it
 

Is extremely difficult for a center, to communicate with Its
 

outreach staff located In a remote area and with other
 

International centers. Such poor links Impede the development of
 

an'integrated network of-international research centers which would
 

coordinate their activities and disseminate agricultural expertise
 

to less developed countries.
 

Following Is a summary of the communications behavior of each of
 

the centerst
 

ZITA reported that It very rarely attempted to place international
 
telephone calls due to the poor reliability and delays arising In
 
the local telecommunications system. It does not possess a telex
 
and does not plan to obtain one because It claims that most of Its
 
"customers" with whom It communicates lack telex facilities.
 

The regular malls have been found to be inadequate. Consequently,
 
for Important administrative and fiscal matters, for the exchange
 
of scientific materials, personal correspondence with the US9 and
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for icOmmunicat Ions with- thelioutreach Program In, Zaret, ,alr,pouch As 
usdl Sclenti,fic andipersonai correspondence wi4th non-'USl catolls 
Is usually through-the regular postal systev. 

The most frequent source and destination of communications Is the 
US: whlch accounts for about So%. This is followed by the UK and 
Wlestern Europe, Canada, Mexico, and West Africa. Hence, the bulk of 
communications is with three main areas: North America, Western 
Europe, and West Africa. Of the scientific traffic, 45. Is with the 
UK and Western Europe, while 35% is with the US. 

Due to problems with the telecommunications and postal networks of
 
Nigeria, and the mall system, the options available to IITA are
 
limited. For very urgent communicationsg the center is forced
 
sometimes, to send somebody a distance of 75 km to the Lanlate
 
satellite earth statior, from where an International telechone call
 
may be easily placed., Telephone calls from the US to Nigeria are
 
normally booked by the overseas operator who maintains a que and
 
calls uack in one or two hours. The bottleneck Is encountered In
 
trunk lines in Nigeria.
 

AVRDC In Taiwan rarely uses the telephone for internnational 
communcations. When It does, it does so for adiiLnistrative and 
important scientific matters. The mails are used for distribution 
of annual reports, information documents* and normal correspondence 

regarding scientific and administrative matters. Both the telephone
 
and postal systems are reported to be of good quality. Indeed
 
postal service within Taiwan Is asserted to be better than In the
 
USA. A censorship problem existst however when Journals contain
 
any reference to the Peoplegs Republic of China. Taiwan can be
 
directly dialed from the US.
 

This center does not possess a telex facility. It transmits o
 
fairly large volume of cables
 

Host communications are with the US. Over 40% of postal
 
expenditures are for US destinations. Other frequent locations are
 
Asian countries such as the Phlillpines, Korea, Japan, and
 
Thailand, particularly to outreach pQrsonnel.
 

It would appear thent that the superior communications capabilities
 
available to this center enable It to choose media based on cost,
 
convenience, and urgency. Perhaps an exolanation for the small use
 
of international telephone Is the major time difference between
 
Taiwan and the US, the country with which AVROC communicates most
 
frequently. There Is a J3 hour difference between Taiwan and the
 
East Coast of the US.
 

CIMMYT In Mexico has good telecommunications capabilities. Like 
AVRDC, It can be directly dialed from the US. Host of Its telephone 
communication is with the US, UK, and Latin America. Cables are 
also extensively sent, usually to the US, Conada, Latin America, 
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and the Middle East. Mexican regulations forbid data transmission
 

over the phone lines. This center will shortly acquire a telex
 

machine.
 

CIMMYT uses the mails for distribution of its scientific and
 

Information publications. Speed of delivery depends upon whether
 

mail Is used, The most frequent mall destinatlons
air or surface 

are the US, Latin America, the Middle East, and Africa. Due to the
 

poor postal systems of some developing countriest CIMMYT sends some
 

mall to them through the offices nf a sponsoring Foundation in New
 

York City.
 

CIAT In Columbia, has complaints about communications facilities:
 
Its telephone connection to Call, the nearest major city, is poor;
 

consequently, It is contemplating the construction of its own
 

.5 mile route. Currently, it communicates
microwave link for this 

field sites and the National Agricultural
with Call, some of Its 


Research Institution through the National 3dio Telephone Network.
 

