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PREPACE

Beside the introduction of Seotion 1 and tho brief orientation of
S8ection 5 of the toohnical assistance UNIDO ie providing in the areas dealt
with here, the present paper has three main sections. Sections 2, 3 and 4.

Section 2 covers the deveclopment of both computer technology and
spplication during the last fourteen years. Jection 3 attempts to investigate,
in a practical way, computer utilization in the various areas of industrial
developmont at the aggregnte as well as the micro levels. Section 4 disousses
& number of problems doveloping countries encounter in this regard and offers

pertinent recommendations to this offect.

It should be noted that compuier science as such is beyond the scope of
this paper, as thc main issue here is to analyse, as mentioned above, the
multifaceted application of computers in irdustrialization and related problems.

This paper has besn prepared by iir. liostafa H.A. Hamdy of the Industrial
Policies and Programming Division of UNIDO, Vienna.




UTILIZATION OF COMPUTERS IN INDUSTRIAL DEVELOPMENT

INTRODUCTION

It became necessery to comsider tho upheaval which is taking place
in development activities from planning, through implementation, to operation
and oontrol as en "information revolution" in which people from different
disciplines using various teofmiques and procedurcs are engaged.

The development process, for a considarable part, involves the collec-
tion of date, processing of this data, i.e. carrying out computations on it
aoccording to some models or techniques, iransferring the resultant informatiom
to its users, storing information and retrieving information whenever
needed., This is cvident in each stage of the development process: in
preparing plans or programmes of development, in implementing these

programmes and their oonstituent projects, and in operating and controlling
projects or plants.

In order to cope with the ever-inoreasing demand for information, it
was inevitable that attention should be given to more accurate, reliable and
faster handling and trensfer of information., In this regard a number of
teohniqués and systems have beon developad,

Manual oomputing systems were the first to be developed. The primary
drawback was the inability to perform more than one function at a time.

Bquipment was thon dev .lopad wh:ioch wag capable of performing computing and
recording, such as the dusk oa.loulators or tho cash registers. The latter,
for example, provides computmg and recording, issues receipts to ocustomers

and gives helpful mansgement information, Errors in computation due to the

humen element involved coupled with slowness of operation were unavoidable,

Bven aftor developing the machines combining computing, sorting, distri-

... buting and recording, these funotions wore not really integrated. A humen

operator had to gransoribe from the documents genorated during each data
prooessing step and to transport the punched cards from one machine, after
performing one or more functions, to another machine to perform other
funotions. The Runoged card equipment (tabulating machines) were then

developed in order to ensuro more compatability among machines of the
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samo brand (such as IBli or Remington Rand), Punched card systems, however,
could not obtain the degree of accuracy nor speedy operation required. This
was attributable to thc necossity of tho operator having to move the punched
oards from one machine to another in a sequonce of operations and having to
initiate cach processing step as well, Added to this was the slowness of
operations due to the fact that the machines used mechanical and electro-
mochanical parts for performing their functions.

The mechanical and cloctro-mechanical parts mentionod above were then

replacod by electronic parts and thus electronic computers and the sloctronic
data processing (EDP) systoms were developed to provide sutomatioc ocontrol

and high-speed processing.

The development of the electronic computer, which is capable of carrying

out the information handling and transfer process more socurately, reliably

‘and a million times faster than the speed of tho humen being, must have a

great impact on the work involved in cconomic and industirial developmemt as
woll as on the structure or set up within which this work is undertaken. This
is true due to thc following mein consequencos:

1) Hecipionte of informetion, as for instance unit or section heads in an
organigation, can got only the information they need and no more. The
computor can print this part of tho information in the way or form
required and cnsure that up-to-date information is always transmitted
in "real timo"-?-/to the recipient of information. Add to this the
poseibility of rapid simulation of alternatives of action for optimi-

gation which will urge decision-makers or management to:

a) determinec at the outset tho information they really require to
discharge their functions and hence no time and offort is wasted

in collecting and roviewing unncoessary information;

b) Tbenefit from the computer speed in trensmitting informatiom %o
them through becoming more capable of making decisions and teking
aotion considerably faster. |

y utomatic oontrol means that the instructions to be given to the oomputer,
which aro in thc form of an operating or control programme, are stored togother
with thc data to be procossed in tho memory (the storage) of the computer,
Aocordingly, a "stored fng&rame computor' donotes a oomputer whioh is
oontrolled by a list of instructions stored in its memory or storage area to
which it refers in a spocificd sequenoe whon the application programmes (the
programmes put on the computers for processing and solving, such as programmes
rolated to investment plonning, resource allocation, invontory control and
payroll problems) are being oxccuted.

_2/ "Real-time" implies that information concerring some situation is trans-

mitted fast enough to the information user so that he oan make a decision or
take action in time,
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2) In an organization, the impact of the computer on tho information
miw or information flows is profound. Since the dosign of an
organigation structure is the design of an information system, the
computer assists in establishing what has become to be called
integrated management information systems, which implies that in an
organigation hierarchy cach organizational unit is intorrclated to
othor units at the same or other hierarchical levels and acoordingly
the management structure is likely to change.

DEVELOPKINT OF COMPUTER TECHNOLOGY AND APPLICATION
e e o A

Although actual application of computors started only 14 ycars ago,
groat strides have been taken in computer technology during this rather
short period. Three computer gonerations have beecn succegssively developad
and used for commorcial as woll as scientific or technical application,
Bach computer generation is characterized by ocrtain improvements in computer
design, size, capacity, speed of processing and operating costs over computors
of the preceeding goneration. Annex I oompares these computer generations in
terms of computer design, main functions, storage capacity, storage cost and
average computetion speed. While the 4th oomputer genoration} is oexpectod
to be on the market early in 1971, somo computers such as tho I System 3
have been doveloped as a transition betwcon the 3rd and 4th generations,

It is interesting to mention that tho cost of computers, in tomms of

computer price (Purchasc)
storage oost: Storago capasily hes been reduced by at loast 807

within tho last 10 years, while the cost of the softwarc has beon stoadily
inoreasing and this will be the prevailing trend. The lattor is attributable

1 Electronic deta processing systome (oomputers) consist of hardware,
.@. the equipment (contral processing unit, auxiliary memory or storage,
d input-cutput units) and software, i.c. the programmos. The 4th
computer generation is axpocted to bring about a number of improvements
in both the hardwarc and the software. For the hardwarc it would probably .
be based on large-scals integrated circuite. As can bo socen in the last
colwmn of the table in Annox 1, further dovelopment of computation spoed
would be of insignificant value. 1In addition, improvements in auxiliary
capacity, magnetic tapos and discs would be made. As reogards software it
is expected that this would include improvemonts in programmes, better
prioe/perfomance ratio and last but not lcazst greater improvements in man-
computer systems wherc a tight interactive relationship betwecn the user
and the computer would bc achieved, lhan-computer systems make it possible
for the user to communicate with the computer in tho humen language rathex

than in computer language. The latter involves & process of translation
from the first. |




-6 -

to various factors suwoh as the excessive varietics of reporting systems
and the development of the capability of the hardware through the develop-
ment of programmes for time-sharing (time slicing), on-line processing and

the liko.-]-'/

The above-mentioned development in computer technology has contributed
to the increase in the number of computors installed as well as to those on
order from above 1,000 in the entire world 14 yocars ago to over 85,000 today,
of which about 6-8" are in developing countries. Moreover, the number of
computer applications has considerably increased. In the highly industrialiszed
countries the ratio of commercial (payroll, invoicing, billing, etc.) to
scientific (marketing, distribution, production, ongineering programmes,
planning and control including modelling at macro and micro levels) computer
application could be estimated on an average at 70:30. The latter, i.e.
planning and control including modelling, investment analysis and operation
rescarch amounts only to a very small percentage of computer applicatioms
which might be in the order of 5-7,°. This percentage may bo even less in
developing countrics.  However, there is enough indication for a remarkable
growth in computer applications in this area in the years to come. This is |
true as (a) planning and control are now widely accepted as a prerequisite i
discipline for the industrialization process, and (b) there is an increasing
demand for establishing computer-based government and managemont planning
and control information systems.

