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Information Technology for Developing Countries:

Priority Sectors and Preferred Technclegy

J G Krishnayya

ABSTrACT

Priority areas for computer-based informaticn systems are located
in developing countries, and a preferred technolegy (midi-computers) is
identified. After describing the priority areas where information nanage-
ment and information technology can make pésitive contributicas in develope-
ing countries, the bureaucratic (managerial) infrastructure assential for
their implementation is examined. Distinctions arc msds betwsen the skills
required for problem analysis, system Gesign, implementation and meintenance.
System design is identified as the phase most appropristc for the partici-

pation of the professional "expertw,

The economics of minicamputer and communicaticn-based systems for

the priority areas of developing countries are oriticelly examined. The
conclusion is drawn that, for develeping countries, microprogrammed mini-
camputer information processing systems offer significant edvantages in
cost, redundancy, maintenance, lead-timc for impliementation, and in the
systematic growth of management skills with processing capacity. They can
also be cambined with micrccomputer-based message-switching date-conruni-
cations facilities. Examples are taken fram actual situations in the Adr-
line industry, in logistics networks for commodity distribution, and in a

mixed information-retrieval and data-analysis situation.
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Information Technology for Deviloping Countirics-

Priority Sectors and Praferred Technology

J G Krishnayya

i. Priority Areas in Developing Countriecs for Informaticn Manag:zment
-~ Systems,

1.0 CGurrent usage and possibilities for change

Before 1dentifying the priority aress for forced development, we
must look at the process whereby changes take place in methods of opcration
in business and in government, In the business world, Information Systems
evolve steadily in response to top managementis nged and desir¢ for more
effective control., Greater productivity fram capital equipment as well as
f;am personnel are reflected directly in profits and in a stronger compe-
titive position., In easy stcps, as "better mousctraps" are invernted, the

new technology is pressed into service.

In government, on the other hand, there are nc simple or quick
measurss cof performance equivalent te profit in a business., It is by no
moeans evident to top decision makers in government which types of producti-
vity should bes or could be raised by using information technology, and how
the benefits might be measured to balance the costs. A sustained scarch
ﬁof new informaticn-technology tools does not take place, although a sales-
.ﬁan's initlative may result in same equipment being installed and utilized.

- In developed countries, however, competitive educational efforts—by many
manufactureréxgave resulted in high awareness, and the greater size of

- governmental agencies has resulted in a considerable specialisation, infor-
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Tzble 1. Selected LOC's; Computer Sta tistics by Number & Yzzge (1671}

Country Tatal rrEducafion Inventory Busineze  Public Percent of
numbegr & train- = distpi- admiri- admini- Systems in
ing bution & .- strotion stretion  Public
(5-13%) manufact- - & sta- f.dmini-
tistics stration
Bolivia 6 1 3. . 1 2 38 -
Brazil 1,219 110 475 445 169 17
Cantral | | '
hfrican
Republic 7 3 - - - 3 - - 100
£olumbia 82 7 40 20 15 10
;yprus 5 .- 1 3 1 20
Fijil 6 - - 2 4 66
Greeca 175 7 33 - 15 "85 32
Irag 7 1 1 3° 2 29
Jamalca _ 34 3 B 20 3
Kuwalt 17 1 8 7 Y 6
Lebanon 29 - 4 24 11 3e
Madagasoar 24 1 3 15 5 21
Malaysia’ 28 1 7 7 13 47
Morocco 52 3 - 25 20 39
Niczragua - 14 - - 8 €& 43
Singapors 34 3 5 18 24
Sudan - ' s 1 1 - s 50
Thailand 27 4 5 2 15 55
Turkey - 82 8 43 20 - 1 15
Upper Volta 1 - - - 1 100

Zaipe T .. .. 19 4 . - 15 ~ SE—

Sourca (B) Bnnex.l Page B,
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Table IT, Solected UDC!s: Computer Stetistics by Number & Sizo (1971)

— —

Total Small Modium Lerge Very lLarge
Y. . - . number («i150k) (>$150k )} (>4500k) (% 1m)
(value) . . .
fHilgerls 68 31 22 5 5
Bolivisa 6 6 - - -
Arazil 1,219 58l 193 21 24
. Camaroun 10 7 3 3 -
Chils X na na na na
Columbia az 18 44 16 L4
Ethiopia 9 3] 1 - -
India 183 177 5 1 -
Ireg 7 6 1 - -
Iran 49 42 ] 1 -
Kuwait 17 4 4 9 ~
Lebanon 29 20 7 2 -
Msdagascar 15 11 4 1 -
Malsyelia - . 28 17 10 1 -
Philippines 120 na -na ~Ac ~Rna
Singapore : 34 10 12 10 -
Sri Lanka 9 9 - - -
Sudan 4 4 - - -
“Thailand 27 16 11 - -
Tunisia : 25 25 - - : -
Turkeoy p2 71 7 4 -
Unitad Girab
. Republic - 27 na na na na
United Republic
of Tanzania 7 5 2 - -
Zaira 19 11 7 1 -
Zambia T 0 ¢ = 3 2 - -

