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SECTIGT I:

Broad Functionel classification of Professionals

in Computer Scicncss and Yecnnology

For the purposes of this paper soven groups of professionals in

Coaputer Sciences and Tochnology ey be identificd. Iney are:

1. Coumputer Cpcratives: The opcratives in & Computer Iustallation uay
be classified brozdly into tarec categories as follows:-

(i) lachine Operator: Tais “ern wiil be used fo cover all operators

of date-preparstion eguipment {c.g. iey/Tepe-punchcs, and veri-
fiers). They are concorned -rith
(a) puncaing and verificetion of prograns ané of input-data,
. and (b) sometives, sortis: of dota-cards preparatory to input into
the computer, and operation of other seripherals, c.g.

Tabulators.

(i1) Computer Operator: concerncé with running programs on the

Couputer (systems). In this overation, he is often required to

(2) Tdertify faulty programs, correct obvious clementary
Programming errors as necessery and in the case of very
serious errors, return the progren to the programmer.

() Report machine faults as indicated by the mzchine This
sometimes needs to bs supported by a report on the ope-
rationel conditions at the %iae of occurrence of the fault.

In installations with couplex sophisticated Computer systems

: without automatic schedulers, the cperator is often required to work
under the supervision of a2 >muman-scheduler? who %ill be 2 morc
senior persomnel zt the instellatiom. Tuis person is soictimes

referred to as ’Opcretions sanager?.

(iii) Computer Librarion; concerned with

(2) Filing of program Gocuzents and decks (or tapes); and
t L ]
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(b) Acquisition and lending of books, journmals, ctc. in
Computcr Scicaces cad Technology and related subject-areas.

(c) Assisting staff wzeabers in identification (locating) and
acquisition of abstracts, preprints and reprints in tae

abovc areas.

‘iaintenance Technician: This term covers Electronic, clectrical and

mechenical maintenance Technicians. They are:

(a) concerned with the maintenance of Digital, Analog and Hybrid
Computers and associated peripheral and interface equipment.

(b) sometimes, fabrication of sizll, often elementary, subystenms

and/or interfacc systems.

Programmers: In general this group can be divided imto thruic
broad categories as follows:-

(1) Systems Programmers; concerned with

{2) design of translators and Interpreters, e.g. Lssemblers,
Compilers, Interpreters, Loaders and Operating systems.

(b) sometimes, evaluation of >4pade-offs’ between “Hardware”
and "Software” in a given system configuration and

(¢) in conjunction with Hardware design Ingineers. determination

beteen of interface/(har&ware’ od ‘softwere’ in Computer systems.

(ii) Commercial Apvlications Programmers; concerncd with gencral datz

processing in Business and iianagement; areas of intercst rormally

inslude |

(2) Organization end processing of large-scale Information
Systems; e.g. Files.

(b) TInformation Retricval (often for records, controls, etce) .

(¢) Lincar programs, Scicduling and Business Statistics.

(iii) Scientific Application Programmers; concerned with scicntific

applications., XNormal areas of interest include

coo/lis’
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(2) Engineering applications verying from, szy, off-linc
computer design of Rcads, fto simulation of a large
industrial complex for on-linc Computer Comtrol of such
a2 complex.

(b) Hathemotical ipnlications; e.g. soluticns of an nth-order
systems of partial differential cquations where n is large,
Theoren Proving, Gouaing, Dorivetion of ..athematical wodels,
Optimization tecanigues as well as the aore advanced statis-
tical applications suci as Design of dxperimcnts and

&nalysis of Variance.

The Systar Analyst is the ?interfaece man® between the policy decision-

naldry dody - usually ienzgement or the Imsvalletion Dirceicr, and the
Applications Programming tcar in a cusiness/Industriel Orgenisation.
roadly spcaling therc arc tiarce levels of eoxpertise which may, frono
the nigizst to the lowest levels, be identificd as Information Analyst,
System Designer, and Procedure Designer respectively. The job specifi-
cation for cach level of persomncl of'ten varies with the nature of iae
organization as well as with the type of tasi to be accomplished.

In general however,

(i) The Information snzlvst is concerned twrith

(a) Definition, in conjunction with Management, of the problem

(b) Reduction of this vaguely defined problem to detailed specifi-
catior in termis of eiﬁLe;(interrelated systea of mathewatical
problems and the assccirted cquations in a scientific zapplica-
tion or an outline-desigrn of an inforuation system in a
business-oriented problern.

(c) Justification, both tcchnically and cost-wisc, of the fcasi-
bility and optimality (in sowe sensc) of the proposcd
solution scheme. Tov e #



(2) Supcrvision of implcucntation and acnivoring of the
installed systei/completed schouwe, to cnsure that the

design objectives arc .uet.

(ii) The Systcm Desirrer is required to

(2) Collaborate, witi the information Analyst, in rcducing the
abovc interrelatcd system of matheriatical problems/outline
design of computcir-based information system into anm 21go-
ritheic procedurc/detailed design of the information syster.

(b) Reduce the cbove into = system of flowcharts or any other
foram suitable for the programmers to use.

(¢) Define controls end trouble-shooting procedures for the

designed systecm

(iii) The Procedure Designer is required to

(2) Design the non-computer procedurcs inciuding documents,
marmuals and operating instructions, associzted with the
systen.

(b) Detzil the communication links, if any, between thc various
aspects of the system outside thc computer.

(¢) Assist tac Informztion inalyst and Systcm Designer in

testing the system outsidc the computer.

5. Computcr Hardware Desizmer; concermed with

(i) Design of improved snd new cozputing systems: anelog, hybrid and
digital computers.
(ii) New end/or improvcd tcchniques of mamufzcturing coamponents, znd

subsystems and methods of intcrconnecting thac systems.

6., Computecr Scientists; concerncd '7ith
(i) Development of Curriculum, for

(2) the basic training of the high-level profcssionals in the

.e./6.




Computer Industry and Cozputer Scientists for staffing
Universitics and other Institutions of iigher lcernings;
an? (.) appreciation courses in Adult cducation programmes,
Secondary schcols ané, 1n some countries, clemertory
schools.
(ii) Theorcticel ard ipplications research in various arcas of
Computer Sciecnces and rolzted subjects.
(iii) Conmsulting for Goveraaent, Susinces, Industry and individuels

in the applicetions of Couputer Pecinolezy to tacir opcrations.

