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tion and implementation ot suita.
ble systems. the eonditions to-day
afe allered, The expertise in sys-
tem analysis i+ ne longer the pre-
rogative  of the manufacturers.
Lisers can handle these problems
mmpetentlv by and large. The
Computer  Society  could il-o
further contribute directly in help-
inyg the users in this regard.

19635,
Indian

As early as in December,
the Computer Society ot
hiad advocated the setting up ot
reglonal computation  centrex  to
maximise the return on our jnvest
meptl in computers opn a  nationul

bisis This concept, which is gene.
rally finding acceptance now,  will
qdl for considerable coordination
and organisational eflort gy plane
USER LIAISON ) “
Manufacturing programives that
are curreutly i vogue it the
country would need restructuring
based on user experience and  po.

tentialities tor further areas of ap
plication. The Computer  Society
of Indig should bring about the
pecessary user lalson.  and  pro-
vide feedback into the manufactur.
shag ares futr improvement in sy
tems hardwuare and softwire,

In the leld of education, there
huas been much cautuston  caused
Litely by the  proliferation  of
arasnisstion.  teaching PrOYLat-
ming. systenss onadysis, ete, While
vie cunnot have any valld obee
tion to any organization inporting
training and gelting puid for #
there are Cases in which wpplicants
are misled with prospects of em
plovment wilh fourficure s~alavies
el the end of 1 3-month course, s
obly an ipstgnificant proportion of
thos¢ who go through these coyr-
s thuat get employed. and that too
perha only because they wore
already associated with an orgung-
zation which had installed a com-
puter. The majorily of the studeuts
who had hopefully diverted them
selves tor @ earcer o~ program-
mers fromn other opportueities et
dizillusinned.

The time B not vet fpe in the
country dor "Frechinee proseams
Whilst the elemonts of pro-
gr:'mmm;, ran we hearnt theough

By L. Col. A. Balasubramanian
(Pregident, Computer Society o1
IGITAL  c¢omputers made Chapters at Bombay.,  Culeutty,
their appearance n india Jamshedpur, Hyderubid und
m‘mmd 1056, a decade after .-‘\hn}edubud Mare ‘(kmplors uty
their appoars L the U.S comitg up at othoer ventres of
1 bpearance in 1€ Lo Computer acuvity  sueh ws Delhd
with the installation f" _”“’ and  Rangalore, The Chapters
HEC 2M, at the Indian Statisti  have been  orgunising  moothly
cul Institute, Caleutta The mestings and seminars and gene-
growth in the number of vy rally  lostering the understand.
tems was initially rather sjow. itg of compulers
However, since 1962 the  Tum  The Society currently relies fm
bers have inercased  rapidly the turtherunce of  ils aims on
and to-day there are over 120 the medium of  meetings thut
installations in the country enahle commumuill;m through
- - pursonat  contict Wwse meefings
Hlt wa;: e Uu)-( initintive ot Frot which are held on a monthly ba
arty B Huskey, a well-known sis at the Chapters culpnnate in
name in the fiold of computers, an  ahnwar  threeduy  conference
who was in bndia as a Visiting dudging by the Tactive pirticipa
Professor at the 7T Kanpur, ton ahd mnlr_mmmm #l these
that an organisational meeting «.-unfurvnl;'w whirh have h%vn !wﬁi
of computer users was culled at at Bombay  Caleutii, Hyderabad,
the IBM Education Centre In Raupur and  Trivandrum over
Delhi on June 6, 1964, Thix was the previous years. and the o
attended by 16 persons from var terest eyvincerd in this  year's
ious institutions and the Al-le mweeting ot the College  of Engi
dia  Computer Uners Group beering  Guitdy. in Madras on
(AICUG) was formed. The prl January &9 and 10, 1970 the
mary aims of the Group were to Society can  Jook buck  with a
organise, develop wnd support kense ol achievetwent  on o its
computational  activitics and  im  growth durine  these furmative
prove the efficiency of computy vears
tignal processes in the country, The US1 publishes o guarteriy
OBJECTIVES News-Letter, These NewsLetters,
. aps f ks riding iuf i
The AICUG met fop the firsy PArt from = providing ' uforma
time at the TIFR in Bombay in {, < ¢ . N il
Oectoh 464 A : ious Chapters und on the trends
October 1963 At ity second meet- " 'the computer  field  in the
Ing ~at lmnpur in ~December. couniey, contain articles of a te-
1964, it was generally lell thad yppical nature desling with ap.
there was a vital need for a proo opication wreas, programme deve
fesslonal bods which would have Jonmont and so on, The  News
&rga%negmcwwjflv?s leh:;: fuznr!(;gg Letter nlu to be hoped. would
b : o - seont evolve  inlo o guarter]
o B¢ AICUG was.  therefore, e S04t ' parterty
formed into the Computer Sotie-
ty of India (CS11 in December, AN " [ -
1984, with the following  obier TREMENDOUSN FOTENTIALITIES
tives: ('mnpuu‘ls the  most sigaifis
(1) To organise, develop and cant wduets o lechnological
support  computational  activities endv.wo roin this era ot Iul\-le
and improve  the efiictency of ctronies | forming part of the ele
cotmputational processes in IndFa; li'nml' ;x.‘:ul h.-n-u.;_ ’u»nlrlh\l(t‘d“ Ll:
(2) To increase the flow of in- the extens (_m. [ s atelleg
R by electronics In a4 developing
formatlon foc the benefit of all; N 3 . =
veonomy  sueh  as o oours, we can-
(3) To exchange the benetits not aveld  falling - line  with
of the experience gained in the the developed countries in sdop-
field of computer and informa- ting the tremendous  potentiali-
tion processing, ties  zainedd by these advances 1o
v i solving  our iy ctodiy problems,
(h To take active alebs W vy, Gdaption a1l naturally make
cating peoble in the field of com | geratde acmands on vie cdu
puters wutinual ~ystems  research and

(5) To spread compuler know-
how and applications.

(i) To create a brotherhood
amongst the personnel cngaped
in such pursuils,

The C851 has rapidly grown In
strength and also in ifs  activie
ties. At present, it has 70 institu-
tiopal members and 275 individual

members, The -ma%'or computer
installations, manulacturers, de-
sign groups and other users are
represented oh the Society
Puring the eurrent  yoar, the
C$1 has™ significantly cnldrgod its
activitics by the formdtion o

development mynufacturioyg
activities the country Our
nest genevation will have o de
velop a sense of appreciation of
computers  and  their  cupabilities
B the same wav as the present
generation b ot smaehities,
cuchios, and so on.

Must 0f the members of the So-
viely have been involved directly
in their individual capacities  an
the improvement of the efliciency
o vomputer processes and educa-
tion, While early in K2,  the
potential users hid 1o be eatirely
guided by the manufacturers’ re-
presentatives with regard (o sclec-

such courses, trdining in systems
anitysis cannot be ea-ilv ohtoiped
tirough casual courses.  Syatems
analysls s an ared wWhere expetiise
has 1o be buitt up in every orzan-
satton primurdy trom within® (o
mateh  up  with  Us particudae
regiliremmends

BROAD-BASED AFPROACH
ESSENTIAL

The adgue “specildisatipn jeu
to trwl.zht\ is true in dompute
sciences, in spite ol the rapig ex.
pansion of information growth in
the vuarious disciplines. Interrela-
tion belween these various  disce

proach _very pecessaty, The Com.
puter Society should  create  am
.dmmphcre wherein all disciplines
that form part of the computer
scienees ure hrought together  to
torm a professional activity which
miy be termed Computer Engineer-
ing. Rased on the hroud definition
0f Pngmoorm” us the appl_ic*mon
of setente to inereasing prosperity
ol mankind, such an acticity would

plings hus made » broud-based ap- '

include fields such wx medicine,
pryvehology. socviology,  economics, s
educalion and management, b
The Society  should,  thetefore, |
strive to create this  hroad-bused I
understanding and alko  establish
high protesstonal standards.  Fro-

terrional standurds uve not precise.
Iv definable but there is no doubt

that W tRbuld endesvour te build

up eth professionul  behuaviour ¢

and social xeﬁmnw\nhtic\ amongst

! l

l

1

J

|

the menygrers order to estahlish
the S ax the aceepled  projes
sional bodyv in the computer feld
e the voundry.

There 1y oo doubt that comput.
e and intormation Provessig
activities huive altained  sufficlent
maturity u Indic. The  Suclety
~hould enlirge s activities  tor
wards the achievement of its ob-
jevlives purposetuly.  Our oblipa-
Loy ax spectalists and competent

protessional  personnel  are  very
cleur. X .
The Computer  Soviety of India

acknowledges aratefully the co-
aperation of Tur Yasee and  the
advertisers it the  production of

this Supplement,

_i'oinputer Ce
Guindy Eng.

