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'SUMMARY AND CONCLUSIONS

 CHAPTER 1
SUMMARY AND CONCLUSIONS

The“*word*s “foodicrlsls has drawn.attentlon to.the possible value
of “Intérnatlonal “computerlzed Lntormation retrleval. systems to ald
fégﬁh}?éqfdeﬁelgn@gpf lngfhewléss‘devéfobéd éodﬁfiiés:

Recently Secretary ot‘Sfafe H;nrvxKlgﬁlngérAotteb?édkfhe services
of thé Smithsonlan Institutlons Sclence Infermatlon Exchange to
'!gg}lgfaxg} agricul tural development. The US has proposed similar
?§3§qgr§f;op 4n the QN, a. proposal fhaf was suppéhted by the

General Assembly.

In ‘order to draw on international computerlzed data bases, however,
the user must have telecommunlcatlons faclilties for data
transmission. How can the advanced communicatlons technologles

needed ftor such Informatlon systems be provided In the LDCs?

'Thét ls”tﬁe’sub]eqt of fhls study. It Is a study of the usefulness
of certaln advanced communications technologles for the {ess
developed countrles (LOCs)e It ls therefore a cost beneflt study.
It asks both how valuable those te:hnologies might be for paor
countriess and what varlous deslgns of those technologles mlght

COoSte

NEW TECHNOLOGIES FOR COMMUNICATIONS

The speclific technologles that we shall examlne concern non-volce,



MeIloTe LOW COST-COMMUNICATION FOR THE LDC®S AeI.0.

non-video electronlc communicationy l.e. the transmisslion of text
or data. From an englneering perspectlve, text and data are
identicaly so the usua! technlcal name for what we are descrlbing
Is "data communlicatlon.™ When a teletype, or computer nstwork, or
other electronic channel! transmits a numeral of data or a character
of text It does so In a six to elght blt code. The lmportant point
Ils that six or elght blts Is a very small amount. A single
sateiilte volce channel has enough bandwldth to transmit slix to

elght thousand such characters In one second. (1)

It one translates that to about two printed pages per second,y one
reallzes at once why data communlcatlon can be much more economical
than volce communicatlion. By volce someone talking may get about a

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

For developlng countrles whose tefephone cables, mlcrowave |lnks
and satelllte circults are nox few In number and are expensive to
construct, a mode of communicatlion that can pack large amounts of

Informatlion into iimlted facilltlesy carrles very Important

lapllcationse.

The technologles that have been developed In advanced countrlies for

data communlication and whilch mlght meet needs of the LOCs aret

(1) Even a falriy (ow grade telephone 1lne (2400 bps) witl carry
about 300 such characters In a second, or about 45 wordse

(2) Volce communlcation is more economlicaly In turne than video.
Oone can get 500 to 1000 volce channels into the bandwlidth of one
video transmlssione.
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g Tetex i
2./ Facsimile -
''3e ‘Computer Polllng Systems .
ke Computer ftlme sharlng networks
5. Packet switched computer networks
6« Satellltes

7 Multiple access satelllte systems

In Chapter II we shall revliew what each of those technologles can
do. The bottom (lney however, ls that eache 1In lts way, can
contribute to making (ow cost data and tex?t communicatlon

lﬁternaflonally avallable.

THE REQUIREMENTS OF THE LDC*S AND THE AGRICULTURAL RESEARCH

CENTERS!

The communlcatlon requlrements of any soclety are manlfold. The
government requires faclliltles to mobllilze its populationi the
populatlon In turn must have the means fto express ltself. Buslness
needs communlcatlons for management and marketing. Security forces
depend upon communcatlons and so do educators, rallroads and

alrilnes.

In part, as we evaluate advanced telecommunlications technologles
for the LDCs we shall try to do Lt with reference to thelr total
communications neadse. We shall conslder to what extent LOCs requlire

such gadgetry. However, a fotal evaluation of that sort ls beyond
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the scope of thls study. LOCss llke other countrles, have a myrlad
of different communicatlon needs. We cannot begln to consider them

all In any detalle.

We shall proceed lnstead by a case study - an examinatlon of the

telecommunications needs of the Internatlional Agricul tural Research

Centers (IARC®s).

The needs of fthe IARC®*s are far from typlcal for the LOCs. Like
alrilnes or banks, they are Institutlons wlth extremely advanced
communicatlion needs that put a strain on the capabliltles found In
poor countrlese A study o%f how to meet the telecommunlcatiors needs
of the IARC®s ls thus a test of what ls possible In an LDC and how
progress in telecommunlcations can be Initlated within thems. It Is

not a study of a statistical sample of users of telecommunicatlons

In LDCs.

To meet the communications needs of the IARC'S 1s nonetheless of
conslderable lmportance to the LOCs. Churchlli’s remarks on the
Battle of Britaln could with mlnor modl fication be applied to the
war agalnst hungert Never have so many been dependent upon so few.
The prospect of avoiding famine In the worid rests critically on
the research that the IARC®s are doing. Any money spent to assure

thelr success will be returned a thousand folde

But those conslideratlons alone do not necessarlly Justlify a (arge
investment in communicatlon technologles. It ls not saltf-evident

that better communlications wll} solve the problems of the IARC’s.
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That ls a3 matter for evaluation

In ftact 11t turns out that there are félrly clear lndlcaflohs that
the communlicatlons needs of the IARC®s are acute and that the
character of thelr communicatlons faclllitles do affect the conduct

of thelr buslnesse.

One reason for the problem ls the location of the IARC*s.e Each
research center s an {island of hligh technology actlvity In a
remote locatlone By the very nature of IARC activitles they are
located In underdeveloped countrles, frequently some distance fronm
the capltaly In rural locations. As we shall see below thelr main
communicatlons problem s often covering the 30 or 50 nmlles from

thelr rural site to the nearest capltal or major cltvye.

The research centers have llbrarles which have to keep up wlth
current (lterature. They have sophlsticated equlpment which has to
be maintalned with parts and advice from remote Ilocatlons. They
engage In co-operatlive experiments with researchers at other
institutionsy 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 yleldse

There Is A speclal requlrement for rapld Informatlion on genetic
stralins and on experimental results, Plants and animals grow on
nature®s schedule. HWHhen the ¢time has come for fertlilzations, or

breeding or modifying an experlment, the sclentist has to tearn
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proaptly what genetic stralns are avallaole and from wharey and he

has to get them.

The research statlons have re¢mote sites where exberlmen?s on thelr
special crop are balng done In a different environment, sometlmes
in another contlnent. Thu centers also conduct outreach and

educational programse

Last but not least, the fact that up to several dozen sophlsticated
toreign sclentists might be llving away from their hometands at the
Isotated research statlon creates 3 communlcation neede. It wlll be
much easier to attract able researchers and keep them. there and
happy Lt they have qulck and easy communlcation with chlldren at
boarding schoolsy, with elderly parents, and wlth professional

col leaguese

Clearly then, the IARC®s have acute communlcation needs, over and
above thelr most obvlious needt the need of thelr administrators to
report to sponsors and monltors In foundations and governments, to
order supplles, and to make travel arrangements. Those needs can
also be met better by better telecommunlcatlons equlpment. We shall

pelow conslder how all these needs can be pbetter servede.

As previously noteds, fthe Investigatlon of the communications
requirements of IARC®s may produce pllot models of what can be done
in the LOCs. There Isy however, a caveat which shoulid be noteds
namelyy the problem of scale. It may be posslble to put one

computer from a remote rural tocatlon on-llne onto a global
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networks ~Glven the 'scarclty of capltal .and of technical and
malntenance personnely it may not be possible to do that 100 tlmes
or . 104000 times in an underdeveloped country. A successful pllot
project Ln telecommunications for the IARC*s may brove what can be
dones glven enough prlorlty and enough allocatlon of scarce
technical resources. It does not demonstrate what would be required

1o give the LOC the full beneflt of the experlimental! technology.

Nonethelaess a pilot project permits the measurement of costs,
dlfticultles and malntenance requlrements. . It provides the data
needed to estimate how and at what expense a system could be
expanded to meet other needs. Thus a telecommunlications pliot
project for the IARC*s even 1f not directiy expansiblie I[nto a
national systems, would be useful, not only for lts contrlibution to
the IARC*s but also as a baslis for cost/benefit analysls of more

extensive uses of the system tested.

Actuallys however, our concluslons are more optlmistic than that.
Minlcomputers used as store-and-forward swltchlng devices seem
particulariy welt! adapted fo meeting some communlcations needs of
the LOC's. They permit messages to be transmitted automatlically
over telephone 1ines whenever the connection ls made. The messages
can be stored untll the computer gets through to lts number,
perhaps late at night when trafflc 1ls Ilow. And wherae reallable
bhohe clrcults are not avallable the computer can recelve or send
fﬁe bessages at low data rates on telegraph llnes or even radlo.

fhb swltchling computer can be at a central locatlion In the capltal

10
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or near the satelllte earth station where sophistlcated service
taclilties oxist. The nodes at the end of the system can héve

terminals appropriate to thelr location.

Technlically such a system Is possibla. The major problems are
those of an adminlstrative and regulatory nature which fnvolve the
agreement of governments and telecommunlcatlons admlnistratlons to
the =astablishment of such novel facliitles which In some lnstances

violate thelr normal way of dolng thingse.

In most Instances developing countrles simpiy copy the technologles
used by advanced industrlallzed countrles, but with a lag. Oata
communication with store and foreward minlcomputers Is an example
of a dlrectlon of technlcal development that 1Is particulariy
approprlate to LOC's. They have the oapportunity to Innovate,
establlshing a system that meets thelir speclal needs, and 1Is
somewhat dlfferent from the one thaey will acqulre If they simply

follow the established practices of Europe and Amerlcae
CONCLUSIONS AND RECOMMENDAT IONS

The actlon-related conclusions and recommendatlons of thils report
mostly bear upon the partlicular case that we studledy, the
Internatlonal Agrlicultural Research Centerse Thers Lls also one

general concluslont

ngh technology systems of data communlcation lIncluding

11
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"tacsiaiie, ‘compiter polflng ‘Systems, packet ‘switching, -and
‘multlpie’ "accass 'satelflte 'systems~ are managable iIn, and:

approprlate to the needs of the less developed countries.

Usé of such technologles can 1) markedly reduce costs for some
Lmportant 'sefvices; 2)locate actlvitles in those centers where
adequate maintenance and technlcal personnel existsy, and 3)
glve the LOC®s access to the best and most advanced technical
intormation bases. A result of particlpation in such
internatlional systems wiil be qulckly Increased lndependence
by the LOCs,y not greater dependences LJIC®s and ald agencles
should, therefore, glve hligh prlorlty to the development of

advanced data and text communicatlon systemse

With regard to the Internatlonal Agricultural Research Centersy, a

survey led to some tindings about thelr present use of

communicatlons tacliltles.

International telecommunications are used by the IARC®s mostly
for adminlstrative business lIncluding travel arrangements,
employment, purchase orders, and budgetary explanatlons and
proposals. Sclentitic Intormation Is generally transmitted by

mall or conveyed by travel.

For the short messages carrled In the administrative trafflc
the present costs of telecommunlication are quite fow relative
to the large sums that the messages dlscuss. Because

communication iIs a small ltem on the oudget, Ilttie aftentlon

12
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ls pald to dolng 1t efficlently; substantlal lmprovements
could be made. For scientiflc communicatlon on the other hand
the present costs of telecomsmunicatlons are far too hlghe A
sharp reduction in costs, maklng telecommunlicatlions
competitive ulfh alrmall wouid lead to a blg Increase In usage

by sclentists, though they are not now thinking much about

that possibliity.

Most af the communlcatlons by the IARC®S Is with the Unlited
Statess CGIARy, AIDy and the IIE are the maln sources and
destinations of messages. Also there Is substantlal trafflc
with unlversitles wlth which the centers have contracts and
with the Ford and Rockefeller Foundatlions. There |[s also

substantlal communlcation with Europe.

There 1s only a modest amount of communlcatlion between centers
except In those Instances when an outreach or experlmental
post ls colocated at another centers Most of the long
distance communication of the IARC®s wlthin the developnlng
world is to outreach posts and to natlonal research centers
with which they are engaged In co-operative research.
Communication within the developing world Is much harder than
communication to Europe and the Unlted Statese The most
difficult communication problems are often about the last few
mlles  of . rural communicatlon to the IARC or to some

co-operating rural site.

13
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We have three recommendations 'for 'actlon by ‘’AlDy ‘CGIARy% and the
o ;'w-'.— ":if' - *v:. ‘» LR i _.L:, ,\; LT_: oy iy e oy o e e PR ‘v s L el ae
centerse Of these, two are almost ‘banal In thelr‘slmpi’lcl'ty and

b IS ‘.plA‘ i PR i A LYt SrL i Lo b SRSy S
are ‘already belng done by “some center's.

1..To speed up . the dellvery of sclenflflc‘ publlcaflons,_ fhe us
ourchaslng agent tor each cenfer should subscrlbe fo lournals and

other series In the US, collect them and send fheu by alr pouch
fED CO

perlodicaliy. Some money would be saved bv avoldlng overseas rates

‘oh Subscrlptlons, bit more“importadts 'the' Journals would<come much

SLERE & s rane
more rapldiy.

?P*“}’359913555598“!43?QSUI'9°72{95;3“d make more use ot 1t Instead
ot telegrams., It Lsﬂ?osgiggqnogéss!,lmcre reilasle{snd faster. The
maln problem-xg that 73!93.’9553595 ;;n'only be sent to reclplents
who have telex machlnes. All the maln 1ocatlons with whlch the
%ﬁ%%}rbuik ‘ot the communicatlons take 'place should be urged to have
them» ~Furthermore, AID or CGIAR should pusilsh a directory ln many
coples 11stlng the telex numbers of'all the actlve partlclpants In
‘the internatlonat agricultural’ research community. It turns out
‘that one of the maln reasons ‘for not uslng telex ls that people are
not” tully Lntormed 'as’ to who has Lt and are unable to quickly tlnd
‘thelr numbers. Internatlonal ' telex “'dlrectories have not been
‘wldely dlssemlnated. A’ speclallzed mimeographed directory, relating
‘to the needs "of ‘the “ IARC®S'’¢could be’dl'stributed to cvery major

‘ottlce In each’'center therby facliilitating thelr use of ftaelexe:

3. The establishment of an International computer pollling network
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should be caretully consldered. The switching computer would be In
the Washington or New York area and a node would be at every center
and at all places wlth which the centers do much communlcating. A
phone call to each node once a day would probably be adequate. It
seens l(lkely that at present all the message trafttlc could be moved
nlthld the limits of a minimum=cost three minute cali. It seems
poséibie 1fﬁaf a system of thls kind could dellver messages to mosft
nodéé for a quarter to a half doilar a page. The report outlines
nways 1In which varlous operational problems could be overcome,
particularly for locatlons to which there 1Is no [nternational
direct distance dlalinge The next step toward establlisking a
polling system would be a detalled on-site englneerling study at

each of the centers.

He estimate that about $1504000 a year would cover the
communlcation and equlpment costs of a telephone based computer
poliling system for all Centerss, and would enable each to send and

recelve about 75 typewrlter pages a day.

15
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"CHAPTER 2~ **

MWHAT IS TECHNICALLY POSSIBLE?

In.thls chapter. we shall descrlbe several technologles which could

0
’

bayhuséd -to. put the IARC"s Into direct rapld contact nifh each
othery. with off-slte outfreach 'posfs, with thelr sponsdrlng
organizations In the USA and Europe, with !;brarv and Information
centersy and wlth co-operating sclentists all over the worlide Thls
Chapter consists of two parts. The first part surveys a varliety of
technologles for low cost International communlcatlon, some of
which are already Iln use, but stiil not commerclally avallable. In
this sectlon we will lay out the fechnlcal alternatlves for

eStabllshlng telecommunlications Internationally among the LDCs,

The second part of the chapter applles those alternatives to the
particular service of the IARC's. It conslders seven alternative

system deslgns for an IARC network.

In both parts we start with alternatives that are already
avallable off the shelt and move on to ones that may become
regularly available durlng the next decade or two. The most
revolutionary alternatives are descrlbed in order to permit a fook
Into the future. However AID and the IARC®S are not golng to
create whole new communicatlons systems to meet thelr limited

needsy they wlil wuse facliltlies when they become generally
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. . e e e e e T
avaliables _In our: irecommendations for © the IARCs’ therefore, we

stick to the already commerciallzed alternatlives.
Technologles for Internatlonal Communlcatlon

1. Teilexs

Telex ls already widely used throughout the LODCs. Table 2.1 and
Figure 2.13a-f show that It Is In operatlon virtually everywhere.
It has not, however, penetrated any more rapldly than telephone;
across the board Lt has not been a substitute although there are
some places where tefex s used instead of the telephone because
long distance phone service ls expensive or lnadequate. Telex can
operate on ordinary telegraph grade Ilnes. Indlgenous PTT
personnel, however |imited thelr skill or equipment, are accustomed
to doing malntenance on those and on phone llnes} sophlstlcated
skills are not required. Alrliines, banks, and traders all over the

worid therefore posess telex termlnalse.

In Europe telex Is used more than In thls country. Telex rates In
Europe are {ower than here and long dlstance phone rates hlgher.
Also given the many languages In Europe it Is convenient to have
written ftext to chack rather than trying to understand the

axtemporaneous spoken words.

The same conslderatlons apply In the LOCs. Also lImportant Is the
fact that the transmlission of International telex messages is not

Inhibited by time zone differences In the way that phone calls are.

17



Diffusion of Telephone & Telex . . Selected Developing Countries
(1971 Figures)

Country - Pop. Telephones Telex GNP Phones per Telex per  Rate of Increase

=0 . (Millioms) , : i Subscribers Per Capita 100 pop. 10,000 pop. of Telex

I , 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 66X
Uruguay 2.9 235,000 387 750 8.0 1.32° .5%
Peru* 14.0 243,000 o721 480 1.7 0.51 ¢ Y 4
Columbia* 22.3 856,000 1921 370 3.9 0.88 Y 4
Brazil 95.4 2,145,000 3190 460 2.4 0.33.. 22
Argentina 23.5 1,828,000 2188 1230 7.7 0.89 10Z
Cuba 8.5 " 275,000 800 510 3.2 1.94 147
Lebanon* 2.8 300,000 655 660 10.2 2.28 6%
Egypt 34.0 _— 217 220 — .06 25%
Ethiopia 25.2 51,000 194 80 0.2 .08- 122
Gabon 0.494 —— 112 700 - 2.24 ; 5%
Ghana 8.856 19,000 141 250 0.6 .15 262
Kenya* 11.6 85,000 i85 160 0.7 ".16 6%
Liberia 1.6 3,000 76 210 0.2 47 232
Zaire 19.3 41,000 384 90 0.2 .17 122
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 4,96 162
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 17%
Pakistan 62.7 220,000 198 130 0.2 .05 227
Indonesia 120.0 230,000 720 80 0.224 " .058 ) 4
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 .66 277
Algeria 14.4 199,000 564 360 1.3 .39 272
Morocco 15.3 171,000 1026 260 1.1 .64 152
Ivory Coast 5.2 34,000 405 330 0.7 .92 322
Niger 4.1 4,000 52 100 0.1 .13 247
Uganda 10.1 34,000 91 130 0.3 .09 322

*Locations of International Agricultural Research Centers

Table 2.1

18
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Much of the Lnternaflonal>traftlcgto,ang~trop,1he LOCs is to EQrSée
and America. A telephone ééii fésméfﬂé'd§ tb Vngerla, glven the
slx hour time zone difference, must be made before 113100 AM EST to
reach an office In Nigerla before 5100 PM focal times Since durlng
peak hourss there ls normally a fyo hour tlme delay In getting a
call through, 1t may baecome lmpossible to connect at alle To the
Far East the slftuatlon Is worses A call from the US East Coast to
Taiwan must be made between 8100 PM and 4800 AM local time In order
to be recelved In Asla between 9300 AM and 5300 PM local time. A

telex messages on tha other handy, wlil usually be on the reclplents

desk the next mornlng when he gefs Ine.

In most of the worid telex has been pushing out ordinary telegraph
traftice. The rellance of telegrams on human dellvery at the far
end Is often a source of delay or even lo0sSse Our Interview
respondents repeatedly talked about problems wlth telegram
dellvery; to some countries a telegram wlii sometimes arrlve at the

same tilme as the conflrmatory letter.

Telex ls the most conventionsi and widely used text communlcatlon
technology. It lsy however, expensive and of low capacity. A full
speed ftelex (lne operates at 66 words per minute. (Half speed and
quarter speed lines are also sometimes avallable) International
Telex rates are less than telegraph rates, and usually lower than

phone rates, but not by much.
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uUs to 20 word 20 wordt 1 minute telex 3 minute
telegram latter (66 words) phone call
telagranm statlon to
statlon
Mexico varles varles $1.67% $2.25-3.85
Peru $6.20 $3.10 3«40 8.00
Columbla 620 3.10 - 3200 9.00
Nlgeria Se60 2.80 3.00 15.00
Kenya 5.60 280 3.00 8.10
Indla 5060 2080 3000‘ 1200
Talwan 6480 3.40 3.00 9.00
Phliipplnes 6480 3«40 3.00 9.00

*3 minutes minimum #The minilmum ls usually 22 words.

Table 2.2
Comparlison of Internatlonal Rates

The baslc reason for the high cost of telexs compared to newer
transmlsslion systems aslde from marketing and regulatory pollcyy Is
that it 1ls lnetflclent to use transmlisslon plant at the low data
rate of telegraphy. The polnt can be lllustrated by comparing

transatliantlc rates for private llnes at different speeds.
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Cost per Unlit:

Type e
Faclilty * Speed ot Purchase Cost/Mblt Cost/hour
Telex ' 50" bps $2.55/mlnute (1) " 3868 $153
Datel 1200° bps $4.00/mlnute (2)7 -3 55 $240
Leased » .
Telegraph 50 bps $3600/month -3 14 (3) $ 5.00 (3)
75 bps $4070/month $ 9.50 (3) § 5.50 (3)
Leased o
VolcesData 4800 bps (4) 310,500/month $ 038 (3) $13.69 (3)
Tymnet 300 bps $9.00/hour plus $ 43.30 (5) $17.82 (6)
303571000 characters
(1) One mlnute minlmum
(2) Three minute minimuim
(3) Cost/Mblt and Cost/hour computed on a 24 hour a day, 7
day week utliization basls. For 5 day &40 hour week basls
multlply by 42
(4) Some volce/data clrcults are operated at speeds as hligh
as 9600 bps but 4800 Is the more common practice.
(5) Cost lncludes connect time at 300 bps and per character
charge
(6) Cost/hour computed on baslis of average transmnission speed

of 7 characters/second
Table 2.3 Comparatlve Costs of Internatlonal Data

Communication Faclilitless
UeSe - Western Europe
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2« Facsinjiles

The facsimile systems that we describe here are thosa whlch use
ordinary telephone Ilines and therefore take . atvantage ot the
economy of the higher bandwidths avallable on them than on

telegraph clrcults.

In the Jong run facsimile wlil probably prove to be a less
eftflcient way of transmlitting text than dlgltal transmisslon of
charactersy since facsimlle scans and transmlts the contents of the
entire pagey blank spaces and ally rather than merely sendlng a
brlet code for each character. Howevery, at the present time

facslialle has two great advantages.

{1) It does not require transmisslion facilltles bevonq fﬁose whlch
the Centers already have and usSee. It operates oveE' exlsting
telephone Jlnes and so ls usually cheaper than most telex messages

at present rates except for short messagese.

(2) Facsimlie can reproduce the format and graphlcs ofE; dgocument
pht

in addltion to 1Its texte. It ls, therefore, used extenslively for

sending englineering drawingsy hand written forms, or 3599135 of

legal documentse.

An acoustically coupiedy portable facsimlie device thaf@}en?s for

$29 per month can transmlit a black and white page ‘In ffaé? nlnufgs

from a8 phone In the US to the same device on the ofherug}de.of fhe
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woride Thus, where there ls direct dlstance dlallng the cost would
be a maximum of $12 to send a page at daytlme rates to the most
renofe locatlone. There are varlous ways to reduce that cost. '
A”?édéihflémﬁaéhlhé‘whibh fféhéhlfsﬁan 8 i?z"“bV‘ii“ sheet of black:’
on - white materlal In & wminutesy requlres six mlinutes for half
tones. More sophisticated models can do it In two wmlnutes by
coding schemes which compress the bandwldth needed for faster
transmisslons thls sophistlcatlon can be be expected +0 becone
cheaper In the future.

A slingle spaced typewrltten page contalns about 500 words which,
at the $2.55/mlnute telex rate appllicable to most European
countries, will cost 21895 to transalt or $3.79 per hundrad
wordse Facsmile, using telephone clrcults at $2.25/mlnute wlll
cost $9.00 or $1.80 per hundred wordse Thne use of small type or
the photocopylng of two sheets on one 8 172" by 11" page as |Is
possible wlth some Xerox machlnes c¢an reduce these costs stili
further. Eliminating the need for keyboarding the informatlon Into
the telex and possible retyplng at the other ends, and +the abllilty
to transmit graphical materlal are other advantagese.

