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Dear Dr. DeVinney: 
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r 

I understand that just for Africa Professor 
Millikan reported to you by .on the status of our 
computer study of some of the problems of initiating economic 
development. The enclosed report fills out the picture of our 
progress and difficulties over the past year, and of our 
preliminary explorations of the digital computer technique. 

. 

Since the report was written, further explorations have 
tended to confinn the apparent suitability of this approach for 
our study. The work of the group is now concentrated entirely 
on refonnul.ating the system for this technique. We have now 
simulated most of the sectors separately and will soon be 
combining themi first into a partial model and then into the 
complete system. At that point--we hope by the end of next 
month--results, in the form of economic histories for hypothetical 
cases, will start to flow from the machine, ready for inter-
pretation and analysis . By that time we should have a fairly 
good idea of how much longer it will take to complete the study. 

When some of the machine results are available, we would be 
happy to show them to you and explain what they represent and 
how they will be analyzed. Meanwhile, if you would care to see 
any of the results of our preliminary explorations, I would be 
glad to send you a sample. 
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Enclosures 3 

Very trul.y yours, 

J 
Edward P. Holland 
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Aidecl by a grant from the Rockefellcl' Foua1dut1on, the Centai:' 

for Intcrn~tional Studiee in 1958 undertook n study of some o1 

the dyno.mic ~conomic problems involved in starting the econom:tc 

development process (the "Takeoff") using the technique of simulation 

by means of electrical and electro-mccha.nicnl analog equi~'l:r.ant o 

Tl1C3 muin objocti vc of the ntt.:dy is to co1npm·o tho effect::. "lencss, 

in ~~ underdeveloped economy, o~ diffe~ont kind~ of economic policies 

and programs intended to promote continuing gro\rth of real income 

\'Jh:i.lo avoiding undcairablo side effecto • To insure ralev3Uce to 

some ectual problems, t!J.e p!·incipal modol 'Co be ot:.:raed hnc bean 

patterned on the aconony of Xndia. Thio model has no~ been 

co:tplately formulated, statistics on tho Xndio.n economy ila,o been 

ca:t•afully studiod to detormino sui tnble values cf pet·'lmctol'S e c..nd 

tho program of investigatiou han been mcppad ou~o 

Simulation of the modol uith the annlog cquip~nt ~~s attempted 

and a g~ent deal o£ effort ~s expcndod in tryins to mnke ths simu-

lation oork. In principle, this ::.till looks lil:o n vary suiteblo 

techniQue fo~ the purpo3o, given sufficiently roliablG cquipmenta 

Eo~var, the equipment eith ~ch this study ~ attempted had not 

been hept in first-class condition, and tho steff nnd maintenanco 

Ci'C"."' rrore unr.blo to cope ~itb the tl·ouble-r.hooting problems fot· 
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such a complex economic-system model as ee u~ro trying to studyo 

Ao described more fully below, these conditions led to the abandon-

ment of tho anal~ aimulatlono 

Some preliminuy work baa ninca been done to oxploro the 

feasibility of carrying out this study by the technique of 

nu~rical solution, using the IoBoMo 704 digital con9utor at tbo 

U.!.T. Computation Center. By virtue ot reccntlv-dovoloped 

programming techniques, this approach no0 aoams much moro feasible 

than was ioreseen a yoar ago, and it is now plcnncd that the study 

will be completed by this mcnns ~ l!uch of tba prop~r:ltor)' \!:'Ork 

on the model £crmulation, choice of. numerical values, end ~lanning 

oi the invootigntion is applicable and cnn be u~d to good odvuntnee 

with tho ne~ techniquoo In addition, tbo earlier attempt ~eo 

excellent training for the people :t.nvolvod, and tile pru:tinl 

solutions obtntned have tbrortn useful ~ight on the nat~re cf some of 

the processeso 

Subu·[;i tution of ~ ciiffel"C~lt computer tochniq,ua ha.3 no~ ol terad 

the basic appros.gh to tho atuciy.,...t::ial anti cc~nl'.it~on of LiUay 

pal"'ticular cases.. Tbi!J is e.ppal'Elntly 'C:bo only way tll.at theo:oetica.l 

analysis can be brought to bear on soma ot tho complex dyn:::unic 

problems actually encounttal'OO in initiating e~onomtc (!ouolopment. 