By Prof. K. S

College ol

ool

FIVIE  establishment ol
puler centre at the Collepe
ab Engineerg, Guindg. with an
THAM 1620 marked the beginnming
of fullscaly tigitad computer
aetpiies in Maodiis
Kiney 1065 the College
wilepinyg,  courses i programnin,.
pamerieal analysis and  conputic
tronel methods fo engineering =ty
dents and teachiers wl appropriale
fevets,  The Coltege has been the
pivneer centre for three sdvanced
Summer Schools on computer pro.
crathing and humeriesd anadysas
at e o Indie fevel cgmee 1
Loenpputer Yipe Wlen availuble
tar resenrch by atudents and sfutf
ol this Colleve, as well s other
ciducenonal and reseutch dnstitus
{inns
Through
Terejun of
cwy diveey
his
nount
seareh
By wayv of
phication, the centre h
cd o computer’  programme

a Lon-

hu~ been

1w

sl courses
faciliites  and by its
tnvedvement,  (he Cal-
stimulated  considerable
computer-orienied ree
developme!

and e

of
anud.
an administridive ap-
develop-
{or
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Computer Design And DéVeIopn'%?e;nf*jn India

By Dr. B. Nuog

CTIVITY in the area of vlec :000004000. .

tronic cnmpute[- dev‘ulnpm(‘m : The fifth annvol generol conference of the Computer
sarted o Judis 0 104 ot (W3 Society of India is being held in Madras for three
ata Instituie i S
Research (TIFR), where a pilot s g"‘,"dﬁ"m e Chavdhon inee
model general purpose computer 3 uindy. Dr. B. D. Nag Chaudhuri,  member, Fidn-
£ : leted  in 1956, Subse % ning Commission, will insugurate
was comp TR ) '«  Mr. P, Sivalingam, Director of Technical Education
quently, a full-scale version wus o Tamil Nadu, will be
commissioned in 1960, This ma 3 am ' !
chine, named TIFRAUC, was ifi o session,
operation till 1964 and many ear- ¢
13? computer users in the country : {Programme on Page IV)

had their first experience of aw-
tomatic  computing using Tit-
RAC. The pioneeriug project ‘Il
b RAC helped to spread computer
conscioushess wnong the resear
¢h scientists of TIFR as well as
other institutions.

The TIFRAC project. carried out

in the first generafion computer
¢rit, used the electronie hurdware
resdily  avadlable  at that time,

pamely, vaocuum tubes. sc_miton(!\:c-
tor digdes and the territe  core
memory, The design of TIFRAU
was in pace with the tute of the
wrt of the time, But the ppectacu

ter Centre at

r Eng.

By Prof. K. § Hegde

coped, College ol

ent ol a com-
at the Collepe
uindy, with an
L the begituy
1l cotmptiter
i,
‘wlewe hiu- been
) programnin.
and conputic
erineering Stu-
L oal sppTopraty
e hus been the
three sdvahced
1noconplitel” pro-
mertend anadysi-
st sahee bes
1l avaddsble
pder - and stut!
S oveell ws other
seseidvh o dnsbilee
rour-e-  and  ex-
tes  and by its
ement,  the Col
ted  cunsiderabie
uter-orieniea res
pment,
dminjstrative ap-
tr¢ h develop-
procramme loc

College

Foogirerifg, Guictfygt

proces=ing the resnlts of the exa
rainations ennducted by the Lol
Nadu  Poard of CTechnival Educie
i, Uhis progremme has beon
i, operation  aor e past lew
Avar..

Computing tacllities  huve since
heel, esbublizhed Wl the tnleprid
Courh ctory, Southern Rallway,
1M, Binnyv~ and the Pliysies -
partimert ol the  Unlversity ol
Mudries. Phe Lt ope ix eniatly
ceteled  to o scdentifie g researely
v hiite the others wre “primnarily
concertied with munagement, pro-
catetion eontral and aecounting,

Aadris how Mhts revorded  an
sll-round  development in compu.
ter aplicetione,

The College ol Frgineering
Crindy, deems it un honour to
faave this oppurtunity to host the
fity annual conference ol the
Computer Soctely of India, It i
vur {irm belief that the delibera-
tiens of {hi- Conference, apat!
fronit their technical coutribution,
will eerve add considerilily to
the eompulet™ awareness amony
the studenis and the various pro-
fessionul members In this

Iz

vPrates<or of Electtouics

reaion.

000000000..._’...00000000000000.000‘000000.000

Yur and rapid progress ol the com.
puter lechnology  eisevwnere asude
Woan ubsolescent fiesl generaiion
mochise by the tinie it was con
pleted, aleng with ull other mua-
chines of the period

The first attempt in Indla o de
velop a general purpose second ge
nerdtion computer vy uhdertahen
Jointly by the Iudian Statistical o
Aitute 8D ana the  Judavpur
Liversity in Caleufta in W63

The newly formed depirtment
of Eleetronics and ‘Tele Communi-
cation Engineering ol Jdadavpur
University  welcomed the idea of
the Statistical Institute to take up
w programme juinty to develop &
coalltoaquedium  sized  computaer.
‘Liis - project, while necessarily -
mited in scope beeunuse of Conside-
rations of cost, Decaine operatloigd
i 1966 and was christened ISLAG-
U ulter the mames of the two dnsh-
tations,

Both the FIFRAC and the 151
JUAL projects resulled o the grow.
1ii ol a4 hard- core of persannel in
the  eountry  with  projessional
huowhow  hin bhe  vadsous factis
ol computer technolopy. The
ISLIU-T has been used i teachs
iny  programming  and o compu-
ter cireuit desjeo, as well ws o
solving research problems of mo-
derate : The limitations ari-e
mostly from the limited memory
size. A notable use of this compu
{vr has been in a LN project of
ir]d\]»(l'iatl planoing in south. Fast
Axin . .

Both MIFRACQ amd ISLIU-T were
Luilt  weing imported:  electronice
vomponents and peripheral  units
The semitonductor  indu-iry wies
started in Indin io The early 6O
primarily 1 meet the needs o) The
enterlainment ndustyy . It oniv
in the Jast 2 vears orf so it s
ndeonductor  desviees suitabic tor
highepeed relisble  cotputer ap-
plickdions,  Buve becoine  availiable
ivcally.

The Cumputer Lhivision of  the
Flectronte Group ol the Trombay
Atotnic Energy E-fablishment. now
knowi us the Bhabiba Atomic Re
search Cemre (BARCYH developed
4 general purpose analoy compu
ter In 1900 tor handiing engineer-

to-day at the College of Engineering

in the chair at the inauvgurul

(2222222222

the gonference.

[ FYS TSR R LRSS AR S 0l

g problems primacily ari-eed i
connection  with nuclesr reactor
de-rgns. Sub-equently. Ther pro
dudction  wdt manaactured  and
~old analog compulers oo seients
lie and tecching institalions <Jhe
Computer Group vestidated  the
pusstvle applications ot realtime
computers i the variour agencies

within the Department ol Atanic
Energe (DAE: and elsewhere
Tudia, and started o project in 145655

i develop sueh o comprter. JUowas
platined that the DAE-  nouly
torndd public sector undertaliny

the Electionies Corporation ol
[rdia VECH -t liyderabad.
would later manutacture and  sel!
thewe compiters uhoa cofiinerciad
IS

[eadtime computers. a~ distin
dul hedd dra genersl plrpee
connputers, care usedd o contrel the
plant mavhinery of ~teel. ety
leum. chemical and other plants.
ngelear veactors, ele, They dre aloo
used inoairtraflic controls aud su-
tedlite tracking and communieation.
Such vomputers supervise the com-
ples processes inoa reallime ene
viranment by aequiving all vitat
data of operations in progress. and
sfter: processing them. by zending
huek ontrol signals o direct or
puide e various equipment of the
compley almost nstantaneousiy.

EDUCATIONAL PURPOS

The BALC
fhamed

real time

M cormputer
Fhe 12y became

1 uperas
Ronul in 1969, and phd proup bas
abveady moved to' ECTL to 7 luuneh

their production programme. The
LDC-12 project has taken tull ads
vandage of docally  ovatlable e
condictur devices und oliter clec
tronic components, No mare than

I oper cenl o pt the direct cost ool
vemponents  wod peripherals o
produvipgg thewe computers would

be dn toreign exchange, The The
12 computer, apart from meefing
the need i india for realtime sy
fernn.would  olse be uretul e
vording to the designers. tor edu-
cational and traiming purposes. The
production  progranime ot compo-

ters at RCH. marks an important
ctage in Indien Industry. as nou

the countey is ready for the nue

ard Coewiputer Scievce, Jmdavpor Unirersitg, Codcuttay

nutacture af computers compleiely
aveignesd i Indhi

The Computer Groaup st the Tyta
[ustitute of Fundamental Research
turned its attention to the design
ul speciad purpose computers with
indigenous electronic  component-
atier the nstallation there of A
CHC 3000 T60A  ~vatem in 1964 to
ftunchidn ax a midionel  romputa-
tionunul lmlu_v_H this eftect, they
slso took Tup the problem of de-
sitning g reabtime  daty proces
sor. OLDAP tOn-Line Doty Proces
worr, which Ras "some -similarities
fo the TLCT2 an Hs desitn appro-
aches,

At trom the  developmental
eftults we have been discussing o
Lar, Hiere Nave alwo been  some
speaabised  sysiem s equipment
warelopment  activities in Il
that fall in the catedory of com-
puter fvehniques. The most sign-
Heanl of tiese a'v Te essipe swit-
cirbng electronie exchunue now e
wer development ot the Telecom
munication Research Centre of the
Uese and relegraph Department in
New Dedhic aed  daticlogging sy
tems develuped  at the  National
Avronautical  Luboratory.  Bango
lore. Detence tesearch laborator
may Wl e developing special
purpese sy-lems.

FLECTRONIC DEXK
CALCLLATOR

Lpectal purpese comphiters . tor
nuclear vestateh. and multichannel
wialy wwra have becn developed
New projects continue o be taken
up in these areas at the Atome
berygy Department’s resenrch
centres, as well us al one or teo
LR T ity Anuther  eguipiitent
on which mueh attention 15 now
torussed 15 the electroniv desk enl-.
culutor, 1t muay be expected Ul
thix will be lolloned by the deve:
fopment of midyget compiters.