Until now FCC approved tarlffs would have been violated by such
internatlonal use of phone Illnese. A certaln amount of such
transmisslion occurred nonetheless, because the rules were difticult
to enforcet as long as they exlstedy, full development of the
potential of facsimlilie for lnternatlonal trafflc did not occure In
January 1976 the FGC announcad that It was removing the ban on

internatlonal transmlssion of data by taelephones

3¢ Computer Poliing Systemst

Within the US, leased telegraph networks are Iln many cases belng
replaced by computerized message switching systems which poll and
Switch messages among nodes on the network via WATS llnes. These

systems conslst of a central computer and assoclated disiing
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equipment.. which swiftches the messages and potls the network and
nodes, which are, equlpped with a orintlng termlnal microprocessor

ang, an, Inexpenslve storage device (g,grigassgttghyr_jioppv-dlékiidﬁ”
whlch outgolng messages are sforea ‘fd wa@alt(pof;lﬁg. 'A }argé
company can Install such a device as an In-house commﬂnléafioh
system. The central edulpment leases for $1008/month, .and the node
terminals for $200/monthe. Alternatlvely, the service s provided

centrally for as low as $0.15 a polle

These systems are relatively new. One manufacturer of furnkév
systems has Installed over 60y and many more have probably been
bullt.up within major organlzations. The guoted prlces are Illikely

to come down In the future.
The topography of such a system ls as shown below?

dlal up . dlal up

Terminal| =-- Telephone~=-|Switching Computer F-Telephone-~ |Terminal

—Male ) ~=MaSe_oc Abroad__ ~Lacls__

Perlodlicaliy the switching computer telephones each termlinal to
recelve whatever outgolng frafflc It may have. It then phones each

terminal to dellver thls traftice

The capacity of these systems s much greater than that of the
networks they replaced and the marginal cost of communlcation s

very fowe Vendor's salasmen report that thelr clients now use them
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boglna

for many communicatlons formerly sent by malie. 'An‘addiftisnal™
advantage Is that messages may be Interfacad with' another ‘computers:
fors say, order processing with l1ass troubld ‘than With a'leased’

telex networke

suaﬁwgvgfgaswane?caoable<of»wbelngﬁﬂused lnfernaflonally. , As _aq 

3

example “of ! fhe~ ‘cost.i-advantage .of, .such a sysfem agalnsf a leased
: 1

telex liney we can consider a user; .llnking New York and,wﬁaqxs yla

even a 1/4 speed llne cosflng $1661.60/monthes (For LOC locatlons

e o % L
g Y AT Y g e

quarter sneed llnes are of?en nof avaliable and ‘feased ‘Vlne rates
are hlgher. Assumlng fhat both offlces are keeplng normal
viwd S S A

buslness hours, the tlve hour flﬁe difference ) eaves only ‘“a ‘three
hour overlap between both offlces working hoGrs. ‘If"a maxlmum
dellvery delay durlngiottice time of one hour 1s *aggegtgg[frytgn!yv
banks and a few buslnesses need faster sarvice), four exchanges
between the two otflces will sufflce to'clear 'all”'trafflc withln
this rgdulreuenf." ‘The trattlc ﬁéﬁdilﬁbfwcéﬁﬁﬁlfv of those four
calls operating at 1200 bpsiléﬂ'w§11“#i%'“excess of that ;of - the

quarter speed llne In the four hour perlods (See below)e.
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Monthiy Costs’

20 days X 4 calls/day U.Se. Snlfchlhg computer=-Parls
terminal at $6.75 per call $540

20 days X 8 calls/day Ue.S. Switching computer=U.S.
terminal at $0.50/call $ 80

20 days X 12 polls a day by the switchlng computer

at $.15/pol! $ 36
Rental of two terminals at $200/month $400
Rental of two 1200 bps modems at $30/month $.4a0

$1116

Thls represents a 30% decrease from the 31660 monthly cost for a

quarter speed line. (1)

These costs are computed assuming that the switchlng computer s
located In the US where a three minute minimum on overseas calls ls
in effect. In Europe, where metering ls by short time I[ntervals
(one second in the UK)y the International calls could be shortened
to the time necessary to clear the traffice As very short calls

are unilkely fto be permitted by adminlstrations (as ATV has shown

(1) Recomputing the costs utltlizing Oatel service (which |ls
allowed) from the IRCs at $4.00 a mlnute still ylelds a sllightly
lower total cost of $1536/monthes For a forelgn terminal in the UK
where there 1Is a speclal direct dlal rate to the US of 83.60 for
the tfirst thr2e minutes, the total monthly costs over dataphones
would drop to $854.
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by requiring a one mlnute minimum on WATS calls) recalculating with.
a one mlnute minimum (as the shortest llkely minimum) glives monthly

costs of. $766/month to France and 3672 to the UKe

Additlional advantages of the computer system are greater capaclty
and the accomodation of amuch higher volumes of trafflc on the

computer system than on a 1/4 speed line, The E;Q“ébeéd ‘elreult
can transmit a ftotal of 23,760 words In a 24 hour .day, whlie the
computer system can ftransmit 14,400 In Just the 12 minutes needed
to ensdre four polls a daye. Furthermore, the computer system ls
better sulted to interfaclng with other In house computers, and the
system reportedly reduces Jlabor costs of operating the Jeased

networke.

Clearlys a message switching system using dlal-up telephone ls now
economlcally competltive with a low speed leased clrcult and could
be very much cheaper 1f termlinal equlpment costs per mlinute
diminish and one minute  minimum charges are instltuted
Internatlionalliy. While all are Ilkely to a varylng degreey, the

reductlion Iin termlnal equlpnent ls almost certaln.

Our cost-beneflt analysls employed the lowest price leased circult.
Comparison with any other speed teletype circult wili show the
computer system to be far cheapere. 'He have also consldered a point
to polnt system. Fof a8 network consisting of several polnts withln
the USA and abroad ;n the USA fhenadvantages are greater. For a

global system there one might Ilnk more than one switch In a single
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Systemy -fonwarding tratfic to  the reglonai swifch which could

transalt 1t In turn. to.the node by whatever local faclliltles were

L . s

avallable and cheapest.  For 1eg§@plggl,ap Amer lcan oéganliéfloﬁ
bullalng such.a network m;gbyhipcafeuﬁ,énlfchlqg coqputé; ln +6e GK
to take .advantage of the low I000 rates and tornérd ffétflénfo
other European countrles by telex (which averages s;sulmiﬁufe
Inside Europé) or alternatively by phone calls to terminals,

debehélng'on'frafflc volume and service standardse.
Time Sharing Networkss

There are now a number of computer time sharing networks that
opefate in’ ~rnatlonallye The largest, General Electrlic's Mark III,
ls represented In Flgure 2.2 Its malin computers are In Ohlo. One
reasonx;hv it ls economic for a time sharlng service to operate
Internationally LIs that time zone dlifferences even out peak loads$
the computer will be kept busy at dlfferent times from different
placese The economy of load levelilng outwelghs the

telecommunlcations costse.

Most time sharlng Systems possess a so-called “mallbox™ facliltye.
A user 6f,tﬁe system can address a message to another user. ‘;f is
transmitted to the addressee’s tlles and can be read by 210‘ the
nixt time he logs Into the systeme The maln purpose of thrqallbox
taqlflfé;ls,fo tfaciiitate co=operatlon In cog@d}%q,use.‘ A cusfonér

can use It to uconoiéln that an aspect éfj the system worked

iy g oo

Incorrectly or the user of some data can leave an‘ Instructlon ~with
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. - R A e BRSNS ) it e I R T fm
- hls programmer about what' “analyses to run. ' Thosé'wouid 'be‘usés"

FFFFF

i

S 'no effactive way fo prevent'

PR P R S A T | [ | LSRN S A VEEE
refated to computatione But there
LN I R SRS e ’

the messages f53;§538¥315in9"56§?h169 from a 'Christdss“oreetlng to
a purchase order, though postal regulatlions “almost’ everywhere

prohiblt such use of a time sharing system as a message carrler.

Thei. point. we wish. to make here IS not about the legalltles, but
rather the fact that time sharing systems demonsfrgte how efflclent
and cheap a computer based mallbox system can be.

A. Vezza of Project MAC has made an estlilmate of mallbox costs on
the ARPAnet. He describes "one message system developed for a
POP-1§ computer known as the Dynamlc Modellng System (DMS) at the
Massachusetts Institute of Technology®s ?2roject MAC that goes
beyond the baslc services and, in addltion, provides a means for
computer programs to create and recelve messages and for flilng and
retrleving uslng of orlglinator, recliplent, keyword, file folder
name, date, etcs The experlmental OMS message system Is wused by
some 30 statf and student researchers for Intra-offlce message
communlcation and for communicatlon wlth researchers who are
raglstered users of other ARPAnet hostse.

Table 2.4 lndicates the cost and prlce of using the major services
of the DOMS message system for handllng a typlcal! 2000-character
message. Cost mas computed by amortlzing the equlpment over a
25-month perlod and adding operating expense. Prilce was determlned
by sampllng the computatlon prlce of a number of commerclal
time-sharlng companies with simliar equlpment. The range for CPU
Jusage was smallj; therefore, an average ls stated In the table. The
price range for on-llne disk storage was larger, and therefore the
range Ils Iindicatede A trllilon-blt memory with a relatlonal data
management system Is not yet a commerclal servicey, but the prilce
range lIndicated 1Is a projected one. The first number In each
column opposlte "“COMPOSING" Is for composing a single typlcal
2000-character messagee The second number s for composing
additlonal messages, the difference belng the overhead to actlvate
the composer. Note that the composlitlon charge is the same
regardless of the number of addressees.s Thus, muitiple addresses
Ressages cost 1lass to compose on a per-message transmltted baslse.
The transmission cost Is the estimated ARPAnet ftransmisslon cost
for such a messagee. Compared to the computatlonal charges, the
transmlssion charges are inslgniticante The present price charged
by commerclal ¢time-sharing systems, Indlcated In the table, Is In
the several dollar range and therefore not very attractlive.
Furthermore, the O0OMS massage system ls a laboratory prototype and
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[t was not implemented with computatlonal effliclency- In mindy DUt
rather put together usingy, wherever possiblay, existing program
modules. It Is not unreasonable to expect that a commerclal
version could obtaln a factor ot ten improvement In computatlonal
eftficiencye In additlion, the OMS main-frame hardware ls clrca 1965
vintage, and main-trames with 6 to 10 tlmes the computational powar
exlste One can expect that a commerclal sarvice simllar to the DMS
message system could today ba oftered for a prlce In the range of
25 to 54 cents per 2000=-character message. Withln 5 years, the
prlce could well be lower than the price of sending a flrst-class
fettere

GENERAL ELECTRIC'S MARK 1!
INFORMATION SERVICES NETWORK

Figure 2.2
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COMPOSING 14/8.9 10/.07 15771404
SENDING 8.8 .07 1402
RECEIVING 1004 .08 1.22
ARCHIVING —lta2 ——allt —
TOTAL 38732 ©29/426 4430/3477
TRANSMISSION «0006 012

ONLINE STORAGE

CcosT PRICE
$«/MONTH S/MONTH
DISK o0l 018'2050
TERABIT MEMORY «002 o1~ «02

Table 2.4s CPU and Storage Costs and Prices In dollars for a 2000
character message. Storage overhead for [ndlices ls 25%. Cost |Is
determined on 25-month payout.
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S5« Packet Switchings.

There Ls one reilatively new technique for linking computers in a
network that ls particularly efflclent tor message fraftlce It s

knotn as' packet swltchling. The baslc ldea ls that an lntertace
computer silts between each computer on the network and the network
ltselty those Interface computers collect the messages, and put
them out to thelr addressees In standard form over clrcults shared
by the users. The standard form ls a "packet® of unlform slze e.9g.
128 characterss A longer message Is sent In several packets

reassembied by the computer at the other ende

Under mosts, but not all clrcumstances, there are substantlal galns
In eftlclency from switchlng the packet from node to node, rather
than using a system that tles up a clrcult for a single sender and

recelver whenever thay wish to communicate.

Packet networks are rapldly developlng. The prototype was the
Oetfense Department®s ARPAnet. There ls now a commercial packet
network, Telenet. Several European companlas are developlng them.
The baslc expectatlon Is that they wlll be so cheap that companlas
will use them instead of private l(lnese.

Telecommunlicatlons networks have hiltherto employed two swltching
schemesy clrcult swlitching (sometlmes callad 1llne switching) and
message swltchlinge Clrcult switching requlres the establishment of
a physical clircult between the user terminais lnvolved, as In the
telephone networke The circult Is malntalned untll the exchange of
Informatlon ceasese. Transmlsslon ls wvirtually Instantaneous.,
Message swltching (also calied store and forward) ls used for
telegrams and many other data communication systems. Messagaes are
relayed ftrom thaelir polnt of orlglnatlion to the next swiltchlng
center In the direction of the addressee, where they are copled.
This process |s repeated untll the destlnatlon 1ls reached.
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Transmission time wvarles conslderably with network’ 'déslgn::and
traftlc l|oad.

Clrcult switching s lnefticlent for Interactive usey, since
frequently less than 10% of the cilrcult’s capaclty ls used; thus, a
user 1Is paylng amostily for ldle tlme. Data base pubdbllshing
services, among othersy, generally Involve short messages from
orlglnating termlnals and longer responses from the comgputer.
There 1ls often no traffic on the clircult for consliderable periods
whille the operator digests the computer output and decldes what to
do nexte. Message swltching makes more effactive use of
transmisslon clrcult capaclty slnce one clrcult can be used for
many messagese. Long messages, however, can tle up the clrcult for
some tlme forclng other messages to queue untl!l the clrcult Is
free. Thls trequently feads to unacceptable delays when a network
handles both short and very (ong messagesS.

Packet switchlng combines the efficlent Ilne utliizatlion of message
swltching wlth the rallable speed of clrcult switching, It ls a
variant of store and forward technlques, derlving lts name from the
dlvislon of messages Into small sectlons called packetsy each of
which |s transmitted Indlviduaily to ¢the destinatlon where the
message ls reconstructed.

A message orlglnating from a user®s termlnal goes to a small
computer acting as a switchling center where it Is dlvided Into
packets about 128 <characters Ilong, each with addressy, message
ldentlticatlon, error chacklng and sequence commandse The packats
are then transmltted Independently ta the next swltchling center [n
the direction of the destinatlon. Alternate routlng as well as
prlority designatlion Is avallable. The transmitting swlitchlng
centar stores each packet untll correct receptlon ls acknowledged,
using the 1ldle Iinterval for other trafflc. Thls process ls
repeated until tha packets reach the swltching center serving the
addressee's termlnaie Here the orlglnal message ls reconstructed
and sent to the addrassee.

End-to-end transmisslon times are very short, typically 100
mlillseconds for dlstances up to several thousand mlles. Packet
Interlieavingy the dispersion of short messagaes between the packets
ol long messages, allows the handling of asymmetrically dlstributed
traftic wlthout adversely affecting the translt time of short
messages. Subalvislon of large data streams Into a3 serles of
messages each contalning a maximum number of packets provides
Insertlon capablilty. In the case of a larga file transfer, short
messages arriving during 1lts transmlssion can be strung Into the
long serles ot packets ftormlng the flle, rather than placed after
Ilts entirety to suffer long delayse.
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TECHNICAL AND ECONOMIC AQVANTAGES

The contlnuous and rapld decrease In the cost of computer hardware
at the rate of &40% per year has made possible the use of
minlcomputers at the nodes of the teleprocessing network. Prliorlty
schemes In the swlitchlng of messages designed to tavour shorter
ltems lower the mean service tilme. Placing a celllng on the number
of packets per message raeduces the buffer requlrementss The freed
storage area can be used to allocate communication bandwldth
dynamlcally rather than on a preassligned baslse Trafflc and load
fiuctuations are contlnuousiy monitored, forecasts made and routlng
strategles altered. Major changes, such as addlitlon/deletlon of
nodes/ ! Ilnks, are qulckly lntegrated into alil parts of the system by
a simple and lnexpenslve software change.

conceptually, the swltching computers (or node processors) c¢an be
visuallized as two partse. One half presents the Interface to a
speclflic customer, while the other prasents a standardlzed
Intertace to the rest of the networke. Thls creates a
communicatlions subnet within the system, and one to which customers
effectlively plug ln. The network management and personnel assume
responsibillity for all data communlicatlons wlthin the network
between customerses Communicatlons system planning and stafting on
the part of the customer are greatly reduced.

Standardlzed Interconnection protocols allow different common
terminal types to be used at any of their several speeds wilth any
computer programe Standardlzatlon of software and hardware
Interfaces between the natwork®s node processors and the customers®
equlpment allows customers to respond rapldly to new technologlcal
advances. Growth In the number of users and the varlety of thelr
needs can Je rapldiy accomodated as well, Outdated operating
systems can be replaced and termlnal ports rearranged with no
outage due to the networke. This also applles to the termlnatlts and
the computers with wnlch they are connected by the network, whereas
today®'s Installatlons are bound by Inflexlble system hardwaree.

Olstrlbuted network conflguration, where redundant paths betwaen
nodes are provided by different Iink sets, ensures communlcations
securlty and rellablilty for link to node ratios greater than one.
By comparlison, thils ratio approaches one for centrailzed
topologlaes, which lack these two attrlbutes. These llnk redundancy
fevelsy, three or tour tlimes hlgher than that of the mlnlmum span
network, provide optimal communication path survivablllity under
highly adverse condlitlionse. In addltlon, thae distrlibution of
swltching capablilty throughout the network increases these
beneflts since users no longer rely on a single central swlfche
gecause of bullt-in selt-dlagnostlc ablilty, most faults that do
occur are datected and corrected wlithout the customer even belng
aware of the exlistence of the fault.
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Packet swltched networks provide essentlaliy error-free deifivery of
data wlthin the network both to and from host computers and their
terminal [nterface polntse. Thls data accuracy eliminates the
necesslty for the expensive error detection and correctlion
techniques and equipment which are emplcved .by entlitles using
current data communicatlons methods. Data securlity s also
enhancede Multipte paths and the Interspersal ¢f single packets
with Those of many other messages make It difficult to monitor any
single data stream. The local loopy from user terminal to node
processor, can be contalned wholly In=housee. For even greater
securlty, message content can be encrypted wlthout afttecting the
normal functloning of the network.

Packet switching Is a substantlatly more effliclent use of a scarce
resource (communlcatlons channels) than other methods, and can
possibly Increase resource utilizatlion efficlency to as high as
80%Ze Thls provides reductlon In network cost for channel purchase.
Savings In the ovaerall network cost are shared proportlonately
among the customars since thelir transmission cost ls determined by
usey a prlcing pollcy justltied by the nature of the service, it
belng distance~lndependent wlth respect to tlme delay. Customer’s
costs for transmisslon of data are related primarily to volume of
trafflcs, a parameter within hls sphere of lnfluence and predlction.

The tlexlblilty, varlety of service, and savings are passed on to
the customers. Network computers can draw on each other®s computer
services as desired to obtaln more complete backup and service
capablilitles. Resource inferchange in tha ARPA network presently
ylelds annual savings of 34 mliillon among Lts partliclpants.

Packet swlitching ls not the most economlical technology for all
purposes. For transmlttlng a Jong stream of data, a dlal wup
telephone clrcult usea with good modems wllf ln some clrcumstances
produce lower costs. However, thls type of usage ls Ilkely to be a
very small volume ot future data communicatlons tratflc.

The cost of terrestrlal communicatlons channels appears to {imit
the future price of computer=-communications services. The
communlcatlons component of total network cost became dominant In
1970, Further network cost reductions tle In the integration of
satelllte clrcults Into such systems. Hlgh capaclty channels at a
fower cost per circult-mlile are already avallable. The broadcast
mode for packet technlques has alraady been Iaplementad
successfully by radlo In the ALOHA networke Oynamlc allocation of
satelllte capaclty by slotted reservation techlques fto Increase
throughput will be attempted with the CTS satellite In 1975,

Future developments In placling an Intelllgent paytoad In
geosynchronous orbit wlil allow the satelllte to act direttly as a
node processory rather than LIts present functlon as a slaple
repeater. Thls may result In further cost reductlons as well as
minimizing problems from the fixed 250 msec. delay LIntroduced.
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STATUS OF EXISTING NETWORKS

In 1968, the Advanced Research Projects Agency of the Nepartment of
Oefense embarked on the lmplementation of a new kind of computer
network known as the ARPANET. This research eftfort became
operational [n mld=-1974 wlth 15 sites. It has grown to over 40
sltes wlith about 63 host computers spanning the contlguous Unlted
States, Hawall and Europe. Continulng to grow at the rate of one
slte per monthy the ARPANET ls the most ambltlous, advanced and
wel l=known of the exlstlng networks, and uses packet-switching
technology In 1Its fullest sense.

A partnership ot 175 Internatlonal alrilnes, S3SITA (Soclét@ de
Té&l&communlications A8ronautiques) taunched the flrst
packet-swlitched natwork dedlicated to businass tratfic In 1966« The
system extends globally, connecting nline high level switchlng
centers with over 7033 termlnals, most of which are teletypenrlters
for admlinistrative matters and reservatlon informatlone. Al though
not a packet system [n a purlst®s sensey, the network ls
substantially similar to one and differs only In one respect, that
of dynamlc routing.

There 1Is only one common carrjer currently supolylng packet
swltched communlcatlons services in the US and began operations on
August 15, 1975 offering service to seven cltles. Telenet
Communications Corporation was formed 1In {tast 1972 to provide
packet communlicatiors services. The flrm ls a subsidlary of Bolft,
geranek and Newman, a Cambridge research firm which was prlme
contractor to the Defense Advanced Research Projects Agency (ARPA)
for the development and operation of the ARPAnet, the network which
ploneered and proved packet swltching technology. Sevaral key
members of the ARPAnet technlcal team are now with Telenet.

Forelgn Packet Networks

France

The French PTT has an expaerimental network “Reseau 3 Communicatlon
par Pacquets™(RCP). Nodes are Parlsy Rennes and Orleans wlth
extenslons to multiplexers In 3 other clties. There s also a
universlty packet network calied CYCLADES whlch is Interconnected
to the UK®'s NPL network. In servlce slince 1973, thils network now
connects 14 computers via a 7 node topologye. Although It Is is
still consldered experimental, the objective Is to have It acting
as a unlversity service bureau, making computer resources avallable
to Instltutlons throughout the country.
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England

The British Post Offlce has an Experlmental Packet Switched Service
(EPSS) serving London, Glasgow and Manchester. In additlion, an
oxperlimental packet network has been operated slnce 1972 by the
National Physical Laboratory (NPL) as 3 unlversity research network
to study the problems of connecting many dlfferent terminals to a
network. Thls net has baen Lnterconnected with the French CYCLADES
packet naet since August 1974, the Ilink being consldered the first
leg of a European Intormatlics Network(EIN). The potentlal of
tinking wlth the EPSS also exlstse

The NPL net currently connects 20 host computers and 80 terminals
and ls carrying a miftlon packets a day. One service on the set ls
@ storage computer which Is enabled to provide storage capaclty to
other, usuaily small computers on the net.

Spaln

A packet switching network operated by the Spanlsh telephone
companys, CTNEy has been In operation since 1972 and now has 509
operative termlnals, many In banks. Presantly llnklng Madrid and
Barcelona, future plans envision switchling centers In each
provinces CTNE ls very satlsfled with Its experlence and s In
favor of [nternational packet networking.

Canada

The Trans Canada Telecommunication System plans to implement a
packet switched network called Datapacy starting In July 1976. It
will Inltially have four nodes, Toronto, Montreal, Ottowa and
Calgaryy with plans to cover 14 citles by 1980. Charges will vary
beatween $1.25 and .70 per thousand 255 character packets.

European Intormation Network (EIN) -EIN ls an International
experimental venture |Involving nine countrlesy France, Italy,
Netherlandas, Portugal, Spaln, UKy and Yugoslavlia. Formallzed by
International agreemant in 1971, it 1ls planned to have nodes In
Londony, Zurlchs Mllan and Ispra. As a result of Its Internatlonal
character and the attendant adainistrative problems, progress has
been slow but contracts have been awarded and work has begun.

6e Satellltest

A sateiilte Ilke coaxla! cables and mlcrowaves, (s a transmlssion
medlum that can be used for computer networks, facsimlle, and
telex. Fundamentally It makes no ditference to the user what

t
£
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ihannels ‘or ‘mix" ot " channels ~ are chosen. for. a. glven kind of
telecommunication fransmlsslon bacause tne -quallty gghgggpsé;s§;§6'
Is roughly the same over each mediume A . sensible system s;mﬁiv;
picks the cheapest vehlcle offereds andioqrhaps‘ypg‘gsgq.dops’nqt
eveﬁﬁﬂﬁ%kxiﬁéf set of circults Is useds (1) . Thus while pur;§fs
nlgﬁ?v.dféégréé‘ with the Incluslon of satellltes on the same Ilst
ulfﬁfuéég to which they can be puty nevertheless they belong on a
Iist of technologles that ‘are maklng possible rellabley cheap, tast

and long distance communication.

A slgniticant contrlbution of satellltes 1ls that they make the
costs of communication relatlively Insensitive to the distance

covereades

| There 1s. general recbgnlt;on that the domaln In whlch costs have
fallen idsf"Jandz will gohtlnue *to‘ tért= moét Is .long ' haul
fransmlsslon. The cbéf§ of sulfchlng, the costs of bllllng, fhe
costs of fhe local loop are by now’ the greatasf part of the cosfs
of a long distance call. (Those are cos?s that do not vary with
distance.) Since there ls no obvlous breakfhrough pending In those
costsy the savings that klll'resyfj‘trop new Uong,paul'}pcppologres*
may not bring total coests down udéhs bﬁfrfﬂase varlablo costs that

make ¢the cost of @ long dlstance:call a partlal functlon of

(1) To be more precises there are nmlnor differences between
transmisslon modes. The quarter second delay on sataelllite clrcults
or the slightly greater bandwldth on satelllite volce clrcults may
make a difference to the englneer, but he can make trese minor
ditferences lnvislible to the user lf necessary.

L3



WHAT ‘IS TECHNICALLY POSSIBLE?

dlstance fé “fending fo‘ vanlsn- N conslder, tor exanple. the
Iadvances ln coaxlal cable ‘and’ fhe even more drauatlc ‘prospectg( 9(}
such devlces "as’ optical -waveguldes.: . As the foo?nofe shous, eacﬁ
'successlve goneratlon ot carrler  has: much greater capaclfy anq
markedly Iouer "costs per clrculf.;gAZ) the capaclfv thaf such‘
devlces as 'L=5 ‘or ‘waveguldes offer wl il pay for l1selt only on ‘fhgﬂ
buslesf roufes. Houever."transnlsslon costs are also, falllng lq
mléﬁéﬁévew§§éﬁsdlsslon and-;n»undersea caolese  Thus even without
the advent of the satelllte, long distance transmlsslon cosfs are
beconlng a nlnor parf of the ?otal blll. AT and T thlinks nofhlng

‘4¢ ‘J'

of routing calls lgjquqgwto go uo and down ‘one coast’ ot ‘'the Unlted

»»»»»»

States from coast to coast and back agaln lf more direct clrcults

(1) This polnt newds to be emphasized. Throughout thls paper we
take note of communication costs At the same time we keep
emphasizing the falling costs of long=haul communlications The
reader may sense a contradlctlione. There IS none. Total
communicatlions expenses may stay put or rise even If the dlifference
In the communlication cost between 300 and 1500 miles were to fall
t0o zero.

