THE USE OF COMPUTERS IN BUSINESS INFORMATION PROCESSING
a review of the state of the art in the U.K. in 1965

by
F. Clive dc Paula, T.D., F.CA., F.CW.A., M.IM.C.

INTRODUCTION

1 This paper will not attempt to discuss in any technical detail just what a com-
Evuﬁr Is. But, hefore |scHssm the comguter IN‘lts business context, It would be as

ell t0 escnf)e brie I%/t e main featurs%fthe computer, since these hav%a,fun-
damental Influence o the use that can be made of the computer for busingss
Information processing.

Processing unit

2 As in every scientific or other aﬁghcatlon, the business computer sg/stem ligs at
Its heart an a sembIX which doFs the actual arithmetical p_rocessmg of data. The
central processor contains tr}ee_ectromc_cwcmtry for garr Ing out arithmetic and
ofher operations on (ata: for mterpretm% i\he coded Instructions th?t. musﬁ b?
Paced n storage t%dwecf the opera |?n? te_s[ystem' and for controlling all 0
he other Iﬁ)ar_ts of the system as refu t of the Interprefation of these Instryctions.
It aLso contains the opérator’s console, whﬁh provides a certain amount of access
toht e_tlnfogm?tldon In the computer and allows for manual control of the system
when it 1 started.

Input

3 1In OJder Ao communicate daéa to the computer for grofcessi % there is usually a
Punche 8ar or paper tape reader: but readers capanle o reaqq characters prin-
ed on a document with special Ink or In a particular type-style dre also available.

Output

4 Wﬂen _grocessir] oé dat% hals finished, the results must be mao|e avail%bl(f for
use. This | norma%/ one by line printers which produce normal printed gocu-
ments. Other output units are paper tape punches, card punches or typewriters.

Storage files

5 Inthe same way as ledoer cards prayide the storage in a keyboard accountin
system, a computeryneedls tg ave t e%lbmty to store Ia?ge amoun){s o? busingss Batag

6 These computer files at present take four forms gunched cards; ma%netic taEPe;
magnetic discs dor ma%qeu cards. The magnetic forms offer very mtich gredter
processing speed than the punched card file.

THE DEVELOPMENT OF BUSINESS COMPUTERS

7 About 15 T}gear_s ago the first machines with internal_lx stored programs were
constructed. The first'use of a computer for data-processing work was’in the 1951
Census In the United States.
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J. Lyons & Co. Ltd. - LEO

8 Development was proceedmg 3|multaneously in several countries mcluqu the
UK., and J. Lyons & ?( dstarteﬂ ?m LEQ | ’gthelr QWn devel([)#men
1954'for accou tln% work. This was the Tirst use in the world of a computer-for
business data processing.

Univac and 1.B.M.

9 Later in We same vear the first commermallly r1produced com uter a Univac

Machine, to be used bgacommerma organlzato American was_ In-

(s:tglplneganand by 1955 1.B.M. had installed & .B.M. 702 at the Monsanto hemical
y

First commercially produced U.K. Computer

10 In 1956 the first commeruallty) producedUK comp ter (a H.E. madeb
the British Tabulating Machine @ow CTQ ES I|vered toteMora
Crucible Co, Ltd. An‘early sign of things to come'is the fact that this machine was
replaced at Morgan Crucible by a later machine only two years later in 1958,

First generation of machines

1 Theée early machines were falrl% 3|mple consisti T%ofa central processor, a
%ar rea er,orap %P%r taRe reafler and a line printer. ecentra Do essorwasa
a slow URJt and the Intema %ﬁorewas nor aillxasma ma%]etw rurR ome

{riese machines, were not capaole of sfqorm% abetic Inf at|on The limj-
tations on roce%sm% were stringent and l omPuters were really a simple
example of combining a punched card calcu ator abulator.

e e e 2 T
typ|ca maclhtne ofO lins type wouﬁd cout out & 50 000 to£ 10,000 to%uy '
Magnetic tape or film

13 The |mmed|ate need to mcr?ase éhe gower of the earl}/”machmes was for, fome

form of backin 0 be geve 957 magnetic NIt were ay
rth t%e Nat%o af ?IEott 405, an |.B.M. ad a(ﬁ?e tape umts to the?r?Zang
650 computers.

14 Now instead of having all master data and files on punched cards it was
possible to use the higher spegeda magnetic gewces to hofd all rPstoncaI information.

15 . 1t also became possible to att%ch more than one of each of the peneV Fl
devices to the central processor, so that a typical set of computer ecimpment
cost about £ 150, 000 to £, 200, 000 and would consist of'a 200 line per minyte
printey, a 200 card ermute r?a er, a store with a drum and four tape units
capable of reading and writing information at 15,000 characters per second.

A second generation of machines

16 These earIX machines wer ren%ered econamicall ob%olete by the ann(wnceA
ment of a second generation of machines in 1959, A few_of these were installed IR
1960 but the main‘impact was felt in the years 1961-65. These were machines suc
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asthe E.M.I. 1100,1.C.T. 1301 L.C.T. 1500, Ferranti Orion, L.E.O. Ill, K.D.F. 6,
the .B.M. 1400 series, N.C.R. 315, Honeywell 400.

17 In the first place, the valve was replaced in the computer, & in most other
electrical éiewces, with the trﬁnmstor. This led to much greater re|lﬁbl|l'[y In com-
Puter_s an secondIP/,_ to a requction in Size, thus maki %t e machings’ more at-
ractive to commercial organizations by_r_edu_cm% both the area required for an
Installation and the extent of the air-coniditioning Tequirements.

18 St?rage of mformﬁtlon within the comi.)uter was, improved by the d_eveI%J-
ment of cOre stores, alt ough these did not always replace drum stores as in some
machines tr}e two %885 WEre used In ¢ n%ungu n. A teyg]lcal comblgatmn Was a
core store of, say, 1,000 words with a backing drum storé 0t 8,000 worcs.

19 Disc stores had heen uied to a limited extent prjor to this as a Random Acces
Store on. |.B.M. machines like the 650 and 305. These were not removable an
were limited in capacity.

20. . Disc packs were then produced which were re_mova%ble nd prow%ed similar
ability to r?cess data ran omWor_senaIIK at ch0|c§.T e anility tq change not
cartrl (iyeso magnetic card?a d disc packs enabled the volume of Information
stored In this way'to be greatly expanded.