7. Directors, ctc. concerncd with

(i) Thac organization ard oporation of Computer instailation.

(ii) High-level consultatica for Governaent, Susiness and Industry
(In the casc of an installetion in an Tndustrial, Dusiness or
Government organization, the Lirector or ¥anagcr ordinerily
consults for his organization only).

Additional to tie above, a Director in a Universi’y
environment is recuired to be concerned with
(iii) Identification, with his steff, of theoreticel as well as
applications research projects and prosecution of same.
(iv) Initistion and develomment, zlorg with ais stzff, of Curriculum

for computer educztion at all lcvels.

SECTION Il:
5111 rcquircments by Profession cadres
1. Operatives:
(i) Hacuine Operator:
The data preparation persornel, although rcally at the

lowest level of tie couputer technology professionals’?
hicrarchy, performs onc of the most crucial cperetions in the

profession. Prior to thc invcntion of the Verificr and the

eeo/Ts
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advent of the idce of including error-bournds checks in
Computer prograiis, & l:eypunch operator could punch 2 progran

so badly taat this increases the progra: debusging-tine many
folds. Eis inaccurately punched dsto-cards could produce
results whosec inzccuracies go undetected and suight lead to
grossiy false conclusions being drawn Ifrom the resulting coupu-

tation.

Desire for accuracy end avoidance of sloppincss .re, cvidentily,
desirable churacter traits ot this level. Formal training is usutlly
giver on-the-job, guite of'ten 5y JSquipuont izrufacturers. zZateeprencurs,
especially in the United States of .uacrica, have in the last fow yeors,
set up ’schools’ for training tiis cadrc of personnel. Technical cozpc-
tence is cnhanced if the macnine operetor

(2) understands thc operation of input-preparation nachines, and

(v) cen writc simple prograss ir at least one of the high- -

lovel languages coimonly uscd in, 2nd in the machine-langucge

of the Computer at, i:is instcilation.

Acquisition of (2) makes for Intclligent usc and care of the nochines.
Facility sith (b) ensures thet ceven in the sitiaticn wherc the operator
docs not understand an cntire vrogrom, ke at least dees understend some of
the individusl statementi. This, wc hove Tound, predictably, usually
results in incrcase both in speed aznd accuracy of data-preparation.

Competence in date-preparatiorn and pregressive assimilation of program-
ming techniques through femiliarity —ith: programs lead <first tovards the
higher status of punch-room supcrvisor within the professional grade and,
possibly later, to professional developoent into tiie programuing cadre.
Examples abound of compeient mrograumers wao developed tarough tiuis route.

For these reasons, it is desircable that basic education entry qualifi-

:Jn o R
of the/Gencral Certificate of Zducation. Subjects r¢c- 1 up to talis level
000/80

cations %ggo this professional cadrc should be, at least, zbout the level
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nay or uay not include 21l of the arces of iathematics and of the Fiysicel
Scicnces taught at tnis leovel. Iiporicnce, hcwever, tend to indicate that
at least onc subject in cach of tacsc subjcet groups should te offer
especirlly, by thosc aspiring to the programiing cadre.

The advent of large-scalc usc ¢f optical-scan Readers will drosticelly
reduce the dependence of data processing or tiis level of skili, THowever,
at the presept time, it does eppear that the indus‘ry will rctain this kind
of persomncl for sometine yet. Ixpcrience sugycsts tiat =ita the tasic
qualification statecd above aad recsonuble experience, a waciine operetor
should, with re-training. not fird it too 4ifficult to becowe 2 prograuner.

(ii) Computer Operator:
i Couputer Cperator’s responsipility varies -ridely depending

cn tac complexdty ond sophistication of the instellatiorn.

In small installatiors, his dutics orc clmost :cchanical
with little lattitudc for initiztive. In this case ke, quitc
ofter, comes through thc routc of being a successful uaeclL ¢
opcrator, traincd in basic nrogremring in some high-level
language and in machinc lengusge as well as irn the opcrating
schedule for thie cazputer system in his instzllation. Where tae
various compilers arc not in residence on tiie systez and are
callcd for in batch-processing, ¢ hes to remember to loed them,
but hec dees rnot hLove to lmow anytiing about then. He is ofter
trzined on-thc-job.

In large morc sophisticotced installntions however, the
responsibility is corrospondingly heavier. The level of training
is higher and so is the desired degree of competence required.
Such a person usually has o higher level of basic cduéational
qualification, is more moturc ard is usually reasonably competent
even if not highly professional, in soue of the more comion

programning lanzuages uszc at the instellation
0O0/9
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(iii) Computer Librarian:

¢ may be sozconc iraincd in Livroricnsiip who specialiscd
iz the work of Cozputing Centres. Altlcrnetively nc .oy ve soze-
onc traincd ina besic prograxung and, asvin, zained some
expericnce in tais to fewiliarize rimsclf it the geresal
orientetion of the worlc of = couputer imstailatior, then procccds
te train iz Librarionshis. ’Accuisiticn? is coften thc =ost
inportant zspeet of 1librarionsikip ac uses iz his job.

The Librerianship aspect of his training should ordinecrily
follow tac normcl pottern. Thc computer-rcloted aspeet of his
training could usually be given on-tho-job.

2, lzintenance Tccknicians:
This is an enginecring profcssionsl devoted to the mzintenance
of electronic, eclectrical and aecaznicel ecuipment cspecially compu-
ters and associzted periphercl couipment. Ile mey soietiacs be

required to design and fabricate subsysteas.

University or Tcchaicel College Treining up to at least the
level of tac sritish Higner Notional Certificate of Educaticn or the
general first degrec in Bngincering, is a desirablc basic cducational
qualificetion. For pcrsonncl responsible for Computers, the ficld of
study should bec either 2 2azjor? in Electronics and ’zinor? in
Elcctrical Engineering or vice-versa. Usually cither coursc would
contain soic trainin; in uccharical Engincering subjects. As the
meciianical engincering aspects of =maintenance in 2 coaputer instal-
lation is usually smzll, this m2y bc learnt on-the-job either by the
maintcnance technician or by an assisztant with ¢ lower level of basic
educational training.