[he tajor problems that - con
front divelopment projects in the
area ol cofpoters in dndia at pre
~enl, amuindy arise from cotapo-
nent Wi peripherad non-avedlubi
Iy, The (pes of hasic hardware
items requirpd in compulers cover
aowidle rahge, iz semiconduetor
devices, diserete resisturs, capact-
toes aud pulse trunsformers, priat
vl cirennr boards. edye conneetors
and cable conhector- tu e
somie iportant odee Intenrited
ctreudls and  mecroclectronie puck
AEes O Were wailuble o the
West  in the eariy 600 and o
cupstantial  commercinl quuantu
ties. about 15 The third genes
ralion colupaters  were  ushered
in gpround that Gowe built out af
intedrated and hybrid eircaits.

1t is nnlortunite that the  ECIL
programme. taking shape . in the
70, hu~ lo be bised on  second

peneration (echnology  <because ot
the nonwvadiability. locatly. of mi-

Continued on Page IV
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ood Scope . | s
‘ ’ By Dr. Mathai Joseph e e
(Computer Group, Tata Institule  of Fundamental Research, Rombay!. . L™ s
HF.RE are two components to s')ﬁg't(‘m prnm'ammesd becomes 5;}hﬂuzlel\gl‘l_wll.\ H;d(‘dl il‘)ﬂi"ﬁ";‘;!ﬁrw-v-m
. i ar w ; sider h a 1% requires nol ouly puliinb B ,
the complex and  sophisty: 5‘1‘(;1‘.1;)[,[0};.(‘1\“,(,‘:.}?‘; consi ow aceuriey but also tairly intimate avtas popmow
* cated collection of cquipment we - o L knowledge of the mu-\')\.ax » v LStATE PROGREVE
call a computer savstem:  first A computer is an électronic mi- of lheg\_umnmr, m._km 'I(r:h'
the) < 11 hvsicil ‘ . Y vhivie which has the capuability of for an expert. Progrommiy thy
ere it e r”‘\‘w,‘f CQUenIEY. yuping information and which ean early computer wun, therefore. w °
the elrctramechanical devices perform calculations  using  this \;‘dmu; jobr il iU W w{ evident . -
; - . ati P . qreuds that the us-e ol cumpuiers woitid '
N . W deviees whieh, ntermation. For redsons ol oreud b
and ”", m‘l\m_m' fevic . .h_(_hl Ly, the information which it stores tol shtead \H\Hl 1w s mde paswer .
tagether, represent  the  Chards 0 P a Tarm o1 bingry numbers, for the overase soentistoenainea
ware' of the svstem:  secondly.s mame of these numbers vepresent ot bustiess vy, ta wetde pro
theve 1= the corpus™of  program. tusiructions o the computer  angd Mes.
N . A N - at the are thwe  duta 1 A ) NN
mes whieh provides the instrie \:‘I‘!‘l\(('h “lh!"ﬁ; rl‘“nkl‘r:('(u‘w(nc ;n":- 10 ‘l‘u' ]“h"i ]i‘ll'“‘“l“\ml “Als Ilull“dunt#
i ; o L,oour ! the inTroduagtion
tions far the scquences of ope- pecformed = The instructions  are ‘I:i‘\)’lﬁa‘fr'-le\:{' i m_(fw'_”n‘r;““ﬁ, Lan- SUREMATIC OIAGRAM SHOWING TwE
T TR ) v B wramming L
rations to be performed by the senevally faily simple wnd WAy B e wre artiticial Lan

ser{orm stuch actions as  addition . ! ! -
computer,  These  programmes ixkz?‘xtrx(ﬁmlll_ multiplication or com- \E:'l(‘)?utwl (’:)1:;_'11'((::;‘-[1'. T\(]“:”' (‘llll \;,.ll.::
8 - characters : 3 i~on, hut u l‘\rﬂl‘ Humbvr of bon ol patiicuis o> o _
term software’. Software - -\'mh(‘~l/l‘d out of Ihl'*& elomen. srammer o glive n-truchions _m M1 Linvuuge. Thus, the computer i
cludes not only the programmes: fiyy steps mure easaly o understood Formal L ud not enly tor the actual solu-
ey . . N fe . than the boie mstoaclon code A Hon of the probiem but alse tor
tn_pm_lmm. K} W RCTICS Q “m_‘- The drawhack in using just wa problem coded 1w Wiy her level The transtalion of the  problem
plicated culeviations but = also bgsie inetructions iso however that lavuu: his. however, 1l m_hr‘ trom the  hidherdevel  langaage,
the svalem procrimmes which thy programmer i~ required o cortverfed 1o tlus biede redruction * i .

allow o proweammer to stabe=hs hrenk down his problems  into a code heiore it can be executed by ’I'hzf"ﬁ(;h"ﬂlc'\'cl languages {such

probiem in an vustly understeod  Lice number of miunute steps atd  the nachine, il this gason 1 YRRTiAaN and ALGOL) ure de-

]anc‘.un;:v The reason one necds to cepresent hi- problem s o series periormed by o cA-tem prosean- duened to allow g yeneral wser o
-»

code hls gonathematival problems in
& tornl Moere durat to lum than
mere pmnereat l‘l)d(’ “\)l eXan-
ple. alvebrale equuations can often
B weitten down in =tandard alge
Degie potattan and thero are o
slpcetins suel as PRINT S wnd
B AL ete and the compiter  in
the computer witl teanslute these
instructions into the  pumerical
cade thut the camputer can exe-
cute; Thus, dn engimeer or a phy:
sicist can, wathin o tese davs, learn
to propramme hiz problem without
being too congeried with how the
compitler works

The next «tep up from higher
fevel languages was the intrudue.
fion o sLodard programime pace
Koades 1o pertarm repetitive opera
nans saek as iventory control the
solutton ot particular . type o
ditferentia) equdions, ete. These
pavhases mdmove even the burden
o P amming from the JARTAN
and aften al that is required s
gt the user specifios the  puvrty
citar characteristics of - hi< pro-
hlem

C“MON{TORS”

As enmputer svatems avew larzer
and more ecomplex, and o the
number uf peripheral devices (such
as punched card readers, printers,
muohetic tape units, ele ) inereas
e it hecante necessary to 0rgi-
st these devives =o thay they
operited efficiently,  This wis &t
responsibility that could not be
laft to vach individuial user. =o 4
supervisary sy-tem progr, e was
sllocated the duty of  controlling
thelr aperition.  Supervisors’  or
Monitors" a-  thes¢  programmes
are called, are complex program:
me= which attompt to optimise the
e ol the tactlities available Ao
the computer system by aliowing

- - 4 nuymber nf activittes 1o proceed
. - concurrently Thus. it hecame pos-
r:..'o ﬂnd focally made components to ) TU RN Jhic tor (he camputer to be exe-
substitute imporied ones; new production ‘ . "“”1“‘4 ot programme while  the

Cards ar A secotd prosramme
techniques that will make for cheaper products 'l'H _4 were bemng rend on the  eard
of high guality; improvements in the already high reader and while the output trom

standards, and new products essential dopreviousiv executed procramme
1o the country s economy. was heing printed In  faect, " n

mu\hp_rm;rnmmpd computers, the
[Theao ars the four aims that auide all Philins IN INAZ A D [ \C supervisop arranges  for  several

!l smmewevemien {o o he running  con
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b oand which ean early compuler wis, therelore. &
he  using  this tedious joboand it owas  evident L}
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L which it stores nul spread until gt woe made eiser
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binary numbers, {or the overase selentist, engineer (S
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PRINTOUT OF¥

the  duta on
clions are to be
petruetions  are
mple and  may
s as  addition
dication or com-
ge  npumber ol
rations  may  be
these  vlemuen

This  sttuation  was  remedied . PROGHAM RESWULTS
around 106 by the introduction of
Nigherdevel pragraniming fane
glipes, Thyese arce artificial - L
fuages olten desjosed tor the sofw
tion uf particular lypes ot pro-
Blems, bul which allow the Pro- o wiled the compiler for  that gramme ls, therefore.  the sala- ed here and, possibly, eyen ex.
srammer 10 Bive, DsIrctions 108 | eguge. Thus, the computer s ries ol the syatem desbers and ported, This  requires, primarily.
{rl“”“'u""‘"”-"_l ‘.“'d‘”‘"‘l”"d ‘;”'m“)\t tsed not only tor the aclual solu- the codets x)lx_v development ot ]‘i" lm-gp*e base
vt the baie pnstruction code ; L harable . ar . R T MO EEA T T now.how 50
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ple, algebraie equations can often SE0OS with improved technolowy. o ives  wo toreizn exchangpe

i ations ¢an OIEN Gy proportion of the tutal cost ted know-how. One
be written down in standard alge Lt T spent on sattware aill b and o imported  know-how. e
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Lyate potution aod there  are e 000 Lty a cerlain capubility in  writing
Jinenons sueh as BRINT  and CTUE THRES coftware s established, the pros
LEAL. ete. and the compiler in But, more importaut, the, types pevls are virtualty unlimited  for

The computer will translute these ot applications and system’ proge the development ol sophisticated
Irstructdons into  the  numerical rammes thil wsers require are programmes lor national require-
code that the computer cun exe vapldly diversilying wnd  after i ments and lor the export murket,
cutes Thus, au engineer or a phy- pohil. these programiies have to One could. then, envisuge —a tu
<ieist cart, within o tew doys, learnn be developed by the users (hein- ture where foreign computer mui.
to programirie his pmhlr-nf withoyt selves, With  the lower salary nufueturers and other organiss.
being 100 congerned with how the jevels of this country.  ther tions would axsign soltware con
compiter works, the tremendously compet tracts to Indian organisations  to
. : R possibility  for systein program- capitulise on the lpwer softwiare
The next step up from higher- e and paekages o be develop cosls here.