21 In addltufn,_the speeds of read%rs, punches, printers and mab%nenc tape were
all substantially increased, so that the net effect was that the ne maim es Were
at least fwice s fast as the old in most applications. Thus atypl_ca computer
system during this stage would consist of a 600/1,000 lines Be minute Brmter,

0-600 car Iper minute reader, a c?re store of petween 8,000 and 16,000 cha-
racters &)ra ernatively a core store of 1,000 words, fogether with a drum storin
15,000 words) and 4-5°tape units capaole of readmg information at about 20,000-
30,[900 char8 ters per second. This Set of equipment would cost about £ 150,000
to £ 175,000 to bu

THE THIRD GENERATION COMPUTERS

22 1964 saw nearlg all the major manufacturers, annaunce compﬂle_tel}/ new
ra_nPes of eq¥|ﬁ)ment f which a few will be ?ehvered in 1965, but the main mﬁa%}
wilf not be telt until 19(?6. Thes rangeso machines have been called the thir
generation of commercially available computers.

23 The third generation are so called pecause they r%nder the second generation
obsolete rather than because of an%/ single dramatic technical development compa-
rable with the mtroducuRn of transistors and the use of core storage. xamﬁles of
this new generaﬂon are t f |.C.T. 1990 series, the .B.M, 360 senes, the Bull G.E.
00 series, the Honeywell 200/2200 series and the R.C.A. Spectra 70, and the
System 4 series announced in 1965 by English Electric - Leo - Marconi,

24 The third generation render the second generation_obsolete by offerin% on
averaqe two to three times the power for the same price, in addition o some other
advantages. The ways in which these advances are achieved are considered below.
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Core storage

25 The speed of the_core storage js increased (roughly two 1o three times) and the
Prrce of core storage is sharply Teduced (b rou%hlg one half) which meafs that it
S easier 1o jUStI?f larger coe storage. T e inCreased speed and size of storage
Increases the power of the computer.

Processing power

26, The power of the processor is increased because even the medium-sized ma-
chrne has the ability to carry out read inread out operations e([] Eunched card to
%netrc tape, magnetic tape to printer) at the same time ar rn% ta
processrn operatron e.g. a payroll or stores control). This Is best deScribed

as “time sharin

21 In the larger machines it is passible to oﬁtrmrze the use of the power of the
computer R/ Carrying out two main process| ﬂo erations at the same time (e.0.
apayrolladstorsc ntrol). This is called “multi-programming”.

28 In erther of the above cases to ensure that the two main processing 0 eratron?
do nat inter erewrth One anot ertemanufacturer provrdeserthers clal contrg
crrcurt Oy or specra control I%rorTrram? or hoth) to ensuret at ther rs no 03l-
br ity f one of tegrogra nterfering with another. In the very large ma-
ch rnest It i possible to have up to seven Independent programs operating™at the
same time.

Input and output

29 Because of the time sharing ability, the computer is able o read in data from
gunce cars per tape, or r?asqne ic files, and reﬁfl out %ata to a line grrnter
rt%_magnetrc lles very much faster than was possible on the second generation
machines

30 This | rncrease in ower IS enhanced b%the reat rProvrsron of huffer stores
rr]etweeni1 aﬁer her gvrces anf the computer so t munic troH etweﬁn
gte eral device and the buffer occurs at the gerrghe speed; whereas the
transfers from the buffer to the core store take place at electronic Speeds.

3 Frnallg the input/output power is increased begﬁ ée the communrcatrons
between if centra [00ess rand the rferrh)]herals IS han ¥akrndo automa%c
elep one exch ange evice which enables efrveorsolrnesrnothe computer to be
located to whichever peripherals want to use them.

?2 All this said, the sp%ed of the peripherals is, in the main, very little different
rom those available on' the previous range.

Range of perrirherals and processors
33 The frna factor contrrbutrn tote groved power‘}cost ratr?arsthatthere 1S

aran e of processors.and common to all theSe processors there is a far wider choice
9r herals avarlatﬂe than hitherto. These P%rr herasoteferaran eotd Pee 51N
E)er tape readin an% punchr q andom

nting; In ma ne IC 13 es in
acce stores. This Wider choice enafles the Userto match the equipment more
closely to his requirements than was hitherto possible,
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Additional advantages

34 In additjon to the factors contributing to the |mProved ower/cost ratio the
third generation machines offer some additional advantages, as follows.

General purpose machines

35, Earlier a distinction used to be drawn between scientific and commermal ma-
chines and specific machmes used to be cate%)nzed as pein %commerma rather than
sclentifi c?r vice- verfa In (anyo the third generation machines, this distinction
IS either blurred or eliminate

Expansibility - the plug-in approach

36 Clalms were. madf for dseﬁond genera lon machmes that they were built on the

bull dm% ock prlnm ean ucoudaﬂ newumtsasgo I needs expan

However, with some onourable Xceptions, this was not quit 1as?/asn oune

smce |toﬁen mvoved hand mg the machmeovertotee Ineers fo awe while
Ymae gcessary c?( ections. Now it 15 genuinely possible to pug new
erpherals in and start working.

Expan5|b|I|ty compatibility ofprogrammln

17 In the Second generat|on ran ? of machines the total S
from smaIItover?/ r%ewasmet arorflvecmmerua chines and a similar
numbero scientific machines. Each of these machines djffere n(\; tly n the wa
they [}/(\!ere [ﬁ)ro ramme an(itevex[/)small differed rad|caII from the VefY ?
In addition, the peripherals available with each processo var|ed significant

38 In the third generation ran%es this c?
etween four and sev%n \}Jroce sors. Each of the proc ?ors IS pro rammehd In exac
%/the same way, with very few exceptions has exactly the same peripherals, and
arg mgys ;nm gvhl h the transfers from peripherals to the Tentral processor s handled

39 Because of these similarities, a \Brogram wntten for a specific_machine will
work on any. larger machine and, With certain of the systems, will work on a
smaller maching With the necessary storage and number of zenpherals

Expansibility - general
40 These two featureﬁ [plug -in ablltg and com t|b I|t offer very real ad
vantages to the user In that hecan ma five-year an or ata- proces Ing. These

two features enable the user to expan ower in step with his needs far more
closely and over a much greater range tﬂan hgs hitherto Lgen possm?

