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INTRODUCTION

1. A4t its twenty-thifd scssion, the General Assembly adopted resolution 2/58(XXTII)
requesting the Scerotary-General to prepare a_report giving special consideration to
the situation of the déveloping countries with regard to:

(a) The results already obtained and the negds and prospects for the use of
electronic computers in accelerating the process of econonic and sccial developnent;

(b) The varlous forms which 1nternaclonal action may take to intensify

co-ope:ration in the field of computers;

(¢) The role which the United Nations crn play in promoting 1ntorngt10nal
co-operation in that field, with ermphasis on questions concerning the transfer of
technology, the training of personncl and technical equipnent.

2. A number of activities were undertaken in connexion with the preparatidp of this
repdrt. The Secretary-General sent a letter and questionnaire to'Governments of Member
States inviting them to proVide him with relevant information in connexion with the
above-mentioned resolution (see annex IV). Replies vere roceived fron fifty-one
Governuents, Organizations in the United Nations family were invited to co-operate

by responding to a letter secking their views and eyperience. This was Iollowed up by
visits by consultants to the Headquarters of each interested organization for
dlscu581ons with their staff. Other relevant orgenizations in the field of computer
’teéhnology wére also approached and invited to providc infornation and their views.

A number of the important 1nternatlona1 professional organlzatlons were invited to put
forward their ‘comments and v1ews and they co-operated closely with the Secretary-Gnneral
in the preparatlon of this roport.

3. Pursuant to the resolution the Advisory Committee on the Appllcailon of 801ence
and Technology to Development (ACAST) assisted the Secretary-General and established
an Ad Hoc Working Group on Computer Technology. Durlng the eleventh session of the
Advisory Commlttee, this Ad Hoc Working Group met and made sone prellmlnary couents

‘and ‘observations., ‘In order to supplement the materisls, information and suggestions
that were presented from all those sources, the Secretary-General commissioned a number
of specialists to prepare background papers.



B/4300
page 2

Le  From 24 to 27 February 1970, an Ad Hoc Panel of Experts was convened by the
Secretary-General., The list of members of the Panel and participants is centained

in annex ITI. The report of the Panel of Erperts was widely cireulated for review

and corments to organizations in the United Nations family, to professional computer
organizations and to other interested bodies and individual specialists. -

5. The Adviscry Committee on the Application.of Scicnce ond Technology to Developnent
acccpted the invitation of the Governmenf of Romania to hold the meeting of its Ad Hoe
Working Group on Cowputer Technology in Bucharest on 13 and 14 April 1970 ond .
authorized the Working Group to communicate its viows and corments to the Secretary-
General cn behalf of the full Committee. At that neeting, the ACAST Working Group
formulated its views on the draft report which had been preparcd by the Panel of Experts.
I% was also-inforned of and‘took into account the comments and observations received

on the report of the Panel. The report adopted by the ACAST Vorking Group is contained
in annex IT. y

6. ~ The present report couprises two main parts. Pdrt one_discysses progremnes for
developing countries while ﬁart two deals with caveats, bharriers and incentives with
respect to computer technology for devnlophent

7. In operative paragraph 1(a) of resclution 2458(XXIII), the Secrﬁuary—General was
asked to present the resulﬁs already obtained with respect to tho use of electronic
corputers in acpelerating the prdcess of econoriic and social devolopuent. lUnfortunately,
the responses regeivéd from Governments contained insufficient data to provide a clear
description, or assessment of computor installations or usaée_in the developing countries.
Some useful .data were obtained and have been ﬁsed‘extensively in the preparation of the
present report, The other;aspécts of the situation specified in the resolution.have
been dealt with fully in the report. This report should be regarded as a fIrst
endeavour to take a general view of the appllcatlon of computer techno]ogy for the
beneg}ﬁigf the developing countries; as such, it has been able %o point out some of the
main clements invblvéd aﬁd formuiate a numbervof principal conclusions and recommendations.
8. Durlng the Second United Nations DeveJopment Decade, the developlng countries will
need to call more fully on rclevant technology to accelerate their development ; computer
techgologyvis one_important‘element in detnrmin;ng the rate of technological chaﬁge.
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The continuing grouth of cowputer technology and its applicaticn in the industrialized
countries will be a general feature of the 1970s., Increasingly, it is being rccognized
that in i1tself the computsr is not a panacen and that all the difficulties and
consequences of using computer technolegy need io be considered. . loang-tern

coanitnent will be required by the indivicdual Governnonts of develoningz countries, which
nay in turn contributc to lessening the gap beitween the developed and the devcloping
countries in tne cpplication of computer technology, It is expected that the Second
United Nations Devolopuent Decade will be a neriod during which the {eveloping countries
will be able nore fully to utilize computer technology, under scund and realistic

conditicns, to improve the rate of their desired econonic and socicl change.

ERIC

T <
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B. Brief description 8f computers

9. 4 computer is a device vo process information; it has a means of accepting
information (input), = means f storing im‘.‘o:matiori (memory), a means of processing
the information (ce‘ntv'al processing nnit). znd an outpit deviee. The processor .
performs arithmetical or logical operations on the data, and the memory stores both
input date and intermediate results. The computer memory also stores the information
which ‘specifies the sequence of operetions to be performed (the stored programl' cr
nachine languege program). '
Hardware
10, The physical parts of a computing system are coilectively called computer
hardvare, '
11. The major components of a computer sysfem are:
(a) Input equipment: card readers, punched tape readers, keyboards, document
readers.
(b) Central processor: the unit which carries out the logical and arithmetical.
operations.
(¢) Memorv: devices for storing bcth date snd instructions on how to process
the data; magnetic cores, magnetic disks or megnetic tapes are examples.
(d) Output equipment: Iine printers, plotters or display devices.
12. Card readors are most widely used for input, but document readers are coming in to
use as their reliability increases. A mmber of companies are developing equipment
which enables data to go directly from keyboard to magnetic tape.
13. Central processors vriy in capability e#nd in speed; the larger processors are the
most economical,
14. Most high speed memories are made with magnetic cores; a few computers have exira
high speed "scratch-pad" memories made of thin~film magnetic materials. Intermediate
spead memories use magnetic disks or drums, and magnctic tapes serve as slower speed
memories, Access time, the time it takes to transfer an item or group of items from
its location in storage to where it is needed, ranges from microseconds (millionths of

-1/ "Program" and "programme" sre two alternative spellings for the concept of "a plan
%o be followed", 1In this report the spelling "program" indicates a set of instructions
‘and data specifying a computational or date processing plan. For other plans, the
“spelling "programme" is used -~ for example, an educational programme.

=g
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a second) to hundredths of seconds for disk and drums and to minutes for random access
to informgtion on magnetic tepe. The price for storing an alphabetic character varies
with speed, from %0.25 for core storage to perhaps $0.0001 for storage on magnetic tape.
15, A typical line printer prints a line 132 characters long and at rates of ™,100
lines per minute. Mamufactursrs are beginning to offer display devices that show text
and can do curve plotting.
16, TFigure I shous the. organization of a typical computer system.

- Figure I. Organization of a computer system

Hagnetic Tape i Units !
Card reader e Central - 3| Disk memory
— Processor &nd
‘high speed |
Printer Ik memory

17. ystems for administrative and business applications must be capaole of hendling
large files and large volumes of input and output in which the data may be numerical or
alphaoet:.cal. The terms automatic data processing (ADP) and electronic data _
processing (EDP) are used to describe such operations. A more complete discussion of
. computer hardware is given in annex I. '
Software |
18, Before a computer may be used & program must be established in its memory. The
program is a set of instructions specifyiné a sequenhce of arithmetical and logical
operations to be applied to a given set of date (a plan to be followed). ilhen the
Anstructions refer directly to the hardware éomponents of the computer they asre converted
simply into electrical signals which aztivate the physicel. devices. Such a 1ist of
instructions and associated dete is referred to as a machine language program. Machine
language programmmg is tedious and may give rise to error, Therefore, with the first
| 'commercial del:.veries (see annex I.A 2), a symbolic assembly 1anguage was developed and

a translating program vas wrltten- this was & computer program_whlch wvhen exscuted

ERIC B '
m - - "
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caunsed the computer to accept statements in the assembly langnage and generated machine
language commands. This:permitted the user to refer to quantities by symbolic names.
.Mong with assembly languages came the technigue of developing programs in sections
(called subroutines) in such 2 way that they could be used with other programs, and
libraries of subroutines could be collected and distributed.
19. The operating system was a highly significant software development. This is a
resident program which allows the computer tc accept and process one job after another
without requiring operator action between jobs. There is no waste of time between
jobs, an especially important factor when there are many small jobs each requiring

only a few seconds to run. Even in large installations working on large problems,
nunerous short runs are required to "debug" subroutines, that is, to check them for
errors. When the pieces are correct, the whole program is assembled and tested on
small sets of data. A good operating system can double the throughput (number of jobs
run per hour) of a computer system. .

26;_ éyetems were developed that would aecept a job stream, line up the jobs and select
them to be run sccording to priority. Short "debugging" runs to find errors cen then
be put 2* -ad of long production problems. ' _

2. High performence systems have several input devices and printers, permitting
several job streams at a time. Multiple input/output channels can be established at
remote locations to meke a remote job entry-system.

Compuiter lansuages

22. J3ymbolic assembly languages were followed by problem-oriented or procedure-oriented |
languages, " The first of these was Fortran 'formula translator) which accepted state~
ments of a mathematical type. This was followed by Algol (algorithmic language) and by
Cobol (common business oriented language).
23. The standerdization aspects of these languages are of interest. Fortran and PL/1,
agother computer language, were de facto standards established by one computer manufact-
urer; Algol resulted from profeesibnal society co-operative efforts; Cobol vas

_ sponsored by the Government of the United States of America.
2,." In another cless, there are special purpose languages. SIMICR I“T, SIMULA and GPS3
are designed for speciﬁylng machine tool control. IPL-V, LISP, and SNOBOL are string

: processlng 1anguages for ,ymbol manlpulation. _
25. Since computer: hardware is costly, the first operatmng systems were designed to
keep the hardware busy even at the price of maklng users wait. A nore recent mode of
computer operation is time-sharlng, en arrangement vhere one computer serves many users,

[Kc . | 8

wll Toxt Provided by ERIC
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each at his own terminal. The computer serves each user in turn in such a way as to-
keep him occupied between turns. Reliable performance of time-sharing systems depends,
among other things, upon th~ quality of the communication lines between the terminals
and the computer. Additional descriptions of computers and their uses are given in
annex I,
4 computer job
26. The functions of software can be illustrated by examining how a computer processes
a job submitted to it in the batch mode. For purposes of discussion it will be assumed
that the problem is to be read into the computer frem cards. For a typical operating
system the deck might have the following structure:

Figure II. sStructure of a job deck

T ' N
( DATA )

NATA TN

(—“77_EXE CUIE ™

( PROGRAM h
,__( ___+ //PROCESS ™
//JOB CARD ' )

L R T T

JOB CAZD idgptifiés the user

PROC338  specifies the process involved. For example, it may specify that
the following cards are in Fortran and that the Fortran translator
- should be applied to them.

PROGRAM - contains the program. = The number of such cards may vary.
EXECUTE ~ dindicates, for example, that the program should be run after
. translation.
DATA ‘contains input data, if needed. The number of such cards may
' Covary. o ‘
/¥ -© " denotes end of program.
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27. The operating system looks for the job card. If the user .is on the approved list
it continues; otherwise the cards are passed through the reader with no processing and
an appropriate message is printed. If the next card says "exscute Fortran" the Fortran
translator is loaded into the core memory and begins to process the cards of the
program. If an error is found, the translation terminates and the rest of the cards
are passed through the reader. According to the quality of the Fortran translator, a
nore or less lucid error message eppears on the printer. '
28, If the translation is successful the operating system looks at the next control
card. If the instruction is "execute", the user's program, the result of the
translation from Fortran, is loaded into the core memory and execution starts. If the
program calls for data, data cards ere read in and the execution of the program
continnss. Zither the program terminates as planned when the end of program card is
read, or some unplanned event occurs.
PRINCIPAL CONWCLUSIONS AND RECOMMENDATIONS

29. From the information provided in response to the Secretary-General's questionnaire
and from the anélysis in this report, a number of principal conclusions and
recormendations may be dfawn. These will require appropriate action by Governments in
both the developed and developing countries, by the United Nations and organizations in
the United Nations fahil&, by national and international organizations and institutes,
by industry both public and priva%e and by national and international professional and
user organizations in the field of computer science and technology and in related areas.
Conclusion I: B _

Zducation and training for %the application of computers to sccelerate the

process of economic and social development must receive first priority.
Therefore, it is recommended that, in the developing countries:

Recommendation 1 = Appropriate centres at the national and regional levels
_ ' be establlshed or strengthened-

Recommendation 2 - IZducation and training bve supported at all levels, ranging
through operators, programmers, computer scientists,
lcoﬁputer systems énalysts, managers' and policy-mskers as
well as the general publlc, '

Recommendatlon 3 - Means be found for creatlng materlals and developing

’ techniques for teaching the effective use of computers
and these efforts be encouraged;
' Recommendatlon L -~ Better means for exchange of trchnical information be
o .~ established.

10
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Conclusion II: : . R

Zach developing country needs_a broad naticnal policy, consistent with its

national goals, on the.application of computer technology.

- Therefore, it is recommended that ~ach developing country:
Recommendation 5 - Formulate & plan containing realistic goals, listed
in order of priority, so that orderly short-term and
long~-term development may take place;
Recommendation 6 - Allocate sufficient resources to implement such a
: oo plan.

Conclusion ITI: . .

International co-opgration needs to be inrreased in activities relating

to_the application of computer technology to development.

Therefore:

Recommendation 7 - The Secretary-Gereral believes that the Genoral Assembly
may wish to consider the proposal made by the £d Hoe
Panel of Experts and supported by the ACAST Werking
Group for the establishment of an internatiomal advisory.

ﬂboard on the application of corputer technology for

.'}development which could repcrt anmuelly to.the -~ =
. Secretary-General who would transmit the report to the
}Economic and oocial Council and the General Assembly.
Two broad types of function might be env1saged for such -

. & board: . _ :

) 1o prumcte the application of computer
technology for dcvelopment through international -
co-operative efforts in association with the

United Nations family of organizations,

(b)) To provide, upon. request, independent and
objective advice to assist developing countries

in their decisiqns.on~the use of computer
technology for their development;
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It is also recommended that:

"Recommendation 8 - Govermments of developing countries be encouraged to
request the assistance of appropriate organizations in
the United Netions family in connexion with efforts
related to Recommendations 1-5;

Recommendation 9 - Organizations and institutions in developed countries

' be encouraged to establish "twinning" relationships
with crganizations in the developing countries and
R o that United Nations progreumes support such action;

'R'ecormnondgtion 10 - The United Nations family of orgahizations call more
fully on the ‘internatiohal professional organizations
in their technical assistence and information
dissemination activities;

Recommendation 11 -~ ifforts by user groups, manufacturers and the
professional community to enhance the compatibility
of both hardware and software be encouraged.

GoncluSiog ' IV: _

' suter technology will ircrease in ortance in the developi g countries
duri x_ag the Second United \Iat:.ons Development Decade and its diffusion anu
sou.nd application can meke a significant contribution in accelerating i

frate of their economic and social development.
30. __-.erefore, it is important that in the developing countries:

(a) The anelysis and systematization that occur when computerization takes place
be recognizec in itself as a most significant contribution to improving management
decis:l.on-ma.king end resource allocation,

(b) Attention bs given to the need to improve the quality of collected data;

(c) The commonality of computer techm.ques in many disciplines be recognized;

. (a) ‘l'he benefi'bs of purchase versus rental of computer equipment be carefully
L stud:.ed " (In some developing countries, a national 1ea31ng company may be appropriate s
L '_ :while in other parts of the world a regional approach to the lease/purchase problem may
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PART ONE. PROGRAMMES FOR DEVELOPING COUNTRIES
I.. COMPUTERS IN DEVELOPING COUNTRIES

31. ‘Technology has an essential role to play in reducing the disparities that exist

between the developing and the developed countries. Computers are especlally

1mportant in this context, because so many computer applications have a direct bearlng

on some of the main facets of the development process and reflect certain aspects of

the technology that has facilitated the growth of the economlcally advanced countrles.
A. Development and transfer of techno;ggz

© 32, Technology is the knowledge of the industrial arts; a technological change is
any-change which affects a product or the process of producing it. In February 1963,
as a result of the Economic and Social Councills recognition of the crucial role of
science and-technoloéy in development, the United Nations convened a major conference
on the application of science and technology for the benefit of less developed aree'.s.2
Meny of the argumente and conclusions of that conference are relevant to this report
Certain general toplcs discussed there, such as education and training, methods of
achieving international co-operation, organization and plann,ng for development, and
specific points such as the'desirabillty.of instelling older equipment in the less
developed countries are important in the context of computer technology. It is not
Vsurpr181ng that the precepts which hold for the transfer of technology in general also
ho;d for computer technology in partlcular, this theme will recur many times in the
present report Slnce 1963, individual economists and organizations for studying the'
_ economies of countrles have continued to focus attention on technology, technologlcal
change ‘and technological forecastlng.‘/ Technology is ‘not the only key to reducing
the disparities between the developing and the developed countrles,é/ but technological
v_progress 15 eseentlal S e T e o ' '

SC¢ence and Technolo  for Development (United Nations publication, Sales
3.I:21-28), A summary of this conference was presented in the Report of
‘tary—General to the United Nations Economic and Soclal Council at its

_'conomics of Technical Change (New York, W W. Norton, 1968);

' Economic Co-operation and Development, Gaps in Technology:
Electronic :Com uters: (Paris, OECD publications 1969} &nd E. Jantsch, Technolog;cal
' ] ~OECD publlcatlons, 1967). .

Comm1381on on Internationsl Development - International
tlon and Development, Partners in Develoggent (New York, Praeger,

trade and populatzon control

Yl



E/4800
page 12

B, Computers and technology

33. Although in many respects the transfer of computer technology is like the transfer !
of any other technology, computers have a special position. They are the result of

one of the most remarkable growths the world has ever witnessed. It is just two
decades since the very first electronic computers began to operate, and yet in this
short span there have been three full generations of machine evolution. Computers

were first used for science and research, and then were rapidly adapted to business and
government administration. Teday they are used everywhere; in the physical, social
and life sciences, in engineering and manufacturing and in the private and public sectors.
34. Perhaps the most important aspect of computers is that in the course of introducing
them to carry out a task, people are brought to reassess the whole way in which the

task should be done. In fact, computers often lead to a re-evaluation of why the task
is being done. This examination of ends and means is fully as important as the
introduction of the computer itself. The world has come to recognize that computers
can in themselves be one of the principal instruments for the transfer of technology.
35. Significant as the penetration of computers into industry and technology has
already been in North Americe and in Europe, there is no sign of slowdown in the
installation of new equipment or in the widening of the range of applications. But in
developing countries , as with all too many aspects of technology, computer use is still
slight. | | | |

36. Even where computers have been introduced there is often under utilization of the
equinment because, for example, there are not enough penple with training and experience
to epply the ney methods. Concerted action for the transfer of computer technology to
developing countries is of top priority.

r C. Current installastions of computers in developing countries

37. One of the purposes of the questiomnaire circulated by the Secretary-General to

" Governments of Member States was to obtain an idea of the number of computers in

PN

: developing countries, an& their use. Altogether fifty-one countries replied to ‘the
__[questi.onna.ire (see annex IV) ten in the Americas, seventeen in Burope, twelve in ,
,_‘Africa. and twelve‘in Asia.v and the Far l'..ast. As noted by the ACAST Working Group

an ldrge: number of replies demonstrates the importance that Member
,echnology.,- However, the data provided in the questionnaire

'V"were the answers sui‘ficiently detailed to give a

ion_of the extent to which computers are 1nstalled or

Althougr some - conclusions nay be drawn from the

".’jon computer mstallations and applications in the

iy
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developing countries will be nceded if a detailed.ond meaningful picture of the results
and needs for the use of electronic computers in accelerating the process of cconomic
The ACAST Working Group (Annex II.I(b))
supported this view as well as noting the need for more information. Detailed and
periodic surveys of the computer industry and technology in the industrially advanced
countries are available, but the results of
countries.

38. Of the Govermments that responded to the Secretary-General's questicmnaire, three
indiecated

and eight that there was more than one computer, while the cthers did not provide

and social development is to be achieved.

cf these are not applicable tc the developing

that they had no computers, five that there was one computer in their ccuntry

aggregate numbers, Occasionally the distribution of computers between the public and

the private sector was given: table 1 lists these figures. By way of comparison with

‘the developed countries, in 1969 Canada had 259 computers in the public sector and 1,669
in the private sector; Japan had 154 and 5,447, respectively.

Table 1. Scme examples of distribution of computers

in the public and private sectors in
developing countries, 1969

questlonnalre.

and'admlnlstratlon'
"of natlonal 1ndastries,

3’_(f) educatlon and research

Country Public sector Privaté gsector Total
India 69 42 111
Chile 18 15 33
Nigeria 7 3 10
Trinidad and Tcbago 7 7 14
Irag - 1l 5 6
Theiland - 6 7 13
Republic of Korea 10 A 14

; ‘SOﬁrdéév Informat¥on badsé on Gowermmentsl roplics- to. tho Suerctiry-Genoral's

| ?fij Apglicatlons of gggpute in developlgg countries

(b) collection of statistics on producblon

(a) publlc health administration;
(g) demographic
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40. It is apparent that all thesc are potentially of intersst to dewveloping countries.
According to the incomplete information given in the replieé of Goxfernments to the
Secretary~General's guesticnnaire, the opplications most commonly found in developing
countries are to demography, censuses, end govermment administration and accounting.
ifty-four different arcas of application, not all distinet, were men tioned by

sixtcen of the countries. The following arcas were mentioned with the indicated

frequencies:
Statistical computations 10
Transportation 8
Research computations ‘ 7
Accounting ' 6
Financial computations 6

41. These applications are similar to those first made when computers were introduced
into the public sector in the industrially advanced countries. Usually they are
automatic da.té. processing (ADP) versions of govérament tasks which are of major
importance. Sometimes the conversion to ADP.is ﬁnderta.ken early because it is

" justifiable and may be readily implemented, for exdample, where there are good programs
available from the manufacturer, people with considerable é;@erience_in the application
or.data in a form easily made machine-readable.- Although the simplest applications are
not necessarily the best ones to convert to ADP first, they do provide an opportunity
for a country to obtain experience.

42. With regard to the ways in which computers are actually used in Jeveloping countries,
i% 1s possible to point to cases wherc the approach is as sophisticated and the results
as striking as any that can be found in an industrialized country. In general, however,

. determining wher. computers can be used to maximum cffect in developing countries is a

- matter of great difficulty and great importence. It depends in part on'which sector of
{, _-the economy it. :Ls des:.rable to emphasize, on national priorities end on.the political,

' soc:Lal and econom:.c impllcaulons of the results. It also depends on certain pre-

condit:.ons, ,the most :meortant of whlch 1s the presence of exper:.enced people. An
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are considered in detail. After education and training, the need for bstter access to
computing facilitics was emphasizei. The types of facilitles and services which are
required in the developing countries arc exe-tined in section ITI.

43, Additionel needs include the existence of good &gta bases and information systems
as outlined in ammex II.B.2.. These systeﬁs do not, necessarily have to be domputer—
based, but they must be reliable. ,Simulténeéusly, it is necéssary to'davelop related

disciplines where computers are used - in menagement science, statistics and operational

research for example. These prerequisites and priorities are discugsed in greater
detail in section VII.
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II, EDUCATION AND TRAINING FOR COMPUTER TECHNOLOGY
4he The scale of development described in the previous section demands education
and training at various levels y ranging through that of the policy-maker, the manager
of the computer centre and the specialist. ~ ibove all there must be people at the
highest lgvél of government who understand the possibilities and limitations of

computers for development and cen meke decisions concerning them,é/

A. Education of decigion-mskers, managers and computer systems analysts
45. Those who make decisions about the allocation of rescurces in déveloping
countries are usually sensitive to the political, economic and cultursl forces at
work within their country and knowledgeable about a whole range of management
techniques. It is essential to make those responsiﬁe for planning and decision-
meking aware of the sound, economic possibilities of the computer. Decision-makers
are usually overworked; they must nevertheless be encouraged to learn what can be
done with a computing system by attending orientation seminars, visiting computer
centres, and generally keeping abreast of developments in this field. Otherwise they will
be subject to the pressures of local computer salesmen whopaint optimistic pictures of
what computers can do and fail to tell of the pitfalls and deficiencies. Conseguently
the costs for setting up a computer operation often turn out to be substantially
greater than anticipated and more time is needed for the installation to become
productive, Another source of information for the decision-meker is a counterpart
‘in a neighbouring country with whom to compare decisions. This is not always
- successful as mista.kgs as well as successful moves may be imitated., In the parts
_ of “the world where seminars and courses designed for decision-makdrs are not
ava:l.lab]:e, the United Nations family of organizations or its agencies have an important
tesk in £illing this need. | |
46. Manggement training programmes include courses on economics s labour-management
) ré3.atiohs 5 'op’ere.tion's; fes"earch and systems analysis, Computer systems analysts
;;ﬁare concerned with the structure and mechaniam of organizations. A basic method
edn, ccmputer systemf analys::.s is to identify the type an? nature of information
- by an orgaulzatlon, ‘the origin and recipient of tae information, the

sibiLiti a,nd action to be taken by, the recipient of the informstion and

'sed :m the flow of 1ni‘ozma.t3.on.

en'b “i)fitvhe ,_ACAS?_'i'Jorking Group‘ in annex II, I(a) and (b)

18
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47. Since computers are so important in modern information systems, training
programmes for both managers and systems aralysts should inclnde the opportunity of
actually working for a time in a computer centre, as well as attending basic courses
on such subjects as flow charting, ds'a preparation, file managenent and report
generation, Of particular interest is the increasing use of computer-based
nanagement games where students are introduced to a computer simulation which requires
them to compete against others in making decisions and allocating resources. These
subjects are being incorporated into the curricula of the management and tusiness
_ data processing courses offered in the industrially advanced countries and the
need for them has been clearly recognized in courses offered by the United Nations
family of organizations in the developing countries (see section IV). .One problen.
is that unless managers have attended these courses before their computers are
installed, the latter will probably be underutilized for a time; on the other hand,
" the presence of computers is necessary for the courses to be effective,

B. Training of gutomatic data processing (ADP) managers and supernsors
48, An ADP manager mast understand his computing system and deal with employees,
users and vendors of equipment. The only adequate training for the job is years

of experience in a computing centre,
49. An experienced maneger for a computer centre is hard to find, especially for a
developing country acquiring its first computer. The most competent person
available should be selected and sent to an appropriate centre to complete his training
even before the deo.r.s:Lon to install a computer is made., Since in practice this ‘
seldom happens, the country is often obllged to seek me.nagerlal help through a technical
ass:._sta_nce programme. - _

' c. Trgg:m.gg of gystems programmers and applications programmers
50. Comput:.pg systems depend on software related to operating systems, user languagc,s
and. translators, library programmes and programmes for special tasks. The system
programmer must understand how these components fit together- how to use languages

R and subsystems, correc errors which may be present in a system which has been long

:: "{H‘_-to tel'l. users how to br:Lng their programmes up to date. He must also adv:l.se the
: director*of the computer installatlon abou’s the purchase of eqm.pment and software.
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there has been no alternative to having a trainee spend at least a year in a well

run computer centre working with experienced people. If possible he should first
have spent one or two.years as an applications programmer,. and should continue his
training throvgh participation in user group meetings and perhaps even courses
sponsored by the -manufacturer. Because of the long lead time required to train
systems programmers, most installations begin functlonlng with people who are not
adequately trained, .