Sometimes the level cf basic cducation specificéd sbove is nos
requested, even in Developed countrics, by Computer mamufacturers, in

the sclection of persomnel to train as Customer Engincers. However,

.ee/10.
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except in the case of talented young men who have obtained somewnat

similar but lower-level training clscwhere, for example in the

it

B
3

)
A
s
I
o

iilitary, it is considcred a wistalie not to reguest this level of
basic cducational background.

The maintenance engincer needs to understand cozputcrs cspe-
cially the one (cr the ranngghose) in his instellation, very well.
Thilst it is true that such = tcchnician is provided with standard
programs for routine maintcnance, it is desirable that he saould be
z2blc to locate uncommon problcms guickly 2ud rectify thez. He has %o
Imow computer programming technigues and at lcast the machince language
of the Digital computer with which he is associated. Tiis cnsures j
that the maintenance programs src ncaningful to him, and he can, if 1
nced be, alter them. IHe may be rcouired to maintain cquipmeant not
obtained from a vendor under a ‘Maintcnance Agreement. He is some-
times required to fabricate and test new subsystems.

Particularly in a Developing country, usually far away from the
m2in plants of the computer manufacturing organizations, it is desir-
able that such 2 tcchnician be available to -

(i) Assist the customer engineer with meintenance problems as

necessary, and
(ii) keep surveillance or the type and level of mzintenance being

supplied by the equipment vendor.

The wajor part of his training, beyond the basic education,
would be on-the-jcb both at the Computer memufaciurer’s factory and
at Customer’s installations. IHis basic training and the continual
further-training scheme of his emnloycrs should periodically afford %
hir the opportunity of keeping up witk the curreat trends in the

‘Hardware’ £ield and updatc himsclf accordingly. 5

Desirc for technical excelleancc, perscverance, and attention to i

details are emongst the wost important reguired chavacter;trai$§2

ces/11.
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Yraining should include Dijital, Anclog and Aybvril computer-systens
design end .aintenance with soeciel refercnce to specific relevant
equinnents in the instclletion. Computer progracudng technigues
with particular reference to macaine langucge, design and operation

of unintenance programs should ve Lousiht.

Prozraniers

-

Following on from the wori of tiae Information analyst cnc

S

(N

Systers Designer in tue Systea .analysis group, a groprauner
required to proceed from ¢ sct of Mcdiuwa-indenturc floweciasris or
any otier detailed design of a system to prezarc couputes »drozrams
that effect the designed solution sciaewme.

The acute shortage of zool rprosramiacrs all over the world, and
the somewhot hapnazard menncr in which this professional cilre ias
grovn up till recently, iave resultcd inm multivaricus courses being
desizned for the up-dating and training of programmers.

s

n

Systematization in recent years haove lead Yo tic following
well-defined epproaches to training nrozroirers:-
(i) Offering, sequentially, a hicrarchy of inmtensive courses
sandwiched between periods of on-tne-jicb experience or offering
of

('

the same set of courses secrially =itoout breni: to forw par

a Technicel Collcge dipleo.ia course, and thaen follow it oy a2

. s oz os s A s . . xand 2
period of ’appremticezhip’ in on Industrial organlzatlon(. )

{4i) Offering high-levsl undergroducic, post-graducte diplouwa, and

iaster of Science deszruc wrosriwiés in couputor sciences wi
reasonebly higi comtent of such suvject-areas s information
theory, sysben prograiv.ing, projramsming langunges and com-
pillers, etc. 33 35585857

- -~ o

Llthough the avored ain o Tucse programmes is to produce

Iroundly-educated’ perscanel in computor science

™

e}
j-te

, it is cle

K

that gsraduates fro.: such courcss eould, with on-the-Jjobd

practical expericiace, bHecows coLsctent Drograimcrse.

ees/12. | jljé
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Dasic training in computer programaing has until recently been
left mainly in the hands of computer memufacturers, especially the
bigger ones, such as the International Dusiness Hachines (U.s.) and
the International Computers and Tabuiators and the English Electric -
perent companies of the International Computers Limited (U.XK.).

Whilst, at a basic level, the training of progremmers in this
way appears adequate, from the viewpoint of grosth of the trainees,
manufacturers? procedures appear to have two uain disadvantages:-

(a) Too often, the basic cducational requirencnts for these courses
appear to be low with the result thet this has tended to hamper
the development of thc ”graduates” of their courses into the
higher grades of the Programing profession. .

(b) Their courses tended %o be oo specialized and ‘manufacturer-
oriented? - an unsatisfactory situation in what is a young and

consequently should be, a ’mobile’ profession.

The rest of this section will be concerned with the training of the
higher-lovcl type of programmers - whose educational background and irain-
- ing afford them +the opportunity of growing into the higher - professional
classes, e.g. Systems programwers, and the type of Applications programmers
whose educational background and training afford them the opportunity of
being able to grow into the higher-professional class of Systen Analysts.
¥ith time, the bulk of this category of personnel is likely to come from
the ranks of graduates of the above-mentioned University progrzmmes in
Computer Sciences and similar ones,

Using Curriculum ’68 as basis (See Ref. 5, p‘154-160), it is suggested
that all programmers should take the following courses:-

(1) °COiLiON COURSE’ GROTP
Computer Sciences:
(a) Data Structures.
(b) Programuing Lznguages.
{e¢) Computer Design and Organization.,

.../?; 18
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(d) Systems Programming.

(e¢) Special purpose Systems; Elements of Analog and Iiybrid
systems, Communicction and Display systems, Peripheral
and Interface systemse.

(f) Operating Systcms.
(¢) Software/Hardzerc Intcraction.

Mathematics:
(2) Introductory Calculus.
(b) Introductory Hathematical Anelysis.
(¢) Linear Algcbra, and
(d) Introductory Probability.

From here on, some specialization, with the following goals as the
ultimate objectives, may be effected using the course combinations listed
below:

(ii) SYSTENS (?SOFT::ARE? PROGRA:ZIG

Computer Sciences:

(a) - Compiler Construction.

(b) Switching Thcory.