Remote communication with computers

41 The abl|lt3/ of the thjrd %neratmn machines to time- share input and qutput
see ?ar? P 26, 30 and 31Jg as meant that It 15 now practical to connect dist nt
ois dife ly to the comput

gan of requirements

‘flete sgan of re(ﬂuwements IS met b%/

rvia te? egrap hortele hoﬁ ﬁmes so.that It Is possil
omPut data from remot Pomts mﬁ |n uiries from remote points and even run
pr?eg ams rom remoteg t% At the moment, the ca?amUes of the lines avall-
an the cost of |8 Peed readers and printers at{)eremote oInts
restnctt e value of this ability But it is reasonable to expect that both these will be
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overcome.in the next few %%ars In the Unrted States there are aIrea%/ cases of Iarg
org anrzatronsw ere a number of small computers an one large computer are used
mwrc robemswhrch are too large for the small omputerareswrtched to the
arrrrer co trter over high mpee tra smrssron lines which enable data to be trans-
ferred directly from one computer to another.

Range of random access devices
42 In the ast the range of random access dlevices available with any one ma-
ch |ne has rare been wide enough to meet all needs. The range of devices now
avar ble fall nto ourcategrirres
eap, Jow’ canacrty, oW access

medjum price ow caap acity, tas ACCESS,

medrum prrce pacr slow acoess;
d expensive hrgh caépacrtg St ACCESS,

(fferent a(!ophcat ons requiré all of these and in the past, it hgs sometimes been
necessary 10 select the machine with the particular type of random acoess device
requrred This s no longer necessary.

Reduction of data-preparation

43 It is already possible by the use of magnetic ink, redesi
agguthnee rltjtsse of mgrﬁs msteadyot numbers on ?orms to rea da?

of o
0 Sl prning

SYSTEMS ANALYSIS AND PROGRAMMING

Zla/stems analysis

Howgver before acomPuter no matter ho¥v adv%[tced Its hardware, can be
introduced info an or?anrza lon {0 process the Tirm’s data an provj g mane%?
ment with relevant In ormatron avery ar eamornto work IS needed to de ne
exactly w ath%to e done and to ?eg e Tirstly in broad terms and then in
%om ete etal owtecomputer wil ortS ste sanaly 1S caﬂ take anythrng
rom a few week% or months to several m% Xars Even W entesgstem 1S d
fined, the end of the road Is not reached, as the computer still needs to b |nstructed

Programming

45 "This is, not éhe tplace to descrrbe in detail the way in which programmrnq IS
carried out in orger fo [p de the computer with the recrse Instructions on which
It can.operate. All thaf needs to be em asrzed nowr that rogr%mmrng can take
anything from a few hourfs to several months g ePen mg oI the size-and com-
pléxity of the task and a further similar period is needgd fo “test™ this program
until all errors have been eliminated.

46 When the program has been com IeteI¥ written, .jt will be converted into
Eunched card SOH) nched paper tape and as fequire will be read into the internal
torage of the computer,

47 AItogether s%stems analysis and programming may cost as much in salaries
atrggllthec st of computer time'for testing as the purchase of the computer hardware
r
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SOFTWARE

43 In order to ease the job, hel now comes from manufacturers themselves in
the form of Pro grammin su%p it or “Sof tware h ese] are sets of programs
that can srmp Ify the user g programmmrian usrnot ecomguter However
It should be %m ha%rze th Athe do nat affect the probfem of systems analysis at
all. This still has to be carried out just as before.

49 Manufacturers tod )( are expected to supply five broad categories of pro-
gramming assistance and these are.-

a. FarrI simple assembly languages which make it possible to instruct the machine
wrt ut recourseto machm cdeofnoug tsa% ONes;
{

b. H Iﬁh level ?ﬂufaoge%ovr\h m(ercral Jogsjgn I orogrammed mabastar?r ed

m n fors o A0r commercia e language of mathematical for-

u Ifi |catl

C. Oo ratmg routin srrrﬁtJ ch he? the user firstly, to fe(ed johs throuoh the machme
thout oo much hyman In erventron and secon {0 control operations o
(ihrnes when carr moNoot fime-sh arrng or multl- oPrammrng

d. Utr It routrnes whi ch Il do the standard_ comm no ace tasks such as sorting,
dtrng information from cards to agnetrc taﬁ)e efc. and also sub-prograns

0 common roufines such as payro]l tax calculations;
e, Pro ram festing aids wtbch are 1o tr es to he<lp programmers prove the accu-
racy (“debug” Or get the bugs out of) t errwor

Operating routines

50 In the early days no attention, was paid to the ﬁroblemsofogeratm%ecom
Puter Job swr run qne hy one wrth considerable human interventjon | detween
uns, This | e toSmmute %alos between each computer run and with t eaverage
run being only. about 20 m esaZ?% wasta? ement on running a Computer.
Most co mer ial installations are still run on this basis.

5L This delag becomes ynacceptable on large ma%hmes and routines were written
tﬁecrtrjrtaghjm é r?sg 1gaps and pass a large amount of the operating responsibility to

Time-sharing operating routines

52 With the advent of trme sharrng central Processors control routings are re-
uired to c%ntrol these m troeope tions, A arge number has been sold of com-
utersw ich are not et ue or de rverg which d ﬁ]end on these operating systems
om eteym order to work. One can Only hope the operating routines arfive as
promised in the next few months.

Utility routines

h3 There are a lar n%e number of common jobs which occur in datﬁ processin
Install atroné The commonest one IS the sortin outofdata Every msta atjon nee
to sort, an smcea ut 1959 ever reason e.manu acturr has provrde sort
routines with the machines to save each installation wrjting their own. All manu
;acturers now offer a reasonable range of utilities with Varying degrees of ef-
iciency
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Package deals

54 S0 far, this discussion of programming has assumed that unique programs
must be in the main written for each Individual commercial or?amzatl n. “These
Progr_ams are written afLer a_(etailed ssl]ems investigation ? the companies
unctions. Maybe as much as 60-70 % of the programming effort in a company
will in fact gd Into the system for dealing with the 5% exceptional data of that
company.

55 This apgroach assumes. that the system re(iuwements_ of each company are
d|[ferent to all others. This is obviously untrug. fcomgames could adagta ene-
ral-purpose program to meet the 5 Y% exception for routine data processing ap-
plications enornious amounts of money and effort could be saved.

56 Packages have been used to a small extent in some industries in the U.S,
notably Savmgs Banks, Hospitals and some American stores for whom N.C.R.
have developed packages.

57 . In add|t|ona?_tart_has been made at developin gen?raI-Purgose application
nackages to be applieg in a number of Industries. amCR(eo these are eM?S
proguct planning and IMPACT inventory control packages being successtully
used by several ofganizations.

58  Rumours are current that ?acka%es are soon to be released for an Airline
bookmg system based on computers and data links and also for a Multiple Store
Inventory Control System.