TotiLs For these 916 644 191 70 11
Countries axcglud- : '

ing 8razil and

pro-rating Chile,

‘p;Tl~& UsieRe

Source (B) Annax 1 Pago 9
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mation technology at high professional levels, leading to more and mere |

effective use of these tools,

In developing countries (l.d.c's for short), on ths other hang,
such campetition as there 1s between manufacturers iS'axerciséd in m}u
less likely to result in greater knowhow in ,g;n:ﬂnz;rnrcn-,n'l;f )'F‘o sn8Ure t.hat
information technology is used where it can be most effective in 1mprwj.ng
efficiency and speeding development, therefore, it is necessary Lo qpqll
out in advance the priority areas and consciouSly‘ to deploy scarce capltal
and professional skille Into thsse a.rss.ng) This alone will ensurc that the
information systems as they develop ~ and thelr assoriated processing and
'camm.micatioﬁ; -t.echnology - will support, inter se, their fullsst utilisa-
tion for beft.s_ar decision making. This synergistic gain is forsgene in

today's pattern of pateb-work growth in .’w.forma.t‘.io_d systens.

TabléE.s 1411 illustra;c.e the distributicn of comﬁmt-e_r_s by a;'ygli—-
cation and by size in same dcveloping countrdes., Thess d.a.ta.-appear to
| ‘justify the fesling that most of the developing countries are qualltativcaly
in the same situation with respect to computer applications though some have
better access to hardware than others. If we exclude Brazll, we find that
seventy per cent of the installed systems are categorised as small systems
and 21% are mediun - 1.¢, small processors equipped with discs or large
processors equipped with tape cnly. Fewer than 8% are 'large! - l.c. big
processcrs with disc capabllity. Only Brazil , Colombia and Algeria have

systems costing over #1M.
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Tables I & II cen be looked at in two wayss rfirst, tc confirm
that computer<power has indeed penetrated into 1des on a very wide basis
geographically and by now presumably has had sans effect upon the thinking
of potential users in these UDCs. Secend, they highlignt ths gap between
the real potential today of computer technolcg}Jzrandcm-access files for
effective information retrieval; on-site, on-line dats capturs, ete. .and
the usage 1in ldcéﬁ) Even the expectations that decisicn makers b e of
computer-power arc very limited, governcd as these arc by the capabilities
of tha relatively simple punched-card and tape-criented cystens t'iey have

Sean,

1.1 The econcmic interface with Developed Countries

The first priority area is clearly at the external economlc inter-
fhcs zith the highly systematic and fcrmatted decisicn and information 8yS-
tems of the already develcped countries, their trade and financial institu-

tions and their statistics-generating agencies.

Let us emphasise that this interface is not visunlised as a aneway
xiﬁformation transducer which takes facts from an underdevelcped coumntry

and transforms them to formats compatible with developed country systems

and procedures. (This data-translaticn is of coursc necessary, particularly
fer aenerqting information relatcd to effective utiliSation of forcign
grants and credits.) We would, on th: other hand, draw attgntion to the

need for a mechanism whersby relevant econcmic data about the developed

countries, about international trade and finance, become available in a

convenient way to the decision~makers in the 1ldes., “If the LDC leaders



nave ready access. to this informaficn, fer example on cdmmodit} prices in
warld markets, it will be possibla for the LDC tc develcp and o use more
effectiVGly ite o export and import strategy and to improvc its bargain-
ing positicn in trade and aid discu531ons. Tt 1s impraetical to provide
such an Informaticn’ aervice with a content that is uptodats eicepf through
g campulter-based system designed on informaties principleé?)cna“uhich draws

alsc upon 'published' computer-compatible data from develceped ccuntries,

It is precisely such a system property of being ocn tov of the current
(trads) situation - rather than struggling with a hundred volumes of printed
and mimeographsd statistics two or mare years old - that can give the 1dc
offi&ialé added welght to counter balance the informaticn/analysis advan-
tage_£5;; the advanced country delegation normally - almost inevitably ~ has

in bilateral or multilateral discussions.

The pfssent. close coordination of many developing countries with ald
giving and ﬁerm-lending agencles liks the U.4.D.P., 1.D.1. and 1.B.R.D.,
means that there is need, at ths interf»ce between the government of the
developlng country and the agency, for information formatting and transla-
tion from ome ccntext to ancther, conceptually in terms of sources-and-
uses cf funds, administratively from projects to sectors and Gepartments,

and operationélly in monitcring the flow of funds and material inputs and

ths corresponding output measures.



assety - that is, at the management interface with capitel-intensive
technology. Most ldcts depend for the success of their develcoment stra-

: begy upon ‘the installation of infrastructure invesﬁments,'_ and manufacturing
or processing plants. In the constructicn ;-ih.asa these are usually turn
kay contracts ‘for which various expat.ri;te agencies have partial responsi-

-;\ﬁilit;. Uﬁen they afe already equipped with information subsystems. 4
camputer-bpased information syétam for the idc governmant could integrate
these project sub-systems and ensure effective performance of the tasks/

projects ‘(B)