(2) Bell System Coaxlal Cable Systems:
Name  Capaclty In Cost L

volce circults - $/volce. clrcult/mlle
af 100% t11tl

L1 '4800 1722

L3 9000 6449

L4 32000 3.15

LS 108000 1.21

WL 241900 1.02 (wavegulde)

Sourcet Evidence offered In testlmony to Hart Subcommlttee, 1973,
Pe802 (Subcommittee on: Antitrust and Monopoly, Committee on the
Judlclaryys US Senate)} from statement by McGowan for  MCI.

Orlginal source ATT testimony In FCC docket 18128. B
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are busy;or, incapacltated. Load levellling is tar more Important to
AT and T than distance. It Is clear that the nmurglnal cost of“
tbéﬁsalg?igﬁﬂexir; mlles ls a vanlshing number and even ‘the average’
cost (which is the more important flgure) s Just ‘pennles, even

over such dlstances as across the USA.

It. distance was already a minor factor without satelilites, wlth
satellltes It has become triviale For a slignal that travels 22,300
niles up}and 22,300 miles downe Lt can hardly be lmportant whether

the base of the triangle 1s 1200 mlles or 12,000«

Indeedsy US studies of future costs have tended to show Increasing
costs with dilstance up to about 300 nmllesy, for It does make a
difference whether a message travels only In the local switching
system or has to go out onto the Interurban switchlng system. But
froh 300 to 3000 wmlles will In the future make almost no

dlf!eﬁence.
7¢ Multiple Access Satelllte Systems?

Long dlstance data coamunicatlon costs have been reduced to a very
iow level' by digital satelllte technology. The major portion of
the costs érlse ln'tho‘ground statlon, with the actual satelllte

relay costs being Lnslgniflicant.

The INTELSAT tarlift for the space segment for a 64 kbs preassigned
duplex clrcult 1s $184000 (1) oper year. Assgmlpg .1902' clrcult

(1) :INTELSAT . .Tarlft .Schedule,y 1975
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utlilzatlon (1) the space segment cost peér magablf*1s7$0.0089+"

Atter .inclusion of earth. statlon costs and fthe merkup  for
supportive services and proflt, fhe%qumsyafewquorggf&réwfggbizg?g
highere The rata for a 56 Kpgﬂdatguchggne!wbgjugfgmggrfh‘sfatl?ns
in Cailfornla and Hawall 1Is $5,800 oper monthy (2) which is

equivalent to $0.035 par Megablt (about 30.015 per hundred words).

The costs -ane stlil another order of pagn{tudgA higher atfter the
markup by the Internatlonal record carrlers and the very hlgh half
clrcult charges (In the UK 2.5 times the US rate) Imposed by
torelgn PTTs. A 56 klloblilsecond clircult from New Yérk to London
leases for $3164000 (30.15 Mblt)e But that ls stlill seven cents a

hundred words.

Random .access .packet swltching techniques would allow much fower
costs by permitting many earth statlions to access a satelilte
eftlclentiy, (3) wlth couﬁlete Interconnectlon via varlable
capaclty virtual clrcuits. In these techniques, each earth statlon
transmlts packets at random to tbe satelllte; correct rqcepflon of
lts onun packets on the safe;[;tg's relay acts as veriflcation of
non=intertference by another statlon®s random transmission. In the
event of an overlap In transmission with another station, the

satelllte’s relay of the transmltted packet wllli be garbledes Thls

SR PR

(1) 365 days a yvear, 24 hours a day at the full data rate
'(2) "COMSAT tarift schedule, July 1975-
(3) Abramson Norman, “Packet Switchlng with Sateliltes,” Procs 1973
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triggers a retransmisslion of a pggget,atfgr a-randpne?lnoedeldv' to-
prevent both earth statlons from agaln- retransmitting
simultaneoustys " Using such ‘technlquess multliple access without
centrallzed control ‘can ba achleved at a total throughput of 16% of
the total ‘capaclty of the channel. B8y a modificatlon of this
system ‘In whlch bursts of data are not wholly random but commence
only at specified time Intervalsy a throughput of 37X (1) of
capaclity ls achlevables A more complex technique described by

Roberts (2) achleves yet hlgher throughpute.

Whlle thls technique Is wasteful of satelllte capaclty, It ls very
tlkely the most efflclent method of providing service to a large
number of low denslty users who requlre access to multlple
Informatlon sources. At the seven character per second average
rate tor interactive communlicatlions experienced on exlisting

networks (3) over 303 users couid be saerviced on one volce channele.

Other multiple access technlques such as SPADE and TOMA are
designed to provide virtual circult switched links of constant
capaclty for use with volce circults. Where the random bursts of
data are followed by lapses in transmissliony the random burst

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

(1) Klelnrocks Ley Lam Slmons *“Packet Switching In a Slotted
Satelilte Channels“Pracs Natlonal Comguter Conferance 1973s Pe703

{2) Lawrence Roberts, “Oynamlc Allocatlon of Satellilte Capaclity,”
Proc NCC73y pe715

(3) Bianc, Robert P, ™Review of Computer Networklng™, NBS Jacholcal
ﬂn.tﬂ ﬂ.ﬂ.&v Jane 1974,
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Dl0¢§“1h lnfernaflonél data n§f§65§§;

Abramson has outllinad a prospectlve satellite system which uses an
INTELSAT IV transponder which ls capable of 60 Mbs when used with a
standard (96 foot diameter) earth statlon. In hls system a smaller
earth station is employed, reduclng the transponder data rate Into
and out ‘of each earth statlon to about 15 kbse. Higher peak data
rates would be avallable since the ‘dlstrlbutlon of the earth
statlons over many tlme zones would permlt load averaginge Such a
system would be capable of supporting 100,000 Interactlve termlnal

Jysers at one time.

An alternatlive technlque appllcable for use between natlonal packet
networks would have each country transmlt lts Internatlonal tratfflic
on a single channel and monltor the channel from each country
accessing the same satelllte. Mlcroprocessors would select out
packets destined for natlonal addresses from each country®s
transmisslons and comblne them Into an Lncomlng packet stream whilch
would enter the natlonal network for further distrlbutlon. Such a
system would requlire one volce channel per countryy, which In the
Atlantlc baslin would be less than a quarter of one transponder's

capacity.

Thp - alternatives to aultiple access systems are unattractivees
?rovldlng a dedicated circult between each palr of earth statlons
for N statlons requlres (N=1) factorlal clrcults which Is

prohiblitlvely expensive and grossly wasteful of satellite capaclity.
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A star”network In which every statlon ls linked to a master statlon
which does the swuiltching I1nvolves two safelllfg Eeiayé 'QAIQB;
doubles the .25 second translt delay Inherent In geostationary
satelllte systems to «5 seconds. W1lth another .5 second delzy on
the reply from a computer, the mlnlmum response tilme In an
Interactive system would be one second at besty which Ls higher

than deslrable.

The combination of the best of these satelilte optlions with packet
networks, and perhaps such other approaches as facsimlle and
polilng systems on publlc switched networks, makes the technical
prosgécf of highly economical global non-volce conmmunicatlion very
promlsing Indeed. Howevery, the full wulltlzatlion of these
techniques |les somewhere In the future. Twenty years from now the
Internatlonal agricultural research centers wlll perhaps each have
a satelllte earth terminal linking It to 3 packet switched global

data networke That ls not avallable nowe

WHe turn now to ask what can be done for the IARC®S wusing some of

the technologles that we have Just descrloed.
Alternatlves for the IARC®S

Can advanced communicatlon technologles laprove communications for
the Internatlional agricultural research centers? Would such
techniyues be cost/eftective? To answer those questlons we deslgned

and costed abstract prototypes of seven possible englneering
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splgtlons. (1)

Those abstract system models were based on a ~hypothetical sixteen
polnt networke The sixteen locatlons were arbltrarlly .chosen early
In our study to permlt desligning to go forwarde At the end of this
report we propose 3 network: based on the emwplrically ascertalned
needs of the IRAC*s Lt ditffers silghtly, but the differences do not
aftect the concluslons drawn from the hypothetlical model.

In refrospect, the maln emendation we would make In our
hypothetical systamy, on the basis of Interviews wlth the TIARC®S
about thelr communication needs, would be to add a number of
additional polnts In the USA: several unlversities and the
Instltute tor International educatlon and the Ford and Rockefellar
Foundatlons In New Yorke. (2) That changey however, Is of no
technlcal slgniticance for the US communicatlon network ls so well
developed that the addltlon of any additlonal points In the US lIs
technlcally trivial. Simllarlyy Japan and other Europnean polnts
could be easily added.

The 16 polnts that we chose to I1lnk |In the hypothetlical

communication network were

1e The Internatlonal Rice Research Institute (IRRI)s Los Banos,
Phlillpplnes.

2¢ The Internatlonal Malze and Wheat Improvement Center (CIMMYT),
&! Batdn, Mexlco.

3. The International Institute of Troplcal Agrilculture (IITA),

Ibadan, Nigerla.

(1) These were developed by Collin Warren
(2) Another change, glven recent eventsy would have been to

substitute another point for Lebanon. The preclse polnt chosen
for the exerclsey however, ls not lmportant
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ke The.. International Center of Trqplcal Agriculture (CIAT),
Paimiray Colombla | ‘
5 :The Internatlonal Crops Research Instltute for the Seml-Arld
Troplesy (ICRISAT) Hyderabads Indla.

6. The Internatlional Potato Center, (CIP)s Lima, Peru.

7. The Internatlonal Laboratory for Research on Animal Olseases
(ILRAD)y Kenvae.

8e The 1Internatlonal Llvestock Center for Africa (ILCA), to be
located Ln Ethlopla.

3. Internatlonal Board for Plant Genetlc Resources and FAQ,
(IBPGR) Rome.

Cooperating Reglonal Centers?

10. Costa Rlcas Centro Agronomico Tropnlcal de Investlgaclon vy
Enseffaza (CATIE)

11« Zalre

12+ Lebanon = ALAD

13. Talwan, Aslan Vegetable Research and Development Center
(AVROC)

14e Israel

1S« Horild Bank, Washlington, D.C.

{6 AID, Washingtony D.C.

Figures 2.3 and 2.4 map the sixteen geographlc locatlons of the
polnts In the hypothetlcal network and deplct the Intelsat
satelliltes tc whlch each has access. Satelllte communjcatlions

between Indlan Ocean points and the USA or between the Esst Aslan
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polnts (The Phillppines, Talwan, and Indla)’ and ‘dny Latin ‘Amerlcan
or Atrlcan polnts (excopf Kenya) would require two Hhops™ With: the:
message golng trou one termlnal “elfher fo "the USA oF to Kenya :and -
then from there to the other terninal. THat would create some-

problems for volce communlcatlon, but not for message dellverys

The seven alternative communlicatlion systaems that we shall‘ex;mlne
are! |

i« Use of the Internatlonal switched telex network

2« A leased talatype network .

3. A leased network of volce grade (AVD) switched Ilnes

be Polllng via the [nternatlonal switched telex network

S5« Polllng via the Internatlonal swlitched telephone network

6e Use of Intelsat with small ground statlons

7« Use of advanced mul tiple access sateltllte technology

Some of those alternatives (such as the swlitched telex network)
woula Involve a dlspersed network In which each node could
communicate with each other node by some moreg or less direct path.
Most of the systems would lnvolve the creatlon of a star network In
which there 1ls one central switching and processing polnt,
presumably Washington, wlith which all other polnts communicate and
where nmessages are sorted out and forwarded to their destinations.

(See Flgure 2.5).
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# Earth Stations Served by
Atlantic Ocean Sateliites

Atwdian Ivory Coast
Aiiower Maina (U1 S)
Asygabad. iran

Ascension (stand, U K
Balcarce Arganting

Bana. Jordan

Barbados Barbacos
Boane. Mozambigua. Portugal®
Buirago. Span

Burum Netherlands
Cacuaco. Angola. Portugal®
Carn Egyot

Camatagua. Veneruela
Cambia. Dominican Repybie
Cavey. Puerto Rico (U S )
Choconta Colomtia
Cwaba. Brazii*

Emen Ha e'a. Israel

Elam WVa (US)

Fucing ltaly

Gandoul. Sanegal
Goonhilly Downs J K
Grand Canary island. Span
Jugosiavia Yugosiavia
Lantale. Nigena

Lessve. Belgum
Longawviio, Chile

Leuk Switzeriang

Lumn, Paey

Managua. Necarngua
Manaus. Brazi*

»

Marmique. Trois-llets, France
Maira Pt inmdad & Tobago
M Vitage Carada
Moscow. US SR
Nhollan?. Gabon

au

Msate. Zare Repunic

Phiibert Tsiranana. Malagasy
Repubhc

Paymewr Bodou. France

Praspact Penn Jamaica

Quito. Ecuavor

Raisting. Germany

Sehouls. Morocco

Sintra Portugal

Tangua. Brazi

Tan:m. Sweden

Thermopyiae. Greece

Trou-Biran French Guiana,
France .

Tulancingo. Mexico

Umm Haraz Sudan

Utibe. Panama

Zamenqoe. Cameroon

‘Dumesiic. Non-Stsndard

& Earth Stations Served by
Pacific Ocean Satellites

Figure 2.4 -
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Brewster. Washinglon (U S )
Carnarvon. Ausiraiia
Hong Kong, U K
Ibaraki. Japan
Jamosbwg{ Callorria (U S)
Kum San, Korea
Lake Cowicnan. Canada
Morge, Australa
Paumalu, Hawai (U S )
Peking, China
Pylaniat, g%m (US)

lose, apore
Shanghai, China
Sl Racha, Thaland
Taipei, China
Tanay, Priippines
Warkworth, New Zealand

A Earth sutions Served by
indlan Ocean Satellites

Arbanyeh, Lebanon
Asadabaq. Iran
Bechar, Aigena’
Butrago. in
Ceaduna. Austraha
Deh Mandro, Palistan
Djatiuhur, Indonesia
Fucino, Italy
Goonhilly Downs, U.K
Ki UK

Jsudah, Saud: Arapia’
Kuaman, Malaysia
Lakhdana. Algena*
Longonot Fasl Alnca
Mwembesh Zamtia
Quargla, Algena’
Peking, China
Pleumeur Bodou. France
Raisiing, Germany
Ras Abu Jaruur. Bahran
Reunion. France
Riyadh Sauch Arabia®
Sentosa. Singapore

S Aacha, Thailand
Taiper, China

Tanay. Phuippines
Thermonylae, Greece
Umm Al - Aish, Kywad
Yiktam, incun
Wattayah, Ormnan
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1. Thé“Switched Talex:Naetwork

Talex 1s avallable In virtually all countrles today. -Most'®ceénters:
do , use <1f, and a|l could.‘ No technologlcal Innovation would be
lnvolved. though In some Lnstances (e.g. IIRII'M¥HGV ‘Yelex "'at’ “the:
capltal clfv oftlce would have to be suppiemented by & speclail-
telex Ilne to the lleld statlon. The maln change would be  an
organlzatlonal one.' lnvolvlng a declslon to use telex mére’
axtensively. It lnvolves pufflng ;he termlnals In convenlent.
locafions and havlng felex dlrectorles raadllv avallables’ "In“the’
tollonlng chapters wherae we conslder econoulcs, we will “avaluate"

the savings that would resulf 1rom more extenslve telex use.

Here It s sufficev fo ‘note that a telex normally operates at a
theoretlcal 66 words a minute, which allowing for carrlage refurné,w
etc. amounts to a practical maxlmum of about 60 words a ’ulnufé;
Even when there Is a one minute minimum, and especlally where thera
IS a longer ‘minlmum, Lt Ls economlc to batch short messages and
send them all 'at once so as to efficlently utlilze the time vf§rt
nhféh one pays. For exampley a 75 word message uould be bliled for
two minutes even though only a fraction.of the second mlnute s
actusily used for transalsslons - Heavy, ~telex users find It
worthhwile to rent or buy s terminal: with some memory, so thgfi
nigéagés can be typed Ine and then  .automatlcally ftransaltted aff
together at full speed,y, rather than have a typlst type the messages
while on Ilne. The Ilafter procedure ILs Ineffliclent due to the

i

inevitable hesltatlons and Ilnterruptions. The »slnplesf.‘ cheapes?t
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mouory ls paper ?ape. _ Eloctronlc nenorles,;on *; ggglgggg?

fernlnals%are raoldlv gronlng in number and fa!llng ln prlce.

Halh#éhéﬁcé‘ln 1sblated LOC locations lsy however, a problem 'for

fhose neuer terulnals. uhlch brand of lnteltlgenf fermlnal could be’

IR RSN ey

secylcgd noq{d‘ vary . fron country fo countrv. Halnfenance ls ‘a

& 2 g v
G R b ot

problem ,even for convenflonal 1elefvpes whlch*wfhe PITCs ot
virtually. .all counfrles ,are accusfomed fo servlclng. Typeurlfers'
are mechanlical devlces wlth novlng parf;; Tﬁey}wégé less” ‘rellabie’
‘than . .molid state ’electronlc equlpmenf. Paper faoe uhlch s’ ‘also’
mechanlcal would not add much to the malhtenance problem. CRT*s

tape cassettes, floppy dlsks or‘core memory are of fhe same sorts’

as are currently used In ‘other “equlpment at  the.. IARC*S, esge In

computers. They are thus’ clearly’ maintalnable In that environment.
2« A laased Teletype Network

TE& ohly'reason to establ lsh aiprlvafegtelatvpe,nnetuprk%ﬁyggld% bqw
th;:resultant economy It the level of usage of the switched network
réée above some break even polnt-whlch would be the CQS?,9’3L$3§§QQ;
a clrculte ' The cost of a!leased network:ls.a constant regardiess.
of amount of use while the cost of: using..the switched network.
v;gi;§ with the minutes of usages As we shall see later the break
vdy;h polnt on our hypothetical system would come when each of the
15'nodcs was transamitting for abou” 1 1/4 hours par day. -

ity

1 ¢

It the 77?'!€5t oxcc-dod fhaf levcl ot fransalsslon then & lnasod
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~clrcult:network woul|d be economically advantageous.' In:-any system
fhat* does nof hold frafflc In long" naltln; ques. some hours everyﬂ
dav musf be nasted. It a system were so loaded that fhere uas no}
ldle tlme left on anv clrcult, clearlv the svstem uould nof be ableﬁ
t handle ﬁ;ne trafflc .from the busler sfatlons or oeak loadsg{
Except at those peaks{ some portlon of the svstem must’ be - ldloo“
KLet us assdme a svstem with an average of four hours ldle flmo a
day ‘per terﬁinalf 10 hours of transmission, and. ten hours of

rQCnpt‘an. oUCh a telatypa systam cculd handle sbout 458 pagas of

double spaced typeurlter text a day to and from each termlnale (1)

‘Tﬁay'tgaf({djyoldme could be doobled on a full duplex system by
hdvlogfdtuon'tvoenrlter terminals. at each-nodey one to send and one
td ﬁédélve.' Thus tha capaclty of 2 leased teletype system would be
abouf 316 pages per day per node at about the same cost as 19 pages

per dav per node on 3 talex network.

Figure‘z.a Ittustrates the sltuatlon. From one page per node oper
déy up to 19 pages per node per day, use of telex ls cheapery With
‘ogyarlable annual cost of 32953 per dally page of trat’lc per node.
(Zi;At;a level of traftic of 19 pages per node per day (which costs
'3555000 per node per year), a leased telstype nefnork becomes
cheaper, For the same $55,000 It can hand[e,up }o'iso pages per

node per day. To exceed that IImit a second termlinal must be added

(1) 66 wpm X 10 hours X 60 minutes/rour = 33,600 words per dav,
395600 ¢ 257 words/page = 158 pages per day. ‘ ‘

(2) A year lIs assumed to pe 260 working days.
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at,.$900 par years allowing up to 316 pages per node per day for a

JEERANE I 2,

fixed $564030 per node.

i

A" leased network would be a star network with"a 'minlcomputer swltch
in"the USA. To Iink‘dvery palr of polnts:among 16 nodes would take
120 clrcults, Lnstead of 15 for a"star nat. If several polnts were
along a single trunk, the 120 could be}rpdq;ed somewhat, but more
switch. :pggglyv ‘yogld,ﬁbg ngeded. A stpr ls clearly the uo#f
pgppom;cal sy;jem, pgr;l;ul;rly since most trafflic by each IARC is

"LJh thMPSAc
3. A leased Network of AVD Clrcults

A leased AVD clrcult Is a leased telephone grade llne used to carry
elther volce or .data ftraftlc, leeae Alternate Yolce or Qata. As
noted above, the dandwldth of such a volce grade Iline Is much
greater than that of a telegraph Ilne; 1t must be to carry volce.
The dlsadvantage of a prlvate volce grade network ls Its cost. Its
great advantage ls ¢that It can be used for conversatlons and for
tacsimile as well as for messages. It can even be used for
édﬁputef nefno?kl&g. Indeed, 1t ls common among leasors of volce
grade ilnes to multlplex them so as to simultaneously carry volce
and telefyps traftlce. Typlcally they are nultiplexed as volce + 2

or volce ¢+ 4 teletype channels.

Clearly the powery fiexibillty and convenlence of a volce grade
network = far exceeds that of a teletype network but at about double

the coste



. TWAAT IS TECHNICALLY POSSIBLE?

COnéiaerlaéra;;l5;;"§far ﬁefnbrkiﬁlfﬁ fhe”'dblvéfe”‘Sﬂltcﬁ“ In “the
United States, we can agaln estimate total ‘capacifyi’ Since
talephons: petworks. are,duplex, |inks. (al lowing, partles to talk  from
'éach s:-‘ébdevsi,mst.mneo&s!,v! v.11;1s possibla to have separate fransmit

8nd.recelve terminals; at. fhe.nodes operating at once.

Telaghons Iines In tha'Unlted States are widely used for ' dats
transalsslon at 4.8 Kbps (4808 blts per seconds) Transmlssion' of
Iiilﬁyngt’bﬁdui?eé speclally condltloned Ilnes. Indeed with good
modems It Is possible to transmif at 9.6 Kbps. On the othker hand
without circult condltloning and In “nolslar! telephone systems,
2¢4 kbps ls more practlcaly non=-US systems sometimes are only
2;a;§5(§ of'reliably franshlf?lng at 1.2 kboss In our cost-beneflt
analysls we shall do our calculatlons at 4.8 kbps} one may dlvlde

by”fwo or more for more conservative assumptlonse

Traftic running for 20 hours a day at & kbps would carry 345 X 1¢
<f0 the 6 bits/day. (1) It the system were to only carry fexf,;fh?f
‘number .of blts would amount to about 30,000 pages per node per day.
Assuming 45.5 bits per word, (2) 345 X 10 to the & blits per
day 3 7.6 X 10 .to the 6 words per day.
Assuming 250 words per page 7.6 X 10 to the & words per dqy‘ﬂ
30,360 pages per day.

Needless to Ssays no Center will send or transmlt 30,000 pages a

(1) 20 hours X 60 mln X 60 Sec X 4.8 X 1000 = 345 X 40 to the 6e

(2) 66 words per milnute ls equlvalent to 50 blts per second or 3000
bits per minute. S0 1 word ls 3000/66 = 45,5 blts per worde.
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day. HowdVery 'a'Veased "Find telephone.system would not, be used for
text, alonej the bulk of the capaclty would undoubtedly be used for

coggggsggggn§,,faqslq;lq!‘or computer ﬁe*uoﬁklﬂgi

There' IS much usefulnessot each-of these modes of communlicatlion to
i Rrman RN : '
the IARC®s. Clearty the ablliity ' to . send reprints and graphs by

£t v e gr oo . . -
facsimlle or fto use remote computer systems and data banks on |lne

1s of potentlal lnterest, but only at an appropriate price.

Polilng Systems

{

The three sytems discussed thus far al! provide for Instantaneous
communlcation whenever anyone at any node of the network chooses to
dial up. The two leased Ilna systems (telex or volce-grade)
represent a flxed cost for a faclilty that would be avallable 24
hours. a day uhenevef anyone wished to use It} for that the cost ls
highs The switched talex system uses the publlc clrcults 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 calle Stlill the telex messages may be sent at wlil 1f so
deslred. A still more sligniflcant economy can be reallzed by
5éé;pf1n9 the disclpline of batched maessages sent wlth limlited

frequency and at a hlgh data rate.

That kind of batching Is the baslc ldea benind a polliing system.
It should be less expenslve than the three systems Just described
because the optlon of lnstantaneous communlcation 1s forgone.

Messages are batchedy and only sent perlodically to a switching
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computer; which “Sorts<and ‘relays:them .to thelr destinatlons.

Relatlively few communicatlons of the IARC'S ~need “ to  be

Instantanecus, and those few generally require volcéé communlcations -

rather ' than’ téxt messages. 'Business traffic. such as orders

payments, travel arrangements, and memos, and sclentific traffic

such ' as raports, reprlnts, and even genetic flie searches can nell
be handled on a next day dellvery basls. Thus for message trafflc,

It makes much sense to save money by batchlng messages.,

A polling system conslsts of an Intellilgent terminal wlth some
memory at each node and a switching computer at the céﬁfer of the
star. Perlodicallyy, the switching center sequentlally polls each
node, actlvates lt, orders lf) to trunsmlt 1ts stored messages,
recelves thems and stores them In 1ts memory. The swltching
computer then sorts the massages by address and proceeds to a
second cycle through each node$ the center ls now operating as a
transmlsslon tern;nal. delivering to each node all messages

qqdressedu?o Ite

The difference between - a pollling system operatling over swltched
telex and one operating over switched telephons |Ilnes 1Is In the
data rate. Let us, therefore, consider what a telex polling system

can dellver and then examine the higher capacity telephone system.

623
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e Polling.0f. Telex Machines .

A polilng system operating over telex Ilnes makes no economic sense
because the domlnant cost is the data transmission cost, which s
charged at the same rate for the oolllng system as for oEdln#rv
f;l;k,‘;;a;flc.f fé ;bufe all messages through a swltching computer
atj;he hub 6f'fhe‘sf5r doubles the message ftrafflc and requlres
soﬁe addltlonal hardware costs. Atl ot that for outshadows the

savings from batchinge

Conslder a message from polnt A to polnt 8 such as dlagrammaed

N/

Switching

below.