59 If_ﬁackage systems can he developed and accegted the ?Pread of computers
would increase extremely ra‘p|dl ang the mangowrrelease_ from [ﬁJIannl the
routine processm(% jobs could sdop develop management sciences and computer
usage far beyond the present bounds.

THE FIVE TYPES OF APPLICATION

60 Acom?ute_r Is a tool and the computers used for business tend t?_be eneral-
Urpose %oossmc?theg can be used for.a number ofdlfferenta’mcan ns. At
resent there are Tive Dasic types of business data rEJrocessmg ag Ication. Eac
type introduces a different ideaor concept, and to?et ent the ascend-
ing development of the use of computers. The five

E Type | orBook-k egmgAPyllcatlon; .

Type 11 or Indiviaual Control Ap |ICf]'[IOI];

¢) Type 1[I or Manaqement Control Pg ication; .
Type IV orPlanning and O(ﬁ)tlmlzm n Application;

e) Type V' or Fully Integrated Application.

TYPE | -BOOK-KEEPING APPLICATIONS

?l Teype I aéa[ﬁll_ca lons are referred to.as hook-keeping aﬁphc%nons. The essentjal

eaturé of them 1Is that the Brocessm IS carried out In"much the same way as {ne
manual method. How$ver, se IS made of the f?ctt ata com_ther can sy m?rlze
data as a byproduct of the main process. Thus all statistics whic

er they repr
ypesare:y d

are required from
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g])t(e S%gsi.nal data are calculated. A hook-keeping operation can be represented by

g read latest transaction;

refer to file for static and brought forward data;
C Bro ss %_ran action:

q P ate file (1.e. carry forward data);
e). print results, _

) summarize results as required.
62 Examgjle_s of TP/p_e | applications are payroll, |nv0|cm% and sales ac_countmg.
From the Diasic operations, statistics sych as fabour costs and sales analysis of pr
duct by area, by salesman are extracted.

63 The benefit to be gained by using a computer for book-keeping applications
may be summarized as:g y taing P pIng app

8. speed of r$parat|i)n_of results;

. accuracy of calcu atlo.n% . .
C. |mProv d statistics which can beobtameﬂ from original data. _

The | mltatl?ns of uslng a computer are wnolly economic. With current input %e-
w?es, pi%rolor InyoIce data must pe converte? Into cayds or paHoer tape, and this
ef Qrtfl ost cancels_?ut the reduction of calcu atm?efort. In"the case of ga%/ro ,
clerical staff must still e ret%me In the pay department to handle queries, batch

cash Into packets and pay staff.

TYPE Il - INDIVIDUAL CONTROL APPLICATIONS

64 As well as heing fast calculators, computers can distinguish between various
Situations, sucn as;

Is X ?reafher than Y?

B i Y ons make e of tis feature o apoly the routine fest of il
e 11 applications make use of this feature to a e routine tests of simple
dgc[_)m?n-nﬁ) king to Individual operations e.?. stoc c%ntro_l. They have the fapng
basic features as hook-kee mq_o erations but when roce%smlg ha$ been complete
a decision Is made and the action thereafter depends on the result of the decision.

Management by Exception

65 Two |mgort nt concepts arise out of the ne%d to make a decision. The first
%oncelpt Is that of management by exception. If the result of the decision Is satis-
acto ¥|t_|s assum?d tha manag ment does not need to be Informed. If, however,
the result is unsatistactory an exception report Is produced.

Feed back

66 The second concept is that of “f.eeF back”. This_is %lmﬁly_a term used t?
defcnbe.the system whereby the latest informatjon is “fed back” into 1Lhe ongma
calcylation g see If 1t alters the forecast Situation (e.g. comparison of actual ex-
penqiture with ougget). In order onha e%demsm the computer mHst e given
a value to test qaL st. T0 be worth wni fe,tehmlt must var V\I_IAhC ]gngm CIr-
IcSuErggt nces and 1t 1S in the calculation of the test value that the idea of féed hack
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Examples of Type 11 - Individual Control Applications

67 Examples of this type include credit control stock control and progress con-
%rol The outPut of the srr/stem does not neces an rY radwrt an exce tron report -
or example nstock co trol the output wou clude an order {0 urchase new
sugplres together with a carry forward entry to progress the order. The value a
ecoﬁsrt)heeétuantrty of stock"would also be included and this could equally well

Benefits of Ty?e I1 - Individual Control Applications

68 The henefits of using a computer for individual control applications may be

summarjzed as;

a speed of updating records, leading, for example to:
promptcollectrono f dehts:

romgt re-ordering and items less frequentlly out of stock;

b proved conrol due to feed back of Usage rates and subsequent recalculation
of for xamblle

(r re-order leVel:

() re- orterqdantrty,

1) credit limi

(the computer can undertake calculation which would be prohibitive on a manual

sem
ﬁ dntroL IS often a ver wortRwhrIe com utera catron rncetestp

with which tec?m uter controls the stock sit atrone bles maI er stoc o

kept and hence offers worthwhile reduction in the money tre Up In stock,

Limitations of Type II - Individual Control Applications

69 The limjtations for using a comguter for control are firstly, economic and
secondly technrcal Transactrons hav to be converted Info cards or paper tane
and, as for T Xé) % eegrnd [p rcatrons this can Involve a considera Ie
ﬁmount of pu hrnd e Set gﬁ avan % Also, because the computer
as to seek Information from atlle, the In ormatr nmust be coded in a wa that
the computer can understan This means, for example, that a unique [y
Part ny bersm st be used angtese umbers must In § Olrre casest% lt en rfn to
ursrtrons acerrca action before ata an be punched. The tec nrcag % 3
aren attrrbutabetotecom uter. In?r er to re-a Esessthetestvaluet
Whic eorrgrna value as calcu ate must e known. This means that a
at ematrca mogel oftes¥ stem must ema] %o thataconsrstent method of
gaé%rmatrﬁnsrr]so ltﬁ?jd For example, If we consider the characteristics ot a stock control
ay tel| when to re-order stock:
n. tell how much to re-order:
c re- adIJust the safety margrn I necessary
In order to provide Teasoriable answers to these duestrons éhe system must take
rnt accou t ead érmes machine loading, and future demanas. However, answers
eSe pro er? epend on:
ug %[p blems:
E duction capacrty,
ales forecasts.
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In some instances it is sufficient to make intelligent estimates of these effects and
the resulting stock model can be quite simple. “In other cases the model may be
complex t% In either case the limitation 'is not the computer but on man to
asse bIet e appropriate data.

