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Max F. Milliken - Director, Center for Internationéf'Studies, MIT
Donald L. M. Blsckmer - Assistant to the Director, Center for Internationsal

Studies, MIT

Millikan and Blackmer came in to explore the possibilities of RF support
for one or all of three separate proposals:

//1) The Center for Internstional Studies has been considering for some time
the wisdom of adding to its program work in Latin Ameriea. Millikan

will himself be a vigiting lecturer at the Getulio Vergss Foundation in
August, 1958, and will spend an additional two weeks in Colombia. The
Center will not get into a Latin American program -- their plans are still
somewhat in the formative stage -- before the Fall of 1959 or perhaps later.
The reasons for this delay are that they wish to wind up their Indonesisn
and Italian programs, two of the three progrems initially supported by FF.
It will not be before summer 1959 that work under these programs will be
complete. As is known from other sources, the Center will continue to
expand its Indian program.

Specifically they seek funds to bring a man named Alexander Ganz, now
at ECLA, to spend a year at MIT to help them move into the Latin American
field. Ganz, whose nationality is unknown to Millikan, has an American
wife and wants to move permanently to the USA. Of the present MXXXstaff
of the Center, Pzul N. Rosenstein-Rodan is probably the most knowledgeable
on Latin America. This proposal would cost sbout $20,000 for salary, plus

\one or two research assistants.

2) One Edward P. Holland, about 40, who was trazined as an aeronautical
engineer snd worked well up in Boeing, decided scme three or four
years ago to get into some field of international work and wrote to Milli-
kan for advice. At his own expense Holland came to see Millikan who urged
him to get trained in some social science, of which economics seemed to be
the obvious choice. As a consequence, Holland took & Ph.D. in economics

in January, 1958, for which he prepared a rather elaborate mathematical
model which is briefly described in the attached "A Proposed Analog Study
of the Economic Take-0ff Problem." Millikan is trying to find funds to
support Holland for sixteen months to carry out the proposal set forth

in the attached memorandum, at a cost, without overhead, of $38,680.
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/ 3) The Center is also getting ready to launch major work in Africa.

This grows out of Walt W. Rostow's and Millikan's concern with
foreign policy problems, and what they have in mind are studies of
Africa (South of the Sshara and North of the Union) which would embrace
both economic and pelitical matters., including attitudinal changes and
changes in means of communication. The Center now has two people from
UN assigned to MIT -- Gordon Nunsworth, an Englishmen, and a Mrs, Forrest,
a Pole by birth. These people are trying to assemble essentially all of
the statistical, economie, and political information about this section
f Africa which is extant. This is not a contract arrangement. They
also have Arnold Rivkin, who was Chief of the Dependent Territories
Section under the Marshall Plan. Wolfgang Stolper is again to be awsy
from Michigan at MET for the coming academic year.

The Center has no memorandum on Africa but will have in ten days. The
primary emphasis they now have is on tying Africa to the rest of the world
economically and politiecally. In t#fo weeks or so they will send us the )
completed memorandum. This is a large undertaking running to perhaps
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SUMMARY 2. S
It is proposed that some of the dynamic problems of starting

eco romi.c development be studied by the technique of analog simula=
tion. .T'Ehis is a{"tééhniqgél in which many separate relationshipge~
represented by elééfroni; circuits--are interconnected so that they
operate similtsneously and dynamically. Many experiments are made
in a short time to find out how different policies and different
economic conditions affect the time-paths of key economic variables.
The technique has proved extremely effective in a wide variety of
engineering problems, sz;hd of_i';ra gre_at. pot-ential effectiveness in
economics, but has not yel been used much in this field, [Here at
M.I.T. there is one of the world's most versatile sets of analog
equipment, capable of handling various nonlinearities and time-
spread effects that are importent in the economic problem. The
availability of this equipment is one of the key factors in making
the project posasible, and presents an outstanding opportunity.
r\"I.'he economic problem to which this technique is to be applied
is the problem oi‘ finding what kinds of policies and programs will
lead to continuing érf;rbh of real income in an economy that is
initially underdevléloped and stagnant. EEQ enalog will represe_rgt
production of sevéral kinds of goods, 9ll with flexible prices and
with output capacities limited by previous capitel accummulation.
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Tncome, consumers' preferences, and foreign markets will be simulated.
Superimposed on this system will be government incentives and ree
gtraints on investment and foreign trade. These will vaery during
each run to simlate development prbgrams and adjustments in policy
made in response to balancesof=payments or inflation problems.
Effective policies will be found by repeated sxperimnta’/l
Groundwork already accomplished includes analog expmritman'aa. on
a rudiment of the model (with a second, more imlusive one curremly
being set up,) and detailed formilation of the analog model outlined
here, so that it is known %o be feasible with the equipment available
abt M.J.T., From this preliminary work it seems clear thalt carrying
out the study will yield significent insights into the problem, such

as cannot be obbtained by other means,
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THE ANALYTIC PROBLEM