ImprovomcntD in tho application ol thoory, such as this study 

should yiold, are urgently ncod0d for policy guidance .. 
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OBJECTIVES a n d Me thod OF S t u d y

The makers of economic policy for underdeveloped c o u n t r i e s

have to make decisions influencing -- among other things--over-

all investment l e v e l s , the sectoral pattern of i n v e s t m e n t , control 

of imported c o n s u m e r s goods and imports of capital equipment

In m a k i n g t h e i r decisions t h e y are presumably t r y i n g to induce 

their economies to "take of£11 into a s e l f - s u s t a i n i n g process of 

g r o w t h Whether their decisions are a c t u a l l y e f f e c t i v e t o w a r d

this goal , however, they c a n n o t t e l l b y watching t h e i m m e d i a t e

c o n s e q u e n c e s , which often take t h e f o rm o f crises in the balance 

of payments, inflation, a n d d i s t o r t i o n s in t h e goods a n d f a c t o r

p r i c e patterns.o What to do in s u c h c i r cums tances mus t b e decided 

on the b a s i s of some s o r t of t h e o r y (explicit or intuitive), for 

policies based so le ly on alleviating t h e short-run difficulties 

Will p r o b a b l y not lead t o l o n g - r u n progress . Thus t h e r e i s a

need for t h e o r e t i c a l study of t h e p r o b l e m as a w h o l e .

The application of economic theory to problems o f u n d e r -

developed countries 1s o b s t r u c t e d b y t h e complexity and the dynamic

character of such probloms. In a n y o1 situationm a n y different 

e c o n o m i c relationships seem t o be important s imultaneously, and 

some of t h e significant relationships a r e nonlinear. o r ha ve

i m p o r t a n t time-profile c h a r a c t e r i s t i c s . These complexities and

dynamic factors have b e e n r e c o g n i z e d and discussed in d e s c r i p t i o n s



of the problems, but their combined consequences cannot be evalu-

ated by discussion. On the other band, it has not boon possible 

to deal vith them adequately by direct mathematical analysis; too 

rdUch simplification has bean required before mathematical ~odols 

could be made directly soluble. 
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The present study is an attempt to by-paos some of these 

obstacles to theoretical treatment by comparing large nuObern of 

timo histories generated under various conditions vith n model 

too complex for general solution. The model, which h&s been 

forcalated on the pattern of India, represents production of 

several kinds of goods, all oith flexible prices and with output 

capacities limited by previouo capital accumulation. Iucome, 

consumers ' preferences, and foreign prices intor:lct dynamically 

with tho productna sectors. The level and pattern of invoot~ant 

are continuously effected by profits, by capital goods cos~s, ana 

by nnti-~lation policy. Investment in each sector bas dolayod 

effectu oo capacity. Temporary bottlenecks, time-distributed 

effectB, and other realistic :features are included. YJ'.l:tch uould 

make tho model intractable for convention~l mathematical analysis. 

The model ls described in more detail in the appendix, which also 

includes a discussion of analos and digital computer techniques 

and o! the procedure to be unod o 
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The technique of the ctudy is to heva tho computer generate 

tima-historios of the many dynamically inter-related vnr1ablo5 

involved in the development of thn economy, repeating the proces» 

tor a large number of particular cssos, with various comb:tnations 

of oy~:tOI!l paratr.eters, initial conc.U tiona, extern~F.l o?cnts and 

policy operations. Governmaat programs \1111 sot tims .. .gcllcdulea 

of minirnum rates of cap! tal formation in co:oo s~tors o Policies 

in response to inflation or balance-of-pnymanto deficits ~Y 

involve modifying these looor liii'.i ta, enforcing uppez· limi ta, 

chnngins tariff rates, or changi~ tho foreign exchange rutoo 

The results will then bo compared to soo how different policies 

and different economic cond1tionc affect the time-paths of key 

economic variables. GuideD Will be sought for deciding how mu~h 

rolative emphcsis to give to building up food production, or 

consumor-gooda industries, or capital"goods industries, o? 

trancportat1on aervicos--whetbcr to combat in~lntion by encour.azing 

more handicraft production, l'JOre 1nduotrinl JDUnufactur.ea, or more 

impol~D o~ consumer goods-~otber to try to balance tho f oraign 

account by protective tariffs, cncouragocent of eXport induotriea , 

or adjust~nt of tho oxchanco ro.to o It iG not intended, or believed 

foanible, to try to mmt;e forecasts. Tho intent, rather, !s to try 

to identify ~ich variables nrs strategic onoo to control, what 

pn~nmQtero make oignif!cnnt differences in tho ~aulto, aDd uhat 
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aymptoma ahould bo watched as indicators o! how fa~ to go with 

any policy. Insight into theso mattors -r.ill be useful both for. 