TYPE [ -MANAGEMENT CONTROL APPLICATIONS

70 The mana(I;ement control application is really an extensign of the individual
control appltca jon. It consists of deftntnp the mahagement |nformat| n necessa
to control an or antzatton and, establlsh ng the con rols required fo keep the o
gnanlzatlon runni Wﬂ In aglven plan. Broadly, there are two kinds of infor-
ation required for this purpose

a. “Action” information, which consists of orders, goods received nottces Invoices,
%tatements r{ob caras, ‘stock [equisitions, pay sliis, etc.: action information can
e either “Input” or “outpyt™
“Control” ;nformation |chshowshowtheorgamzatlon |srunn|ngand forms
* the basis of |nformat|on on which planning and policy decisions can be made.

It s app re ttgat tth mformat on is th same as.that which is either ipput or
output o 00k-Kee |n contro gpltcatlons previous| descn ed.
Bn a?ment control ag I|c ilon can theref de be EIHG 8 a thlnatlon of
00KKeep|ng and contr Ications arrant[; sothftttelnputs and utputs are
tﬂée%%tg?v%n %IIVG the |nfor ation required to control the overall systems, accord-

g{plmaﬂons such as these wer iplanned as long %oas 195t8 VerP/ ew have
achtev thenalms 3 pfst have a be%auethes ersue] thepo em was
under-estimate a msu |C|entpann|n8 a been done. The prp ach to ma-
nagement control problems must be %ra ual and step-by-step. [n this way the
problems can be brought to reasonable Sizes.

721t must be reallzed that in theeag I|caétons the human problems ﬁre ver
real, since these agp |cat|ons cut rjght agross departmental boundaries. This gives
fise 10 man p ems wnich only a firm and_ dedicated to(p managemen %an
resolve. Not'a few management syStems have failed because top management has
been deflected by departniental objections.

73 Who controls the sgstems accountf production? sales? or %hould It be a
?eparate unit? The answers to these problems are noY)v thoupht t0 %known hut
Ve years ag/ when many mana%ements stems were etng p]annedte gave rise
to many ate battles To a Certain e entteear a les of man %ement
slxstems were limited by hardware, due toteseer (p éban tefact
that certaln comzputers est% Td aroundl 59/60 were not eI|v on time. There
are now quite a few examples, of Rro duction control problems (which can be
pn3| ere 35|mﬁerver3|osofma qementsystem but virtually no exanrtp

mtegrate ma a% nt control systems as descrl ed. The problems lie more
W|thm n than with hardware.

74 1t must be remembered that a management organization structure is onlly
a decision taking mechanism. Therefore as'soon as computers start to play a part
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rn the decision makrng rProcess theg impinge on the organization structure, - and
therefore on hyman b % Once a husjness installs a computer, it is probably true
to say that it will never be the same again.

Example - Type 111- Management Control Application

75 A typical manufacturing organization would have three divisions - sales,
gro?uctron and accounts. To nagrn director the three divisions are linked -
sales plan 1s agreed It Is passe to production to manufacture, and accounts cost
It and receive and make payment, In ractice, each division acts o rts own. and
sup ItS own rE)ans and confrol systems to montor ‘pro ress, Each division
an les data whic |so use to the ofmers, though they frequentl requrre it in
rfferent\forms If the data can be recorded sothat dne transaction %used t0
dat terecor ds for each division there can eaﬁreat redu?tron rneforta
nsr erabl |mﬁroved accuracy. It is possiole to acfiieve this tlow by manual or
mechanize met 00s, However, aboveacertarn size the problems are S0 Iarrie that
acomﬁ Aer 5 dt eonyeffecﬁrve way of achieving this. Consider the example of a
comhined pro uctron contro /stock control/product costing/payroll system.
Startin rom asaestrogramme esg/sem
a prot cgs a r(’jnanu actliring plan for the next period, showing what products
are 0 be made
b. analyses thys plan to calculate:
(1) Stock gemands;
11) machine and Jabour demangs;
chedules éhe work on the maching shops;
d rssues rfro uction oraers;
? controls the ﬁ)(rogress of orders;
. controls stoc
H contr?st Urchasin ofmaterralsand bought out parts;
calcu ates our and aterial costs;
é)ro uces payroll from labour costs.,
Th erm Infe rat Data Processrng s often used to describe those s stems used
ortepurPose?t [ﬁ)ag ated Data P rocegsrn Js reserved for a wider
Use, as described later und rType - Fully Integrated Applications,

Benefits and limitations - Type |11 - Management Control Applications

76 The advantages of using a computer for management control applications
may be summarized as:
8. a reduction in clerical staff due to eIrmrnatron of duplicate effort;
. a reduction In the am?unt of prime data inpu hto the computer, by using the
computer o pass data from ?n osition to anot
C. rfrargrualsred (huc gess resulting from improved delrvery due to reduction in manu-
d. reductio groducts costs, throu hbeftter |oading cif Iabourand machines;
e |m roved management information” for future“planning, due to accurate
knowled %e of work-in-p rogress and current costs.
he Irmrtatr ns of slicn aro[% ICatl ns arise:
from the sheer size g eJJro lem;
( from the human problem
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TYPE IV -PLANNING AND OPTIMIZATION APPLICATIONS
Definition of Type IV(a) - Planning Applications

77 Most problems have to be carried out within a fixed time or with fixed re-
sources. There are often many ways of carrying out the work. Each method re-
EUI Iés an analysis of at least three factors:

. fime:

C.. IeSOUICes. . . .

There Wlﬁ %e bottlenecks in each and its not always possible to foresee where and
when they occur. One method of tackling this problem Is the bar chark This is
adequat% for mmgle LPrwects where ?ecué)ns are undertaken one after tne other.
Where there are a numuer of interrelated activities e|_n% mogressed at the same
time, the har cpar} becon?es Ineffective. The relationships may be then expressed
graphically in the torm of networks.

Example of Type V(@) - Planning Application

18 Eg/pmal EHJ lications é’-f nefwork analysis ar? Iar?e “one-off” operations,
such a5 the control. of building sites and the"control of factqry maintenance pro-
%rammes. The H,mted St tefs Goverpment has made use of network analysis a
ontractual condition for defence projects.