1/ Timo-sharing allows many users to share a computor at the same time,
in suoh a way that each user ssoms to have the computer's exclusive
attention. This is important since tho central processing wnit, which
performe the arithmetic operatione, has a considerably higher speed than
the inmput-output units. The central processing unit would therefore be
idle during & good part of the timc needed to executc a single programme,
Thus time-shering aims at keeping the central prooessing unit as ocoupied
as possidle,

On-line srooelei_r_ﬁ provides the possibility of entering or retrieving

dr%a into or from an electronic dats processing system rospectively from
a remote location through a communicstion terminal similar to an office
typewriter or telephone line.
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3. COMPUTER APPLICATION IN INDUSTRIAL DEVELOPKENT

In reviewing the process of industrial development it becomes clear
that oomputers would be urgently needed st both aggregate and micro levels
in a great number of developing ocountries. This section therefore deals
with the likely computer application at these two levels as related to the
various areas of development activities.

3.1 Aggregate level

3.11 Qeneral

This level ‘s mainly related to the domain of development planning.
It is therefore commendable that this part be concerned briefly with
the techniques and methods used in national, sectoral and regional
planning and their 'relpectivo oomputational problems and requirements.
Before going into this subject it seems appropriate 1o define develop=-
ment planning.

Development planning is used for identifying short- or long-term
problems and bottlenecks that would impede development efforts, seleoting
the most appropriate investment projects, allocating limited resources
to projects, coordinating development activities undertaken by various
agencies at various levels of the country's plamning and implementation
hiersrohy, and formulating oonsistent short-, medium~ or long-term plans
of dsvelopment. Development planning is being practised in both centrally
planned and market edonomias despite the prevailing difference in the
onstitutional structure of both systems.

In this regard the techniques that are worth neutiouuc are those
Nl.tod to mathematical model building.

3.12 Nodel building techniques for development planning

These techniques mainly encompass the developmant of sconometric
sathematical models for describing the quantitative interdependence of
the eomumic variables of an cconomic system. liathematioal models
oould be regarded as growth models or normative models. The first are
developed to identify the future behaviour of the system, giving certain
information & priori. e second are centered cn an objeotive funotion

4




amd thus provide the most favoursble decision ropuu.nc the maximum or
sinisus level of the objeotive function within the conditions (scarcities,

limitations, constraints) imposed on the systom.

3  As & useful tool in economic and industrial planning models should

§ have some degrce of deteil and by doing so they becomo more complicated

1 for dovelopment and application. The levol of detail (number of sectors
) included) of a mathematical model depends on tho data available and the

? dats processing systom used, Data limitations and/or inadequate data
processing would inevitably impose substential modifications on the model
] whioh frequently make it of questionable value. This is true since

‘ the application of mathematical models in development planning involves
not only theories to describe the rolationship between economio variables
but also cxcessive data retrieval, rapid and reliable data processing and
a large number of trials during the various stages of model building and
applioation which could be briefly discussed as follows:

(a) Determining the modol system of equations involves an arduous
jterativo procedure oven if the mocel consists only of a few equations

whereby the rolevant variables (exogenous and endogenous) are determined
and the appropriate mathematical shape of each of the oquations comprising
the modol systom of equations is established.

(b) Detormining the velues of the coofficients in equations is based on
manipulating time series data for the past 5, 10 or 15 years by certain
statistical methods such as the least squares mcthod for regression analysis
or the simultancous equation method, The former is less complicated

then tho lattor. However, it only allows one variable in an equation
%0 be designated as dependont (endogonous) on other variables in the
system. As mathomatical models froquently have more than one dependent
variable in an equation, the simultaneous equation method could then
be used, For the latter, oven if & modified version is used for
simplioity, it still is a complicated and burdensome method involving o
computational limitations which are impossible to deal with by memual i
computing systems. The situation is further aggrevated when the model
is detailed rethor than aggrogated. It should be noted that using date
and paremstars of past periods may be misleading in this respect in o
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developing country as they were related to the situation whioh the
effort towards development aims at changing. Since tho purpose is to
ohango the existing structure embodied in past trends, other data and

. 4 ']
parametérs have to be incorporated in the model.

(¢) Projecting the future values of the economic variables. Tho

sclution of the systom of equations tc determine the values of the
. endogenous variables f?r certain octimated levels of the exogenous variables
(which would be the main boCy of the quantitative data comprising tho deve-

: T e Lo
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lopment plan or programme) is & ocumbersome Job whore reliability, acouracy

and speod of computors are, in the majority of casce, essential requisites..

(d) Testing the adequacy of the model by using all available data and ';lj:
information in order to find answers to such questions as: ‘

- (1) Does the model work:
(i1) Doos it doscribe the future behaviour of & system superior,

though far from perfect, to any othor available method
which can be sconomically used"

To arrive at a satisfactorily improvod systom of equations of a model
& largo number of trials (computor runs) have to teke place, a process
whioh generally roquires adequate data processing facility in order to
oope with the vast quantity of data, tho speed of processing and the
aoocuracy of output.

(e) Updating of modols. In the oourse of time, conditions inevitably
ohange thus necousitating adjustments to be made in the variables and
struotural relationship of the model. The rate of updating of the
model definitely dopends on the system of planning. Froquent updating
of models is, for instance, clearly nocded with medium~torm plans
(}S‘yom) supplemented by annual plans. This necessitates the estab-
lishment of reliable computer-basod information systems with adequatae..

- electronio computing facilities to monitor those oritioal variables and --
paremeters in order to: detact in time ray changes in their ourrent
values; to communioate the necessary infermation on the change tc the
ocorrect porson in the planning system at the correct time; to simulate
$he model rapidly and reliably using the now input data to determine
whether the utility of tho model will be significantly affected by the
ohange to warrent its modification; and, if so, to up~date the model,
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Nain models ourrently used are:

J. 122 ¢C honsive model
3.1211 Simple aggrogate models

In this type of model the oconomic wttvttiu of a coumntry
u'e nggregated into one or a few oatmriu and frequently the
models only consider one factcr of production.

The aggregetc Harrod-Domar production function serves as an
example, It is mainly used to determine thec oapital requirements
for various levels of production corresponding to alternative
investment plans; as an aid in comparing demand with supply of
oapital and hence modifying the plan. Both TICAFE and RCLA used
the Harrod-Doma.r-]-'v’/production function in projecting the economy
of the countries in thoir respaotive regions. In additiom, &
number of countries applied the Harrod-Domar model, such as India,
in the preparation of her second Five-yocar ™lan wherec the eoconomy
was divided into four sectors.