~During the operational phase, toe, Infrastructural investments in
power, transport, irrigation, ete. mist be preductive., If their perfor-
mance is monitered by an information system that incorporates sensitive
camputer p.rograméf‘)it is possible not merely to deteet enrly changes in
effic;.iency but also to anticipate sacond-crder and tertiary sffects. In
the case of power plants, panufacturing or processing ccrncerag, a ronitor-.
ing system is essentlal because cf the multiplisr effect of the plant.
Not least, greater efficiency in utilizing the flow cf raw matorials is

an lmpprtant.parb of the 1de's deveslopnent strategy.
1.3 The logisties of food, fuel, and majcr raw material flows

The logistics of food, fusl, agricultural products and cther moving

inventories are ancther area whers informatics work ean offor a h:lgh paﬁﬁ_‘f

in every ldc. In most cases, the critical prcblém:s- are net in the ¢6lla-

tion or analysis of such data, but earller, in the accurate recordin‘g < S
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the actual transacti It is necessary to send boek to the source v

transcript of the computer’s version of the transactien fo* Lrrer chucking
This gets progressively more difficuld as the SOUrcE mMoves fnrther away
from the ccmputeézg It is likely, therefore that centralised facllities,
'such as ‘national' computer centres in 1des will net be useful fcr logis-
‘gics mansgenent except in gcographically VEry cunpact provincaa‘nr

city-states.

Elseuhere; somarfonn of 'on-ling' transacticn rcccrding, <r batched
ccmmunib;fion of transacticns, will be necessary: it could be sirmlated by
volce contact over the tclephone or by telex messag or g; in fnct directly
onto a 'loeal' ccpputer which is a Yink- in the information chain. ihe
1links in this network may be telephcns circuits ~ or messenzers carrving
tapé, diskettes, or cassettes, Through use cf microcomputers for multi-
plé:inéfaand taking advantage cf the small "stsps® cf Investnent involved
in 'growing! minicomputer-systenm cepacity, and in view cf the incressing
availability of peripherals fer the so-czlled 'mini's, the patﬁa;n of the
future for ldcs may well be distributed minicomputer networis ft:_logisti—

cal applicatipng%)GGSpite_ths generally pocr communicaticﬁs facllities.
1.4 Government statistics and accounts

Hé bave identified three operaticnal sectors of 5cvernméntal deci-
sion-making where infcrmaticn systems and informaticn technc OgY ui;l have
8 difact eccnamic miltiplier. Government statistical data handling today
has A strung archivnl flavour nnd is often nct considered tc be partiof

the information strea&.) This is perhaps inevitable giveun. tis primitive
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jnformation techmology in use. However, with better means for racording
transsctions and for generating information in the operational sectors, it
bacmes poesible to upgrade selectively the treatment of historical and
lcumﬂative statistlcs and accounts at city or district, prcvince and fede-
ral lmrals Here we would expect that the canputer-basad system will not
only eanpile statistics but also nanalyse, and forccast, and assist in short

and pedimetern planning., (G, 7, I)

Statistlcs oollection and the kécping of accoﬁnts ere the oldest of
governmental activities. ‘Their patterns of uorking‘ were odequate in more
leisurely t_.i'.mss‘. Todny the wvir&mmtd rotes-of-changs arc toe repid for
them. Yet, witk modern informstion technology & information retricval
techniques, it becomes possible again to use this information tool for tha
policymaker, providing in an iterative manncr uptodate and sufficiently
well-indexed informaticn cn an ad-hoc basis. The abillty teo prcrvidc— n view
of 'alternative fatures!, through simplc econamic (or corplox simnlation)

: B
nodels, is of course en esscntial camponont herc(,.

1.5 Areas of lower priority

If. is our ccnclusior thet some 'ensy—to—cmnputeri.se' fiélds,espaci—
plly in independent sgencies of governmunt, mey not give ns good an economie
returnraﬁ the arcas identified nbove. This does riise some ndministrative
problema because 1t 1is often easicr to introduce chengc in A snall sclf-
contained agency rather than in an ecmwically important onc - one that is
probably highly interlinked with othgr operating groups. In thc next sec-

tion we will acknowledge the impartance of initiesl development of a t show
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case! example of information technology, and it may be necaséa—ry to emduct
such a pilot effort in a non priority sector, However, thés will have been
‘ done. with an awaTeness of the opportunity-ccst of the searce professionnl
skills so used., Since the manufrcturcrs? pacica.gcs have beon davelioped with
an cyec twards their major markcte, it is not oi‘ten that t,hcy arc 'cprOpriate
to davaloping countrics' priority needs. Seles ahalyscs ~nd pay roll
packages, for instance have boen implemented first fa Incia "becausc thoy
are available” but they provided small bonefits in relation teo the cpoer-
tuaity costs ‘of the time and manpouér used to adapt t.henp)
2 l{anagsrial and political environment in developing coant.rios for
using infomation tedmology
Our approach to information technology is that it must be focusscd

on better decision making in order to bo ~ catalyst for deve-lc.pme.n't. (c,b,F,L)

Uﬁtii there are enough top éovsmment executives who know h@- Lo
use information for éeciaion meking, computer cepability is premature. .(n
the otber hand, ance the top people nre alert to the uses of information,
it is the absence of an effective and accurate flow of informition which

handicaps them.