51, Though there are straightforward and well understood procedurcs for training
computer specialists in most categories, computer applications range over so many
subjects that no one individual can be expected to be a general applications programmer.
A data: analyst needs to know which- statistical methods are velid, A physical
scientist may wish to solve very complex mathematical problems involving differential
equations or integral equations and will need to know vhich algoritikms or procedures
will yeild reliable answers., In other areas of application, such as payroll, the
mathematical. proeesses may be simple, but the complexity of choices may be such.

that it is almost impossible to define the procedures sifficiently clearly to run
them on a computer. The applications programmer may be- requested to design file
systems. He frequently<finds himgelf doing the whole system-design.‘ According to -
the aréa in which he is working he will find different programming languages such

8s Fortran, ‘Cobol, Algol or report generating languages, more suitable than others.“
C52y A appllcations progranmer needs to be highly trained in his own field;

instead of;a professionsl programmer being trained to become an applications programmer,
1%’ 1s preferablé for the professional in some particular discipline to be given
training in programming and so become the gpplications programmer for that area.

- ‘The .limitations-of this method-of training . should be recognized... Until. the person
-,involved becomes proficlent in programming, he ‘should be encouraged to review the
"fsystems he designs wlﬁh those who have had exmensive experlence. ‘This is especlalky
r?important when creating systems with large data: bases, ‘since these are difficult to
e ""once\they come into existence. A programmlng expert, even ‘iithoat detailed
the field of appllcation, may suggest data structures and programming

SN "D.‘Trasnigg of englneer A techniciggs and operators o
?f53 Malntenance engineers and techniclans need ‘different trainlng from that of:

J} camputer operators, programmers and users, Their background should be in electrical

b
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engineering, mechanical engineering, logical design and communications, and the ususgl
practice is to start with greduates from cngineering or technical schools in these
areas and supplement their training with courses on computer hardware. Vhen the
computer is rented, the prime responsibility for maintenance lies with the
nanufacturer, Wher it is purchased there is usually an option to have maintenance
‘supplied by the memifacturer, '

54. The choice of continuing contract maintenance or undertaking it locally depends
on many factors and there is no obtwlously best decision for all countries, The
arguments for talting over maintenance are: (a) the foreign exchange advantage;

(b} the forced development of an electronic engineering capebility; (c) the
establishment of a so0lid base for future development in computer technology. Romania,
for examplse, has chosen this course, They have established a national orgsnization
to carry out this function for gll computers in the country.

55, The disadvantages of undectaking maintenance locally are: (a) the cost of
maintaining an edequate supply of spare parts; (b) the need for import licences |
to obtain parts and the foreign exchange problems involved; (c) the problems

of training meintenance staff; (d) the difficulties of acquiring informstion

about current disgnostic procedures used by the vendor; (e) access tc information
shout expected failures and failure characteristics of the equipment.

56.. Those working with computers for process control and other production techniques
vill ‘also require an engineering or technical backgzround, preferably in the field

of engineering in which the coﬁputer is being used - chemical, power or mechanical

- engineering, for example, Here also training prograrmes should be arranged

with the manufacturers, supplemented by training at installations where equ:l.pment

is being used for similar purposes.

57. Trainees learning to operate computers do not need an extensive education} "

- they need practical .e¥perience in working with computers, In addition to

opera.tors, people are needed for date handling end supervision, and for handling files
_in both mach:.ne-readable and convent:a.onal forms. A country must have an installed’

computer $o- tra:.n such workers 1ocal'l.y. ‘However, if there are computer facilltles

' in _'bhe region 11; should be. poss:l.ble to send people to them for on-the-job tra:f.ning. |
3, alt va.t:l.ve is to depend upon the. ma.nui'acturer who offers training programes
', ; Eventually such tra;l.ning will probably be given in technical

/
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schools, Frequently computer activity in a developing countrv starts with a commercial
installation, . Although there are difficulties - private companies are sometimes
reluctant to have outsiders using their computers -~ a developing country should explcre
the possibilities of training on such computers. Consideration might also be given
by privete companies in the developing countries, wherever circumstances are
appropriate, to the idea of offering their facilities for these purposes,

E. Curricula and professional evaluation

58, BEven in the industriglly advanced countrics most universities have not provided
the professionel training for the tasks outlined above, University programmes in
computer science concentrate on the mathematical and theoretical aspects of computers
required for research, including numerical analysis, automata theory, the theory of
formal languages and logical design, Course on programming lanuages and
operating systems are useful to systems and applications progremmers, Training for
the skills mentioned earlier has usually been given on the job, in schools operated by
the manufacturers, in course sponsored by the professional societies and, to an
increasing degree; in junior colleges and schools, Those universities in
developing countries the.t are building up educational programmes in computing should
realize that courses in management science, data processing and systems programming
are highly relevant to the needs of the country, .
59. » One result of teaching- these nmore applied subjects outside the traditional
academic disciplines is that formal curricula, teaching materials and well fecognized
- methods of professional evaluation have beei slow to evolve, Efforts towards this
~ are now teking place and the United Nations family of organizations can mske a
~ valuable contribution to them, Developing countries and their universities need

- encouragement and support for their recognition of the new technical and professional
_ categories_which are being established, In this way young people in the developing
| co_untries would be drawn to enter careers in thése :'.mportant fields.
" L ' . ‘F. Bducation and trai bro
6 For many Yyears developlng countries have bezn send1ng their best students and
'professional people 1n the field of . co*nputer technology abroad for specialized
' e&ucation and trainlng. - Some go to universities some to govermmental agencies

: '.‘a.nd some obtaln experience in-the private sector, Problems can arise with regard to
. train:l.ng abroaﬂ . The typical student vho is away for one or two years nay lose touch

A rorrox rovided o exvc I




E/4800
page 21

with the eonditions in his home country and nay have difficulty working with or
acquiring the confidence of his fellow na'b:‘..ona.ls_upon return, There may - be a lack
of trust if he has becn in a foreign political environment, or simply an estrangement
due to the existence of different viewpoints, Although it is diffiecult to plan
far enough ahead, it ig helpful if the country has well formulated plans and programmes
for these students when they return home. In all cases follow-up work should be
done with regard to the person who has received training obroad, to evaluate the
programme in which he participated and derive the maximua benefit from his experience.
6l. An additionsl difficulty connected with education abroad is the "“brain drain®,
with the attendant loss to a country if the student elects not to returﬁ because of
opportunities offered him in the foreign country., It has been reported recently-é/ -
thet ‘in the United States for every three engineers who have graduated from United
States schools a fourth is provided by immigration, Of those from abroad, one
in ten comes “rom India, one in four from other countries of the Far East and forty
per cent from wegtern Europe. .
62, Where there are national or regional centres to provide training aud practical
experience, the student is never far from his home environment and many of the
problems described above are not prasent or mey be minimized. '
63. -‘\Although there nay be regions where it is necessary to create new centres,
most countries have existing institutions - universities, technical schools and
government-supported facilities - which could undertake either national or regional
- programmes, In some cases it will be necessary to install or upgrade the computing
,' facilities, but it will usually be preferable to build on an existing structure than
to c:'r"eé’.’te & hew one which may be isolated from the other teaching and operational
‘ ac'ti#ities to which it should relate.. | For this reason it is proposed that the
e ‘becﬁrjieoll. -aseietance_prograrmnes described in the next two sectiens be concentrated,

, inthemain,in e:d;si;ing-‘national._.a'nd regional institutions.

‘ __/ See Egineer (March—Aprll 1970), ‘Pe-10,- See also report of the United States -
" ;Nationel :Science Foundation entitled American Science Ma.n;gower, 1968
(Washlngton, D. C., December 1969) y document no, I\TSF 69-38,"

e
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G. Educational consultants
64. Another appro:ch to education in the field of computers has been to invite

outstending professional people to set up and participate in educational programes in

the developing nations, An exasmple is the development of the Indian Institute of

Technolegy at Kanpur in India, where from twenty to twenty-five Americen visitors

(each serving terms of from one to two years) consbantly augmented the faculty during

the first decade of its development. This kind of progrsrme is not without its

problens, Professional persons find it difficudt to be away from their work for more

than one year, and one year is hardly enough to establish a conrtinuing bprogramme.

Nevertheless, many university faculty nembers have participated, becauses this type of

prograime can be co-ordinated with sabbatical leave, In some cases, visits of short

periods have been successful but all too often the activity dies out and the value

of the visit is lost, It has been suggested that the first visit should last at least

a year and be followed by several short visits to sustain activities,

65. In order to obtain consultants in fields such as data processing, where people

are not usually availsble fron a university under a sabbatical leave arrangement, it

may be necessary to employ professional consulting firms., When a professor gozs to

a developing country as an individual, he may be at a disadvantage with regard to

his professional career on his return, But when a professional consultant goes,

he is carrying out an assigned task and on return will go on to & new assignment.

In this cornexion it might be suggested that organizations of the United Nations

femily should use more professional consultants, particularly for subjects outside (

 the normal interests of the academic conmunity, In proposing this it is necessary
to Vce.utio'n‘ against consultants who offer standard solutions applicable in highly

_ indﬁstriali‘zed countries but not in developing. countries, Saort-term visits by

o experbs must therafore be planned carefully with.experts in regidence and with nationals
.- inithe develop:.ng ooun'br:.es, so as to draw upon gll the useful sources of experience,

in both' {the developed and developing countries.  Attention should be called to
"ba tion 'co : ses such e.s those sponsored by the Ford Foundation'in Ind:La. These

LT -H. @ecial _teaching materials
f;ﬂshortage of competent 'bee.chers of computlng in developing
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materials to sugment the capacity of the teachers and to achieve better distribution
of those high' quality materials related to the teaching of: computing Whlch already
exist., .Any new teaching haté¥ials and tec;mlques mist be exemined closely as %o
their educational effectiveness in relation to costs, and 2lternatives that may be
available.-oF ‘could be developed must be considered, Prerequ:l.sltes for ising thése
new materiald: and techmques such as-training téachers in their use, st be present
and the linmited experience with these materials tnder certain cond:.t:.ons 1n the
developing countries should be considered. _

67. Among the techniques which.hawe.been-used suecessfully ares

é8. "Packagsd" teachi
"programmed-Learning™ - textbooks (poss:Lbly accompanled by tape cassettes) and

mgserials, such as film strips, slldes, video~tapes, f:les,

programme packages to be used on t:cme—shar:.ng systems, all the potent:.al:.tles of
audio~visual presentatlon, preferably with the additional féatures of "progra:mned learmrg n
and conversationsl learnlng can be exploited, The creat:Lon of teach:x.ng materials

of this sort” requlres & great’ deal of manpower, especlally in the product:.on and )
improvement of" the contents. However, if the material is used by very ma.ny students,
there will be -an’ over-all: Sam:ng. " '

69. Telewgion broc
a prom:l.sing NS 6f mass education;”  Suth & series may be’ :r.ncorporated into the ’

cegting: * a-series of telensed lectures ‘on computer programm:mg 1s

curriqu.um of & prograimia 1ike “Un:.vers:Lty of “the it ’ wherever these mstitutlons
 are organized., Here again, tutorials and foliow—up work in the form of exercises
are desireble, - |
_.*'70" It is important to supplement all the speciglized techniques described here
‘ with opportum.t:.es for personal assistance, and for the sutmission of practical exercises
. on’ computers, as well as m.th follow-up action. In many cases. the follow-up work
may 'be difficult . Even universities equipped with an adeguate computer may have

'dlffl'culty in ha,ndlmg the exercises submitted by a very large number of studente.

e solut:.on 1s to use mark sensed cards or optical character recognition (OCR).
By the 'former method, students mark cards with special peneils and the marks are
echahd.éally by the 1atter, the markings are read by an optical reader.
"sed on these types of :anut are possible in both a university

' p_rogramnes_ offered to the publ:.c at large.
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Howéver, opl"._ical gharacter.recognition equipment has been developed more recently
and is less reliable than other computing equipment, Decisions as to its use require
careful control of the quality of input documents.
7L. UNESCO should be encouraged. to maintain current information about teachlng
materials and to see that the information is disseminated widely in the professional
literature. Althoﬁgh teaéhing materials have their place there is no substitute
for the actual solution of realistic problems on computer.

T. Speciaiized training and education
72, In view of the competltlve aspects of computer hardware and system development
by manufacturers, developing countries will find it partlcularly difficult to
initiate specialized training a.nd education and to build up a group of people with
competence in these sub;ects.
73, For those developlng countrles in the more advanced levels of compuber activity
it may be feas:l.ble to design a.nd build devices using imported integrated circuits
and to develop software systems. In these areas there is substantial technical
competence in the universities of the industrially advanced countries and there
already exists a policy which facilitates the flow of information, = For example,
many u.niversit:.es ha,ve been deaigning peripheral dev:.ces for thelr computers and
most of the eusting t:.me-sharing systems were designed in universities.

ELAEN
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III. COMPUTER FACILITIES AND SERVICES

74L. This section examines' the type of computing facilities which should be
available to developing countries, beginning with a discussion of national and
regional facilities. Later the equipment needs and services of a national (or
regionsl) computer facility are detailed. Particular configurations or suppliers
are not specified, for the choice of these will depend on the companies operating
in the area and on the types of equipment available.

A, National and regional computer facilities
75. The recoghition, implicit in General Assembly resolution 2458 (XXIII1}, that
developing countries need computing facilities for social and economic development,

and educational:‘and training programmes to use the facilities, was confirmed by many
Governments in their responses to the Secretary-General's questionnaire. It is
impracticable to entertain the idea of a single, large computing facility sponsored
by the United Nations for all the needs of the developing countries., On the other
hand, a minimum national computing system represents a substantial inveétment in
hardware, facilities and staff. Although it is a significant step to meke the initial
installations (see section I.C.), many of the developing countries have installed

one or‘éven-several computers for governmental functicns. But small developing
| nations may not be able to allocate the necessary resources unless assistance is
given them in an appropriate way.
76. This leads to a consideration of regional centres and act1v1t1es.-/ The extent
to which United Nations programmes should be based on a regional approach has been
muc@»dbbated. There is, always the :danger that a regional activity will not function
because of primarily political forces dividing the countries of the region. Even
‘when these are not present it may be difficult to establish a region. With respect
to computing for example, developing countries with well established computing centres .
“may feel that"ﬁhqy will ‘gain from a regionsl activity. They may wish to educate snd
- train their staff‘at"advanced educational institutions in the developed countries.
-The choice of whether: to. particlpate ina reglonal activity will have to be determined
by each coantry for itself. For many countries there wiii\fmrincentives. Even if

'”«_3they are willing to commit financial résources for natioaal facilities, they are

‘ Tunliksly 67 find- the%professional staff necessay to operate the facilities effectively

qg .tion'oftregional and national activities was: discussed exten31ve1y
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For Africa alone it has been estimated that at least thirty national comjuting
facilities are required. To suggest that the establishment of all these centres in
the immediate future should be an initial goai would be unrealistic from the viewpoint
of both finance and personnel. Regional computing centres or regionel programmes
sponsored' by the United Netions employing the facilities of national centres can be
used as a transitory stage for initial training by countries without computers.
Furthermore 4a reglonal activity could provide a means of upgrading the level of
competence of a national computer activity. Since the technology at a regionel centre
can be at a higher level of sophistication, it will be easier to attract international
experts as visitors and resident staff. There are operational examples of activities
on a regional basis in such fields as meteorology and international air traffic. In
West Afrieca, the Airwdys Corporation, the Examinations Council and the Medical Research
Council are cases of effective co-operation. Regional computing activities should be
eneouraged ‘and supported wherever a group of Governments indicate their wish for
co-operation on this basis.

77. 1If regionsl centres are decided on, there is the question of how they should be
managed and operated. It is proposed in section VI that they be associated with the
regional economic commission., A close relationship could strengthen both, for their
fﬁnctfons can be complementary.

78. A regienal centre may have its own staff and equipment or it may have its own
-staf? and use ‘equipment belonging to other international or to national activities:

- or again, even the services of staff could be arranged on a contract basis. Generally,
Cit is proposed that the -teaching programmes be carried on by visiting staff. In this
' ‘_,way the regiona.l centre can vary what it orfers to meet the growing demands of the
. region. e ‘

- 79 With regard to facilities, there is the possa.bllity that one manufacturer or
‘company m:.ght be inv1ted to install a. facillty which would be operated on a service
'Finally there is the possib:.llty that some agency, such as &’
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facilities., serve as ar advisory board for oo-ordinating facilities and ensuring
compatability, actually carry out service bureau operations for governmental
departments ox ect'as'a'training bureau. Advisory and policy committees exist in
Australia, Beigium, Canada, Finland, France, Israel, Norway, Sweden, Switzerland, ‘
the Netherlands, the United Kingdom, the United States, the Federal Republic of
Germany ané in many'other“countries.f These committees are usually responsible to
the treasury or financial department of their respective Governments or exist withia
an office'of organization and mansgement. In many cases they have been set up only
within the last two or three years. In some countries there are separate advisory
bureaux for the different levels of government. In the Netherlands, for example,
there are three automatic data proceesing committees, one for each of the three levels
of government - central, provineial and manicipal - and in Israel there is also a
special committee for advising municipalities on computer applications. '
8l. Developing countries often need a source of advice on broad policies related
to computers, and to the establishment and management of national.computing centres
end governtent bursaux. RegiOnai activities supported by the United Nations through
technical assistance programmes are one source of such aid (see section IV.A), The
professicnal societies have indicated their willingness to help developing countries
(see section'V.C) anﬁ the Intergovernmental Council for Administrative Data Processing
(ICA), an irformal body of representatives from centralized government computing
1nsta11atlons, is prepared to help (see annex IX).

’ C. National _computing bureaux
82, Annex 1.G describes how in the developlng countrles as well as those which
are Jndustrlally more advanced, the basic tasks of government are increasingly belng

- carried out with the help of computers. A frequent approach is to set up a -

centrallzed government computlng bureau to carry out these computing tasks for a

L number of” government depaxt ents. Such bureaux have been set up in many countries,

_ 5@1ncluding Australla, Canada, Denmark Finland, Israel and Switzerland; These bureaux
*’ijay prov1de serv1ces only for Governments, or they way, as in the case of Chlle,
;undertake Worlk for the private sector &s well, :

"=.§83 As computers take over more tasks 1n a country, the need for greater computing

'_Jcepaclty arises and ‘the problem arises of whether to provide this by acquiring

_,‘:addltlonal computers or by enlarglng the capac1ty of existing installations. This
g problem is a variant of one vhich Governments recurrently face: whether to centralize

or decentrellze their facilitles.
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84, 1In favour of centralized government service tureaux there are the following
argumentss

(2) Costs are lower for a single large computer than for several small

- mschines. (It was noted in annex I.A.5 that doubling the cost of an installation

yields approximately four times the productive capacity);

(b) Operating and:overhead costs, planning, spece and salaries, for example,
are proportionately iess for centralized facilities;

{e) It is easier to main%ain level, balanced work-loads in a large mlti-
purpose. installation;

(d) Better use can be made of a single pool of trained manpower;

(ej It is easisr to build towards integrated information systems (see annex
1.B.2).

In favouring decentralized computer facilities may be cited:

() Greater independence of tasks and better opportunities to apply priorities
and build up specialized cperations;

(b) Less delay and lower costs for data transmission;

() Greater protection ageinst breakdown of machines; .

(d} . Work done closer to where the results are needed.
85. The advantages- and disadvantages of each system are such that it is impossible
to say that either policy is preferable in all cases. Those factors which determine
-government policy concerning centralization versus decentralization in general, namely
'geogrephical considerations, cultural differences and vewiations in the availablity
of manpower, will also be important for compmuters. In countries where communications
are 'rell developed it is becoming possible to achieve both the economies of
cenby ralization and the advantages of decentralization by linking remote fac:.l:LtJ.es ’ .
but this option is ssldom open -to develo_plng countries as yet.

86. ,The:-above discussiocn concentrates on the service bureau type of computer centre.

' A'h ention should be cglled to the research computing centre. An example,supported by the
United: Nations :Development Bmgmmme-—(UHDP) is. that of the.Computing .Research Gentre in
Bf_a.‘c’.i_slava, Czechoslovakian. Thls Centre has established liaie.oh with the University
'_ _:' _'_:“df Oeléefenﬁg . more. receﬁtly, with the. University of Texas where. similar equipment is

- ;v-_:mstalled and which are able -to act as.a source of visiting staff and of computer-

_'-".programa o v

R R -
R S O




E/4800
page 29

. 4 ... D.  Computer installations
87.. Computer systems range through 1arge and intermediate to small systems (see

table 2). Recently a number of companies have been offering "mini~-computers". These
are satisfactory for certain areas of scientific or engineering computation and can
be very useful in teaching, especially for a university or country vhere computer
technology is in the initial stage. Since they have no significant capability for
data handling and printing, thve;)r cannot be used for. the data processing and
administrative applications which must be poss:.ble where computers are to be used
for development. .

_ Table 2. Equipment and capability.of’ computer systems of various sizes

System.
Small Intermediate Targe -
Input _ . Card reader Card reader Severgl cﬁrd readers
0+ | 80-200 CP 1000 CPM&/ 1000 CPM2/ each
High speed memory | 8000-32000 - | 64000~256000 move ‘than 256000
. characters characters characters
Disk memory 0~1,000,000 1,000,000~ more than 30,000,000
. characters (bytes) { 30,000,000 characters
) characters A :
Magnetic tapes 0 or 1 unit - 2 to 4 units more than 4 units
| Y .. Y &/
Printers 200~600 ILPM 60 -1000 LPM 2 or more at 1000 LP
Communication Possible Yes Yes
capability :
-a/ CPM = cards per minute.

b/ LPM

lines per minute.

,

88. Currently, a smell data processing system costs about $10C,000 and includes a
line printer, a card reader and at 1east one megnetic tape or disk. The cost of the
intermediate system ranges from $500,000 to $1 million. . It has faster card readers

. and’line printers, more memory (core, disks, and magnetic tape) and. a faster central

' .processor. Large scale systems costs more.than a million dollars. . Such :mstallat:l.one
: _',will only be cof 1nterest at the Operatlonal or advanced stages. The relat:l.on between
: ;the perfoiﬂmance ~and the size of a computer is discussed br:Lef.v.y in annex I A 5

kY S A
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89. A computer should have the capacity to process the initial work-load in one
shift. Because of the relatively high capital investment, computers ere operated
during evenings, nights and weekends when pecessa:f; up to four shifts are possible8
if weekends are included. One of the striking differences between installations in
developing countries and those in industrially advanced countries is that the former
are often underutilized while the latter are often operating near capacity. This is
because the technological growth rate is always very slow at first.

E. Total cost of a computer centre

9. In too many cases computer centres have been set up without adequate opereﬁing ;
budgets. No provision has been made for programming advisers or for key-punch.
‘operators or other persons to help in the preparation of the data, always an important
part of the work of. a_government computing facility. .
91. The main costs assoc1ated w1th a comouter centre may be 11sted as follows:
Investment costss

- Peasibility study

Construction or modification of a building, including installation of air
conditioning, power service, false floor for computer cables, storage for
cards, magnetic tapes, work,space for users etec.

Purchase of computer, furniture etec.
Purchase of computer software.
Shipping and installation costs.
Initial complement of maintenance parts.
Taxes (custom duties).
Data conversion.
Initial tralnlng. 4
~ Any appropriate capital -costs (depreclatlon, amortlzation ete. ).
Contingencies. - '

8/ Because of the requlrements for such factors as maintenance, system changes'.”
~and fadlt oor;ection it is. vezy difficult to achieye even as mich as' three shifts

L of productive operatlon.’

. Report of ‘the’ Commission ol International Develogment (New York, Praeger, 1965
:~.Viil 255

| 2/ Internationel_Bank for. Reconstructlon and Development, Partners in Development:
9

d2
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Operating costs a Ciledon
Personnel costs:’ T T
Director, manat_er, personal ass:.stant , typ:n.ng aend cler:.cal help
Systems and appllcat:l.on programmers o ’
Operating ‘and consultlng staff
Key-punch staff a e
Ma:Lntenance staff
Jenitorial staff
Education and trainlng of staff
Supplies and recurring expenses: '
Electric power and water (also for air conditioning)
Paper, cards, magnetlc tape and disks, and spare parts
Rental costs for leased equipment e
Publication and reiling costs
Costs for library materials (journals, texts, computer programs eter)e .
92. Even "free" software has implicit costs. The centre has to assign staff time to
commnicaté with the supplier, see that the program runs properly on the local .
hardware, teach users about the programs 'and be able to adapt them to the local -
‘ configuration. A computer centre must be prepared to put much of its resources into .
| 'software and into service aids for its users.™ A computer centre even of modest size
. _needs several systems programmers to keep the system up “o-date by installing new
systems, languages, updates, releases and so on.
93. In comercial 1nstallatlons the budget for personnel and Supplles can be twice
the hardware costs. In educational installations the budget is less than this, because
the applica't'.tons programmers are faculty members and students not , properly speaking-
‘staff 'Sf the’ oomputing centre. A’ny centre with ailarge service bureau will operate
‘ in the’ same way, but even thére the anmal costs for salaries, supplies and services-
f will at least equal the hardware costs, In developlng countries the ratio of hardware
_.]to staff costs will be higher than it is in industrially advanced countries. -A-
'r".».:sn.gnificant budget will be needed for program advisers ’ for publish:mg 8- newsletter B
enger services. and the like. " :

-for users for

e .vendor, may cont act to prov:.de maintenance, although some _

evelopi g nations choose to do their own maintenance. In any _

, a8 ‘ essary to maintain a supply of spare parts , and to know the vendor's
NC hniques for fault detection.

- S ff,_ﬁ’f." S 83




E/4800 -
page 32

F. Financing of computers

95. Computer mamufacturers offer their equipment both for purchase and for rent,
-and computers are r>nted perhaps more ofter than any other tyre of capital equipment.
There are good arguments both for purchase and for renting.
96. A comparison of costs shows that, for most types of equipment, in about four
and a half to five years the amount paid out in rental will equal the purchase and
maintenance costs. Thus if it is expected that the equipment will be used 1onger.
than five years, it would be preferable to purchase it. Moreover, with a purchased
machine the hourly cost of operation decreases significantly as use extends into
shifts beyond the first, since the capital costs have already been paid and only the
marginal operating costs have to be met.lg/
97. 1In favour of renting as opposed to purchasing the machinery is the fact that
ccmputer technology has been changing so rapidly that machines have quickly become
obsolete. Even if they do not become obsolete, in many situations the growth in their
use is very rapid (a doubling every two and a half to three years is coumon) and if
the pace quickens further, a country may find that it is outgrowing its computer
installaticn and is faced with an expensive upgrading of a purchased machine.
9. Against the above'arguments for rent instead of purchase there are the counter-
arguments that third generation hardware, together with the associated software,
is 11kely to last longer than earlier models; and that it takes two or three years
ven to achieve efficient operation, and replacement times of less than five years
are not economical. These reasons, among others, led the Government of the United
States, to adopt a general policy of increzsing the proportion of purchased machines
in the United States. § :
99. In industrially advanced countries another alternative has emergsd whereby
leasing. compgnies, acting as a third party, buy.a computer .from a manufacturer and
rent it at rates lower than those quoted by the manufacturer. They are able to do

'1_/ The reduction in.the hourly'operating costs for second and third shifts is not
as great-es is. sometimes argued. Besides additional costs for power, air-conditioning,
supplies ard operatlng staff, there are costs for maintenance and wear on mechanical
equipment ‘which ‘are probably: proportlonal to the hourb of use. Morecver greater use
means greater requlrements for user services, and a larger variety of system demands.
Nevertheless it remeins true that- the marginal cost of. computer time in common with
,~§hat of most productlon processes,. decreases as the system beromes more heavily
oaded

| EKC |
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this because they undertake to place elsewhere equipment which has become too ¢mall
for a particular user,ll/ and since the original manufaciurer provides the maintenance,
there is no loss in the quality of service. Some countries may find it advantageous
to form a national leasing company, whereas in other areas of the world a regional
approach may be desirable.