Delays In lhe malls are frequently encountered. It possesses a
 

telex with which It extensively communlates with Its purchasing
 

agent in Miami, Florida. It also uses telex for domestic
 

communications due to the poor telephone network.
 

Due to delays In the regular mails, it takes a long time for CIAT
 

to receive scientific publications. Some journals take three and
 
this situation,one-half months to arrive. In an attempt to Improve 

the center will shortly Innovate a system whereby journals are 

mailed to Its agent In Hiami, who will then send them by air cargo 
of
to Colombia. CIAT believes that this will reduce the time 


delivery to one month. 

The locations with which CIAT communicates most frequently are in
 

the US and Latin America. 

ILRAD in Kenya relies on air mall for scientific communication. It 

reported difficulties In cable delivery between It and West African
 
the Sahel
locations, In one instance two of three cables sent to 


were lost, while the third was only dellvered after ten days.
 

ILRAO also reported much difficulty in obtaining a second leased
 
It uses the box of the Rockefeller
circuit and a post office box. 


Foundation.
 

Most communications are with the US, Canada, UK, Western Europe,
 

and West Africa, essentially three main geographical areas. It
 

relies heavily on literature search services provided by the USDA.
 

ICRISAT, In IndLav experiences difficulties with the Indian
 

telephone system. Most communications are sent by mall although
 

urgent search requests are transmitted by telex. Telephone service
 

between the US and the Bombay operator is relatively good, but it
 

take many hours to get a trunk line from there to Hyderabado
can 

Communication with Delhi Is also difficult. Private lines In India
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are quit'e chep if they can be obtaInedj, but regulatIonS on the
 

uses ,of ,the communication system are very restrictive.
 

IRRI -,In thePhIllIpLnes, suffers from poor telephone service from
 

its site In Los Banos, 40 miles away. It Is establishing,
Manila to 

its-ownmicrowave link to Manila. At present it rarely uses the
 

telephone for International 	 communications* When a message Is
 
telex or cable. IIRI has three
 

urgent, It-Is usually sent by 

telexes In Manila. The typist there may get the text from Los
 

Banos by HF radio.
 

and with its outreach

The center communicates mainly 	with the US 


There Is direct dialling
location In various countries.
staff on 

when microwave link Is completed
fromrthe US to ManIla, so the 


there can be direct dialing to IIRI.
 

CIP In Peru reports that Its telecommunications with the US are
 

excellent. To varying degress, problems exist In communicating with
 
In less developed areas. For


other regionsp particularly those 

not reliable means of communicating with
example, cables are a 


India. Occasionallyq cables do not reach a European destination.
 

While It takes j J/2-2 months for journals to arrive at CIP from
 

is seen as
the US and Europe, this not 	 a problem since most
 
In two journals and CIP


potato-related literature Is published 

journals


usually receives relevant Information published in these 


long before they are published.
 

to three areas$

CIP communicates most with the 	US, in particularg 


AID and CGIAR, New York City 	for TIE and
Washington, D.C. for 

It also has significant communications with the
 

RaleIgh, N.C. 

other international research centers.
 

Some Conclusions
 

large ,extento,the communications capabilities of many 
of the
 

To. a 


limited by.,the underdeveloped communication systems of
 
centes ar, 


Similarly, If the connections between Its
 
thelr hostr Countries. 


location and the capital and/or the satellite earth station

rural 


acenter wll not.be able to transmit data to a computer
are :poor-


of international
 
nor will It be able easily to avail Itself the 


telephone,network.
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Se#ral centers have 'attot~e dea~lwt.h the problem of poor
 

telecommunicatons to their rural sites by establishng alfernate. 

means' of t•1ec ommunca tIons .,IRRI, fdr exampI• ios tructing a, 

a CrAT and are-CR-SAT
microwave, lnk between LosBanos,and Manil 

contemplating-, simIlar-links-tbbetween their centers'and a,malor city 

In their respective countries. Apparently, thenr a partial.: 

solution tol the -,problem of--poor public telecommunLcatlons: TO. the

rurally located centers Is the creation of6privatelInes for the 

oUtiermost lnk :of r:the, communication net.
 