level lunguages was the introdue-
tiun ot slandard  programue  pac
Kades Lo periorm repelitive opeyae
Lons sl as inventory controd, the "
\ull‘l!iun ul particulnre type of —— e
differentid eguations. ele, These ‘ ‘&

packazes rdmove even the burden

ol provramming from 1he User, N FOR

Lnd often all that s reguired s 4

that the user specifies the  partic

lrul.nr charpeteristios of hi<  pro- .
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that they can and that, in faet,
they willl very  soon, Recently,
an  exiremely o, popular  movie
had, as its centrul chuaracter, a
computer  that could not only
think, but laugh. and cry, and
fall in. love. and hecome  jea-
lous! Of course, what this pro-
veso is not pecessarily that com-

I order to probe ddeeper into
the  relationship Letween the be
haviour ob compulers and that of
human  beings. we' have 1o for.
nulate  our orizinal fQuestinn
somewhaly  differenty. Jnstead ot
ashinig, can compulers unly o
pute  on  numbers?. Wi shoudd
Ak what does one mesn by com
puting on pumbers” M hat i~ the
madure ol this pracess thit we
FOCORIINE  Tar reler tan us vote
prtation ot pumbers? What 1.
it~ stracture? What are its wviri-
ous aspects” T owe cun satistie
Torily  answer thiese guestions,
tnen we canr praceed to enguire
whether other Gupes of behaviour
vhiamat behavioay Ve partien
Lary ean he descrihed in
terms: fthikms, ior
problentsolving ar
\\rillm'.: }ur ceneriding  speech;
and, maybe soven romposang mu
sie, and sOTRtructing thearies

Assuming for o mament fhat
we can. indeed. show  that thewe
varieties ot behaviour  ean be
deseribed in ways wimitlar to eur
dexeription o a4 computationr pro.
cessoon numhbers, we come to
e central question. does 1t
then  tollow thid  machimes pean
he o constructed 1o exhibit these
kinds of behavieur in much the
MO WAy as we know how  to
hutld  machines {0 carry oul i
computation process ol num.
hers? TE we can, in et build
such machines, will they Junk ex
actly like our presentday eom
pulers (e, bave the same struaee
ture,  and Hinction  simifariy ) ?
Or should their design be bhased
o complelely ditferent peinei-
plos?

Ty 1938 almost 4
the  first digifal computers he.
came  operationgd (he
oiecian, AM. Turiog.

example, or
reading hand.

decade hotpre

pithlished  a

semiinal paper  an o which he pro
vided  definitive  answers to onr
fitst set of questions concerning

the nature ol romputationgl pro.
cesses. He analveed the ~tructore

of a4 computation in ferms of the

of Studying Behaviour

By Dr. R. Narasimhan -
(Rrafessor, Copputer Group, Tatolnstitute of Fundamental Rageorch,
Romboyr. -
YAN  computers replace  hune behaviour  of an extremely  ele
./ man  heings?  Keience-tie- Menliry tvpe ol eomputer. Thesae
flon thrives on the pssumption Mochines are now koown as Tur-

ing machines. Juring proved the
remarkable result that there exist
universal Turing machines that
could imitate - the behaviour of
any other diven Turing machine;

atd these umversal Turing mae-
hines have exactly the same ele-
mentary . strocture,

AU finst sighi, this result mity
seem  somewhat  paradoxical, For.

ters are human, but that our ‘:::i"_'f:,‘;f.':-"'- v ‘!‘\(i.::g“ tl“‘,i\_’(f"‘lm'hl')‘et
science-fiction “”.(]_ movie Wi ;’H'H\'ll‘ vlnnpliv:}fed. in some sense.
ters cannot casily - transeend gy gae tpecific machine that s
their anthropocentrice IMAdING- pot universal. The  pargdox. how.
tions. Still. in there any sub- ever, disappears once we under
stance i these faatasies? How stind the  aature of a computa-
does this myth ahout  caompn- ln’nlllprm'o_xs.‘un(] ]thrlo‘ lx?;ufmexr‘mlln
. ey Lo e 7y 40 . vinne  which a4 ounlversa uring dc-
‘“"-‘s..-: replacing human - heinus hine imitates san_v other given
arse, Turing  machine.

Usually. when we talk of eom. A computation process tie, a
puting.  we only have in mind fived, specific. computationt  con-
numbers and arithmetic,  Some- wists in performing a sequence of
what more  sophisticuted  compu- well.defined camputation  steps;
loer Users may include  solving tor éxample, read the next item;
nuatrix equiitions. differential weite it in the next squure uon
eugualions. and a0 on. an aspecls the storage tape; add this to the
of computing. HBut s this wll Jast item resd; write the sum in
there s to computing? Cun digi—the place of the last read item-
tal computers compute only  in on the tape: and so on. Let us
this sense ol dealing with num- “call each of these steps an ins
bers and - pertorming  eoperations  Gruction, A computation  process
ol numbers” It this were tiue, conststs in executing o sequence
there cannot be much substabce of these instructions.  Fach  ins
in the zliim thul compulers can fruction b in fact, # stalement
replace human beings: for. & hus in oa language. 1o our example,
man being does very much more ull these  statements  have the
than mierely deal with numbers. torm of a command: do this, do
o taet, most human heings do thal, efc. In special casey, we
not deal with numbers @t sl ex- eould have statements which are
cept dn Iriial  ways: lor exam- ol the  nature  of dexcriptions
ple. counting their undrey ttems, oo, the last read item is num-
and 50 on. hery, or of the nature of ques
COMPUTING ON NUMBEKRS trons e g was the Jast read item

a number?y. Thus, a computation
process is given (or described, or
defined, or specificd) ax a sequence
of siatements inoa language.

Turing’s result can now be inter.

wne acguage. ror, then, to get it
to imitate any specific Turing ma-
chine, all we have to do is to write
down the sequence of statements
that defines this specific machine:
(a specific machine carries out a
single. fixed, computation Process).
The universal machine can, then,
1ad these statements one by ane,
and carry out the intended opeti.
tions, By sn doing, it precisely imij.
tates the first machine, ‘Thig per-
formance ix something Analogous
1o that of an actor trying to imi-
tate another actor, by reading the
portion of the seript intended for
;ghe latter, and mimicking hy ac-
ions. i

STRUCTURAK, COMPLEXITY

Qur present-day computers are
enormously more complicated than
furing machines, But this comple-
xity has nothing to do with their
theoretical power.  They are e
wrore powerful than univeesal Tup-
ing machines. What their comple-
xity buys us is the ease with which
computational specifications can be
written for them; tincidentally.
this is the activity that is usually
referred 1o as programming).

Another way of lookiug al this
complexity is as follows: It is ex-
fremely difficult for_human beings
te function in a language that does
not have a certain minimal com-
plexity. Hence, computers, to be a
yood match to human beings. must
be built to understaid languages
af this minimal complexity. This
attomatically makes thent complex
structurally also,

Can computers imitate  human
beings?  The answer is 'yes', pro-
vided we know how to T deseribe

the human behaviour that is souglhit
1o be imitated ax & seguence
“tatements in some  well-defined
Lahzuage: that is. in other words.

d o programme for s computer,
The cutch s in the  teehnivul
votion: ‘well-detined tanguaye,”

What ix a. well-defined Linguage!
We know one class of well-detined
languages. namely. compater langu
ages Are there other olpssen ol
well-defined fangunges?s

”"‘urm.\ of

of ‘artificial Intelligence siuaies,
har been slowly picking up momen-
tum. Programmes that enable a
computer to play board-games (like
chess, checkers, go), solve word
problems as found in high school
selence and mgthematics text-books,

read handprinted letters and nume-’

vuls, scan aned analyse pietures of &
restricted varlety, and so on, havae
been more or lasg succaecsfully des
signed. During the last few yearvs,
~gveral groups in the U.8. have
been experimenting with artiflcial
hands driven by computers provid-
ed with a TV camera to serve as
an eye, Tasks such as picking up
tny cubes and building towers with

* them have been successfully at-
tempted. Speech generation  and
analysis. using computers, have

been demdohstrated.

Needless to say. only the most
radimentary aspects of behaviour
in any modality have so far bheen
tackied. We still have a long way
to go bhefore computers can funce
tion like . a human stenographer,
and convert a dictated letter Inta
a typescript: or., like a  human
draughtsman, and convert 2 rudi-
mentary  sketch with  marginal
comments  nto an  engineering
drawing.

Our primary motivation for want.
ing computers in imitate these
taxks is. of course, not to get them
to replace an beings, Ultimute-
Iv. our concern is to study beha-
viour and .understand it. Imitation
ix one efficient method of studying
behaviour, In* fact, it is not clear
thut, where cognitive behaviour is
concerned. uny method, other than
suceesstul imitation, is available as
a viable methodalogy.

In spite of the spectacular pro-
scfence in the last 200
years, very little is known about
the functioning  of the human
briin. We do not even have an
adequite lunguage in which  we
vittl discuss ts behaviour. The ste-
rile philosophic  problems (Y-
ciuted with the mind-brain  dichos
tomy merely testify that we have
set Lo dearn o discuss  (deseribe)
vonnitive behaviour in other than

stmifar |

Eahish o

preted as tollows.  Oune can con- Do we know, at present, how to metaphorical terms. Thers 1s  a
saruetap extremely  elementary speeity such programmes for any  reasonible hope that compuyters
limauage, In terms of whose state- interesting set of behaviours? The and bebisieural studies that use
ments Glloapetific computations answer is Cves-and-no”: more ‘na'. computers us etfective tools may
vould bhe doWi Thus. i univer- than ‘yex, unforfunately. However. teach us hew to do this.
*
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LN (/,V#AA‘\\“\
t ‘(,/rA"‘\\\‘\\\ )
*
} "'({(("\“‘\5“|
. ) R ) |"‘~‘ ))")ol.
] ' \ VR B
. v \\“\\\"‘l//»’] N
\‘\\‘ . v LRIV
M 5ok L‘:-J fola v 3
The day never ends at Semiconductors Limited.