The well-known Cobb-Douglas production funotiony is another
example of aggregate models., 1t desoribes production as a funotion
of two scarce factors of production, namely labour and capital
while assuning perfect substitution betweon them.

3.1212 lMore detailed models

Here two modeles are inocluded; statio input-o‘w medels and
simulation models:

(«) JInput-output models

Input-output analysis deals with various empirical problems
for which national income and partial oquilibrium smalysis

1/ In addition to the production funotion which desoribes the various technologioal

possibilities, the model system of equations would include other equations or
functions including variables suoh as oonsumption, import, net factor income coming
from abroad and balance of payments. Initial valuos and coefficients of the model
are to be determincd from current data and past timc series. The variables in
tho system will be dotcrmined at the projected period (time t) either as exogenous
parametors, such as export, which is to bo dctermined (given) ocutside the model,

or endogenous, as gross national product ineide the model, i.e. tho outoome of the
solution of thc system of equations.

_2/ It is worth mentioning that although the Cobb-Douglas production finction is for

cortain apvlioations superior to the Harrod-Domar production function, the latter
is used moro especially when statistical data is inadequate or in %he case of long-
torm projections when capital is scarce and is a limiting factor to development.
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tfechniques are inadequate. It doals in dotail with the inter-
relationship or interflow of commoditics and services among theo
sconomio sectors of the whole economy, a soctor or a region.

In an input-output taovlo oach entry thereforc indicates
& transaction of commoditios or socrvioes during a certain f)eriod
of timo - usually a yeer. The ontries may represent transacte
ions in physioal units but usually this is done in monetary
units ueing tho price of a base year. Since it is widcly used
more will be said below on input-output analysis; its computa-
tion requirements ag related to its main usas.

The main uses of input-output analysis are: struotural
analysis of the eoonomic system; policy guidance; and projeo-
tions of the economio system.

Among othor things structural analysis involves:

(1) e ocaloulation of the quantity of each primary input
(e.g. the import contont) which is directly and indirectly
required to satisfy the final dolivery of one unit of
output of one or more sectors. Horo the inverse coefficient
-ltx;ix is to be derived from the input coefficient matrix
and is used to trace the ultimate origin of the inputs
absorbed in the final output of a particular soctor.

(11) The undertaking of market-type of analysis as and when it
is desired to find the ultimate destination of tho output
of a particular produoing sector(s). For this purpose the
rows of the inversc ooefficiont matrix are used instead of
the ocolwms. This kind of information is valuable to the
establishmonts onstituting the sector under study and shows
how tho output of other sectors affeot their ultimate markets.

(146) e detormination of component factor oosts of the prioe
wit of the final output of a sector or sectors. Here COM-=

putations would involve a transposed inverse coefficient
matrix, multiplication of a specifiod sector row of this -
®atrix ty tho different classes of primary input coefficients
and then the placing of quotients in rows.
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As regards policy guidance, sonsitivity type of unalysis
could be undortaken with the holp of a detailed input-output table

and laborious computations when input-output analysis is used
(though with limitations) as an aid in simulating the various
governmont price policy alternatives.

As a prodictive model, input-output ,mtlysic can be used in
the Rrojeciions of the aeconomic glstem.l‘ In other words it is

used to dctormine the futurc levels of output of the different
sectors for both short and long terms. Computations here include
the projection of final demand and input coefficient matrix and then
the calculation of output levels by multiplying projected final
demand by the inverse of the projocted matrix. Since the computa-
tion of an input-output table might take as long as 3~5 years,
input-output projection modcls may have to be based on previously
preparaed tables. However, as new input-output data beoomes
available, frequent iterations are deemcd to be neccssary to update
the input coefficicont matrix and render it more consistant.
Computations roquired are rclatcd to the degree of complexity of
the projection approach uscd which may vary from a simple extra~
polation of past tronds of coefficient changes (using coefficionts
from twc past tables) to the formulation of a linear programming
problem whore the changes in thc original coefficiunts are the
sclution to tho problen,

From tho aforomentioned, a number of points can be noted.
In order to be moaningful and of valuc to the planner the input-
output modcls should include a relatively detailed industry break-
dom. It should be pointed out, howsver, that as the size of the
matrix incroascs the input-output table beoomes more oomplex,
burdensomc in computations, time consuming and subject to a vesy
high probability of error. In order to visualize the order of

An 83 x 83 input-output table for the United Arab Republic in 1954 was

loped and uscd for tho projection of primary iaput reguiremeats fop the
UAR economy for 1960/61.

o vdic S
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sagnitude of the diffioulty involved, it may be of interest to
mention that tho preparation of the inversec of a small input co-
officient matrix of, for example, 16 soctors takes by manual
oomputing systems on avurage not less than 300 man-hours, foreover,
by ites very nature as a static system, the timing of tho table and
the spoed with which it is prepaved is oxtremcly important since
its usefulnoss tonds to diminish with time to the extent that its
value to dovelop'ing countries has boen frequontly questioned due to
the high opportunity cost of the process involved.

It should be further noted that eggregatc tablos do not always
mean to be less complex. Probloms similar to those mentionod
above are still to be faced particularly when morc dotailod sector
olassification is adopted (which is frequently the case) in proparing
the aggrogatc teble, since, at such a levol of detail statistical
dats can easily be found; and in addition to the fact that gonerally

speaking working at a more dotailed level improvos the qurlity of the
results.

From the analysis so far it is needlass to over-emphasize the
Recessity fer largo-scalo computers in this area.

») Simulstion models

The above mentioned mathematical modcls arc not truly dynamic,
although the variables included have a time dimension. This is
éw to tho faot that all variables are of the same period, whioh
ie different from the actual path of developmont during which, for
wmple, various amounts of investmonts at difforent points in time
with different gestation poriods tnke place.

S8imulation, on the other hand, is supposed to aim at more
realiotio models to work with, whioh are neither normative nor
Wiinisation modols. Having formulated a simulation model which
emprises relations similar to thoso developed in econometric
studies, input-output ma.lynir/ and some others resulted from

+ The industry breakdown included in simulation models would not be asg
tailed as the one used for input-output analysis,
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certain qualitative observations, attempts will be made at a more
realiastic development of the timo paths of variables beginning at

& oertain point in time, under some given conditions, through a quasi-
ocontinuous process of computation. In it the computations prooceed in
intervals of time throughout the planning horison. In the NIT simulatiom
lodob-l/tho oomputations progressed in steps of one-twentieth of a year,
whioh provide a fair approximation to a continuous prooess during overall
poriods of 5 to 25 ycars. The amount of data and the complexity of
ocomputation clearly nccessitates that the application of simulation
models be geared to the utilization of large~scalc computers, which
renders further crgument in this regard irrelevant.

Having put the simulation model in the form of a computer pro-
gramme any nocessary modif:cations should be made to ensure that the
model yields seatisfactory results. In using the model, a2 comparison
is madc betwecn alternative development programmes as well as instru-
ments of occonomic policy, assuming different timec paths of variables.
For examplc, at early stages of development this could take the form
of some computer runs including omphasis on the development of oon-
sumor goods industries and then later emphasis would be on capital
goods induestrics or the cctablishment of new cxport products e - -

and a host of other possibilities and problcm‘ns.2

Apart from the two models discussed abovc it would be worthwhile %o
oite another oxample on a detailed model. This is related to the long-

)

term manpower planning in the United Arab Republic (UAR).