Compu ter

On a polllng systemy It 1s sent from A to the switching computer
and charged as one massage = say $3.00 Lf It ls one minute l.e. 66
words. Then 1[It Ils sent from the computer to B as another message,
which tor exampie would cost an addltlonal $3.00. It could be sent
directiy fbom A to B as & single message peesumably at about the
same $3.00. The $3.00 ftlgure Is a3 typlcal US-oversess telex
chargee. Charges between other points may de substantlally hilgher,
but not so hign as to ellminate the advantage of direct

communication.
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Ne may, therefore, dismiss a telex based polllng systfem ‘as'a cholce

that. ls generally dominated by ordinary telex.
5« Poliing by Telephone

A polilng system that _uses the lntecnaf;qngl tq!gnhone snlfchqd
systems however, has many advantagese. Thevpafchgd aeséages fo yghé
from each node can be fransmitted ln a very short time due to the
considerable avallable bandwlidth on the volce grade llnes. Let us

do Initlal calculatlons assuming the use of 4.8 kbps modems.

In a three minute call 1t would be posslble to transmit 862,000
bits. (1) That |s anout 19,000 woras or 75 pages. (2) Each node
polled would transmlt all lts traffic Intended for all other nodes
combined to the swltching computer durlng a single poll3 [t would
recelve all lts traffic from all other nodes In one call from that
computere. Assuming that In each case the total materlal
transmitted was less than the 76 pages that could be sent In a
minlmum three minute cally the cost for the two callis to the nmost

remote point on the network would be only $19.00. (3)

Table 2.5 lnalcates the dally communlication costs of a system for a

single poll assuming a US switchling centere

(1) 48 Kbps X 3 mln. X 60 sec = 862 kb
(2) 86290007455 = 189945+ 1849457250 = 7548,

(3) Indla excepted.
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N??S ‘ Rate Cost for 3 mlinute call
Phllippines: $3.00 --$9400.
Mexlico. - 2065 795
Nlgeria 3.00 9.00
Colunbla 2465 7.95
Indla 4.00 12.00
Peru 2465 7.95
Kenya 3.00 9.00
Ethlopla 3.00 9.00
Costa Rica 2.65 7.95
Zalre 300 9.00
Lebanon 3.00 9.00
Talwan 3400 9.00
Israel 3.00 9,00
Italy 2222 0212

40.85 122.55

Yable 2.5
Long Dlstance Phone ates

That cost lncurred twlce a day 260 ocays a year comesS to 3634726, .

To this must be aaded tne cost of the polling equipment and Its
malntenance. We have no flgures based upon past experlence fo?hég
Internationat polllng system, for none exlsts. In the US, rentals
of the switching computer ate- the hub of the ster run abouf :1.000 a

monthe. The {ntellljant terminals at the nodos rent for abou? 3200
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ﬁ:mbn}hafitbat uqu!d 5099951 that 350.000 a.Vear would cover the

Pcd#f.; He ~est1mate'ah‘addltLOnal $10,000<per year: to take:account

;ofﬂfﬁe'anhownrcosfs of keeping the equlimént operating abroads

In aqdlflon 16 modems at 32,400 aplece 9pogtlzed over three ‘YQaEsg

would add $13,000 a year to the coste.

Our estimate then of annual cost Ist

Communlcations $6“a0001
Nodaes and computer 604000
Modems 13,000

$137,000

That system could expand beyond 76 pages per node by simply adding
minutes to the polling calls.s Each additlional minute would cost
only fthe extra per=-minute telephone charga and allow an aadlitlonal

25 pages of text.

There is large room for expansion of tratfic on a polllng system
beyond the mlnlmum levels that we Hhave snalyzed. The centra!
switching computer talkling to 16 nodes six minutes aplece 1Is In
actlve communicatlion only 96 minutes a day - roughly an hour and a
halt. It the need exlsted it should be feaslble to expand
Qperatlons say flve times to 3 hours a day without impinglng on
busy peak telephone hourse Table 2.6 Lilustrates the cost and the

effect of such expanslon.
/
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«Total . . Pages s"r‘d'b’x.vwcos'?;:?.&r
:kength ‘of .+ .. +c-..Cost .per.yr. . . .per day per, . page
'qach ‘one=way.-poll . .of.system. .= .node. snt

3 mlnutes $137,000 C 75.8 w3

6 201,000 1516’ 032
C9y 2654000 2274 28
12 329,000 303.2 26
15 3934000 379.0 26

Table 246

Pollling Costs by Length of Call

Some additlonal advantages as well as some quallflications of @
telephone polling system have to be noted before we gonclude our

dliscussion.

One addiftlonal advantage ls that the telaphone fac;lltles on whlch
the system rests are simply the Center’s ordlna;v phone Ilnase.
Furthermore the polling presumably would be done durlqg‘ott-oeak
hourse To a few pointsy e.ge Italy, there are reduced “nlghttime
ratess more lmportantly, thoughy there |Is greaver cfffélencv
derlved from the ablilty to communicate during these hours because
of the greater ease Ln completing a clrcult In the dead of iight.
Even places llke Indla and Nigerla which are normally ternlblééhard

to reach during business hours have a good chance of belng reached

1t the poll |ls scheduled for the oft-peak hourse.
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A further ~advénfage® ls’' 'that, Lf needéd, a pollilng system can be
cquplo&*ﬁifh rencie job enfry for ‘computer operatlons. i:The:type of
Intelligent terminal that recelves the uessagesgfcan;readwfheuaonto
a tape cassette or simllar-storage medlums For. message traftlc
that, ls then run oft as typewrlter prinfout. If the message IS

computer data, however, the cassette can be Joaded on the compﬁf.w.

There are, however, saeveral problems that need to be recognized.
Flrst, ldeally a polling system should use direct distance diallng.
(All domestlic polilng systems doe.) The switching computer dials
the number of the node belng polieds If the clrcult |Is busy the
computer acts as a "camp-on* device, repeatedly dlallng the number
untll It gets through. Olrect dlaling without the Intervention of

an operator exlists from the USA to less than hait of the countrlies

in our 16 polnt natwork.

1000 exists 1000 does not exist
Phiiloplines Nigerla
Mexlco Columbla
Talwan India
Israel Peru
Italy Kcnfa;
usa Ethiopla
COSfa Rica
Zalre |

yobanon
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Weishall.consider: In:detall later ;DEQ%Q«S*“!W@QEXiQQf'?gﬂﬁﬂQﬁﬁﬁ!the

that:problems :-The most arimltive .way.would be to have a person out

%
H

the -call - through -and as;soqn;as§1QQ¢9anqgg§qgkl§fgqtg}ngq_sg&tcpﬁ

on ithe conputehffransllsslon.‘.Ihngﬁaggfa§§qﬁsnglal;fgghnolpggggl4

tixes:that are. possible wlth .the .co-operation .of: local PTTs.

Flnally -one can raly. Lln: part on the.fact that the Internatlional

ID00 network ls. :growling- :rapldlys .The majority. of nodes wlili

praesumably have It withln a couple of years. Nonetheless rhe
g o :

systen that }lsldeslgned 10 operate unmannad In the dead of nlghte

Anothar quallticatlion already noted ls that the aséumpflon that the
system can work everywhere at 4.8 kbs ls uniduly optimlistic, There
will be no probiem wlth the lnfééhéflonal telephone clrculfs.‘vﬂlfh
some of the countries, partlcularly those where the fleld statlon
Is In a remote rural locatlon, however, the teiaphone Illnes are
Ilkely to ‘be too nolsy fo transmlt data accurately at that rate.
Such places will have to fall back to a 2.4 kbs transmission rate
which wlll require elither calis that are twlce as long or wlii
handle only half as many pages. Indeed in some extreme casesy as
where the messages must travel over HF radlo or where llnes are
qgrf}gp!arlv bads 1t may be necessary to use a 1.2 kbs transmlsslon

ratee.

R S

Flnally, the blggest obstacles of all ars legal problens which
derlve from natlonal restrictions on the use of tulecommunlcatlons

faclilitlese. Untl! Januarys 1976 the FCC~-approved tarltt for

89y

absence of IDDD‘?@ many places ls a very severe Ilmltatlon to 8
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Internationa’ ;fcffiﬁoﬁvifﬁrGVIddd "fOF : the Tuse ofuithe:swlitched
téfapﬁéni”hbtwdhk*odfy“fbﬁ*vdlcé@frdffléﬁf“If?nés7fhéfétdnéiaﬂdpdalﬁf
" to operate an Intarnaticnal Ddlllﬁg~“s¢§tén&ﬁ=sThaf@nhasf’noua;boen;
changed. Ofher governments, however, -have regulatlons: that could:
be' prohlbitory or creaf “difflcultless Mexlcos: for: :examples :
prohibits "~ tramsmlsslon of ‘dati ver'volce |lnes. ~Other ‘countrles

timit the modems that may be used toones ‘they i supply. :

~Sych_fegulaflons‘are dublous at best. Tnere ls‘ gbo& reason to
bpllgye thgt_p p°?111°9,9§99be‘b3919¢}99 faéé;ébié.wé;;nL1f$¥53;;&
l1s no overall change In policy for 3s worthy a cause as the food
needs of the LOCs.

6e. Use of Intelsat With Small Ground Statlons

The' ‘‘aforementionad flve alterhatlve systamss ‘use off-the=shelf-
fechnologles. They do nothlng that Is not done every-day at least
wlthin the USA, 8arring regulatory problems they could be In
operation Ln six months. The next two systems we discuss are morae-
experimental. There are signlficant uncertalntles about them. =-,
not about thelr technlical possiblilty but perhaps about englneering.

soluftlons, and certainly about costs.

It would be possible to develop a system which would place a
satelllte ground station at each of the IARC®s, allowing fh.ﬁﬂfbk
communicate internationally, bypassing the inadequate terrestrisl!.

faclilties at least at the resoarch stations themselves. .
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Similanydinect ..satelllte gqupnona,and.dafa;tcn{glcﬁxgggitgfogugg*
belng Installed to .ana _from. remote locations éln;‘aw number of

apptlcatlons. The UN nhas been gliven a portable ground statlon to

I 2 aest

uso ulth the g;mphonle safelllfe for peaca-keenlng operatlons. The
canadlans have been experlnenflng with small ground statlons to
provide two-way telephone and  ona-way TV via Anlk to arctle
viltages. Small ground stations are belng Installed on off shore
oll -.rlgse . The Marlisat and Marots systoms are belng developed for
communication with shipboard antennas. And there are, of course,
mlllfary appllcationse Rugged portable data terminals exist that a
man ‘can carrv on hls back and can use to communlcate via satelilte

to other unlfs.

Cleeriy, It would be possible to put a ground statlon at each IARC,
But flrst there needs to be a satelllte system that could serve

them and one must estlmate the cost.

At present the obvious satelllte system to use IS Inteisat. It Is
the agreed Internatlonal systemy, covering the globe. Inteisat,
however, was desligned for use with natlonal ground statlons having
95: toot dlshes. Its opurpose Is Intercontinental tratflc with
~domestlc dlstrlbutlion generally remalnlng on terrestrial clrcults.
That design ably serves the needs of the advanced countries. They
have extensive terrestrial circults In place. The sophlstlcated
ground stations can recelve weak radiatlon from the satelilte,
allowing close spacing of satellltes on the potentlally crowded

geostationary orblt. For LOG®S, however, 1t would be usetul to
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héve " nuRérous ‘Widely " ‘scattared groud sfa¥lons ‘to ‘substitute itar

$he terrestrial (1nes thaf they 'do‘not haves

It.ls possible to use Infelsat with smaller dish antennas. but a
penalty charge ls assessed since o use a small dish one uses more

of the satellilfes resources than with a large one.

Comsat has developed a 15 foot "terminal * that “costs' less than
$150,000. Amortlzed over ' three years the annuallized cost may be

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

The space segment cosfts are partly a matter of Intelsat pollcy.
Regufar rates are $3 mililon per transponder per yeari sSpeclal
rates have been offered for unused capaclty without back-up (e.ge
to Algerla) as low as one third of that. The 15 -foot termlinal

requlres a bandwldth of about 3 per cent of the transponder.

Let us postulate that the sixteen nodes sﬁare two way clrcults to
‘the satellltes In whose faotprint they fall. Clrcults are needed
tor ‘st least the Attantlc and Indlan Ocean sateliltes. So elght
halt=circults are required. (1) Multiplylng 3 per cent of $3
'ﬁllllon, leee $90,000 by 8 we get a space segment cost for' the
system of $720,000 per yesr. Add 16 $50,000 terminals, or
$800+000s and the total cost of the system ls $1.52 miitilon dollars

per yeare Thlis Is for four speclal volce grade lines of 56 kbpss

(1) Two ways x two satelliltes x 2 clrcult halves.
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On” Such’@’ systen'ohe could:provide all: the, capablilities noted above
for a private llne network of voice grade circults. ~ 1t could
provide volce servicey, facsimllie, and computer networking, as Qellu
as message trafflc. To send 400 pages per node == a larger amount
than we have generally dlscussed above == would requlire only 22

AT

minutes of one full clrcult.

Clearly that s an expansive and expansive solution to the

communications problams of the IARGCs.
7. Advanced Multlple Access Satellilte Systems

Much cheaper satelllite systems are ln use for certaln mllltary,
earth observatlon, and meteorologlcal purposes. Many of these
require much Ilower bit rates. For specliallzed communicatlons
purposes such fow capaclty sateliltes might be economical If they

were avallable. (1)

The systems that would be economlcal would operate In earth
coverage mgqq,"ﬁ;fﬁvaii stations within the footprint recelving all
traffic, but reading ohiy that addressed to 1t. Calculatlons have
been made for blf stroﬁms of 75 bpss 2.4 kbbs and 16 kbpse The
first speed requlres a 14d8 G/T terminal unlch: rents for

$1500/month while the hilgher speeds opnrafb with a 23d8 G6/7

(1) Ge Po Petrick and Co« M« Abrahamson, “Economlc Consideratlons
For Low Capaclty SHF Satelllte Communlcations Earth Terminals®,
ALAA Paper Noe. 74-459, 1974 Cft also Besls Edelson, "Small Earth
Termlnals for Satelllite Communlicatlons®, Astronautics and
Aeronautlicss June 1973, Ppe UQ-4b6.
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¥

terainal” ‘Which' ' I's “leased’’ for '$2000/month,. :Calculations..are,,

presented 1n Table 2:7%

Monthly , Monthiy costs?
Space segment | v16wféE-inal§+ | 4‘kunxﬁg|
Terminal one-way clrcult  clrcults 7 cost
Rafe ~ cost'per mo. "' ' costs .. . on two satellltes
75 bps $1+500 $375 - - 32L975¢0 .82974000
2ok kbps = 24000 1500 35,000 420,000
16 kbps . 2,000 104000 524000 624+ 000
Table 247

Costs ot Alternative Satelllte Services
How adequate 1s the capaclty that each of these provide?

The 75 bps system can handlo telex traffic. Seventy-tflve bps s
100 words per minutes or in other words somewhat more than a normal
teletype Ilne. It 'thn t;nbgours for one-way transmission on the
Atlantic satelllte Were shared by ten nodes, then with one hour
avallable for each node 1t could send {or hicolve) 60 x 100 = 6000

nords or about 25 pagesSe

The 2.4 kbs system has enough bandwldth to carry computer
?gppl;caflons. facsimiley, or a polling system - though having a

?bblllnb system on |eased llnes may not be particulariy useful. It

Th
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Iimited to text fransa{gg%gg ﬂ;?gf;gg!ﬁ\papﬁjg«??? Pages. of text
“orlginating at each node each way in 1n.houEs; fif

The ia kbps system has stil] more capacltye If ftully loaded wlth
text It would carry over 34000 pages to and from each node each

days. That Is a rate of flve pages In a minutes '

The cost per page of a System drops with the slze of the system,
provided that the ¢frafflc |s heavy enough +to keep the svsfcn

occuplea as a result of economles of scales (2)

Table 248 might imply tﬁaf one can dismiss the larger systems from
conslderation for no oné has any use for 100 milllon pages of text
or even 13 mililony but that perhaps be a mlstake. Pages of text
are just a measura. In tacty the higne~ speed systems can make
sense lf most of the capacity s used for remote computlng,
information retrleval, ftacsimlie, or other uses besldes fteaxt
transmisslon. Those other uses consume large amounts ot bandwidth.
It those other uses kept the system busys the cost per page flgure
would contlnue to represent a reasonable estimate of the true cost
of whatever text was transmiftted. The adoptlion of such systems

wouldy howevery, have to be justifled, Lt at all, by other

(1)
2+400 bps x 60 sec x 60 min x 10 nrs
= 475 pages per node per day

4545 bpw x 250 wpp x 16 nodes

(2)
169000 x 60 sec x 60 min x 10 hrs )
= 3038 pages per nodg q.r;qqu

bS5.5 bpw x 250 wop x 16 nodes
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requirements than text fransmission alone.

.+ Pages ..  .Cost
Rate Annuaj.., , ..transmltted per
cost 8 in a year page
75 bps 297,000 98,742 $3.00.
2¢4 Kbps 420,000 1,976,000 0.24

16 kbps 6249000 1246384080  (0e05)
56 Kbps 195205000 92,443,520  (0.016)
(1)
o Table 2.8
Cost of Satelllte Systeas

(1)
Thls ftlgure ls sudject to speclali error In that we have not
explored the kinds of terminal equlpment that would be requlred to
hanale such volumes of outpute There IS no reason to conslder that
since we conclude that such data rates would be Justifled only for
other purposes than ftext transmission and those purposes would
control the terminal fecllilitles.
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Problens

At the beginning of this chapter we examlned the new taechiologlaes
that may help bring down the cost of long distance text and data
communication. In the sacond part of the chapter we examlned how
some of those technologles could be used by the Internatlonal
Agricultural Research Centers wlthln the next couple of years to
solve some of thelr communlcatlons dlftficultles. However, [n
underdeveloped countrlies there ara several practical oroblems that
are llkely to obstruct tha implementing of any such lmprovements.
Specitflic problems that we need to conslder are malntenance, the
quality of telephone Jiness the absence of automatlc switchling, and

the regulatory pollcies of the PTT's,

MAINTENANCE

Maintenance is the subject of constant complalnts Ln the LOC®s, yet
computers considerably more complex than anythling that we are hRere
discussing are kept In operation. Maintenance ls a problam for
which there 1Is no panacea, that wlll always be wlith us, but which

Is lmproved by adhering to a few basic principles.

In the tirst place It ls Lmportant to select equlpment for hligh
rellabitity. A detalled aevailuation of alternative hardward goes
beyond the scope of the present research project. If the advice of
thls report ls accepted and the CGIAR or AID wish to pursue further

the iInstallation of advanced coamunlcations equlpment In the
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IARC®sy one of the immediate next steps would be to commisslon an
engineering study of the varlous terminals and minlcomputers now on
the market to evaluate each brand as to 1fs ruggedness and
maintalnablilty In remote rural areas in the LDC®S. The manufacture
of terminais Is a hlzhly competlitive tields There are at present as
many as 70 product llnes offerred by nearly forty companies. (1)
Some have CRTs for visual dlsplay, which has the advantage of
reducing the amount of mechanical actlon$ It ls the mechanlical
parts of a typlng device that are most llkely to wear out. Some
methoa of producing hard copy on paper ls necessary, however. Some
terminals use impact printing, some use thermal prlnflhg on speclal
papere. Prlces range from under $1000 to over $20,000. Some have
auxillary memory such as paper tape, cassettesy, or floppy dlscsy
some do not. Some have upper and lower case, some only uppere.

These devices vary In thelr rellablilty and malntalnablilty.

Malntalnabl ity depends not only on quallty ot manufacture but also
on deslgn. Some devices have been deslgned to emphaslize plug In
replacement of defactive modules. Probably even more lmportant ls
the service organlzatlionj Ils It present around the world? It may
be necessary to have a system using different termilnals In

difterent places depending on local avallability of service.

Halntenance may cost more than the fterminal Lltself. Taxas

'Instrunents. for examplay, renfts the Kkinds of termlnals we are

(1) Cf. survey of "Interactive Hard Copy Terminals®” by Jackson We
Granhoim, Datamation, vol. 21y NOs 11y NOvVve 1975, 51-61.
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discussing for:between $15 and $30.a.month ln..the UiSsAe without:
malatenance, :but. charges. $85.10.5150 a month with malntensnce. In
many-locatlions it .may .wall be worth.consldering having s dupllicate

machine on hands

THE QUALITY OF TELEPHONE LINES

There are three maln segments to the clrcults used by the IARC's,
There Is the iInternatlonal teg from the Unilted States or wheraver
to the port of entry Iln the LOC. Secondlyy there ls the leg from
that satelllte earth statlon or cable port through the
International exchange and then ¢to other exchanges within the
capltal clty. Flnally there 1ls the leg from the Internatlonal
exchange In fthe caplital clty to the rural locatlon where tha IARC

has Ilts fleld statlion.

The Internatlonal Ilag presents only one oproblem, shortage of
clrcults to some countrles at pesk hourse The guallty of the
signal is good. A repeated comment [n our [ntervliews wlth people at
the IARC®s was that they could phone more easlly to Washlngion than
to somewhere flfty or one hundred mllies away In the country where

fhoy were locatede.

Wlthin the capltal cltys, or beftween the International port where
the lnternational circults come In aind the capltal cltyy, the
quality ot service ranges from poor to goods but Is generally falre

In Lagos It Is a struggle to make & phone call aven within the clfy
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during' “business Hoursy ' and"“the’ ilnes to the-airpont have:been;
fﬁzdﬁ;ﬁflQ*éufigf“éﬁdoﬁi“fhat,1hbuaveri‘ls,fhéﬂexceptlonp;accbuntgd%
for' "In “part by tha extraordinary speed in:the.growth: of the-cltye..
In most of the countries where IARC's are located there . ls. ilttle.
problem communicating wlthin the capltal clity or In communlicating

abroad from Lty at least durlng off hours.

thc‘crltlcal communicatlion problem In many: LDC®S concerns the last.
leg ftrom the capltal to & rural locatlon which may be only. a
relatively few miles away. In Nalrobl and In Lima the Agricultural
Rdsearcn Center Is at the edge of town and wlithin the clty
talephone exchanga. Thus they have reasonably good service. In the
Philippiness on the other hand, IIRI in Los Banos ls thirty alles
outside of Manlla, and has to rely on HF radlo as [ts Ilnk to
Manllae. In communicating from the US to ICRISAT In Hyderabad,
Indiay Lt ls relatively easy to reach Bomoay. The problem IS to get
2 free Ilne from there to Hyderabad. In general the rural llnes,
and In some places the ordlnary urban llnes too, are too nolsy to
be wused for iremote computing, and may create difficultles even for
ordlnary conversatlon. In such iInstancesy, text transmlssion must be
sent at a low darta rate so as to minlmlze the errors. At low rates
data can even be sent over HF radlo successfully$ shlps have baeen
doing that all through the century. Where the ordinary local Ilnes
or the local oxchange ls too unsatisfactory, Lt may be nscessary fo
install 8 oprivate direct Ilne or mlcrowave clrcult to the capltal

cltv or to the Internatlonal exchange.
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AUTOHATIC SHITCHING

Dl i o

As we have already ‘notedy the necesslty to go-through'‘an- operator
IS ‘a‘major disadvantage for the Kinds of appllcations that-we have
In mind. Where diredt dlaling Is posslble 6ne can use a campeon
device to keep dialing the deslred number untll I+ Is reached, and
then without human Interventlion, have the s?orpd messages
transmitted. Automatic dlaling Is now virtualiy unlversal withln
metropolltan centers. AS we have noted, It s spreading rapldly
for International calls. From the USA direct dlallng was avallable

to 22 countrles a year ago} the nunber is now 35.

Cenfers llke CIAT In Cali, Columblia or IITA In Ibadan, Nlgerla
cannot phone anywhere outside thelr own locallty wlthout going

through the operators at the local exchange.

One can think of two technologlcal approaches to the problem of
establlshing unmanned operatlons, short of waltlng the decade that
It will take ‘for direct diallng to become more nearly unlversai.
One possiblilty Is to have the switching computer play a recorded
message to the oparator in the approprlate |anguage. One suspects,
however, that the telaphone management would not Ilke that,
particularly if It kept coming back every few minutes to a human
operator who had Just announced that there was an hours waltlng
cues The other approach would be to run private llnes from 1Q; TARC
fo the satelllte ground station and have an automatlic snlicﬁ?vor

Ahat line right theres. That would require speclsl co-operarion by
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the local PTT fto allow the IARC to Instali*lts ‘own switéhing
'fconoutor af‘fho‘ocoundrstatlon.,,tgchn;calgg,thafnqqq[d present no
problem, . but bureaucratically.lt probably would. Organlizatlans of
less internatlionz! 3status. than. the _Intecnatlonal agricultural

research  centers. would not be llkely to oe.glven such permission.

BUREAUCRATIC. RESTRICTIONS

w i

The restrictlions placed by PTTs on communicatlons LInnovatlons ‘are
iikilv to be far more saveré than any technologlcal diftficultles.
In many countries It s extremely difflculit to obtaln a oprlvate
Alney L1t 1s rarely barred by local regulationsy, but [t may take
years to get 1t Installed. PTTs, In general, seek to dlscourago

private llne expanslion. t

Also  many PTTs do not peralt the customer to attach equipment that
he owns to the telephone systems In particulars many countries
require the customer to rent modems from the PTT, not to buy his
owne. Since modems differ greatly In quallty, this may force the
customer to use a lower data rate than would have been made

possible by a beftter modenm.