assessing the relative importanco of different statistical investi-

gations and for guiding poliCYo 

A yoar ago, vhen the Rockafellc~ Foundation und~rtook the 

suppo~t of tho p~ojoct, e modal bnd been foredlated in general 

terms and sooo preliminary experitWnto lu.d been t.JDde l:oith the 

tmalog technique, in ~h~.ch parts of tha modol oore sirilUlc.-tell, 

t:d th nrbi t1-cry values of pnrarrotoro • Since then thcro hr..c been 

significant progress in several diroctiono, dcspi~e n sorious 

cotback in cnother, and the futuro of the progr~o looks ~romtoingo 

Refinement cf the Modol 

Valuable work ban baen dono in furtho~ doueloping tho model 

to be ntud~.ed, cspecia.lJ.y in dotermini.ng realiotie nuw1·1ce.l 

vG.lues :for tho parameters o lt tm!!; tllougbt at firat thnt aorro 

purely arbitrary nucbers would be uood \~hen it cau:n to scttiug 

up the particular cases to ba run, although of courco it ~s 

recognimd that some limitEJ existed on tho ranges of vt".lueG that 

could oo considered ~aliotic. PUrthor ntudy of parnmeter values 

lad to the rcalizntion that it ~ould be rnthor impFactiCBl to 

E·enoralize about them nnd that it would bo much mora use~ul to baoo 
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tho cboico ot numbers on a particular countl•y o This would not 

maan that the model would be restricted to tho pal'lllootora eoti-

rnated for that country. lndoed, we otill consider it very 

importnnt to study the effects of changing the vuluoo nssumcd. 

Hogevor, tho changca tJOuld ba deviations from a model ropravonting 

a particular ret?.l country ratb(•r than some :J..Inagj nn1•y ono. 

Since considerable vork at tho Contor for lnto~nation~l 

Stud1eo hao been devoted to studying nnci evalunting informntion 

on the economy of India, this country uaa chosen ao tho prototype 

on which the choice of par£rnctora for the model ~ould bo bn~od. 

In spito of the considerable macs of otntistica availoblo on the 

lndicn economy, sooo rather careful soloction nnd study wora 

required to a~rive nt a consistent set oj vnlues. Furth01~oro, 

not surprioingly, little or no diroct ovidonco could be f~~d on 

soll:3 of the paramotorn. So:;lO of t!le::;e valuea will bcve to ba 

edjuotod by trinl and obnervntion until tho response cbnr~ctoristioa 

of the parta of the system including tb~ ooem plnuciblc, and any 

significant ronults ~11 hevo to be ~oated for connitivi~y to 

arrora in the aotimation of these parnmetorG. 

on many ot tho parametera, on the othor h~1d, relevant 

ctetiotica or osttmntes woro found and ba9e beau uGed to oatsblisb 

u basic configuration of tho model. Whilo th!G configurot1or could 

not bo aaid to be tho moat cccurate possible imago of ~be !~dian 
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economy. and while it ia doubted that even the best available 

ote.tistics are vory procisc, nevertheless oo arc sure that tho 

configuration is enough like India to incr~aae our undorotnnding 

of the kinds ot problems wo plo.n to study C\'J they £l1ot1 up in ·the 

Indian c•)ntext. 

In the courso of si:utlying the available utatieticr c.~d 

evaluating the parameters, ~ found nlso thet oo~z of th~ 

assutJPtiona made in for-mulating the original model in gell0rnl 

terms could be improved upon o Thuo, n nurr.ber of intcr!leotoral 

product de~ds have been added, and the form of tho consuoGrs' 

demand funct:f.on has been altered to give a. tJY.)l"e plnuaiblc 

variation o£ tho incoronelastici ty of domtud fox- food. We 

believe that the model, an refined through this process, is nou 

oven more suitable for the otudy thnn before. Th~ cboico of 

bnaic valueo for all of the pe.ramtltors e.nd of alter.not1.vc values 

for tbo pa~amotera to be variod io an important nccomplishmont 

in preparation for tho experimental program. 

Failure of tha Analog Si~l&tion 

The modal vas set up as plnnned in tho nnolo6 laboratory 

during December, 1958 tmd January, 1959, end offoJ:tn ooro made 

to check it out s0ctor by soctoro Difficultieo wero encountered 

illiilGCiiately, clue pnrtly to equipment malfunctioning and p'll'tly 
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to mistakes and poor operating procedures by soma of the economists, 

who ware not experienced in management of experimental laboratory 

work. The engineering support originally counted on was not 

forthcoming, having been diverted into equipment maintenance. 