The objective here was to determine thc manpower requirements for all
sectors of the UAR cconomy for the period 1960 -~ 1985 and to develop
scoordingly an education and training plan. Manpower requiroments have
boon related to thc needs of the oconomic development programmes and am
economic development forecast of tho production lovel of each soctor was

y Bdward P, Holland, The Amorican Behavioural Soientist, Principles of Simulatigm,
opt

ember 1965, Vol, IZ, No. 1,

2/ Simulation model of tho coonomy of Vemezuela doveloped in 1963 can be used as
e exampla.

! Nostafa H.A. Hamdy '"Nanpower Requirements for the UAR for the poriod 1%0 -
985", The Institutc of National Planning, Nemo No, 431, 26 May 1964.
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thws made during this period, Having dotermined theso production lovels,
sectoral changes in labour productivity have then been predicted in order
to estimate tho aggregate sectoral employment during this period. Pro-
jocted demand by category of manpower was thon determined with the holp
of a manpower occupation structurc for 1985 which was developed for this
purposc.  After projocting the manpowor supply for the period 1960 -
1985 from existing education and training systoms, projected supply and
demend were comparcd and oxpected deficits by category of manpower were
determined. The education and training plan wes then developed tc make
up for these dcficits gradually. Due to the lack of data and particularly
computer facilitics a number of assumptions and modifications wore made
in order to reduce the numbor of variables to a manageablc number which
have limited the value of the model. Foromost were:

(a) Betimation of sector variablos or parameters used for
economic forecast, projection of labour productivity and
expectad changes in the occupation structure for manpower
from 1960 - 1985 were bascd on inter-country comparisons.
This involved both time-sorics analysis as well as crogs-
section analysis. For the first, both the number of
oountrios included and tho number of post yoars covered by
the data were limitod. For the second, the number of
countrios was reduced.

(») Oocupation catogories of manpower doalt with were relatively
small,

(e) Projection of labour productivity disrogarded the offeot of
important factors, such as, technological advance, improve-
sents in organization and managoment, improvements in manpowes
performance through training and upgrading and structural
changes of production, during tho period of planning,

(6) A sketohy assumption implying that graduatcs from a certaia - - -
-educational discipline or training programme would osowgy
posts involving the areas thay werc trained im.

(8) o effective reallocation of aveilable qualified percenmel
was oomsidered.
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3.122 fgctorel modols

Modols arc also used in sectoral plamning, sectoral plans can be
developod as an intogral part of, or independent from, a national plem,
T™he former is tho case of contrally planned economies. A sectorsl plam
would be morc detailod than t.e component of thc same sector in an over= -
all plan. A scotoral plan may consider all the scotor activities or
may oconcentratc on one or a small number of activitios which are considered
oritical or limiting to dovclopment,

3.123 Regional models

A country's coonomio system could be comsidered as oonsisting of a
aumber of scctors or it could bo divided up into a number of rogioms.
4 regional plan could bo & part of, or indecpendunt from, a national plan.
Rogional planning is of partiocular importance when a rogion's development
has a direct impact on tho dovelopmont of other regions or on tho develop-
ment of the country as 2 whole. For tho latter, selection of potential
regional as well as national projects that would be implemented in the
region would be of essential importancc.

Mathematicel models, similar to those previcusly discussod oould be
also used for rogional planning. In addition mathematical models havo
been suoccessfully used for some specific activitios of regional develop=-
ment such as in the programming of industrial comploxes. Examples of
regional planning activities inolude the regional development programmes
in the various rogions of the North East of DBrasil, partioularly that of
the Gtatc of Behia end the regional development programme of Aswen,
United Arab Ropublio,

The extent to which & rogiom in a country would undertake, bty itself, regiomal
planning, is 2 function of a number of variablos. Foremost are, availability
of resources in the rogion and the respomsibilitics assigned by the federal or

contral government to looal or regional governments in terms of taking politioal
and administrative decisions.
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Problems relating to laock of data amd inadequacy of eleotromio
oomputing systems, as previously discussed, have also been mosmntered
withia Both sectoral and regional models where simplifying asowmptions
limiting the value of the model had to be made.

3.124 Intogratod ‘or multi-level glannm} models

The ooordination or integration of sectoral and/or regional plans
in the national plan presents a problem. For example, economy-wide
investment models give the overall optimum investment programme
imioating the optimum investment levels in the economio sectors. At
this point no projects are specified for implementation in each sector.
What is then required is for sectoral Planning bodies to solect a
number of projects according to cortain specified criteria within the
level of investment in each sector previously specified by the national
oF oentral planning body. Coordination here is of importance in order
%0 select those projects which provide complementarity among the
seotors of the ecomomy. In the absence of a well established system
$o this effect, ooordination would not be possibla.

Por more integrated or multi-level planning the applioatiom of
sathematioal modcls of a reasonable degree of detail should require the
wtilisation of large-scale coaputers duc to the vast amount of dl-fl used
and the iterative procedure whioh is fnqucatly employed.

R —

This would be appreciated by citing briefly one attempt towards more
tegrated planning,

. »
%}ml glumu!l‘ tochnique was developed to deal with planning at the
nasional and sectoral levels. 'The Central Planning body draws up an initial
investment programme cn thc basis of its shadow price system. After deriving
their sectoral optimum programucs, according to the investment allocations
in the programme of the oentral planning body, sectors feed back their programmos,
&8 well as their oorresponding shadow price systoms, to the oentral body,
together with their reoommendations, which might includo proposals for
ochanges in investment allocation, Acoordingly, the central planning body
modifios ite overall optimum programmc and consequently each soctor derives

its modified programme. This itorative procedure oontinuos until an optimum
solution is found,

R——

* Komai and Liptak, "Two-Level Planning", Boomometrios, Vol, 33, No, |
January 1965.
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The above mentioned analysis of the mathematical models for
dovelopment planning and related computational requirements would
2 suggest the following si:dple comparison between the various computing
systens, bearing in mind the difference in speed and oost of dasa
prooessing and retrieval among them.

b It is not impossible:-
i

(a) for simple aggregate models consisting of about 10-12 sectors
1 to obtain the solution by means of menual computing systeas,
although they need laborious work of oomputation, checking,
recomputation and listing or tabulation;

() that punohed card systeme such as IBN/602A or 604 could
undertake the processing of models of 12 - 16 sectors;

(o) that first generation computers such as the IEM/650
oould carry out the processing of 16 - 20 sector models;

d () that second generation computers such as IBH/704 could
i process models of 20 - 25 sectors.

For models having more than 25 sectors third generatiom computers

such as the series of IBN/360 would be sufficient.
3.2 Jigro lgvel

3.2 Gagerel

The last fifty years have witnessed profound changes in the tasks
aad responsibilities of the management of enterprises and, in most
oases, has made oomputer-aided management decision-making essemtial,
T™is is attributable to a number of factors. Organizations grew
repidly in sise and comprised a bigger number of interrelated
oempenents (departments or plants, etc.) Technologies available
became more compliocated and need considorable effort in the area of
resesarch and development and this manifested itsolf in desigm,
production and maintenance. Products have been diversified end the
renge of products within organizations is widened. Timely information
ad reporting by the organisations to outside bodies is tremendously
inoreased. lMore effective formal decision-making techniques have
been developed. And last but not least, electronioc computers have beem




v TR T I RTINS £ A I
S R R R
R e ‘ :

R

-19 -

developed which can process date and information much faster, more
relisbly at less cost per unit of information than any other data
processing methods. In the meantime the pressure on the management,
mainly to stand competition, has been considerably inoreased tc develop
their ability in order to respond rapidly to ohanging conditions and
t0 take timely decisions.