- SEMICONDUCTORS

Yesterday's impossible is tomorrow's commonplace;
foday requires unceasing effort to turn ideas into

realities. -

We, at Semiconductors Limited, aware that the nation’s
prosperity 15 built by many men of diverse interests

and conscious of our part in providing the common

rman with a better standard

of living, have dedicafed

ourselves to that unceasing effort.

Transisiors, Diodes, Thermistors, Ferrites ..

us in thair thousands, with
are helping to bring India
electronics.

.made by
qualily as the criterion. ..
on par with the world in

Because the country’s needs do not sleep, we aim to
rest only when tha rnation restz on its laurels

SEMICONDUCTORS LIMITED

Assocsated with Ravibeon Co.,

P exington,

Muss, 1LS A

Regd. Office: Radia House, 6. Rampat Row, Rambay-|
Plant Mo, 1, Ahmednagar Road, Mie 4 5. Poona-14.
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Imitation as A-Method
of Studying Behaviour

By Dr. R. Narasimhan

—

(Professor, ('nrn;nul.ﬂ.r Group, Tatalnstitute of Fundamental Research,

Bombani. -
AN  computegs replace  hua- behaviour  of an extremely ele-
man  beings?  Science-fic- Mentiry type of computer. Thesa
tion theives on the assumption Michives are now kuown as Tur-

that they cun and that, in fact
they will, very  soon, Recentiy,
an o extremely o popular movie
had. as its central charactler, &
compuler  that could not only
think. but laugh, and c¢ry, and
fall m. love. and hecome  jeu-
tous! Of course. what this pro-
ves 15 not necessarily that com-
pf?tm‘s: are human. but that our
science-fiction and i
ters  cannol  easily
their anthropocentrie  imagina-
tions. Stitl.  is there any sub-
stance 1 these fantasies? How
does this myth  about compu-
ters  replacing . human beings
urise?

Usually., whoen
puting,  we only
numbers  and
what more
ter users
matrix

movie wri-
transeend

we talk of
have in

arithmetie.
sophisticated  compue

may inviwde  solving
enuation:, differentipl
equations, and so on. as aspecty
of computing.  Bul, iy thix  ll
there is o computing” (an
tal  computers compute only  in
this sense of dealing with num-
bers  and  pertorming npecilions
an - numbers® 1L this were true,
there canno! be much  substance
in the sham that computers can
repliace human beings; for. 4 hu-
man heing does very much more
thint merely  deal with numbers.
by duet, most humat beinps do
not deal with bunthers ot all ex-
cept i trmal wavsl {ure e
ple. counting thete Laandrey ttems,
aml 50 on.

COMPUTING

eam.
g
home-

ON NUMBEKS

In order 1o probe decper into
the relationship bhetween  the  be-
huviour ol computers and that of
Bnan beines, we huve 1o dor.
tnulate oor oridingl Guestian
somewhaly  dilferently. Jonstead ol
asking. ein corputers nnl} con
pute  on namberst, we shaulkd
askowhid does vne mean by cam-
puting on pumbers? Whiat is {he
fature  of this prove-« thal  we
Terugnise  for reter lo) s com
pulation ot humbers" Wit g
T structure? Whal are s vari-
ous aspeels? Howe can o osatistace
fortly  answer thise  questions.
tnedt we can procesd o cnguire
whether other Iyvpes ot hehaviour
chuman  bhehaviour o opartiey
Loy eatt be descrthed iy similar
ferms. thinsins, 1on expmple, er
problemesolving  or reading hand-
writing, Iﬂl ceneraling  speech;
and, maybe oven eomposang mu
sies und c'mn‘un‘linu {heortes,

Assuming oy mament that
we ean. indecd. show  that ihese
varieties ol behaviour  ean he
deseribed in ways «imilar to oor
deseription of 4 computation P,
resy on o imbers, Weo pane ta
the central question. does gt
then  follow - that machimes ean
be constructed  to exhibit these
Kinds of behaviour in much the
SUNC WAy as cwe know how o
build  machines 10 catry out a
computation process  an o nam-
hers” B owe can, in faet. buitd
stich machines, will they lonk ey
actly  like  our presentCday eom-
puters tie., have the same strue-
ture,  and funetiote similariya?
Or should their dosign be based
on completely different  princi
plex?

In 1936, almost a decade hotore
the  hirst digital x-nm}m!vrs be-

came operational, the Fnglish Jo-

digi—the
“eall

iy machines, Juring proved the
remirkable result that there exist
universal Turing  machines that
could Imitate - the behaviour of
any other given Turing machine;
and these universul Turing mac.
hines Ive exactly the same ele-
mentary . structure,

At tirst sight, this result
seemn somewhat  paradoxical.
intuttively, we tend to feel that
universal machines have to be
more complicated, in some sense,
than ynv specific muching that is
not wniversal. The paradox, how-
ever, disappears once we under-
stand  the  nature of a computa-
tron process. and the manner in
which o universal Turving  mace
hine imitales any other given
Turing  machine.

A computatinon process (e, a
fised.  specifie,  computationy  con-
ststa in pertorming a sequence of
well-defined compulation  steps;
for éxample, read the pext ilem;
wrile it in the next square on
the storage tupe:; add this lo the
List Hem read: write the sum in
pluce of the Iast  read
the tape; dnd so on. Let us
each of these steps an ins-
truction. A computation process
consists in executing a sequence
of these instructions,  FEach  ins-
fruction s dn fael, & stilement
in a lpuage. In our example,
all thewe stutemoewts  have  the
torm of w4 command: do this, do
that,  ete, In special cases. we
vould have statements which are
o the nature  of  desceriptiony
fe v the st read flem is a4 nom-
bern, or of the nature of  gues-
Dons te g wis the last read tem
a numbor?y Yhus, & compuatation
process iy given for deserihed. or
defined, or specified as a sequenee
ol statements in oa tanguage.

may
For.

np

Turing's vesult can now be inter.
preted ax foflows.  One can con
riruct  an extremely  elementary
Linouape, in terms of whose state-
tints bl spetifie computations

cowld he d(lWi Thus. i univer-

uen

THE HINDU, Thursd

sal Turing machine
know how tg execute the opera-
tions-defined™By the statements of
this language. For, then. to get it
te imitale any specific Turing rma-
chine, all we have to do is to write
down the sequence of statements
that defines this specific machine;
(2 specific machine carries out a
single. fixed, computation process).
The universal machine cin, then,
tead these statements one by one,
and carry out the intended uperi-
tions. By so doing, it precisely imi.
tates the first machine. This per-
formance is something . aualogous
to that of an actor trying to imi-
tntv'anolher actor, by reading the
rortion of the script intended for
%.hp. latter. and mimicking hyg ac.
ions. .

need only

STRUCTURAL COMPLEXITY

Qur present-day computers are
enormously more complicated than
Furing machines, But this comple.
xity has nothing to do with their
theoretical power. They are e
note powerful than universal Tur-
Mg machines. What their comple-
Xity buys us s the case with which
computiational specifications can be
written jor them; tincidentally,
lhl\.s 15 the actlivity that s usually
referred o as programming),

Another way of looking atl this
complexity is as follows: It is ex-
tremely difficult for_human beings
to function in a language that does
not have a certain minimal com-
plexity. Hence, computers, o be a
dood mateh to human beings, must
be built 1o understand languages
af this minimal complexity. This
automatically makes them complex
structurally also.

Can computers imitate  human
beings?  The answer is ‘yes', pro-
vided we know how to  describe
the human behaviour that is sought
o be imitated ax a sequence  of
statements  in some  well-defited
language: that is. in olher words.
avoaprogramme {oF a o computer.
tThe cateh s in the  technicat
nutiv: well-delined lunguaye.”
What s a. well-definegd Linguage?
We know one cluss of well-defined
languages. namely, cotmputer Lingu-
ades  Are there other classes ot
welt-defined Tanguages™

Do we know, at present. how to
speeily sueh programmes for any
isteresting set of behaviours” The
AHSNET N Uvesand-ho': more ‘no’
than 'ves™, unforfunately. However,

Wy rons of

ay, Jan. 8, 1970, I

in the last ten years. in the eoms
puter s'giences. research in  this
ireéa, which goes under the hamg

of ‘artificial intelllgence studies’,
has been slowly picking up momen-
fum Programmes that enable a
computer to play board-games (like
chess, checkers, go), solve word
problems as found in high school
sclence and mgthematics text-books,
read handprinted letters and nume-’
titls, sean angd analyse pletures of a
restricted varlety. and so on, hava
been mofe or less successfully des
signed. During the last few years,
=everal groups in the U.S.  have
been experimenting with artificial
hands driven by computers provid-
ed with a TV camera to serve as
an eve. Tasks such as picking up
toy cubes and building towers with

© them have been successfully at-
tempted. Speeach geperation  and
analysis. using computers, have

been demdhstrated.

Needless to say. only the most
rudimentary aspects of behaviour
in any modality have so far been
tackled. We still have a long way
to go before computers can funes
tion Bke . a human sienographer,
and convert a dictated letter into
4 typescript; or, ke a human
draughtsman, and convert a rudi:
mentary  sketch with  marginal
comments  inlo an  engineering
drawing.

Our primary motivation for want.
ihg computers to imitate these
tasks ix, of course, not to get them
to replace an beings, Ultimate-
Iy. our coneern i3 to study beha-
viour und .understand it. Imitation
is one eflicient method of studying
behaviour. In* fact, it is not clear
that. where cognitive behaviour is
concerned. any method, other than
successtul imitation, is available as
s Vinble methodology.