The makers of economic policy for underdeveloped countries have
to make daciaions influencing~-among other things--over=all invesi-
ment levels, the sectoral paﬁtem of investment, control of imported
consumera! goods, and imporis of capital equipment. In making their
decisions they are presumably trying to induce their economies ©o
Ngake off" into a self-sustaining process of growth, Whether their
decisions are actually effective toward ‘this goal, however, they
cannot tell by watching the immediate consequences,. which often
take the form of crises in the balance of payments, inflation, and
distortions in the goods and factor price patterns. What to do in
such cireumstances must be decided on the basis of some sort of

theory (explicit or intuitive,) for policies based solely on allevia='

| ting the short-run difficulties will probably not lead to leng=run

* progress. Thus there is a need for theoretical study of the problem

as a whole.

The application of economic theory to problems of underdeveleped
countries is obstructed by the complexity and the dynamic character
of such prollems. In any situation many different economic relations=
ships seem to be important simultaneously, end some of the significant
relationships are nonlinear, or have important time~profile characters

istics. These complexities and dynamic factors have been recognized
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and discussed in descriptions of the problm, but their combined
consequences cannot be evaluated by diacusaiom On the other hand,
it has not been possible to deal with them adequataly by direct { “¥ wabios !
mathematical analysissy too rmch simplification has been required
before mathematical models could be made directly solubleo

These obstacles %o theoretical treatment can be largely by-
passed by comparing large numbers of particular solutions of a
model too complex for genmeral solution. This can be done either
numerically, with a digital computei‘, or by the technique of analog
gimulation. In the project proposed hare; analog sirmlation hes
been chosen because of its flexibility and convenience for feeling
out relatively unexplored areas. The technique will be described
in a later section, followed by an outline of the procedure of in-
vestigation, ¥First, there @T& é't;atamnt of the economic problem,
a review of preliminary work already done, and a description of the

economic model structura,
THE ECONOMIC PROBLEM

In the kind of country to which thie study is relevant, outpub
per capita is initially quite low and is mainly agricultural and
handicraft producte. The economy operates by tradition, witl:@f
tendency to develop new products or more productive techmiques. Foecd
p:joduction is limited by the area of land cleared, and the labor
force on the farms is much more than is needed for the crop that is
produced. |
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The problem is to find a combination of programs and pol:!.ciaa
which will lead into conmtinuing growth of real disposable income per
person. E_is_go_gg&t are guides for deciding how much relative
emphasis to give to building up food production, or consumer-goods
industries, or capital=goods industries, or itransportation services
~=whether %o combat inflation by encouraging more handicraft proe
duction, more industrial mamufactures, or more imporis of consumer
goodg~-hether to try to balance the foreign account by protective
tariffs, encoursgement of export industries, or adjustment of the
exchange rate.

The situation presénts many dilemmas. For example: An impord
surplus is one of the chronic problems of a country trying to start
development. An obvious remedy is a high tariff or a quota on
imports. However, a by=product of such action is the diversion of
some of the demand to the domestic market, where it adds to the ine
. flationary pressurs which is elso a normal concomitant of a develop=
ment effort, If home prices become inflated, the adverse balance of
payments is likely %o get worse instead of better. How can the
proper remedy be chosen in a given case? H ow, w \

Another example: r—An antidote to inflation is increased pro-
duction of consumer goods, competitively priced. To increase the
capacity of consumer-goods memufacturing industries requires making
investment expenditures, which increase de.nwnd right sway, while
the increase in supply will not occur until later. Hence what may
be deflationary later on has irﬁ‘iationary effects in the short rune



Will the long-run benefits erase the damage that has been done in
the short runl‘l {The investment may very well involve increased
capital=gcods imports, which further complicates the problem by
disturbing the balence of paymerts.)