Aocordingly, in order to let an ocrganization or enterprise
function smoothly and achieve its objectives, management has to
appreciate the ever-increasing complexity of data handling activities,
Masses of data and information from the different organizational
departments, as well as from outside the organization, have to be
collected, processed acoording to certain models based on some
decision-making techniques, transmitted through the oommunioation
channels to the various decision points in the organization hierarchy,
and stored and retrieved whenever needed. It is therefore needless
to over-emphasise the role of computers in helping management in
meking reliable decisions and oontrolling the implementation of these :
decisions.

The decision-making process comprises two components: inforwmation
a8 well as management techniques. BSince data processing and inforwmation
needs vary with the managoment tochniques used it is therefore essential
vhen dealing with data handling, tc consider both information needs
end management techniques in the context of the various functions of

menagement and to considor how computers oan improve management ability
in ocarrying out these functioms.

3. 22 Hanagement funotions and the computer

Basioslly, menagement has two main groups of funotions; Rlesping
of future operations and control of operations.

Planning or strategio zlanni_g‘-'l involves the determination of

organisation goals, any necessary ohanges in them, allocation of resources.

alysis"”, Boston, Harvard University, Graduate School of Business
lﬁiﬂi“ﬂtim, 1965. )

Rodert N. Anthony, "Planning and Control Systems; A Framework for




40 these goals md definition of policies for acquiring and using
the resources. Strategic Planning decisions are those one~-of =a~
kind decisions which oommit capital resources, such as those related
to whether a new plant shou d be built, which of several available
teohnologics should be adopted, how the distribution of a produot
osn be improved to provide faster service to customers, eto.

Control funotions are of two main types; management control
and operstional control. Nanagement control involves the establish~
memt of procedures to assure the offective utilization of the
resources to accomplish the goals according to the policies set wp
YW strategio planning. For example, programming and soireduling of
project implementation and formulation of budgots require management
omtrol decisions and although a good part of management control is
planning, yet it differs from the itutegio planning mentioned above.
mtieul control comprises the day-to-day decisions that are
necessary to oarry out the projects or enterprise cperations acoording
%o the cbjectives and resources presoribed by both strategio planning
d management control. For examplo, production soheduling and
omirol and inventory control require operational control deoisions;
dag-to-day decisions on how to hendle special jobs, what to 4o in oase
of material shortage, how to schedule material and manpower, how to oomplete
s rush job at the promised time, otc. are to be taken. |

In order to oarry out hose funotions, management should be provided

" with the necessary informetion which is generated within and outside
_ 4he orgmization, Information required should be up-to-date, accurats,

set in the proper format relevant to the issue at hand, and received

in real time by the rocipient or user of information. It should, in
sddition, highlight significant variables, indicate out of line
conditions and be the only information needed by its user. Knowing
that oomputers, as previously stated, are capable of processing,
trensmitting, storing and retrieving data and information more sccuretely
and rapidly than any other data processing method, the question is |
wvhat management functions could bo carried out by the computer. In




general any decision that is besed on rational factors can be mado
more efficiontly by the computor. Furthermore, docisions based on
logical operations can be more favourably made by the computer provided
that all the required information is available to the computer and the
logic for obtaining tho decision is known. In other words, electronic
computers con so far take over those menagement functions which do not
involve judgement and creative thinking.

}J.23 Nanagoment problems and rolated techniques used

Manegoment areas and related problems are numerous, It is not
within the scope of this paper to oover all of them. It is only

attempted to deal rathor briefly with some of them togother with relevant

problem-solving tochniques used with the help of computers. Due to
the complexity of these problems and the importance of finding

- satisfactory solutions, managements have been sactioning the over-
imoreasing application of systems analysis and oporations research
techniques for problem solving. Since the advent of computers these

.. techniques have been succossfully applied in solving management problems.

3,231 Cost analysis and omtﬁl

This involves a number of problems and problem solving
teclmiques such as:-

3.2311 Cost-eiffootivencss enaslysis

-8 an enterprise, many decisions oan only be solved if
the ious alternatives which can achieve a certain goal
are studied and oompared.

Cost-effoctiveness analysis can be defined as "being that
proocedure by whioh the costs of alternative means of achieving
& stated effoctiveness or, oconversoly, the effoctiveness
of alternative moans for a given cost are compared in a series
of numeriocal indioes ‘The objective of the analysis is
%0 isolate the alternative, or oombination of alternatives,
that either gives the greatest expected effectiveness for a
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given, or least expected, ooot."y For example, if the
goal is to inorease the performamce of & oertain engine and
{f there are & number of engino types that oen achieve this
gosl, & decision should be taken as to whioh engine type
should be adoptei. This is based ou relating the cust and
offectiveness of the alternatives and oomparing them stogether,
Cost will inolude cost of capital resources and the time
required for a sucoessful production. The effectiveness
oriterion or scale used might be taken to be the difference
of fuel consumption for the same engine sise, weight, eto,
oompared to that of the existing model.

3.2312 Resource sllocation for minjmum oost

This group of decision problems is mainly dealt with
W the linear programming toohni.quo.y It is a mathematioal
sechnique used to determino the optimun allocation of resourees
whioh satisfies some specified objective, for instamoe ’
sinisum oosts, when there are alternative uses for resources.
As sn exsmple take the case of a msnufacturer who will produse
a number of products at the same time, He should know the
preduction size (number of units tc be produced) of each
preduct that should be produced so that he would be able to
satisfy his goal or, in mathematical terms, his objective
funotion; minimui cost, maximum profit etoc. The solution %o
the problem is to find this optimum produotion polioy takiag
{ato scoount the limitations and onstraints imposed on the
menufacturer’s operations suoh as limited production resourees,
etc. The graphical method to solve linear progremming
preblems is only possible for problems with not more than
two varisbles (such as two products in the example amtiened

R —————
Ksrl Seiler, 3rd, "Introduction to Systems Coss-Effectivencss”, Wilegp~
iemce, A Division of John Wiley snd Soms, New York, 1969.