100. Altogether, the complexltles of Plnanclng compufers are such that it would

seem highly des;pable tv have a place where developing countries.could obtain advice
on these matters)lg/ This is especially necessary nince the cost benefits of computers
will be different in developing countries, where the labour markets differ from those
of industrially advanced countries (see section VII). To have the full range of
opportunities, it would also be desirable to find some way of having leasing options
extended to developing countries, which so far have rarely, if ever, had this choice.
101. It is often suggested that developing countries install older, second generation
computers, but therg are arguments ggainst this. First, the equipment is already
,obso;ete yhen it ie-removed from service in the developed country, and, therefore,

the centres using it will not have the latest capabilities. Secondly, the service-
ability of older computers is mich less than that of new hardware. Sometimes it has
beenaso_poox that maintenance has cost more than the price of new modern equipment

and in some cases, &pare parts may no longer be available. Thirdly, consulting help
maj not be available, because people are no longer familiar with the old software.
Finally, sincegin the long run most of the money spent on a computing centre will be
for salaries and software, and since the value of the software for older equipment

is much ;eee,.due;to its reduced life expectancy, the real savings will be much lower
than. the apparent. savings. ' .

102, A caee for installing older equipment can be made, especially if the cost is

low euough,_say.one third to half of the original purchase price. Transistored
"second generation" ‘equipment may continue to be reliable over an extended period, and
older machines may come with a very useful collecikiva of routines. However, many.
.deve10p1ng countries are not prepared to. accept the suggestion that equipment no longer
considered to. be adequate for an industrially advanced country is good enough for
tbem.; Th9<é945T Working Group noted that. the arguments against older equipment are

l;/ Furthermore, the nanufaéturer has other clear bhoices for funds whlch are
invested-in' a rented-machine and this adds to the rental. :

zlg/ The need- for such advice to be made generally available was emphas1zed by
4]2\!: ‘the ACAST Working Group (annex II F. ) . :}E;" ,
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generally convincing; there may, however, be particular circumstanoes in some
countries where an exception is in order (see annex V.F). It is”clearly necessary
for any institution which is considering installing older eQdipmehﬁ fo examine all
aspects of the proposal carefully. ' .

G. Dissemination of computer information

103. As is the case with every branch of technology, information about computers is
being generated at an accelerating rate, and there are problems involved in making
it available to developing countries. There should be at least one national centre
with a good compﬁter library in each country; further, each computing centre will
need litereture about its own equipment and about epplications which are locally
important. l

. The literature on compufers has ‘an archival component (periodicals, research
journals, review publications and the like), and a current awareness component
(publications which list the contents of research journals, reports and evaluatione :
of new equipment ete). In addition there is information which might be classified
as ephemera‘(notices of meetings, conference programmes,'notices of software
packages, anncuncements . for books, courees.and training programmes and so on).
Developing countries certainly need a good selection of the archival material about
computers, just as they do about other aspects of technology. Methods of finaneing
such aequisitions should be explored, for example, through the United Nations
Educational, Scientific and Cultural Organization (UNESCO) and the professional
eocieties.; The current awareness material is also valuable, and here the acquisition
problems are eyven greater, for they are usually offered on subscription for rates
‘which can be prohibitively high. ‘A possible solution which would make at least the
~ ephemera available, might be to convert this material to microform, that is to print
~ it on microfiches or microfilm it would then be p0831ble to mail the equivalent
of a hundred pages or more of printed material at a rate comparable to that for a
postcard. The informgtion contained in the ephemera will be useful to people in
developing countries, for it provides an éwareness of what is going on in the
d1s01pline, nmakes it poes;ble to order conference reports and instructional materials _
as soon as’ “these. become available, and in general can impart a sense of participation
;vin current activ1t1es. Since there are no copy right problems with such material,,
, and there will be no costs for selection and classification (as the material would
“not be retained more than a few weeks), ‘cogts should be low. This type of distribution
_ might be undertaken, for example, by a university in'a developed country which is .
.5[]2\‘:y'circulating the material s part of its own library operation.

o Provided b ERIC . 3 [i .
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H.  "winning" and bilateral linkst®
104. The field office of a computer manufacturer often does not have good commnication

with the central office. It is difficult for a computer centre in a developing
couhtry to learn about or acquire software packéges. One solution already mentioned
in this report is to set up a "twinning" relationship or a bilateral link with a
similaf installation in a developed country: +that installation could.undertake, _
inter alla, to collect and send information and software packages to the institution
in the developlng country. For th1s system to be most effective the "wins" should
have equipment made by the same manufacturer and similar responsibilities within their
respective countries for such functions as operations and teeching. In view of the '
problems of foreign exchange, it may be argued that the costs of the "twinning"
serv1ces should be absorbed by the budget of the centre in the developed country,

but to ensure that the materials sent are always useful, and to encourage an
economically viable service it may be better to budget the costs.in the developing 7
country. However, a viable arrangement fequires extra resources for the institution
in the developed country, as altruistic services tend to lapse. '
105, Among the reasons why "tw1nning" is attractive is that it prov1des a means of
personal concern and involvement for people in both developing and developed countries
and may be a means of bringlng institutions with s1m11ar equipment, problems or
rexperience closer together.

, ;3/ Fbr a general discussion of this subject, see United Nations Educational,

Scientific and Cultural Organization, Bilateral Institutional Links in Science
and Technology, "Science policy\studles and documents", No. 13; also document
E/AC.52/L.82. _
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IV, THE ACTIVITIES OF THE UNITED
NATIONS:  FAMILY OF ORGANIZATIONS IN THE
APPLICATION “OF." COMPUTER. TECHNOLOGY . FOR: DEELOPNEM

106. 'In th:.s sect:l.on are descrlbed thc various act1v1t1es wh:.ch have for many years boon
undertaken :Ln the Un:.ted Nat:l.ons family of orgmuzatlons with respect to the appllcat:l.on.
of computcr te.,hnology for development. ‘ These actlvz.t:l.es 1nvo1ve two substantlve )
divisions of the Un:.ted Nat:.ons, the Un:.tcd I\Jat:l.ons Industrlal Development Orgamzat:l.on
(UNIDO), the Internat:l.onal Labour Organlsat:l.on (ILO) s the United Nations Educat :Lonal,
Sc:.entif:.c and Cultural Organizatlon (UNESCO), the World Health Organization (WHD) e.nd
the World Meteorological Organ.:.zat:.on (WMo) » in addltlon to the United Nat:l.ons _
Development Programme (UNDP) and thc Interuat:.onal Ba.nk for B.econstructlon and
Development (IBRD) ’ who are prov:Ld:Lng support for a number of projects m.th a comput
component Un:.ted Nat:l.ons Inst:l.tute for Tralnlng and Research (UNITAR), Food and
Agriculture Orgam.zation of the United Nat:n.ons (FAO), Internat:.onal Telecommum.cat:.ons _
Union (ITU) ’ a.nd Internatlonal Atom:.c Energy Agency (IAEA) also have an mtarest 1n the
field of co'nputer tachnology from the point of view of the:l.r partic,ular areas of '
activity,

107. Almost all the organizat:l.ons of thc United Nat:l.ons systems, 1nclud1ng the regional
economlc cc.mm:n.ssions, use computers for J.ntcrnal adm:.nlstrat:we purposes or to flJlfll
thelr stetutory obll.gations 3 in gomo cases the use is extens:.ve.. " The- benoflts ar1s1ng.
out of these appl:.cations can serve develop:.ng as well as 1ndustr1ally advanced cou.ntr:.es.
Many United Nations and other international organizations are also mechaniz:.ng the
collection of the data needed for their operation, Many of the organizations of the
United Nations family have computer facilities of significant power; among these are
the installations at United Nations Headquarters in New York in the International
Computing Centre, those of the ILO and WHO in Geneva and of UNESCO in Paris. In most
cases there is a willingness to do computing work for developing countries. Many of

_ t_he organizations heve plans for expansion, Such p-lans inevitably raise questions as
to the best way of avoiding duplication of costly investments, a problem which, as

_already'hoted, also arises with the expansion of. computing facilities in national
_governmental agencies, The plans of the United Nations family of organizations in this
connenon are currently being reviewed and it would be beyond the terms of reference of

: th:.s report | to comment, on them. . ' '

A

- . .A;. ! UNJ‘TED NATIONS . N )
| 108- With:.n ﬁh : United Nations Secretar:.at “two subgtantive divisions, the Stat:;stlcaJ: L

Office and’ the Public Administrat:.on DJ.v:Lsion co~operate to provide advice on thc '
EK c -tive use of computers, support experts and conduct traim.ng programmes. Some

T r—two man-yea.rs of expert advice in this £1eld have been provided to twenty countries
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over the last twenty years, 90 per cent of this assistance having been provided in the
last ten. In addition, over five man-years of regional and interrecional adviser
services have been provided, mostly involving short-term missions. Persons from the
developing countries have been trainsd through fellowships and orientation services,

end since 1961 over fifty fellowships have been granted to students from twenty countries.

Orientation Course in Mechanized Data Processing, one of several publications since

1964, has been translated into French and Spanish and used widely by bublic administration
institutes co-operating with the United Nations. The assistance (provided by the United
Nations) has been directed to the public sector as a whole.
109. In addition to the efforis described ahove, the Statistical Office has been using
computers for the collection and standardization of economie statistics. Prior to.
1966, the use of computers was on a contractual basis with service organizations. In
November 1965, computers were installed at the United Nations Headquarters in New York
and a new section of the Statistical Office was formed: the International Computing
Centre. Through the use of these computers, the Statisticel Office has been cble to
establish and operate data banks in such fields as external trade statistics, national
accounts. statistics, demographic statistics, and industrial commodity production
statistics and make them aveilesble for economic anelysis, projections and planning to
other divisions and offices within the United Nations, to the specialized agencies and
to Governments and other institutions. The International Computing Centre has also
engaged in on-the-job training of fellows in the management of data proééssing inéfal—
lations and the use of computers for statistical data processing. To date, this work
. has been experimenital in nature and smﬁll in scope but, és time and resources'permit,
it is expected that. greater effort can be devoted to this type of training.
B. UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURALL ORGANIZATION.
110, United Nations Educationsl, Sientific and Cultursl Ofganization is carryingon a broad
range of activities in the field of computer sciences, in co-operation with universities
in the developing "and industrially advancel countries.
In brief, the sector activities enconpass |
" Science: the training of personnel, promotion of international co~operation,.
. study of computers as research tools in scieunce policy, hydrology,
oceanography and similar disciplines; | , .
Education: the,uée:of computers for educational administration, planning and
iﬁStruction; .
Communication: documentation research and training, library automation, éomputer
_ N . ‘models for education, scientific end techniéal manpowers;
o Social sciences,. humen sciences and culture: ‘the use of computers for social

iujéfkl(:‘:' IER ~++  science research and documentation.

- - - P e v
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111. The proposed UNESCO budget programme for 1971/72 contains a recommendition that the
Director-General be aithorized to continue to promote reszarch in the basic sciences, in
parﬁicular with respeét fco computer sciences,
‘ C.  INTERNATIONAL LABOUR ORGANISATION

112, For '_over séventcen yearé the ILO has; with UNDP support, assisted in setting up
management -deirelopment and productivity centres to provide training in management, -
consulteancy and computer technology; thiz has in four cascs involved the creation of
electronic data processing units,
113. In response to numerous requests from othor cenires to develop computer training
divisions, the ILO recently initiated a new programe; "Computer training for -
menagement®.  Studles by the ILO in doveloping countries revealed the following
problems; the need for improved management practices to \ac':c':calera'te industrial growth;
inéufficiezlt knowledge of the proper use of computers; a proliferation of computer
i_nstailations, mény of which are not used to their full potential; a ssarcity of -
ma.nagemenﬁ éystems aalysts to link managemont to coniputers. To resolve these problems
the 1ILO propos'es: to train nianagers in the use of computer-based management information
systems (MIS) to aid dec:.slon—maklng, and to treain systems analysts to devalop such
systems, ’
114. On the bas:.s of past experience, the ILO seeks in its new progremmc to reducc the
time and effort involved in developing MIS, by dcsn.gn:.ng general purpose systems and
rolated documentation which can be readily adapted to individual cnterprises in many
countrios. International experts would guide national counterparts in training and
in the applicatibﬁs of MIS. ‘Before the arrival of experts on projects, national staff
_would receive tre,lning at & central instltute. * This would reducc the amount of

' dance requ:.red from experts ’ and perm:.t the ‘projects to develop MIS epplications
more rapidly '

D. WORLD METEOROLNGT CAL ORCANIZATION

115. In response to General Assembly resolut:l.ons 1721 (IVI) end 1802 (XVII), the World
Meteorologlcal Orgamzatlon ‘has established and is now carrying out iis World Weather
_Watch progmmme ~ a global plan for the appllcat:.on of modern scientific and technolo-
glcal developments des:.gned ‘c.o enable all countm.es to derive full cconomic benefits

" from :.mproved meteorolog:.cal services., This programme comprises a global data
procesnna system and a global\teleconnnun:.catlon system, both of which include the use
of computers by uorld, reg:.onal and natlono.l centres and telecommmnication hubs,

wll Toxt Provided by ERIC
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116. Assistiance for developing countries in obteining computer facilities in support
of the World Weather Watch is available through UNDP and the Voluaitery assistance
Programme Qf WMO. The support to the Regional Meteorological Telecommunication Hubs
at New Delhi, India and Prague, Czechoslovakia are examples of assistance under the
latter 'pfogramme. At its hecadquarters in Geneva, WMO is processing information neoded
for the operation of the international programme established by it. It prepares its
information by computer and aslso provides 6perationa1 information requ:'i.red for the
World Weather Watch on digitel carriers for ready use by the individuel countrles using
their computlng facilities.
E. WORLD HEALTH ORGANIZATION _
117. Since 1961; the following activities have been undertaken by the World Health
Orgénization: »
Confersnce on the application of ADP systems in hecalth administra'bion,
organized by the WHO Regional Office for Europe (Copenhagen, 17 to 21
November 1964);
Symposium on the use of electronic computers in health statistics and
medical research, organized by the WHO Regional Office for Europu (Stockholm,
6 t010 July 1966);
Seminar on the public health uses of elasctronic computers, organized by the
WHO Regional Office for Europe (London, June 1968);
Working Group on the Regionsl Office'!s activities in the field of medical
computing, organized by the WHO Regional Office for Rurope (Bpa_tislava,
Czechoslovalda, 24 to 26 February 1970);
Advisory.'Comndt%e_e on computers in health programmes, organized by the
WHO Regional Office for the Imericas (Buenos Aires, 13 to 17 iApril 1970);
The establishment, in collaboration with UNDP, of the Central Institute
of Public Health, Sofia, Bulgaria; '
Course on electronic data processing in health services, organized by the
- WHO Reg:.ona_ Office for the Eastern Med:.terranean (to be held at WHO hcad-
quarters,’ Geneva, 25 May to 3 June 1970);
‘ Expert Committee on statisticel indicators for the planning and evaluation of
publlc health progremmes (to'be held av WHO headquarters, 2 to 8 December 1970).,
118. In add:l.t:!.on, in 1967 WHO esteblished the Division of Research in Epidemioclogy and
Gommun:.cations Science with special respons1b111t1es in the application of computer
science 0 health development, S
, 119. The World Heeslth Orgam.zatlon thus contributes to the training of personnel from

develop:.ng countries in the use of computers and computational techniques in such areas
[Kst ep:l.demiology, international heelth statistics, medical literature, medical research
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F, UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

120, United Nations Industrial Development Organization deals with industrial
development at both the macro-level and the micro-level, Cemputers are mainly being
‘used in industrialization surveys for industrial development planning and programming,
prograinme and proj'ect implenentation and control and information sys‘tems as well as
project operation.
121, As regards training in computer application in developing countries, the field of
project implementation may provide an illustration., UNIDO gears the training to the
application of network analysis techniques for the scheduling, monitoring and control
of the implementation of industrial projects including techniques for resource allccation.
122, Computer application in other fields is under study by UNIDO. |

~ G. “UNITED NATIONS DEVELOPMENT PROGRAMME
123, From the inception of the United Nations Development Programme Special Fund in 1959
up to March 1970, financial assistance has been approved for twenty projé,cts under which
a provision is niaide for computer applications. The total UNDP allocation for these
projects has amounted to more than twenty-three million dollars with the following
elements directly related to computer operations:

US dollars
Expert services in the field of computer

applications (software) , 3,430,000
Training (mainly for fellowships) in. )
computer-based data processing 726,000
Computer equipment (hardware) 4.5 200, 000
Total .. $9,356,000

124. Of these twenty approved projects, six are in the field of flood control and water
resources s six are management training centres, five are computing centres, one is a

hydrometeorological institute, one is in the field of public health and one in natural

resources. - Their geographical distribution is as follows: Europ», nine: Asia and the -

Far East, five (including one regional); Africa, four (including two regional), the

- Middle East, one and the Americas, one. -Six of these projects are executed by ILO,

' five by UNESCO, four by the United Nations, two by FAO and WMO respectively and one by
125._ In addition to the above support, UNDP is also providing.on request the services of
cOmpﬁter specialists under the Technical Assistance component of the Programme.
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H. Contacts with p;ofessional computer organizabtions
126, It .ngy be noted that in establishing and conducting training programmes the United
Nations family of organizations has had very little contact with the national and

international professional organizations in the computer field, where a large body of

expertise resides. For example, aniouncements about the courses in proféssioﬁal
journals have been infrequent and the societies have rarely been called sn for help in
setting up courses or finding persons to aid in teaching them. Although there have
been some contacts with educational institutions, these have not been extensive. One
result is that curricula have not benefitted from constant review by those actively
engaged in the profession.  Another is that the search for persons qnalifiéd to teach
courses 1s probably not carried on over o sufficiently wide base, Chapter eight of
A Study of the Capacity of the United Nations Development System (DP/5) refers to the
probiems of recruiting staff for the United Nations; advertising in the journals of

proféssional computer organizatibns would help vwhen instructors and other staff urc

needed for computer training programmes. Section VI of the present report contains a

recommendation concerning co-operation with the professional bodics.
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V. OTHER INTERNATIONAL EFFORTS

A, Govermments, educational institutions and foundations .

127. A vital cosponent of foréigri aid in the field of computer technology is the
support of research and educational institutes in dev'eléﬁing countries by Governments
and foundations, . Often the aid takes the form of contracts to universities from _
industrislly advanced countrizs to conducy educutional programmes in developing ¢
countries. Also commoii are contracts to build computer modeis and simulations of
important sectians of the economy in 'developing countries. . .
128, In India, there are five institutes of technology, supported fespectively by

the United Nations, the Federal Republié of Germany, the Union of Sovielt Socialist
Ropublics,. the United Kingdom and the United States. In all cases the éupport is

for the institute as & whole; sometimes incl ied are funds for eamputer facilities
or computer projects. For .example the Ford Foundation support for the engineering
programme in Santiago, Chile included furds for the computer centre, and the support
of the same Foundation for the agricultural pfogra.tmne in India included suBsid:‘.es for
establishing computer centres both in the Government and in universities. The
Rockefeller Foundation has sent computer experts to the University of Ibadan in
Nigeria.,

129, Universities in the industrialized countries are obvious candidates for "twinning"
(see section III.H) with universities in the developing countries and this type of
pairing has been in effect for some time. Aid may take the form of the loan of
academic staff, plamning of cirricula, or provision of {eaching materials or research
guidance. It should be noted that universities will not be the most appropriate
choice for pairing with national or'regional centres of the type discussed earlier,
where there must be gn emphasis gn date processing, and computing for government
sdministration.

130, Even a large university can heve difficulty in finding enough staff to carry

out the extensive programme which should be mounted if the institution in the
developing country is to reach a threshold beyond which it cen carry on for itself.
To overcome this difficulty in the establishment of the Indien Institute of Technology
at Kanpur, a nine university consortium, financed by the United States Agency for
I_ntemational Development (ATD) was set up. Over a pei'iod of years these universities
sent some twenty—five‘professors to Kanpur each year. '

“u |
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131.The Kanpur computer, a mediume-sized machine with punch card iiput-output, a line
printer, and three magnetic tape units, was delivered in July 1963. At that time,
three visiting experts in computing were already in India., One of these acted as
the director of the computer centre; another acted as systems programmer in
developing, modifying and updating the software; the third concentrated on the
academic prograxme. The three set up short courses aimed at introducing persons
from university, govermment and the private sector to computing, At present, the
cooputer centre is operating successfully. It is an essential part of the academic
programmne and also carries on administrative computing. t is completely staffed
by Indian nationals, '

132, The need to strengthen research and educational institutions in developing
countries was emphasized repeatedly in the replies of Governments to the Secrebtary-
Genersl's questionnaire. It san be strongly argued that in furthering research
emphesis mist be placed on those aspects of the work which contribute to the transfer
of technology rather than on research for its own sake. One way of marking this
emphasis ié to support those computer centres and ccmputer applications which are
important for development.

133. Possible sources of support for furthering computer technology in the developing
countries may be forthcoming from Canada, through the International Research Develop-
ment Centre, from Japan through the Japan Computer Usage Development Tnstitute, from

Israel and from France.
B. Intergovermuental Burgau fer Informatics - International

Computation Centre (IBI-TOC) Lo
134, IBI-ICC was created as an international computer centre under thé_ auspices of
UNESCO in pursuance of series of resolutions dating back to October 1946, bﬁt it did
not actually come into being until November 1961 when ten States members of UNESCO
ratified the International Convention bringing it :Lnto operation. The member States
provide funds according to a scale of assessments proportional to the contr:.but:.on
paid by each to UNESCO. The orgam.zat:.onal sbructure consisgts of a General Assembly,
an Executlwe Council, and a sc:.en’c:.f:.c and administrative staff with a Dlrector at its
.head. It is located in the Viale della (Civiltd del Lavoro, Rome. The General
Assanbly which neets every two years, consists of a representative of each contributing
member State and a representa.tn.ve of UNESCO The Executive Council whlch_ord:.narlly

15/ See also amex II.C,
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meets twice a year, consists of six members elected by the General Astembly and a
representative of UNESCO. The Director is appointed by the General Assenbly for
a four-year term which may be renewed.
135, IBI.ICC was conceived at a time when many people fellt that high speed computers
would be large and expensive and that joint action by many countries was needed to
acquire and operate a facility which would serve developed and developing countries
alike. This kind of co-operction has of course been necessary with regard to high
energy accelerators in physics, and the Centre d'Etudes et Ge Recherches Nucléairss
(CERN) facility in Geneva is an outstandingly successfvl exemple of international
co-operation in that field. Bui ccmputer technology has evolved differently. The
cost of computers is not comparable with that of lurge accelerators and - what is
equally important - computers soon became necessary not only for research, but also
for performing efficient operations in a great many activities. The result was the
establishment of z maricet for computers of meny sizes and it became possible, and
necessary, to have not one but & number of computers in every country. .
136_. IBI-ICC was slow to react to the change. It expended a great deal of effort
in its early days on acquiring and operating & computer facility which in the end
proved to be only of marginali value to its members.  Although the initial contacts,
through UNESCO, with the international compubtirg fraternity were profitable, therc
was Gifficilty in maintaining them,  The Interrabional Federation for Information
Processing (IFIP) grew up independently and absorbed many of the tasks of providing
en international. clearinfé house for computer information and of sponsoring inter-
national conferences. ﬁembershii:; in IBI-ICC did not grow at the expected rate,
Jeaving it chronically short of funds, snd this wes hoth & cause of and ccmpounded
b staffing' proh’l.ems. ' ?
137. In 1969, the Fowsth General Assembly of the International Computation Centre
nodified the objectives of the Centre so as to make it an intergovermmental bureau
for infoxmation processing rather than computation, and in accowdance with this
nodification the name of the orgarization wes changed to the "Intergovernmental
Bureau for Infcimatics', This organigation is now under uak_mg to promote the
use of information proretsing at govermmentzl levels through a var::.ety of neans, which
include suomsoring and conducting education programmes in developing countries in the
language of the region. It is also offéering to provide a permanent address and
gsecretariat services for international professional hodies and other organizations
concerned with information procossing. ; o

'ERIC
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'C. Privaite sector contributions

138, Developing countries are bound tc¢ have diffj.culty in decidiug how to react to
offers of help from companies in the private sector. The rccord shows that many
private companies are prepared to make highly desirable long-term investments of
capital in the’education of nationals. The importance of the initiative of the
private sector in the growth and application of cormputer technology merits particular
recognition, a point also mentioned by the ACAST Vorking Group (see amnex II.D).

The Group further stressed the developing countries! need for an authoriitabive source
of independent, disinterested advice in dealing with the private sector.

139. In the computer field, manufacturers send techmical and sales persomnél abroad
on training programmes and courses, often for appreciable periods of time. The
compuber market in which one company exercises considerable influence in the world,
is highly competitive, and it is natural for developing countries to take advantage ,

" of offers which fail within normal marketing practice, for ecxample, technical
assistance in the form of visiting experts. Some companies are prepared to go
beyond this by bringing in experts, or arranging for tours (usually by decision-
mekers) of computer sites even when there is no immediate prospect of a sale.

Compuber manufacturers contribute to the evolution of the technology by encouraging
their employees to participate activély in professional societies, This contribution
is not disinterested, but it is valuable, In Latin America it is often the custom
for professors to have only part-time appointments in universities; they also are
employed by consultant, engineering and manufacturing companies. This connexion
between the universities and companies in the private sector has resulted in a vigorous
compubing industry, not é_ux'prisingiy with a heavy emphasis on business data processing.
140. Section VIII,B of the present report suggests ways in which computer (and soft-
ware) manufacturers might make contributions to developing countries by relaxing the
restricticns on the distribution of software. The large educational discounts for
computers, which were available to universities in industrially advanced countries

for a long time, have without question becn an important factor in the widespread
penetration of computers into .the sducational world. The discounts have been raduoed

.to the point where they are no. longe'r' significant, but in 1ndustrlally advanced
countries computers are now firmly established in universities so that the effects
of the policy change will probably aot be severe. Computers are not yet as prevalent
in the cducational institutions of the developing countries. The reduction of
educatlonal discounts and the withdrawal of special arrangements for acquiring

EMC fputers have not yet be en applled as completely there and it is hoped that manu-
S cturers will continue to recognize the case for maintaining these concessions. 47
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141, Help should be expected not only from the computer manufacturing companies in
the private sector but also from consulting aﬁd software companies and from companies
which use computing equipment. These companies have also contributed to the growth
of their national computer socieiies, for example by allowing their technically
qualified people to participate in them; this is imporbent because those organi-
zations need members from all relevant sectors of the computer industry. :
142. The initigtive of the private sector is an mport,a“lt factor in the growth and
application of the computer tec;mo" ogy. Under conditions that are equally attractive
to Governments of the developing countries and to companies in the private sector,
the expertise and goodwill of the private sector can be brought to bear on the
problems of development.