Offlces"'In major cLties are better able to "access the internatlonal .
 

facillties, Thus, an International telex message sent by someonein
 

an office
at.enter would fLrst.be sent over the private circuits to 


in the major: cityt, automatically switched and then -sent by the ,
 

telex located there, to the foreign destination4 For Incoming
 

i
message the process would be reversed.
 

The country with which all of the centers communicate to the
 

greatest extent Is the United States. Communications relate
 

rprimarily to administrative matter, because CGIAR headquarters Is
 

locate here, as well as purchasing agents sucn as IIE and Important
 

philanthropic foundations, particularly Ford and Rockefeller.
 

Furthermore, major Intellectual resources, such as the various
 

retrieval services, libraries, and research institutions are found,
 

In this country. Most of the communications of all kinds are
 

are
probably to the Washington, O.C. area since CGIAR and AID 


i

located there, and such libraries as NLM, NAL, and LOC are An, the
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area. 

To a much lesser extent, most of the centers communicate with the
 

UK and Western Europe.
 

CIIIHIYThas ani'Amportant
OtSer0frequent communication arereglonal. 

' a tL o n s w Amer , 

Other centerS also 

aiount 'ofC € ommunc twithtl Latln, L ca , whIlef,:AVROQ 

communicates extensively withAsian locations.t 

h where, ,thelr.cropivWae-_1+mortant' jcommunlcatlonsp wi t other regions 

is grown and where outreach or experimental programs are located.
 

Theil- Oc6ice of' medium, of communication depends upon-a variety of 

of service, the urgency offactor, i'Lncluding speed and reliability 

the service, and
the .communication, Its cost, the availability of 


ewants

the-time difference oetween the center and-the point which It 


to' contact.
 

the large volume of communications
It would appeart then, that 


urgency attached to them

between each center and the US and the 


(slne" relate'to,current- administrative, travel and purchase
-theY 


formal communication links between

matters) Imply a need for more 

money overthe centers and the US. Such a system should save 

existing methods of communication and be more efficient. Given the 

countrles- In which 
existing telecommunications faclitLes In the 


a polling system between,a communications
the centers are located, 

In the US9 probably In the WashLngton, OoC. area and each of center 


to provide a relatively cheap and efficient
t'ho centers would serve 


Such a polling network would also be.,

Means of communlcation. 
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star network for communications among the centers, whereby,g 

message from one center to another could be routed through the US 

polling center. This would sjbstitute one LOC-LOC 

telecommunications link which Is usually techncaoiy Lnrerlorv, ror 

two-' !USLOC IInksi'l Which -arelt-technIcal lv :.superor andprobbl-y

providermore raplddellveryof themessage, -Such,.a..network j~uld 

bi-efficlent ""1o'r, the:'transmlsslonr o short messagest particulArl;Y 

those related: to" ' adminItstrative.' ,tmaters and, I., I Iteraturea ;search 
reqUests.
 

One '.alternative that'would~be.-physcally easyt,but is politically 

unsatlsfactory would be to take advantage of -the US governments 

International communication.facilLties., AID posts, n each LUG have 

access to good communication facilities to..WashLngton. However, It 

may not be appropriate for the US government to get LntoL the 

situation of a common carrier even for Institutions which It Is 

helping to fund. 

In closing- improvement In - the present telecommunications 

1-sapabilItIes of the International agricultural research centers Is 

necessary. The present felt need Is for better administrative 

rcommunication between the centers and their 
 agents and sponsors.
 

Looking from the outside, however, Lt seems to us that equally
 

4mportant, Is the need of the scientists, for better ways of 

:obtalnlng technical Information. -SclentIsts should not have to 

waltweeks for the results of experiments or for searches to be 

'requested, made and . reported 1,to them. On line communicatLon 
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systems are 0ot nowa peraceLve~d need of the scientists at the 

Centers fon that -seems:,to ,them beyond any realistic hope. There Is 

every,-, reason tobelIeve' however, that If such a facility becomes 

feasible and cheap,,the scientists would use It extensively. 