§/ Linear progremming is applied %o & variety of minagement problems.
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above). For more variables the algebraic method of solutiom
should be used, The most common method used ie called the
Simplex Method. It is an algebraic procedure which
progressively approaches the optimal solution through a well-
defined iterative process until optimality is finally reached.
Due to the considerable number of variables which are
frequently included and the nature of the iterative process
involved computers are being usod in this field to great
advantage. Consequently, computcr manufacturers provide
computer programme packages or standard programmes to the
users to put these problems on computcrs and to save them the
offort of writing their own programmes. Ir such a case the
users only need to prepare the input data for the computer,

3.2313 Inventory control (control of stock)

3ince stook levols fluctuate according io market demand
the objective of inventory control is to achieve an optimum
stock level at the lowest total cost. The total cost
comprises; the cost of carrying inventories, the cost of
incurring shortages nd the cost of replenishing inventories.
Inventory ocontrol involves decisions whioch mainly relate to;
the quantity required to replcnigh the stock, i.e. how much
to order and the dotermination of the minimum stoock lavel,
i.e. when to order., The solution to the inventory problem
is achiuved when valucs of thesc parameters can be found whioch
€ive tho lowest total cost mentioned above, Inventory
problems arc commonly solved by building a mathematical model
frem which optimsl decision rules are dorived. For this
purposc methods of mathematical statistios are used due to
ﬁo wnoertainty prosented in predicting the \'r_olmo of sales
% well as tho replenishment time in many cases. Acoordingly,
the expected domand and expocted replenishment time are taken
fram some probability distributions. C——
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The computor is used to groat advantage in solving
inventory models, Onmec of its big advantages is to simulate
a probability distribution by a sampling procoss which
othorwisc would bc timc consuming. Once a cortain
inventory policy is cstablishcd the computer is oapable of
tracking thc current inventory gitustion and proposing actiom
when ohange or follow=—up is roquircd,

3.2314 ‘l‘ransgortation groblom

Probloms of this typc arise whon many plants are
goographically separated from their warehouscs or the markots
thaey serve, and thus the optimal shipping pattcm is to be
sought in order to minimize transportation costs and to meet
markot domands. The tochniquo usually usod to solve transpor-
tation problems is similar to the goneral linecar programming
technique. In fact the transportation problom is a special
type of linear programming problom.y This technique is
again on iterative onc, involving a great amount of data
proocossing, and honce computer utilization. Computer
manufacturers have devcloped programme packages deaignod to
solve transportation problems. One wcll-known package is
the "stopping stone method" which is an iterative procedure.
Thie isvolvos the devalopment of an initial distribution as
input which is any allocation of shipments that satisfy tho
roquiroments without regard to the total cost. In cach
iteration the computer constructe a new distribution with &
smaller total cost than the previous one,  This continues
until a reduction in total cost is no longer possible whioch
implios that the solution, i.e. the resultant total cost, ie
optimal.

SRR

This tochnique is also used in some situations whioh do not iavolve
rensportation such as allocation of new products to plants in ovder %o
minimise total manufsoturing costs.




3.232 Project implomontation

Project implomentation is thc phase whcre major probloms
impoding tho industrialization of tho develcping countrios take
place. In most countries failuro to attain the intonded
developmant his frequently been failurc tc achicve successful
or evon satisfactory implementation, to tho oxtent that projeoct
implemontation has fallen short of expoctation due to longthy
delays and overrun of cost. Delays of threc to five years in
project completion are not unusual. This is meinly attributable
to soarcity of resources and lack of necossary cxpertise required
to deal satisfactorily with thc coplicatod tasks of implementation,

Wetwork analysis tcchniques are now the most effoctive
disciplide which is widely usod for programming, scheduling and
controlling projoct implementation. In implementing - projeot
it is not practical nor possible to attempt to work :-ith tho entire
project as a single ontity. It should be sub-divided into its
component activities or operations such as project detailed design
sd engineering, bidding and contructing, construction of plant,
erection of machincry and oquipment, and start-up of production ae
well as the de-bugging cf the managerial and the production
proceseos. Projoct implementation programming is thus used to
indiocate the rightful chronologioal place of these different
aotivitios and to idortify their interrela.tionship.-]*/ According
to the methods that are to be used to undortakc each activity,
am estimate of time duration required for the carrying out of each
activity is to be made in order to arrive at the time mochedule
for each activity as well as that of the project as a wholo. Mhe
result of progremming and scheduling is a time-phased plan for
implementing the projoot taking into account available capital,

1/ Comsidering the relationships betwoen the various activities or jobs
constituting & project is of essential importance since in implememnting a project
Some activities have to precede others, some have to follow others and some have
to be undertaken at tho samc time with others.




manpower and material resources. The plané/ in this form is

o very useful management tool as it dotects thc order of
magnitude of potential bottlenocks that would hampor project
implemontation and detormines the time periods during which they
would occur.  Consequently management would be in a better
position to tskc corrcctive action ahoad of timc and direct its
offorts and resources wherc they fit best. In tho absence of
thesc tochniques implemcntation problems are only known when they

occur and licnce dclays and cost increasc.

Control of implomeniation involves; the coordination of the
work of all parties (the cntorprisc, contractors, govornment
departments, .., ctc.) participating in implomenting tho project,
the focd-back of actual performancc to be compared with ectimates

of the plan and thce taking necessary corrective moasures.

/

s'or projects of medium and large sizc the application of
computer-aided network analysie tachniques is of great value to
management. Sincc this subject is rclatively now it seoms

appropriatc to consider it in more detail than the others.

The difficulty in prcject implementation is not so much
the procese of programming and scheduling at the ocutset, but it
is, in fact, how to excrcise eorfective project control during
the various phases of project implementation based on efficient
feed-back or reporting. This aren of work is directly related

to the so-called moanagement information systams,

Both basic as well as advanced notwork analysis techniques arc applied

o & numbor of management problems; project time planning and control, cost
analysis and control, time-coet tradc off, and resource allocation. The
time-cost tradc off problem arices from the fact that most of the activities of
a project can be undertaken by zltornative methode which require different time
durstions, amount of rcsourccs and oxpensas. If the initial schedule for
implamenting the project is beyond the desiroed projoct completion date which
may have been spccifiod by some oxternal controls, these techniquos attempt to
find tho projoct schedule that mcets the deadline, with the lowest tctal direct
or variablo cost, On thc other hand, if these techniques are applied to
dotermine the most favourable completion date, than thoy find the schedule that

givos tho lowest combination of direcct and indirect ocsts, hence the lowest
total cost,




-27 -

A project of & short duration in the order of six months,
for instance, with follow-up reporting every two months, can be
dealt with cconomically by manual methods. The samo could be
seid of relatively small-sized projocts wherc all the activities
are the responsibility of onc dcpartment in an organization or

onc porson and hence aro well known te him,

However, most of thc industrial dcvelopment projects in
developing counirics havo a duration of two to five ycars and,
in addition, thcy are complox in nature. The latter partly
stoms from thc fact that the projects arc new to a country whore
prior rclovant exporicnce is lacking. Theseo projects necd a
morc elaboratc organization of work, than what has bcon so far
praotioed, in order to carry out thc various project components
ohronclogically at the right time and in the right place.
Murthormorc, a8 conditions change in thc coursc of implementatiom,
frequent collection of data and information, periodic cvaluatiom
of progress and revision of stratogy scem to bo imperative.
™o situation is further aggrovatod by the fact that progross
ropomng and poriodic rovision may be necessary cvory two wacks
1f b weckly.

With large projeccts a decision might be taken at a certain
level in the organizational hiorarchy, which is responsiblo for
implemantation, concerning somo part or purtion of a rojoct,
which might not be based on sufficient knowledge of thc situation
in Bthor parts of the project. Such a decision, which mey be
effective for this particular part of tho project, may have
detrimental offects on othor parts or on the speed or cost of
- ocompleting thc project as a wholo. Therefore, it is csgential
to deotormine rapidly and roliably tho impact of individual
decisions on the various activities of the project. Computer
utilisation in this respect is of great value.
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On the other hand, not every agemocy participating in
implementing the project nor every manager of & part of the
project is interested in following up the progress of the entire
project. Tollow-up reports should contain only the informstion
needed by the recipient of the report. Such information should
reach the right person at the right time so that effective
control can be achieved, In this regard oomputers are of
essential inmportance as they are capable of processing huge
amounts of dats and arranging the results in a great variety of
orders through sorting and selective printing of information.
Murthermore, alternative solutions 1o problem projects whioh
are behind schedule can he more easily and rapidly simulated and
oompared by computers, than by any other alternative.