(¢) Advanced Computer Organization.

(1) Informetion Organization and Retrieval.
(e) Computer Graphics.

uethematicses =~ ™

(2) Function Theory,

(v) dlathematicel logic, anl

(¢) Probsbility Theory znd Statistics.

(iii) SCIENTIFIC APPLICATIONS PROGRAIL TG

Computer Scicnces:

(2) Numericael Analysis (Tatrcductory and Advanced).
(b) Systems Simuletion.
(¢) Information Organization and Zetricval.

»oc/lll-o
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(¢) Computer Graphics.

{e) Process Control.

+
)

cmaties:

0
c
£

Differential Bcuztions,

o'
~—

satris anipulation,

~ o~ e~ HE
A
N’

o~
O
~

Operations fesearci:,

(3) Optiwization Tacory,

(e) tiethematicael Statistics,

{f) Introductory Field Theory, and

z) Systerr Control Taecrir.
6 o

(iv) COMMFRCIAL APPLICATIONS PROGR/ZI TG

Computer Sciences:

(2) Switching Theory.

(») Systems Sirmlation.

(¢) Information Crgznizetion and Retrieval.

(d) Large-scele Informztion Processing System.

{e) idvanced Computer-based Hznzgement Systems {e.g. Fetwork

Lnalysis, Resource rllocation, Dusiness gaies, ete.)

Hathematics:

(2) Orptimization Theory.

(b) Operations Researci.

(¢) Provability facory ané Statistics.

(&) Coding and Inforuation Thsory.

Pro romiing experiencc is very vital to the success of the above.
programuc. This may be effected in any of, at least, the following
tirce ways:

(i) ‘he institution may organisc large real-life projects {perhaps

in conjunction with Industry) and make planned participation

in relevant projects & couapulsory part of a student’s course.

4.00/150 ;-
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(ii) The coursc may be given as a sandwich course, in which periods
in ’College?’ are interleaved with periods spent by the student
in Industrial Organisations and during which he participates
in real-lifee projects.

iii) Good performance in a fuily documented and guided apprenmtice-
ship period spent in Industry after the University courses have

becen passed may be macc e condivicn for an awerd of a degree.

Systei Anslyst '

The System Analiysis group { < ::. & loosely dcfined proble:, apyly
its professional training and/or experience in tﬁe problem-arca and
its problem-solving capsbilitics to redcfinc tiae problem in great
detail and reduces the solution schicme to 2 set of ’implementation
instructions?, c.g. system flowcharts, suitablc for programmers to
convert to computer programs. ifieirarchically, the systez analysis
group broadly couprises of

(i) Information analysts,

(ii) System Designers, and

(iii) Procedure Designers.

From ’job-function’ vicwpoint, let us consider the processcs
involved in establishing a computer-based information systcm in &
medium-size business organization.

Here (i) Informstion Analyst is concerned with

(2) Appraisal, in conjunction with Management of the
Information neseds of its organisation.

(b) Outline desizn in conjunction with Systems Desizners,
of a feasible Information System wiich meets the '
specified nceds.

(¢) Justification - both technical and cconomic - of thc
proposcd Information System. i

.o ./15.

15



- 16 -

(d) Honitorinz of tae installed system to compare its
performence with the initial design cestimates, in
terms both of costs and the systew’s total elffective-
ness in aceting the nceds of the organization as

previously cpecificd.

(ii) Systcm Designer wac is required to

(2)

(v)

(c)

(a)

(e)

(£)
(8)

Do detailed design of part or the whole of ihe co.puter-
based information systom;

Assist the Informastion Analyst, in producing outline-~
design of the system;

Analyse and produce detzils of the data-inputs for the
Computcr, the records to be zevt in the Computer, tiwe
results to output by the computer; the procedures for
identifying the required results and the inter-
rclationships between them for deriving the information
needs of the organization. He is required to provide 211
this information in a suitzble form, most probably high-and
low-indenture flowcharts, for application programmers to
use.

In conjunction with users and programmers. design input-and
output-layout formc for the Computer; specify volumes and
frequenciecs of run of programs.

Specify non-computer information procedures requircd vy the
system and detail the means of minimising transcription
errors in thesc »nroccdures.

Plan and estimate the cost of implcmenting the system.
Detail, in cooperatiorn with the information anelyst and
uscrs, the controls to be inscried in the system including

Trouble shooting, Error-corrccting mrocedures, etce

‘.'l../l7...
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(n) Check, with the Information Analyst, the operation of
the installed system to see tnat it .eets the informe-

tion requirements of the organization.

(iii) Procedure Designer is concerncd with

(a) Detailed design;and cheeking of all procedures, other
than the actual computer prozrams, to be effected in the
computer-based informction system. '

(b) Design of individual documents, mamuals and operating
instructions rclated to the non-Computcr procedures
involved.

(¢) T®stablishment of communication lines interconnecting 211
parts of the system outside the computer, e.g. users and
operators.

(a) Assisting the Information Anzlyst and the System Designer

in the trizls and tests of the system outside the computer.

Thus generally speaking, the Informetion Analyst, in conjunction
with Hanagement, define the genmerzl problem area. He then uses his high-
level ﬁroblem-solving abilities to produce dctailed specifications cither
in terms of inter-related mathematicael protlems and thc associzted cgua-
tions in a scientific application, or an outline-design of an information
system in a business-orientcd application, as above.

He has the further responsibility of justifying, both tecknically and
cost-wise, that thc proposed sciueac is feasible as well as being optizal,
in some sense. He exerciscs supervisory comtrol over the rest of the
project from here on, and monitors the completed systen to ensurc that it
satisfics the defined objectives.

The System Designer, in collaboration with the Information Analyst,
reduces tic above inter-relatcd system mocdel into an algorithmic procc-
dure in case of a scientific problez or to z dsteiled systen-design as in

the case of the buszngss-orlentcd information system above; he thdh breaks
eee/18.
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the system further down intc a systenm of flowcharts or eny other
form suitable for the programaers to usc; <nd defines control and
trouble-shooting procedures for the designed systen.

The Procedure Designer deals with the non-computoer aspcct of
the aralysis of the sysiem, producing manuals and operating instruc-
tions and detailing comaunication links between various aspects of
tac system, outside the computer.