Tho inadequacy of the provl£ions for management of tho laboratory 

work and meintenance of tho equipment might ha7e been oo~e 

clearly recognized and perhapa overcome in tima had it not boon 

the rosul t of a gradual deterioration of tho rJituu.tion . At 

tho time o1 the original project propos~l and tho authorization 

by the Rockefeller Foundation to go nhcad With tho project, 

several other groups vero planning to use the ana~.og cquipaent 

and would bavo contributed funds to oupport a ouff1c1ontly big 

maintenance crev and engineering otaff to conduct ~ satiofacto~y 

operation. Gradually, ono by one, theso other potential uocrc 

of tho equipment mndo other plnnn and decided to drop out, so 

that the economic simulation project woo loft ao the only usor 

of thG ectuipment. It would perhaps bava beon '\11ue to cbunge our 

plans at the time this became apparent o nowct,er, oo \?Ors 

encouraged to believe that we could still d? tho job. Aa things 

eventually developed, the catimn.tca of sot-up end uud.n tonc.n1:e 

~rk required to get and keep the equipment opernting properly 

turned out to have been optimistic, and the lack of experience 

on tbe part of the economics personnel provod to make trouble-
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shooting and verification of the model conoidera~ly more diffi-

cult than they bad been when the analog ns uoed for engineering 

studios. We were given nmplo time to mal(e a thorough attempt 

to overcome all these difficulties. H~ver, it vas not 

possible to find more qualified technicians or orgnni2s n 

larger operating team with adoqunte background. Thus, this 

proved to be one of those cituations in which ~ora time doeo 

not solve the problem. The effort ~ finally nbundoned, and 

M.I .T. has proceeded tvith its plano to diaiilnntlo the ;\;.na.log 

equipment. 

Soma positive results from this phaoa of the program m2y 

bo counted. Via learned aome wortbuhilo ·':hinge, nt least 

qualitatively, and perhaps quantitatively, about the cha~ctcrist!co 

of the model that we have fo1•mul.uted. Although oo did not 

succeed in making the surveys of comparable economic rune that 

tie ltad hoped for, we did succeed in making the model opo!'ate a 

:fcnr timaG u:ndar various ::::pecial conr.l1 't:ions o This bna gi \•en us 

soce idea of what are teasible values of thogo parameters for 

uhich ~ hava no statls't;ieal basis and which therc~cro must be 

adjusted by cut-and-try to produco plauoiblo cbernctcristics 

of tho sub-system in which they occur. This proceao of ''tuning 

up" the initial configuration, 'Ohich had boen axpoctad to be 

particularly awkward with a digital computer, u111 thus be made 
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oomewbat easier. Another constr.Jctive rc:.ult of our work vith 

the analog equipment was that we did succeed in studying some 

oub-aystoms or sectors of the model separately even though wo 

djd not get tar with the ~hole combinationa This has increa9ed 

our understanding of the components of the econollic n~~tem aod 

ho.o helped u9 to visualize Wllat nortG of si:;uDt:lc.n might develop 

in the complete eystemo We have alao hBtl w:m:rul educatit,nal 

experience ~th some of the problems of prog~am pl~nning, and 

with recognizing errors in tho simulation or in tho forrr~l~tio~o 

Some oi this operational exp~rionco is gener~l in its appli-

cation and not just limited to tho nnalog equipment and will 

therefore be helpful in continuing the prograrno 

Digital Computer EXR9riments 

After the attempt o.t nnalog simulation vsa given up (early 

in March, 1959), we etarted o::q»lox-ing the fes.nibili ty of using 

un IDPJ 704 compui:elr to develop solu'tiono i'or aome p~rts of tbs 

modol. To do this, even for these separate sectors of the 

model, uould have been impossible, bed it not been for the 

cooperntion of the Industrial Dynamics Group in 'tol.T .. 'e School 

of lnduatrial lf.llnagement, who mndo ovnilable to uc 1.\ te::hn1que 

and a generating program ~llich are tho fruit of oeveral yeRl'B' 

development work on their psrto (Further explanation o~ thG 

technique and the meaning of "gElnorating program" aro gtven in 
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the appendix to this report.) 