Benefits and limitations of Type 1V(a)- Planning Applications

79 AIthour%h not a strict re(iuwemenkfor network analysis, it is f%l_r 10 say that

the develophent of this technique has been dependent on"the availability of com-

Evuters to carry out the tedious and involved calculations. The benefits which net-
ork analysis‘on a computer offers are:

b B o
' |_peventsgbehind_ $C edu?e; i
II) events on which there s ?Iack;
Em ahﬂof,PrOJec_tsbycomF etion date; _
¢. the speed with which alterations to the network can be fed into the computer
and the effects determined: L :
d. ggu% |(Ij|§}/aof the computer to “store” the network and revise it in the light of
A 37 % reduction in shutdown time required for maimgnance of a chemical plant,
g%%ﬂ/tslpsg In extra production worth £ 1 million has been attributed to networ

80 The real pr?.blem and limitation of network analg/ts_is_l_ies in building up the
network Jn th? Irst |nfst?nce. This requires careful aefinition qf objectives and
the stelectlon of events, followed by careful definition of the relationstips between
events.

8. N tw?rk ana!ys_is was developed to control time dependent projects, but jt is
being developed to include cost and manpower dependent PmH cts. In practice,
real %ro@lemg mv?lvthme, cost and resources and compute R or%;rams are bemge
prepared to handle these together. At present, time deBendet etworks can by
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used by bu I;rrn time on a manufacturer’s computer and usmIg his network analysis
Rrogram rams for the other factors are still made fora particular job and
a not heen"developed in general form. The limits to the use of networks again
falls in man’s ability to provide a network.

Definition of Type IV(b) - Optimization Applications

82 The use of planning techniques which show ug bottlenecks In time and re-
sources frequent| Place extra proplems on management. fabottleneck oceurs
there IS often a cholce o actron ana t e ChoIces are often not mutually consrstent
Even the otﬂectrves of the various d rfartments wJthin, a company ‘ma g not be
mu ually co srstent Production Rroba wish to minimize the cost of rductron
3/ ong runs Qn Tew pro u%ts This mta lead to Iar?e Inventories. Sales ma wrs
t0 have large mventorreso man drf rent prod ucsm order 0 meeteve order
as It comes™in. Finance e[%artm nt, however, normal %/wrs es 10 keep its mvest
ment I stockatamrnrmu I'This type of robIem can e called the “executive” o
Btrmrzatron roblem. The executrve ha% the prob em of mepratrng between the

nflrctrng rnerefsts and of se ectrng the Dest course.of action for th orgnnrzatron
as a whal |rst re uisite |n fin mgasolutron 5 to construct a mathematical
model of the problem. The procedure may be summarized as:
g select the effective componentf of the System:;

grve each component ahs mho

onstruct equ trons h express the effectiveness of the situation in terms of

varra le co \Ponens

Identify the variables which are under management control.
The sol utrgn of the oroﬁem e en?s on whean rgrt %possrble to solve the e% uagjons.
pt;otétrema]renarmple hey can be solved and one such’technique Is known as linear

Example of Type IV(b) - Optimization Application

83 An examgle f such an ?ptrmrzatron problem IS an oil company. which draws
It raw materials from several sources and e mesr at several re ne les o Pro luce
a range of products which must have a fixed tﬁrty Foctane va ue()1 Tak %rnto
account transooré CoSts, refrnrn costs ando ble Sales out etsn revenug, the
problem is to find out what is the most profitable operation for all refineries for a
given set of conditions.

Benefits and limitations of Tyﬁe 1IV(h) - Optimization Applications

84 The solution Rf the mathematical models hn a% ﬁractrcal riase Involves so
much calculation that a computer Is essential. T a tages of linear pro%ram
mmg {0 0] com ﬂres are large. At a uesstheUnrted Statsortcomganres en
bott 5million dollars a year nrentrn com uters ut the benerits may be aroun
50 million d Ilars No_ other computer adpreJ aron 'offers an thrn%; LIk this retumn
at Present The |m|t tions to this'work are basically mathematic Ero lems, since
rea Stclecrtsama%/ eso models can be solved and not all these models coincide with

85 The develo ment of these o]roblems as has been stated, depends on the de-
ve|opment of mat Tematrca techniques and nof Upon comouters However, a con-
siderable amount of research work is being carried out and the larger organizations,
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which can afford to employ 0 erattonal research staff, are usmg models to re-
Present thelr own pusinesses. T ere 15 a danger m the developmeit, which seems
0 be sgreadtng, of usmg somehody else’s model without knowing all the facts of
ttetgrscas Thesg fields arg strictly for the O.R. man, and not for enthusiastic ama-

TYPE V-FULLY INTEGRATED APPLICATIONS

86 The essence of fuIIy integrated data processing |s that all data relevant to a
com anysbusmess |s fed |nt0ﬁsm er%/stem and_all numerical output useful to
the Comipan oro uced by the system without intermediate |ntervent|on The
technlques fog Imization nd planning produce the best Plan The an 1S con
verted Into m% u actunn% and purchﬁan)% ;[)(a(ns which are continuous P/ d
tored. From the |n|t|a JJ data all book-keeping operations are proauc
mostly a by-product of other operattons

87 Itisim osnhle to give a real ex of this type of operation since there
are no examples ot any oﬂnthcance int

8  The beneflts of a fu mteorated aptt)hcatton inclyde all thoge that have bﬁen
attnb%ted tq the o her types of applica on The real benefit, however, |?t at
Proa only afu |nt rateds emW|Imake| ossmleto predlctthe uture
N such dwa thatth % de%|3| S can etaken ul Moug t0 meet chan |%
circumstances in the mast profita ewg CATim aay aKe assumptions apo

operations and deodet e most profitante course of dctjon. However, the ecision
15 only correct if the assum '[I%HS are correct and these Inevitably involve assumg
t|ons about the operahﬂns f'the firm. [t is essential that these assumptions arent
regcr %rrgc(to dstethat they are constantly monitored to see that they are following

10ed cou

E? The limiting factor on the oonceo of fully integrated s Xstems is the abilit
of man to devise'a mathematical model o the oesgstem Integrated s¥ste
r[%)ears to require one model of the whole system but'in fact, it |saseneso sup-

?O However, aswas said above, there is no orgamzanon in the world with a
uIIy mtegrat}e system. Approaches to ?uc a syStem are. being made from both
the to ottom of the veral| mode ftruct re. Degision maklnP models (the
hghes Ievelg are betn% deyeloped by the aroest organization for steel manurac-
ture, chemical product 0|I re nlng, site evauation”and by the reasury for the
country’s economy. At th e oth er end éock control mate and manag ement
contro sstems are etng developed, and these systems WI| timatel a/ P
basic lat or the flnaIdC|3|on odel, The apﬁro ch fo fyll Xlntegrate % 3
must Inevitah [y be a long one. As In all the other applications, man himsél

not the computer is the limiting factor.