Trom the above ’job descriptioz’® it’s clear that both the
?Information Analyst® and”System Designer” are presumecd to be
experienced personncl, well-trained in 2 broad area of computer
sciences especially Computer programming, ond whose specialization
is in somc application arca, such 23, Hanagement, Bnginecering Aralysis,
Counerciel systcms, Linguistics, Liorary Science, Physiccl Sciences,
etec.

For cach of them, high-level problem-solving capabilities, in
mathiematical as well as in non-mathematical areas, constitute,
perhaps, the most valuzblzs asset. His training mey take any of the
following forms:-

(i) Training as 2 vrogramucr as previously defined, folloved by a
period of work in the field. Then further training in some

specific application zrez such &s lanagemcnt, Engineering

Analysis, etc.
(ii) Initial treining in a given profession, c.3. Engineering,
Banking, Physics, Zccnomics, etc. followed by intensive train-

ing in Computcr Scicnces.

(iii) & hierarchy of short intensive courses intcrlcaved with periods
of on-the-job expericnce {Sce Rofercmce 1 - The Irzirnirg
package recently designed by the (Uritish) Hational Computing
Centre). '

In all cases, cowpetence in systei analysis rcguires wide practical
experience. The further training specificd in (i) and (ii) above can be

achieved with current University post-graduate programses in Computer

13
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Scieaces (See Keference 5, p.163-184 - :nster’s prosramme; Reference
7 - especially tae Diploma aud thc .asier of Science prozrasmes) .

The University of Lagos Postgracucte Diploma in Computer Seicaces
is designed to produce systea analvsts {roa the ren:s of professionals
in computer-related disciplines such as Zngineering, :iathenatics,
Sconouics, ilanagemens, Operations Research, Systems Centrol, cic,

It presupposes that these students have adeouate vractical exXne-
rience in their professions and ressomadle preparation in Cooputer
prograncing.

The Diplomz is 2 one-year programmée in which students offer the
FLAN 3 package of courses consisting of (See fppendix 1):-

PLAN - Courses

(a) Muserical Analysis.

(b) ‘liataematicel Statistics.

(e) Systez Zimulation.

(a2) Computer ’Software’ Systems.
(e) mztuematical Optizization Technigues.
{£) Data Structures.

2acs student is required 4o do =& fair-sizz project either singly or
in a group.

Iae iaster of Science progro.ue caizove used to achieve the sare ends
especially with students who inivicdly ..2d less practical professional
experience than the entrants into toc ~“iploie programz:e.

The .iaster of Science projrzize 1c a two-year course. In the first
year, iie students offer the PLAN & package of courses consisting of
(See Appendiz 1):-

PLAN 2 Courses

(a) Numerical Analysis. |

(b) ‘*athemetical Statistics. T
(¢) Stochastic Processes.

.e/20, 19




(28) System Simulation.

(e) Couputer ’softwarc® Lysteus.

(f) Hatheuetical Optiuization fechniques.
(8) Information Theory.

{(3) Data Structures.

(1) Statistical Taeory of Linear Systeas.
(i) Decision Theory.

It is presumed that, exceot in exccptionzal cases, no student wili
ordinarily take aiore than eight cowrcez: the other tro courses saving
been talken to the requisite standard in a previous undergraduzte pro-
gravze.

In the sccond yecar the student cchieves spcelalization by choosing

& sct of relevant applicetion courses, e.g.

GROUP VI INSTRU: IINTATTON

(2) Process Design and Control.

(b) Advenced Systems Control.

(c) Statictical Theory of Hon-Linear Systems.

(@) Theory of Optimel Conmtrol
for spceinlizaticn in Instrucentcticu.

Each student is also requirced to do a large cesign or -rite 2
supervised dissertation. The design/research Eroject should be in the
area of specialization intcnded.

Usually, = systen analyst will initially speciclize in a given
application area. e would, by experience, progressively enlarge iis
area of competence to enable hiu deal dth probleus in areas othep then”
that of his initial specialization.

At the aigher levels, so.e of tue more important functions of a
systea analyst are (i) interactior with -ianagement, and (ii) Job Costins.
Thus it is desiravle that part of his dasic treining should include sone
elezents of :iensgement, suck cs Costing, Job eveluation amd Industrial
psychology. o

' eeo/21.
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5. Computer Harduvere Desipgner
Until quite recently, tac ortaodox .ethod of training a

Cozputer Yerdwore Designer followed the fellowing sequence:

Tasic professioral or academic cducation in clecirieal ani/or
clectreonics engineering followced Dy an eppreanticeship in lergc-sccle
elcctronic system desiyn with specialization in coiputor systeas.
Tusther devalopment irn this speciality wmas acgquirzd tirough sistonaii
training and experiencc on-tae-jov.

45 the quality of the resulting training Gevended largely on the
facilities {professioncl and physical) availeble at the trainee’s
orgznization, there was much varistion in awvailzble offerings.

Recent establishment of undergraduzte and post-:;raduzte courses in
Ccaputzr Sciences at Universities aad similer irstituticns n2s tended to
result in greater systematization in course - contaent and more in-depth
training ir the speciality at ax eerly stegc in tae professional career
of the computer hardware designer.

In undergraduate student iz Computer .ciences whose ultiuate
objective is 2 career in compuier i~rdware design should initially tacic
tae *Comaon Course? described 12 Section II, sSubsection 3, udove, and
then specialize by teking the coursc conbinations Lelow:

Computer Scicnces:

(a) Switching Theory.

(b) Sequentizl achines.

(¢) Advanced Computer Organization.

(d) Large-scale Informeztion Processins Systeas.
(e) Computer Graphics.

Engineering:

() 2asic ¥lectronies.

(b) Dizitad and Pulse Circuiis.

(¢) Coding and Information Theory.
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tiathematics:

(a) #athematical logic.
(b) Differential Ecuations.
(c) Optimization Theory.

Practical experiesnce in couputer hordware design is very neccessary
ir the course of the undergraducte trzining. JAssociated laporatory
courses snould tacrefore be supplenented vwith plaansed wvacation attscua-
aent at Tthe approprizte secticns oi o computer mamufaciturer’s estaulish-
ment. .