Our exploratory 'fJOrk, so tar, lulo consisted of trans-

lating individual sectors of the model into oymbolo nnd 

equations of tho type required by tho program, and aubmittinz 

them for ElClution oith arbi trtlry external condi tiona. "rile 

conversion :fro:n continuous verinbles \iitb continuous end in 

soma oaoes DiillUl tanoouo ;Coeclbaclw to p::>:.-:l.od analyei ~ m th 

recursive feedbacks produced oome spurious instnbilition 

tih:l.cb lmve bad to be ovorcoc.o by the addition of smoothing 

function:., each of t:bich required some experimental "tailoring~" 

More problems of this nature uill' no doubt have to be doolt 

with before the entire system c&.n be run. NovortiloleoG, tho:re 

is now no doubt thnt the oporation can be done, and t~e 

prosp~cts of doin3 it ui~ e:o>:coosivo v:ork 011 r•rog1-am develop·· 

mont look favorable. 
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FtJTURE PLANS 

Tbe original objective of the study. to gain innight 

into tho problems of economic development and into the 

effectivoneos of policleo to ovorcomo them, is etill as im-

portant as ever. The failure of tho analos simulation cello 

for tho ucc of other methods to accomplish the original en~n. 

It ~a plaDlled, therefore, that tho stu\ly w1.11 oo carri~. out 

approximntely as was plaDnod before, but using tba dir::i t.al 

computer technique as a substitute for the analog4 

Several months were loot in tbo unsuccessful analoz 

program, and several more have gone iato exploring the feasi-

bility of the alternative digital computer ~echn1que. Thus, 

although definite progreaG h.'lS bocu made and is continuing in 

the new direction, it is obviously going to take lo~ger to 

finish the study than originally planned. Tho ta~et date 

for completing the study, includiua onnlysiu and interpretation 

of tho results and writing of finlll report a, hna boen put off 

to Juno 30, 1960. With this necessary extension of time, 

aome further financing vill be r~quired to bring the program 

t~ n useful conclusiono 
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APPENDIX 

THE THECRETICA.L IKJ)BL 

One of the major parts of the study which has already 

been completed is an economic-system model, formulated and 

successively refined as described above, ~til highly sut~able for 

studying the kinds of dynamic problems with uhich thin prog~~m io 

concerned. The general structure of tho model is patterned on the 

broad outlines of the Indian economy oo thnt the study will have 

relevance to soma actual current problems of underdeveloped countrieo, 

and mochanisms included in tho model vere chosen in the light of 

the kiuds of problems to be studied. 

OVerall structum of the model: Tho iCUlSinary underdeveloped 

country has a rural population greater than can be utilized on its 

food-producing land. Thus a sho1•tnge of people is never a bottle-

neck in production. 'Population ma.y be assumed to grow nccoJ:ding to 
) 

any arbitrary time profile. In the industrial sectors, whore re-

location and training of people are required, these activ1ttea nro 

considered part of the proceso of capital formation. 

Consumers' expend! ture rates at any moment are distributed 

between four catogorie~ of goods and t~o categories of servic~o, 

according to disposable income and the respective prices, interacting 

with a consumers 0 preference function. Decan~ tor food is relatively 
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income-elastic and is neutral to price (unit-elastic) o The other 

three kinds of goods are strong but not perfect substitutes for 

each other. Tbey are consumer goodo from power-using factories, 

from non-powered shops, and from foreign soul'CCO. For impol"tcd 

conoumor goods, there is an exogenous world price (fixed or proo 

programmed) subject to tho exchange rate anct to e teriff ~hich 

may bo changed by the governmant o Tho price of oach domoeti.cally-

producGd consuoer good (including food) is determined at any timo 

by interaction of the joint domand function ~th throe supply 

functions, one for each good. One of the goode is also de:anndod 

as nn export to foreign markoto. This donnnd io dopendent on 

price and on exogenous variations. Tho aupply functionsg ubich 

involve effects of capacity changes and coot changecD are described 

in more detail further on o The supply-nnci-domnnd intoractionn 

ara shown in the first diagram (on tho following page) together 

with other interdependences about to bo discussodo 

In addition to tho sectors which produce primarily for 

conoumors, thore is one in -chich capt tal goodS and intormodi3to 

goods are produced for other industrial sectors. Similar goods 

nro &lEo nvailcble from foreign sourcoc, subject to the oxchango 

rnto and tnriffso Transportation. powar, eteo, aro providad by c. 

public overhead sectoro Demsnds from each sector for intermediate 

goods from other sactors ara based on fixed pbysicnl-quantity 
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coofficiento, with flexible pricing o Capite.l goods, also 

flexibly priced, are demanded in proportion to the plant capacity 

currently under construction in each sectoro 

Investment decisions are determined differently in 

different sectors, as described bolou, depending sometimes on 

profit ratos P sometimos on govornmont limitation or support o 

Investments and current production in the various domootic acctoro 

are rofloctod in the gross natiollnl product, from uh1ch tm·co and 

business savings oro subtracted to nscortnin disposable personcl 

incooo o Th19 in£ormation enters tho dolli3nd function to determine 

poroona.l savings nnd tho expenditure on onch kind of concur;;ar 

good, as descrit;aa in1 tially o 

Supply functions: Relationships within tho pouer-u~ing consumer 
. 