D. Professional orsanizations
143, Both national and international profess sional organizations may be available for
providing technical assistance in bilateral and multilateral programmes, National
proféssional compuber organizations with members from among computer and software
suppliers, from among government and commercial users and the educational community
render valuable service to the computer technology. The organizations maintain a
large network of special intersst groups, task forces and comittees whose members
pbssess considerable expertise. Government bodies and organizations in the United
Nations family do not draw vpon them ag often as they might, Clearly it.is not proper
to ask a professional body to carry out a task which might confliet with 'its own
interests; - but a professional bedy cen recommend individuals who cen advise on the
selection of equipment or give an opinicn about & consulting organization.
144. There are wany other tasks they can do effectively. In several countries the
national professionzl bodies -conducf cénsuses on the number of persons engaged in the
computer industry, and on current salary scales. Very often these surveys yield..,
the niosf accurate sté.tisﬁics ‘there are on the computer industry, These statistics
are of obvious Nélp in planning government policy. ALl national organizetions have
the ‘education of- their members as e foal, and they sponsor courses, hold technical
and educational sessmns, bring in visitors and conduct V1s:|.ting Yectureship programmes.
Their most important contributions » however, are the- scientific and technical ,]oumals
which appesr in mc.ny countries and in several 1anguages. This computer literature

has been of central importance in the emergence of computer science (1nformatlg 1)
ts a dlscn.pline and a profe381 on.

Q
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145. National professioiizal groups may be a good source of aavioe' ccncerning government
legislation related to, __eomputers. It is particlﬂ.arly zfelevant‘to this report that -
some national orgen.j.?at:tons in industrial.y advanced countrigs have begun to take an
interest in helping developing countries, The American Federetion of Information
Processing Societies, for exsmple, has recently funded a.computer.internship programme,
146, The. _international_ prdfessior;el organizations have the same aims as.the national
ones, with international co-operation as an additional objective, The International
Federation for Information Processing (IFIP) and the International Federation of
Automatic Control .(IFAC). (see annexes VII and VIII) have undertaken to assist
.developir_lg countries, The Intergovermmental Council for Administrative Date
Processing (ICA) (see annex IX) is also concerned with helping the developing’
countries, _ :

147. Among the tasks wh:.ch 1nternat:|.onal professional orgam.zat:.ons could perform
are the following: ,

.‘.(&) Nom:l.natlon of‘. representatives to serve on tche international and regional
adﬁso:y boa_rds. This is potentially the most important service they-could render;.
if the representatives are en‘ergetic in their participation they will soon become

. involved in such activities as seminars, advice to Governments on organizing
facilities, fellowship programmes and ™twinning'";

(b) Provision of financial help to make technical publitations available to
nembeps of developing countries, under appropriate conditions; '

(¢) Maintenance of an active roster )f experts availat'.e for consultant
services, short visits or extended stays. This list should be brought up to date
at least once a year; :

(d) Arrangement of sessions of interest to developing countries in the
international symposia, and sponsorship of persons from those countries to attand
. bhe sessions; . :

(e) Arrangement for some conferences and technical meetings to be held in
. the developing countries;

(f) Support for the translation of texts and J.mportant books on computer
technology .into different languages. .

. 148, The ‘involvement of some proféssional organizations in the prepa.ratlon of the
 present report may be taken as an indication of their responsiveness to the above.
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VI, AN INTERNATIONAL ADVISORY BOARD ON COMPUTER TECHNOIOGY FOR 1 EVEIORMENT

149, Even in those parts of the world where the greatest number of computers are
installed, the rate of growth and spplication of computer technology shows no sign of
slowing doun. There is a strong desire on the part of the developing countries to
increase their participstion in this rapidly developing technology so as to assist
their development in an economically fsasible mamner, Considerations concerning the
types of policies and programmes for the application of computer techhology in the
develoning countries themselves are discussed eclsewhere in this report. At the
international level, the Pansl of Experts and the ACAST Working Group concluded that an
instrunent is needed to stimulate the realistic and sound development,' application and
adaptation of computer technology with particular reference to the conditions found in
the developing countries, Such an instrument would take into consideratior the work
already being done in the United Nations family of orgenizations and elsewhere, Iiuch
experionce has already been gained and there arc many lessons that may be lesrned from
this experience in both the developed and the developing countries; it can be drawn
on still more intensively and the duplication cf efforis can be minimized wherever
possible, '

150, Por the achievement of above objectives the following activities may be suggested:

(a) Promoting internatiohal co~operation in computer activitiss related to
developniént H

{b) Tormulating strétegies to accelerate the process of development throﬁgh
the application of ccwuputer technology; A

(c) Recommending policics with regard to the application of computers for
developmont for the United MNations family of organizationg and for the dew}eloping
countries; | - ) .

{d) Providing tho developiﬁg countries with methods for obtaining assistance in
all asp‘ecté of information processing a.nd'computer technology, and reviewing proposals,
if requestéd; o | .

(o) Co~ordinating, for Unit~d Wations: supported activities, progrwnmeé and projects
on computer technology for é.ev‘elopment; ‘

‘(i‘) Sponsq:ﬁ.ng,, promoting and supporting activities of the United Nations and the
Unitgd Néltibﬁé Jfam;i;].:y of organizations as well as thoses of national and other interested
oréaniéationé rolated to‘ coﬁlputers for development;

(g) Advising on computer acfivities supported by the United Nations and .its family
@ Organizations, as requested;
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(h) Involving the major international profcssional organizations as well as

the principal international user bodics concerned witlh computer technology.
151. To achieve these tasks, the Secretary-Gencral belisves that the General Assombly
may wish to comsider the proposal mads by the Ad Hoe Pensl of Experts and suvported by
the ACAST Yorking Grouplé/ for the establishment of an intcrnasional. advisory board on
the application of computser technology for desvolopment. Such a board could report
" annually to the Secretary-General who would submit the report for consideration by “he
Zconomic and Social Council mnd tho Goneral Assembly. Two broad typcs of function
might be cnvisaged for tiis board: '

(a) To promote the application of computer technology for development throush
international co-operative efforts in association with the Tnited Nations family of
organizations;

(b) To provide, upon request, fndependent ond objective advice to assist the
developing'countries in their decisions on the usce of computer technology for thoir
development. ' ' ‘

152. It might bo envisaged thut the board be approinted by the Scecretary-General for d
period of three years and mest twice a year. In view of the important role played by
UIDP in supporting activities in this field, thc Secretary-General would consult with
UIDP in this matter, The momborship of the board might bo envisaged as consisting of
twelve experts appointed in their individual capacity by the Secretary-General in
consultation with UNDP; representatives of major intornational professional.organizations
such ag IFIP and IFAC (see ammexcs VII and VIiI) and other particulsarly user-oriented,
.quies deeried apprcpriate by the Sceretar; -General and UNDP; and representatives of
organizations in the United Nations family, including IGRD.

153. In the view pf the Fenel of Fxperts and the ACAST %orking Group the board must

have strong connexion; with the international professional computing community through
its, representatives from such bodios as IFIP end IFAC,

154, The prescnce on the pFOposed boar@ of porsons oOf independent judgoment, not
influenced by existing jurisdictional or political considerations should be of great
valuc. It could be a most importanit meens of ensuring that any policies cvolved Within
the United Nations regarding computing for development arc realistic and practical,

and alsé thot porsons who are appoinved as directors, visitors or consultants have the
international standing and profcssional compotence to carry outithe tasks expectad

of them. .It~cou1d be hoped that any proposal for large-scale support by the United

\‘l‘ o .
[ERJ!:’ Sée annex IT.A,
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Hations of o computing activity would not fail to have th» bconefit of reviuw and
assossment by this international board if it werc cstablished.
155, The involvement of the organizations of thz United Nations family in this proposed
board will be conducive to concerted cfforts and make it possiblc to draw up the
experience of those organizatiaons in th01r partlcular spheres of compctence,
156, Although there are alrcady persons responsible for some of the functions.outlined
above in the United Nations systom of organizations, Tnited Nations supported institutions
cr international professional organizations, thc scope and importance of the board's
activitios would mak( it neccssary for it to0 have its own scerctariat of sufficient size.
to provide sorvices for ths board, to facilitatc tho direct advisory service activitios
in which the board wounld bo invglved and to ensure thot it would be fully intorrclated
with the requirements of the UNDP sceretorist. The sceretariat would not need to be .
largo, as it would ba able to call on outgide consultants and make full usc of the
rolevant-facilitiés and oxpertise of the specialized agencies and the substantive
divisions of tho United Nautions Secretariat. It is envisaged that the secretariat

" would not need to build up a large operational structurc nor should it havs a computer
fTaeiliby, Ffor it would bo =2bls, as required, to call upon needed resources from Lacilities
within the United Netions system or from other wrganizations,
157. The ACAST VWorking Group in its rocport montioned its own involvoment in an
examination of the machinery in the United Nations family for dealing with the
applicotion of science ané tochnology for developmont and stated that the proposed
international advisory board.and its supporting secretariat reflected the Aﬂvisory
Cormittee's opinion that the Unitoed Notions machinory must bo adapted to the neecds of tho
changing technology and bc ablec to provide the central policy role and the lcadership
which that changing technology  demanded. The Committoe copsidered this to be
purbiculurly true 1f the developing coumbrics wore to Tecl that thers was a ecentral
point for efforts to encourage the realistic cnplication of the newer tochnology to
thoir development (see annex II.A). . )
158, Consideration has been given to moeting regional necds and. Govornmonts within a ,
region moy wish to consider tho desirability of establishing .a r.ogional counterpart to
the propoied international advisory bourd on_computof technology for development, which
should be associated with the. corresponding regional, cconomic commission, Theose regional
boards should have roprescntation from the region as’ well ag some mémbers cross appointod
from tho proposed International Board.  The professicnal bodles and the United Nationg
arganizations should also be represented, { | -

EKC S R
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VII. STRATEGIF~ AND EXPECTATIONS _
159. Previous sections of the present report have concentrated on conputers in their
own right. But the computer technology is only one aspect of the technological
activity of a country and in planning its growth it is necessary to relate it to other
techﬁological factors and to general national goals and programmes. In this section
some of these relationships are examined, |

_ A, Levels of computer activity

160. As a preliminery step to studying how the growth of computer usage can be
en?:ouraged to keep pace with and promote general technological growfh, it mey be helpful
to classify countries according to their v-e of conputers. For this purvose, a four

levél classification has been drawn up as follows. The ACAST Working Group expressed
the opinion that this concept of levels would be useful (see annex IT.H).

Level _ Characteristics
Initial There are no operational computers in the country. A

few nationals have had contact with computing. The
only local sources of information are computer salesmen.

Basic . There is some understanding of computers in govermnment
(and private) decision centres. A few computer
installations are to be found. There are some
nationals invo’ved in computer operations., There is
some educatiou and training in computer technologzy in
the country. Conputers are used in basic government

. operations. T -

Operational There is extensive understanding of computers in
govermment (and private) decision centres. Among
the mmerous computer installations there are some
very large machines. There are centres for education
and training in computer technology and some are of
excellent-quality. They offer degree prograrmes irn

. computer or information icience. Thers is design
and production of software and some manufacture of

o - hardware. Conputers are affecting many disciplines,

- _ particularly science, engineering and nedicine.

Advanced: - Most government and administrative work is carried
- ‘out by computers. There are well. established

) ' ‘ professional activities and national meetings on

| » computers. There is a complete range of duality

; education and training prograrmes., The number of

computers, of all sizes, is increasing rapidly.

- Time-sharing, teleprocessing and remote job entry

are common. There is design and production of

both hardware and software. Many technologies have

been changed or are in the crurse of being changed.

New applications of computers are found regularly.

There is strong participation in and contribution

.
3 1

-~
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161. It will, of course, be obvious that the dividing lines between clssses are

not well defined and a country may be on one level with respect to certain |
characteristics and on another with respect to-others.

162, At the first or initial level there is little conputer actifity and particuler
emphasis will be placed on methods of assisting countries in this category.

163, At the second or basic lével there are nationals in the country who have been
trained abroad and understand the problems of establishing a computer service. Often
the first computing centres in a country are established and managed by foreign '
corporations who give training abroad or on the job. The pay may be above the local
average scale, with the result that there will be little trénsfer of trained people
to other installations. Such computer centres do not contribute to the capability
of the country in the same way that nationel or university centres do. "\\

164. The third level is operational. For countries in this category there are
numerous well-run computer centres and many people who can give objective advice.

At this stage the country is not dependent on the advice of salesnen; the source of
information haé moved to educational institutions and national or govermmental
computer sites. '

165, The last category is advanced. Here many types of computers are widely used
in industry, govermment and educational institutions. Technical meetings are held
frequently and publication of computer information is extensive.

B, Upgrading the level of computer technology

166, What should countries do to move from one level in computer technology to
another - from initial to basic,;basic to cperational, and operational to advanced?
Cleérly for countries at the initial_level a national computer centre is needed as
soon as possible and, until one is available, good access to a regioneal facility

is essentidl. , :

167, The firsf'emphasis should hoquer.not'be placed on the computer itself,' It
must be on forﬁulating a brodd national policy where the role that the compu%er
technology is "expected to play in achieving national goals is made clear. Fron this
policy will follow detailed planning, such as the selection of priority applications
for computers. Such applications'mhy'§e“to‘the population census, or to some part
of the govermmental financizl system. In general, applications which can make the
maximum contribution to raising'the'éccio-economic_level of the country should be
sought. The planning will have to include a-determination of prerequisites, such
as better information, which must be met if the application is to be carriedioum, '

‘fiallocation of necessary resources. After priority applications are selected

RIC
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there will have to bé detailed Systerm ahalyses in which specific requirenents are
defined, alternatives:, are investigated ancli' needs for personnel and equipnent set
forth, 4s seen in flgure III, education w1ll be a prerequisite of every stage of
the sequence which leads to the actual 1mplementatlon of a computer application
important to natlonal developmcnt Whén a developing country has been able to
execute this seq_uence, even once, i‘or :Ltselz, 1t will be beyond the initial level of
computer use. : .

168. To move to thegopera‘hional'stage, the proceziu;'e described above will have to
be carried out many tines and in nany sectors. During sone of the repetitions it
will undoubtedly be necessary to cequire new corputer facilltles. But conputers
should be acquired only as needed; they r1ust not be 1nstalled on the basis of a
vague notion that they will ‘Gu:cn out to be necessary. Inltlally, developing countries
will need advice on how to assess thelr needs s for which they may wish to turn to
the irternational advisory board: and the sources described in sect:Lon VI,

169, To go from the operational to the advanced level is nuch more difficult.
Widespread educa'blonal and traln:l.ng fa0111t1es for® oonputlng are needed. There nust
be good educational progranuos in applled mathematics, conpuuer science, electronlc
engineering, nanugeaent .sc;lenc:e end sipilar disciplines. Thc technology must a..so :
be supported by other elements of the technical and so:.cnt;.*‘lc :Lnfrastructure.' There
must be a reliasble communications systen.so that remote job-entry and tme—shanng
conputer systems canf grow., There rmust be a viable olectron:.cs industry ’co nake 11:.
possible to design conputer component.. ifinot whole computer systens, o
170. The action requ:x.red to .n.ove fron one level’“cf computer technology to the next
, nay be tabulated as follows._' At_ ‘sach fcljansitlon the actions are addl'blonal to those
teken previously. | Do o - ‘

c. "L: eap-froge iﬁg“- g} ;mg ing a level of devolopment

171. In bringing a technology into 4. developlng country it is desirable to import

the best practices, so--that- the -country -ean “1eap-frog“ over sarlicr stages and
gaein the advantages of the nost fhodern techniques. To sone extent this is possible
with computers. It has already been recommended (seé section III.F) that develop:.ng
countries acquire, whenever possible, th:er generatlon corrputers because of their

inereased rellablllt‘y, decreased opera’LJ.ng cosbs and nore versatile software.

oh ot
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Transition

Initial to basic

Basic tc operationel

Operational to
advanced

o/

Action

Decision~nakers ond plenners nust participate
in explanatory courses on the background and
potentialities of computers.

Prospective computing managerial and operating
staff nust work at regional or nearby national
centre, attend conferences, scarinarsg and so on.
Advice should be obtained on priority computing
applications, hardware selecticn and the like.

Suall to medium-sized conputeris) should be
irstalled for public aduinistration work.

Using available conmputer facilities, training
or educational programes should be undertoken,
A national computr. piiicy should be formwla'ed,
consistent with over-all goals.

Segnonts of information systen should be
chosen for conputer implemasntation.

A national training and educational prograrme
should be built up, including the establish-
nent of computer science courses at
universities.

Advanced programnies should be initiated by
sending some persons asbroad for advanced
troinirg, seninars, participation in
institutional conferances etc.

4 conputer commuuicatior systen nust be built
up.

Action is necessary to ensure presence of
large computers in the ccuntry.

Selected software developnent, for exanple,
applications for nationelly inportant
industries, should be encouraged.
Proféssional society activity, including
publication,  also to be encouresged,

Government information systens nust be

integrated.
. Elenents of hardwarc febrications wh; :h night

be useful should be selectod.
Conputer related- disciplines, such as iianage-

_ nent scierce and cperation rescarch, should

be built up.

Research should bc sponscored and sncouraged
in computer arcas which expertise has
developed and to adapt conputers to special
nceds. There nust be vigorous national
societies in the fields of information
processing and autonatic control. Al these
will have to be built up patiently with
vlanning and with help from the industrially
advanced countries,
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172, There -are, however, components of the computer technology which should not be
adopted until a great deal of experience has been gained and the most careful
preparations have been made for then. At this point it nay be useful to review
those developnents in computers which this report has indigated should not be
enphas1zed initially:

(a) . The manufacture of computers and their components is becoming a mere and more
highly sutonated process. lMarketing of computer products is highly competitivk

and ﬁas to be carried out on a world-wide basis. With regard to kerdware, the
research and invesinents connected with its production will genefally go beyonﬁ the
present and foreseesble capabilities of most developing countries, unless theyiact
on a regionel basis or belong to the category which ras advanced technological
facilities;

(b) Tine-sharing is extrenely attractive to users inpatient with batch processing
delays, and to those vho wish access to computers fron their own prenlses. However,
not only are the conputer costs hlgher——/ in this node, but - even nore inportant -
t;ne—sharlng systens require a reliable, inexpensive cormunications network. This
is lacking in nany developing countries. Until it is available tinme-sharing should
be deferred. )

(e) As indicated in annex I. D and F there are certain types of application which
are receiving nuch attention in the industrially advanced countries, but which have
not yet reached their potential. Included in these are computer-assisted instruction,
oﬁrline nanagement information systems and library automation. These will
uﬁdoubtedly'cone into their own. But they are proving difficult to implement even
iﬁ the industrially advanced countries. Developing countries should not undertake
them unless they have special knowledge or skills which are pertinent.

173. Many of the applicatiocns of conmputers will have to be realised in stages. In
accountlng, it may not be necessary to pass through a nanual accounting stage, a
unlt record stage (1nvolv1ng punched cards, printers, sorters and the like, byt no
opmputers) and finally an electronic data processing stage. But it is difficult to
éonceive'of an accounting application being introduced as a completely autonated
ﬁrccess, without a prior operation in ﬁhich the essential elements of the systen have
127-_Tﬁggg.high machine costs can be offset by lower costs for programmer's tine.

a8
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been thoroughly tested without thc conputer. In general, the syétems analysis which
precedes a conputcrized application should be based upon, but not copied from, an
opercational procedure.

174. The widesbfea& use of computeors is too dependenv cn education, always o slow
process, to happen quickly. But, conputers, and the integrated information syston
which conecs with them will enable develeping countrics to plan on a natisnal scale,
according to notienal prioriiies. And they will be able to do this in weys which
even the industrially advanced countries are only now begirning to learn. In this

fespect computefs will nake "leap-frogging" possible.

99
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PART TWD. CAVEATS, BARRIERS AND INCENTIVES
VIII. COMPUTERS AND EMPLOYMENT

175. Up until now, che present report has i.cussed attention un why computer capability
is needed for developing nations and vwhat steps should be taken to make computers
available to them. Some caution should, however, be exercised concerning the
acquisitiocn of computers, especialiy with regard to the talent availiable for opergting
them and their operational effect on employment opportunities.

176. The possible effect of computers and computer capabiliﬁy, considered as a labour-
saving device, on real or imagined employment opporfunities is a matter worthy of
serlous consideration. Computers, and especially their visible hardware component,

can also be vieswed both as a sign of prestige or an object of fear. To some developing
nations it may also be both costly and difficult to create all the required sequential
conditions such as planning, programming and skills, to utilize modern computer

capt bility effectively.

177. The caveats against the adoption of a policy of computer acquisition by a
developing nation and the employment opportunities associated with technological change
in general and computers in particular are discusse=d in this section.

A, Employment and technological change

178. It is evident that technological change affects employment and one of the clearest
exemples is the steady decline, over decades, in the number of farm workers in North
America at a time when technological change has made it possible for egricultural output
to inerease. But there is no simple relati-n between technological change and
unemployment. Accepting labour productivitylg/ as an index of technological change,
table 3 shows the average annuel percentage increase in output per worker in manufac-
turing industries for the period 1953-1961l. During this period the level of unemploy~
ment in the United States was relatively high, at an officizl rate of 6 per cent, In
the countries of the Buropean Economic Community there was relatively little unemploy-
ment, while in Asid (excluding Japan) and Latin America unemployment was consistently
higher than in the United States. One is forced to conclude that a high rate of
technological change is not by itself sufficient to account for unemployment.

18/ Defined as output per man-hour.

ERIC
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Table 3. Aversge annuel percentage increase in output per worker:
mining, manufecturing, clectricity and gas, 1953-1961

Country Parcentage

- - . ereesecnuas treesceaianes .. 6.4

East and South~-East Asia (excluding Japan) vvesecececeveees 5.2

‘Latin Amerios seieevceconncenone sesescscseisanana reeene Veses 4.2

EU,I'Ope B 60 80008 000 08I B0 .0 RSN COEEIIE P ATRNEIEERIBEQOOE O 3.6

European Economic Community .vceveeereeeens 4.6

United States c.ieviveeecns tscacsacsanrecttcresoactosonnanons 3.0 {

Source: 4. J. Jaffe and J. Froomken, Technology and Jobs {Now Yorlk,
Praecger, 1968) chsp. XII; the information is bascd on The Growth of World
Industry, 1938-1961, International Analysss and Tables (United Nations
publication, Sales No.: 64.XVII.8).

179. Besides technological change other factors also affect cmployment. Among the
principal determinants . aggregate changes in employment are the change in demand
for goods and services, the change in the labour force and the change in output per
man-hour. The conclusion that technologicel change is only one factor in determining
employment and that loss of jobs arising out of technological change mey be offset by
gains due to other factors has also been drawn by a number of employment studies. The
Buropean Conference of 1966 on Manpower Aspects cf Automation and Technical Change
give its view as follows: "on the basis of recent experience we venture to give as our
opinion that with policies that are sufficiently conducive to economic growth, the
dangers for employment engendered by technological advance should not be over= .. ::.
estimated".l In the United States alsc, the Presidentts Committee on Automation,
reperting in 1966 coucluded that technological change and unemployment need not go
hend in hand.gg/

180. It is not sufficient, however, to look at aggregate employment in considering
the effects of technological change. Changes in technology and productivity, along

with demends for new products and services have brought about substantial changes in

19/ Manpower Aspects of Automation and Technical Change, Burcpean Conference, 1966,
supplement to the final report (Paris, OECD publications, 1966}, p.14l.

20/ The Report to the President of the National Commission on Technology, Automation
and Fconomic Progress (Washington, D.C., United States Government Printing Office, 1966).
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the composition of many labour forces. Such changes have been & principal concern to
the ILO and they are the subject of a series of bulletins which also documents the
steps taken in many countries to mitigate the effect of changes.g;/

B. Job changes broucht about hv_computers

181. There is little cvidence availabie about the true effesct of computers on
erployment in the industrialized nations, and even less for developing countries. Most
of the eccumulated evidence relates to the effects of computers on office employment,
vhere their main impact has so far been felt. There are reports of studies in Canada,
the Federal Republic oi CGermany, France, the United Kingdom and the United States ,2_?_,/
while bulletin No. 5, entitled "Automation and ron-manual workers®™ of the above~
mentioned ILO series on labour snd automation treats the question at lenghh.

182. In Great BI‘itaiI:I, for example, until 1994, in spite of the introduction of over
sixz hundred computers into offices, therc had been an eight per cent increase in the
aggregate number of staff empioyed. FEven if computing equipment had not been installed,
it is estimated that there would have becn only a 13 per cent increase. The report
glso predicted that there would be no dramatic change in office employment over the
next five years (a prediction subsequently conf'irmed) and because of the time reguired
to plan and organize a computing installation there would be adequate opportunitics

to redsploy staff. In view of the growing requirements for office work (2-3 per cent
growth rate per year) and the slow growth in the working populaticn, the report
predicted that vomputers would have to be used extensively to cope with the work-load.
The general conclusion was that the decrcase in office jobs through the introduction

of computers was balanced by the growth in need for office workers. This statement is
confirmed in the ILO bulletin on automation and non-manual workers. The United Kingdom
report in its final summary states: "For various reasons the introduction of automation
in offices has thug far not brought about any significant dismissal of personnsl nor
resulted in a decline in the general level of employment of office workers®.

———

21/ Lsbour and Automation, bulletins 1 to 7 (Geneva, International Labour Office,
1964-1968) .

22/ J. Urvoy, "A tentative interpretation of a number of case-studies of firms and
industries using office computers" (France) and J. Kruse, "Comparative manning practices
in data processing installations" (Germany) in Manpower Aspects of Automation and
Technological Change, European Conference, 1966, supplsment to the final report (Paris,
OECD publications, 1966); Comouters in Offices, Manpower Studies No. 4 (Ministry of
Labour, Great Britain, WMSO, Londoh, 1965); and "Impact of office automation in the

"o " rance industry® (Washington D.C., United States Government Printing Office,

FRICetin No, 1468). , 62
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183. Nevertheless computers are beginning to effect occupations other than those of
office workers, insurance clerks and middle management. As implied earlier, some
positions in proce-s control indusiries ar disappeering, as 2lso are some specialized
jobs’"such as type-setting. Indusiries and Governments must be prepared, therefore,

to use all measurcs which have been developed to cope with job dislocatiuns resulting
from technologicel change.