Graduates of Electrical inginesring or Physics degres prozramaes
nay bve trained for professional carcer in Hardware design througk
specialization in a Postgraduate prosram. Onc such prosran is the
7ipplied Tardware” programme listed on page 184 of Curriculum *58%%, It
consists of the following courses:

(a) Data Structures.

(b) Hodel of Computation.

(c) Computer Design and Orgenization.

(@) Computer and Operatins .ystems.

{e) Computer Graphics.

(£} Ovptimization Theory.

(g) ‘iathematical Logic.

(h) Digital and Pulse Circuits.

(i) Coding =2pnd Iniormetion Theory,

supported with projects of a practical notvure in cozputer applications.

The ﬁhiversity of Lagos kaster oi Scicence programme in Computer
Sciences mey be used to achicve the saic ond: The student oifers the

PLAIT A subjects stated in Subsection L ghove im ais first year.

In the second yecar, s student whose carcer objective is Computer
‘hardwerc? design will teike tue Sroup 1 set of cowrses cousisting of
] . o

(Sec Appendix 1):

oo6/23o‘
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GROUP I - COHPUTER *ITARDVFARE’ DESIGH

(a) Theory of Coding.
(t) Design of Dizital Computers
(¢) Structure of ilodern Conputing Systess.
(&) Computer Graphics.

Relevant pre-requisitc subjects arc presuzed to have cither been
cken in the undergraducte years, or during the first year. They consist
of (a) Hathematical Logic.

(b) Introduction to Computer Design (Jesic Electronics).

(¢) Logic Circuits.

The main difficulty that would be ecncountered in the training of
this group in Lagos, is thc provision of rezl-life expericnce for tue
students in ’Hardware’® desiga in the absence of local computer wmanufac-
turers. & design leboratory is plazmned but this can hardly be 2 satis-
factory substitute. In the near future, further practical training

overseas appcar to be the answer,

6. Computer Scientists

There is now virtually a generel concensus bota in acadenic and
professional circles that the training of computer scientists should
be through University postgraducie progremmes. The candidates for
this programme have first degrees either in Computer Sciences or
some other discipline - In cases wherc the first degree is not in
Computer Sciences, arranzements should be wade, for example through
use of undergraduate ’electrives’ —hich can be taken concurrently,
to ensble the students meke up important leficiencies in their tack-

ground.
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In Nigeria and similar Developing countries, there is an acutc
shortaze of cven non-computer oricnted professionals in many areas in
which couputer technigucs aeve been fournd valuable in other countrics.
This means shortages of nersomncl ulic, because of their professional
treining will, at lcast, te able to identify tiucsc arcas for possible
computerization. This fact has tended to nnrrer dowmn considerably areas
of applications of Computer Techniques in Developing countrics as shown,
for example, by thc ?Sccond Interim Report of the Computer Centrazlization
Comaittee? -~ Lagos 1968. For ihis rcason, the University of Lagos ifasters
of 3cience degrce programe offers an umusually large number of speciali-
zations in the application areas, in its second year. '

Tn the immedizte Puturc in Nigeria and siniler Developing countries,
the order of priority in Computer Sciences should be

(i) ipplications -Scientific, Engireering, kznagement, Administra- ‘

tive, etc; to cnsure maximum benmefit frow computerization;

(ii) Systcus programming - to reduce current almost-complete

dependence on the lLianufacturer’s agents, and finzlly
{1i3) Computer Design.

Wiilst cach of thesc aspects should bc reasonably well represented
both on thc faculty amé in the stadent jopulation, in a Universi
programac, it is clear that relative weighting {in nusbers) siould
recognize thc above priority.

Computer Scicnees iz 2 ’practicol’ profession. that Curriculum
’68() rofers to zs *Thecretical Compuicr Scicnce? spceiality contains
only one or Fo morc courscs Like ‘Artificizl Intclligence’ and ’Combi-
natorial Analysis? in vhich intczsive research was being done, not
recommended Tor the other {Applicd) speeialitics omumcrated. This is as
it should be, but it does not make this a more, or less, desiradle course

for a person whose ultimatc goal is an academic corcer in CoLpute- e

..’Sii.
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Thus in a2 Computer Sciences prozrarmz, considerable euphasis
should be placed on the ’practical?’ aspect of the courses. Rezl-
1ife projects should plzy = conspicusus role in its ciferings,

‘Therever possible industrizsl aud researech projects should be designed
ir collaborztion with organizetions wrofessionally active in couputer
sciences. There should be full perticipation boti of students and
faculty in such projects.

Research atility and experience is ordinarily an important cuslifi-
cation, for a University teacling post. This is cven imore so in
Computer Sciences zire>. “eosuse the discipline is reletively young, the
Prontier of knowledge is moving very fist. For potential faculty
nienbers therefore, the postsraduate programes should enpaasize resesreh
techniques. Although procedures in Doctoral snd post=Dectoral pro;jramuies
will vary somewhat from one institution to ancther, coordination in terms
of choice of suitable topics for research snd some standardization in the
requirement, both in breadth and depth in the research area, to gualify
for degree awards, is necessary.

For a long-time yet however, it is cle:zr that meny Computer Sciences
faculty members would be people who had initizl training and research
experience in related aress, such =s imgineering, H¥zthematics, Zconomics,
etc., worked in, and nade significant contributions to, Computer Sciences

and have coie 1o regard themselves as ncthing else sut Couputer scientists.

7. Directors, etec,

“hese zre leaoders, toth of men ond *tuousnt?, in the profession.
They should be able professicnals, with u wide range of urofessionszl
experience and recsoneble professionsl standing. the development of
Computer Sciences and rechnolozy nas, in receut years, been so rapid
that it is no longer either officisnt or effective %o have 2 'pro-

fessor of musicology ruan a Computer Science: fepsrtment or an  °

eas/26.