A PROPOSED EXPERIMENT 

The present studyi polnts, to,, telep hone polling as the most 

economical and flexible approach to Improving the communications of 

the IARCes. The next step In establishing such a system would be to 

commission a detailed engineering study, requiring field 

examination of each location. The present study was not Intended 

to be that, nor to go beyond Identification of an approach. Our 

general recommendation may perhaps best be presented In the form of 

a preliminary plan, based onj but departing from the Initial one by 

Colin Warren that was described and costed out In Chapter 2. The 

plan presented below reflects that analysis and also the statements 

of needs that emerged from the Interviews. 

At a number of locations, specifically where direct dialing does
 

not yet existv there are unsolved problems to the plan; there are,
 

however, several alternative lines to their solution. Where
 

International 01rect distance dialing from the US is not yet
 

Impilmentedt , the, alternatives are a prLvate line, or human
 

Interv0ention to make the phone connection, or a specially
 

implimented direct switch at the ground statLon, or a tape recorder
 

camp-on device to ask the operator for the connection.
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If private leased lines are Installe To The" oarec'€t dialPnetworki,
 

these would be chosen to' link 'countr es ''tthe utomatic€ system-s
 

with the shortest leased lines.' Rate 'pol'tcles" off different
 

countriest however, may malke longer routes cheaper than shorter
 

Current leased line rates have not been explored by us.
ones. 


If Europeans create direct dialing links to some points before ATT,
 

then routes could go viaaEuropean nodia Thattmay quLte;, likely
 

happen.
 

Whereaver direct dialing exists It Is easy to add (or substract)
 

new nodes to the system. We have, therefore, listed possible nodes
 

Ln, the USA, Japan, and Europe rathur generously In our system
 

design. The only hardware required for a node Is the SZOO-a-month
 

terminal. There Is no necessity to poll all nodes with equal
 

frequency. Some nodes could be polled only every other day, others
 

more than once a day. We expect once a day would be normal;
 

experience can be the guide.
 

Since the busiest nodes will be CGIARt LIE, and AID, the main
 

switching computer should be in the Washington or perhaps New York
 

area to transform some toll charges Into local calls. (1)
 

We have not attemoted to enumerate the US universities or European
 

centers that should be linked. Boulder, because of the genetic
 

(M) Alternatively, If the system buys time on a commercial polling
 
computer It would use that company's MATS lines, or for AIO,
 
Autovon.
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in'fOrmatibl~n .retrJevalsystem and the .8r/tish Li rery : , qabviou!
 

i*iampl es. ;Others.,can ,be added ias experience dlctates,
 

Perhaps we can best explain the alernatLve solutions to problems by
 

running through some of the problem situations at various centers.
 

ILRAO Is on the Nairobi telephone exchange. ts local service is
 

reasonably good and the satellite ground station Is only 5 miles
 

away. Two obvious options are 1) to obtain permission for a direct
 

dial connection at the ground station or else 2) to have a dally
 

call placed by a person through an operator; as soon as the
 

connection is successfully madet the stored messages would be
 

transmitted. The latter arrangement would require a buffer at the
 

central switch where messages would sit oetween the completion of
 

the connection and the time of a poll (or vice versa).
 

1ITA has a somewhtat different problem. The Nigerian system cannot
 

handle the traffic that Is waiting to be served. That Is the
 

bottleneck to more circuits from abroad.
 

ZITA Is outside of Ibadan, 45 miles from the satellite ground
 

station and 110 miles from Lagos, Oirect dialing is possible from
 

ZITA to Lagosj but International calls require an operator and
 

typically are delayed by an hour or two*
 

A 4G
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thi's suggests "thaf for 1UTA 'a directn l,esed ,line to the t.grQound 

station would be most 'desirable., If - It s. not epossIt!e 10,Iget 

permission for a direct dial connection switch to the International 

circuits, at least the problems of the local phone system would be 

bypassed. By scheduling the call for the dally nadir of business It 

ihould'be'possible to get through. 