3.233 Production oontrol

Here production oontrol implies both planning and control.
Due to the complexity of the manufacturing process, an
enterprise controls its production at the plant's operational
level to meet sales requirements. This involves the integra-
tion and coordination of the utilization of manpower, machines
and materials tfor the efficient production of goedl. In short,
production control determines how, where and when work is to
be @Aone and follows it up for control. Consequently it mainly
jnoludes nuterial planning, scheduling and machine loading as
well as chop progress control. The recognition of the
managements of the value of applying operations research
techniques to production control problems whioh require the
use of computers and the development of the third generation
computers with their high spseds and storage capacities have
greatly succeeded in solving produotion ocontrol problems. Ior
exsmple production scheduling and machine loading involve the
optimization of the sequence of operations amd the development
of a smooth work load, This frequently nocessitates the appli-
oation of operations rosearch teohniques such as the queuning
technique and the utilisation of computers.




The foregoing sections analyzed the great value computer application has
in & variety of areas of industrial development, However, a word of warning
in this regard seems appropriate, Without adequate knowledge of computer

roquiruunfe, related problems, factors discrediting computer application and
proper approaches to alleviate them, the potential success of computers would
simply become en expensive failure. These are briefly dealt with below.

4.1 Utility and economy are not fully considered in using computers.

The oconsequence ic limited use of computer systems and hence high cost
per unit of information provided and lack of coordination betwean computers
utuhlilhod. fixperience indicates that decisions related to the utili-
sation or installation of computers in many developing countries are for
some, if not a great part, subject to many irratinal factors or based

on inadequate knowledge of what a computer requires and can do, The
latter frequently stems from the fact that most of the managers or
exeoutives in developing countries who would decide on whether to use or
install computers lack the nccessary knowledge in this respeot. This is
true, since computers practically came into being fourteen years ago
when most of these high echelon people had already oompleted their
eduwoation. The situation is further aggrevated duc to the oomplexity
of this decisisn which is based not only on knowledge of the field of
oomputer science but alsc on knowledge of other areas, such as systems
smalysis, econometrics and cperations research.

For this purpose a detailed foasibility study is to be undertskem $o
investigate the actual needs of the organisation concerned snd whether
oeemputer utilisation or installation warrants its cost. Although
feasidility studies are of essential importance, experience shows that
mepagements having inadequate knowledge in this field might not be able
$o understand or appreciate the importence of analyzing the present systea
nor the detail that should be put in the proposal and consequently night
not agree on the resources, time and cost required to carry out these
studies. The undertaking of this type of femsibility studies requiress
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oonsiderable knowledge of the activities concerned and the structure within
which they are undertaken, analytioal skill and kno'wlod_"_o of cﬂp&?_ﬂ‘
technology. [leotronic data processing systems analysts are to be
assigned this task.

4.2 The fallacy in most developing countries is to believe that the
ohanging data processing systems towards more mechanisation follows a certain
sequence such as changing manual systems first to punched-oard systems

and then to eloctronic data processing systems, Following this order
unnecessarily would effect delays and an increase in cost in shifting to
the most appropriatc system. The systom rcdesign should be solely based
on the present and future necds of the organization. Based on the
feasibility study mentioned rbove, & direct change from manual systems to
even large-scale computer systoms could be suggested. It should be noted,
howsver, that this does not mean that any attempt of systom redesign should
suggest a change from manual systoms to other systems, At a certsin

levol of date processing, redesign might not be anything more than
maintaining of a manual system with some improvements regarding s better
organization of input and output date at the various orgasnisational levels.
Though lack of high speed, roliability and acouracy of data processing
would still be prevailing.-l-’/

4.3 Thore is a variety of computers of different brands available on the
markat. Cince thoy could do the job equally woll at comparable cost,
tho importani point to be considered in installing a computer is the
seleotion of tho computer manufacturor. lere factors such as; the
manufacturer's system design, the kind of supporting services he can
provide; his research and dovelopment progremme and tho reliabdility of
the software he can furnish should be considered. The latter is of

1

It should be borne in mind that cost of processing with manual systeme

will inorease as the data processing locd increases. This is truc since
inoreasing the work load bayond a certain capacity of the operators, carrying
out the processing functions, will affeot their productivity, reduce supervi-
sion on the work they do and porheps require overtimc work at a higher cost ad
less effioiency. This definitely limits the deta processing systea in ooping
with additional processing functic..s to meet pressing needs.




essential importance as the offective utilization of a computor systom
does not only depend on tho computor but it also deponds on the software
provided with {t.

4.4 ‘hen substituting computor systoms for manusnl systeme, utilization cf
the former should not be limited to the computations that were carried

out manually so that computor applications would not be rostricted and
hence highor marginal costs. Murther applications and ndditional
funotions should bo studiod and included such as using the computer in
decision-making, ascloctive data sorting and reporting, otc., at .the
various levels of the organizational hierarchy. In an enterprise
priority to utilize tho computer should be given to thosc probloms
involving & vast amount of data and information as well as those whioh
aro mathematically complicatod.

4.5 The utiliszation of computor nystoms dofinitely increasc the spoed of
oomputations. This, however, is but onc of thoir numerous bcnefits over
manual systams, as previously mentiomed. It should be omphasized that
these banefits would not be automatically rcalized by the eatablishment
of such systons. Certain measures should be takon and implemented in
order to gain these bonefits. [or this purposc it is of essential
importance to gear the ostablishmont of a computer systom to the cstablish-
mont of a woll structured information systom with well defined boundarios.
A small number of doveloping counirics have 80 far rocognized this
prerequisito and oven thosec which did, have dealt with it on a rather:
‘partial basis.

4.6 Mturc expansion of computer systome frequently presonts some
problems. All oo often a oomputor is installed to replaco an existing
mapual or punched-card systom and to carry out the limited work whioch was
dono by the old system. T™o computor seleotod in this case could be

the smallest onc in thc menufacturer's computer line. Soon the orgami-
sation realizes tho potentialitios of the ocomputer systom and new and
more complex applications will be put on the systom. Accordingly, the
ﬁilting systom will ceasc to be sufficiont to meet the needs at hand

amd hence tho problems of "convorsion" from a proscnt to a largor system

-




will de faced. Ono of tho problems is the compatidility of the \loftwm
or programmes. Not ovory progrumme written for a small computer can

mn faster or evon can run at all on a bigger computer, although many
oomputor manufacturcrs claim this attribute in what they somotimoes call
"upward compatability". Thorefore, in case of conversion from a

smallor computor systom to o bigger ono tho nacessity of rewriting the
programmcs should ba seriously considered. '.

4.7 When they need computers many orgenizations would aoquire small
oomputors, This stoms from a numbor of rcasons. Foremost is cost,
Soon, as was mentionod befors, the noed would exceed tha capacity of

the computor and a biggor computor will be sought. Experionce has showm
that whon a small computer is installod, before long an additional storage
capacity of 8, 16 or 20 K-l/ would bo acquired. If such oxpansion has

been provided for in the initial oonfiguration, the additional capacity
would cost muoh loss than if it hes to be added at a lator date.