It is not expected that universal or general answers will be
found to these problems; it is doubtful that they exist, I_—‘.I.‘l'le intent,

|
rather, is to find the answers for a variety of particular cases, ﬂ-“-ﬂﬂ -

to tyy to identify which veriables are the strategic ones to con=-
trol, and what parameters make significant differences in resulis. l
Perspective on these matters is urgently nceded to show whether .
the importance of tariif policy, for imstance, justifies the tre=
mendous amount of attention _d&otcd to it, in comparison with the
effects of gestation time, which has had little study in this con-
text.

Another sort of information sought is what symptoms cen best be
watched as indicators of how far to go with any policy. Although
this is not generally recognized ag a basic question, it may have a

very significant bearing on the effectivencss of a development prograie

PREPARATORY WORK ACCOMPLISHED

——

Before a gysiem can be simulated and studied by enalog teche

niques, every relationship betwsen wvariables in the system mugt be

completely described in mathematical. or other equally explicit lane

f guage. The kinds of programs and policies to be applied to the
I-" system must likewise be explicitly specified., Them the economic
\ model must be trenslated into a comprehensive and debailed diagram
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of analog components mci__si’gml tramnﬂ.ssiﬁns s0 that the simulation
is known to be feaq:l,ble with equipment on hand or o‘btainnblui%:}

During the ast year, several different models have been worked
outmége in a process o:t‘_ successive approximations toward

S :

a model and an investigation program that would be comprehensive
enough to yield useful resultl,s’; and yet not so complex as %o be im=
practical to manage. (The __I).":jil.mitation is not the anslog capacity,
but the ability of peoplei Z £o oversee and keep track of the analogis
operations and to interpret the results it produces.) It is be=
lieved now that such a - happy compromise has been formulated, in
the model described in the next sectlon,

Also, during this preliminary period, one of the partisl models
that have been formulated has been simulated and experimented with,
and a more inclusive one is currently being set up in the analoge
The earlier, very elementary model represents a supply function for
a single sector or industry. The supply function is of the shorie
" run variety, but is shifted by long~run effects of capital-accumla-
tion and of wage~bargaining, both processes depending on profits as
determined by demand and supply. Experiments consisted mostly of
applying exgenous changes in demand and recording the resultant tinee-
paths of price, profit, rate of starting new plant construction, and
the corresponding investment expenditures,

Currently, a two-gector open econony is being simulated. It is
a much-simplified version of the multi-sector model of the propcsed
study. It is not being exhaustively studied, but is being used

principally az a pilot model %o verify and demonsirate techniques,




and %o provide some experience to people who will be involved in the
later study, Undoubtedly, some insight into interactions bstween

sectors will also be gained,




THE THEORETICAL NMODEL

The major piece of groundwork which the past year's work has
contributed %o the projected study is a model of the economic system
to be studied, worked out, as explained above, to the point that the
similation is kmown to be feasible, and chosen as the best of
several alternative models on the basis of the potential significamce
of the resultz it- can yield, In order to make sure that the study
will illuminate scme of the actual problems of underdeveloped
countries, there have been frequent consultations about the model
with members of the Center for International Studies staff who are
concerned with the problems of particular countries, notably Indiae

The resulting model is described in the remainder of this
section. The description is somewhat sbbreviated; further details
will be supplied on request.

The imaginary underdeveloped country has a rural population that
is excessive for its food=producing capacity. Thus a shortage of
people is never a bottleneck in oroduction. In the industrial sectors,
where relocation and training of people are required, these activie
ties are congsildered part of the process of capital formation,

Consumers' expenditure rates at any moment are distributed be-
tween four categories of goods, according to dispossble income and

the four prices, interacting with a consumers' preference functione
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Demand for food is relatively mlutic_ﬁth respect to both income
and price. The other three kinds of goods ave strong but not perfect
substitutes for cach other., They are industrially-manufactured
comumer-goods,l\handicraft goods, and consumers'! imports. The price
of each kind of consumer good is determined at any time by inter=
action of the joint demard function with four supply functions, one
for each of the four categories of consumers' goods, (See the inter-
actions shown in Figure 1,) For imported consumer-goods, there is

a fixed world price, subject to a tariff which may be changed by

the goverrment, The other supply functions are more complex, in=
volving effects of cepacity changes end (for a1l except food,) cost
changes.