184. The demand for new skills which comes with the advent of computers has been -
erphasized in earlier sections of this repori. The need for educational and training
programmes in the developing countries was also mentioned. It can now be emphasized
that in addition to the requirements for skilled maintenance engineers, computer
programmes and systems analysts, there are also requirements for less trained people
to do operating, key punching, tape handling and data distribution. The nsed for
persons with a wide range of skills and training, along with the lead time required to
bring in a computer, has for most companies installing computers made possible the
successful introduction of training plans wﬁich enable the machines to be staffed from
“within the company and often by persons whoses jobs are undergoing change.

C. The situation in developing countries

185, The conclusions of the previous- two sub-sections can be summarized as follows:

{a) In industrialized countries the experience so far has been that the
introduction of computers has effects similar to these accomﬁanying the introduction
of other technological changes; '

(b) In the conversion of office work to automatic data processing, it has been
possible to carry out training vrcgrammes whisch at one and the seame time hawe the
effect of providing mammower for the new Jobs and of finding work for those whose jobs
have changed.:

186, These conclusions very probably do not apply to the developing countries, because
of* differences in educational opportunities, mobility, job security ond other socio=~
economic factors affecting the labour force in meny developing nations. There are many
factors which need to be considered befors installiné computers, even if funds are
available and skilled programmers obtainable. Whereas high unemployment in- developed
comntries is.a.possible threat which sometimes materializes, in developing countries
where much of the labour force is in agriculture and process industries, both highly"
suséeptible to automaﬁioh,‘ it is usually a chronic situation. Reducing lébour' cosls,
which might, in part, be a reason for instelling automatic cquipment in an industrialized
O ountry, is a disadvantsge in a developing country where every change that results in
loss of jobs must be well justified.

= c
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187. For computer installations not intended "primarily for education or research it
is common to attempt to apply a cost-benefit analysis. In developing countries facing
the decision of whether to install computers, the human and social costs of unemploy-
ment and retraining will be especially high. To install computers to do office worl,
process control or engineering calculations will present a particularly difficult
option. Each country must therefore formulate its own guiding principles for the
different situations which arise, In some cases, it will undoubtedliy be considered
necossary to adopt the modern processing and management techniques available only with
- muters. In others, it may be considered necessary to defer the introduction of
computers because of employment considerations.
188, Computer technology is one of the difficult aspects of automation which will
continuc to confront developing countries. However, the decision to prohibit or delay
the ontry of computers, which on a short-term basis may havc to be taken, must not be
accepted as a general principle. Developing countries must place themselves in the
pesition where they cen use computers when conditions ere favourable. In view of the
lead time required to educate people for and about computer use and the design of
assistance programmes for equipment acquisition it would seem necessary that action be
undertaken cnergetically and without delay.
189. The ACAST Working Group discussed the subject of computers and employment, and
pointed out the shortage of data on the effects of computers on employment in developing
countries (sec annex II.X). The Working Group expressed the opinion that the data
which were available for industrially advanced countries might not be valid for
developing countries. The Working Group's general conclusions were: (a) use of
computers in new areas of aztivity would not displa-ce. labour; (b) if there is no other
way to perform an essential activity, then the use of the computer may be readily
justified; (c) the desire tc be competitive in international trads mey necessitate the
use of computers; (d) computer applications which merely save labour are not recommended
for developing countries. For these reasons, emphasis should be placed on the education
of the labour force in computer technology. |
' 190. The subject of the relationship of computers to employment in the developing
countries cannot, however, be fully explored in this report because of the lack of
sufficient information. A more comprehensive examination of the subject should be
undertaken and this further analysis should also, include case-studies,

ERIC .
e . 6 4
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IX. PATENTS, COPYRICHTS AND CUSTOMS REGULATIONS

191, Computer hardware design, wherc it is protected at all, is generally protected by
patents. There ar: only a few highly deve.oped countries engaged in the design of
computer equipment. Although patents on computer hardware are important to all
countries, their offects are ruch the sane as those of other patents, and are undesr
constant review Ly such agencies as the United International Bureaux for the Protection
of Intellectual Property (BIRPI), the Horld Intellectual Property Organization (WIPO),
the United Nations Confercnce on Trade and Development (UNCTAD) and the Organization
for Economic Co-operation and Development (OECD).

' A, The protectinn of software
192. With regard to software, there is a relatively new situation arising out of the
recent recognition that computer software is a distinct product. This has led to many
pressures for the adoption of protective measures for computer software, from companies
who market software, from customers who wish to pay only for those components they
actually use, and from Governments concerned with monopolistic positions of large
companies. There have been .some delays in setting up protection for softwarc, because
of the previous tradition of free exchange and distribution, and because it has been
difficult to determine what kind of protection, copyright, patents or contracts are
most appropriato. However, now that many computer manufacturers are marketing software
separately from hardware, and in view of the growing investment in software, which is
sald to cost nmore than hardware to produce, it is certain that software protection will
become common, if rot standard, practice, a1 that distributicn free of charge among
users and users' groups will be cu.btalled.
193. Assessing the relative merits of copyright and patents for protecting software is
a technicol matter. Patents constitute the principal method whereby most countries
reward inventors. The patent is an exclusive privilege, granted to a person for a
fixed term of years, to manufacture, use and sell a product or to employ a method or
process. To qualify for a patent grant, the product or process must conform to
certain legislative definitions of what may be patented, for example, it rmst be new and
it rust be manufactured. Copyright, the form of protectiun afforded, for a limited
tine, %o creators of literary and artistic wirks, neans thot certain uses of the work
(particularly copying and performance) are lawful only if they take place with the
authorization of the owner of the copyright.

6o
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i94 International arrangenents with respect to patent and copyright protection are
the subject of various multilateral treaties; those to which the largest number of
countries have adhered ore, in relation to patent and copyright nrotection respectively,
the International Convention for the Protection of Industrinl Property (Paris) and the
International Convention for the Protection of iLiterary and irtistic Horks {Berne).
BIRPI provides the secretariat the "International Bureau® for both the Paris Convention
and the Berne Convention. Since #pril 1970, thesc duties are gradually being assuned
by WIPO.
195. It can be argued that computer programs like nathematical slgorithms are ideas
and as ideas-timy are not patontable.  Further, they exisl in a written fornm as text
or o3 recordings on a naghetic medium and hehce a copyr;i.ght is the natural fornm of
protection. Even granting this, the Copyright Bureéu of UNESCO has pointed out that
if one tries to apply rules for the protection of photographic works to prograrmes
recorded on magnetic tapo there should e restrictions against the oconcept of private
usge” which allows, without the author's agreement, aA reproduction to be made strié"aly
reserved for use of the person whe neakes the reproduction. Jmong the arguments for
patent.protéction is the view that once a progran is stored in the memory of a

' 'couputer, it is for all practical purposes part of the hardware; also that patents

- are needed to protect the innovative concepts which are contained in veluable prograns.
There is the additional point that industry is more used to dealing with patents than
with copyrights, which are usually applied to literary and artistic creations.
196. The national laws relating to patent and copyright werc cnacted before detailed
congideration could be given to the question of possible protection of computer prograns.
For example, no national patent law (with the excoption of that of France of 1968,
which came into forece in 1969) makes spocific reference to computer programs. No
international convention contains any reference to their protection. The co.urts of
various countries have had to consider the application of existing patent and copyright
legislation with regard to the protection of progreams.
197. In some countries, particularly the United States and the United Kingdom,
consideration is being given to the question in the context of a possible revision
of national laws. | | .
198. The final report of UNISIST, the project for a World Scicnce Information System,
will probably contain a recommendation on copyright law for computer .prograns deemed
necessary for the promotion of research and culture. The issues are however, stili
broader, for it is also necessar; to consider how software for use in business,

EKC rnment and nanufacturing can be made available to developing countrics.
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B. Software for develoving countries

.

199. It is not proper to regarc critically regulated patent and copyright systens
as inhibitions to the transfer of technolopgy teo developing cc-untrics.n The effect of
patonts has been examined in a United Nations study prepared in 1964,£j/whcrc it is
peinted out that the protoction afferded by patonts to the inventor of a device or tho
originator of a process cncourages disclosure mud licensing, naking it less likely
that nseful information will be held sceret te neintain a corpetitive position.
Espccially where this leads to nanufacture in o developing ccountry the advantage so
goined offsets the imbalance of payments arising fron royalties. It may be necessary
to ensure that abuses, such as excessive royalty charges ov a company's refusal to
establish a local plant, do not takc place; there are, however, corrective actions
for those situations, such as the adjudication of royalty charges and compulsory
licensing. Neverthecless the copyright snd patcent lawe md the licences whilch will
increasingly govern thc exchange of software =ud the added requirenents for foreim
currencies that will follow, moke it necessary to congider ways to keep developing
countries from being injurud by restrictions of access to these inportant components
of the computer technology.
200. J/mong the ways which should be considered are the following:

(a) Special torms (including possibly complete waiver of patent and

copyright fees) would be offered to uscrs in developing countries.

At the very least the educational allowance, which nost manufacturers

of computing equipment offer, might be made available;

(b) The costs for licensing or copyright would e covered by special

~ald prograrnes;

(¢} Tax incentives would be offered to firms which would undertake to

distribute software free or at a reduced cost;

(4) Regional centres would acquire software in the usual way, but

would be permitted to distribute it to users who would not be required

to pay extra fees. Since the task of distribution is undertoken at

the regional centre, the software firms do not incur the increased

neintenancz costs arising out of the extra distribution.

23/ The Role of Patents in the Transfer of Technology to Developing Countries ~
‘(United Nations publication, Saies No.: 65.I1.B.1).

O
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201. In general these proposals recognize the proprietary feature° of software, and
would not make it possiblz for a user to give a program to & thlrd party exce) t by
explicit arrangement with the supplier. It is important that this proprietary
feature of software be recognized in developing counﬁries, because the hope has been
expressed in several c.untries, in India, Isracl and Japan for example, of building
up a software export industry. For such an industry relativcly little capital would
be required, and the nein need would be for a pool of people trained in thinking
logically, for exenple in mathenatics. These are available in Israel and India with
its well estahlished competence in statistical subjects; in fact many ccuntries,which
have difficulty in supporting expensive scientific research, have excellent traditions
in nathematics. The lower cost of labour in these countries should, it is argued,
moke it possible to produce software at competitive rates. While these arguments
have somv force, there are also counter-arguments. For one, software must be tested
on computers similar to those for which it is intended, and this means that a variety
of different computers will have to be available in the country. Also it is a well
known fact that the costs of large software projects are very difficult to control.
There seen to be several reasons for this: for instance, standard managerial techniques
are not applicable (it is difficult, for example, to use them to assess procuctivity
of intellectucl efforts); or the job specification often changes and constant
consultation with the client is needed. Moreover, software packages need a great
deel of maintenance. It is absolutely essential to set up good mechanisms for
obtaining information on defects, reporting corrections, distribuiing new releases and
keeping close contact with actual users. All of thic makes it certain that a software
industry, like any component of modern technology, will be established successfully
only when accompanied by very careful planning.
202. In the light of all the possibilities and needs related to the protection of
couputer software, it is recormended that BIRPI and WIPO with the assistance of
governnent experts should be requested to study the following questions:

(a) What form of legal protection of computer programs at the national level
‘is nost approprlate, both from the point of view of the developlng countries and of
the producers of software;.

~(b) What new international arrangenents, or modifications or reinforcenent
of existing arra-gzemehts. are called for.

The ACAST Working Group (annex IT E) suggested the convening of a meebing of
experts to consider these topics. '

EKC - - 68
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C. Customs regulations - e ' N

203. inother quesiion thai arises in the transfer cf software between countriss is

whether custom dvss should be paid on magnetic tapes and on other machine-readable forns

of a computer progran. This question was discussed by the 1967 intergovermmental

conference convened by UNESCCG at Geneva on the subject of materials which could be

classed as educational, éciéﬁtific and culbural. The genersl position stated there

was that nagnetic tapés (and disks) should be treated like visual and auditory

naterials of o similar nature, and that subject to a certificate being provided,

they should be exempt from all custon dues, quantitative restrictions and licence

control. An agreement to this effect would be valuablo, but it has not beon reached.

Even if such an agreement is obtained, there is still the question of appropriste duties

for prograns’ and data deﬁeloped for commercial use. Therc is o nsed for a co-operatively

developed uniform policy of customs treatment for oll fypes of progran and data and

the United Nations should encourage UNESCO and other international organizationé

concerned with this problen to develop such a pelicy. Expeditious passoge of

prograns and dala throupgh Custons wbuld be particularly important for regional data

processing centres. Customs dues constitute only one of the ways in which

restraints can be imposed on the transfor of technology. The Government of Cuba

in its reply to the questionnaire, has drawn attention to the boycotf vhich applies

to the marketing of computing eduipment.

204. Bach developing country would benefit if it were to forimlote an import policy

for computers and computer producers, as part of a coherent plan'consistent with its

national gbals. A1l too often therc are blanket restrictions against imports, or

sd hoc rulings, which might, for exanple, pérait a machine to be brought into a

country freely, but diééouragc thevenfry of spare parts for the mochine. Lessons

fron other inport policies make it clear that developing and developed countries

chould attempt to deterine those areas of computer technology in which they can hope

to attain self-sufficiency and then adopt import (and taxation) measures which will

promote growth in those areas, and at the same time, allow entry of other computer

components needed to support the general technological expansion,

| D. Standards gnd compatibility

205, Both in industrially advanced and in developing countries standards are

desirable; if there are standards when the acquisition of new equipment is being

considered, there will be competitive suppliers who can offer equiprent corpatible

with that which has previously been acquired. For a long time in the computing
';El<i(?u§try there have bgen @e facto standards, arising out of the domination of the
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narket by a single company. ildthough this is better than having no standards at

all, it is naturally not acceptable to other manufacturers or to computer usexs.

206. It is possible, however, for an industry to standerdize too early. If this
happens, .progress will be -inhibited through the inability to adopt valuable
innovations because they do not conform to existing standards. It is generally felt
that the rate of change in the computef technology is still so great that it is too
early for the acceptance, through tne international Organization for Standardization
(ISO), of any large body of stendards for either hardware or software. is outlined
in annex 1, there continue to be fundanentel developments in compunication methods,
terninal devices, circuit techniques and so on. At the national level, certain
standards with respect to character sets and transmission devices are energing and
standardized versions of some prograrming languages, in particular Fortran, Cobol and
Mgol, are gaining acceptance. TFew international standards have yet been agreed

on, however. ]

207. Nevertheless'it is desirable to promote compatibility insofar as possible.  For
exanple it should be easy to transfer data from one computer to another, and in
designing peripheral equipment and proposing data formats it should be possible to
write simple conversion progrars which allow this to happen. To aid tho transference
of softwarc it is important to definc concepts clearly so that terminology can be
translated from one natural lunguage into another, and programs from one'computor
language into another. Exanples of useful developments along these lines are the
multilingual glossaries produced by the professional so..cties and the MIRC II record
format which is gaining acceptance as a standard exnhange of biblibgraphical infornation,
Such developnents should be encouraged in the professional organizations such as IFIP,
IFAC, and the International Federation for Documentation (FID), through the appropriate
United Naotions organizations, including UNESCO and WMO and eventually through IS0,
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. ' X. COMPUTERS AND SOCIETY
he Ambivalent féelings about computers S o

208. In almost any country cqntradictory‘attitudbs towards computers may be found,
There are reports expressing admiration of the difficelt and useful things computers can
do: schedule traffic, play chess or help to locate a rare blood type wen it is
desperately needed. Admiration may produce n genuine mystique. Because a computer is
used to calculate something it is assumed that the method rust bc scientific and
impartial; because the answers come from a computer it is assumed that they must be
right. Along with acccunts of the near miraculous accomplishments of computers in
newspapers there arc alsc stories of mindless stupiditics perpetrated by computers,
such as dumping thousands of magazines on a bewildered subscriber, or printing a
salary cheque for a million dollars. And yet agoin there arc articles pointing out
how it is possible to maintein large files of personal data with the aid of computers,
thereby contributing to an encroachment on personcl privacy and a loss of human rights.
However, the most sensitive issuc involving computers is their effect on employment,
209. The mystique about computers is due in part to the aura which surrounds any major
technical achievements such as the development of nmuclear power or the conquest'of
space. Although the attitude this induccs has a favourable side in that it indicates
receptiveness to new ideas, therc is nced for restraint. For it contributes to o
blind faith in the miraculous powers of science and technology which can lead people
to expect tvo much too soon. To obtain the henefits of any new technology, including
computer technology, requires a long-tcrm developrment of capital and human resources.
A belief that quick results are to be obtained by installing computers and pushing
buttons can only delasy the benefits. Fortunately orofessional journals on

management, business, and computcrs, often publish cautioncry articles and case
histories, so that those responsible for introducing compitcrs into government or
industry have the opportunity of receiving a balanced vicw of the potentialities,
difficulties and limitations. It remains true, nevertheless, that in assessing
proposals for installing computers it is necessary to makc sure that the desire for
the prestige of possessing a new device has not in itself been a major congideration.
210. The ambivalence present in the minds of many about computcrs comes from a
growing anxiety ebout harmful side-effects of technology in general and in particular
about the possible consequences of the widespread usc of computers. Even beyond the
fears about unemployment it is possible to discern other fecars, which are not perhaps
voiced as often or as explicitly, but which are undoubtedly present. These fears may

che expressed as followss: 71
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() The feer that mun is being readord ubcoL ti: by an intelligent, infallible

device; the fear that conputurs are dcpr‘r ;onﬂllz.:.ng our soclety and "‘turnlng people |
into rumbers®; '

(h) A fear that computcrs arc pro “lllng + towards o socicty run by technocrats.
vhero important decisious arc made svery day by persoas of narrow viewpoint who are
inscnsitive to soclel and luman factors and by unfecling robots:

(¢} 4 fear that computers, cepecially through the dats banks which they nake possible,
will bring about an irretrievable lcss of individual privacy. ’

B. Fears of computers

201, Gomputex‘ p:ogr(.rmcs are ofton said to oxhibit artificiel intelligence ;- yet

when they arc exomined in detail it becomes difficult tc understend why the term
*intelligence® should be associated with them. In & well-known checkers playing - -
programme the best move is caleulated from o linear function ascribed to positions

in tlr_le play, for example, matcrial advantage, tempo or mobility. The learning which
the programme exhibits is simply a determination of the weight factors based on the
history of play. Persons who know how the chockor playing programme works may conclude
that, the computer doos not exhibit auything which corrcsponds even remctely to the
concept of intuitive in'bélli_gence.

212. But there are those who argue that any intelligent action, once it 1s dissccted
and unéerstood »- can be regarded as ordinary, and that computer programmes which

solve problems by solving a sequence of sub-problems, either Iy frial and crror or
through systematic application-of an algorithm, con cxhibit tirue intelligence, learning
and adaptive behaviour. -In fact, althcugh whe limits of what can be done with
corupu‘bers arc not yet known, there are well-defined limitations to what cam be expected
in the foreseecable future.. There has becn a definitc retreat with respect to

language translation, and there are few who would now claim that fully automatic,

high quélity language translation by computers is a realistic goal. Chess play of
master rank quality is not within sight. Having a machine develop abstract concepts .-
©or z_'e_ncli_er.aest_h.eti'c Judgements appears to be an even more remote possibility.
Undoubtedly the. question of machine intelligence is one of the more interesting
spoculations. about cozppfujbers.' But the fears of "intelligent machines", which can be
found in persons who ére_._hi‘ghly educated as well as in those with little formal
educ__a'EJ}Qn do_'not,:s,tgn§ up 'jhb'.rational examination. Given that appropriate controls -
are plaqea ‘on‘t'h._ev use ,\q.f éomputer_s » as on. that of other technological devices, it is

QO ible to regard them as,i)ei_ng in competition with human Beipgs; - or as being-

10g other than devices which can augment their physical and intellcctual abilities.
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213. People resent the idea that they arc, as it were, being reduced to mumbers and
holes in a punched card to meet the rcqulrcﬂents of \,cnpu'bur processing and this
resentrent has been cxpressed in many forms. But the increasing use of postel zone
codes, sceial insurance numbers and accoun’. identificetion ccles do not in themselves
nean that people are being reduced to numbers.  The important thing is whether
socicty can continue to be structured so that pcople are treated as individuals,

in spite of the rate of technological change, and it is possible to moke a strong
case that computors offer the best means possible of retaining individuality in a
scciety which incrcasingly has to deal with largc masses of people. Evideneo for this
has already been presultcd earlicr. Airline reservation systoms are computoerized methods
for recording an 1nd1v1duol's travel plans, and even in their present form they can
cope with a new request or a change of plan with remarkablc efficiency. Selective
disseminetion of information offers listings of rescarch articles to an individuel
scientist or scholar, according to his own profile of interosts. Within sight arc the
data banks to make the detailed medical histories of an individual available on
demand to doctors and hospitals. There is of course a danger in having the
prefercnces, characteristics and history of an individual so completely and recadily
availcble from a computer, The danger is that the information about him will be used,
perhaps without his knowledgs, against him and will result in restrictions of freedom
and rights. This reul problem is discussed later. However, it is necessary to cmphasizc
here that computers can in effective ways actug.lly help to preserve individual
:Ldentlty. _

21/, The fear that computers contribute to the likelihocd of a future socicty run by
technocrats 1s understqndable in view of thie growing specialization of society. It
cannot be d:.sm:.ssed’ but here again the problem presented by computers rust be
regarded as one fc\cet of the general problem of an increasingly complex society. Legel
freedoms are not necessarily impeired beccuse in somc countries the law has become so
complex ‘that one may have to choose a lawyer who is an oxpert on a particular aspect
of the law. Nor is health jeopardized beccuse modicine has become specialized to the
extent that a ’gene’ral. practitioner and several specialists may be necded for the
diagnosis and treatment of some illness. Individuals must contimue to survive in

a society whore they' have to call upon authoritative help in an increasing number of

" situations. The only solution seems to be that gencral education must contain enough

information about spé«cializatibn so that a porson can know whom to turn to for advice,
and perhaps be prepared to make personal judgements about those factors which concern
Q. vi‘ba‘li:iﬁ'r. ' He must rely on the competence cof specialists, and yet he must know <rough

E1010
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about, say, law or medicine, to bc able to come to some opinion about a Jawyer or a
'doéfor vhen it is a matter of supreme impértance to him, The Geheral cducation system
will have to contain at least the clements of information about computers and
programming, about their effects upon society and .about the mechanics of computer
operation, so that persons educated in many fields ~ accountants, scientiats ---

and social workers - understand enough about such things not to be at the mercy of the
expert practitioners when they have to malke judgements about computers or about the
results obtained from them. This may be diffuclt to achieve, bui, it is a challenge

to educational systems and one which must bs met.

C. Data bonks and privacy
215. In some countries therc i3 a growing coﬁccrn that computers can cause an erosion
of privacy and of human rights. Until recently the records kept on ony individual
contained data at.)out one facet of him and were stored in a place with a definite
functional responsibility. There were academic records about him in a school, medical
records in a hospital, tax records in the taxation devartrnent of his Government and
information about social security contributions in another department. But as seen in
sections V and VI above the trend in modern government is to set up computerized
date banks with records sbout an individual and gather them .inito one place, The result
is that a great deal of detailed information becomes readily available about a person,
information which may not always be correct and which could conceivably be used to his
detriment and without his knowledge. Tt night be used as ¢ basis for denying him
employment, medical treatment or a passport. Few countries have a legal concept of
privacy. No country as yet has laws for regulating data barks as they relate to
privacy, but proposals Iare being considered in several, The problem is complicated
because there are circumstances where highly confidential information about an
individual is lecgitimately needed by the police or for reasons of national security,
216, The United Nations has shown an awareness of the problem in General Assembly
resolution 2450 (XXXII) on human rights. This resolution invites the Secretary—Gener"’l
1o undertake a Qtudy of the humen rights probléms arising from developments in science
and technology, with particular reference to the privacy of individuals and the
1ntegr1ty and sovereignty of nations in ‘bhe light of advances in recording and other
techm.ques. The ACAST Working Group also noted the relationship of the computer and
human rights (see annex II.J), !
7. In the consideration of what type of regulations mlght be adopted for data banks
2 number of obvious questions arise, concerning- For example what kind of data may be
M"-’nered, and by whom; how long data should be kept; how correctness is verified; who

ERIC | r
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should have access to the data and how éocurlty should be maintaincd. - The answers -to
some of these depend on technical considerations and it will probably be necessary to
develop new featurcs in computcr hardwarc to produce satisfactory techniques. Most

of the quostions, however, cre related to the goneral rights of an individual as defined
and as éusto@ary in his country, and it is a matter »f concern that computers should
not be used as arn instrument to limit these rights.

218, It wonld be wrong to end by dwelling on the difficulties which can arise from the
use of conputers. Most of this report attosts to the useful and important tasks
which may be performed wich computers, many of which, in fact, can only be done with
computers., There is cvery reason to believe that thé possibly harmful effects of
computcrs can be controlled, while the bencfits are retained. There is no question
that the world is facing vory difficult times. The benofits computers have tc offer
can be a powerful influence in maintaining stability until efficiency in the use

of resources is increased to the point where all the cssentials, and many of the

so~called luxuries, are available to everyone.

o
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COMPUTERS AND THEIR USES
L Connv;ﬁv?f'ﬁa-ﬂizolojjﬂ

1. Growth of gutomntic computing N ‘

1. The first developments in cutometic computing came at the cnd of the Second
World War. The first computers went into operation about 1950 at Harverd University
and gt the Naticnel Burcau of Standards in the United States of Amcrica and at the
universities of Cambridge and Manchester in the United Kingden of Great Britain and
Northern Irclend. Commcrcial usc of computers began about 1953 ard sincé'then has
increased at o phenoncnal rase,

2. In two decados the number of computers installed in the Unitod States has
grown from zero to over 50,000 and the annuel rates of growth of the number of
computers installed in the United Statcs and Western Burope? continuc to increase.

A though there is no indication of a slackening of this increase it cannot continue
indefinitely. If developing countries follow the samc course, the number of installed
computers will double cvery two %o three ycars.

3. One estinate has been given to the cffect that by 1975 the valuc of installed
computors in the United States will have increased by a factor of 2.6 and in the world
as a whole by a factor of 3 (relative to 1969).

Table 4. Estimated value of installed computers at ond of yoar, 1969 and 1975
' (Millions of US dollars)

!%55; United States World
1969 21,000 - 21,850 : 30,500 - 31,500
1975 54,000 - 54,400 92,000 - 96,400

Source: International Date Corporation, Indugtry Report, as quoted in Orgenisation for
- Economic Go-uperation and Development, Computer Utilizstion in Member Countries:
Exsrdnation of Surveys Carried Out in Member Countrizs on Computer Systems and
Personnel as of October 1969, p.52.