‘ﬁffs also generally protect the postal and telegraph monopollese.
?fﬁif are Ilkely to see In a private message handlilng system a
xtg;cat to thelr monopoly and }holr revenues. Some countrles, also,
iﬁo concerned about the Lnternational [mport and export of dsta. In

ht.ct, countries that take such restrictive postures sre defeating
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4thelrf‘9&h‘:nurposes and  harming thelr own communlcatl;ns
deVﬁlﬁbmeht. The Installation of advanced facillitles In a place
;tlkéfén' International agricul tural research center 1Is a step
towards maklng a pbetter commuh;éé;igns systen avallable through the
PTT on a natlonal basis. ?hdt} lngeedy IS the reason why AlID became
Interestea In this project at all. The IARC'S were simoly plckaed as
ldeal insititution to exemine In a demonstration project, ln the
hope that from thelr experlence focul learning and expertlse would
folion. Ideas trled out by the IARCs would spread. One would hope
that host governments would see In this project a chance to
experiment wlth procedures that they could then apply to thelr own
gbvernment offlces and loca! Institutlons so as to imorove thelr

cpqmunlcatlons fgcllltles.
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CHAPTER 3

WHAT. IS  ECONOMIC? .

&InVChaptof 2 we exsmlnndx varlous npn technologles tor long: -
distance eonmuntcatlon and sqome of trelr costse In this: chapterv
we compare the. costs of the alternatlve~svstems more ~closely.: s0:

as to arrlve at somt judgments on relative cost/etfectlveness.:

>ir ls holpful vo dlst!nqulsh lonq run estlmates based on what
.beconlng tnchnologlcallv possible fron short run estlmates based-
upon curron? prlces of avallable services and equipwent avallable
oft the shelt, Lat us start wlth the tong term Ilmits of what

may h»20en fo the costs of conmunicationes

Long Term Trends

DISTANCE INSENSITIVITY

He have noted above in Chapter z (Du 40) ‘that coununlcafton cosfs'
have fallen «o0S? and nlll contlnuc to falt 1In long haul :

transaisslion.

We noted that that ls due particulariy fo the characterlstice of
satelllte conmunlcatlon&. bhut 1ls aizo the rasult of advancos‘7ln

coaxlal cables optlical wave guldesy and microwavee.
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Heiinoted:that existing sutdles show Increasing costs with distance
up: to:'about- 300 mlles, but above 300 mliles, distance makes aimost

no:difference.
ABUNDANT BANDNWIOTH

Even 1f .long dlstance communication costs oacome alnost the same as
that for local qaamunlcaflon that does not tell us what ls tlkely

f§ happen to those communication costse

No simple pradiction makes sense. We leave aslde Inflatlon énq
deflatlon, for we are talking about real costsy not money costs.
stlll we would make opposlite predictlons for the trend measured In
blts and the trend meésured In consumer services. In the developed
countrlies there 1s every reason to expect that consumers wlll spend
an lIncreasling amount on communlcatlon, but that is because the
services they expect are becoming Increasingly Iluxurious. Radlo
gives way to black and white TV and then to color TV and then
probsbly to multl~channe! CATV, pay TV, Ilarge screen TV, video
recordaers and vlideo cassoftes. Baslc volce telephone Is
supplemented by, or IS gradually superseded by, camp-on and
forwarding devicesy, and data <ommunlcatlon. As a rasult of these
expanding services, consumer usage, measured In bits, Ils llkely to
grow astronomically, and consumer expenditure wlli rilse some.
Furthermore, a8 large part of the cost of communication ls the cost
of malntenance and of personal service rather than the cost of

transajtting blts. Programming all sorts of software and
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dhfdb?iThdbh?. Keeplng - rccolvlng sets ‘and:’ “termlnals:iin: working:
ordcr, b1!|1n9. dlroc?ory asslstancc, ‘sales’ prolo?lon'#and sy lmitar.
matters come to be the dominant costs lnstoad of the ‘transmission:
Itself. The cost of delivering strippad down baslc servlce, uhlch
may often be what LOCs need, may well follow a decllnlng trand evon

thodgh‘labor Intensive and elaborate services go up«ln coste

Indeedy there IS avery reason to expect a contlnulng docllnc ln
costs of transmisslon measured In blts per dollar. That dec!lne ls
due In part to advances In electronlcs and In part to growth of
volumee

.Electronlc ftransmission s 5 classlc exémole of an lndustrv with
economles of scale. Clircults of greater banduldfh cosf v;ry 1ittie

more than clircults of less bandwldthe Tadle 3-1 shons thc oros.nf

cost per blt of varlous types of clrculte.

Clearly, the way to keap communicatlion custs low ls to aggraegate
the traffic In such a way that It shares a small nunber of wldeband
channelsy which are kept busy. That ls the basic ldea behind both
packet swlitched networks and polling systems, In each systenm
mesSsages are sent Into a node computer which ls an accumulztor of
trattice. 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 second). For this to be esconomlcal [t Is assumed
‘that other trattic witl keep the transmlssion Ilnes busy ¢the rest

of the time.
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By:.-transmitting . messages In this way comaunication costs could: go-

down 10:8.002 -per page. .

C

P xa
Communications costs for one unlt o1 Lnternatlonal electronic mall”

Message slze

140004000 bits 10,000 blts
Olal up telephone and
4800 bps modem | $6.94 $0.07
Leased I1ne $00 bt $0.004
100s | 30443 $0.006
Dlglsat $0.19 $0.002

For LOCs thls analysis has certsln lmpllcatlons. Flrst, LOCs
should emphasize the development of low bandwldth communicatlions
since those can be highly economlical. For mass communicatlon thils
means an eamphasls on radlo before TVe For message ftrafflc thils
means an emphasis on text transmisslon. A glven switched network
can carry wmuch nmore traftic In the form of text than of volce

conversations,

Second, LOCs should fransalt those low bandwldth messages over the

hlghest banawidth clrcults that they can keep busy. There ls no

ar.
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contredlction here} rather It Is aﬁ“&hﬁidﬁfﬁéuiﬁ”hhdri?dne%canﬁhQVif
bhd's cake end eat It too. Phone service ls‘nchSSaryzbncausc some
business requires conversatlion. Howevere no LDC can keep up with
‘}tho demand for phone service. A partial solution Is to provide
computer controlled message snl?ched text service on the scarce

talephone 1Ilnes, and by opricing and other means to encourage

Foats oo Vo
PRI s R

diversion of as much of 1hé trafflc as Dosslbio vodfd thaf

economical use of the plant.

Thirdy in this era of ‘'sateliltes, LDCs should co-operate In
creating reglonal and global satelllite consortia for domestic as
well as International communicatlon. No small LDC and Indeed no
small country even it highly Industrlallzed, has enough
communications tratfic to Justlify having Lts own satellilte or even
to Justlty lts leaslng of large numbers of polint to point clrcults
on a satelllte, The USA has circults on the Intelsat svsteu‘fo
each of 75 countrles. (1) Typlcal numbers of circults llnklng LOCS

to other countrlies are shown [n the following table. (2)

Mexlco 12
Peru 1b
Columbla i3
Nigsrla 5
Kenya 8
India 18
Talwan 12
Phitlpoplnes 15

“t1) Intelsat System Status Report, March 3, 197S.
(2) Iblde

L1
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Mog®; of those g;qqu;tsigg\gp}quk(nquEurqporgnqk Amerlca. As {!’
shown .. .In .Table 3.2y very few llnk LOCs fo‘oaqh other. ’104;;;J£;
1975 Inteisat clrcults between LDCS numbered about 900' as‘ ag;inst
5300 clrcults betwean an LOC and an advanced lndustrallz;d éodntry
and 5100 clrcuits among Industrlallzea countrless The fact that
tWo LOCS do not have a clrcult between thea does not mean that they
cannot communicatas They can do so via a third country to which
they both have clrcultss esg. the USA. That, however, requires a
double hopy 8and extra costs. An all polnt distributed natwork of
the kind that tends to evolve naturaslly Is not optimal for the LDCs
for they are the source or target of only a small part of ¢the

trafflic.

The same logic applles to domestic traftlc wlthin an LDOC. Clrcults
between numerous oqlnts on & distributed (rather than star) retwork

are Illkely to be underused,

There are means by which all non-volce trafflic to or from & country
can be Iloaded onto one or a few clrcults. In Chapter 2 we
described how a mul tiple access satelllte system workse. All the
trafflc |s broadcast on a single frequency. Computers at the
varlous ground statlions pick out only those messages whlch are
addressed to theme. AS we notfed, all the Internationai (non-voice)
message traffic to almost all countrles couid be handled on @
single phone circult aplece. Using a shared Iinternatlional

seteliitey an LOC could presumadbly also put all [ts domestic
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~ message traffic on s single two-way phone clrcult (1) at 's cost
-6:|§;ﬂ75;f ot domestic malis, not to mention the = present cost ™ iof
telegrans.

Our- fong run prognosls (of particular sallency for jﬁ; LDCsiuig
that the costs of electronic communlication of text can be broughf
down to very low levels, well below that of the malls. However, to
achleve those economles wlil requlre use of batch transmisslion, and

message switching and wlill also rqulro sharlng by many users of

hlgh bandwldth clrcults and of satelllites.

(1) The theoretical top Ilmlt VYor a single phone clrcult 1ls about
400,000 pages a davye. The practical Iimlt ls, of course
substantjally below that, but well above the dally messags traftflc
for most LOCse.
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Italy

Iarael

Zaire
Ethiopia
Ksaya
Nigeria
Taiwvan
Philippines
Mexico
Costa Rica
Columbia

Peru

Table 3.2

US Italy Isr. Leb. Zaire Ethiopia Kenya Nigeria Taiwam Phil. Mex. Costa Rica/COInnb;a Peru

X 107 4 9 3 7 7 35 32 13 54 39
107 x 1 7 5 7 7 2 2 9 4 3
4 11 X

8 3 X

3 S x

' X

7 7 X

7 7 X
35 2 4

32 2 x

9 X 3 3
13 p 4 1 :
S& & 3 X: 2
39 3 2- X
18 2 5
Number of

Intelsat Circuits Among Countries in Prototype Study
(December 1974) '

India
18
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Immadiate Impliications

The prospects that we have Just outiined wlil not become avallable
lamadiately. They Involve large departures from orcéin?‘niys of
dolng things. A good deal of experimentatlion needs to be doﬁd to

get trom here to there.

The short run advice glven the IARC's In this report Is In the
nature of recommendation of such aexperimental steps. He are
recommendling measures that move towards the long run goals of s low
cost text and data communlicatlonsystem for the LOC's, but only to
the extent that ls posslble wlth present commerclally avallable

services and equlopment.

We proceed In thls sactlon of the report to examine the alternatlve
systems outilned In Chapter 2 to see what kinds of service each

offers for the dollar at the present tlme.

Telexy, as we noféd apove, ls an existing, wlidely used, publlcly
avallable service. Its cost ls a simple tunctlon of the amount to
which It is useds HWey, therefore¢, made two estimates of telex
costs! one for what we regarded as a minlmum of signlflcant usage,
and one for as high a level of usage as would keep lts cost below
that ot a private telefype network. (See Fige 3ei)de The minimun
tevel assumed was that each node would communicate wlith four of the
fltteen other nodes each working day, and that each of those four

connections would last Just three minutesy l.e. 66x3%2198 words.



MeIoTe LOW COST COMMUNICATION FOR THE LOC*S AeleDe

‘On-Flgure 3.1 below the low estimate of telex use Is polnt 1A and
the high estimate ls polint 18y and the line between them represents
Intermediate lavels of usage. At low levels of usage tolex ls
fbijatlvclv cheap, though moving very small amounts of text. At

hlghcr levels telex ls clesriy dominated oy other alternatlives.

We should notey however, that there ls one other alternatlve that
Ils so expensive that we dld not even calculate Ity namely
telegramse Telex ls mostly used as an alternative to telegrams, as
lndeed 1t should bee (It should be used by the IARCs more than [t
lses) Lt has Ilmited attractlion. ;Af very low levels of use It s
attractive because witnout large, new fixed costs, at those laevels
the costs remaln lowe The telex ls there already and could be usad

tomorrow jJust by declding to use [t.

The costs of a Jleased teletype network and {eased volce/data
network were calculated by aading together the current leased I|lne
changes from rthe US to each of the 15 spokes. (1) Teletypwriter
leases were assumed to be 375 a month. Modems were estimated to

cost 84,000 aplece, amortlized over three vearse.

The method for calculating costs for polliing and satelilte systens
has alresdy been explalned In Chapter 2. He are now ready to
compare fthe aeconomlcs of the varlous systems by examining Flgure

3.4 and Table 3.3

(1) For a teletype network 50 baud halt clrcults were calculsted
and then the total doubled for a full duplex network.
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Comparison of Telecommunications Systems
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The system that seens most attractive under most ‘clrcumstances ls a
telephone polllng system. For that system, we have made a low
usage and high usage estimate because on a polling system, as on
felex, one Incurs blils with the carrler that are a ftunctlion of
usage. The low usaje estimate Is polnt 4A on Flgure 3.1, the high
usage estimate ls polnt 48. Intermedlate usage ls shown by &fhi
tine between them, The low usage estimate assumes that all trafflc
ls moved In 3 mlnute phone calis == the bliting minimum In the

Unlted States == so that represents a lower bound an costse.

To Interpret Flgure 3.1 one should keep In mind that the most
desirable values are towsrd the lower rlght hand corner. One
wishes to spend a5 (lttle as posslble and transmlt as much as
necessary. One might examline the graph by moving ones eye upward,
Uup the cost levels. Suppose one wished to spend only about
$150,000 or less for text and data communlication for all of the
IARC®s comblneds One wishes the maximum possible trafflc at that
prices A polilng system Is the one that glves It. Moving up to
levels of two, three, and four hundred thousand dollars that Is
stlll ftrues At 3420,000 another alternative seems better. If one
1s ready to spend that much one ought to bagln consldering multiple
access satelllte alternatives with small ground stationse. These
become highly Interesting at the hlgh levels of traffic that would

be generated by on=llne computer systems.

For message traftic alone the polilng systam seens to be fthe most

attractive alternatlive. It dominates all alternatives up to the
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~point:where there ls.agnaqdﬂﬁgon_¢qqnp»,fnanwzqggytyﬁggpgggggggfﬁgjg

traffic per terminal per day.

It should also be nofcd¢fﬁd¥'bolllnd‘sysfems‘rdbrééeh} anoff ‘the
;Aolf‘tcchnologv that could be put Into oparatlon withlin 90 days to
éodnfrles wlth which the US dodesflc network has dlrect dlallng.
fhc problem Involved In puttlng countries wlthout direct distance
dlallng on the system are also soluble. The wmultiple access
satelllte systems on the other hand would be experlnmental
developments, tha detalls of which would have to be worked out} no
such satelilte service Is belng offerred by any vendor today. Thus
& major concluslion ot thls study [s that telephone polllng systems
could economically provide large amounts of communlcatlons capaclty

to the IARCsS. Thls posslblilty should be explored furthere.

In closing thls chapter, let us note what the estimated costs of
;bch electronlc transmisslon of messages for the IARCS would be.
The cost per page ls presented In the last column of Table 3.3,
The costs In that column, It should be emphaslzed, are calculated
on the assumptlon that tha system ls used to full capacity. A
private I(lne volcesdata network would cost about $1,640,000 3 year
and could dellver over 1250005000 pages of text for 1.3 cents per
‘pago. But the cost of the system would not change If 1t were
VCerylng only 125,000 pages, but the cost for each page would then
jump to $13. Not altl the Ilsted systems have equally flxed coets,
but ln each case the computed marginal cost per page cannot be

assumed to hold ar less than full use of the system.

%
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fﬁif%93?3¢for3the‘uosf affract;Vn«sygtousws-;fg}pghonnipo!llng or a
WUItlple ~ access satelllte  system at 2.4 KbpS == range between 43
and 26 cents per page. (A page It wii! be recalled Is taken as 25Q
wordas, a normal doubie space typewrlten Dpage.) This 1ls still
somewhat more expensive than the poste A densely printed or typad
single sheet wlth say 504 woras canv be malled for 26 cents.
Prlhteq matter Is aeven cheaper. Honéver. costs in tre 205,?0:“05
of cents with next day dellvery are clearly hlghfv competlitlive with

use offthe mails ana much below present telex and telegraoch costs.

Technlcallyy, it 1Is possible to go the next step, to systems that
brlng'the cost of sending a page down to a nlcke! or even |ess.
That 1ls not possible, however, on the scale of an experiment
Involving only the Internatlonal Agricultural Research Centers. It
requires a volume of trafflc far larger thay that which the IARC®sg
would generafre. Alsos, as we note In Taole 3.2« the handilng of
that volume of trafflc would require computer capabliilities both at
the teraminals and the center far bayond the Lntelllgent terminals
and mlnlcomputers we have discussad In thls paper. The requirement
for more advanced computers Is not Included In our cost estlmates,
but It does not follow that our estimates are too lows They may
equally well err In belng high, for more powerful equipment that
costs more In total may cost less per unlt of tratflc handled. Al}
We can say Iis that the flgures for futeristlc systems should be
used with more cautlon than those for off the shelt eaqulpment which

1s now commerclialiy avallable. The broad concluslion 1s clear,

97



#WHAT® IS ECONOMECE::

rée“”hd”the‘flrsf'sfeps tonard‘beffer conmunlcaflonilnﬁfhexLocswtheya

;‘genrbﬁe faken Vaven ¢ by the IARC' «orrother;slmllanalnsflfuTlonsc

: lone, fhere Is a: future prospect of dafa:and fexf communlca?lon.af
_ cosfs fwo orders ofﬂmagnlfude¢Uelow DPGSGN?*'GVQ'Sm