XIRI~s main problem Is the Los Banos-Manila Itnko Manila can be
 

dialed directly from the USA. From there to Los Banos service Is so
 

Inadequate that IIRI is Installing Its own microwave line. When
 

that Is Installed, IIRI should be able to function on a world
 

Polling system.
 

ICRISAT's problems of communication are probably the hardest of
 

any. An international call to Bombayolor to the ground station 150
 

miles South of Bombay Is relatively easy to place, but must be done
 

through an operator. The scarcity of lines Is from Bombay to
 

Hyderabad. If a small switching computer with memory were located
 

In Bombay or near the ground station, It could feed and be fed by
 

the terminal In Hyderabad at non-peak times during the day at any
 

data rate that worked, even down to teletype speed. The
 

International poll would then only need to, reach that. relatLvely
 

accessible point In India.
 

In Latin America there Is direct dialing from the USA to Mexlco,
 

Costa Rica and Venezuela but not to Columbia and Peru. One
 

alternative %ould be to lease private lines from a subordinate
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swiltchng centqter,,Jn,,qosta Rica or Venezuela to one,in ogota, and
 

Qn,,to Lqas.(,,,1(.) Another alternative Is ,to serve Call and Lima out
 

of Washington in the same way as described for ILRAO In Nairobi.
 

GQAT,,-however, isnot In the capital, Bogota; It Is In Palmira 15
 

miles out of Call. CIAT~s main communication problem Is the rural
 

service from Palmira to Gall. CIAT Is Dianning to Install a
 

microwave link to Call, after which that problem should be solved.
 

The system we have Just describedi polled dally, would put
 

administrative mail on the desk of every node within one day after
 

the message was typed. It could be used for relatively short
 

messages of scientific Information which could be conveniently
 

typed In, e.g. bibliographic references or genetic strain listings.
 

It could also be used for longer scientific Information that was
 

already in computer readable form such as batched computer data or
 

retrievals. As usage grew, the main adjustment that would have to
 

be made would be adding to the memory that Is located at the
 

central switch so as to handle the added volume of material that Is
 

stored pending delivery. The communications costs would only rise
 

In relation to the volume of traffic. The system shouldt therefore,
 

grow gracefully.
 

As direct dial facilities became universal, fascimlle might begin
 

(U) Caracas to Bogota Is about 700 miles. San Jose to Bogota Is
 
about 1200 miles. From Bogota to Call is about 200 miles and Bogota
 
to Lima about 1200. Thus it would take aoout 2000 miles of private
 
line to complete the linkage of the listed centers.
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miso to bi 'used on phone l nes (not by rway t the'%fpofl'lfir facility) 

inI ,r coptrreadab'"rIIn order' fo trasit -text ;that -was not 6adablou~ 	 !e frm 

U1 these developments, have become possible now that the 	FCC has
 

'
 :larifled the right of US telephone subscreLbrstOuse their phones
 

in that way.
 

ding the -development of ,a potling systemp, our only immediate
 

idvice to the IARCs concerns two administrave measures that can cut
 

costs for some centers.: Some centers use telx •ell'i but a number
 

Of centers are spending more than they'need to' on cables rather
 

than using the substantially cheaper telex. Secondly,' some centers
 

are savlng on Journals by subscribing at their- US offices 'ahd
 

hav lng their purchasing agent send the Journals In batched air
 

Shipments. Other Centers tend to pay the higher International
 

Subscriptions, and Individual unit mall rates. They also lose time 

that way. 

Looking forward Into the longer run future, perhaps a decade from 

now, perhaps, fifteen years, the Centers can look forward to doing 

much,of their research In a co-operative mode via an international 

computer network with fellow scientists all over the world. The 

outreach program may become largely a teleconferencing program. The 

COsts ofr'real-time text and data linkage may turn out to 'be lower 

than are letters today. The telecommunications link will be not
 

Just an administrators tool, but an essential tool for the
 

scIentIsts too*
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