In the continued 'absence of effeetive information technology, \iﬁ-
fortunately, even keen officials will fall back upon mcthods of decision~
teidng that place less relisnce on the data they reecive, znd more on per-
sonal judgement. Therefors the building of information systems shaald

rapidly follow the recogniticn of their need.
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Most developing countrics exhibit a considerablc rate of chongo in
roles at the upper echslons of the government, as new functicns -~re rccoge-
nised, new projects undertaken or new departmcnts and ngencier crontod,
In thig fluid situation there will alwnys bc somc who recognisc the valuc
of good information services and who will support the design wnd ‘ma.lding
of information systems, and others who still need to bc shown. Tt is- ﬁre—
clsely here that a major impact can bes mnde by the availability, adhoc, on
contract torms, of credible informeties snd softuarc skills, rendy and
willing to work in the idsl.))

In many situations a merc refermatting of red-tape-bound file
bundles into alphabetised, coded and card-indexcd datn will constitute a
drametic improvement in informntion services. Especinlly whurc rgady
access to relevant information on a dally basis,r retier thrn ccoplex  pro-
cessing or analyeis is the need, =n efficiently opsrated panual "inf orma-
tion centre® may be all that is require«g) Unfortunntely thc know-how re-
quired to pcreeive, design, implement and maint+in such manual systens may
be even more Scarce than the know-how that comes packaged with a compute-
rised information system. Thc machine-character of a campuicr systam pro-
vides an assurance that the proccdures will bs continued oven 1 the
perscnalities change (unlike ordinary Fardex systcms, sC medy of which
die of neglect as scon as the originator 1caves). It sheuld bc said also
that any succeasful informaticn system - manual or mrchinc=bnscd-generatos
from its uscrs cver more demnnds upon its capab;litics. Therefere » gogd
mamial system would probably soon grow tc computer sizc and would have bnd

to be designed with that in mind to begin with. We suggest belcw that
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coamputer systems also can be sm11l and flexible 'nd grow by seall lncrementa,

2.0 Persons Invelved

In considering how scarce skills should be depleyed around -n infcrmatics
project in a lde, wc need to stress perhaps that there are throe tyres of
involvement.

(a) The Uscrs - the managers :nd decision makers wr.o nccd, define,
conelssicn and support the project.

(b) The puople who have to run it: statisticians, accountants,
bureaucrats, clerks; once the system is handed over to then,
they have to operatc it and kcep it alive and on tarnck.

(¢) ‘Te designers ané implementors, Wo must recognise that
Design talant in reference to Informaticn System is a very
scarce resourco. , and cannot bo produced or fomd in e
same quentity as the skills requires to run 2 system along
set principles. Bvcn more demanding of professional skills
is designing reliable, fail~soft information systems {i.c.

Those which provide scme dogree ¢f service even under exirens
ccnditions) for the ldec envircmment.

2.1 Comnissioning Informntion System siudics

The decision t¢ camission work on Information Systcms fer o lde
goveroment - and sclecting the problem arca - is essentinlly a peliticsl
one., It will be taken when govermmont lsnders are porsunxded that their
levernge over economic forces (intcrnal a1d extarnal) will incrense
markedly through the use of informatics, and vhan they porcelve they can
afford_this political costs (bowever 3light) involved nct cnly in generating
and fcm;mal:l.sing informetion about their country and its economic affalrs

and relations, (end thereforc revealing it domestically as well as nbroad
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to same axtant) , but more particularly in doing so with the necessary assis-
t-ancg_of farelgn expertisse and equipment. The popular view of ccmpu’t&.r sya—-
tems as job-gobbling monsters may also be a hurdle. Ofccurse the pri_orit.y
areas stressed in this papef are frequently totally new activit-is.s, in-

volving additional cmployment directly and alsc indirectly.

In many ldes, including some which are ot.horwise scrphist.icat.cd, the
eritical catalytic rolc of accurate uptodats infomation is not yot per-
ceived. This percepticn, unfortunately, cannot be broaught about by conven-
tional ﬁarketiﬁg and sducational techniques or by lectures By visiting

axper‘ba, or even by ur:ltings such as the prasent s.rticle

Golla.tiug a mumber of cAss st.udjna, we now held.the ‘view that almost
the anly way in uhich'.this 18 1eamt: {not taught) is by rcpcnted personal
exposure to warking axamples of good informatica. Oftcn many persons in
the upper echelons of a ldc are involved in the decision process leadlng
to the adoption of a new idae..lt is cméequcntly neceasary for ncarly all
of thém ﬁo have had such learning experiencee. Initially these exposures -
could be Spopaored' by a special unit of the UN office of Science nnd Teche
nology {seec (B) ), tﬁs IBI-ICC, tho OHCD cte. 4t the carliest nossible .
time such viewings should be beld in 1des and prefcrably im their owm

cambtry.