cosf/year(ouﬂ): Pagesldav/node :Cents/pge,

1A TeLex-lou usage $149 3.2 311.3..
{8°""" <hlgh'usage =~ 7897« L9 we .,_11,-,30,%,.
2. Leased teletype 897 316 «68
3 '"Leased volces/data  -1s640° +309360% L 0 013%

~~~~~

e "({4e8 kbps) ¢
LA -low usage

‘u Telephone polting | W;SZ‘ 76 43

48 '~hlgh usage - c1e 1393 o 309 e26..
5 Comsat 19520 224222 «016
b Multlple access

74 small dishes* Toww b
6A_75 bps 297 24 3. 00
687 2.4 kbps - 420" ;4?75 w81,
ec 16 kbps _ 524, 3038' .05*

¥These sysfems have a capacl?y that could not be fllled by nessage
traftice ~The cost/page- flgures ls utherefore unreallistic unless
other uses were found for the systemy In which case different
terminals mlight” be requlreds:which -mlght elther Increase. or
decrease the cost estimate. '

$At 2.4 kbps instead of 4.8y TNe pages Transm;rred uould be cut lh
halt and cost per page doubleds«: . uoo

Table:3e3:

" Costs: of: Alternatlve: Sysfems..


http:66'j2.L4
http:Pages.day/no.de
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- CHAPTER &
IS IT USEFUL?

" The RMOSY. lmportant questions have not yet been ralsed. We have
shown above that fhere are ways of electronically dellvering text
and data among countries for costs substantlaliy lower than those
presentiy used. Does thaty, we must ask ourselves, make any
slgnltlcant difference to tha LDCs? We have also shown that by use
of a telephone poltlng system [t should be .posslble to
substantlally reduce the communlcatlons expendltures of the IARCs
and/or greatly spead up their communications abroade Is that we

inqulre a matter of any great lmportance to them?

We address ourselves in thls chapter to those two questions, flirst
the g2neral question about communicatlons and development, and then

the specltic question about the IARCs.

The Communlcations Needs of the LDCs

COMMUNICATIONS AND OEVELOPMENT

There 1Is a large |lterature on communlications and development. It
has recently been summarized by Frederick Frey In the Handbook of
,QQPEHQLﬁﬂllQD- (1) Hls bibllography has about 40g tlitles. Perhaps

f}ti}lfhlilfd§78§l§fPgdt;QHllﬁQEiScﬁréﬁgp- et ales eds. Chlcagot

'Qﬁgn
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t"ﬁ’a ‘y d Yins R i 1 oy i
the cr clal lssue nas ralsed oy iDantel *Uerner: ln»igsaaln.The

‘S PFEAdL FoREN ‘SEEIETY S (1) 'HE 5 prasentad «“the 7chypothesls

fhe' ' growfh of ‘mass ‘medl'a‘have ‘s psychologlcally broadening

Paésfﬁ
that
effect which gausas modernization and devel opmenti {:Numerous :later

‘ g; rs soughf to challenqe Lerner's assertlon of a causal

%) '»"y & fﬁz m,“, o 4
H » N i . H

.l ‘” v’t‘v 3;
‘ atlong\argulng fhaf the undoubfed presence of a correlaflon
5 $ [T PRV o ARSI

gﬁéﬁgeqé%qﬁﬁglqpmggt}bapd,”thg qqogth of communlcaflon could be

explalned just as ual! bv qfhe‘ opposlfe dlrecflon of éausallt;;
Howevery, the Lerner hypothesis has stood up wel! affer numerous
attempts to test or challenge 1t. (2) It ls not the whole sfory.
Bit  "thé*“evidends ‘Is’ strong for there belng a causal relatlon

between modern communicatlons and devalopment.

The mechanisms through whilch thls can tszke place are manvye Lerner
based hls thesls'to 3 |arge extant on tha osychologlcal process of
broadenlng of empathy. Others have noted thé'breaklng of the - hold

ot tradition, the ditfuslon of Lhnovationss  (3) the ralslng :of

Rand McNaltly, 1973
(1) Glencoe, Ill.t The Free Press.

(2) Hayward Alker, "Causal Inference and Poiltical Analyslis™, In
Joseph Bernd, ed. Mathematlcal Appllications In Politlcal Sclence,
Oallast Southern Methodlst Unlverslty Press, 1966. Phitllps
Cutrlight, “Natlonal. Polltlical Development? Measurement and
Analysls™y, Am. Soclological Revlew, 28 (Aprll) 1963, 253-264.
Donald McCrone and Charles F. Crudde, "Toward A Communlcations
Theory of Democratic Polltlcal Developmentt A Causal Model®™, Am.
Polltical Sclence Rav. 61 (March) 1967y 72-79« Gllibert Hinham,
“Pollitical Developoment and Lerner®s Theorys Further Tests of a
Causal Model™ Am. Polltlical Sclence Review 64 (Septs) 1970,
810-818. - :

(3) Everett Rogerss, QDlffuslon of Innaovatlonsy New York:  Free
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exgectationsy:i andi«:the ‘si‘xb.i.-'-o,é,de‘n iné zxo‘fs. «~the, arena.of polltlcal and

(g

feconoulcgracflon.zp(ih““,nhateveqL}fhe mechan1§m on mechanlﬁms. the

;grontheola comuunlcatlons does ; Seem ;.10 e 3§, Fﬂlﬂﬁm feetorfyln

[

'st;mp]atlngmdevelopmenn.

‘A ‘prlocls that concluslon is hlghly plausible. "Anyone who has
:;i:; ?;‘i;froduce an agrlcultural lnnovaflon. ‘as fhe “IARCS “ ‘haves’
or 'fo' change nufrlflonal or procreational hablts Is acutely ‘aware
of Aeu Luportant ls fhe human.procgss ot ‘achleving ‘understandling

’ ' ,.2;>,>‘%>",.,

and aotlveflon.

‘Asi;aizwofking: hypothesis. we can take .lt that the’;@pqovggenfxet
educatlon, organizational .communlcatlon, and mass communication can

contribute greatiy to the process of development.

There;ls.aniaddlfrlonat.polnt that should be notede 1In a world of
Ancreasingly @sceg;egpnxslpetiQe§gyrce§y}t»lsbegegg}qg.}neqeeggqglv
ditflcult. to assure: every.human belng. on earth the same né999°fv of
lron, steely, coppery beet, airplanes, automoblles, and highways
'?ﬁg?wﬁéeewﬁéen"Ehfﬁ?éﬁ’b?”?hé“brdfllgafe‘clvlllzaf;ensrpffthepHesfg
There ares however, certaln modern  goods that ,do. nof drau as
,excesslvelv ¢t OM ~thoser - SCarce resources. comaunlcatlons are ameng

£ L

;fnese. To enable all fﬁh uo;lds populaflon to en]oy the nuslc. the

Presss  1962; Medsernization .. Amona Eeasan.ts:. Ih.e Innas:. n.t
nnmmunlnallnniv New Yorkt. Holt’ Rlnehart’ and Hlnsfono 1969,

(1) Ithlel de Sola Pool,. :“The Mass Medla and Pollflcs In the
Modernlzation Process”s In Luclan Pyes ad.y Communlcatlons and
Palltical Qevetgpoments Prlncetons Princeton Unlversity Prass.
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dramaY on” 11T RE" tha  Rawss - the Khowledge,! and thermeans 'of expresslon:
thaY modarn’ medla provide 1§ ‘tar 'more -ifeasible than.<to . provide;
averyone’ with' certaln’ other’ thingss

Beyond these generallzaflons,{ We can also note a nuuber of much

[ v AL ; Boae k.

more saeclllc navs in uhlch fhe gron?h of the newer fechnologles of

electronlc communlcatlon can confrlbufe to the currenf needs“ol fhe

LDBS‘.

The less developed countrles of the worid require large Injectlons
of Iintormation ln\ fhe form of fechnologv fransler it they are fo
nauqugppomlc groulh and developmenf. Houever fhe means loﬁ
acqulrlng it . are largely beyond fhelr reach. Today a chasu
separates fhe research faclllfles avallable In developed counfrles

such as fha sL}brarv ot Congress, Heldner and Nenw York Publlc
Libraries, the Brltlsh Museum, the Moscow State Library - from tha

extremely |imlted research facitltles In L0OCs.

Hlth .the develonmenf of database publlshlng to cope nlth t he flood
of new lnformaflon, the LOCs poslflon ulll norsen. The LDCs ulll

not have access, to such lnforuatlon resources unless some nefhnd fo

v I
Lgclllyagg:m;nlqrnatlon transfer 1s daylsgd.' leen thelr lack of
rasources they cannot be egpe;fgd to make uuch use 61 4uodern
Information retrievat sgsfems or computar conmunlcaflon unless

i

presenf rafes lall by at leasf an order ol magnlfude.

Such an’ order of magnitude dialnutlon- Ini“the t“rate «for: :long-haul 

L oyt

computer renééﬁiiaﬁteilioﬁ‘Wxgﬁkhbfﬂvau%“bfﬁwhééquesflonﬂuI?%§9!!§f
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Ilkelysfhat anxulnternaflonalg¢pafa communlcaflons  nefwork, . uslngm
 :packet-sutfchtng~» fechnologv could.- nake,:access{;;qﬂmdatarmpa§g§?
,avallable trom anywhere In the world. at a  communlcations .cost .

less than a nlckel per 100 ‘wordse WiIth such a network the
Infornatldn gap would rapldly be"naFFSHéaih‘wh”"ﬁEseéFEHé? in “a

university or plannlng otflce In an LDC nlfhout adequate raference

R ¥y tr ey ria Ty w TR

sources“of lfs own could retrleve a facf from whafever dafa base he
wished anynhere in the worid for Ilttle more than the cost of ‘a

doméstic "telephone :cally -somethlng he .could. aftord.

In short. as advanced countrles lncreaslngiy frahsfeﬁ thelr
ot B AN RETEEE R N SRR T

reference maferlals from hard copy Ilorarles to computerlzed

@

retrleval’ systems. fhe ﬁﬁcs wl?l el?ﬁeﬁwfall‘furfher behlnd In
lntormaflon capaclty, or wlll begln to ’cafcﬁl up depending upon
whether they afé‘ llnked to fhese new 'infohhafldn stores by

tetecommunlcations or note.

For a telecommunlcations system to serve the LOCs effectively as a

bearer  or “fééhnlcal' yﬁnéﬁfedge; it must have certaln
Ve cL00 B Lo PLLoET .
characterlsflcs. If uusf be cheao. "It must alsos bDe rellabley
ptoen

relaflvelv rugged. and nor requlre hlghly sophlsflcafed malntenance

and operaflng personnel. It musf operafe even ln the absence of an

;"'\»

elaborafe lnfrasfructure of stable electrlc currenf, natlonal

e bt

mlcrowave 6h 'cab!e nefuorks, and smoothly functlonlng telephone
service. Flnallv lf musf llnk fhe LDc at Lts wlif fo anv ‘possible
sources ~of -.datay, not.just.fo.ones Ln a favored metropole on which

:ﬁtwls dependents. . Those:are not lInsoluble requlrements. There ,are

pEGR E S
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technlical options In the satelllfte 'systems. :chosens.: In ,the .

S

pgﬁg&gll{tggs of message switching, and In the pattern of

ngtgpcnggfghgchwmgy qu; these desi&érafé adhlev;bfg;
Infeérnational’ computeér -communlcatlon using store and .forward.
messagé Switching is'a technology particulariy well sulted to the
need of thé LOCs. It bypasses, rather than belng dependent upon
fﬁe'brobieﬁs“of‘fhe ordinary phone systems With the ordlnary volce
telephone cally both partles have to be on the spot at the same
tlmey whlch can be very frustrating Lf |t takes a couple oi hours
to complate the circults HWith a store and forward. system the
message sits iIn the transmitting computer untll the clrcult Is
avallable and then gets sent to the terminal for which It Is
destlned. That nmay happen af‘ any hour of the day or nighte
Furthermore, low cost ground stations can be lInstalled In remote
reglons, bypassing non-exlstant or overloadad microwave or coaxlial
long tlnes. Moreover; sophlstlcated data processlng operatlons can
be done by remote access to tocations where the prerequlsites
existe The maln timltation on local facilitles at the grass. roots
Is the 'servlicing of terminals, whlch suggests that In . many
locations simple CRTs and typewrlter termlnals wlll be the order of
the day for a time  to: come; these wlll convey orders to more
sophlstlcated equlpment located where Lt can be serviced., . .Thus.all
that the local service must provide ls the capablliity of carrying
low ~grade code such as that which currently dellvers telex or

telegrans. _Infacnat;oan_éqmpg*er communicatlon is well within the
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stafe Gf the'artifor ithe LOCSs

There 1ls no doubt thaf in the short run . fhose countrles that ftlrst

e PR LSRN s N SR

develop data faclll?les gain a jump on fﬂose That follon Taters
ThoSe ‘¢duntries that have .not developed adequate.data and computling. .
résourées may have ‘to ‘use :them where fhey , exlst. by, means of
telecommunicatlons  :“A. :question of Lmportance ls whether that Is a-
sel f-perpetuating 'rituation-or a self-corracting one.. The evidence

Is“quite strong that It ls not a self-perpatuatling.slituatlon.

Flrst let  us look-at some  analogous. historlcal. sltuatlons. Kar!
Deutsch-  has ~analyzed: international. and domestic mall flows,
sclentiflc Journals, and. sclentlfic cltatlonse. (1) What ~he found
surprised’ him. ‘- He . found-that the proportlon of foreign materlal
decilned wlth the maturation .ot - the . soclal system.. Orlglnally
develdpment ~would: - take ~place in one or a few locatlons.
Consequently there would be: much .Interaction between those centers
and - ‘the rest ot the worlde. Gradually, however, local businesses,
or ‘résearch centersy or journals were.founded and people lnteracted
more with others who:werae convenlently close to thems Contrary to
the 'standard clliche about.the world.growlng smallers Internatlonal
Interactlon as a-proportlon.of all Interactlon declilned with time

In maturlng soclatlese.

(1) “Shifts Ln the Balance of Communlcations Flows®, Publlc Opinfon
Quarterly, voles 20 Nnoe 1y pPpes 143-160.
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EVery * ‘one ““ot " “Us ¥ can ‘glve “apparent counter-examples {rom:ounsown
éxperiencé of rapld* 'growth ‘of International contactss--but. ask

yolrseit "['t 'they are not In’ Innovative stages of a‘process:

There ‘arey however, also other counter-examplest - cases where
forelgn dépéndence ‘acquirss a self=-perpetuating character. That
tends to be the case In hlghly capltallzed activitlesy not In the
K&nq of Intellectual acflvlfy that Deutsch discussed. It an oll
field Is developed in country A, Lts customers In other countrles
be:ome signiticantly dependent on it. If superpower B sells Jet
flgpters‘ to a developlng country, the latter becomes §lgn1f1canflv
dgpendent on B8 for training and parts. If a forelgn lnvestbr opens
an lIndustrlal plant In country C, there wlil be a confinulng

relationshlp over many years to follow.

In shorty one must distingulsh the developmental pattern that
follows on different kinds of lnternational relatlionshlps. Examples
of qulte dlifferent International patterns are offerred by
agriculture, extractive Investments, Industry, and intellectual
actlvities. Forelgn lnvestments In agriculture whether by settiers
or by creatlon of a plantation system have profound soclal effects
which usually conciude In more or less violent Intergroup confllicts
because so many thousands or mlillons’ of ordinary people are
directly affected In thelr whole way of - Ilfe. Investments .ln
extractlve Lndustrles ' are "usually Seen by ' the local people as

particularly exploltive because few ~ local “‘facliitles ' are

1o7
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qufébﬁbshédifﬁandawsowthegénd ongfnqurggq§sﬁg§;oggen%gxpgggrlgnkqg
‘déﬁﬁaftdhaltzafrbn& Investment:ln heavaeményfaglgqlngg has .. qulte
differentuzeftects. : It;ls:much:more .favorable to development, but
also has the partlally self- perpetuating character noted above.
The“~lntruslont:ofwsenvicenand lntellectual actlvities has a quite
dlfterentvetfect because: they: are;labor Intensive.and, .the. Inltial
pﬁacxiflonerSﬁhaVQ%nowwaygot.keeplngg1h91rﬁmongpqlgqg

The developmenf of movles lllusfrafes the polnt. OhCé}dbénﬁé time
S R A S

1n the 1920° s and 1930 s Hollywood "had a franchlse'*éﬁ’ the world

hl .
© B, s . P ¢

clnena markef. Hollywood plcfures were made for the Amerlcan
"f\ R . ‘ . - , ‘
audlence, buf thev had a unlversal human appeal. As a result local

entrepé@neurs sef up movle houses evervuhere - luxurlous palaées In
sonéﬁricﬁ cltles or benches 1n a shed In some developlng villages.
But the flims were mostly made In Hollywood. That dld not last
longy howevers - In Indlay In Japans, In Turkeys In Mexlco, local
producers dliscovered that they could make movles too. The actors
and techniclans were not pald Ilke the Hollywood stars or wunlon
cameramens. . Production, -belng Jlabor lntenslve.‘jyrngghouf to be
cheaps: 1t not slick. What lIs more, the local audlence Ilked fthe
iocal - product] 1t '~ was .better .attuned to thelr taste. So the
corlglnal. inflow of-Hollywood tlimsy by leadlng to the opening of
:movle  houses, lald the foundatlions.for a local. Industry. Far from
‘Hol lywood®s. activitles being self-perpetuating, they, turned out to
‘be : 'selt=erodinge : Today, .most Amerlcan movlie makens find that they

«must go. iinto co=production mith .forelgn makers If they  are  to
A £ ¢ i t S 2 N X P B A R A o T IR lé?“f
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To a large extent that Ls the pattern that ‘one ¢an ‘éxpedt from
Infernational computar communicatlon. ' It technlclans®’ln ‘a’“less
JéJ;Tgbé&ﬁwézﬁhlrQ‘a;éAthﬁlhed:fa‘ddeﬁafe on & modérn compUter from
,a renote fermlnal, gradually, ‘but ‘talrly rapldly, programmers wity
gé? tralned and analysts wllil learn to use the computer. Soon they
wlll be dolng ‘thelr oun Input and developing thelr own data bases.
fﬁr short.r fhe maln barrler ‘to entering the game ls tralned humans
and accass fo @ machlne. ‘Remote access provides both at an earty
élgaé; | Sééﬂ;mlnlé and then larger computars will follow, once the
skilled personnél exlsts. Telecomputlng accelerates, rather than

Lﬁhlﬁlls, lﬁ; déQélOodenf of computing In the LDC.

There 1ls an element of the situatlion that Is less ftlexible, less 3
tunction of personnel tralnlng and more a function of flixed capltal
Investment. In the past the computer Lfselt mlght have seesed: |lke
a masslve capltal Lfem that LDCs could hot easlly support. In thls
day of powertul minls that Is no Jlonger a conslderation. True,
very large operatlons may be done- by ramote computing to take
advantage of facliltles the LDGC does not haves, But even that Is a
useful learning experience by which some computer techniclans learn
how. -to. do. thing that they ‘nlllidovgpighelr:ng;t 99“°f§?;°n@3!
maxi-minls soon aftere.

So it Is nof fhb'hééd for capltal ~ lnvestment ' In"" Targe “‘compu'ters

WECS LA

CORES I kS AN it I DI S P E T “1 A&, So e b Loy gy 4 [
fhaf checks "the ‘spread of Independent computer actlVlties to ‘the

e
Ed
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;f{LDCs." Hore lmportant In that resoect is Ilkely to be Yigats’ Tbasess
JtPu?tlng fogether a llsflng ot all the phvslcs artlcles oubllshed lnr
L“_ithevnasf decade Is a nasslve Job and uhen someone has done lf onces
Liis.not sensibls fo do Lt a second tlae. It Is therefors ea":“'l
f@qg fhatptnoseMcounfnleswthatzgefma,lumD.Qn¢ga$§};g§§3\wpq?ﬁ§§h}pg
are. likely to .keep .1t for, some *lma':»:”éﬁ?{h?!?séfdétéﬁba§e

LS

publilishing ls stlil In Ltsnlntancv.kaangllid§fl{[ﬂva§(A’roqgoétoh
countries. to. get Into Lt, and clearly many will. Msjo?\ 5_93'.',3' dé*"a
bases abe -inherently  raglonal or. natlonal ﬁ{o  thelr‘ cooienf;
Noneftheless,. forn , this.  .one ﬂnb{?q ng lnfernatlonal comoufer
communlcation SD?GQQV5{Qﬁ3’m?7;99;69?";9va! tcool Qatg bases) 'oor
general concluslon. .that a lead i"',ﬁﬂféf“?1§°“%! computer

communication ls not self-perpetuatling, bdbut rather self-eroding,

should perhaps be Silghtly quallfled.

In  generaly Lt seems clear that 1t ls In the Interest of the LDCs

to.glve substantlal prlority to telecommunlcatlons development.

ADVANCED. SYSTEMS FOR THE LOC®S

It Is often assumed that 1f an LOC cannot make Lts ordlnary
telephone system ﬁbrk“?%ilk?%ht&hi1v.“Théﬁ”lf”cértalnlv*caonof'use
Sophlstlcated new technology such’ as a packet switched: computer
communlication network uslng satellite fransmlssion.  That: ls«a

tallaclous concluslon One can lmaglne someone saylng. lusf before

Y. £
the  transistor radlo revolutlon hlf fha LDCs fhaf 1f those
' / L ¥t

countries could nof oalnfaln a convenflonal press or wide

{2 =
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_disseminatlon of ordinary tube radlios, how could fhey 1dlg the

SR Y g

new advanced fechnologv of the transistor. As that example makes

"‘"ﬁ’ Wiggn R THINER O xﬁl":

‘¢claary fhere are sone advances ln fechnology that make operafl‘n
By ot 5

and melntenance easler. One has fo examine the ‘partléufaritles’ ‘of

l

anv advanced technology before one can assess its’ aooroprla?en $s

RS TS AN PR T O R

to the LOCS. Advanced or Intermedlate Technologlest

The satelllites now avallable uere optimized for the needs of the

- . ~ % . N . . . e
developed counfrles, nof tor the needs of the LDCs. We can explaln

fhls by conpahlno two sets of satellltes whlich we shall” cali

conventlonal“ and “hlgh pouered“ The current commerlcal

safelll?es -such ‘as Infelsat, Anlk in Canaday HWestar In thls

e
o

coun?rv, nhat Hughes ls bulldlng for Indonesla, are all what we
call conventlonal. They mostly use fne 4-6 glgaherz (GHz) bands

uhlch are falrlv crowded so fhe blrd must nadlafe‘ a rather weak

3]

slgnal (5 naffsl. Receptlon requlres a large expensive dlsh. The
sfandard Infelsaf dlsh is 95 feet iIn dlameter and so the ground
sfatlon cos?s one fo fwo ullllon dollarse At conslderable loss In
etflclencv, and thus cosf. one can operate with smaller antennas.
Some countrles use 50 feef dlshes that cost about $2505000.

Antennas are now oelng bullt for off-shore oll rlgs. that cost $140

fo 3150 fhousand. For one fno-wav telephone channel one ‘can use “'a
5t

16 loof dlsh. To recelve TV lone-neyl one needs a 32 loof dish’ nlfh

NS RN 4t G i aop ¥

such safelllfes. Honever. for fhe broad-band fno-ney and nanv

s Ena pabor &40 slnt i tg o

volice channels requlred tor 5"5uéflé”"¢oﬁﬁaﬁrcst1oﬁ‘““§9£féﬁ.

wwd L d b i wteena GOS0 & Sstyin
conventlonal sateliltes requlre expensive ground sfatlonsvand'so

411
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faw ot"them Wi il b bul'i'f.

.;n a developed counlry the soarseness of ground sfaflons does not

: RRAEES) DO ot e gy S ; -
jmaf?eg,é slnce lhe o scatyered ground sfatlons leed lnfo the
% Tt G A VRIS i SUME ORI LnY D

tlerresfrlal netuork thaf ls already ?here. Infelsa? messages are

''''' e & ¥ ; [ # t’u ‘%- a0 \Ab"»\'-'. e E
% o IR Sl k.,l,x T '413,-«

picked uo on elfher fhe Easf or Hesf COast and from there go over
A ey

“the Bell‘systen or Hesfern Unlon llnes.

Forran underdeveloped counfry llke Indonesla the: need is for a

TN w8k ;3 SR D ey

:gylle dllferent systen that ulll have ground s?aflons scaftered on

eV rv’gsland and dlsfrlct town! s}ncemthe landllnes are(nof ‘fhe;e;
gfg‘do lhat economlcally requlres brlnglng down lhe cosfiol theghany
;g,oundwﬂstaflons,_ °V9?,HE}TAJ“P expense ,ol uslng a somenhalf;o:;
,oxpenslve satelllfe. Thaf leads fo ifhe _use ol hlgher goouered

;§gLellljes . on uncluflered parts of fhe specfrum such as the 12-14

&5? band. NASA's ATS-& nhlch nas used ln the Rocky Mounfaln and

, X o i
gﬂgolalchanw experlnents and ls nou belng sen? ?o Indla for vlllage
ST DI NS S gy o~ Rl e ] @

.proadcasts ls an exanple.vgﬂonever, fhaf porflon of fhe Speclrun

S G
v o
‘ R

il Gravya s.f_uw 0 H

and that type of satelllfe are stlll experlmenfal and only partlv

understood. Nonetheless,glven such a zu nafr safelllfe, Bruce

SIS L N R PR

Luslgnan of Stanlord esflmafes thaf"one could send Tv one way fo

ey “'i. K3

W NS S T o B

23

,3b000 ground sfatlons and fhat lor 820.000 fo s#U,UUU one could

g} wE T e
provlde l,} rural toun”,nlth _one-way vldeo and some fno-nay volce
channels nith snllchlng capaolllfy.h In shorf. lor a very' snall

R + TR R R RS YRR

;nvesfnenf .an lsolared rural locaflon could Joln fhe nodern ‘world,

S

glven a hlgh Jpowered. sefelllfe.

‘1z



CHeIeTe pbu;cosr‘connyygggggoyisgg THE LOC"S AeleDe

Hhen such advanced satelllfe systems come into, use%#asughey surelv$

L1y there nlll be fhousands ot ground statlons for each
's;f;liddz, gE'QQZEHng%; tgd ground s¥arlen W11 "Clearty'™ domlnate
thdlyzzggl&i;uaflon.'t This then ‘18 ‘an ‘exampie "ot an’ advancad
tﬁghnodogv at fhe‘llmlf ot ‘the " state of the ' arf’ whlch < s ‘lof
'd:;fié:;é;“lnferesf fo LOCS.

Ahbrhenuexamplerptfan'advagquﬁtgqhoqjogx that shouid Interest LOCs

I'si'nacket iswitched data networkse .

413
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© ISTIT USEFUC?
Stages of Development?

VItH developlng counfrles sluplv lmltate fhe :sequence of s?eo¢

oA T AR N O

..folloued by. fhose uho Came before fhgq ln adopflngmnew fechpoﬁqg;es;

ney ulss the onPortunltv of rapldly closing thewféch;;f;g;;;;n ;;gi
-ihlch separates them from the fechnologlcallv advanced natlﬁés.”!};:
the history of technologyy Lt ls 2 common phenouenon 1haf thLi;}:EW
cdnn};ies‘ uhldh”‘adopf”aifechnology,ﬂadoprﬂttﬁln ‘Its more<:advanced.
torms, sklpplng over the stages of ““dévelgpment itollowed * by:: the
ploneerse. For example, telephone Inltally spread more rapldly In
the USA than In Europe. As a result the Bell System had a [large
Investment In manual swltchboards at the time when automatic
dlatlng was coming Ine 8y the ;930'Sv two-thirds of Western
Europe's telephones had automatic swlitchlng but less than halt of

those In the US ha& this capablilitye.

Developlng countrles benetflt from many current examples of this

ablilty to skip stages and close the gape
Centrallzed Services!

Though developling countrles can and should use some advanced
vf.;hnologlas. they often can do so only In a few locatlionse. The
'udlfference between an goc and an advanced country may not be great
 ﬁn the kinds of things done In the top lntellectual and
, 6rgan1zat1ona| centers, but rather Ln the extent of dlffuslion of
edveanced methods. The oconouotrlc analysis or compufer facllltles

- in the top ’unlverslfy or cenfral plannlng of!lce may- nof dlfter

LAk
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auch between a EUFGpdanicountrysand:aniAslan.ones but the back upy

and numbers ot such centers may dlffer greatly.

The lmpllcatlon of fhaf fact ls fhaf uanv advanced actlvlfles musf

PR

be central;zed ln fhe LDc's, and fhelr beneflts dlffused bv

% LAY o ¥ AR R f l 3 1:' i ) e S g [ R
f?leconmunlcaflons. In an advanced counfrv It ls posslble fo have
YESTT Ry RS ta g RIS LY

many good llbrarless compu;er‘cen;:rs.‘medlcal cenfers, or ;eacAZ?
tralning lLnstltutes. A developlng country may have only Bn;'B?
adch, and thereforae has much. greater need for:putting that: one, op
line’ to: the' whole .countrye.: . Tralning teachers by TV, advlsing
medlcal technlclans by: talephones, backing up. local adminlstrators
by “on-llnez ‘services -may berﬁevennmoreﬁlnporwanf,ln,aedevelqplng
country- than' a developed-ona.

The lnternatlonat agrlculfural research cenfers with thelr ou?reach

P

programs are examples of lsolated cenfers of davelopnenf uhose

Influence on the rural norld around tnem could be lncreased by

better communication faclilities. -

15
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Thé CommunlcatlonstNeedsiot:the IARC!S

| h'suavev OF IARC COMMUNICATIONS

i }d‘v Cesltlvivan poussvby woae fo

,rg ascertaln fh? curront communlcaflons pracflces and neads of the

Vil Yy i stitgn it g LTIE G amtr wl nw o
IARC‘ we conducted a survev, asklng elght of theu nhaf 1hey uere
‘L 4“' S # !‘ & 2 ,u NACEA T A a‘ S A e Cey 4.,

dolng now in lnfernaflonal coamunlcaflon, and of whaf problems ?hey

were aware.

As a*turther test ot the'present::communication .sltuation. of the
‘Centers, we conducted: the survey:by telephone, completing all elght
Tnterviews after  soma 88: attempts..(1)1cIn:generaly; once the . calls
Wer's'' completed, ‘'sometimaes at 2800 :AM:+ US .timey: the. quallty of
fransmlsclon was usually quite adequatey:at. least.at the -US  endj
al?hough not always af fhe IARc. The dlfflculty of gef?lng through

] [T T

to those olaces uhlch could nof be dlaled dlrecf!v' made 1t cloar

et “3{

to os nhv the IARcs use fha ohone as lltf!e as fhev doe

The maln finding of the survey was that telacommunlcations are now
used by the IARC*s alimost wholly for adminlstrative trafflice.
Sclentltlc communlcation ls almost entirely by human travel or by
the mallse. Sclentists would be happy to communicate with greater
speed and rellablilty than the malls now provide, but present

alternatives are so far out of reach that the researchers have not

glven much thought fto the communicatlion problem.

(1) Another reason for .the telephone Interviews was economye. They
cost no more than a quarter of what |t noutd havo cost to send an
Interviewer around.

7446