Food output is limited by the area of land that has been clearsd
and by the extent of irrigation facilities. Increases in aggregats
output capacity require large=-scale projects, beyond the scope of
individual propriefors to orgamize. Such private projects as are
done are complementary to government programs. Hence, investment is
determined by governmant decisions. Lator is redundant and canno®
be laid off, but does not receive fixed wages, belng largely made up
of proprietors, their dependent relstives, and people who work for
a share of the output. Under these conditions no losses cen be
avoided by declding not to produce, and therefore output always equals
capacitys regaerdless of price.

The handicraft sector has a low capitel-output ratio and static

techmology, with cspacity limited by the stock of critical tools.



DOMESTIC SUPPLY

SUPPLY AND DEMAND INTERACTTONS

Figure 1

(Consumers! and intermediate goods)
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Changes in capacity come (after a short wait) from investing in
making more tools at a rate above or below the rate at which they
wear out, In this sector there is a minimum supply price determined
by wages and imported-material prices. Hence, at low levels of
demand, output may be less than capacity, High demand raises prices,
yields profits, and hence stimlates private investment. Also,
wages tend to rise when profits are made, Covernment action msy add
to or limit iavestment,

Industrially mamfactured consumer-goods are sold to both

domeatic and foreign customers. Oubtput at any time is limited by
plant capacity-<but may be less than capacity if demend is low relae
tive to the supply-price function, Initially, this sector hss
1ittle or no cepacitys Investments t0 increase capacity are motivae
ted by expected profits, but may be limited or augmented by govern=
ment action, Investment in this sector increases lsbor productivity
as well as expanding capacity. Labor is hired or laid off to match
outvut. The wage rate index is negotiabed upward when business is
profiteble, but never goes doﬁng Increases in capacity, besides re-
quiring expenditure for elastically-supplied factors, involve waiting
through a significant gestation time and purchasing scarce capital
goods. These may be imported (if foreign exchange permits) or
purchased from a domestic industry (if domestic capecity permits).
The domestic capital~goods sector hss characteristics identical,

except for numerical magnitudes, to the manufactured consumer-goods

sector. Its capacity is initially small or zsro.
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In addition to the four domestic ssctors described above, there
is a public overhead sector, which does not have a separately ldenti-

fied product, but reduces costs of production in the other sectors.
Investments and current production in the various domestic sectors
are reflected in the gross nationel product, from which taxes and
business savings ere subtracted to ascertain disposable personal
income, This information enters the dsmand function to determine
personsal savings and the expenditure on each kind of consumer good,
as described initially. The principal interdependences for the
whole system are irdicated in Figure 2, All of the varisbles, through
the various relationships described sbove, interact continucusly.
Superimnosed on the economic system already descrited, is a
government program which sets timeeschedules of minimum rates of
capital formstion in some sectors. Pclicies in response to infla=
tion or balance~of-payments deficits may involve modifying these -
lower limits, erforcing upper limits, changing tariff rates, or
changing the foreign exchange rate, Using the technique described

below, many &glternative orograms and policies will be tried oute



GENERAL OUTLINE OF INTERDEPENDENCES

(Mot including government controls and policies)
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ANALOG SIMULATION TECHNIQUE

The technique of simulation, which will be used to study this
problem, is based on interconnecting various kinds of electronic
and electro-mechanical units, each of which receives and produces
signels which can vary contimously through time, The signal a
unit produces is functionally related to the signals it receives
from one or more other umits, Different kinds of units embody
different relationships, some depending on the past history of ine
puts, some on their derivatives, some just on current values. The
simplest type of unit receives several varying signals and produces
their sum comtinuously. Another type, & "lag® unit, responds to a
single input about the way the speed of an sutomobile responds to
changes in the accelerator position. An abrupt change in incoming
signal causes the outgoing signel to start immedietely chenging
toward the level of the incoming signal, but to change less rapidly

as it spproaches. (The function is an exponential lsg.) Graphically:

INPUT

YO LTAGE T

TIME ——2
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Other units can select one of two incoming signels, dcpending

on the magnitude of a third, or impose acailing on a gignal, or
miltiply two magnitudes, or integrate a varying signal, (so that
1f the incoming signal represented a fluctuating rate of flow of

liquid into a %ank, the signal produced would tell the lavel in the

tank,) These and a number of other kinds of units can be inter-

connected to similete mich more complex relationships.