Meeting the politicnl objectlons to informatics Sased_ <o forelgn

napdwere and software experience is morc difficuli.

Une possibility is for a multilateral government—owned inter-
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national corporaticn te undertske hardwarc supply and supcrt, in effect
insulating a given country from the source of its hardware nac Cperating
software. This suggestica has not beun brken very sericursly so Jar, beenusc
the DN has not yet moved in a major way into infermqties in ldcsgi}lt may
indeed not be necessary as long as there arc chedoks and balances buill inte

the relations betwcen ldes and the very large computer manufacturers.

In n similar way, human system design skills -nd informaties expeor-
tise cn be supplied from a multi-paticnal scurce. However, such an agency
méy not have the Flexibility -nd ropid responsc nceded in this fi2ld. It is
more llkely thet firms with softwarc and inform-tion systoms dcsign exper-
tise, who are interested ia the lde market, m~y instead intermaticnnlize

their own staff and traln local perscns when on 1 job in 2 1de.
2.2 Systen design, implementaticn ~nd cperaticn

Before taking up the mix of skills required tc provicde inforuaticn

systems, it may bc usseful to consider the 'necessary! ccnditicn <f adequate

hardware rellability and suppert.

Hardware maintenance is n mest soriocus diffienlty; in fact guaran—
teeing and providing maintenance lies on.the criticel path of any camputcer
project in ldes, Ths sclutions lie in two dirceticns: gither by utilising
hardware for which local maintsnance 1s provided by a manufacturer or by a
contractor (perhaps the comsultant ihformxtion systems agency itself); or

by adopting a systems design and hardware strategy which is act dependent,
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on sny oné campanent and which provides for 'fail-soft! (or ~“sdual degra-
dation of performance) in case of equipment failures during the time period
required to diagnose the problem and to replace the necéssary part, 4 com-
binstion of the two atraf.egiss is best; redundancy might, however, be an
expengive proposition when an entire systsm is procurcd from A 13j6T manme-
facturer such as IBM at normal prices. Fortunately, cés:putar tzchnclogy
sspacially at the smaller end of the spectrum has been moving in -~ directim
which makes redundancy even in disc and tape units less ex-cneive then it
was even three yaars-ngo.(E) : |

Executive sofhmra‘systams and campilers are ancther 'basic! require-
ment, Thsir reliability s harder to dstect than that of hardusre. Hidden
Thugs' may surface after the system is in use. These can be insured ag;.inat
by a conservative selection among available processor'supﬁliers , perhaps
passing up the'moat novel system in favour of cne from a mamifscturer with

a good track record in his scftware.

In the Final analysis, hardware reliability through recdundancy 13 an
sconamic question. By examining whether the sconomic value of the appli-
catlan is high enough;, we ¢an decide if the cost to guarantec thc required

level of rsliability!cap be borne.

Un the other hand, in cresting (or purchasing,) ~nd deplcoying human
design, mplementaticn and cperitional skills, a number of ;aths are avai-
1able. The decision whether these activities ought to be underibaken lceally

should be taken after ranking them in ascending order simply cf the lead
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time required to develop those skills. In this hicrarchy we find toat
Tdesign'! is a more a complex task than 'management! of an iﬁformaticn 8y8~
rtem, with system implementation and software maintenance fellowing in
order. We would the_refore'auggest the purchase of design skills (inciuding
‘the supervision of the implementation)., ILikewise, initially, managoment
skills should be purchased with an 'understudy! role for the permonent
n'mmger, a member of the zldc agsncy, who need not at first bs technically
qualified. The managem_aqt. of a well-designed information system is much
nare dependent on the ability to sense and work with the envircnment than

on technical lnow-hoir,

‘Two cther kinds of expertise - that of the-operntors and users ere
relatively easy to develop. In fact thia can be effectively huilt up
during the time the system is being fermulated, built and t.ested-. It ds
importent that the operators and users of the system not only understand
its strengths and wesknesses, but also the procsdurel demands it places on
jts data sources. Advanced educational technclogy such as films, VIHs, ste.
bave gemuine valus here as having greater camunicative power whils convey-

‘ing also element of prestige to the new system being th:s introduced.

23 Training in Informatics

We have menticned that 'design! skills require the lcagest time to
develop because they imply a command over the metalanguage cf information

syat-éms as well as an awareness of the usecr agency decisice needs and

pricrities.