In spite of the spectacular pro-
science in the last 200
vears, very little is konown about
the functioning  of the human
brain. We do not even have an
adequate language in which we
v diseiss s behaviour. The ste-
rile philosophic problems  agso-
cittedd with the mind-brain dicho-
tomy mervely lestify that we have
set 1o dearn to discuss ideseribe)
counitive behpviour in other than
metaphorical terms. There 1» a
vreasanchle  hope that  computers
and  behavioural studies that use
compitters as effective fools mayv
teach us how to do this.

.
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The day never ends at Semiconductors Limited.

Yesterday's tmpossible is tomorrow's commonp1ace;
today requires unceasing effort to turn ideas into

realities.

We, at Semiconductors Limit
prosperity is built by many
and conscious of our part
man with a better standard
ourselves to that unceasing
Transistors, Diodes, Therm
us in their thousands, with
are helping to bring India
electronics.

ad, aware that the nation's
men of diverse interests
in providing the common
of living, have dedicated
effort.

1stors, Ferrites .. made by
quality as the criterion...
on par with the world in

Because the country's needs do nol sleep, we aim to
rest only when tha ration rests on its layrels.
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srilv. and there is also i
stock-outs  of  wher

UNNEeCens]
danger of
{formngs which are made on

SaMC Pross,
1f the production run s toc
short. then a considerable amount

Have approptiale 10olhe
roady at the right time. The Tool
Rueom 1o the Autoe Division makes
Gies, jigs. Lixtures. ete. Each job
or work order ix of a different
tepe. name of these work orders

sy to

Emergence of a New

Discipline

A
3

By V. Rajaraman

1 Prajessor of Ficctrical
s destitate

EVELOPMENTS in computer
technology during  the last

two decades hfive demonstraled
that it 1» 2 nusconeeption to think
that computers are useful only
m complex and engineering cal
culations. Computers have  he
come mvaluable tools in diverse
wreas ke cconoamic planning and
medica) diaznosis. The technieal
and sociclopical umplications ol
1the widespread use of compulers
have not yet been fully under
stood, but it 18 certain that then
impact will be more  significant
wnd will oceur over  a mwh
wnorter perickd ug compared o
the first industral revolution

[t 15, thus. imperiant 10 leok ot
the growth of an gotively new dis
cipline called compuler selenice
and understund  hee  cumputers
Lave aficeted the exidtit o metbods
o formutation and  soution ut
problems. -

With the advent of highly com
plex soflvare packaces, twaoun
purtalit aleis i ~tudy in compuler
welence have developed.  The firsd
area, with immediate practical ap
plication, iy thol ot systems pro
remiieg or software  endihecr
Ths =Lbect deals with the de
procramnitte et guaey
St OPeTalig srstems,
Imports . pioblem- Like the apti
ndtion of the iranslation prove:
dure arnd the mechanisation L1
translator writipg sy ms are dix
pussed B0 s subyert and. thus
thie crea of study is atal for pro-
foesional  cCOMPUter  procrammers
and scientists. DLideemuth ws &
major portion of the work of o
moedern computer s the translatios
of user-oriented  daniuees 1
important for the. computer  de
signer also tu be fumdliar with th-
subject
COMPUTATIONAL
LINGUISTICH

A parallel develupmeny

ur

SE o

tislatnrs

v
1 Lnm

puler stwnte ot fundamenbad
theoretical reresl, s 1he heor
Gf Programming CYurngweges. abhe
matn topies 10 this Lrea of study
are the lormulation ob The syt
tie and semantic dercrigtlon  of

programming langua . A number
of concepls trom hrpurte theory
tof natural or spokes liepuages
sare borrowed and refined to sun
the description ol Programifgg
Fanguages wnd. thus. thie apea o1
stugy 1s alse Krown s computag
Donal hngui-ties

Fven thouzh programmisg fon
guages huve bee 1otratnenl e
calapulting compulers to thar pre
cenl emlneny pooatioe fits Lo ol
compuler soletice devel-prient v
ptiated by computer  de-idners
who were primanay ddecirial or
eloctronie enpy W atdl ot
canslder the arias of study o which
arpwe dUTe this phase o8 the e
verpument of eotnpulot technedags,

o tomputer e ardd sastems de
sipn The isioy of o vatnputing
svotem pad b oo dly avidoen
inte three hreas The e vy the
The desaso of the eleniropge e
culls ub Lo cotnpuler e Chhe
cihicatie: of the | ta b ey
tormed by oo cemputigy unat aedd
1he reah L ol e dupn LIRS
prasivigtaad baack oot swohach ce
purier soelerennary Lancil o
hatheissy e Pt e e
e b crate owr g olher tacih
ties such as o oTies atdd Input
cyiputl doviees o Peabre o (oliipat
I AR RR L (R

[
Bu
1ee

e

Enginecring and Hud,
Techkuology, A

B iy s L Lt LTS PR A 1o sirnplity

Cerapiivt Contre,

tv. This arca of study deals with
the abstract  modelling of vom.
puting deviees with a view o des
wrmining  their fundamental timi

Lations, Quesiions  regarding the
existence of algorithms, . well

-pecified rules tor solving certain
wpes of problems on an idealised
maodel of 4 computer, are ah-wer-
ed. This area of study is import®
antoas it clarifies what kind ot
problems cunnot be".\ul\'ud hy
campulers,

of individual elec
Lronic cireuils which make up o
computer b net the rexd coneern
of x computer scientist, This area
(- ol interest to electronic eayn
Leers, and with the advent of 1n
Teuwraled solidatale  Clrvilis, josn g
syvstenms desien have hecome
electra.

The design

whad

more Impurtanl gved {of
e destgners,
Not-numerieasd computation

Compuiers  were ofiginadiy o con
ceived (o vperale on nombers atnd
mainly  periorm numerical cadeu
fauons.  Thus, oumerical analysis
is one standard topic in Compute
science. However, it was soun I'tas
lisedd that compuiers could be
meaningfully emploved with non
pumerienl wati doputs, In fact, the
iranslatton of @ u=er-orienied lan o
sunse to the machine Janguiege i °
iteelf 4 nwnenumaerieal compulee
Gon. as charaeler strings, colte s
ponding tu  the urer Lingiage.
constitute the duoty and the  pro
prafmme operales oh thin to pro-
auee the maenine imguage,

‘I'ne interest In non-numericat
computation begen with attempis
At translating one natural ngu
age tlike  knghshe o to another
Phe lussiwne. This probiem -
quite dulicult due 1o the ambizu
- fatute ol ospoken languasges
ard the sensitiveness of the mean.

iy of the words to their contead
and ), as o yels not sidisfaetorily
colved. [T however. pave rlse 1o

interest in nitural langusge nput
ty computers lor problems in in.
tormulion retrieval and for gene.
rol problem-solvipgs

RECOGNITION OF
FATTERNS

Another group o reseastehers
darted working on compuler pro

sramme 1o pliy games Fhe itiea
aus o anvesticate f same el
ligenee”  eould be endowed o

progriammes.  Anuother !
relaled aren ol dnterest is patiers
recopnitivn, This subject inviudes
Wiverse reeopuibon problems such
ax recoginsing  hind-written chic
raplers, recognidon ot Lodmark-
trom aernd o pretures  recognitioh
ot hoctertal eolonies i tiediead
ides. recozmton of finger print-.
ete Spevial prosrammiryd langu
apes for eapressing o pinterns aoed
Lt head technrghes tor teescil-
i ihem are o thewr deselopnieog
tal stape  This os tast hecon
b

computer

an dmportant o aren computer
NS IR

Apphicntions of  computer svien
vew AIM st alb arcis have goined

by the advent of computer svicnee
he man impnel o engmeeriog
des1an and senentific restiareh hoes
beern the  tessibiliny af  reali~tie
yurmulatinn o1 probivms Hedore
compu.ers  became wadely  avadke
Bl o numbef ol Gnbecessaly as
woluiten to a problem  as other
vise The sheer cnprinay of ealeus
Iotione or the dick ol mathemulis
ol ol wowid e made e
b

- e bt by

T

PRl G, ae

able rompuiers

The consumer market in elec
tronics _to.day in lndia is mainb
in the entertainment Held, As such.
i general. our manufaclurers have
not had much incentive to exer
cise superior guality control  over
clectronic components, Professional

urude gpaipment like  computers
and ofhdr sophisticated system in

Defencey ¢all for the use
high pgrade components

the-e components are ut
imported. 1t is thus
nur ndgustry 1o invest

at  very
Most ot
present
NECESSAry tor
in the pro

know-how  dor  their  products.
They ~hould be in o position
tuke up some of these  teasibility
studies.