To illustrate the principle, there follows a simple example,

trenslating a dynamic income-multiplier relationship into a disgram

of analog units and connections:

Example: Consumption, C, tends toward a constani propore
tion, ¢, of income, Y, In equilibrium, C - ¥, bub
adjustment to changes in Y irvolves a time-lag of the
Idnd described sbove. This may be expressed explicitly
in terms of the rate of change of C:

4G _ go(cY =C
= ge(cY =C)

,=-whers g is a constant,
Compyining this with the accounting identity, Y = C + I,
mekes a system relating income, Y, dynamically to in=
vestment, I,

The analog of this system uses three units, one to
add C and I, one to multiply Y by the coefficient c, and
one to produce C as a legging counterpart of c¥. The

time constant of the lag unit is chosen to give a
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convenient time-scale in the analog. For instance, one
second of analog time might represent one year of real
times The arrows in the diagram below show what infor-
mation comss into and comes oubt of each relationship; in
the analog they are actually wires, carrying voltage
signals.

L~ Y

LAG

l/? c_Y

When this is set up in analog components, the voliage represent-
ing T could be varied in any arbitrary way, and the corresponding
variations in Y recorded. More important, the incoming signal; I,
can be prodncad by other analog units representing an investment
decision funciion, which in turn responds to market prices, costs,
and financial conditions. Likewlse, the signél produced, Y, can be
connected as one of the inputs o a demand function, and so on. Thus
a large numbsr of separate dynamic relationships can be interconnected
so that they interact contimucualy,

Of course, the simple system diaprammed above can be completely
analyzed mathematically without recourse to anglogs, but when a

large number of relationships are involved, some of which are
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nonlinear, direct analysis becomes impossible. The system with
which this study deals will require something like 200 analog units,
of which LO or 50 will be nonlinear. Time paths of about 2l variables

will be graphically recorded in each rum.
PROCEDURE OF STUDY

Once the simlated system is set up it vwill be subjected o
various programs of investment allocation combined with built-in
policy respenses., For each combination, results will be recorded as
time=histories of output and prices in various sectors, and of wages,
national product, imports, exporis, etc. Many programs and policies
will be planned in advence, run, and compared. In addition, resulis
of one or more runs will often be used as a basis for shaping now
programs or nodifying policy mechanisms and trying again, in search
of better results. One of the advantages of analog simulation over
numerical calculations on digitel computing machines is that re=
sults of each run are seen immediately in graphical form, and chenges
in program or policy can be put into the succeeding run by turning
knobs., Thus it is very convenient for cute-and-try fitting of a
program to desired goals. In those cases where no growth resulis
from the conditions initially set up, it is even possible to adjust
a perameter during a run to find the critical value ab which stagna=
tion is overcome.

After a suﬁey of programs has yielded some comparative resulis,

the more promising areas will be re-surveyed a number of times with
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altered values of variocus structural parameters., This will indicats
whether the results are sensitive to changes o;' errors in these
parameter values., It might also show ways that such sersitivitye-
if it exists--can be overcome by the choice of appropriate indicators
to guide policy. Major changes in structural paramsters, and even
quelitative changes in structure, will also be investigated, to gain
understanding of the differences in the problem for different
countrieg,

Clearly, a large number of comparisons will be of interest, both
comparisons between programs for a given structure, and comparisons
of the behavior of different structures, It is expected that several
hndred runs will be made in & period of a few weeks, and that the
ensuing job of making systematic comparisons and evaluating theilr
significance will take many months, The potential fruits of tais
procedure are very great, in terms of increased understamding of the
dynamic interactions involved in economic take~off and interms of
insights into the effects of different patterns of investment gllocae
tion, the relevance of different policy varisbles, and the vsefulness
of various indicators as current guides to policy and program

modifications.



Budget for Analog Study of the
Economie Take-0f{ Problem

March 1, 1958 - June 30, 1959

P ,,.'L»f
Lovsrr d
= ﬁﬂ'_ ﬁ_‘,t.—-
I, Salaries and Wages s %Wz s
Holland (16 months) $10,700. =i :
Research Assistants 11,880, pd” gt TP
(2 for 16 mos., 1 for
1 y’rgﬁsgg per*:on‘;-ho) X
Secretary months. 1000,
$26,580,
II. Travel 200,
Gubvesd > b ‘
III. Publicaticn costs 2,000, —
3 Lot
Iv. Lahoratary costs 7,000:, . 3 iE S ;
(Salaries and materials) ) iy P W
| S forrr™n P
V, Center for International Studies 2,900,
Supervision, Administration s
and Supporting Services
TotnlEi_.rect Expenq_&l $38,680,
. MIT Indirect Expense =50
_A %% of Direct Expense) 9,670,
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TOTAL $18, 350,
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