SUMMARY OF THE STATE OF BUSINESS APPLICATIONS
?l The state of development of business applications can be summarized as
8 ooi< keeping and individual fontrol apEPhcatlons a?well developed;
computer management confro sgstems re not yet tully operative,
¢. useful benefits have heen obtainéd
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(i roducts of hook- keepm% and individual control applications;
s fro ;? lanning and optimization techniques;

ot tart has been made towards deC|5|on -making modgls;

{

I
rical savjngs have
ﬁ fcuture deve|08ment o? meepmg and control systems is limited by input

rob
ﬂ\ eveﬁopment of all applications is limited by the ability of man to:
(1) ¢ an?e his methods;

(1) devefop mathematical models.

92 The position can be illustrated on the following table:

d
f
g

TABLE | - SUMMARY OF THE STATE OF DEVELOPMENT OF BUSINESS APPLICATIONS

POSSIBLE
APPIE_I\((:PAE‘I'ION CLERICAL GENERAL BENEFITS
SAVINGS
1 Nil Improved Speed:

Improved Accuracy:

BOOK-KEEPING Improved Statistics.

Nil Improved Control, the-
I refore better planning,

INDIVIDUAL less stock, fewer debts.
CONTROL
Some Considerably improved
n control and statistics:
MANAGEMENT Provides data for
CONTROL Higher applications.
v Some Improvement in
PLANNING completion dates:
AND Large potential savings
OPTIMIZATION for right applications.
Large Optimization of whole
\ organization
FULLY
INTEGRATED
Hardware

STATE
OF DEVELOPMENT

Approaching limit as
currently defined.

Simple systems
developed:

Stock control models
well developed, but
few in use.

Only parts of systems
working.

Used by large organiza-

tions: Rapidly
developing:

Very much experimen-
tal:

Some limited decision
models.

FUTURE
DEVELOPMENT

Rethink Basic Problems
Improve Input.

Rethink problems.
Improve Input.
Develop Models.

Improve individual
systems and link
together.
Overcome human
problems.

Extend to costs, and all
resources.
Limited by Mathematics.

Limited by Mathematics,
and by need for accura-
te data from Type 1 I,
Il and IV Applications.
Also limited by Humans.

%3 The basic underlylng trend in c?m uter developments in the past years has

een for the hardware'to get cheaper,
Improvement in performance!cost ratio

comrﬁ ers_first announce In 19?
) Th|ss(§)wst 1‘att es?ee or
jOb cost decreased by a factor of 1

94 An |Ilustrat|on of the cost of d0|n(1; a sl

aster and more reliable.

mple punched card
rﬁ) %164 IS J

job on three small
% r%nven In the fol
this operation has increased & times and th

owm%
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EXAMPLE | - COST EXAMPLE

1 The job considered is the very simple one of reading 1,000 punched cards, punching a further 1,000
cards and printing 2,000 lines.

2 Machine A was announced in 1955 and consists of:

STORAGE Drum of 2,000 words

INPUT A Card Reader speed 250 c.p.m.
OUTPUT A Card Punch speed 100 c.p.m.
OUTPUT A Line Printer speed 150 l.p.m.

Only 1 unit would work at any one time and the cost was £ 90,000 or £ 18,000 per annum rental.

3 Machine B was announced in 1959 and consists of:

IMMEDIATE STORAGE Core Store 4,000 chs.
INPUT Card Reader 800 c.p.m.
OUTPUT Card Punch 250 c.p.m.
OUTPUT Line Printer 600 I.p.m.

Only 1 unit would work at any one time and the cost was £60,000 or £12,000 per annum rental.

4 Machine C was announced in 1964 and consists of:
IMMEDIATE STORAGE Core Store 8,000 chs.
INPUT Card Reader 600 c.p.m.
OUTPUT Card Punch 300 c.p.m.
OUTPUT Line Printer 600 I.p.m.

Although the peripherals - input and output devices - have not increased in speed, compared with
Machine B, due to more advanced central processor, all 3 operations - card reading, punching and
printing - take place simultaneously. The cost is £ 45,000 or £ 9,000 per annum rental.

[$2]

If we consider the rental figure and a usage of 200 hours per month we arrive at the following costs
per hour of machine time:-

MACHINE
A B C
Cost per hour £7.50 £5.00 £3.75
6 The theoretical time to do the job on the various machines is:
MACHINE
A B C
Mins. Mins. Mins.
Card reading 4.0 13 17
Card punching 10.0 4.0 3.3
Printing 133 33 3.3
Total 27.3 8.6 *3.3
Cost at rental
appropriate to
the machine £3.41 £0.72 £021

* As all 3 operations can be performed simultaneously the total theoret-
ical time is the time for the longest operation which in this case is either
punching or printing which both take 3.3 minutes.
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Number installed

9 The sgread in yse of husiness computers has been increasing rapidly in the
last few years as can be seen in the following table:-

TABLE Il - BUSINESS COMPUTERS DELIVERED IN THE U.K.

Number of Machines Cumulative . Number of
) : Number of different
Year installed during number . Manufacturers
. types installed R :
the year installed delivering machines

- 1955 3 3 3 3
1956 7 10 5 4
1957 20 30 9 7
1958 40 70 12 9
1959 50 120 13 9
1960 80 200 14 1
1961 120 320 25 1
1962 220 540 32 14
1963 290 830 40 14
1964 About 500 About 1,330 38 10

On order About 600-700

E. & O.E.

9% It seems reaso ablet expect that this develo '[WI ontinue and that |
the year 1988 neaHy 2,000 machines may elensPaWe (! ecumu?at?ve totaq
willbe nearly 5,000 machines,

THE FUTURE:
Input of hand-written and typed documents

o7 Abregkthro gh that ever;ﬁody has striven for is the d|rect m;t)ut of qand-
wrltten an t\% ﬁ qocuments avm%s In time and money ? ne abolition
o punchmg ould be enormous. This has proved remarkablyd| ficult to accom-

plish.
93 . At present a few mark readers which will reco nize pencil lines on certain
p05|t|onspare ava|Iab T%e best of these Is robabl nEn lish development, the

Auto-L ef %r nd its offline versiop Lectordm%ne y Leo Computers now merged
Into English Electric-Leo-Marconi Computers Ltd
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3EVICE OR IMPROVEMENT EFFECT ON BASIC APPLICATIONS EFFECT ON NEW APPLICATIONS