Ferrite cotes are likely to  da
minate the field as  memory ele-
ments for seversl more yvears The

core fabrication technolopy has de

veloped to such an extent  that
very highospeed  switching vores
cian be purchosed today ot 3 cheup
prive i# buaik quantities. The Na.
vunal Physieal  Laboratory,  New
Deihi, hus been teving to develop
computer prade ferrites tor seve-

dudtion of high grade components g years {3 the NFIL makes utaik
tor these professional needs abics vores tgat conturm Lo the
Peripherals take up a substanticd requisite standards they cotld - be

part ot the cost of a4 computer  fuhrioated inte meapory pianes
The very nature of the periphe. and mosdules This e oo hichly 1o
ral equipment makes  their  pro hour mtensave acthvity with  low
—_

India’s Future and the Computer
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care borrowed and retined o

B L pae

the growth of an gnlrely new i
cipline called computer ACIgLCE
ard understand  hoe  computers
N e afferted the existh o anthods
ap formulation and  salllion ul
probiems, o

With the advent of highly com.
plex software packiues. Two  un
portant aTeas Of sludy in computer
wclence have developed.  The fird
ares. With immediale pracucal ap
plication, 1s thul 0f »ystems pro
Sremming  or softwore  endibeut
e Tk subiect deals with the de
wonnt programming  lasguage
translators and pperallng «yvstems
Limportae.y piroblems Like the opti
misation ol the tran-latioh proce
dure and the mechotiation o
Translrior wrling =\slems ale dis
cussed in this subject and. thus
thie area of study in \ital tor pro-
1--\_~i0nal COMPULET  pPIogiraInmers
and sclentists. Inasmuch b
major portien of the work of .
modern computer i~ the transdation
of user-oviented Fal o us e = 1t
tmportant for the, (omputes i
signer alro tu be familiup with to-
ruhject,

COMPUTATIONAL
LINGUISTICS

A parallel developmett Lo
puter sclebct af  tundame: ted
theoretical mteres), 1s the theor:
of programming = Yamipnages. dkhe
main topics i this area of studs
are the formubation o the svitac
e and semantic dv:s(-r'»;?aun of
programmiug langiages A number
of concepts from lnguistie theory
(e natural or spoker lunguage-
~uil
the description of PrograIniing
Yanguages and. thu- thi- area
study s gl Krown we camputi,
vonal hnguistics. :

Fven though proprammi g |
guager have Deet o lramricd b
calapulting cumputers Yo e pre
sent eminett poabios duastoricadly
vomputir stlente desvelopment v
mitiated by compuier  de-izners
who were primarny electricd or
electrone rr W agll now
consider Ut e of studs whieh
sroe durr © o Ihie phose o lhe de
Veipuraeot o0 e pulot techrmlogy.

-
1

Computes o ard saetems de
s Thae v o HpUling
s.otem A TR AR divided
into three arews Theeg are e

The desire af e el Wrnnae onr
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Noh-fumericot _(-umpu(uunn
Cumpuigrs  Wwele originally  con

mainly  periorm  numerical caleu
lstons.  Thus, numerical analysi-
i+ one standard tepic in Computer
seienee. However. It wigs soul Ted
li~ed thut computers could be!
mesningfully empluyed with n-m-{
umerical aaty puts i tact, the:
transtation of & user-oriented lan oo
suage lo the machine language 1~
et o noen-numeticad computas
Lo, s character srings. corree
ponding t» the user fanyuage
_on-titute the data and the  pro
frafmme operates on thin tu pro-
wuace the mucnine lahguage.

The
computatiog

et e e b—

hot-numericdl
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sormation fetricval wnd fur gene-
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RECOGNITION OF
PATTERNS

Another group ol - researchers
~tarted working on compuler pro-
cponme 1o play games, The Idea
wns toinvestigate if s ane Tionoel
ligence’”  could be cudovwed tol
compuler Programmes, Another
refited area of interest is pattern
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ar recopnising hindoaritten ena
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ow the world's largest democr

"Io win the technofogical battie of tomorr
India is forging the tools today. And trainir
people to make and use them for solving
nroblems of national development.
Speeding up progress is |BM.

“rom 1966, at its Bombay plant, IBM has be
making India’s first computers— the |BM 1;1
And tor over a decade, a comprehensive
-ange of Unit Record machines and ancilla
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the growth of an entirely hew di
cipline called compuler  seience
and unpderstand  how  computers
have uffected the existicg methods
of formulation und sciulion ul
prohlems. . o

With thé advent of highly- com-
plex software packages, Iwo im
portant areas of sludy In compyter
wcience have developed, The first
area. with immediate practical ap-
plication, i3 thal of svstemy pro
pramming or sofleare  engineer
\ne, This subject deals with the de
wipic of  programming lauguage
translators and operaling £vstems.
Importaty problems like the opti
Misation of the translalion prove:
dure and the mechanisalion ut
translalor writing systems are dis-
russed in this subject and. thus
thic area of study s vital for pro-

fl'.\‘«ioni‘l] computer programmers
angd seientists,  Inasmuch s &
major portion of the work of  w

modern computer Is the trunslation
of user-orviented  langUuade-o 10
fmportait for the. computer  de
vigner also to be familiur with this
subject,

COMPUTATIONAL
LINGUISTICS w»

A parallel developmem in com-
puter science.  of  fundumental

theoretical Interest, is the theory
of programming ~ Yungeages. “bhe
main topies in thiy area of study
are the formulation ot the ssptuc -
tic and semantic  descrigtion  of
programming languages. A pumber
uf concepts from linguistiv theory
tof natural or spoken languages:
sure borrowed and refined to wuil
the deseription of  programming
Iungusges and. thus, thr- ares o
study I alse known as computa,
tonal lnguistics,

Even thouph progratmminn ot
guuges have been te-lrumenal an
catapulting computers o their pre-
sent emineng postiton. hstorically
computir sOlence development was
initiated by computer  desipoers
who were primariy  electrical or
electronte engineers. We will now
consider the arcas ol rtudy which
arose during this phase of the de
velpument ¢ compuler tovhnology,
Computer doore gnd syetems de
sign The desicn of & computing
svetem fy o be broddly divided
into three areas The-e are 'l
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et clival side 1r . awlufiala theo-
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more importsnt even 1or eleciro.

nie desighners.

Non-numericid computation:
Cumputers  were originallycon
“ceived to uperale on numbers atd
mainly  periorm numerical calod
lations. Thus, numerical analysis
iz one standacd topic in Computer
Nelence, However, it wag soon I'eu
lised that computers could be
meaningfully employed with nune
sumerical wata loputs, In fact, the
translation of a user-oriented lan
suage to the machine Junguage 3=
el a non-namerieal computa:
Lo, as character strings. corres
ponding v the user languagde.
constitute the data and the pro
gramme oeperales on this to pro-
guce the muchine language,

The interest In nennumericdd
computation begen with attempts
a1 translaling one natural langu-
age (like  Enghshy  to another
ke Kussian),  This  probien i
suite difficult due 1o the ambigu
- nature of  spoken  languagoes
and the sensitiveness of the mean-
ing ol the words to their coutext
and s, b§ yet. not satisfactorily
wolved. 11 however., gave rise 10
interest in natural language input
tu computers for problems in in-
formation retrieval and for gene-
rul problem-solvipg.

RECOGNITION OF
PATTERNS

Another group of researchers
sturted working on computer pro-
gramme 1o pliy gumes, The ldea
aus to investigate i some “inwel
ligence™  ¢ould be  endowed to
cumputer  programmes,  Another
refuted area of interest is pattern
recognition. This subject inciudes
divers¢ reeognition problems such
as recoghising  hund-written vhae
racters, recoghiion of
{rom serial  pictures. recognition
ot bacterial ¢olopies in medicad
Jides, recogpition of finger print..
ete. Specinl programmitg bopu
apee {00 expressing panterns oud
Latisticu]l technigues tur teengnd--
Wi them are in ther developmeo.

tal stuge This s tast becoming
an AmMportant area I

science.

Applivations of computer sefen.
cen. Almost all areas have gained
by the wdvent of computer seiency.
I'ne main impact in engineering
derign and sctentific research has
been the feasihility of realistic
tormulatinon ol problems Belore
compuiers became  widely  avilla-
hle, a number of Unnecesssry as
ackec 1o simplity
wolution to a problenr ax other
wise the shueer enprrmity of caley-

Jotione or the leck ot mathematic
el ooy would  henve made the
problem antractable

The  grestest coraribution ot
cornputers {0 the behaviourpl sot
clvte hie heenn the ingection of

wuantitalive ternnigues ntn the-e
arens A behavioural systoems are
complex nur Hibear systems whieh
ereoguite lten anly statistically
Goerinnble. tormal mathematical
ronthods have hut o been sueess
tutis applicd, The advent of com
puler © houwever has made the
sinulation of wadems feanible and
eaperimentiation or the simulaton
madels hus proved very useful tor

cinan® oan insichl bsto the pro-
blets. Another jmportant contrl
Butinn of computers in .Hkb(‘iill BUl-

enee resedreh ts the casé of pro.
co=-np dala obtained  from sur
veys by uting these machines and
the proctical femibility of u-ing
St tieal Toobioques an the ana
fnere ot such data

Finally & lurge number of
crod purpose Canputers  oare ueod
tar the consred f procesos Lnd
Cotegps end thedn uee ineren-
b partiularly beriise the ot
Soanputers b dow, o
suptar porbevinn b o
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How the world's largest democr

"1’0 win the technological battle of tomorr
India is forging the tools today. -And trainir
people to make and use them for solving
nroblems of national development.
Speeding up progress is |BM. -

~rom 1966, at its Bombay plant, IBM has be
making India‘s first- computers— the 1BM 1;4
And for over a decade, a comprehensive
range of Unit Record machines and ancillz
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tries other than those making en- of product, the rolling and ancil-"places, the

hot metal. starts cool:

(A —
. . gineering products. For example, lary facility’ capacities, the mini- Ing and solldifying, and may
" m . . . The Tata Iron and Steel Co. makes mum and maximum restrictions have to be scrapped. Also, extra
. o . . steel products such as fats, sec on the tonnage that can be rolled ludles cost more money to pro-
n an ann’ng tions, and  other tmu?d prg&ucls. at a given time, ete. cure and maintain l
. wheels, tyres. ete. In order to om were used simu-
muke these products, TISCO has () Sales constraints, such as fate ugtuu}f;fs workin conditions
dmal . itx own) collieries and mines. F“a‘om@r lrequl'remcntb P"})‘a‘i.i €% for several months, gEach simula-
bmfl f\lllljnm'eﬁ-“rﬂ‘(‘l melting shops #OC comm tments,  and m % tion experiment was conducted v
rices, TECLO, J#mshidapari and rolling mills, 5. ) ' :
- Iran is made by feedmg blast Llowever. it will be unrealistic to MMM MMM SRS A
sef-ups. and are fairly complicated, requiring gy pnaces with a4 miixiure ol limes determine a rolling programme
is not made several components to be made. gone. iron  ore. coke. Mte. The without taking into account sfeel ro ram me
. subussembled. ind then put toge pgleh iron s sent to fteel melt-. making | restrictions. ~ Thus, —in
ix to scue ther for final assembly. The prob. i6 yhops where it is converted problem ls one of not -only deter .
such a way lem is scheduling of each opera- intp the requisite quality of steel Iining rolling programmes b‘:‘t“‘lf‘f{ JANUARY 8, 1970:
Mon and iy hem.of cach component in such 4 depending upon the ullimate pro- BYIDA relted schedules for stee
Forge Divi- wav  that mochine idle time 5 duet whichs has_ fo be  rolled. muking, taking inte -account Pmi 1000 hrs: Inauguration—By
Ibject to not Minimised and deadlines are kept. &teel in next poured jnto_ingots duction restrictions — at the stee Dr. B. D. Nag Chaudhuri;
! o : ; i : Lol melting shops. Further, the actual - SYaE y ’
the Aulo Di. Without computers, this becomes and sent 1o various grelling and ) ; Geeastonally 1145 to  12-30:" “Computer
A verv difficull  as there may be finixhed mills where the finished s{l_#l pmducl’mn may o%m‘m 01’!{1 ? quc‘ation"-—l’rovi: AV, Raja-
are  taken 1housands of work orders pending product i~ rolled out in the shu- HUCE from “hﬁ{ o o ered ?r' aman, 1T, Kanpur: 1400‘){
1 arrive at al any given time. pes and ~izekr  ordered by cugto- M:s._ decisions havesto bp raman, , Kanpur; 14 0
| quire mers and despatched e for  allocating  steel 0 ° 15-30; 1 Operating Systems
Y;h]t" ‘{L‘“‘u“{)‘l The problem is further comph- vis 4 e o mills, O ] } - . and Compilers; 1545 to 16-30; -
e - 3 i Ly ke s . iy . s ’ :
eeriidginished (“)‘]::i“_‘:wbl:a\‘_"'ﬁemfz;‘”'"‘;‘r‘u;‘r‘:{?& ‘;;":"2‘1 !’ggg}é’{:g;\ ND RALE “Simulation  studles: Computers ~ “Software” ——  Dr.  Mathai
MVEOn: D gipers, K i necessary 10 Laie CONSTR! d are also ‘used to conduet simulii- Joseph, TIFR, Bombay. .
he Forge D §pilia decount while scheduling,  Thus. the  production plannlng tien studies. bl(;ommferﬁ ftm- eix‘;r:v JANUARY §. 1970:
rates 0 the pp. camputerised system tor Shop problem iz to- determine the beat ple. the problem b" {?T:‘rrl? n "p'. . '
tock position [ Giding and Monitoring, (SLAM. rolling  programme for the mills the f’P‘lllli\lm "lmlmfer o blfﬂesfm?- 900 to 9-45: “Hardware® —
a v die fuveloped in TELCO, ensures proe such st oufpat is maximised, In :‘I‘_":,:;\Q ‘}JO thr:eg:lloel r?r:?ltim‘:h shops. . Dr. 8. Srikantan, ECIL. Hy-
L aenificant per tood room scheduling. (?rd”-l-“td(;-m,hi lgtfc(_l‘::l‘luui:]r:z H‘nkically, it there are toa  few del:abad; 9,45' to 11-15:- _2“
R et Planning tn other industries: :_E:"‘]:}g‘(‘,'r'_’”}o“‘f“i_ 0 be taken ladles. ‘then- blast furnaces have  Switching ‘Logic: 2b. Applica.
hew  sche. Computers can  also be used to 200 i o ) to walt. Thus, production 6f fron™  tions General; 11-30 to 13-00;
ulited: otner Solve the problems of production G Production constraimbs, such suffers. 1 l!lere are t'no many 3a. Operdtions - Research; 3b,
o mventory Planning and scheduling in indus  as the rolling rites of each tipe Indles, queues build up at various Electrical Engineering 1; 3¢
1woand stock Numerical Technigues 1; 14-30
;: L-:«dixm.‘ . 1 ital intensive. P d ing overheads and h;:ce is excep: Lo 16:00: 4a. Klectrical Eogl-
wn Gas. Al 1 duction capital inteasive. Produc ve 4 5 - o1 R e Te-
ssible to tuke ('OmDUter I)eSIgn these louuﬁy may not be an econo }}{()naﬁlyd‘wcu suited for a country gﬁigll‘ngl?jl‘lc:gbnl‘\g}ln}\&leg'i(‘:lxl-atg;-
eractions  of i ag nriral proposition at present. How- ke Indid, R T et N L
M the above Continued from Page 1 e et e Cpossivie 1o . e - !A‘_ --Prof, K. S. Hegde, Principal.
orging Made - eroelectrome deviees. The mtexra. award longlerm und - short.term The nature lm aucp‘mputt‘r”va'ﬁ; knginecring C?“e‘;go' I'G‘uxndy
. ted circuils area should interest development contracts to work tem is such that is _1mp‘ozgmi 1800 to 19-00: Popular Lec-
1izon s UMIt  (he existing  semiwconductor - ma-_vut the production teasibility orat 0 manufacture all parts o‘t‘ xt'_ n- ture on suters — Prof.
atd ud hoe  pufacturers and  new  entrepre.”[east somwe items ot peripherals digenously. Even the “,m:ldb Ual“,t R. Narasimham, TIFR. Bom ]|
dve the cur  heure A reasynublesizeq compu. These could be undertuken by a compuler indusiries 1hd:§ t? de  bay. -
wly precipit  op programme  n the country, public  sector unit or pational pend on other bpui!jl‘lht 1 “_Ui‘;- ] _
\“ihe future  zlony with various other uses of laburutory, Ong could make a be. Uy for the manulacture of sub- JANUARY 10,;19:0:
BpUters. L 1 iateirated circuits in the existing YiNNIng With console  typewriters, systems, peripherals and compob 9-00 to 1030: 5. Manage- )
siled produc  wnd new eguipment, shuukd make Daper tape cquipment and - osome LS. fhus, our poicy musl be 2 ment
on eath of the manufacture ol integrated cir uther _.\‘\‘H‘(‘lkfl.l items.,  The Hindus. cohcentriate 0:)‘ SPE;CI-l _1531_5' in sys-
fiUTe erises  cuils econnmicaily viabic, Intepra tan  Teleprinters,  Madrss, who fems  COZINECTINE - WCLETOUSS sees000000ssestessvetes
S o ettt otld make re. mauke the leleprinters for P andT. Ihis must be done using ourown . o0l ber of lad
g To make ubirements ol other passive com applications, are known to  have #0Sheers dnlde bm-en"rlr?\lih 0 st nléj ;lt:s lgl‘l;lua“ tl!;\‘tvmo stmn l‘l)uml‘;c('r_
it ds neces Ponents much less in computer ap o e ¢ c_i«:\'el_a‘pment "em”i“: 1(;\cgflll)‘lv'1'nﬁn:x}-wll:::tz‘(ll I-Empz:;xgmé of ladles. which L';Pn minimise the
riate tooling Plcations. and result in more reli. fhumstlses apart from by e ubsystems. Only  subsystems totzl cost, could be determined
h able computers Lnow-how or their  pruducis, and subsystems Only = subsyste rost, v :
ne. The Tool They «hould be in g postion to Dot lr)callf' availablesshould be im-  Optimum  production planning § i
vision makes The consumer market in eloc  tak¢ up some of these feasibility Ported. Here ayain afl interface and scheduling = invoelves the use
te. Euch job  tronies to-day in India is mainly  siudies. vlectronies should be indigencusly of eomplex mathematical and sta-
I a different | in the éntertainment field, As such, carried out. tistical techniques such as linear
work orders in general, our manufacturers have Ferrite cores are likely to do p_n)gran]min‘q‘_ regression ““31.)"
not had much incentive to exel  pinage the lield as  memory  cle such an effort would provider sis,  economie batch  analysis,
cise superjof gualily control over ent for several more vears. The tellectually challenging  tasks %o queueing theory and simulation.
vlectronic components Professional cgpee fabrication technolony has de- the highly qualified engineers and Computers are needed to carry
grude ipment like compulers velgped to such an  extént  that scientlsts  coming  out of Insti- out these extensive ealculations,
EW und offieT sophisticated svstem in (upy highospevd | switching  cores futes ot Technolopy and wniversi- 1t must also be stressed that the
Defence call for the use ot ver¥ cun he purchased to.day at acheap ties Indigenously undertaken svs values of variables. such as stock
high grade components Must ot price in bk quantities, The Na- tems engineering would also pro o position production and rejec-
these components are at  present gional Physieal  Laboratory, New vide an expanding market to  oul tion rales.  efficiencies. regquire-
imported “. Is thus necessary tor Delhi, has endtrving to develop own local industries A concerted ments, ete,. keep changing, often
our industry to invest in the proo computer eris® territes for seve. and properly puided effort ar the on a daily basis, Unless there is a
duttion . of high prade components yup yours g he NFL makes avail governmental, industrial am insti comprehensive  and up-to-date in-
inr these professional pecds ahles cory B{;H contarm 1o the tutional levels, should, within o formation system. the wse of sop-
Peripherals take up a substantial requisite ~tandyrds. they could  be period of aboul § years, enuble u- histicaled operationnl research
ser Centre part of the cost of a  computer. fuybricated inte  memory planes to build a  viable  technoiogical technigues is severcly hampered.
: Fhe very nature of the periphe. and modutes This i~ s highly L framework in India to meet much Therefore. the compuler’s dutaffl
ral equipment makes their  pro bour mtensive activity  with - low of our computer reguirements, processing ability s also’ essential. 1
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