goods induutry are shoml in the second diagram (next p:1go) o Supply 

functions for somo of the othor sectors nrc oimiler; others are 

somawhnt more oimplGo 

Conoumer goods from the po~~r-uoing Goctor aro sold to 

both dorcastic and foreign connuoor.:; o Tho ::;upply prico dopend!J 

on tho costs of l~bor and intermodiato goods. Initially, this 

oector baa little capacity o Invostmonto to incronae capacity llre 

moti vatod by oxpectod pro:fi ts 0 but IUQ.Y bo limi tod or cwgmontod by 

govcrnmont actiono Inveotment in this sector inc~os laboT 

productivity as ooll as exptulding capAcityo Labor is hired or !aid 
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off to match output • The ~e rate index is negotiated upward 

vhen business is profitable, but never goes doTJno Increases in 

capacity, besides requiring expenditure for elastically-supplied 

factors, involve waiting through a significant gestation time 

and purchasing scarce capital goods o These may be imported (if 

foreign exchange permits) or purchaBed from tho domestic capital-

goods industry {if domestic capacity permits). 

The capital-and-intermediate goods supply function 

combines a foreign supply uttb a domestic producing Goctor uhich 

io similar to the powr-using consumer-goods sector,. Demand is 

apportioned betwsan home producod and importod goods so as to 

equalize the t~ supply prices (net, to the purchaser, including 

tariff or subsidy). Products of this sector are used in too -.mys: 

As inputs to the capital tormction procese in eny aector, and as 

inputs to current production in some sectorso 

The non;powered secto~ bas a lou capital-output r~tio and 

otatic technology, ~th capacity limited by the stock of critica1 

toolc. Changes in capacity como (aftor c. short wait) from in-

venting in making more tools at a. rate abovo or boloa tho r .ate at 

T;'bich they wear out o In this sector thoro is a mlniwum supply 

price determined by wages aJ1d matori:ll prices o Boues 0 e.t low lovolo 

of demand • output may be less than capacity o High deomnd raifiefl 

priceo, yields profits, and hence atimulatos private invootmonto 
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Aloo, wages tend to riae when profi ta are made o Government action 

may add to or limit investment. 

~output is limited by tho anla of land that has boon 

cloarod and by tho extent of irrigation facilitioao Increases in 

aggregate output capacity requiro large-scale projects, beyond 

tho scope of individual proprietors to organizeo Such private 

projocto as cro done are complomontary to govor,nmont progrnmo. 

Ronco P invostmont is dotorminod by govmm.u:cnt docioiono o rncrea.ood 

capacity follows invest~nt nftor a. dolmy o Labor i& rodundant 

and cannot be _laid off, but doco not recai vo fixed agee, being 

largely made up of proprietors, their dependent relatives, end 

pooplc vho work for a ohare of tho output~ Under these con-

ditions no losses c~n be ~voided by deciding not to produco 0 and 

therefore output alvays equ~la csp~city, rog~rdlcss of pricco 

Transportation_. eower 8 etc o, como from a sector whose 

supply function is sinular to that of the powar-using consumer-

goods induotry, except that government planning and policy directly 

determine the construction of facilitioso 

Sarvicea of a profcaaional, domestic, or personal nature, 

not supplied from major capital-intona1vo facilitieo, aro accounted 

for only in terms of thoir mono~ vo.lue • tlhich ia a:wsumod ~o De 

independent of capacity and price considorntionoo Hence no supply 

function ie required for tbiu category. nlthough it appears in 

domand and incomoo 
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COMPUTER TF.X:HNIQUBS 

This study was previously attempted with anAlog equipment 

to simulate the modelo Nov it is proposed to use a digital 

computer.. A number of fflctors h.~d c. bearing on this chnnge in 

techniqU0o 

Analog simulation has a number of attractive features: 