As -agy be concluded from table 5, the countrles with the highest gross national product
make correspondingly greaier use of computers. Thc sourcs of the information for this table.
now five years old, its incompleteness - only eleven countrics being representcd - and the
lack of corresponding date with respect to devcloping countries all indicate the great need
for more complete and up-to-daﬁe information.,

[:R\f: See Organisatlon for Econonic Co-operation and Dsvolopment, Gops in Tochnology:
s Blectronic Computers (Paris, 1969), p.l16.
—w
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Table 5. Indices of computer utilizetion, 1966
.
= Nugbor of computors Mugber of computors |
’ Country per billioi: dollars of per million of york- |
| gross national product ing population ’
| Belgium ceeeveasnss 16.5 79.6
; Canada seseesenses 18.6 - 132.9 i
i France cieseeeesss 15.3 76,4 ‘
: Germany .ceeosscsce 23.0 100.9 :
i T6alY ceercccnvene 18,7 57.9 |
! JapaN cesececensse 21.5 42.9
I ~Hetherlands ...... 19.8 89.3
! Sweden eeeessesens 16.4 9l.1
i Switzorlend ...eee 25.5 2.38.7
t United Kingdon ... 18.8 64.8
i United States .... 38.3 361.2

Source: Organisation for Economic Co-operation and Developrent, Gaps in Technology:
' Electronic Cemputers (Paris, 1969), p.l1l.
2. L is in computer development
5« The following are some of the landmerks in computer development listed in
chronological order:
1950 First generation : First computers (Unitod Kingdom and United States)
Assenbly language
1953 ' . First commercial delivery
Introduction to nagnctic tape
Development of magnetic corc memories
Computers oriented toward-data procossing
High speed alphanumeric (alphabetic and rumeric)
e o output available
1958-Second‘generation : .intréduétioﬁ of operating systens
o ﬁirsf user languago (Fortran)
Multiplicity of languages (Algol, Cobol, ete.)
Process control(machine tools, gasoiino, cracking, ete.)
Transistors (increased rcliability, less air-conditioning)
Hardware reliability high-cecases to be measured
Large disk'storage '
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1965 Third generation: Computer systems (hardwarc-operating systen)
ﬁltcgrc.ted circuits (more relisbility, decrcased cost)
Muitiprogranning systens
Renote batch job entry
Time-sharing '
Interactive grephics
Monolithic circuits
Optical character rcading
19722 Direct oxecution of the user language
The f:Lrst compu’cors, dosignod for scientific computation, were built in university or
research environments,  With the first commercial deliveries the major application .
shifted to data proccssing.

6. Computer development includes: (2) change in hardwarc; (b) change in
software; (c) change in orgenizational structure; (d) lenguage develepment;

(¢) change in speed, roliability and unit cost; (f) change in capability. Thesc
changes occurred simultanecously, many of thon being closecly dependent on one other,

Improvement in recliability ceme with the development of the transistor, and in view
of tl}_ié gréater reliability, morc complex sysiens coﬁld be dcsigned.

3, C es _in hard 2 o d organizational structur

7. In two decades since fhe birth of autonatic computers, basic components have
changed from vacwum (radio) tubes to crystal diodes, to trensistors and to intograted
circuits, o | | |

8. In early conipﬁters, information was stored in sound waves in a column of mercury,
or es spots of charge inside & cathode ray tube (such as the tube used in telcvision).
Magnet:l.c cores for the storage of :Lnformatlon, perfected in 1954, shortly after the first
connnerc:.al del:.ver:l.es ’ made hJ.gh speed menory systems ruch more reliable. Although
thin £ilm memor:.es arc beconing more competitive in- performance end in cost, most high
specd memor:.es toda;y usc magnetic cores.

Magnet:.c tape for storn.ng large f:Lles cane mto use &t an carly date; large |
capacity mgnetlc d:.sks or drums cane later, Disks inmproved the performance;of -
-comput:.ng vstems in solv:.ng small problenms and in problens. involving large-scele
mam,pulat:.on of da’ca. . In the storage of information two torms are significant. One,
"on ":Lne s‘borage" ’ refers to mfomation which is available at any time without operator

[Kc |
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(nonual) action. It may be in the high specd memory, on magnetic disks or drums,

or on magnetic tapes, the choice depending on how frequently the information is nceded,
The cost of the storage devices is inversel, proportional to tie aceess times.  The
cther significant term is "shelf storage". Sholf storage rofers to the storage
information in “machine-roadeble form".  Punched cards, magnetic tapes, and magnetic
disk packs are uscd for this p'urpose. Magnetic tape is most compact (in terns of
characters per cubic inch); magnetic disk packs arc morc expensive but give better
‘access times. '

9. The most interesting and important chnnge in the way computers are used camc
about with the introduction of time~sharing. The central processor operates at'a rate
of millions of events per second. Input and output rates are thousands of lines
(or cards) per minute; the human rate is a few characters per second. This variation
in data rates has been compensated for by designing systems where many users prepare
prograns which ire submitted as a stream of jobs o the computer, Each progran is
cxecuted in turn and the jobs in the ocutput stroam arc separatéd and given back to the
individuzl vsers. Systems designed to accopt jobs in this way are called bateh
processing systems. -Since, owing to their high cost or non-availability, computers
were scarce, efforts were made to handle the job strean officiently. Batch processing
gsystens keep the hardware busy, but in doing so they keep users waiting. 4 different
system design is to have a nunber of users simultaneously connected to thc computer
Yia low cest terminels, such as tcletypewriters. This type of system gives cach user
in turn e few milliseconds of computing, sufficient to keep him busy. Sucl systens
are called on~line systems or time-sharing systoms. ‘

10. Babch processing systens with their long period of development have resulted
in reliable hardware and software. The good terminal hardware, secure handling of files,
good user languages and operat:l.ng systems which time-sharing systens neecd are Just
begiming to emerge.

11. Developments in input-output equipment and in terminals are also bringing
about najor chaflges in the accessibility of computers. - The industry is expending
great effort on optical character reading devices. These will read paper documents
on which information has been printed, usually in a restricted set of cheracter
fonts. .. VHth some improvement in reliasbility and limitation in the number of acceptable
charac'ber fonts, s -this form of input may replace punched cards., '

e 79
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.12. Another approach for capturing date is to use. low cost terminals connected
to a time~-sharing system. These can be keyboards (telefj?ewriters)'orjothef'
transducers connected direotly to physical devices‘nnich are to be monitored, High
speed central processors can serve a number of termlnals one after another, acceptlng
characters from or sendlng characters to the respective termlnals, operatlng in an
interactive mode. Still other types of terminals are cathode ray tubes, wich may
have light pens.for writing data on to their screens. These allow data to be
presented and entered in graphic form, '

4. Lanzuage development
13, Fortran demonstrated the.importance of making computer languages easy for the

user. In 1960, with the co-operation of computer professional societies a language
called Mgol (for algorithmic languages) was defined. Next came Cobol (conmon
business-oriented languages). Combining some of the features of Fortran, Algol, and
Cobol, PL/1 (programming language one) was developed by the International Business
Machines Corporation (IBM), More recently an improved Algol, called Algol 1968, has
teen devised, All these languages, have been called procedure-oriented languages.

" X4. The languages were defined and then ﬁranslators were written; some were
. slow and generated inefficient machine oode, but were later improved,
15, The standardization aspects of these languages are of 1nterest. Portran and
 PL/1 were de facto standards established by one computer manufacturer; +*he Algols were
orofessional society co-operative efforts; Cobol was sponsored by the Government of
,the United States. _ ‘

16. In another class, we have 3peo1al purpose languages. Simscript, Simula and
GPSS are designed for 31mu1atlon applloatlons, APT is a language designed for specifying
.mechlne tool control; IPLJV LISP and SNOBOL are strlng process1ng 1anguages for symbol :
mannpulailon.

17. Pormsl methods for defining languages ceme into existence with the definition
of Algol.__ ﬁﬁth the improvement in the understanding of languages and translation,
programs were developed to produce translators (compllers of compllers)

_l@mg in spe d, ;ellgb;lmtx and unit cost
18. Wlth t.he sh:.ft from vacuum tubes to mtegrated circuits, the speed of

'~_7operat10ns has changed from mlcroseconds to nanoseconds. At the same time users have

a'vcoma to reallze that the ba51c 01rcuit speed mmy not be e good 1ndicator of computer

80
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system performarice. - Instead customers may develop a typicel set of problems angd ‘try
them on vendors! machines in "bench-mark" tests to measure the basic circuit capablllty,
the quality of the software and the lucidity of error messages.

19. The improvement in reliability has becn even more significant. At present
almost all computer maintenance work is donc on the mechanical parts. Card readeré,
printers, typewriters, magnetic tape transports and magnetic disk mechanisms, all of
which involve moving parts, require most maintenance. It is not unusual for the
electronic parts of a large system to fail only two or three times a year. More trouble
moy be expected with air conditioning and power failures than with the central processor,

2. Economics of scale apply to computers. By doubling the computer system, that
is to say doubling the cost, the throughput is generally increcsed by a factor of four.
In some situations performance falls short of this becaﬁ.éc of inadequate traffic handling
facilities for :anut and output., Unless there are effective deterrents, users tend to
use all the avaiiable fac:.llties and to £i11 up the available time.

21, There has been a steady decrease in the cost of computing. Figure IV shows
the trend of the cost.per wnit of computation based on equipment rental for large
compater gystems when the job mix is sucl. that 75 per cent of the work is scientific,

¥or smaller machlnes, or for situations where the job mix contalns more commercml

work and file process:.ng,, the trend is not as steep, but there is still a steady decline
with time, | '

6. Progpects ‘

22, Large system software -is only as reliable as hardware was until the advent of

the transistor, but software engineering will improve. '

23, . The cost of computer logic is decreasing s:.gnlflca.ntly. One of the most

31gn1f1ca.nt developments is that of large-scale integrated circuits, known as LSI,
vhere more than 50,000 actlve electronic elements are deposited on one square inch of
_ surfece; 1h:|.s makes possible mlcroelectronlc devices which occupy only a few hundred.
cubic :anhes and yet which conceivably may be comparable with large modern computers
in logic capabﬂ ity and memory capac:.ty.‘ Display outputs that have no moving parts are
,belng developed, and input devices are being simplified.”  However, VOice'com:nunication
with computers is still at a pr:t.m:Lt:Lve stage. On the other hand the same reliebility
may be expected :|.n “the future in the peripheral dev:.ces (input, output and auxiliary
storage) that is now to be found in the electronic componente.
‘ 2%, It seems that the trend towards more poverful ara at the same time less
expensive comput: ng systems will cont:l.nuen

81 : -
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B. Files and informations systems
1. TFile maintenance '

25, Most applications of computers jin government and business centre around file
maintenance. A file to be processed by computers is a coliection of records, stored
in machine-readable form, for example, on punched cards, magnetic tapes or magnetic
disks. File maintenance consists of several basic processes including editing, adding
and deleting records, updating the file by entering transactions, sorting and
selecting of records and preparing reports. ' '

26. The central operation is a computer run where transactions are entered against

a master file to produce an up-dated master file and various reports listing the
activity which has taken place (see figure V). Inventory maintenance, retail
ancounting, credit billing and payroll processing are a few of the business applications
which fall into this pattern. In government any kind of record-keeping process can

be carried out as a file maintenance operation.,

Figure V., File maintenance by computer

Master ‘
file f
\\1 Computer :
z
‘Transaction ,'
| records ———
Report
,—-——-’V‘

7. In developed countrles these processes have been converted into computer form -
for several reasons: to keep costs down by reducing the number of personnel 1nvolved

-~ to manage 1arge volumes of transactions, and to have files in such a form that they

ﬂ'can be used in more sophistlcexed operations related to planning and management where

’“of‘computers can be especially great Even in countries where the

ess is not 80 1mportant an examlnetion of computer 1nstallatlons
2 ’ar: in fact performlng the work of file maintenance in a

] e_ie because the first installations are often made by ‘
eklhg'the same klnd of operatlons as their parent company in
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28, Although there may be few direct beneflts to social and economic d.velopment in
such installations, there are secoﬂdary advantages. Tralned people, 1nstallatlon
experts, operators, programmers, analysts ard maintenance engineers are needed to _
work with computers and pools of such peoplc may easily be. formed in countries where.
there.are computer installations. Furthermore the experience gained. in building up
and maintaining files in machine~readable form is valuable, for although file
maintenance on computers is a routine task there are techniques which have to be
mastered in order to accomplish it. The data going into a machine-readable file
must be collected, transcribed and edited with the greatest of care, since in most
cases computer programs are not able to deal with any input which varies significantly
from a pzescrlbed form, Generslly, the computer operations have to be incorporated
into a whole system for file handling, including prepa;atlon, processing, storage

and retrieval, with the result that a highly rational approach to the function being
nechanized has to be developed.

2. Informatlon systems

29. A machlne-readable file is a natural precursor to an 1nformat10n system, a form

of resource inventory wh%ch is coming to have central importance for all planning

operations. There are recognizable characteristics which a collection of records

. has to possess before theeterm information system is ‘used for it. An information

system has the followiné-properties:

(a) It is a large collection of records.in & machine-resdable form;

(b) Unlike a_file, ‘the system,is,noﬁ constructed for a single identifiable purpose,

nor is it subjected to perioaical processing.\ It will be'used, rather, for

_ a number of p0331b1y qulte different purposes; :

(e} It is aveilable to a 1arge number of users who may be qulte remote, and
"',who may even ‘use terminals connected to it by cormunication links; '

- (a) :Aecompanying the syetem is a set of computer programs for querying the data

"V"Tf;base,_ etrieving 1n£ormat10n, printing reports and so on. These prograus

are written in terms whlch w111 be famillar -and convenient to prospective

rration: sj tem might be based on & menpower rcgistry, a collection of
vent. ¥ of propertles and bu11dings in a clty, a' comprehensive’

_laws dnd Jegal de0131ons in“a given jurisdiction.
1ts computer and set of prograns may be compared
efexpected to have & relatlvely 1ong life,
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snd since changes can only be made after theiv'consequences have been examined and
tested thoroughly, design features such as the record format and mode of use st
be uhouUht out' very carefully from the beginning. It has many remote users, scme
of whon come to it regularly and others only occasionally. Thc investment, in
the form of records, operating programs.and training will be very large.
31l. The Data Bank and Information System of the Bureau of Lebour Statistics,
%*hlugtonb/ - is an example of an information system which has had a long history
of use, The basic information in this data bank, maintained by the Bureau of Laber
Statistics, comes from the monthly current population surveys conducted by the
Sureau of the Census. It provides data for individuals on such items as employment
scatus and duration, occupation, industry, sex, age, colour, marital status,
education and household relationship. In addition, summary employment statistics
for local, state and federel regions, including informastion on hours of work, pay
ond labour turnover are entered.. In essence, the system is a large number of time
geries (about 25,000) based on information related to employment. These monthly
records are supplemented by others gathered on an anmual basis and by various
other agencies, for example, cross-section statistics on. employment of scientists,
engineers and technicians by occupation and by industry and information on wholesale
and retail prices., There is provision for entering any type of relevant tine
series into the systen.
32. With the system there is a problem-orlented computer language which is easily
leerned by the social scientist or statistician who wishes to use it. This language
“hes terms such as veble, columri, series an. Yyear, which have explicit meanings in
Serws of the_daia stored. Operations such as printing a table with a specified
layoudb, or pérfdrming e muitiple regression on a gset of variables can be carried
-out by means of this language. ‘ ) .
33.- The tlme series information in the system covers mainly the period since the
-géécond wbrld Wer, and the system ‘has been available for use since ebout 1964. An

:‘_aoperatlng 1og-book is kept' of how the system is used, which reveals the enormous
' ‘b*eadth and depth of actlvity.. Every month hundreds of time series for specific

ions are printed, scores ‘of complex publicablons and anaiytical
andvresearch 1nvest1gat10na on producniv1ty, economic indicators,
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and the economic structure of the country are carried out., It is for eicam'ple possible
to print lists of total employment and aversge weekly hours tabulated by city and by
industry, to project employment in a given region by industry or to produce tebles
which show the relationship between wages, prices and p.eoductivity for fiftcen major
industrial sectors, defined by combining the figures for 600 individuel industries.

To its many users the systerm has been an intellect amplifier, offering the means

of dealing with a large number of veriables, o wide range of statistical methods
end'models and of testing many kinds of alternative hypothesis., It is a vital tooi

in research and planning, since it allows those activities to be carried out with

data which are both real and reliable,

34. Recently there has been a trend towards storing information systems on-line, in
what is sometimes called a dova bank, or management information system., Every

report on: ekxperience with on-line data banks reveals both the dlsadvan’tages and the
great advantages which these collections provide or promise tc provide once they are
established. But any attempt to collect data from many sources and to meke the various
components consistent with one another and amenable tc on-line computer processing
inveriably turns out to be more costly and time-consuming than originally envisaged.
In situations where the data are graphical and not simply numerical or alphabetical,
spec.t.al costs for meking the system operational and for maintaining it must be. '
expe_cted

35, : There are other problems.of a politieal nature which can arise with information
systems. and data banks s especially when the information relates to individuels., In
many countries there is o strong objection to having large centralized files -containing
comprehensive and detailed information on individuals and maintained by government
authorities. These objections are based on the fear that such collections can too
eaeily be used to limit and even Qestroy individual freedom. It was for this reason

: .v--that a ‘proposal -to esteblish ‘a fiational data bank in the United States was rejected
a.fter a ser:l.es of: congressional hearlngs. An initial plan for assigning a registration
m;.mber to cltlzens in: the Nethérlands was also not approved.

36. . Nevertheless t‘he importance of 1ni‘ormatn.on systems as toois for planning and

de :"elopm 't"v akes 11: certain that they will -continue to grow and . prol:.ferate. Certainly
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keep & census or popul-tion registry. But the limitations which should be set on
systems which conta’a information about individuals have to be thought out more
carefully. This topic is examined again in the last chapter of the present report.
On-line information systems are further discussed in Section D of the present ammex, .

C. Computers for government administration

. Computers in the public sector

37. Every Government requires systematic maintenance of records if it is to function
effectively. Examples of statistics which are basic to Governments are:
(a) Population and demographic records; '
(b) Taxation records;
(¢) Production statistics in various industry groupings, for example, agriculture,

-manufacturing; mining, construction;
(d) Economic indices, foreign reserves and trade balances, national income,

private and public debt, consumer spending, average prices and earnings

~ and.the like;

(e) Educational syatistics,.inciuding number and types of schools, teacher

training, education level attained within the population and so on.
38. At the national level, such statistics are gathered and maintained by ministries
and departments set up for the:purpose,.such as census bureaus and departments of
internal revenue; at the 1nternat10nal level, they are collected and published by
international agencies such as the United Nations, the International Monetary Fund
(IMF), the World Benk and the United Nations Educational, 801ent1flc and Cultural
‘Organization (UNESCO) s
39. Any system of malntainlng records for a Government depends critically on. rellable
data collection. Today it is not possible to envisage acceptable methods of data
 ,0911ecfiqp.which'dq not contain at least some means of recording the data in
-:machiné4féadab1e'fbfm and of applying certain tests for reliability and internal

:'conslstengy. In recognit;on of. the magnltude and importance of this problem some
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othrr asbects of the automated preparation of input data and automafic editing of
observations are described in a series of publications by the Conference of
European Statisticians.

40. Very soon, however, a country finds that it needs more than data gathering
devices, or devices for preparing files. For any State which is beyond the
rudimentary scale of computer sophistication, as outlined in chapter 1, computers will
be needed both to process and analyze the files, and to produce results for use by
national and international organizations. Thus countries even in the first stage
of development need computers for public administration. For large or more highly
developed countries, the point at which several and then many computers are needed
is soon reached. This is not to say that computers can be introduced into the
public sector without clear understanding of the procedures to be automated, previous
experience in carrying out the operations by manual methods, and intensive
training and education. But given these factors, experience shows that the need
to introduce computers may easily be justified, and the computers themselves soon
follow. The main problem is to establish an environment in which computers can
be used effectively, taking into account whatever cultural or other factors may be
present

2. __ggplgg of the use of computers in government administration

/1. There is probably no kind of governmentsl record keeping, whether carried out
at a federal, state, or.municipal level, which has not been converted into

computerized processing somewhere, and it would be pointless to attempt to list all

By the applications. An indication of the extent to which computers have been-adepted

for elmost all governmentsl administrative data processing can be obtained from
-the reply of the Government of Denmark to the questionnaire sent out in .connexion

o _/ Automstic Bditing of Individusl Statistical Observations, Conference of European
~Statisticians,. "Stailstlcal Standards and Studies, No,2" (Unlted Nations

. publication, Sales No.:64.II.E/Mim.34); Automatic Preparatlon of Input to Computers
" Confeterice ‘of ‘Buropéan Statisticians, "Statistical Standards and Studies, No.5"

E ]’United Natlons publicatlon, Sales Tio. 165. IL. B/Mim,34).
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with General Assembly vesolution 2458 - (¥XIII). This reply shows that forty-five

- different agencies in thirteen of the government ministries are-using computers.. .-
Within these agencies, some one hundred and fifty appllcatlons are 1dent1fled,

. 1nclud1ng the adm:.nlstratlon of construction projects, the calculation of catches
for major specles of fish, statistics on hospital beds, a draft register of
conscrlp‘_cs, the analys1s of passenger and goods traffic in state railways, manpower
analyses; feiTy reservations for cars, the novelty examination of patents, the
national registration bfb c'dnventions , the maintensnce of an inventory of gramophone
records, the administration of public debts, the drawing of premiuin lottery losns
and the maintenance of student statistics. Even in the developing countries, where
ébinputei's are i'e‘lat'ively‘ mich scarcer, there is already a significant use'of
con.zputei"s for government administration. This intensive use of computers is
the result of a major program underteken by the Danish Government for the creation
of software for adminiétrafive use. Although many of the applications are of

. gfeat‘ interest to developing countries, it would be very difficult for any developing
country to f:l.nd either the resources or the skilled manpower to carry out such a
program, - Even in Denmark, a project of this type presents problems, because of the
difficulties involved in kéeping the 'software up to date as computer hardware and
opérating systems evolve. GCo-operative action is needed, especially o provide

help for developing countries with regard to important applications.
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_ D: Planning and nanagement spplications
1. Gogputers in planning -
42+ The most challenglng wey in which a computer can contribule to economic
development is as a planning and forecasting tool in operations and economic research.
In one basic planning technique, ccmputers simulaf.e the complex situaiions encountered
in the operation of a pia.nt or the movement of traffic through a city, thus meking

it possible tec identify the cause of botilenecks or predict the effectiveness of
speeding up certaih phases of the operation. Special computer languages, such as

GPSS, SIMULA snd SIMSCRIPT, have been written for these problems.

43. A report prepered for the United Nations Conference on Trade and Development
(UNCTAD) on port operations describes a typical computer simlation (TD/B/C.4/42/4dd.1).
The main programme simulates movement of traffic in and out of the port, and th.ere

are satel]ite programmes for the accumilation of data, the projection of future trafiic
requirements, the generation of traffic patterns and the printing of results. The
programme specif_ies features of the port, such as the tug and cargo sections, the
queﬁing ereas .i‘or ships, storage areas for cargo and hinterlenc transport and storage
means and adapts these toidiffere‘nt situations. The report describas the similated
operation of the ports of Casablanca and Vancouver. Simlations have been used to good
effect for productlon 1incs, for many other kinds of traffic, a.nd in gen°ra1, for the

" flow and queuing probler.s encountered in operat:.ons research.

44; In e model, mathematical equations are used to represent the dynamics of different
parts of the system. The petroleum industry provldes an -utstandingly successful
 example, wherse for a long time the techniques of mathematical programming have been
applied to schedule production for single refineries and refinery complexes. The
_economic pay—off of mathematical programming is well documented, and the use of com~
'put'ei's fer the purpose is a routine matter. In economic research, the technique of
-represent:mg the economy of a country by an input/output matrix, has alsc had wide -
,‘v.accepta.nce. Th:!.s matnx displays for each industry or sector of the economy the inputs
'1"..;'necessary from all other sectors to produce a unit of output. In other economic models,
: :hime‘ ‘:eries are developed for importent indices such as international capital flows,
shan abe government revenue and expenditura. These time series have parameters
'l:.ed from p33u observatn.ons and attempts are made to project the indices
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into the future.g/ The Economic Cormission for Europe has recognized the importance of
nathematical-ecorionic methods and computer techniques to economic research and has
undertaken to co-ordinate research in this area (E/ECE/728). The World Bank also
promoteg and carries out research on this type of work. The analysis of investment
alternatives in the Colombian transport sys‘bem,-fy sponsored by the International Bank
for Reconstruction and Development (IBRD) is another exarple of a model for a
developing country. Still another example of using computers to study alternative
policies for government is the General Income-Tax An%zser, prepared for a Royal
Commission on Taxation of the Government of Canada. This program is able to show
the detailed implications of different taxation programnes by caléulating the taxes for
the various alternatives from magnetic tapes containing the necessary data on Canadian
companies and individuals.
45. 'In spite of the undisputed success of some cf the techniques described here, it is
necessary to exercise caution about them. Simulations are revealing only if they are
coupled with an understanding of the basic processes involved. The same is true for
models, Projections 'based on a model become increasingly subject to error as the
prediction time is extended, in part because the parameters on which formulae are based
are themselves subject to change with time, A1l the nethods depend on good data with
which to calibrate the model and estimate the parameters and these nmay be hard to
obtain. A great deal of experience is needed to know how much confidence can be placed
in the results. In general, the techniques must be regarded as research approaches.
Yet they hold considerable promise; the problem is how to set them up and use them in
a continuing wey on the problems of the developlng countries,
2. Computers as management aids
46. Besides bej.ng used for operations such as filc maintenance and for planning as
’ no#ed ab'ové', computers have an obvious potential as management aids. The ability of
computers td*produce vcurren'b informa'bion and reports on an operation enables managers

e oK. Choudhry v, Kotowltz, J.A Sewyer and J.W. Winder, Trace 1969, An Annual
L ::Economefbriu Model of the Canadian.Economy (University of Toronto, Institute for

* ‘the Quantitative :’.Analysis of Soclal ‘and Economic Policy, Qctober 1969).

- ) stem, Transport

ambridge, Massachusetts, Harverd University, September 1968).

n tindies of the’ Royal Comn:.ssmn on Taxation", No. 25, A General Income-
ser (O‘b'bawa, The Queen's Pr:.n‘ber, 1967)

9
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o monitor progress, control costs and recognize when special action is-needed. ' .
Network analysis methods are the best established of the techniques for managing
projects. They co e in a variety of forms such as Progran Fvaluvation-end Review
Technique (PERT) and Critical Pati Method (OPM),y The projects are represented in
graphical forrn as a set of activities, each of which is initiated and terninatet?. by
en event. An estimate is made of the time nceded to accomplish every activity,l

and for ench event an enalysis is made of those activities which mist be completed
before it con take place. It thon becomes possible to calculate sariiest starting
tines for oach event and activity, the earliest completion time for the whole project
and, in partiwl‘ar , a sot of special activities; which determine the so-called
critieal path which must be completcd in time if the project as a whole is not to be
delayed. For large construction projects computers are now regarded as indiSpenSable
and, when used as the work progresses, they provide a complete record of accomplished:
tasks, summaries of costs, warnings about activities not completed by deadlines and so
on. A

47. On-line cystems for management information are file handiing systems in which
anyone, without knowledge of a programming language, can design, create and update
files, and from then print reports in u.seful-3‘.’03:'171511.s.-j Tn recent versions of
nanagenent systéns the files arc stored on nagnetic disks, and thoy are accessible in a
matte': of seconds fron a keyboard terminal, Tho systen may be intended for
specializad purposes, such ae :anenu01,r naintenance, producticn control. or marketing
and -sales analysis, or as part of a so-called total information cysten used to nmanage
a business, an institution-on & hospital. .