25




26

accountant head en Indusirial Somputer Orgonization’. Techno-

cracy should te in tae aceceniance nsre.
Tuilst a Director/ssnsger would have lis oum specialiszation,
it is clesr tiat he nceds to ue vory fumiliar wwivh arews of

2 osadicion to

Cozputer Sciencss other tuan nis cua speciality.

technical coupetence, numan rel-fiome, orgsnisational wnd lLanaze-

ent technigues woula be sows of tiae reguired tcols. Ability to

con.unicate effectively rould nhinve Teea leorrnt Guring :is

prozzessive climbd to this position.
5:CTPI0N I1T

‘Trensfer of olmill

Trensfer of siill in Couputer sciences oné rechnolosy 2 veveloped
to Developing countries in the lust tuinG of the tuecniicil century is, in
weny vays, similar tc tie trensfer of Lagineeris; siiiis from ssvelopel

to Develooﬁg countries in the first alf of tie century. .- in Tie cas
of Ongincering then; so it is with Couputer Sciences nos:
Developing countries, by ond largs .
(1) were net sware of tae exlent to whdex both fagineering Science
and Tecanolozy counld sifset Hizir iraditional sutloo. i
various activivies.
{i1) thought thet the apoliicotion of Engineering bechnicues misht
we the snswer to sove o Uioir icoaouie snd Scelal probvlemsy
L2y uere <fien not svre to vt civant.
(iii) often lacked tae tochnicel oxpertise and finsnce to mount ¢

o
.Aw (S

Progran that could aignificant contribuvion in changing

LT e e ~
the *spotus-guo’.

To the extbent that they weve wrore thot dadis should be dons, They
started projects that were ill-coiceived, too s.:21l ix siza and 4900
Yimited in scope to te able to @l tuch Impact. Iost of these projects

..e/27.
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used second-rate persomnel, had most inadequate facilities and thus
mostly vroduced the kind of second-rate people who did more narm than
good to the profession. One is tﬁinking here of tae xind of engineer
who thought it was undignifying for hixu to use his hands.

The collapse or near-collapse of suci projects was often followed
by the kind of ?expert’ counselling thot tended to suggést alternative
projects that would produce sub-standard prbfessionals(al Courses
associated with such projects were often described aos being ’*practical?
and ’relevant to the needs of the country?’.

The azbove has been recalled only in order mecrely to‘point out what
saould be avoided, in planning for transfer of Computer Sciences and
Tecknology from Developed to Developing countries.

Happily many Developing countries are aware of the needs to acguire
the techniques of Computer Sciences and Technology. This is indicated
.by the fact that many of them do spend a reasenable sum of money - by
comparison with their expenditure in other areas - in this field. For
example, Nigeria currently spends zbout three million dollars per anmm
in this area on equipment, rental and personnel only.

The salient problems are:

(i) The acquisition of necessary skills in a form useful for

developmental applications.

(ii) The contimal updating of those slkills.

(1id) availability.of satisfactory Gomputer power at costs within
fhe reach of developing countries.

In the developing countries in which there arec data processing
installations, the facilities for training operatives and the lower-
levels of programmers appear either satisfactory or at least, can ve
made so quickly. . From here on, as the higher professional levels are
reached, the adéqﬁacy éf existing facilities diminish quite rapidly.
For this reason, the::ajority of personnel employed at this level in,'

ese/28.



Developing countries are non-nationals. Lor example, in Nigeria,
sbout 804 of all persomnel employed in the computer field beyond the
level of Junior programmers, sre cxpatriates.
It is thus necessery to set up educational projects
(1) To train professional Computcr Scientists end Technologists.
(i1) To train professionals in other disciplinary creas in the
use of computer technicucs to expeditz their normal worl:.
(iii) To provide general education in form of appreciztion courses
in the uses axd pctentizlities of computcers both to lianage-

nent and the general public.

Host developing countries are too poor, technically end/or financially,

to. provide these facilities for themselves. EIven if they.are 211 able

to make the necessary financial sacrifices to szt up their own indivi-
dual facilities, they will he unable to find enough able Computer
professionals to man them. Thus, it is clear, that cooperative ’regional’
approach should bc used in the setting up of such facilities especially
in the initial phase.

The United Nations is in the best position to implemernt the setting
up, botk staffing and financiﬁg, of such ’regionzl’ Institutes in zroups
of developing Hember-states.

As with the International Computation Centre in Rouc, subscribing
nmewbers, which in this case will be :iember-states in the region concerned,
may be required to meke both financial and technical zontributions to the
organization of the Institute.

It is advised that all trzces of political considerations should be
stremuously eliminated from the opcration of the Institutes. They shoulld

. not in any s2anse ’represent’ & supro-national political symbol either in

> terms of the facilities provided for, or the living conditions of, their
staff. Nome of these Institutes should in enyway be identifiablc as an
Pisland of affluence in a sca of poverty”. ZEeach Institute should be

eee/29.
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identified with the aspirations of the.citizens of the ’region? it
serves, It should »be, first and foremost, a centre of technical
excellence., It would appear that, in order to avoid the twin-perils

of political identification either with its host-country or as a symbol
of the Developed countries, cach of these Institutes should be located
in a University enviromment. Such an Institute may be built up from
scratch but to avoid duplication of effort, wherever possicle, an
existing organizaticn should be rebuilt and replanned to satisfy the
requirements.

Each Institute should

(a) Organise University-level courses along the lines suggested
in Section II avove and award degrees. '

(b) Give short intensive professional courses, very much along the
lines being developed by the (British) National Computation
Centre, Hanchester, England.

(¢) Pioneer co-ordinated application of computer technigues in
various areas of ecomomic cndeavour in the ’region’: for
example, proto-type computer control schemes for industrial
processes may be developed and thern turned over to member-
couctries that may wish to use them.

(@) Conmsult both for national governments and industrial organi-
zations within its region, _

(e) Organise periodic refresher courses to update professionals
in the region.

(f) Organise technical conferences and seminars for dissemination

of latest research information and technigues.

Fellowships should be available to )
(2) Bring gemuine experts, who are otherwise unevailable for a
long period at a stretch, to visit and work at the Inscitute.

.ee/30.
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(b) Eneble zble but poor rationals of Hember-states, who wish
to train in the Institute, to do so and

(¢) Support further treining of its students in Leveioped
countries, in those disciplinary areas where K 28 2 result of
the 'developing’ nzture of the member-states in the ’region’
of location, local facilitiss ~rc inadequate for the com-

pletion of the required trainiug.