Dir~t correapondenco of tho ootup to the aystom being studied, 

ease of adjusting parameters on the bagis of currontly-oba0rvod 

results, and other conveniences.. On the otbor hand, tbe analog 

of a system aa complex ns tha economic modol of tbie study uses 

a lQrge numbor ot electronic components cubject to doterioration--

(our setup uoed about 200 components, the simplest of uhich ~s 

equivalent to a small radio sot). Not only docs t~ie require 

considerable routine maintenance, but it also necessitates 

vigilWlt checking and expert trouble-shooting to eliminate 

errol'S duo oitber to incorrect connections or malfunctioning 

uni'ts. The magnitude of thio requiremont, unfortunately, wn 

badly ovor-astimated, and the attempt to carry out the atudy by 

tho analog technique failed for lack of sufficient properly 

trained peoploo (Tho laboratol."Y had boen slatod for abandonment, 

and most of ita experienc~d onginoers and techniciann had gone 

olsow"nero o People vho oore unfamiliar uith tho idiosyncrasies 

of tho equipment were not able to identify troubles fest enough 
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to meet the needs.) 

MIT's Imt 704 digital computer, unlike tho analog equipment, 

io the hoart of a wall-supported and active computation conter, 

providing ccrvice to uoers from all departments of this institute 

and f!. .. om several other univeraities. Their largo and competent 

stnff will r0lievo the Conter for International Studies of any 

concern for l:eGping 'the mnchinc t"Jorkinz and producing solutions 

for \1hetover runs are submitted. · Tha difficulty of coding the 

procedure o~ solution tor such a co~lcx modol into o sequence 

of rudimentary steps that could b3 follo~d by the machine ~ac 

st first thought to be a. oor1ous obstacle. However, work that 

has beon under ~y for several years in HIT's School of Indus-

trial P.jsncgcment has recently p.-oduced a technique that greatly 

ea.oes tlliG difficulty. Some trial colutiollB of a part of the 

model havo been run by this tec:bniqua, revealing a few minor 

problems, ~hich bave since boon aolvo~. but also indic~ting 

that it la feasible to corry out 'Che p1·opoeod study in this wey. 

The opo~ation of n digital co~putor differs from that of 

an nnalog iu that it cnrriao out uu~iccl calculations instead 

of noting out procesoeB, and in tbnt the calculations are dono 

one at a time t~ther than a1cultaneou5ly fo~ simultaneous 

evontc. ThuG the correspondence between tho economic-system 

~~ol and tho operations ot tho mcobine is much less direct. 

Basico.lly. all opero.tion.'l by the oachino coi191St of addH1on, 
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subtraction, multiplication, division, comparison, storage of 

information, and reference to stored 1n1ormation. Tho whole 

set of relations constituting the dynamic model has to be somG-

how reduced to a sequence of these operations performod one by 

one, in such order that each one uses only information that is 

already available. Thus, mutual relations among quantities 

that chango vith til!l9 are a"lm'ard to handle unless ti~ lags 

are assumed in the relations. Analysis of processes in a 

dynamic system is done in torma of finite periods (which may 

be very short} rather than continuous variations. For each 

point in time, each variable must be computed from others 

which have already been determined for the same time or from 

values known from a prior time. Then tllo process is repe&tcd 

for the next point in time, and ao on. The degree of detail 

and explicitneas of instructiono ultimately required by the 

machine are illustrated by tho following exaoplo: 

Exnmple: 

Assume that one of the relations in tho system is 

Where w, x, and y are variables, a and b ere constants, 

and j and k indicate successive time oteps. Assume that 

x(j)' y(j)' have been previously computed and stored io 

locations 100 and 101, and that b nnd a. (given initinlly) 

aro storad in locations 102 and 103. At each time step in 

tho computation, the follootng instructions munt be given 

in order to determine w: 
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Meanibg Coda -
Clear previoua calculation and introduc:e 

value of x fro. Jnc&tin" 1nn: CLA 100 

Bring value of y from location 101, divide x 
by y and bold result tor next operation: 

Bring value of b from location 102, and multiply 
by ~ from previous step: 

y . 

Bring value of a from location 103, and add to 
result of previous steps: 

Store answer, w, in location 104: 

PDP 101 

!!'UP 102 

FAD 103 

STO 104 

A set of instructions reduced to these elements for the 

whole sequence of steps involved in the solution, period by 

period, of the equations constituting a model io called a 

"running program." The taslt of translating (or coding) 'the 

model and tho operations to be done ~ith it into a running 

program would be formidable for such a complo~ model as we are 

dealing with, and virtually impossible to check. (One sector, 

about 20 per cent of the model, ~hich is oxpresoed in 40 

algebraic and difference equations, required 340 inotruction~ 

when coded into a program.) Fortunately, however, roe are able 

to make use of a "generating program" which bas recently 

evolved out of several years of development work by the 

Industrial Dynamics group at MIT. This program, t"1'hicb is 

called "DYNAMO", is designed to b.fmdle a wido variety of dynamic 

economic models. Wl th tb1s program in the computer, the modal 
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specification is put in the form of punched cards containing 

algebraic and difference equations and lists of numerical 

values of parameter&. Within the machine, the DYNAl&O program 

organizes tbe equations into a feasible sequence of compu-

tAtiona, breaks them down into elements ot machine operstions, 

and issues the necesoary detailed instructions corresponding 

to the more general instructions that are given by the invest!-

gator. The relation used for the example nbovo !s opecified 

in its algebraic form: 