/8. On-line nanagenent information systems hold much promise, but they have been
“successful so-far nainly when used in specific sitrations. The best known exarples

arc the. agirline reservation syebeéms which arc cssentially computerized systens for

b/ R.D. Archibald and R.I. V.f.llorla, Network-based Managenont Systems (New York,"
. ,;;}John Wil ay and. Sons, 1957). '

i/ - In more sophlst:.cated ve'csw.ons of the fiethod, Probability cstimatés of t:.mes o
~o cand resou.rces, in the form of nanpower, funds, and the like are included.

;Cai*olyn'"j',':'nyrh@sﬁj_ﬂa DB, Steig, WFilé danagefient systens: & curretit summary®,
’Dabamat* on (November 1909), pp. J_BS 2.
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nanaging an inventory of seats. Reservation systeins .illustrate the difficulties,
the advantages and the alternatives to computerized nanagement systens very well.
The present highly developed forn has becn reached only after many years of intensive
developnent on a very large scele, It ovolved through several carlicr stages, and at
cach stage there wcre successively higher costs for programming, machine installation,
training and operating. Dufing the evolution a great deal of research was neccessary
to deternine good methols of using telccormmunications equipnent with computers.
The motives for developing the system have been partly to obtain data which would
pernit moré seats toc be sold, better scheduling, and better planning of routes, and
partly to conpei:e with other airlines by offering passengers faster, more convenient
reservation sorvice. Excellent results have boen obtaincd, though at very high cost,
and the systen is a good example of a computer potential realized. It dces not follow,
howev‘ér, that an effort such as this should be launched without hesitation in a
developing country. It is quite possible to ensure the sale of a high proportion
of neats by insisting, as the doméstic' airlines company of one large developing country
does, that when reservations are cancelled adequate notice be given or a high penalty
be incurred. The result is a somewhat less satisfactory service to customers, but it
is legitinate, even nccessary, to ask in such a situation whether the installation
of a computerized reservation system would be the best way to spend capital on
improving service. -
49; What is needed in: the developing countries is a climate in which modern management
nethods, including the usc of computers where appropriate, arc well understocd and
encouraged. Comparisons of factors affecting productivity in the United States and
in Burope show that the existence of a cadre of professional nanagers in the United
Statés.is a major advantage. The lack of trained nanagers in the developing countries
is even more serious. Today' s training for monagement rust include training with v
. :éega'rd to computers. In the educational programmes clescribed in this report, ‘there are
proposals for corbining these complenentary training efforts. - ) '

93
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E. ;___g__n,, technoloales

50. When computers are introduced into an area or dlSClpllne they are first used to
perform specific computations, or to carry out weli~defined processes. The significant
change that comes gbout later is *hat the ronge of spplications broadens and
eventually very comprehensive gystems emerge, capable of dealing with almost every
phase of a la:r.'ge--~scaie vask. AL this stage, computers come to have major influence
on the level and efficlency of the technology, and through it on the egonomic level
of a gountry. TDifferent technologies are at different points of the evolutiocnary
scale of oonmuter use. In the main, the activities assoclated with science and
engineering, such as the construction industry, communications, the transportation
technology, and the alvccroft industry ave at a high level, that is to say thab within
‘them comprehens ive computer systems have baen developed. and in some cases have been
used for many years (a.n.jbhough it does not necessarily follow that the computerized
systems are used extensively). In other technologies, for example those associated
with medical science, education, or information transfer, computers have so far been
used mainly in individual applications and the system mode of use is just stavting
to smerge. |

1, Englne ering .

51. One nlo'hlv mbegra’ced computor system, opplicable to a whole industry, is the
Integrated Civ:;.;. Engineering System, ICES~ ., This consists of é large group of
subsystens, eaoh oépable of helping ar engineer to carry out a specific task which
occurs as pars of the design ‘and construction of a building, bridge or highway.

' &Abéyétems are av:,i_.l_ébie for structural a ilysis and design, transportation network
analysis, co-ordinate geometny calculations, bridge and road design, foundation
probiens, project n}aﬁagement and conitrol and the like. The feature which makes of
this group a compreheﬁé.‘.ve system is. the mﬁtual compatibility .of the representations

and me"hcds of dealmg with data within the various subsystems, whi ‘4 allows infor-
mat: on to be ‘passed automatlcally from one to another. A feature vhich mekes it

. ‘1ikely uha’c the system will have an expan”iug influence on the construction technology
is the very. o'eneral availability of the bardware and software required. A great deal
: ,.__of e+‘fort has been put into thorough documentation of the system.

y B S.humecl’er{ "An. Introductlon to ICESh, Civ:.l Engineering Systems Laboratory,
Ve R6'7-47 (Massachusetbs In.sti’cu e of Technology, September 1967) .
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52. The manner in which computers are affecting the teaching an¢ practice of civil
eng:.neer:.ng, as endencednytheee:q)erlence in the Um.ted States, is itself interesting.
 About g decade .ago, many offices recognized the usefulness of electronic computers as
an a:Ld to eng:.neerlng calculatlons, and small machines for such purposes gained wide
" acceptance. This happened outside un:..versn.ty civil engineering departments; which
on the whole had not yet showr the interest &n computer applications that other
sectors of eng:.neerlng were bejginning to show. 4 Since that time university civil
eng:.neer:mg departments, with part:.cular ini.t:l.ative at the Massachusetts Institute
of Technology, ‘have energetically adopted computer methods and the. system-wide mse of
computers, as exempl:l.f:l.ed by ICES, is being taught in a significant number of schools.
: Englneer:.ng practlce has not yvet adopted the systems approach widely, but the fact
that increas:l.ng numbers of graduates are being exposed to it probably mskes it a
"'matter of time only for the new methods to become the norm. '
53. Other sectors of engineering where computers are common both in education end in
operational pract:l.ce are chemical engineering, where plant simulation is especially
useful; electrical engineering, where computers _are regularly used for design of
motors, electronic circuits, antennae, and the like; and industrial engineering, where
the management methods ‘discussed previously are used, Two computer tecliniques coming
to the fore as weys of use rather than applications associated with a specific sector
a:re process cmtrol and computer-aided design, '
2. Process comtrol -
' 54, Dig:.tal process computers are small machines used to control production and
manufacturing process. Mach:.nes for controlling flow processes receive their iuput
_ from some sensory device monitoring the process and regulate a flow, a speed véltage
‘and the like. As yet, most process computers are found within the United States, and
) initially most were assoc:.ated with two or three specialized industries, in particular
petrochemical plants, steel mills and power distribution networks. The reasons for
th:l.s relatively narrow range of use, in-spite of the fact that the possibilities of
' . computers have long been apprec:.ated, are mainly economic. Process control -computers
have been expensive, costing approximately half a million'dollars, and experience has
,shwn that_ the savings they offer represent a very, small percentage’ of the operationsl
o costs. X This has meant that initially they were advantageous only in very large B
o _industries, where the throughput value ‘of the product is several m:.llion dollars per
ye 'Within the 1ast i‘ew years, smaller -and - less expensive process control computers
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have .come into the market, meking it worthwhile to use them in much smaller industries.
In Scandinavia and in Canada for example, computers are appearing in mining operations
and in the control of paper machines, but not as yet for con'broll:mg a whole paper
plant. This trend is important for developing countrles ’ where med:l.um-smed plants
for processing raw materials often play an important role in the economy.

55. “hough modern technology is more effective in a new plant than in an old one,
which may be bound by tradition and routine, it is not adequate simply to place
process computers in developing centres in order to improve basic industry.

- 56, The international professional organization primarily concermed with digital and
analogue computers for process control is the International Federation of Automaﬁic
Control (IFAC). This Pederation has held four world~-wide conferences as well as many
conferences on speca.allzed aspects of process control, and has an act:.ve publlcatlon
and educational programme. An outline of the organizational structure and aims of

the International Federation of Automatic Control is given in annex VIII.

3. . Libraries and information systems

57. Ia all ecountries, scientific information systems ere integral parts of the
infrastructure for science and technology - as attested by the existence of VINITI,
the All-Union Institute of Scientific and Technical Information in the Union of

Soviet Socilklist Republics, the world-wide documentation cemtres operated through the
United Nations Educational, Scientific and Cultural Organization (UNESCO), and UNISIST,
_the proJect for a world Scéience Information System-/ currently being sponsored by the
International Council of Scientific Unions and UMESCO. There are at least half a
-dozen ways in which computers are affecting the distribution-of scientific 1nformat10n.
~ New means of retrieving information, based on computers, are being tried in many '

- places in the form of pilot project services offered by government 1netitutlons, h
 selentific orgenizations, and private companies. Computerized typesetting has proved
40 bhe’ commercially successful and is likely to increase, even Tor the i:»reparata.on of
Journals in mathematics .or chemietry where there are hlghly speciallzed problems of
displsy. ST - SRR

! 58. The Medical Literature Analyeis and Retrieval System (MEDLARS)—/ is an’ early :

Rep¢ ~of the Hork:.ng Group on Soientlfa.c Informata.on in Develop:l.ng
s (Unisist/iG. , Dec/2.7); and A, Perez, "Plans for a world science infor-
L ed e yetem" Unesco Bullet:i.n for Libraries, Vol. X¥III, lo. l (Tanuary~

of Medicine (United States Government
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MEDLARS tapes containing bibliographical listings for research articles in over
25300 journals on medicine, public health and the like are prepared monthly. Search
centres have been set up throughout the wo»ld for processing the tapes, and at those
centres a doctor or scientist may submit a request to search for references on a given
topic. The search is made by attaching to each article key words or descriptors which
indicate the content. A4ppropriate descriptors are attached to any question posed to
the system, and a search is made for articles which have descriptors matching those
of the query. _ .
59. 1In the initial version of MEDLARS the time elapsing between query and reply is
relatively long; a new version of the system designed to reduce the delay is being
implemented.
60. Many libraries have set up bibliographical files in machine-readable form for
their users. The sample excerpt overleaf shows part of the printout of a request for
. information on the effects of computers and automation on manpower employment put to
the Central Library and Documentation Branch of the International Labour Office; this
printout was based on the machine~readable reference file there.
. 61, A similer service for articles on chemistry is offered on a subscription basis
by the American Chemical Soclety-/ . This service is made to be even more useful to
individual scientists or researchers by the addition of selective dissemination of
‘ information, SDI. To accomplish this an individual user provides the library computer
centre with a profile, containing a list of descriptors relevant to his interests.
Every two weeks s when the new chemical title tapes are received from the imerican
Chemical Society, the library centre processes the tapes against the profiles of their
users, and preparesv personal lists of new references for them. Similar services are
being offered in b:.ology, nuclear energy, spuce sciences, physics and an increasing
humber of other dlsciplines.

->‘6 St:l.ll another form of bibliographical aid which becomes practa.cal with the use

- _Jof computers are the Key Word in Context or KWIC indices. These are essentially con-

, »"_"~cordances of a given corpus, which mey be a literary work, a list of references, the
i _{cont nt‘ "of‘an abstract ,]ournal or a.n;r similar document. Important words are marked

) Chemical T:Ltles Tapes, Chem:.cal Abstracts Serv:.ces, (Colunbus, Ohio, United States).
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INTERNATYIONAL LABOUR OFFICEs CENTRAL. LIBRARY & DOCUMNENTATION BRANCH

TeSelsSe SEARCH NUMBER 1379 N ) 08/10/76%9
RETRAINING SCHEMES AND. PRACTICES

29815 1968

WRIGHT HB ’

SOLVING THE PROBLEMS OF RETIREMNENT.

LONDON, INSTITUTE OF OIRECTORS, 1968. 108 P.
COMPILATION OF ARTICLES ON PROBLEMS AND /PSYCHOLOGICAL ASPECT/S
OF /RETIREMENT/ - COVERS /PUBLIC OPINICN/ -OF RETIRED /OLDER
PEOPLE/y ‘PROBLEMS OF INCREASED /LEISURE/, POSSISILITIES OF
/VOLUNTEER/ WORKy, /TRADE UNION/ VIEWS, /EMPLOYMENT: POLICY/S FOR
/O0LDER WORKER/Ss; /HEALTH/y /MENTAL HEALTH/, PRE-RETIREMENT
/TRAINING PROGRAMNE/S, /RETRAINING/ OLDER WORKERS TO INMPRDVE
/JEMPLOYMENT ‘OPPORTUNITY/Ss /PENSION PLAN/S, /PART TIME/ WORK,
ETCes -AND INCLUDES A /DIRECTORY/ OF AGENCIES CONCERNED WITH
RETIREMENT PROBLENS IN THE /UK/.

ENGL -

29605 1969
DANSK ARBEJDSGIVERFORENING
KVINDER PA KURSUS.
 ARBEJDSGIVEREN (COPENHAGEN), 70(3}, FEB 1969, 20-21. ILLUS.
'MICROFILM
" BRIEF NOTE ON THE NEED TO ORGANISE /RETRAINING/ COURSES FOR
/MARRIED WOMEN/ INTERESTED IN TAKING UP’ /PART TIME/ EMPLOYMENT -
COVERS /TRAINING PROGRAMME/S AVAILABLE TO THE PROSPECTIVE /WOMAN
HORKER/«
DANI -

- 29595 1969
- .BOEKEMEIER R
~ LANDMIRTSCHAFTLICHE BERUFSAUSBILQUNG NOCH ZEITGEMAESS.
fAUSB‘LDUNG UND BERATUNG |HUFNCHEN" ZZCQ). 1969, 69. TABLE.
'*NICRUFIL" .
‘RTICLE SUGGESTING REORG.NISA‘!ON OF IVDC‘T‘DNAL TRAINING/ OF
IRURAL WORKER/S. IN /GERMANY (FR}/ 7O CORRESPOND TO CHANGING /JOB
REQU!REHENTIS IN RESPECT OF SUCH WORKERS ~ COVERS THE NEED FOR
',TRIINING PROGRA"“EIS TO PROVIDE /FURTHER TRAINING/ AND
’RETRAININGI' T“E ICURRICULU”I OF RELEVANT 7TRAINING CENTRE/S, .
ETC. o :

1969

‘.. (LIS - GEHERKSCHAFTLICHE BEITRAEGE
ILDUNGy: BRDSCHUERE A3e )
-MEETING: Tq EXAN!NE ASPECTS OF /7ADULT

‘PA éas 'AND RECORDS OF
JTRAINING PROGRANNE/S, /TRAINING
4°AND 5.
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while the corpus is v2ing rr-parzd in machine-rcadable form and the computer scrts
these words alphabetically, pvints a list whers cech word is swrrounded by a small
pert of the text and icentifies the passage where ths word is to he found., The saxple

. excerpt overleaf shows part of a KWIC index: prepared in conjunction with this report,
for which the replies of Govermumeats to the questioruaire, papers colicited from

experts and various reports fcrm the source material.

63. The infornaticn distribubion systen is an exargle of a technclogy in which

compuvers ars just begirvirg to oxsrt o najor influence. It cannot yet be said that

tho organizztion axf werlang mode of exloting libiceries have been changed significantly
Y7 \com?:uters. Most cf th2 now prejects have besn dirested to informaticn sorvices,
ead conniferation of thie roquiremsnts of the sncial sciences or the humaniiies has
barely btagun., It is a2l even kiowa whah che futurs will hold for libraries, either

the largs centralized trpes or those offzring spscialized services. In addition %o
those already noted, impertant zew developmints sre cmorging. Camuras for recoiding
compubar outpub dire'ct.'l.y cn mlcrofilm av3 being marketed extensively. With these are
being devsloped carousels for storing large numbers of microfilm records, along with
eutomatic retrieval machanisms and on-line cathodc-»zy tubo consoles frem which recordi
csil be Loth read and written. The full impact of the iantroduction of compuiers invo
libreries remelns o e seen. The p:émbicm so far has been that work on programs and
d.e.ta»resulting from computor activities in different institutions have not been
corpebible. The emergenca of the MARC IT resord format as a standard fer cormunicabting
bibliogreohical ini‘c:*::m:aion shomld accelerate pregress towards mechenizatvion of

11 b‘:a.:.:.ns'. Tt is rob ik a’iy thu® bock heldings ead primbted reccrds can be greatly

: af,t__‘ec'had in a chort wime, 3But ccuventional blblisgraphlcal nmethcds, bock catalogres
- end sozrching tecrniques will undoubbedly undergo mijor modification wltuin a very

'i’e_u years. Thecse dsvélopmén't-s are bringin

S

rng sboul corvaspoading changes in library
L s"hools end in ox gam.zati ors of *)ro?eea.!.cna.l librarians. Curricula are being modificd
',‘i'° 3. n"lude °Ompué°1" sub.]ec B8, national socictigs- of librarians are emphasizing infor-
-fimatic*z proccsszzg &3 & major cumponent cf their discipline, and the Internationsal
,I'eder .a.on for Docu:nqn'l-g.twn heg 8dd~d educeticansl and research proaects on information
_stems and mac ina techniqu.en to the documentation and catalogu:l.ng work vhich has

ther'bo been :.ts mad or interest.

A FulToxt Provided by ERI



QUARTERS IN NEW: YORK IN THE
OTHER

REMOTE
SYMBOLIC ASSEMALY

STOREN PROGRAM OR MACHINE
SPECIAL PURPQOSE
ENTED CR PROCEDURE-ORIENTED

NATIONAL
UPGRADING THE
LEAP FROGGING: SKIPPING A

ONAL MOVEMENT OF EQUIPMENT,
FILE

COMPUTERS AS
PLANNING AND
I'MPROVING

UCATION OF DECISION-MAKERS,
COMPUTER SYSTEMS ANALYSTS,

TRAINING OF ADP.

CENTRES AT THE
" CONSISTENT WITH ITS
. NEEDS A BROAD

. _EQUIPMENT 1S ALREADY

© ENGINEERS. TECHNICIANS AND

./ CHANGES IN HARDWARE AND

AD Hoc

’GDVERNHENT

TRAIN[NG DFf'

DNPUTERS lN"

/4800
nex I
pare 29/30

INTERNATIONAL BANK FOR RECONSTRUCTION AND DEVEL

INTERNATIONAL COMPUTATION CENTRE ( I87-ICC)
INTERNATIONAL COMPUTER CENTRE
INTERNATIONAL EFFORTS

INTERNATTONAL FEDERATION FOR INFORMATION PROCES
INTERNATIONAL FEDERATION OF AUTOMATIC CONTROL (

INTERNATIONAL LAROR ORGANIZATION ( ILO)

INTERNATIONAL MOVEMENT OF EQUIPMENT, MAGNETIC T

INTERNATIONAL PROFESSIONAL SOCIETIES
I1TUs UNITAR, IAFA AND FAD

JOB. CHANGES BROUGHT ABOUT BY COMPUTERS
JOB ENTRY SYSTEM .

LANDMARKS IN COMPUTER DEVELOPMENT
LANGUAGE

LANGUAGE DEVELOPMENT

. LANGUAGE PROGRAM

L ANGUAGES
LANGUAGES

LEAP FROGGING: SKIPPING A LEVEL OF DEVELOPMENT

LEASING COMPANY

LEVEL OF COMPUTER TECHNOLODGY

LEVEL OF DEVELOPMENT

LIBRARIES ANO INFORMATION SVSTEMS
MAGNETIC TAPES, AND CARDS

MAINTENANCE

MAINTENANGE ENGINEERS AND TECHNICIANS
MANAGEMENT AIDS

MANAGEMENT APPLICATIONS

MANAGEMENT DECISION-MAKING AND RESOURCE ALLOCAT

MANAGEMENT OF NATIONAL INDUSTRIES
MANAGERS ANO COMPUTER SYSTEM ANALYSTS
MANAGERS AND: POLECYV-MAKERS

MANAGERS AND SUPERVI SORS

NATIONAL. ADVISORY BUREAUX ON COMPUTING
NATIONAL AND REGIONAL COMPUTER FACILITIES
NATIONAL AND REGIONAL LEVELS

NATIONAL COMPUTING BUREAUX

NATIONAL GOALS

NATIONAL LEASING COMPANY

NATIONAL POLICY

NEEDS AND PROSPECTS

ORSOLETE

OPERATORS : :

OPERATORS, PROGRAMMERSs COMPUTER SCIENTISTS,

__ORGANIZATION OF A COMPUTER SYSTEM

ORGANIZATIONAL STRULTURE

ORGANIZATIONS AND -INSTITUTIONS
_PANEL ‘OF EXPERTS
PATENTS; COPYRIGHTS AND CUSTOM REGULATIONS

PERSONNEL ‘AND TECHNICAL EQUIPMENT

PLAN CDNTAIN!NG REALISTIC GDALS

PLANNING -

PLANNING ' AND ADHIN!STRAT!DN
.'szLANNlNG AND MANAGEMENT APPLICATIONS
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be Educat:n.on .
64 The role of computers in educational data processing, as, for example, in the
administrative processing of records, the maintenance of student files and projections
of -enrolments, is well-established. Similarly it is recognized that computers are
. needed in schools to teach computing and data processing courses and, in North America
at least, facilities are being provided for this even at the.secondary school level
“ in many oommunities. Formal degree courses in computer science and information
:7processing are being established in many un:.vers:.ties. The general subject matter of
these courses 1ncludes programming, computer systems, computer design, programming
language design, theory of automata and special applications such.as numerical analysis,
‘lingulstics and data processing._ But computers can also be used in the general
teaching process and here there have been :meorta.nt developments.
65. Independently of computers » a method of teach:n.ng based on so-called. programmed
texts and teaching machines has been developed. According to this method, a body of
material is presented in a sequential manner to the student, who is tested at varlous
_ ,Vpoints ‘and directed along d:l.fferent review paths according to hlS response. rhese
_ .simple teaching machines were followed by systems of computer-aided J.nstructim (caz),
where students work at a terminal station (usually a typewriter, but it mey also have
audio tapes, ‘& slide carcusel and so on) and a computer simultaneously. directs a
number'of students through the course material., With the use of computer-aided
instruction, some remarkable rates of learning have been demonstrated, even where
difficult material, very young students or students with learning problems are involved.
'Against this have to be offset the 1arge costs for the equipment and the preparation
of the curricula ma.terial in a form su:l.table for computer-aided Ainstruction.  Perhaps
‘ even more inq;ortant, the procedures have generally been demonstrated on learm.ng of
__.'subject material by rote, and there are no.prograls vhich can accept general response
from a student. '
.66. In view of the current state of the art it is very dubious whebher develop:.ng
-countries should embark on computer-aided instruct:.on. .
_ 67a. However, computers are extremely valuable, even essentlal, for another aspeot
of teaching. There are many - subjects in which it is extremely useful to be able to
E assign problems which the student solves with the aid of computers. Obvious examples
are mnnerical anaZLvsis, statistics and calculus. In statistics for example, the
o _simplifications required to make a problem solvable with the use of pencil and paper
L »' f‘sometimes lead to a loss of significant features, whereas.iith aocomputer a student
' @ -an 1earn to deal with larger and more realist:.c problems. The mathematical disciplines
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are not the only ones where computers are highly effective in teaching. Special course.
materials have beer developed for many branches of engineering, such as plant _sir_nula-
tions in chemical engineering, circuit analysis and design in electrical engineering,
queuing problems in industrial engineering and buildin‘é design problems in civil
engineering. In the social sciences there is a growing body of programs for statistics
and for carrying out research on textual materials by the so-called methods of content
analysis, and in the branch of 1ingu1stics ‘known as computat:.onal linguistics computer
programns for studying natural languages are being developed. In business schools there
has béen long experienee with management gemes, which are simplified mathems.tical
models of competitive business or menifacturing situations in which the students make
decisions on production, marketing, research funding, plant expansion and the like,
transmitt:.ng their decisions yia the computer and receiving from it information on the
success of their play. Similar games have been used for political and m:.litary
learm.ng s:.tuations.

67 b Although for some teaching time-sharing termn.nals have been used, these are
'relatiVely expens:.ve_ and it is difficult to justify their use on a large scale. Most
‘student exercises can be carried out very well in a batch processing computer environ-
ment. To reduce the turn-around time, and make the teaching process more effective,
so-called in-core comp:.lers have baen developed. These are computer languages in which
the tra.nslator and the working space are small enough to be contained completely in
the high-speed core storage, along with a monitor for process:.ng a success:.ou of jobs,
Vand a good system of diagnostics. With such processors, small jobs can be run in one
or two seconds of computer time each, and returned to the student within five minutes,
_all for not more than twenty five cents or so per ‘submission. This mgkes it possible

p for even a med:l.um-sized computer to execute thousands of student jobs per week. The
'result is that at present in North America and Europe, almost all um.vers:.ty studonts
~in. the science and engineer:.ng faculties make contact with computers early in theJ.r_
student careers, and contmue to use them throughout their training, and this
B exposure is sprea.ding rapidly to students in other disciplines. The emexrgence of

many graduates who have had experience with computers is bound to have a major '
influence on technology. -
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8. The examples contained in this chapter by no means exhaust the list of areas
where computers are bringing about important changes. In medicine, for example,
computers are having a highly significant effect on research and science, and equally
important effects on libspital administration and patient care; some day in the future,
no doubt, they will even affect methods of dlagnosis. In industries such s ware-
housing, typesetting, and machine-tooling, computers have elveady brought about
radical changes in practices or at least, a clear indication has been given that they
will do so. It cannot with confidence be predicted of any technology that it will
remain unaffected by the existence of computers in the next decade.
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REPORT OF THE MEETING OF THE AD HOC WORKING GROUP
ON COMPUTER TECHNOLOGY FOR DEVELOPMENT OF THE
ADVISORY COMMITTEE ON THE APPLICATION OF
SCIENCE AND TECHNOLOGY FOR DEVELOPMENT (ACAST),

Bucharest, 14 April 1970
A. International advisory board on the application of computer technology for developmer

1. T:de ACAST Working Group supported the proposal of the Ad Hoc Panel of Experts

on Computer:_Technology that en international advisory board on the application of
computer technology for development should be es tablished by the General Assembly and
recommended that the Secretary-General in his report place that proposal for
consideration before the Economic and Social Council and the General Assembly.

The ACAST Working Group was of the opinion that there were two broad types of function
wh:n.ch that board should undertake: ;

(a) To promote the application of computer technology for development through
international co-operative efforts in association with the United Nations family of
organizations.‘ There were a number of activities being undertaken at the present

time by those organizations, but an Advisory Board could prov:.de an impetus to those
efforts a.nd further their integration; .

(b) To prov:.de,. upoi request, independent and objective advice to assist the
deveioping countri_es in their decisions on the use of computer technology for their
development. A distinction needed to be made between using computer technology for
spec:.flc sectoral purposes (adv:.ce on vhich could, for example, be provided by a
competent spec:n.al:l.zed agenr-,}, and the advice to developing countries on the formulation
of national poln.cies and priorities for 1ncreasmng the sound and economic application of
computer technology for development.

2. Wi’ch respect to (a), the ACAST Vorlding Group believed that the Advisory Board

: should report annual'ly to thie Secretary-General who should, transmit the report to the
Economic and Socisl Council and to the General Assembly. This vas desirable as the
matters involved covefed. the broad spectrum of economic, scientific, technological,
political and social aspects; required visibility and consideration at the highest
policy-»making level in the internationsl intergovernmental framework; and necessitated
effecﬁ.vely calling upon organizations in the United Nations family, members of
bilateral programmes, government, industry.and institutions, both public and private,
and the scientifié¢ and professionsl community.
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3. With respect to- (b), ‘the ACAST. VWorking Group believed that UNDP wmld be

increasingly involved in projects for the application of computer technology and

that the Board should be used by UNDP as its advisory body on policy end as its

technical review group regarding project proposals in the field of computer technology
.for .development. ... .. .. - » : T

4e  The ACAST Uorking Group endorsed the general terms of reference-/ and composition

of the Board proposed by ths Ad_Hoc Panel of Experts and believed that the Board

should be selected bv the Secretary-General in consultation vith the Administrator

of UNDP. Thie would ensure that UNDP would also regard the Board as its own advisory

machinery in the field of computer technology for development.