In order to tuild into the infermation system rdeslign 2 strong
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awnreness of loce-l conditicns {and, equnlly important, of thoir d;mamies),
an expert local collaboraitor is necessary. Training for ewpertiss in
Informatics is not yet available in Engliéh-éﬁéakiﬁg ldcs tut scre efferts
(F) are veing made in this direction. -Thé Frefich progrom in‘Libreville,
Gabon, 1s a good examples of ~ combined Computer Science.- and Informatics
programme at UniVGfsity (undergradunte) levcl in s~ndwizh ferm fer civil
servants and others. Training th-t tkes pinﬁe in develcped ccuntriés is
less satisfactory becruse of the differing pricritics in currleulum and
pedagogy imposed by their stag. of development. An alternate methed for
developing expertise 1s for middle level professicnal uorkers_— Accountants,
' Engineers, Army Ufficers or Civil Servants - from ldes to be attached to
established consulting firms for periods of 6 months to a year. ffsy.hava
already & good acquaintance with the administrative, economie, technical
and educational environment in their country and ncid to abscrb thg_faéts

about camputers nnd camputerised systems and to fit them into the metrix -

of their oun working envircoment.
3. The Econcmics of Minicomputer-based systems

-Guméuters were first used as statistical tools, and later for assis-
ting accounting cperations in large corporations, where the serial nature
qf their data storsgs was no disadvantage.  Msanwhile l-pger computers were
being develcped fcr scientific research partly with nilitary funding.
Ranﬁnm=éccass disk aﬁa drum stcresge attached to large fast computers pro-
vided many ﬁors-aconomical cemputing than smallsT staind-alene machined,

There appeared tc be o consensus over this through the late 1380s. (J)
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Table ITI. OCamparative Task Suitability of'hi&i—ccmputar and
' Conventional D-P Systems

ffpé.of Task

Midicamputer

Conventional D-P System

(a) Un-line logging
of transactions

() Un-line information
retrieval

(¢) Un-iine rile updating

(d) Batched ¢ard-sturce
file updat;ng

{e) Very large scale
mathematical models

(£} - ¥edium-large
mathematical models
in Fortran

(g) Special purpose
mathematical
analysis

Yes, well suited

Yes. Usually single-~
purpose.

Yes

Yes, for smaller
volumes (upto 30,000
dards a day)

No

Yes

Yes, at high spsed
(microprigramed using
Writeable Stors)

Yes, but high overhead cos
dus to rultiprogramming

‘Yes; in general uses high-

level langusgs & memory
larger than 512k bytes

Yes, sec {a)

Yes. Efficient when high
speed I/U balanced to

processor speed

Yes, Wen nemory larger
than 258k bytes

Yes, runs faster

Yes, but microprogramming
not possibles,

Basic Nature of the
Eechno-sconomics

~ Can be specialised

to handle unbalanced
job mix

Roquires a talanced mix of
jobs to justify large core,
and multiprogrameing
operating system
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However, for the types of 'catalytic! information rnrocescing we have
identified as priority areas for developing countries, it appears thet mini-
computers may in fact be a more suitable system basis from economical as

well as practlcal considerations.
3.1 Minicamputers vs Gonventlonal Architecture

The relstively small cars memoriss of minicomputers make them un~
suitable for running large-scale mathematical models which require that
large matrices be operated upon, or that differential equations be solved.
These operations do not appear, however, in the priority areas chcsen by
ua, Instead, the emphasis M our applications 1s on indexed information
retrieval & on-line mnalysis, on-line capture of loglatics transactions,

and data processing,

The mix of compute-bound and input-output-bound jobs, which is essen~
tial to the economics of larger computers, is not available. Morscver, in
developipg countries, reliabllity through redundanzy of both input-output
devices and processors is n positive =dvintage. Two mini-based systems,
each with a 300 lpm printer may be prefcribls to one larger, 'gsneral_pur—
pose! camputer with a 600 lpm printer. More often than not there is no
cosfr—penalty attached to such redundancy because of the different pricing
conventions and merket conditions surrounding conventional c@puters and

minicamputers.

For example, IBM's vast volume is based not just on 2 few mainstream

data processing applications but on all kinds of application environments.
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Its software a.nd hardware features, especially the Uperating Systsn's are
therefore bullt to function in a very large variety of s*twwtlons Because
they are so general-purpose, they ars de—tuned or less efficigr.it for any
specifice aituatibn. They are also bulkier, to alio& for options that may
not always be used, both in hardware and softwnrs, Ty-pical:1y en IBM system
will require more core- memory for 2 given set of tasks. This x;eflect; in
the capital as well as the running costs of the system. Developing countries!
appiichtions are the lenst likely to take advantage of all the beri-ﬁheral
ofﬂ'.iom offered; they would neverthsless have to pay for tha features
built—int'_o the processar to provide this flexibility: This is a factor
in se other mamufacturers! pricing policy s well as IEf's. The overhead
costs — documentation, sales promotion, sales suprort and training — which
form a large part of the customer price of any computer equipmanﬁ' benefit
dispi‘oportionately the GuStcmers in the developed countries. Iyriclly, -
lcuatomer in a developing ccuntry needs only very specific equipm:nt and
supporting a.ids. These he - or his systm design.r - wul po out 2ad buy,
'Dgey benefit fram none of the huge expenditure on 'marketing' which is
loaded onto the mam.l.chturing cost of the machinery. Becausc business-
“machina or ganeral-purpose computer campanies spend much more meney on
market.ing and on & very broad Spactrum of aprlications t,rogr'-ims, t.he:l.r
products carry o large price burden. Minicamputer manufac turcrs, on t.he
other hand, generally concentrate on prcviding reliable systems sof tware
“alone, thus making possible 2 selling priee which is much closer to the