X 
w = b(-) + e 

(t2k) y (t=j) 

and the separate instructions are generated by the DYNAMO 

program. Thus, the generating program takes the model and 

problem at the level of formulation in which it is conceived 

by the researcher, and codes them into a n•nning program of 

detailed operating instructions as required by the digital 

machine. This overcomes some of the difficulty that formerly 

made the digital-computer method less attractive then analog 

simulation. 

The principal remaining diQadvnntage of tbe digital tech-

nique relative to the analog is not one that can cause failure 

of the investigation, but is a matter of less convenience and 

efficiency in the early stages of a study in which it is 

necessary to do some cut-and-try work on the model itself or 

ou the policy variables to find out how to get a particular 
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desired behavior. This inconvenience rosulto from the fact 

that the investigator cannot observe the results of each 

solution as it is computed and immediatoly alter the con-

ditions for the next solution. Fortunately, a few valid 

solutions did come out of the analog program, end tb~e ~~11 

help to indicate appropriate values :tor oterting the study. 

A convenience offsetting the inconvenience cited nbove is 

that the digital computer, unlike the analog, doeD not require 

a lengthy setup operation for a particular study, and cen 

thuo be frequently shifted from one study to another. Thus, 

instead of trying to carry out a whole study in one or tuo 

continuous operations, the investigators can do it in smaller 

parts, taking as much time aa necessary to nnalyze some of tho 

results botora proceeding. 

The major advantage ot the digital computer is the 

reliability of the total operation. This involves not only 

more adequate maintenance of the equipment, but also more 

systematic procedureo of programming and chocking \:ihich malte it 

more likely that any errors will be promptly recognized and 

corrected. 



PROOEDURE OF STUDY 

Tho study is baaed on comparison of many particular 

aolutionn, each representin& the process of change in tho 

modeled economy under a different set of conditions. In 

part of the study, various programs of investment allocation 

will be co %!!pared. Since any arbitrary invostment program 

.~-14 

may loed to !a1lation or upaet the balance of foreign pay-

ments, automatic policy mechanisms \7111 be built in. to combat 

these effects by selectively Qodifying the program, or changing 

tariffs or the exchange rate according to pro-set rules. For 

each combination of investment plan and policy ruleo, results 

~11 be recorded as time-histories of output and prices in 

various sectors, and of wages, national product, imports, 

exports, etc. ~any programo 2nd policies vill be planned in 

advance, run, and compared. In addition, results of ao;ae runs 

will bo used aa a basis for shaping na~ proernms or modifying 

policy rules and trying avain, in se~rch of better results. 

In another pert of the study the world priceD of goods 

exported and importod bythe simulated country will vary during 

each solution, and alternative tariff and exchanse rate policies 

v111 be explorad no to their effects on the balance of psymanta 

and on development • . 
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After either of those investigations has yielded some 

compnrative results, the more promising areas will be re-

surveyed a number of times with altered values of various 

structural parameters. This ~11 indicate whether the results 

are sensitive to changes or errors in these parameter values. 

It might Blso show ways that such sensitivity--if it exiats--

can be overcome by the choice of appropriate indicators to 

guide policy. Major changes in structural parameters, and even 

qualitative changes in structure, will alao be investigated, 

to gain understanding of tho differencea in the problem for 

different countries. Tho main emphasis, hovever, will be 

on tho structure baSed on India. 

Clearly, a large number of comparisons Will be of 

interest, both comparisons between programs for a given struc-

ture, and comparisons of the bohavior of different structures. 

It is expected that acveral hundred solutions vill ba run over 

tho period of the study nnd that the job of making systef:!atic 

comparisons and evaluating their significQnco ~ill take mnny 

months. The potential ~ruits of this procedure are very great, 

in terms of increaaed understanding of the dynamic interactions 

involved in economic takeoff, and in torms ot insights into 

tho dynamic effects ot different policies nnd of different 

indicators usod to guido policy. 
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