5. The .ACAST Worlring Group believed that the Board would need a secretariat

sufficient (a) to provide services to the Board itself; (b) to facilitate the

direct adv:Lsory ser'vice acta.v:.ties in which the Board would be involved; (c) to ensure
- that 1t is fully 1nterre1ated w:l.th the requirements of the UNDP secretariat. The

Board's secretariat need nou be large, as it would be able to call on outside '

consultants and make full use cf the releva.nt facilities and expertise of the

srecialized agencies and the substantive dJ.VlSlonS of the United Nations Secretariat.

Boaring in mind the two broad types of function identified above for the hoard, the

ACAST horlcing &oue o::.scussed the question of the administrative location of the Board'

secretariat, the ma:z.n possn.bilities for vhich were within the United Nations .

Secreteriat or mth UNDP. ‘The ACAST Vorking Group concluded that careful consideration

will have to b2 g:_ven to that questiou. :

bo The ACA:;T Work:.ng Group wished to emphas1ze that, as it was involved in an

examination of the mach:.nerv in the United Nations family for dealing with the applica-

tion of science and technology for development, the proposed Board and its supporting

secreuer:.at reﬂectec the Adv:.sory Commttee's view that the United Nations machinery
must be adapted to the needs of changing technology and be able to provide the central

policy role and leadersh:.p which that changing technology demanded. That was

particulerly the' case if the developmg countries vere to feel that there vas a focal

point for efforts to encourage the realistic application of the newer technology to
the:.r development.

8/ «The 'representative of 'WHO requested that the reservations of his organization.
be recorded regarding the recommendation concerning an Advisory Board on the
Application of Computer Technology for Development. It was the view of WHO
that if such a Board were to be established, the terms of reference should meke
it clear that the co-ordination activities would apply only to the United Nations

o 1tgelf and not to the specialized agencles.

EC ‘
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E. Regional and national computer activities -

7.  The ACAST Working Group discussed the degree of regional emphasis that should be
contained in the Cecretary-General's report. It was felt tha.t, novadays, moe_t
developing couniries were able to-afford some computer capacitj', although for a number
that still presented an almost impossible goal, unlees essistance_ was. given to them in
an sppropriate way. Regional activities should be encouraged and‘suppo_r't_ed vhere a
group of Govermments indicated their wish for co-operation on that basis. The Working
Group noted operational examples of activities on a regional basis such as in the fields
of meteorology and international air t.rai‘fic. . __

8. The Working Group also noted that the regional economic commssions were .
interested in computer development throughout their regions and was :|.nformed of the
proposal before ECAFE for the establishment of a regional computing cenfre ‘for _Aeia
and the Fer Bast (see document E/CN.11/L.249). - |
9. The concept of regional boards for the appl:.cat:.on of computer technology for
development might similarly be deemed useful if the Goverments within a region wished
to establish such a regional board. In such & case, the regional board should be
closely related to the relevant regional economic commission and could be a vehicle -
for obtaining regional judgements and expertise. Furthermore, a regional activity -
could provide a means for upgrading the level of competence of a national computer -
technology activity. = = _
C. Intergovernmental Bureau for Informstion Technology -

S ternationsl Computation Gentre (TRT-1C) -

10.. The question of what might be said in the report of the Secretary-General .
~concerning IBI-ICC was -discussed. It was agreed that an essentially h:.storical
descri:ption was appropriate. Since the Secretary-General was not required to give

an opinion on the future of IBI-ICC as such, or to render judgement as to vhether it
could carry out the.role it presently sees for itself, the ACAST Vorking Group esgresd
that 1t was. inapp:ropriate at this time to prov:.de such opinions. That would not
- preclude. IBI-ICC's serving as one of the sources of assistance to developing countries.
The future i.oif:_.ll_B.I-Z['Gc .should be determined by its own governing body.

_ - Contribution of the private ssctorx

ll The AGAST Working Group recommended that the Secrctary-General's report discuss
the role ‘of the private sector, part:.cularly in view of the mportance of the private
sector initiative in the grow'th and application of the computer technology. In
recognition of the help of the private sector in implementing recommendations s the
proposed International Advisory Board should maintain good relations with it. This

‘ht also facilitate negotietion of preferred terms for developing countries.
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12. Developing countries would need an authoritative source of independent,
disinterested advice in dealing with the private sector:

: E. Legal protection of software
13. The current tendency of computer users to respect leasing agreementc with
regard to non-disclosure was noted. If, as expected, that led to general legal
protection of software, there existed a need to examine the implications for the
stimilation of flow of software for the use by and benefit of developing countries.
The ACAST Working Group proposed that in the Secretary-General's report the General
Assembly be requested to invite BIRPI/WIPO to convene a meeting of governmen'b experts
with participation of the private sector, to examine how developing countries can
best be served in the emerging situation.

F, Installation of previous generation
equipment; computer financing

J4. The ACAST Working Group discussed the desirability of installing previous
generation equipment in developing countries. The Working Group found. the arguments
against older equipment generally convincing although it might be suitable for some
particular use in certain couniries. After hearing the case for and -against, it
‘agreed that .all aspects of installing older equipment had to be examined carefully.
15. A similar situation obtained with respect to purchase versus rent of computer
equipment. These options, -among vhich §£10uld_glsq be :I.ncludeq another (rerely '
available), choice, namely. the. leasing .of the equipment from e third perty, made
the financing of computers a complex subject. '~ The ACAST Working Group believed
" that the Secretary-General's report should discuss the complexities involved and
contain a recomendation about providing a means for developing countries to obtain
advice on financing computers.

G. Iime-sharing and computer-assisted instruction
16. The position on two technical points, time-sharing and computer-assis'b'ed
instruction, was discussed. Time-sharing, it was felt, had potentialities for
developing countries on condition that there were no communications.diffieulties.
At the same time countries might develop their comminications systems so that they
‘would eventually be gble to make greater use of time-sharing. A cautionary viewpoint
on computer-assisted instruction was regarded as appropriate. '
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e ;.. H. [TLevels of computer development

l’?. A proposal ‘bo class:.fy the computer capab:.l*ty of countr::.es in four 1evels,
initial, bas::.c, operatlonal a.nd advanced, vas discussed. The mtent:.on was not to
specify the levels relating 'to individual countr:.es, but ratuer to indicate the steps
wh:u.ch 11:. would be necessary f‘or a coun‘bry ’co take in making the transition from one
level another. The approaoh was "ons:l.dered by the ACAST Work:.ng Group as being
uszful, A suggeetlon that uhe lever be designated f:.rst, second, third end fourth
wes:.not.ed.

| I. _S_glgg gﬂ eneral observatiohs on_the
C ' "7 Sseretary-Gemeral's report

18 (a) 'The AGAST Working Group believed that tie report of the ‘Aid_Hoc Panel ‘of
Experts was, in large measure, respons ve.to General Assembly resolution 2458 (XXIII)
and that’ the orgamzation of "the report was logical. and useful. The Working Group
walcoméd the omphas:l.s on edt.cation and t'a.lnlng, whlch emerged as the principal
conclusion. = The Working Group felt that the Panel's report. with the :Lnolusmn of a
suitable i_ﬁ’troduction ‘ahd a detailed summarv, as’ well as some modifications ’oo take"

" ‘adcotmt of its own corfments, Wwould be in & form su:.table for ‘preséntation to the
Economis® ‘and Socisl Gouncil and the General Assembly. In order to facilitate the
ana."lysis ‘of ‘the Secretary—General's report by delegat:.ons y it was reoommended that the
¥ gummery “should ‘follow the’ subparagraphs of operative paragraph 1 of the above
rasolution, with cross-reference as far as possible; :

15(B)+ The ACAST Working Group noted that it would be lmpoesible' for the' Secre'ta.ry- S
General to “reSpond adequately to operata.ve parsgraph I ( a) of General Assembly
regolution 2458 (XXITI) becaiise of the insufficiency of the information prrovzded by
Governments or o that available elsevhere. The Working Group was of* “the opinioh -
that obtaining and évaluating the information called for in operetive paragraph I (P)

. might be & tésk-for the proposed Internstioral Advisory Board;

. (&) The horking Gifoup * was p eased to note that ‘the Secretary-General‘s repotct would
strongly-émphasize the role of international orge.nizat_ons, in meeting t.he needs for
training and education for computer technology es brought out in ‘the responses- from
Governments to the Secretary-General's questionnaire. 1In addition, the VWorking Group
noted the 1arge number of replies’ by Governments to that question.ne:.re (fifty-two

: frepl:les. received), vhich demonstrated the importance thet Member States attached to
computer technology,
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(d) The ACAST Working Group was pleased to learn that the Secretary-General's report
would contain descr:Lth.ons of ‘the appropr:L ate computer activities pertaining to
development of orgrnizations in the United Vations family.

- J.  Cumputer ard human rights
19. Because of :Lts bearlng on couputers; reference was made to General Assembly
resolution 2450 ()Q{III) on humen rights and scientific and technological
developments. This resolut..on Adnvited the Secretary-General to undertake a study
of the problem in humen rights arising from developments in science and technology,
with particular refersnce to the pwrivacy of individuals and the integrity and
sovereignty of nations in the light of edvances in vecording and other techniques.

' K. Computers and employment

20. The Work_ng Group noted the shortage of data on the effects of computers on
employment in developing countries and was of the general opinion that such figures
as vere available for industrially advanced countries might not be valid for
dsveloping countries. - The use of computers in capital-intensive activities was
discussed, The general conclusions of the Working Group were: (a) use of compu‘tei's
in new areas of activity would not displace lebour; (b) if there was no other way

to accomplish an essential activity, then the use of the computer might be readily

justified; (c) - the desire to be competitive in international trade might necessitate
the use of computers; (d) computer spplications which merely saved labour were not
recormended for developing countries. The 'suggestion was noted that fears of further
unemployment tended to oeccur in ereas vhere unemployment was already high. As a
consequence of the above poinits it wes thoi ght that emphasis should be placed on the
education of ‘the labour force. ‘

2l. -The Working Group recognized that the subject of the relationship in the
de'veloping'-cgunh'ies of computers to employment could not be fully explored in the

\ Seere,tar.y-Gene_ral's report becczuse of -the lack of sufficient information. = It hoped

that a more comprehensive examination.of the relationship would be undertaken in a

- further anelysis vhich would include' case studies.
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LIST OF PARTICIPANTS AT THE
MEETING OF THE AD HOC PANEL. OF .
EXPERTS ON COMPUTER TECHNOLOGY

New York, 24 to 27 February 1970

Members of the Panel

Chevion, D:'Lrec.tdr, Office Mechanization Centre, and Vice-
President of the International Federztion for Information
Processing . (Rapporteur)

J. Fegbemi, Acting Dean, Institute of Computer Sciences,
University of Lagos, Nigeria

Friedmenn, General Manager, Empresa de Servicio de Computacion Ltda.,
Chile (Rapporteur)

Glushkov, Director, Institute of Cybernetics, Ukrainion Academy of
Sciences, USSR (Chairman) :

C. Gotlieb, Director, Institute of Computer Science, University of
Toronto, Canada

D. Huskey, Director, Computer Centre, University of California at Santa Crusz,
United States

A. Lecerf, Scientific Adviser of the French "DéLlégué & 1'Informatiquet,
and Head, Deportment of Computer Science, University of Paris, Fronce

Moriguti, Professor, Feculty of Engineering,

- University of. Tokyo, Japan

P.
. M.

.1_\],

B,

Pant, Member, Planning Commission, New Delhi, India (Vice-Chairmen)

Parldr, Professor, College of Engineering, Middle East Technical
University, Turkey -

Teodorescu, Dean, Faculty of Mathematics and Director, Computer Centre,
University of Bucharest, Romanja

. Secretary

Barg, ’;O.ff:fce for Séience and Technology, United Nations, New York
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United Nations organizations

United Nations

Under-Secretary-General for

FEconomic and Social Affairs _ . Ph. de Seynes
Director for Science and Technology ' G. B. Gresford
Public Administration Division F, Muhammed
H. Gratton

Centre for Development Planning,

Projections and Policies M. Kodikara
United Nations .Industrial Development ‘ A. Aizenstat

Organlzatlon V. Krizhanovsk.
United Nations Development Programme L. A. Shapiro
United Nations Institute for Train:mg :

and Research A. Szalai
Internaticnal Labour Organisation H, Hindle
Food énd Agriculture Organization of the United Nations J. Van Eyssen
United Nations Bducational, Scientific end :

Cultural Organization _ A, Forti
World Health Organization ) W. H, Whitfield

International Jrofess:Lonal organizations

‘ ‘Intematlonal Federation for Information Processing -
(1FIP) . I. Auerbach

,'_';Intematlonal Federat:l.on of Automatic Control o o
' (IFAC) : _ _ ' . H. Chestnut

Intergovemmental ‘Council for Adm:.n:.strat:.ve Data '
Processmg (ICA) - o , o H. R. J. Grosch

:Association internationale pour le calcul ana.logique .
T (AICA) »':\ o E. Lo Harde!'
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LETTER TIC GOVERNMENTS

1. On behalf of the Secretary-General, I have the honour to transmit to your
Government resolution 2458 (XXIII) entitled "International co-opcration with o view

to the use of computers and computation techniques for development?, adopted unenimously
. by the General Assembly at its twenty—third session. In opcrative paragraph 1, the
Secretary-General is requested to propare a report which will give speecicl

consideration to the situation of the devcloping countrics witii regard to:

(a) ' The results already obtained and the needs and prospeets for the use of
electronic computers in accelerating the process of economic and socicl development;

(b) The various forms which internationzl actlon may toke to intensify

co—-operation in the field of computers; ‘

(¢) The role which the United Nations can play in promoting intorne tionai _
co-operatlon in that ficld,” with cmphasis on quostions ceoncerning the transfer 01
'tuchnology, the tra:Ln:Lng of personnel ond technical oqur)ment _
2. Pursuant to operatlvc paragraph 2, the Secretary—Gencral in prcuaring the report
““wishes to consult with Member States on the task entrusted to him uncer th_e _
resolutlon. Accordlngly, the Secretary-General would be grateful if he could receive

rel eva.nt 1nformat10n » comments and suggestions on the matters rai.sed 1n subparagraphs '
.(a) s (b) and (e) above. The attached annex may be holpful in gu_l.ding responso.: to -
this request.
3. ‘The Secretary—General's report must be completeo. in tlme for presentatlon to the
Economic and Social Council and to the, General Assembly next year, and the size a.nd
"';'complem.ty of the task necessitates fo]_'l.omng a very 1ntens1ve programme of act1v1t1es.
To ensure that the greatest possible use :|.s made of the responses to this request, the
' Secretary—Genera.'L would be glad, thorefore, if he could receive your Government's reply
ro late® than 15 October 1969. A partial and preliminary reply wmﬂ.d be useful where it
is not possible to prov1de a comprehensive response by this date,

Guidelines to assist in responding to the
- "request from the Secretary-General in .. -
~ connexion with General Assembly resolution 2438 (X}C[II)

4,.. For the purpose of this request, computers include all means used.to process data
or. ma.ke computations a.utomatlcal.'l.y Thus,so-—called un:.t record equipment (e.g. sorters
and tabulators) and desk calculators are ‘excluded., The significant criterion is that
the ,equ:l.pment has an internal memory which can be modified by a programme.
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5. In responding to subparagraph (a) of operative paragraph 1 of the resolution, it

vay be useful to provide inférmation on the extent ﬁslﬁhigh computers have been used in
specialized applicationsthat relaﬁé to the economic and social develovment of your
country. Without being comprehensive, such spegialized'applications may include general
economic planning, tai'management, public health, statistics, deﬁographic data,

planning and inventory of natural resources, land use, urban defeldpmént, communi»ations,
transportation, industrial pfocess control and administrative data processing.

Developing countries may wish to indicate if there are studies or estimates of present
and future specific needs for the next three years in applying computer technoiogy to
accelerate their economic development. Furthermore, it may be possible to indiéate
which factors tend to improve or inhibit the application of computer teclnology. |

6. With respect to subparagraph (b), the developing countries may wish to indicate if
they have been involved with international co-operative programmes related to the appli-
cation_qf computer technology for development. Suggestions might be included for
intensifying and'improving the relevance and effectiveness of such programmes. Developed
countries may wish to indicate what they are doing and what they propose to do in such
activities. '

7. With'respect'to subparagraph (c), the developed countries may wish to describe and
appraise those aspects of their exporience that are particularly relevant to the transfer
of computer technology to developing countries. Developing countries may wish to indicate
their experience in obtaining computer technology and applying it for development
purposes.' In particular, they may wish to provide information oﬁ the education and train-
ing in théir_countries in information and computer science, éutomatic data processing;

~ computer programming and information hendling, end to indicate vhether international,
regiopgl or subregional education and training programmes are considered useful; It
would be appreciated if there could be comments and suggestions on the role.which the
United Nations and its'family of organizations could play in piromoting international
co—operation in the field of training of personnel and the t?apsfer_of computer technology
to the developing-countries;..Ideas on types of assistance which will enable developing
countries to build up their own capabilities for identifying their own requirements for
compiter equipnent (hardware) and compuﬁer programmes (software) may also be included.
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LIST OF RESPONDENT GOVERNMENTS

Australia

Austria

Barbacos

Belgium

Bulgaria

Burma

Cznada

Central African Republié
Colombia

Congo (Demogratic Republic of)
Costa Rica

Cuba

Cyprus -

. Czechoslovakia

' Denmark

Doninicen Republi.tc
Ecuador

El Salvador
Ethiopia

Finiand :

France

Ghana

" India

Irag

Israel

-Japan .

{%2i21t1¥; 

Jordan

Laos
Liberia
Madagascar
Malawi
Maldives
Malta
Mauritania
Mexico
Netherlands
New Zealand
Nigeria
Norway
Poland
Portugal
Romania
Sierra Leone
Singapore
Somalia
Sweden
Thailand
Trinidad and Tobago
Turkey '
ﬁganda

United Kingdom of Great Britain and
Northern Ireland

Zambia
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TIST OF BACKGROUND PAPERS LND SPECIAL CONSULTANTS

Name

Prof, Gustavo A. Pollitzer
University of Buenos fires
IBM World Trade Corporation
Casilla de Correo 1600
Correo Central

Buenos Aires - Argentina

Prof, L. Lukaszowicsz
Marszalkowska 10/16 m 56
Worszawa, Poland -

Prof. S, Beltran
Director

Latin Jmerican Institute for Information

and Computing Sciences

Paseo do. la Reforma 445, 3er. piso

Mexico 4, D.F. (MEXICO)

Dr. H.K. Kesavan
Professor and Chairman
Dept. of Systems Design -
University of Waterloo
Waterloo, Ont. '
Canada.

Dr. 0.J, Fagbemi

< Aeting Dean :

Institute of Computer Sciences
University of Lagos

Lagos, Nigeria

Dr. S. Moriguti _
- Faculty of Engineering
University of Tokyo
. Bunkyo-ku o
- . Tokyo, Japan " -

' Dr. Manuel Sadovsky )

- ‘Paraguay 1949
“Buenos fires -

’_;J.‘;i!gpntina :
o DrL V. Rejaraman
‘Head, Computer Centre =~

Indien Tnstitute of Tochnology

Titlo of paper

"Impact of computors in
Argentina, and the
attitudo of private
sectors, the need for
profcssional training,
the universities' action,
vhat lics aheadh

"hdopting of computers and
the computer scicnce"

"ipplication of computers
and computing techniques

to devolopment in devcoloping
countries,"

"Computer cducation in a
developing country® .

"Skills in relstion to
cducational background".

"Computer science education®

"Computing and cducation in
Argontina, Urugusy and
Paragucy" ~

"Computer scionce education

-..in developing countriash

THPURAE. T
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Prof. F.L.T. Rodrigucz
Casilla de Correco 1452
Montevideo, Uruguay

Dr. John M, Bennett

Professor of Physics (Electronic Computing)
The Basser Computing Depariment

School of Physics

University of Sydney

Sydney ; NSW 2006

Australia

Prof., A. C. COlinto

Director

Rio Datacontro

Pontificia Universidade Catolica do
Rio de Janeiro

Rua Marques dc Sao Vicento

209/263 ~ ZC-20

Rio de Janeiro, Brazil

Mr. A. Gertz .

Adviser on ADP to the Ministry of Finonce
State of Isracl

P.,0.B, 717C

Jerusalom, Israel

Dr. Andrei Ershov
Computing Centre

Siberion Division of USSR
Academy of Sciences
Novosibirsk, USSR

- Proi. J. Lions
Dirccteur de Rocherche
IRIA
42 Rue du Hamean
Paris XVe, France

Mr. S.S. Rangnekar
Manager

Searle (India) Ltd.
Relli House' ,

21 Raveline 3Stieet
Sombay-1, India

Prof. E. Frieimamn

General Manager

Empresa de Servicio de Computacion Litda.
w.M,C,.0, ’

SR 14796

= -re0 15

Santiago, Chilc

"The role of the private
sector in applying computer
technol .gy to the development
of Lotin lmerican countries®

"Roles of international
orgonizations: University
aid programs for the
transfer of computer
tochnology®

"Chjoective goals and rols
of internctional agencies
in computer sclence
cducation in Latin fmerical

"ADP in government
administration"

"0 softwarc compatibility"

. "Remarks on some scientific
applications on computers
for development?

"The role of private sector
in applying computer
technology to development
in developing countries®

"Resource inventories and
govermment planning®
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‘INTERNATIONAL FEDERATION FOR INFORMATION PROCESSING (IFIP)
Members
IFIP was formed in 1960 and in January 1969 there were twenty-ninc member
countries.: The full members are national technical organizations for information
processing, one nember per country. According to a set of stututes and by-laws,
adopted in 1969, there are also associ:.e members, invididuals who are chairmen of
special interest groups, and affiliate members, who may be international, professional
or governmental organizations.
Oéﬁectives
(a) To sponsor international conferences and symposia on informaticn processing, and
its mathematical, engineering and business aspects;
(b) to establish international committees to undertake special tasks falling within
the sphare of action member societies;
(¢) to advance the interest of member societies in international co-operation in the
field of information processing.
Structure
There is a general assembly, consisting of representatives of the national
organizations and meeting once a year, a council, an executive body and a permanent
secretariat. At the technical and operating level there are technical committees
(for terminology, programming languages, education, medicine), standing committees
(publication, activity planning, personnel, international liaison), working groups and
special interest groups. In the last-naned category, the IFIP Administrative Group
(IAG) is particularly active in commerciel and administrative date processing and
management science. IFIP is incorporated in Belgium, and has its secretariat in Geneva.
Activities
Since the first confercnce sponsored Ey the United Nations Educational, Sc. mntific
and Cultural Organization (UNESCO) in Paris 1959, there have been international
conferences in 1962 (Munich), 1965 (New York) and 1968 (Edinburgh)., In addition,
there heve been numerous symposia on education, prcgramming languages, computer
menagement and the like. These are organized by the technical committees, IAG and
others, sometimes in co-operation with the International Federation of Automatic Gontrol
(IFAC). IFIP has acted as an official sponsor of ALGOL 60 and ALGCL 68.
There are complete proceedings for the international conferences and for many of the
symposia. IFIP also publishes a multilingual glussary, the ALGOL Bulletin and (from
Q me to time)} a News Bulletin. 'IFIP has formed a committee for lisison with the

ERIC
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ited Nations and other internationsl organizations.
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ANEX-VIIT
INTERNATIONAL FEDERATION OF AUTOMATIC CONTROL (IFAC)
Menbers

IFPAC was formed in 1957. At present there arc thirty-three national nenber
organizations., ‘
Objectives _

The purpose of the Fedcration is to promote the science and technology of control
in the broadest sense, in all systems - engineering, physical, biological, socizl or
econoﬁic in both theory and appliccation.

Structure

IFAC is governed by a general assembly, consisting of delegotions of national
member organizations, and which rieets at the time of the tricnnmial IFAC Congress.
Between congresses, the work is carried out by an executive council s2nd an advisory
connittee., In addition there zre scven fechnical commitiees, for applicctions,
conponents, education, terminology, thecory, space, systems engincering. The Headquarters
are in Dusseldorf, Federal Republic of Germany.

Activities

Four international conferences have been held in 1969 (Warscw), 1966 (London),
1963 (Basle) and 1960 (Moscow). In addition, many technical symposia on special topics
have been held throughout the world, under the auspices of the technical committees
often in co-operation with IFIP, In 1968, the following symposia took place:

April: "Pulsc rate and pulse-number sequels in rutomatic control” (Budanest).

June "Digital control of large industrial systems" (Toronto, held in collaboration
“with IFIP). '

June: "Optinal systems planning® (Clevelcnd, United States).

Augusts iSystem programmes and automatic control in basic industries®

(sydney, Australia).
hugust: "System sensitivity and adaptivity® (Dubrovnik, Yugoslavia).
September: "Technical and biological problems of control" (Yerevan, USSR).
October: "Hazard and race phencmena in switching circuits® (Bucharest).
October:  "Multivariasble control systems" (Dusseldorf, Gernany).
November: "Fluidies" (London).
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Full proceedings have been published for the congresses and most of thz symposia.
In addition, there is the IFAC Information Bulleﬁig, the Multilin Dictionary of
Jutematic Control Terminology (published’in six languages) and a technical journal,
Automatica, which is published bi-monthly. .

A special IFAC Ad Hoc Committee on United Nations Computer Usage in Developing

Countries has been formed to co-operate with the United Nationms.

119



£/4800
Annex IX

. ANNEX IX
THE INTERGOVERNMENTAL COUNCIL FOR ADMINISTRATIVE DATA PROCESSING (ICA)
Members

Members of ICA are unofficial country representatives responsible for central
government information processing. There is one representative per country. Delegates
from sixteen countries have participated in ICA conferences and working contact is
maintained with seventeen other countries.

Objectives

The organization concerns itself with the problems of central government informa-
tion processing, and the relation between central administrative data processing
authorities and other levels and sectors of govermment activity. Among the subjects
which come within the scope of ICA are:

The place of administrative data processing in govermmental organization

Long-range planning

Procurement of computing facilities

Implications of standards and standardization

Manpower requirements, recruitment and training

Integrated management information systems for central Govermments

(including administrative data banks)

Population registration systems

Social implications of computing

Relationships with legislatures

Govermmernt auvditing

The impact of administrative data processing organizational patterns

(centralization, decentralization and computing networks).
One of the uxplicit objectives of ICA is to co-operate in the development of
administrative data processing in less experienced countries.
Structure )

ICA is governed by a council consisting of the national representatives, with a
chairman, vice-chairman and secretary-general as officers. The secretariat is maintained
in Israel.

Activities
The organization arose out of the Symposium on Avtomation of Fopulation Register

Systems Held in Israel in September 1967, Since then there have been conferences in
Edinburgh (1968}, Oslo (1969) and Jerusalem (1970). The activities to date have mainly

Q ken the form of an exchange of information at tiie conferences.
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