Pach Institute should estatlish ficld-centres in ewck sehber-state
in its dregion’, to orgenmise locel public education and ap reciation

courses in Gomputer Sciences and Tecinolozy.

This project, if it comes to fruitvion, will achicve very little
except, either
(a) Computer mamfecturing organizations can rrow rapidly in
each 'region’ and provide thec necesszry equipment and/or
(b) Ways ard means can be found whereby rental and/or purchzsc
of Computing equipment, do not constitutec an unbezradnle
strein on the Economics of tie countrics comcerned, in terms
of, either the amount invsived =nd/or itz *foreign exchenge’

izplications.

Even if alterrnative (a) w7ere facsihle in the near friure - current
indications are tha+t this is not so, ~lternctive (b) would 5till nced
to apply in the interim period., United Nstions Techniczl Assisience
prograzme and the Technical 4id progrozmes of its Develcped Member-
states could be apvlied in this rree, hopefully, =ith considerable

success.
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Concludingz Remarks

The need to write the United Nations Secretary General’s neport -
for whioh this is a ’Resource’ paper - is an indication taati the world’s
highest political organmization rccognizes the imense notentizlity of
Computcer Sciences and Techmology a3 2n instrument for developuent.

Taat there is particular concera for the trcasfer of the requisitc
siciils from Developed to Developing Countries implics that, in general,
tae Developed countries arc coming to accept thet 7they are their

brothers? - the Developing Countries - Xkeepers?.

It is my sincere hope that tic project tiat resulis froz +*his
jnitiative by the United Nztions Organization will constitute 2 giant
step formerd in her bid to try to close the wide eccnomic gap between

the Developed and Developing countries.

Lagos: Jarmuery 1970

(YINKA.
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Appendix 1

UNIVERSITY OF LAGOS

INSTITUTE OF COEPUTRER SCIERNCZES

POST-GRADUATE PROGRAT T IN COMPUTER SCIFNCES

COGRSE LISTING

In the listing below:

1. ’Elective Courses’ refer to courses whose contents are expected to

be Xnown before a student emberks on the Post-graduate programase.

They are offered so as to iake ther available for students who ere

deficient in those areas.

2. Plan & refers to the packzge of ccurses which all il.Sc. students
take in their first year.
Plan B is the corresponding pacizage for post-graduate Diploma

students.

3« 1 unit defines 25 hours of lectures or 2’5 three-hour latoratory

periods or equivalent mixture of lectures and laboratcries.

” .../2.
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P2
Al
P23

P31

P32

PRl

P61

P81

Elective Courses

Introduction to Computer Design (Pro—regiusite=3acic Electronios)
Logzic Circuits (Pre-requisite F11)
Digital Coumputer Program:ing.

Numericai Analysis (Pre-requisite - Intraduciory userical

Analysis)

Probability Theory

:lathenatical Statistics (Pre-requisite P31)

Stochastic Processes (Pré-requisite P31)

Dynamics and Control of Chemical Processes (Pre-requisite

P32 or R.1)
Control Systems Theory (Pre-requisite P32 E;1)
Industrial Data Processing Systems (Pre-requisite P32)

Hathenstical Logic

void3
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v
E4
3
3l
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101
121

131

151

171

First Yecar Courscs

System Simulation {(Pro-reguisitc rF2l)
Computor Softwaerc Systems {fro-rcquisitc #21)

latroematicel Optimization Tocimicucs (Pre-roquisite Lincar
Algebra and P21)

Information Theory (Pre-requisits '32)
Dzta Structures
Statistical Theory of ILincar Sysicis {Pre-roouisite P32)

Decision Theory (Pre-reguisite P32 or Phl)

.. /b




Second Year Courses

Group I

21
212
213

2L,

Theory of Coding (Pre-requisite PiZ, PS1)
Design of Digital Computers {Pre-recuisite P211)
Structure of Hodern Computing Systems (Pre-requisite P222)

Computer Graphics {Pre-requisite P12)

Group 1T

213
222

223

22,

Structure of Hodern Computing Systems
Compilers (Pre-requisite P121)

lizthematical Theory of Computation and Symbel .:anipulation
(Pre-requisite 151)

Heuristic Programaing and irtificial Tatelligence {Pre-requisite 223)

Group ITT

22
23

Information Retrieval {Pre-requisite 14l)

Automatic Information Retrieval (Pre-requisite 2,2)

Group IV

261
262

263

Self Organizing Systems
Computational Models {Pre-recuisite 261)

Advanced Computational lodels (Pre-recuisite 262)

.../5.
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Grcug v

272 Theory cf Operations Research (Pre~-requisite FA41)
273 Apvlied Operations Research (Pre-recuisite 272)

232 Advanced Optimization Technicue (Pre-requisite 131)

Group VI
251 Process Design and Control (Pre-requisite P22)

282 Advanced System Control (Pre-requisite P61)
283 Statistical Theory of Non-Linear Systems (Pre-requisite 161)

28 Theory of Optimal Comtrol (Pre-requisite 232)

Group VII
291 Computer-Aided Design (Pre-requisite P21, 214)

292 Analysis and Design for Auiomated Mamufacturirng (Pre-requisite
P21)

293 Computer-Aided Instruciion (Pre-requisite P21)

.0./6‘



PLAN A
P23 Numerical Analysis
P32 Hatheuatical Statistics
P41 Stochastic Processes
101 System Simulation
121 Computer Software Systems
131 lathematicol Optimization
Techniques .. .o oo
Ul Information Theory
151 Data Structures
161 Statistical Theory of
Linear Systems .. ..
171 Decision Theory
Total:
PLAN B
P23 MNumerical Analysis
P32 Hathemetical Statistics
101 System Simulation
121 Cemputer Softwiare Systens
131 liathematicel Optinmization
Techniques «¢ oo  os
151 Data Structures

Total:

bmts of Totel Tumber
Leeture| Laboratory of Units
Z 1 3
1 - 1
2 - 2
2 1 3
2 1 3
1 1 2
1 -
1 - 1
2 1 3
1 - 1
15 5 20
Units of Total Number
Lecture | Laboratory of Units
z | 1 3
1 - 1
2 1 3
2 1 3
1
- 1
) 'Y 12
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