‘manmufacturing costg. )

The technical advantage of minicamputers in developing countries

include the =2bility to utilise a wide variety of peripherpnl devices of
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Table IV: Elements in the Cost-to-thow-owner of 'Midicomputers' and Conventional

D-P Systems

GCost Factors

Midicamputers

D-P Systems”

(a) Mass Production

(v) Hardware thidns

{¢)} Variety of Peripherals

(d) Hardware Maintenance

(¢) Uperating System and
System Software

(£) Documentetion

{g) Applications Softwars
(h) Applications Literature
'1) Sales forcs

}) "Free" educaticnal
services

Yes

Yes, avallabls
nodularly

Wide Compatibility

Yes, lower cost because
less complex.

Yes, representing
smallsr investment
of upto 200 man years.

Yes, usually camplete,

Not usually.

Not much

Minimal

Yea, on hardwars &
basic softwars.

Yes

Usually tuilt-in at
hidden extra cost.

Glos<d market

Yes, a pajor revenue
itenm.

Ycs, representing hugse
inrestment of ¢.1000~
5000 man ysard.

Expericnce mixed; ays-
tems ars toc general
for decumsntation tc
zeep up.

Yes, to suit major class
of customers; a big 8ales
point & cest element.

Aimed at broad spectrum
of develcped country
markeis.

A vory large part of
cost & mostly tenefit-
ing developed countries,

Yes, tut mainly aimed
=t management, & pro-
notional in npature.
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large as well as smali capacity. The possibility also of modular hardwnre
growth in easy steps is really a managerinl ndvantage (('Qacmse of the
opportunity to develop effective management capability in stages before
"making further incrahss in ha.rdwarevcap&bili..ﬁy and the cbns-a,qu_“gﬁt. fixed )
1nvesment With la.rge conventional systems thera is invariably a-lmg -

- tims between installat: on. and full utilization bscause-of the difficultigs
of learning to managc the new techmology. During this time the unused

eapabllity causes psychological as well as finanecial burdens.

Hinidémputers do prcvide a very wide cholce of sourcesfer the pei‘i—
pherals \d.t.h which they cen be convenlently linked. Tha si.mpler struc-
ture of their cperating systems 15 a major advantage, also, in enabling

" maintenance programmers in a developing country to comprshend them soconer.

3.2 Hicfoprograming and on-line working

Although many conventional computer processcrs are micrcprogrammed,
there is a very high cost threshold for the customer to usc this faeility
to specialise his machine for some task. On the othor. hand, the facility
of a Writeable Control Store 1is ccmnonpiace in minicomputers, and it can
be teken adiantage of, typically, with an investment of a few weeks of
effort to Tacilitete scme application. This facility can be important in
" relation to input-output operations for on-line data entry, on-line infor-
(J)

matiocn retrisval snd data communicatlons,

The sase and lower cost of attaching on-lipe devices to minicom-

puters is significent. ~This makes it poésihié to downgrade the punched-
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card input medium with all its assoclated mechaniesl probluas, dclays due
to checking, and conplex manual batching cmtrols(.E} Athough on-line key
board terminals are by no means error-free or 100% reliablc, (relative to
high speed ocard readers) they do generate fewsr mechanical failures and

their low cost makes possiblc rslisbility through redundancy.
3.3 Data Cammnications

Because of the relatively high coverage and quality of public tele-
camunications services in USi and Burops, data comunications systems have
developed in » number of flelds’ including m-line invenlory systoms (as with
airlia;_senﬁiggr rallumy wagons), message Bystems, cig. for banks or civil
aviation, and for public and private "time sharing” systems. Hetworks,
permitting the sharing both of computing capacity and of daty over long

distances are nov ia Operation(.”

Not all of this techmology is relevant, leave nlone feasible in
developing cou;ltries where communications are gensrally poor. Besldes,
without having previously created largc machine-rendable data bases, the
question of shari.ng them éﬁaa not arise. On the other hand, in the ~coﬁtext
of a specific information-communications system develepsd to support legis-
tios management of critical commodities over = transportation network, 1t 1s
possible to see how same of these {computer-network). concepts can be scaled -
t0 suit the spplication. Witk Minlcamputers as tcrminal nodes and micro-
computers as message switching and encoding clements, guch a $¥stem canbe

made operationally relisble without requiring massive investments from the
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PIT in new data commmlcations facilities., 'Similariy, our priority ficlds
do not reflect a demend for a US-type écneré:l—ﬁurpose timc sharing system.
Igt, an co-1ine ipfbrmation rotrieval scrvice within an .agénéyminiétry, or
seqret-a;t.‘iat‘migit prove to be a major catalyst. Similarly, a remote-batch
services - in the most _s:l.ﬁ:ple form having only a low speed cord reeder ter-
minal, with printer outpﬁt being hand-delivered - may effectively connect

dispersed users to the processor.