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THE* INTERNATIONAL AGRICULTURALs RESEARCH, CENTERS),

Table Ge1 provldes a llsf of the Internatlonal agriculturat”

3%

research centers. lncludlng fhelr locaflon, budgef. senlor sfaff;

f .
S EH RN 2 A

0urrenfty, there are seven lnternaflonal centers ln operaflon, nlfh

i 7 & LA

an elghth about fo belng Lts program. A nlnfh cen?er ls stllt ln
S i .

the plannlng stage. Each of fhe centers soaclallzes In research ln‘

se'tected ‘areas: of’ food productlions

00-ordlnaflng thelr ’lsupporf is the Consultative Group on
Infernarlonal Agrlculfural Research (CGIAR) » Thls'bodi. under the
jolnt sponsorshlp of fﬁe Norld Banks the Food and Agrlicultural
Organlzatlon of the Unlfed Naflonsl (FAOQ), ‘and the UN Developmenf
Program (UNDP)’ conslsfs of 33 governmenfal and non-governmental
organlzaflons which fhrough thls framenork support the actlvities
of the centers and of related programs devoted to lmproving the
quality of“food productlion In the Third World. Tabie 4.2 llsts the
various ‘organlzatlons supportlng the CGIAR. It Is the goal of the
directors of 'CGIAR that each center recrult the most capable
sclentlsts; regardl ess of nationallty and exchange lInformation with
each “other - as well as wlth other research lnstitutlons throughout
the' worid whlch conduct research on matters which <¢an affect  food
production In develaplng areas. Heavy emphasls Is  put on_the
dlffuslcn of new farming methods to farmers, who can then apply the
techniques to Increaslng food productlon In thelr countrlesi the
centers are not, therefores Lvory tower Lnstitutions, concerned

with acquirlng knowledge for lts own sake, but are heavlly lnvolved"

T
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ln lts practlcal aoollcaflon.”f”As part sofiithis . functions ;. each:

_center malnfalns ‘exfenslva outreach programs in nhlch cltizens of

ke
BLITE Y L i o d

‘devaloplhg counfrles are fralned a? fhe lnsflfufes thensalveSo or

1 thelr “_pnm counfrles, Dorhaps evan 1n fhelr oun flelds.' rné?é'
‘ T : A RN

ls, therafora,’ closa ‘collaboraflon befneen the lnternatlonalw

¥

centers and many naflonal agrlcultural research cen?ers.

As can be seen, from Table 4.1 the:.centers. are of varylng slizes, In

parf duq'fo‘fhe facf that soue have only recently begun operationse.

SY bas R

Hlfh many of the canters ln fhe aar!y‘sfages of gronthy budget

t 0 IR ; S

ol

i

flgures 1nctude slgnlflcanf amounfs of caplfal expendl tures for
gg@g!rocfgon of nacessarv faclllfles.“ SSoha of the centers are
lnvolved 1 ln Lmllar researchs although In different areas of the
ngPPf Flgure 2'3, ln chapter 2 above shows the locatlons of the

cenfers ralaflve to each o#her.

In additlon to the Internatlonal centers, CGIAR also supports some
activitles of the Aslan Vegetable Research and Development Center
In Talwan, and the West Afrlcan Rlce Development Association. The
‘International Board for Plant Genetic Research (IBPGR) Is also
tunded by CGIAR. ~This organlization saeks to facliitate the
‘exchange of genetlc’:reserach data .among the centers and other

‘Important Institutlonse:

ﬁﬁtg
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Table 4.1 - The International Agricultural Research Centers

Center

Gross Financial Requirements#
(1975)

Senior Staff(1975)*
(Senior Scientists &

Area of Specialiégtion

(millions §) Administration)
core operating &
capital budgets
CIMMYT (Mexico) 7.9 55 Maize Wheat (sorghum & barley)
CIP (Peru) (1972) 2.7 19 Potato
IITA (Nigeria) 9.7 73 Root & Tuber crops;férain%iegumes;
Cereals; Farm Systems for humid
tropics
IRRI (Philippines) (1960). 8.7 49 Rice
CIAT (Colombia) 7.0 46 Rice, Maize, Beef, swine,yéaséava,
: beans, farm systems for lowland
tropics :
ICRISAT (India) (1972) 9.1 46 Sorghum & Millet; Grain legumes
Small-scale farming indry regions
ILRAD (Kenya) (1975) 3.1 21 Control of animal diseases
ILCA (Ethiopia) (1975) 2.6 19 Animal husbandry 4
AVRDC (Taiwan) (affiliate) (unavailable) 15 Vegetable Production in Aéia

*Source "Integrative Report", CGIAR, July 11, 1975

(except for AVRDC)



‘Taple 4.z
CONSULTATIVE .GROUP °ON; INTERNATIONAL AGRICULTURAL RESEARCH

July 11,: 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 Foundation

EN

i Be. Fixed-Term Members Representing Developing Countries

Asia Region Malaysia
Thailand
African Region ~ Morocco
Latin American REgion Argentina
T Brazil
SOchern and Eastern Israel
' Buropean Region Roumania
Ne@rfEaltern and South Egypt .
ﬂ Asia Region Pakistan
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Communicatlions . and. the International Centerss = The: Problem

Inpoptance .of Effective Communications.

Essentlal to the successful operatlon of the ‘Lnternational research
centers 1s ‘the capablilty of ‘aach of the centers to communicate
with the rest of the worlds Good International ‘communicatlons s
especially important to these centerss since they are usually
located away trom the major Intellectual and cultural centers of
the -Western woride. The lmpllications of thls for the operaflonslof
each center are numerouse. Electronlc comaun lcatlon |Is current}y
ysed.by the IARC's mostly tor administrative matters. _Phone calls,
telexes and telegranms malnily concern fravel‘ arrangements,
employment, purchasesy and fundinge The dlrectors we Interviewed
saw adminlistratlive efflclency as the maln galn from better
telecommunicatlons. Only rarely do the sclentlsts use anything but
the malls to transmlt technlcal lnformatlon. B8ut when 1t happens

It can be lmportante.

A sclentlst working on a project at one of the centers, for
cxamble, might rethré'é reprint or other relevant Information as
part of hls research. This Informatlon mlght not be avallable
;thln }he'hbsf éountrv. Thusy a request would have to be made to
a source ln a forelgn tand. Poor communicatlons can contrlbute to
delays In the recebrlbb of the lmportant Information, thereby
Ilmpeding the oprogress of the work belng conducted. For the
sclentists to be Informed on the latest developments wlithin fhelr

tlelds requlres conslderanle expensive travel by thelr researchers.

a1
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‘;fggéﬁfnsfv'?ﬁé' centers ' “miust ' ‘make "Imporfant’ purchases “I'n ‘the 'USor
”'Féﬁrope. Poor communlcatlons can lnterfare ulth fhe © “‘ordering

' Process. - Furthenmoney, . qgn;ggﬁ&ﬁ“qitn cGIAR headquartgrshlln
uéshlngton, D+Ce. :Should. be %9g§1c;ent?;;qm&QEQQr*ﬂto facllltafe
financlai..reporting, .explanatlion. .of budget brgdqgsts%:ocifotqu

administrative-matterse.

E!flclenf ‘communicatlons Is nééésséﬁv ‘for” the 'success of the

?z Beprey -y 5 I R T R R Cd e . N
varlous oufreach and soeclal programs conducted by ‘each”of the
.‘gx,&,j;w-f AR Lo x ; . P
centers. as uell as for malntalnlng confacf ‘wlth former "sftfudents
[R N R T

who have returned home and are Seeklng to Implement the lessons

;Béyklearhed'af)fﬁéVCent;Fs.

Since the centers arae Intended to serve as depositorles of data for
ongolng researchy each of them should be readlly accessible to

slnqulrles by LInterested researchers from atl points of the worid.

Good communicatlons are also necessary to relleve the feellng of
lsolation which . mlght occur among some sclentists from developed
countries who have, been re!gcafeq to jpg(cenfers. Theélnablp;(y to
communicate rapldiy with one’s friends and colleséﬁes as kell as
receive the latest informatlion on cultural and qolltléal gvsnfs ét
‘home might discourage some very capable people from workilng at a

centery thus depriving the Institution ot his expertise.

'tn sﬁort, communicatlons Lmpacts upon the research, adminlstratives
‘and soclal aspects of the centers. Poor communlcations can have
‘deieterlous Lmpiicatlons for the fUIfiInent - of the wmlsslons - of

Ay g’;c I8 X

”13 2
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each of the centers.

i oy RETE N Coar E oW i dpa ey e i L. . R 5 . . ’ e
To gauge'‘the“extent to which theicenters communlicatesy+we e%?mlned
éértalntactivitles of“thezcenters’ whlch “would serve -as ~helptul

Indicators ot thls,
Intormations Documentatlon, Llbrary

Cach”of 'the centers is Involved In some sort of informatlion service
In“which It provides reports on lts current research and activitles
t0 linterested people-and organizatlons. In additlon, each has lis
own llbrary and documentation system In which reports and data
relevant to ongolng research are collected and kept for use at the
centere All ot the centers have created genetic resource

col lections which are made avallable to Interested partiese.

Information services Include. such actlvitles as general newsletters
of current researchy annual reportss and technical publications
deallng wlth the results ot recent work.: Table 4.3 summarlzes
expendltures In each of these areas for each of the centers. (1)

Table 4.3 ~ Summary 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 106t 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 stuilled pecause it has only very recently Bagun
operatlons. S
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f}hegwecope eof“these actlvltles dependS‘ upon “the extent of the
?cenfer e oneraflons andtheqresearch andkdocumentatlon role,‘lt is
isupposed ~to ,ﬁplav lnﬂ,respecl for;the other centers ;and, to; fhe~
'aevéioping worids In general. Comparlsons of flgures mavqmalsowxbe

'mlsleadlng because slmllar actlvltles may be organlzed by different

e

1t g L o¥et rveay .

centers in dlfferent wayss In addlllon, some centers have7nof yel
reached - anticipated: . levels:-of -operations - Thus,. .tor ..exampley
CIAT's -expendltures. - Ln -~1975: for .Informations  llbrarys..and
documentatlon.was: reported In-excess.of . 350090009 -whlle that of
ILRAD "was ~reported-:as- only ~$274000. - (That: ls due.to .a large
extent,  to the fact that: ILRAD: is a recently. established centere.)
IRRTy *whichiplays a major .role In global rice.productions also:has

relatlively: hlgh-expendlitures In thls area.

In generaly, combined expendlitures In 975 for alli of the
internatlonal - research- centers for library and documentatlon was

845 milflony-or 5% of all core operating axpenditures.

In 1he area ol lledPV and documentaflon. holdlngs of the ceachs

varye ICRISAT. lor examole. had lass lhan one fhousand books and

bound volumeéf;l oerlodlcals as ot Narch. l97#, uhe”:$3 was stiill

In the early stage of 1ts development. IITA, on lhe other hand,

had over 7500 books. lz,ouo oerlodlcal. volumes, andi over 2,000
.Damohlets and reorlnts as ot December. 1974 . unlle lf is ditticuit
to drau lmollcaflone lrom mere numbers ol volumes 1n a ilbrary, 11t
_can be intferred that the relatively small number ol volumes on hand

flm fhe‘soec1allzed IARC |ibrarles suggests a need for jnformation:
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MeIoTe fr-Lou};'cd"sr;;co'm%;‘%yqut FOR THE LODC'S AeIaDe
’frouﬁoufside sourcas ln order fory . research fo be successfuL,

Eacih of the centers ls creaflng collections of 'LAtorwation "on

v

genetlc data.. The. purpose of thls 1s to ' ésféﬁf1§ﬁf‘ébeélaiiiéa

lﬁfdrﬁaflohk'centers nhlch can raadlly provlde genetlc informatlon
.tq%fhdseﬁorgangzatLons_and”people,Ln the agricultural develqpment
community who requlre \ff:“ ‘These data bases are belhg organlzad
f;tgga“strucfured netnork by the IBPGR In the COmmuﬁgqéfloﬁéf
Intormation, : and - Documentation System (CIDS) project. For thls
network to be etfective, however, each center requires

communicatlons facliitles through whlch It can rapldly access agré

stored In forelgn loca?lons and be easlly accessed In turn. The

L) 4

it w e g : {

cenfers currently lack fhls capablllfv.
Qutreach:and:Special:Programs.

The outreach and special programs of the lnternational centers
constltute a; . very .lmporfant . part of thelr actlvitlies. These
programs lnvolve;.the..statlonlng of personnel of each center at
other:locatlons.. This might lnvolve. the.sendling of staff to work
with:<.other-.-natlonal research  Instltutlons or with other
Internatlonal centerse = Such programs  Imply a need  for
communications between the. off-site personnel and thelr hone
centers on varlous researchy adminlistratlve, and personal matfters.
iqi us §umuar12§ some of these actlvitles. |

The: largest expendlture for outreach programs was made by IRRI.
That center spent ovar $2.8 milllon last year and placed staff In

such places as Srl Lanka, Indla, Indonaeslay, the Phllllplnes,
Bangladeshy, Paklstan, Egypts and Thal land.
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LITA spent over $1.6 mitiion’ Trr1e7s ! ‘toriott- slte&programs.~ “These
programs were conducted In Llberla, Tanzanla, Nigerla, Slerra

Leones and Zalire.

CIMMYT budgeted $1.3 milllon In 1974 for off-site outreach prograas
In such locatlons as Ecuador, Kenya, Central- *Anerlca, “Al'garlay
Tunislia, Turkey, Paklstan, Nepatl, Zalra, Tanzanla, and Bangladesh
and at the CIAT and ICRISAT headquarters. ‘ SR e T T Ay

iCRISAT spent $804,000 $ast year for progﬁamé‘“lﬁ?WHéSf““AFﬁlca
(N;gerla, Senegals Upper vdlfa. and‘ngeq[;

X — B e g e
i w A LA S |

-~ CIP. conducted programs In_  Latln Amerlica, Afrlca. the Near East,
West Asla, and Southeast Asla, at a’'total cost In 19750t $430,000¢

ILCA sent personnel to Mally' Kenva, ‘and“Nlgerla“at a‘total ‘cost iof
$330,000 in 1975, |

'AVRDC . has an_.outreach program at IRRI and a sub-center In South
KOl‘eao C ty Tl mIAL T RN L 3Ta e L TR T T S R DI,

In general, comblnad expendltures ln 1975 bv all ot the cenfers for
K AT

outreach was $10.4 mllllon. For IRRI and CIP, exnendltures for

- these ‘actlvitles - were about one-third"ol thelr .total budgets’ for

“last . year.,
R AR N 1

fﬁ%ﬂﬁegfééﬁdiibéiﬁﬁnléit[&nsfstemﬁlhg trom ‘these actlvitles depends
ubon’ ‘tha” eXtent of the programs. ~Thus, CIMMYT and- IITAs both. ~of
;;Ri%h “have “ extenslve actlvitles throughout the worid, mayihave'a
'??YSfIJEEV“hlbh need for COmmunlcéfInghQIfh these’other -locatlons.

As' the outreach programs ot the“centers Increases so will theineed

SO

-*f6F~gﬁaif%r»eohhunlcatxons~capa§1n1}1esi¢
e iy At R R mbre Lmal et , ¥ G
L S * ML SL A 1 PICI £ RS y(§ é.;
fEach of- the cenfers tralns 'Deople fron ~ varlous deve!oplng
Eodvawatt oy *4.“,% ER R E RSN S

-fcountrles. Once they leavo the cenfdrs, it Is very llkelv that fhe

A

ralpoe uould ‘glsh fo” couuunlcafd% hlth? the- center: for: varlous

R I 4 IS Fhoaiwoh s B TR N A B . RGO

_rqa:dns., Frou fhe*srandpolnf ot 'the contors. iguch:: coununlcaflons

o
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-
Sub o

,g;§g¢ﬁ¢gkgr5“g@%%ﬁt% reln g rcing the tralning uhlch they provlded.

ST E e 0 S ooty 8k Madus
Consaquently, .effactive comnunlcatlons ls lnoorfanf for thls area
pivi R YR WL " § ’ ! - Ee

of actiyltles.. Research Related C COmmunlcaflon ‘

A B I R N i

Scientists InvolVed ln'research sométlmes’'requlre-lntormationwhich
e S I A Ll Rt B Ty RGOV SR I I La A = ; ‘etleh n e
'ls  flocally “unavallable. “This informaflon’mavflnvolve“such“?hlngs
B T N o B T S P LR C e Cbwt

as reﬁrlnfs. results of an outreach programs’ or <experlmentss: or

consultation with a colleague In a distant land.

Most requests for ‘reprints are usually made to the US Llbrary of
Gongrass, the USDA Library 1n Marylands or the Britlsh Llibrary : In
Eno1ahd.  Universitles and research Instltutlons In both the US: and
UK are often the object of [ntformation requests. One center
ggprg§§gd a deslre jo:achs§ the exjgnslvg cpuputgrlzed llf?:ajure

seanch. systems. avg;!gple¥ In the US but whichy It Is presently

Some of the centers have a need to communicate with other centers
which' ~do 'similar works For example, CIAT, “TITAy and - IRRI
axtenslvely exchange Informatlon In the* area ' of genetlc data

resources and !lbrary materlals.

Some centers pelong to research networks devoted to specltic crops.
For examples IRRI serves as the hub of the lnfernaflonal rlc:
research n;tuork whlle CIAT and IITA serve as relay centersw»ln
Tatin America and ‘Africas respectively. ' Instltutlons in''the US ‘and
i%%iﬁiwﬁg“zo%%fF;?Egiii%éihﬁ”?éghﬁq?ﬁgﬁ”itiofb%TbhéWfo?fhlﬁ“ﬂkaGﬁki

IchkﬁT{iﬁa'CIMﬁfT are "hubs™ ' ‘ot " of??ﬁ?ﬂﬁfidgréﬁ““ﬁ3fHOFRSo%*“Tﬁo»
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s “hUbS' are supposed”to provlde leadersnipy SysTemarvic iniormavion

LS viogt ot SRS REE S }. EE IR RIS N i wog b oy ‘3 - ; Y, Ay H
exchange and coordlnatlon and “advlsory services for " ‘the - Y thar

members of the networks. A" mator’ géal 1s*for thé creatich of

collaboratlive.:and. .

LI

Jolnt...prolects. . among  the, partlcipating
Institutlons.,of,each network. ;Eftectlve cogrdination of the work

LEN Rt

of theimember,institutlons. of, these  networks regulres effective

TR

communicatlons.

In vconclusiony . each. .caenter. must have access to,tacliitlies wp;gp
enable it to communlcate w}fp‘ptherjlnsfltuylgns,igpgvulp tprn,( 99
accesslble for . Information. requests from locatlons throughout the
wor.|de

Several efforts are "being made to facllltate the exchange of
ih}b}matlon relevant to currenf ‘Fesearch among the Internatilonaf,
as well as other natlonal agrlcultural research centerss One of
these . 1s . AGRISy.  the, Internatlonal 1Information  System for the
Agricul tural Sclences: and Technology. The goal of this system is
o, systematlcally collecty organlze, and make avallable abstracts
ot recent articles In the flelds relatlng to agricuiture. The need
for such a system ls indlcated by the fact that over zoa.uuak 6en
fltlcs “In 'sgrxchf§uﬁir*’618rd§$“Vnave ‘been’ publlshed anhually In

.35 Favr g o
recenf vnars

(tAGRIS: is; organlized on two levels.  The first level conslsts or a

LS ]

Gompnehensive and rapld docuaenfatlon servlco uhlch nlll provlde an

RET LA

flnd.x & "’01'3 y.,,lc(%r .Qrfd ’"ln‘gfvorr-na flon; gxl n ‘ra‘. ' "‘":lu‘. .nd s .nowt F?“»vou rres pmo,pJ.s ltby»l'u"’ilﬁf’vi.

P
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The-second . level, contalns . speciallzed. servlices, Including the.

Lnformation centers and data banks would 9. utillzed

Numerous natlonal research centers "are’ contributling “to- # thils
networke  The processing and merging of Input from varlous sources
wili be accomplished st a central’ polnt, whleh wlil ‘be “an’<FAQ

center.,

Present plans for tevel C= 1 call for the publication of a monthly

Index, AGRINDEX, containlng approximately 6500 cltatlons.

Level II will lnvolve the creation of speclallzed lntformation
centers,. data banks and data analysis centers responsible for the
selection ot indexed artlcles In speclflc tlelds. Articles wlii
be organized Ln three tleldst veterlnary sedlcine, forestry, and
troplcal agrlculture. The maln actlvity of this level will be the
preparatlon "and dlssemlnatlion of abstracts through bibllographic
and’ abstracting services.

AGRIS IS, .under the general dlrectlon of the FAC which wll}

coordlinate the Interaction of the subject-raelated centers.

w

A..complement. to AGRIS Ls CARISy the Current Agricultural Research
Intormation Systeme In the process of being establ ishedy lf,_}s
currently belng funded by CGIAR but will become the responslblllfy
of.- FAO In 1977. The purpose of CARIS ls the esfabllshment 'pfafgp

international Intormatlon sysfeu‘vungchiplll,gq{loctgwproccss_and
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g*dlssemlnafe baslc ‘data on research’ lnsfltutlons: uorkers."prograns

o deuks 2

“and operatlons ln, orlon behalt of. developlng counfrles. ‘Its“goal
f‘Ls fhe merovlng of connunlcatlon betueen research lnstltuflons ‘and
,JQgsgapcnersﬁgpg,ggﬁbggg In.evaluating fhg‘gglgt1n9ﬁ53§?9;chaug!!gzt
by, ldantifylng .current, research being dons, by whoms In what
| Aocation and n9!1"9ﬁ§973ma!9?;9?°sss3"6,,“933995§3§3a}?“,ﬁbeﬁm*???l

agricultural research effort,

“The . CARIS, project Ipvolyves the creatlon of llalson offlces ln all
particlpating.countries.and the establishment gf E9§§§$ cenfers
throughout the developlng world. The local centers wlll be
?33;@3518]6 f65f§hhf¢bllecflon, !ndexing and "processing of data

:%lch witl be sent to a coordlnating center that will serve 25 a

hBF}d clearlinghouse for Informatlion and which willl establish a data

base for the preparatlon of directorles and data base tapes.

Jhe creatlon of data collectlons as part of ‘AGRIS andv CARIS at
varlous locations throughout the world ,pll} require efflclenf
communicatlions systems for the lnfernatlonai'wagrlcultural cenfers
fo " have “easy access to them and theréfore be able to'effectivaly
utllize the services.’

fhgﬂAgrlcultural Librarles Information Network (AGLINET)  has been
‘Created within the framework of the Internatlonal Assoclatlon of
}Airlculfural Llbrarlans and Documentallsts to organlze, at reglonal
‘and Internatlonal levels, cooperatlion among agrlcultural Ilbraries.

Hopefully this network, Ln conjunctlon with improved communications
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tacilitlesy wlil improve the process of lnformatlon exchange- among
P R A R R IR AL T T B I

the International centers nd be?waen them and the malor

F“g ‘5‘3' w‘%)

agh LEUTHUREI7 11braries” In' the worid by focatlng relevant cltatlons.

% \C”

AGLINET 1s deslgned‘ 16 complement”AGRIS: °

Earller, we brlefly raferred to fhe communxcarlons, Informaflon and
Documentatlion Sysfem (CIOS) of the IBPGR. The maj;r goal of fhls-
networky whose ,headquarters are ln Boulder. colorado, is t&
assemble a |ist of. avallable genetlc resourcesy the Iocaflons uher;
they are malntaineds, and any other Lnfornaflon regarding thelr
sourqequtkpnlgln_anq_agronomlc characteristics. CIDS will lnvolve
the exploraflon; collection, conservation, lmprovement, and
breeding of genetlc resources. It will provide documentation dafa
and experlment results. CIDS wlil involve the creatlon of
[ndividual centers whose functlon ls the collectlon of data on
speclflc subjects, which, when coordinateds will form a functlonal
networke (It IS the hope of many In the agricultural develacpment
communlty that partlclpating nations will establlsh the CIDS, CARIS

and AGRIS llaslon offlces and centers at the same locatlons, In

order fo facliltate the exchange of lnformatlone)

Data n;llﬁge?qullshed in cafalogues as nell as puf onfo aﬁ
anticipated computerized storage and refrleval svsfou. ﬂ CIDS
already, has an on=line system. In order tor fhe volunlnous data ln
gepetic nesources fto be otflclently sforod and refrlaved. efficlent

communlication. Iinks are, raqulred auong the partlclpaflng contcrs.
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Communlicatlons Faclllitles of the IARCs

The . communlcations facilitles of the centers vgrywppps;ggraplyj§?
sophlsticatlion, rellabllilty and speed..  The major media ‘thqpygﬁ
nhlch tne cenfers communjicate are the malis, telaephones, telex, and
cable.‘ Transoortatlon ls also a form of coununlcaf!ons. " However,
Q{bée ne are concerned nI;h comuunlcaflons wh'ich lend themselves to
;;ansmlsslon through posfal and telecommunlcaflons medla, and slnce
fhé extent fto which transporfaflon substitutes for thls among the
é;nfers cannot be determlned from avallable lInformatlion, we wlil

disregard thls actlvity axcept for noting lts pofen?lal effect.

Table 4.4 summarlzes the communicatlons expenditures of each of the
centers. Communlcations Is not a large budget [tem for the
Centerse It Is small compared to ftravel, for example. That Is one
reason why there has not been much pressure to ratlonalize
communications practlces = to use telax rather than cables, for
exanple. Cost is seldom an Inhlblitlon to a ophone call or cable
because the few dollars It costs are minor compared to the rundreds
or thousands of dollars of travel costs, or purchase orders, or
budget revislons with whlich the communlication typlcally deals.
Honover. a sharo fall In communlcation costs could change that

lcture drasticallye. dﬂf several dollars a call or message,
sclantlsts do not make much use of telscommunlcations. At costs
loner by an ordor ot caonltude a whole new class of users would
eonter  the systam for ressarch’rather ‘ than 'adminlstratlve

communications.
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Table 4,4 ~ Communications Facjlities and Expenses

Center # External Internal Telex? International Expenses.
x Phone Lines Extensions (monthly - 1975)
. Mail Phone Telex'| Cable
coeT 10 + 4 142+ 4 No (2 mo.) )
4250 3800 — 1830
crIp 7(4 + 3) 40 on 4 No 500 333 — 500
- +3
3 4 3
IITA 10 300 No 30,000 9000 -—— 130,600
IRRY Private X Yes 2180 1925 122 1000
(microwave (in
to Manila) Manila
Office)
2 2 2
CIAT 20 180 Yes X 4500 700 2000
2 2 2 2
ICRISAT 58 (32 in 69 Yes 2000 2600 600 750
residences)
TLRAD 3 30 No soo | 2800° | — | 2800°
AVRDC 5 X No 280 106 — 387
1. Includes 10 lines & 142 extensions at El Batan; 4 lines in Mexico City office.
2. Includes local and international
3. Total - Post & cable, 1975 budget estimate
4. Total - 1975 budget estimate
S. Telephone, telegrams and postage for 1974

X = information unavailable

"S+007: 3H1 Y04 NOILVOINNHWOD 1S0J - HO *1°1I°HW
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~HWhen comparing expendltures of the varlous centers sevsral caveats
should be kept In minde 1 = Lack of rellable service by one medlun
might necesslitate fhej_usq ot another medlum whlch mlghf be more
expenslve. 2 - gxpendlfures are a functlon “of ?pbsfalf and
telecommunlcations rafes, which vary fron coun?ry to coun?rv. 3 -
The mails are exfenslvelv used for fransoorfaflon of seed and are
not therefore solely a medlum of communlcaflons. k - Accounflng
methods vary Ln how partlcular services are} recordeds ©+ 5 = The
flgures mlght not retlect added costs resulting from poor
communlcations facllitles; for example, travel to an earth statlon
to place an urgent call which cannot be made from an agricultural

center hecause of Inadequate phone service there.

On the basls of taelepnhone Interviess and correspondence wlth
relevant personnael In each of the centersy lt ls evident that
‘communications probleas result from a varlety of factors, the major
ones baing, to varylng degrees In each centers lack of adequate
commun.cations facllitles at the centers, Ineffliclent use of
exlstlng communicatlons facliitles, and poor national systems of

communicatlions In the countrles In whilch some of the centers are

jocated.

IITA, for examples, in Ibadan, ngorla, very rarely attempts to
_place lInternational telephone calls because of the long delays
lnvoivea In getting through It one gets through at all. Telephone
communications to other polnts wlthin Nligerla, even to nearby

Lagosy are also poor. (Substantial optimism was expressed,
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nowevery ° "7 about ‘" ' flkely+ ‘‘future: . lmprovement. iln i.Nlgerian
communlcations) Problems plague ICRISATy which-ils: located: «in;

Indla,’ and CIAT, in Colombla.’

OUr ° own @xperlence ‘in -~ attempting 'To ovace calls to the centers
(jgﬁ§fﬁQt§$‘fh§ ‘problem of -telephonlc -communicatlons with the
éeﬁfeﬁé. In order to successfully place reach eight centers we made
88 attempts. The most frequent reason for fallure to obtaln a
connectlon was ousy clrcults elther at the Internatlonal or
national laevely tha latter Iinvolving the connectlon between the
gatsway In the developling country and fthe center. Table 4.5
summar lzes our attempts fto telephone the centers. A further
compllcatlion which we encountered was that In some lInstances,
although we had gotten through, the connectlon was so poor that we
had to hang up and place another calle

In the course of our research, we placed calfs to each of the