4.8 The dclivery Boriod of computors is botweon onc and two years.

Mony devoloping countries which zoquirc computers do not effectively
utilise this time poriod for oomputor programming, i.o. preparing
programmos to run on tho computor. This ol course will require uien-ive
work in identifying problom arcas that werrant computer utilisatiom,
putting them in a well structured form, applying some mathematical tech-
niques to solve them and proparing ‘he computor prograwces for processing.

™o latter are very timo~conmuming {ectors which should be seriously
ommsidered boforo acquiring the oomputer itsolf. Although tho computer
sanufacturers oan provide somo lelp in programming, developing countries
should depond for a groat part on thoir staf. in writing and modifying
their prograsmos. It is undorstood that training of progresmers will
tako time and dirootly after training is comploted, it is umlikely, due
to lack of axperiwiice, that thoy will be able to do tho job rapidly or
effectively. In this rogard it is worth mentioning that those training
ooursos in programming commonly hold for a fow wecks oan hardly cover
programing as such. They mainly covor simplo ooding. Nenagements
should know that a programmor needs a longor time io be trained end to

1/ K denotes 1024 bytos. Ono alphabetic or numerio character can bo stored
in ome Ybyte.
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aoquire experiencc deforo ho would be able to propare & well comoeived

programme although writing computor programmes has been recently limplified.y

Although this has rcsulted in wider computer appliocation, thc following
should be borns in mind:-

(&) Tho resulted simplification in writing computer programmes
is rosponsiblc for tho tendoncy of the managoment in many devo-
. loping oountries.to under-estimate the complexity of programming.

(b) When complex problems are toc be put on computers, package
progremmes are unlikely to be of much value and thus programmes
t0 be used directly for thosae speocific prcblems have to be written
anew.

4.9 Computer staffing alsc presents a problem., Computer systems
require threec main categories of porsonnel: syoctems analysts, programmesrs
and operators whose numbers oould possibly have the ratiol 1 1 : 0.75

a8 recont survoys have shown. Appropriate training programmes should

be providod., For this purpose, it is of cssential importance to know
the functions of cach oategory. Since the difforence in the functions

of systams analysts and programmers is frequently not appreciated in
Moloping countries, a brief ano.lylil of their respective funotions

uﬂ' appropriate:-

Writing ocomputer programmes has been -tudily ciupufiod. This menifests

tself in the following:

1. The development of tho so called "assombly languages" which
render programme writing e simpler task in logical expression
rather than in detailed cumbersome machine instructions.

2. The development of standard programmes for common activities
such as payroll, inventory oontreol, project mplementatim
programming and tho likeo.

3 'The deveiopment of the so called high-level languages such

as Fortran, Cobol, Algol and P.L.I. which have greatly simplified
programme writing to the extont that those trained in other
disciplines such as mathomatios, ongineoring, eto. can now
rapidly be proficient in writing oomputer programmes in their
om field.
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(%) Systems apiets

In an organization systems snalystes-

(1) define, develop or improve tho system of work;
determine tho information needs and flows required to
plan, implement and control tho aotivities of an orgeni-

- sation; and ostablish the system in the form of flow
charts and reports.

(1i) Adapt the systom worked out in (i) above to a
computer, i.e. dosign the data processing systom,

(iii) Detormine, in consultation with tho management of
tho organization what activities are to be processed
first by computers and what activities are to follow, amd
develop somo guidelines Iop piognuinc thesc areas.

(iv) Supervise the implonentation of the work in (i),
(ii) and (iii) above.

These functions might call for two types of aystems analysts.
One would be concerned with the functions under (i) above, whose
main training and exporience would be in tho ficlds of orgsmisation,
management and operations rescarch. The seoond is what oould be
terwmed oomputer systems analysts, whose training and experience
would be in computor scionce and tochnology and who would take ocare
of (ii), (iii) and most of (iv). Nevertheless both have to
oooporate together to establish a sound system.

(v) Programmers
|
After the design of a data processing system, progremmers:-

(i) put the activities or problems to bo processed imse

*
operational stops and code them in a language acceptable
to the oomputer;

(11) Verify the acourscy of, and test the completensces of,
the programmo.
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Programmors should work in oooperation with tho systoms ‘
enalysts. In casc tho systoms anal&st, besides his other funotions,
would undertake o good part of thc function undor (i) above, the
programmer's funotions would bo only confined to coding as well

as verifying and testing the programmes.

4.10 A common practico is to ostablish = computor systom as a "Computer
Centro", i.c. a8 ~n cntity or dopartment in tho organizational hiorarohy.
Training of staff who will run ~nd monage it should bo considored during
tho awarding of the contract to an oquipment supplior who should provide
a good part of computer training in the carly stages of the "Centre's"
developmont., Due to the scarcity of computer porsonncl and cost of
training and instcsllation, not cvory enterprisc in a dovecloping country
oan afford to ostablish its own computer contre.  Therefore, the
possibility of having an inter-firm computer oentre or computer sorvice
bureau with on-linc torminals and timo-sharing programmesy may be
considared,

s

4.11 A oomputer contrc should be offeotivoly structurcd. Omo way to do

IR o R

$his is for the computer centre to have two divisions or seotions. One
inoludes the herdwarc and may be callod "Data Procossing Division ". It
oould oompriso two units: onc is for thc.computor end its oporation and
tho other for dealing with the input and output. Tho scoond may be
oalled "Systoms Analysis Division" whioh oomprisos thc spooialists in
systoms analysis and operations rcscarch. Furthormore, for the
effective running of a computer contre, its location in the organisational
hicrarchy should be oarcfully dctermined.

e G e it me e gt

4.12 Although tho rosistance to computors has boen rocently reduced,
quito a numbor of governmont oxcoutives and parsonnel in doveloping
comtries still think of computors as thc "mystorious black boxes" which
take ovor human activitics and judgoment and affoot tho levol of
apl&nt and croate manpowor displacomont.

N0,

3/ Soe footnote 1 on page 6 of this peper.




Onc should know that it is the human judgement and oxperience
which instruot tho computor, the individual should therefore still be
recogniscd as tho ultimato decision-maker. He oan acoept or rejeot
the computor output. Ho is tho one to put his knowledge and judgement
in designing tho systom and tho dotails of its operation, Aoccording
tc this tho computer can carry out this oporation with a suporior speed
and roliability and manual systoms will nover be its equal. It is
the computer which cnablos the dccision-makor to effootivoly utilise
his capabilitins., Hero some orientation round-tablc disoussions or
seminers would bo vory usoful, Furthermore, one should not always
expeot a considorable drop in the lovel of manpower duc to the appli-
cation of computors. As has beon previously mentioned, thc ostablishe
mant of computeor systoms implios tho incroasc in number of prooassing
funotions and information uscs thbn with manual systoms and hence more
Jobs arc croatod. In casc manpower displacemont would be tho result
of computor systoms, suitablo jobs for thoso affooted by the change
should bo found. Tho idoal casc would bo whan tho majority of thom
could be upgraded in timo sc that thoy would aoquire the nocessary new
skills.

5. UNIDO TRCHNICAL ASSISTANCE PROGRAMME
M

Taking into acoount the aforementionod and boaring in mind the pressing

urgent neods of tho dovoloping countrics, UNIDO has long devoted its attentiom
to providing tochnical assistanco in this ficld, This comprisos both direct
technical assistanco and training in all tho arcas whioh this present paper
inoludes. In addition a sorics of publications and doowmentations on the
subject have also boen established,
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