In respect of data comunicntions as with otber applications, an
easy-to-manage, step by' stei: growth pa.tt.gm is established by an architsc-
- tural decision fav'ouring ninlcamputers. In da#eloﬁing countrics, ths means
tus to linit the growth of ctmputing capacity to the actual priority needs
and 'thereby to conaeriré both funds a.nd psra.onnel can be significant in en-
surin.g thnt information technology has strongly positive m:\rginal ns well

a8 average sffects on econcimic growﬂ:@)

4, Exsmples and Conclusions

This paper has had the dual purposes of focussing attentiom on the
priorify ssctors forA applying Mm‘ﬁion technology in develeping countries
and o highlighting minicamputers as a more effective vehicle with which to
1mplanent these information systems. Though minicomputers have becn exten-
sively ussd. in the daveloptad comtriea, thsy are still largely thought of
as ~bein_g 1abora.bory tools er fron’o_-end processors o:j otherwise ng subordi-
nate to 'féal’ camputers. In only a few instances, such as CDC's Tickcirom
pulti-station n~linc sorvicc in New York and London, has a minicomputer

systaa been proved in face-to-face compétition with n cmfcntiox:al gystem
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(in this cnse the IR 360/50).

However in the developing ccuntrics the issues ~rc not just finan-
cinl viability and the elvpsed-timc~to-cutover. Reli~bility ~nd maintain-
ability loom much larger. The simplifie:tion of harduarc meintenance, ~nd
of softwar: updating and modification which comc with the smaller CPU,
modular I/0 structurs nnd stresmlincd, simpler operating systeus ~re of
immense benefit in 2 developing country. The 1ikelihood of a finite amount
of technicenl literature actually conmteining the information that is required
in a softwars or hardwarc emergency 1s much higher with a minicomputex_‘ 8yS~—
tem. Likewise the confidence and sssurance that comes with having several

similar small systems which back ench other up is not to be denied.

Systems analyses have been initiated in India in res  ° of the scat
reservation and date commnications systunm required for thc national alrling
{74 domestic strtions) to sce whether it could be designud 2s o mossage
switching system with a set of identical redundant multiple minicomiuter
m@les. Preliminary studies (G) indicate that very considernble savings
may result, Other studies of tho logistics roblems rssocinted with nation~
wide comodity distrituticn systems for food or steel suggest that the
greater availability of existing inventories created by better current
location and quantity informatien provided by a distributed computer syatem
night bave significant sconomic valuc in a shortaéc; econamy, lsading also
to foreign exchange savings. Still another analysis, of the drta archives
" of the Meteorcleglcal Department of Ind:}a, revealed tint an indexsd filing

aysten implemented on s real-time disc-and-minjcomputer system {which was
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Fig.3s Une Node of a Modular Distributed-camputing
System Supperting Logistieal Uperations,

During norpal working hours local transactions are logged and analyssd.
after hours the stations & the network exchange messages. The "head~
quarter” node can poll the other stations to update central inventory

records,

Midizomputer
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Figd4: Informatlon retrievnl and analysis System for a Data Archive.

T

In the case considercd, the archive holds histerical we-ther -ecords., A Multi.
level indexing system onables the uscr at a terminal to retrieve the data set
necded. Thes Writeable Control Store (microprogramming} spseds up certaln

data anelysis methods such as Fourler Analysis. Uutput can e on the sercen,
hard copy device or linc printer. Total iist price: c. §3C5,000.
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also micro-programmcd to do fouricr analyses) would make this valuabls dete
archivc accessible at o fraction of the cost of the medium sizod camputer
previously pr-oposed. The mediur sized gcnerall—purpos‘e rachine was intcnded
40 bec used for mathemtical analysis of ~tmosphcric differential cquation
nodeols, but it rcquired only = litfle study to show that thssc analyses in
fact placed vory great demands on sheer computing powcr that could nob be
met by a medium sized computer. 4 remotz batch link to a nearby large

computer was suggested lnstead.

The conclusion we draw from these examples is that minicomputer aystems can
be designed to perform economically most of the priority inforpation pro-
cessing tesks in developing countries. When the sheer camputing require-
pents are beyond their capability, it seems to be the case that the prescrip-
tion swings to the other end of the size spectrum. This results in by
passing cowplstely the mid-range products of the major manufacturers of data
processing systems., This conclusion is likely to prove controversial because
theso arc the systems on which they have placed most emphasis in their
ma;rket;ing. I shall therefore cleose by suggesting that in evaluating alter-
native techmologies for camputer projects in 1l.d.c.'s, wa should be aware
of (1) the high opportunity costs of managerial and systems—design manpower,
end of overcapaclty in capital invesiments, as well as of (2) the need for
reliability through modulerity and duplication of facilities, and of (3) the
.-;:.1:5.11'!55v of minicamputer-based systems to cambine specific solutions to data
pi'ocassing problems with step by step growth capability, and ease in achieving

on-lines, resl-time date-capturs and information analysis.
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