agrlcultural research centers under studye In making these calls,
we had a dual purpose ln mind$ oney to collect Informatlon relevant
to our study from each center, and two, to neasure the efflclency
and rellablilty of Internatlional telephone service to each of the

centerse.

Qur experience In attempting to make connectlons with each center
ls summarlzed In Table 445

Clrcults Dialt no Dlals no Wrong Person Sugcess
Busy Resul t Answer Number not there
31 36 -2 H 5 10

Table 4.5 Summary of Attempted Calls to Centers

In ally we placed 88 calls and made 19 completions. Howegver, in
only 10 Instances dld we reach the person with whom we wanted fto
speake In four lInstances we {earned that we were diallng an
lncorrect number which had been glven to us and In flve other
Instances we got through to the center but the person wlth whom we
wanted to speak was unavallable. Thusy Ln general we had a
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successful -circult.. completlons. total attempt ratlg of about, 13365,
(19369)y whlch reduced to about 138 (10:78) for fofal successful
completlons to total of calis placed.

In terms of our table headlngs, “circults busy" refers to elther
the International or natlonal Ilnk; "dlals no result*, to any other
reason why we dld not make a connection Including such thilngs as
fallure of the overseas operator to answery, fallure of the operator
to call back within a signiflcant amcunt of time, and/or a clircult
dlsconnection; "“dial, no answer®™ signlfles that a phone was rlnglng
but was unanswered; "“person not there™ refers to the unavalilabliity
of our Intended source; and “wrong number™ and "success” are

self-explanatory.

By fary the most rapld connections were made with those centers
whom we were able -to dlal directiye In those casess we dld not
have fo Dbother with an overseas operator and clrults were usually
avallable. Even when they were not, we were able to dlscover this
quickiy. By far, tha most rapid connections were made wlith centers
which ‘could be dlrectly dlaled fom the US. Those were CIMMYT and

AVROC.

Iclephone *servlco, nonever. Was . not . the . only target of
dlssatlstactlon. Complalnts by wcesfer‘psbsbﬁﬁéfJﬁng‘gfien:ﬁade
abouf the postat‘svsfems of thelr host countrles. Several centers
mentloned that it normally took two weeks for a.letter to reach lts
destlnation In a forelgn country. If a response was requlred, thls
meant at least another two weeks tof‘ the return, assuming no
administrative work at the other ende The complete two-way
communlicationsy therefore, would.take at Jeast a montht! Such slow
communications -can-: have a; very.negative affect on the progress of

research.

A3p
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In addition to delays, some centers reported the frequent . loss.;.of

mall by the postal authorlitles.

IITA™ ﬁésJOpthd%to%send*centaanlmoonfanfﬂnatenlals~by¢aln1pouchﬁlq

order ‘to ‘avold ‘the delays “Inherent. In the public:postal :Systeme. ..~

Cables are a wldely used medium of communicatlion by the cenfégé;
TR

although CIATy CIP, and ILRA reports delays ln cable dellvery fo

certaln destlnatlons:

Four centers Ppossess or are abouf to possess. telexs IRRI oossééses
a telex, buf it Is not iocated on site at Los Banos, but In ;tﬁo
center®s Nanlla officess The publlc network®s facliltles Ilnkling
Los Banos and &anlla were lnadequate to meet the regulirements of a
telex In Los Banose IRRI Is constructing Its own microwave llnk
bgtneen‘Los Banos and its Manlla offlce, whilch will make possible

direct lntqrnatlonal electronic Ilnkage wilth Los Banosy It deslred.

As a ‘result of delays In mall sent by one of the Latln American
centerss ' that center undertook a survey to determine the
rellablility of the posts for correspondence to different sections
of the woride The results Indlcated that all postal communlcatlons
addressed to Algerla, Eg&pf. Lebanony Nepal, Paklstan, Thalland,
Tunlslay, and Zalre be enclosed in another envelope and sent to a
major phlianthroplc foundation In New York with a request to
f&fﬁa&d the meile The experiment also Indlcated that for mall to
Indla, ﬁlgerla.}tpe Phllllplnes. and Turkey, use of the fornardlng

tacliiltles of ‘fhc loundaflon would not Improve the tlme for
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del 1very of ‘maliet

One cenTer reporrea Ttnav wniie 1t possessed a telex for. several
yéafgggﬁlf?dldfnofﬁévavﬁg115911wdfJ&hlsxsenvlcé;as;uuqhaasggj;uqukq
have because 'lt:did:-not:.have i an: .internatlional .telex .dlrectory,
which 1t had qrdergq several f;nes, but dld not arrive for .three

yearse

In general, tor all medla, better rellabliity and less delays. . are

found tor communlcatlons nlfh developed countriesy particularly the

s 2
LR ; U

Unlfed Sfafes. fhan wlth LDCs. Manv resaondenfs reoorted beffar
lnternaflonal sérvlce than thev got nlfhln the counfry. ‘fhé
;sééest quall?y ‘of communlcaflon llnks occurs when two liess
q’ygloped countrles ére aftemoflng to communlcafe. In some cases it
ls’oxfremelv dlfflcu!t for a cenfer to communicate with Its
outreach staff . locafad :!iﬁ | a4 remota area and with other
lnfernatlonal centers. Such poor llnks lmpade the development of
an” lntegrated network of:internatlonal research centers whilch would
coordinate thelr activitlies and disseminate agricultural expertlse

10  less developed countrlese..

Following 1S a sumnary gf the communlcations behavlior of each of
the centerst

IITA reported that 1t very rarely attempted to place Internatlional
telephone calls due to the poor rellablilty and delays arlsing In
the local telecommunlcatlions system. It does not possess a telex
and does not plan to obtailn one because It clalms that most of |ts
“customers'™ wlth whom Lt cammunlcates lack telex facliitlese.

The regular malis have been found %o be inadequate. Consequently,

for lmportant admlnlstrative and tiscal matters, for the exchange
of sclentlflic materlals, personal correspondence with the US, and
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for.;communicatlons :with the.outreach progran in Zalres aln pouch ls
useds' Sclentific and ipersonal .correspondence with non-US Iocaflons
ls usually through the regular postal systen. _

The most fraquent source and destination of communications Is the
USy:" ‘which accounts for about 50%4. Thils Ls followed by the lIK and
Hestern Europe, Canadas Mexlco, and HWest Afrlca. Hencey the bulk of
communications ls with threue maln areast North America, Western
Europes and West Afrlca. Of the scientiflc traftlice, 45Z ls with the
UK and Western Europe, while 35% ls wlith the US,

OQue to problems with the telecommunlicatlons and postal networks of
Nlgeria, and the mall system, the optlons =zvallable ¢to IITA are
Iimitede For very urgent communicationsy, the center [s forced
sometlimesy, to send somebody a dlstance of 75 km to the Lanlate
satellite earth statlor, from where an lnternatlonal televhone call
may be easily placeds Telephone calls from the US to Nigerla are
normally booked by the overseas operator who maintalns a que and
calls vack in one or two hours. The bottleneck ls encountered In
trunk lilnes 1In Nlgarla.

AVRDC In Talwan rarely uses the telephone for Internnatlional
communcations. When 1t doesy it does so for adimlnlstrative and
Important sclentitlc matterss The malls are used for alstrlbutlon
of annual reports, Iinformatlon documents, and normal correspondence
regarding sclentitlc and admlnistrative matters. Both the telephone
and postal systems are reported to be of good qualltvy. Indeed
postal service wlthin Talwan [s asserted to be better than [In ¢the
usa. A censorship problem exlstsy however when journals contaln
any reference to the People*s Republlc of Chlna. Talwan can be
directly dlaled from the US.

Thls center does not possess a telex facllity. It fbansmlfswa
falrty large volume of cables '

Host communlcatlons are with the USe. Over Lo% of postal
expendltures are for US destlnatlons. Other frequent Jocatlons are
Aslan countrles such as the Phllllplnes, Korea, Japan, and
Thalland, partlcularly to outreach parsonnele.

It would appear then, that the superlor communicatlons capablliltles
avallable to thls center enable It to choose medla based on cost,
convenlence, and urgency. Perhaps an evolanatlion for the small) use
of lInternational telephone s the major time difference bDetwean
Talwan and the USs the country with which AVRDC communjcates most?t
frequentliy. There 1Lls a 13 hour dlftference between Talwan and the

East Coast of the US.

CIMHMYT In Mexlco has good telecommunications capablilties. Llike
AVRDCy 1T can be directly dlaled from the US. Most of lts telephone
communicatlon Is wlth the US, UKy and Latin America. Cables are
also extenslvely senty usually to the US, Canada, Latln Amerlcay
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and the Middie East. Mexlcan regulatlons forbld data transalsslion
over the phone (lnes. This center wllil shortly acqulre a talax
machlnee.

CIMMYT uses the malls for dlstributlon of [ts sclentliflc and
Informatlion publlicatlons. Speed of dellvery depands upon whether
alr or surface malt ls used. The most frequent mall destlinatlons
are the US, Latln Amarlca, the Middie Eas?y and Africa. DOue to the
poor postal systeams of some developing countrlesy CIMMYT sends some
mall to them through the offlces of a sponsoring Foundatlon In New
York Citye.

CIAT iIn Columbla, has complalnts about cowmunications facilltlese.
Its telephone connectlon to Cali, the nearest major clty, Is poors
consequently, It 1ls contemplating the construction of [ts own
mlcrowave tlnk for thils 15 mlle route. Currantliy, It communlicates
with Call, some of lts fleld sites and the Natlonal Agricultural
Research Institution through the National Radlo Telephone Networke.
Defays In +he malls are frequently encountered. It possessaes a
telex with which It extenslively communliates with [ts purchasing
agent in Mlamly, Florlda. It also uses telex for domestic
communicatlions due to the poor telephone networke.

Due to delays Inh the regular mails, Lt takes a long time for CIAT
to recelve sclentlfic publlcatlons. Some Journals take three and
ona-half months to arrlve. In an attempt to Improve thls sltuatlon,
the center wll! shortly lnnovate a system whereby journals are
malled to lts agent In Miaml, who wilt then send them by alr cargo
to Colombia. CIAT belleves that this wlil reduce the time of
dellvery to one monthe.

The locatlons with which CIAT communicates most frequently are In
the US and Latlin Amerlca. _ -

ILRAD In Kenya relles on alr mall for sclentiflc communication. It
reported alfficulties In cable dellvery between 1t and West Afrlcan
Jocations. In one instance two of three cables sent to the Sahel
were lost, while the thlrd was only dellvered after ten dayse
ILRAD also reported much dlfficulty in obtalnlng a second leased
circult and a post office boxe It uses the box of the Rockefeller
Foundatlion

Most communlicatlons are wlth the US, Canadas UKy HWestern Europe,
and HWest Afrlcas essentlally three maln geographlical areas. It
raelles heaviliy on llterature search services provided by the USDA.

ICRISAT, In Indla, experlences difflcultles wlth the Indlan
telephone systemes Most communlcations are sent by mall although
urgent search requests are ftransmlitted by telex. Telephone service
between the US and the Bombay operator ls reiatively good, but It
can take many hours to get a3 trunk line from there to Hyderabad.
Communication with Delhl ls also difficult. Private Ilnes In Indla
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_are qulfe cheap "If 'they cen be obtalneds -but regulations on .the,
uses:ot;.the communlcation systea are very restrictive. o

IRRI, ~In - the Philtlplnes, suffers from poor telephona service trom
Manlia to lts slta In Los Banos, 40 miles awaye. It Is establiishing
1ts -own microwave iink to Manlla. At present It rarely uses the
telephone for Internatlional commun ications. When a message ls
urgents Lt Lls usually sent by telex or cablee IIRI has thrae
telexes In Manllae. The typist there may get the text from Los
8anos by HF radloe

The:center communicates mainly with the US and with [Llts outreach

staftt on focatlon in varlous countrlies. There is direct dlialling
from: the US to Manllia, so when the microwave Ilnk s completed
there can be direct dlallng to IIRI. :

CIP In Peru reports that lts telecommunicatlons with the US are
excellent. To varylng degresss problems exlst In communicatling wlth
other reglonsy partlicularly those In less developed areas. For
exampley cables are not a reliable means of communlicating wlth
Indla. Occaslonaliy, cables do not reach a European destinatlion.

While Lt takes 1 1/2-2 months for journals to arrive at CIP fronm
the US and Europe, thls Is not seen as 3 problem since most
potato-related llterature Is publ ished In two Journals and CIP
usually recelves realevant Information publlshed In these }Journals
fong before they are publlshed.

CIP communicates most with the USy in partlcutary to three areast
Washington, 0.C. for AID and CGIAR, New York Clty for I1E and

Ralelghy NeCe It aiso has slgnliflcant communications with the
other international research centers.

Some Concluslons

To.. a:large extents the communicatlons capablllfies of many of the

¥

centens .are .iimlited wathe‘qndgrdevelpped :omhqﬁf&aflon‘Qyé}elél(éf
fhnlnmghqsn, countrles. . Slnllarlv, lf’fﬂﬁ cdﬁn;é;Lonsybet;éoaﬁifi
rural locatlon and the capltal and/or the satelllte earth ’sf;§1oa
are :poor, a.center wlil nat be able to transmit data to a computar
nor wiii 1t be uble easlly to avall Itself of the Internatlonal

telephone networke

. e
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‘means of teleconmunlcatlons.AGIRRI, f}wg

example, ls construcflng aﬁ

S S ‘v ;"]{ww

mlcrouave llnk betueen Los Banos and Hanlla. CIAt and ICRISAT
}contemplatlng slmllar Ilnks befueen thelr cenfers and a nalor cltyi
In thelr respectlve countriese. Apparently, Then,"' parflall
so!btlon to the problon of poor public telecommunxcat;ons To: the:

rurally located cenfars ls the creaflon of prlvate llnes for ’fhe;

outermost I'ink ‘of the communication net.

Offlces ln ma]or cltles are better able to access the lnfernaflonal”
facllltieé, Thus, an lnfernaflonal telex nessage senf by someone ln‘
a cenfar uould tlrsf be sent over the prlvafe clrcults to an offlce:
ln the malor clfy. automa?lcally switched and then senf bv fhe*
fc}eg(located there, to the forelgn destlnatlon. For- lnconlng‘

~messa9e3o "the: orocess wouid be reversed';

The country with which all of the centers communicate to the
gboatest extent Is the Unlted States. 60muun1¢§tlons relate
’ﬁrlharllv to adminlstratlve matter, because CGIAR Seadquar?ers is
locate here. as well as purchasing agents sucn as IIE and lmportant
phllanfhroplc foundaflons. particularly Ford and Rockefeller.
Furthernore, ua]or' lnfellectual resources, Ssuch as the varlous
retrleval servlcos. llbrarlos. and resoarch ‘institutions are found
ln thls countrv. | Host "ot the communlcatlons of all kinds are
orobably to the Washingfon, D.Co ares since CGIAR and AID are

located there, and such Ilbrarles as NLMy, NAL, and LOCy are in:the
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t%g§4§QFh | esser extant, most of the centers communicate with the

UK and Western Europe;

0fHer“trequent communicatlon areureglonal.  CIMMYT.has an:lsportant
ddeunt "ol ‘'communications : witht sLatln. Amerlcay  while: AVROG
comminicates extenslvely with Aslan. locationss. Other centfers: also
Rave lmportant:icommunlcations-with other reglons where fhelr.crop

Is grown and whera outreach or experimental programs are located.

The: “choice ‘of medlum of communicatlon depends upon-a varlety of
tactors;“lncluding speed and rellabillty of services the urgency of
the communlcatlion, Its cost, the avallablilty of the services and
the time dlfference petwaen the center and  the polnt which It wants

to contacte.

It would appear, then, that the large volume of communications
between each center and the US and the urgency at;Séhed ;fb *ﬁ:ﬁ
(&lhce- ' they relate to current administrative, travel and. purchase
mattars) lmply a need for more formal communicatlon Ilnks batwaen
the ' centers and the US. Such a system should save money over
exlsting methods of communicatlon and be more efflclent. Glven the
‘aklstling telecommunications facliltles In the countries:. In whlch
‘the centers are locateds a polilng system between 3 communicatlons
center In the US, probably ln the Washington, D.C. srea and each of
the centers would serve to provide a relatlvely cheap and efflclent

means of communlcatlone Such a polllng network would also be . @
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”star notwork tor comnunlcatlons among fhe cenfers, uhergggﬁa
iuessage frou one csnter to another could be roufed fhrough the - US
~polling center. This  would substitute - one LOC-LOC
telecommunicatlons |Lnk.wh1ch Is usually technicarly inreriors vor
 tWo ' US=L0C tlnkﬁ““ﬁhrch-fanéipte;hnicgitya;supenlorgwanqhqcobgptt
provideimore rapld“dellvery:of fheéuésség@efsSuchga;:nefwork ymould
: baiﬂafflclgnf ﬂtoﬁﬁthoﬁ#naﬁsmlsslanofnShortimessagesq particularly
fhdse”bélhfadﬁﬂio#“adnlnkstratlveiﬁman?ers:;andumlltecafunqy;segnch

‘reques?s.

One ' alternative that-would be physically easy,.but:is politlcally
Unsatlsfactory would:be to take advantage. of -the US. governments
internatlional communication facilitles.. AID posts In each LOC have
access to good communlicatlon facliltles to.Nashlngton.  However, [t
may not be approprliate for the US government to get Into the
sltuatlon of a common carrler even for Instlitutlions which It s

helplng to tund,

In" closlngy - laprovement . In - the present telecommunlcatlons
‘Capabliitles of the International agricultural research centers Is
‘necessary. The present felt need [Is tor better administrative
communication between the centers and thelr agents and sponsorss
‘Looking from the outsidey however, 1t seems to us that equally
‘lmportant Is the need of the sclentists. for baetter ways of
‘obtalning - technical Information. - Sclentlsts should not have. to
‘walt weeks for the rasuilts of cxporlmgnts or . for searches to ‘pg

‘requesteds made and - reported :.to. themes On llnokcoununlqgg}gp
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systemsare ;not .now. 3 percelved  need of the sclentlsts at the

Centens fon (that seems.to them beyond any reallstlc hope.~ Thero ls‘

evenyreason. . to.belleve, however, that 19 such a faclllty becomes

feaslble and cheap.the sclentlsts would use lt extenslively.

A PROPOSED EXPERIMENT

The:-prasent. study,.polnts.  to  telephone pollilng as the most
economical and flexlble approach to lmproving the communlications of
fhe IARC's. The naxt step ln establishing such a system would be to
comnlsslon é detalled englneerlng study, requirling fleld
ex;mlnatlon ot each locatlon. The present study was not Intended
fo be thaf, an to go beyond ldentiticatlon of an approach. Our
geﬁgral racommendatlon may perhaps best be presented In the form of
a prallmlnary plan, based on, but departing from the lnltlal one by
CQ;ln uarren that was descrlibed and costed out In Chapter 2. The
plan presented below reflects that analysls and also the statements

ot needs that emerged from the Interviews.

Af‘ a number ‘of tocations, speclflically where direct dlallng does
nof vot oxlsf. thero are unsolved problems to the plan; there are,
however, severa] ‘alternative llnes to thelr solution. HWhere
international alract distance dlaling from the US is not vet
lmpiimented, . the alternatlves are a prlvate llne.v or human
interventlon to make the phone connections or a speclally
ilmpiimented direct switch at the ground statlon, or a tape recorder

cimp-on devlice to ask the operator for the connection.
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 (If prlvafe leased tlnes are Installed TOo The azrecf dlal*nefnorkwa

’ \ 3 " ’ 4 4™ i [N
: those uould H; chosen fo llnk countrles “to “the’ “tautomat le' ! system i
nl;h “the snorfesf “leasad 'Ilnds.  Rate ‘policles” ot dlffenentc

“countrles. ha;ever. may ‘make longer ' ‘routes’ cheaper: than: shorter ’

ones. Current leased line rates have not baen explored by uSe.

It Europeans create dlrect dialing llnks to some polpfs before ATT,
then routes could go via a European’nodes “Thatimay aqulte: Ilkely
naonen.

Whereaver direct dialling exlsts It Is easy to aqq (or substract)
new. nodes to the system. We have, therefore.yllsfed pdsslble nodes
In..-the USA, Japan, and Europe rather generoué}y In our system
deslgns The only hardware required for a node Is the $200-a=month
ternmlnale. There 1s no necessity to poll atl nodes with equal
frequency. Some nodes could be polled only every other day, others
more than once a day. He expaect once a day would be normalj;

experlence can be the gulde.

Since the buslest nodes will be CGIARy ILE, and AID, the maln
swltching computer should be in the Hashington or perhaps New York

area to transform some toll charges Into local calls. (1)

ﬂékhave not attempted to enumerate the US universitles or  European

centers that should be linked. Boulders because of the genetlc

(L) Alternatively, Lt the system buys time on a commerclal polilng
computer It would use that company®s HWATS 1Iinesy or for AID,
Autovone.
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intormation ‘retrleval:'system:and the:8nltish Llbrary.-are, obvious

aexampliese. Others can -be added :as experlience -dictates.

Perhaps ne can best explaln the alornaflvo solutions fto problems by

runnlng forouoh somo ;f tho orobleu slfuatlons at varlous centers.
ILRAD Is on the Nalrobl telephone exchange. Its local service IS
reasonably good and tno satelllfo ground statlon Is only 5 miles
anav. Two obvlous opflons are 1) to obtaln permisslon for a dlrect
dlal connoctloo at tho ground statlon or aise 2) to have a dally
call placed by a oeoson through an operator; as soon as the
connection Is successfully made, the stored messages would be
transmitteds The latter arrangement would requlre a buffer at the

central swltch where messages would sit oetween the completion of

the connection and the time of a poll (or vice versa).

IITA has a somewnhtat different problem. The Nlgerlan system cannot
handle the traffic that Is waltlng to be served. That Is the

bottieneck to more clrcults from abroad.

IITA Is outslde of Ibadan, 45 miles from <the sateillfte ground
stetion and 110 miles from Lagose. Olraect dlaling ls possibie from
IITA to Lagos, but International calls require an operator and

typlically are delayed by an hour or two.

‘“1}#“ 6
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This" ‘suggests ™ ‘that ' for: ‘IITA ‘a3 dlrect?hqa$e¢kﬁlheﬁfdsﬁnaggrqﬂnd
" gtatlon would be most deslirablas It - Ifils: :noti: possible .. to..get

pcrnlsslon tor a dlrecf dlal connecflon snltch to fhe lnfernaflonal

* A
OF TRL B Pt

circults. at least the oroblems of fhe local phone sysfem uould be
RN P

bypassede By schedulling fhe call for fhe dallv nadlr of buslness It

dhould be possiblé to get throughe:

IIRI‘s main probleu‘ls the Los Banosiﬁaﬁlla I Inke Manila can be
dlaled dlrectly from the ‘USA. From there to Los Banos servlce ls so
Inadequate that IIRI s lnstalling 1;5 own nlcronave llne. When
fhat is lnstalle&v IiRI should be able to funcflon onw a uérfd

polling system.

ICRISAT's problems of communication are probably the hardest of
any. An internatlional call to Bombayy or to the ground statlon 150
mlles South of Bombay ls relatlvely easy to place, but must be done
through an operators The scarclity of Ilnes 1Is from Boﬁbay to
Hyderabad. If a small swltchlng computer wlth memory were {ocated
In Bombay or near the ground statlony It could feed and be fed by
the termlinal In Hyderabad at non-peak times durlng the day at any
data rate that workedsy even down to teletype speeds The
‘Internatlonal poll would then only need to reach. that relatively

accessible polnt In Indla.

In Latin America there ls dlrect dlaling from the USA to Mexlco,
Costa Rica and Venezuela but not to Columbla and Perus One

alternatlive would bDe to Jease private i1lnes from a sudbordinate

qu\?
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swltchlng center in Costa Rlca or Venezuela to one In Bogota, and
on:-:to Limae (1) .Another alternative ls to serve Call and Lima out

1

ot Washington In the same way as descrlbed for ILRAD in Nalrobl.

GIATs howevers ls . not In the capltaly Bogotas It Is In Palmira (5
mlles out of Calle CIAT®s maln communlicatlion problem ls the rural
service from Paimira to Calie. CIAT 1Is olanning to Install a

nléééﬁéve flnk td Cally after whlch that problem should be solved.

The system we have Just descrlbedy polled dally, wouid put
administrative mall on the desk of every node wlithln one day after
the message was typedes It could be wused for relaflvely short
messages of sclentlfic Information which could be convenlentiy
typed iny e«ge bidbllographlc references or ganetlic strain lilstingse.
It could also be used for longer sclentiflc Information fthat nas
already in computer readable form such as batched computer data or
retrievals. As usage grew, the maln adjustment that would have to-
be made would be addlng to the memory that ls located at the
central switch so as to handle the added volume of materlial that ls
stored pahdlng del lverye. The communlicatlions costs would only rlse
In retatlon to the volume of traffic. The system should, thereforae,

grow gracefullye.

As dlrect dlal faclliltles became unlversal.,fasclnllg.mlghy pgg}p

(1) Caracas to Bogota ls about 700 mlles. San Jose to Bogota 1Is
about 1200 miles. From Bogota to Call ls about 200 mlles and Bogota
to Lima about 1200. Thus It would take aoout 2000 miles of private
Iilne to complete the llnkage of the l1lsted centers.
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1130 fo b4 used ‘on Bhone "I 1ies (Nt by Wway ‘o't the  pOTILRG teELILty):
-:";'m 4 ¢ '

ln order fb transnlt text 1haf was ‘not” ln compufer readable forms:

I(le these developmenfs. have become possible now that the FCC has

WAt

.larltled the rlght of us telephone subscrlbers fo ‘use ‘thelr ‘phones

:I"v"X'
in that nay.

'endling the development of a potllng svsfeﬁ,: our onty lmuedlafe

4

1dvice to the IARCS concerns two administrave measures thaf can cut
costs’ 'fér some centers. Some centers use faléx wells but s number
ot  cantars dre spending more than they need ‘to' on cables rather
than” using the substantlally cheaper teléx. Secondly, some centers
are Saving on journals by ‘subscriblng at thelr: US offices ‘ahd
having thelr purchasing agent 'send the Journals ln batched alr
shipments. Other Centers fend to pay the hlgher Internatlonal
éﬁbééflotlons, and Indivldual unlt mall rates. They also lose tlme
that way.

Looking forward lnto the longer run, future, perhaos a decade fron
nops perhans  fiftesn yearsy the Cenfers can look fornard to dolng
uuch ef thelf‘re§earch In a co-operaflve uode vla an lnfernaflonal
computer naetwork with fellow sclentlsts all over fhe uorld. The
outreach program may become largely a feleconferenclng progran. The
163§fs of real-time text and data linkage may turn out to be fjower
,;then are letters foday. The telecomnunicatlons Iink wlli be not

Aust. an__ adalnistrators tool. but an essentlal tool for the

sclentlsts too,
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