9 A de\_/eIoIpm nt was on show at the World Fair of a machine that would
saUsfacAonIy eﬁ nand-written numbers but this_machine has not Yet Deen an-
nouncea as availaple in commercial production. The announcement of a cheap

1'%?3\%?3 that would do this, would certainly give E.D.P. another enormous thrust

Effect of hardware development

flcg)l(l) WI_he principal effects of hardware development may be summarized as
a. development to existing computer units will simpIF affect the throughput sgee_d
nd hence the economics of the application, but they will not affect the basic

a
applications; . : W
: g@%rsjgﬁeO%g?@téa&mw S e

k storage devices will affect the basic comdputer operations but, even more

S0, the associated gaperwork s;rstems. They open up a new approach to the

Problem (?f_ mforn? tion retrieval, _ _

m?rove_ Interna ﬁrocessm%_speed ?oes little to h%Ig the business use, but af-

feis_engme rmq and scientffic problems and, in thé long term, assists in the
souélonof emsonm%e.s; : e

e. the display unit with the light pencil opens uP new possibilities in linking design
(hitherto almost outside a control system) with production.

101 The position can be illustrated on the following table:-

TABLE 1ll - THE EFFECT OF HARDWARE DEVELOPMENTS

Document Readers Improve Book-keeping and Control Applications,

especially in Banking and Finance. New approach
to paperwork problems possible.

Document Readers and Improve throughput of Management Control Information Retrieval.
Large Storage Units Systems and large file Book-keeping Operations.

New approach possible to Paperwork problems.

Telecommunication Links Improve Input to Control Applications and

Calculating Speed Improve throughput by sharing operations Allows more complex Engineering

make “on line” Systems possible. Allow
computers to be shared, thus improving
Economics.

and Scientific problems to be

solved. Help in solving Decision

Models.

Display Units Improve output in Banking and Control Link in fully integrated Systems

(with and without Light Applications. Improve presentation of Data between Design and Production.

Pen)

to management for decisions.

mab biz. 22



Effects of software developments

flol% The principal effects of software developments may be summarized as

ollows:;

a. the early omputers were tedlous to program, and programming was a hin-
qrance to the develo ment? economlc ap lication:

b. the present pro?ra mmg anqu %es have eliminated many of the minor pro-
gra mmg details, but the probl of converting a description of the work to
e done irito a com uterProgram I still.considerable:

C. because the mathematiclan “and scientist haver thelr own logical and umtﬂue
language (mathematics consmterable devel tfments have been made towards
converti (I] automattca by mathematical problems Into comButer nguage;

d. attempts Yo do this for blisiness uses have ot proved very sliccessful, 'since it is
dIffICU|t to d%fme umtaue y the t)erms used | m busmess

e, | -and when this | achieveq for itsmess roblems,

(1) there coula be a consiceranle reduction in grogrammmg effort for book-
keepm and control applications, and hence it Would b& more economical
fo put egtonacompuer

(i) 1t wou epossm 0 commumcate common problems and to carry out

processes of reasomnlg in the business language. This would simplify the

development of Integrated business systems.

The effect of human beings on future applications

103, The first and obvious uses of compy ers on the ordmarLy foutine and Iow
Jevel deC|3|on makin apphcatlons are wel eveeP% %chm all Pl hey can he
|m rove r%/new Input d eV|ces but there 15 still m Ich coudb tered b
n bel gs chanding their approach. Management may leam to change s
R roach bult the customer reaction is not known'™- will all workers accept monthly
c tﬂues can we dispense with statements and not incur vast mcre ?es In had
de 57 The answer to both of these In the long run is ﬁro ablg t]ea Irmative:
%meanwgteeve W, a5 customers, Mec to sma t1a| such as not havmsg
abettc ata on bank statements and having unusual figures on our cheque

104 The us of %Ianmng techmfc]tues such as netw?rk naly5|s Is rapidly ? -
eog né; can e sald'to be a ectm% the field of middle management Also

?t are the sub-contractors who are Suddenly faced w%hacont actor who (s
rea ly controll |n%gregress From these S|mp ert chm Ues the Use 0 comFuters 15
ad vancmg into gher man [%ement% e Government Drecéors
employees, rival or amzattons and the man In the street can all be affected by
decisions taken by computers.

105 The apehcattons of comi)uters are (leveloping atar p|d rate and man WI||

rolf [ero e to be gte limit gfactor In almost all oft m. From the simple
|catjons porn refusal to a cept new met 00s) 10 the m naé; ent
applications b an |nab|I|ty to express the problems), man“holds the baldnce.

106 At the vet]y hi mq % r levels of %ecmon making, the fundamental difference
etween man arid_machine Is, reached. The macine warks through a known
steh%of clrcurts, b asertes of “ Z “no” decisions, a?tt a quantitative answer
IS reached. Man wo yanasytunknown circuitry of far greater complexity
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Computers have developed so fast that the study of the interrelations between
man and the computer lags far behind.

107 Man must therefore set |n motion an edu%atlﬁnal lan WhICh will not onl
train the present employees and managers In the kno eﬁeo computers, bu
also the school children who will ?row ug into the world which has %Iread b%
referred to as the a?e of the comg er. The educational Aarogres%must er? t
50 that man learns to take  mor ﬂuantnanve alp roach to-problems, whilst at
same time being given a basic grounding in the art

CONCLUSION

108 Th conclu%mns on the state of the art, as far as concerns the processing of

busme?]s atlacan e summarized as; I lund

a. technical progress in computer applications is well under wa

b. har Ware%i \%F ments HI congPderabI |mgr)rove%a| YC&'[IOHS

¢. hardware developments have been, and still are, ahead of applications;

d. 1tistime to rethi k many ofﬁurtra Itional Eroblems

e. few comguter ?pphcatlons ?ve shown, savings In cIerlcaI costs hut improve-
rnents "A ontrol'and itansuca |nf(i]rmat{on have been si ng?m |can(§

f. the |g er order ap |cat|ong f Inear programming and network ana-
e%fsn)nvﬁn%h%\llgna?g aStraeg“almen?olttg e form and developing rapidl

% tisth g ?Ilcatlo% alll%wmgy gn Integrated appro%chgfr m\%hmh the

ar est en flts derive;

L ma enera 15 nQj ready to accept these latter applications; only a lon
term tra ining plan will rect|¥yth|s d PP y @ long-

109 Asane |Io%ue it must be emphasized that man has just learnt that he must
learn about how to use computers.
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