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1l. Introduction

In this paper a general discussion is presented of some of the basic
considerations which must be given prior to applying the techunigues of simnlation

to problems of economic development.

1.l. Mathematical Models and Simulstions

Two types of mathematical models are familiar to most economists
interested in growth and internationsl trade. They are sequentizal models
with relations formmlated in terms of difference or differential equations; and
models involving the simltanecus evalustion of several variables given a set of

relationships between the varisbles.

A simple example of the first type might consist of three or four
highly sggregate accounting and behavioral equations in which, as in the example
below the whole economy 1s represented by two or three sectors and each sector is

represented by a single behavioral relation meant to typify all actions of that

sector.
Y, =G + I +C (Accounting relation)
0, =a Yf-l {Behavior relation)
I, =g ((.‘.-‘,G - Ct_l) (Behavior relstion)
Gt =k Behavior relation
--~ Policy Control ~-
where Yf = (Gross National Product in time +

Gt = Government spending in time ¢

C, = Congsumption in times £

i
?

= Private investment in time +



Given that care has been taken to specify the ranges of definition
of these relationships, in a case as simple as the one given here we could solve
the system mathematically with little difficulty and (if we believed that it
were a reasonsbly good representation of reality) we could directly examine the

effect of changes ln the parameters.

In this model a limited amount of exploration of goverrment policy can
be made by observing the effect of different size k's . Suppose however we
wished to consider, for example, a counter-cyclical policy related say to the
level of unemployment end the growth rate of GNF. It wouwld be necessary to re-
place the expression for Gt by a far more complex relation or set of relatioms,

such as:
== p Y -
G =iy (ag g+ (X - T o) -

Even a relatively simple considerstion such as this policy makes a
mathematical treatment essentially unmanageable. The mathematical difficulties
will depend upon the exponent p and furthermore an extra relation or set of
relations will be needed to update the values of U s the level of unemployment
ot time t . However, the simalation of the time serles generated by the new
system is no more difficult than the simlation of the time series generabed by
the first system. In the first instance, the set of equatlons; the .ciosed form
expressions expressing Yt B Ct and.: lt as functions of time and the parameters;
and the time series prod.uce‘d by a simulation can all be regarded as solutions

to the problem of predicting future states of the system and the effect of

changes in parameters. However these three different solutlicn concepts are
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of varying usefulness to the indivlidusl who wants to answer specific questions.
The first is of use only toc the person of sufficient genius that he can
immediately deduce the implications contained in a consistent and complete set

of relations without having to “solve™ them further. When an explicit expression
exists for the variables of interest it usually will be g more'ﬁsgful solution
than the time series because it is more compact and may be mathematicslly
manipulated dirsetly to answer questions concerning the sensitivity of parameters.

For example 1f our solution shicws that:
p—m— t %
Yt = Al(a + ae" h‘B) + Ag(a - de - L]'ﬁ)

we can immediately examine the derivatives OY, /oa and BY£/86 to estimate
the behavicr of Yt as O and B vary. The same sensitivity search could
be made by simulating with the original eguation system and feeding in a
series of different values for & and B, then comparing the resultant time

-peries.

In the modified set of equations it is quite likely that an explicit
‘compact speeification of the relevant variables in terms of time and the
parameters does not exist. In this case the time series obtained from simila-

tion may be our only source of insight intoe the dynsmies of the model.

In gensral the sensitivity testing of large dynamic systems is difficult
and expensive. I% is still probably more of a scientific art than a formalized
procedure. The mere fact that the techniques of simulation permit the easy
generation of time series does not mean that easy exhaustive procedures exist
for the exploration of the sensitivity of complex models. The combinatorics

of different values for different parameters mitigates against this. The



success of the search by simulstion rests heavily upon the substantive

knowledge of the problem and a sufficisnt understanding to be able to interpret
the findings. One way 1ln which thisz understanding iz obtained is by construching
simpler models of the model or its parts where the simpler versions are tractable

to mathematical, verbal or diagrammatic analysis.

The zecond type of mathematical model familisr to economiste is one
which involves simmltanzous relationships, *Hhe simplest example being linear
supply and demand conditions. Suppose we have supply and demand given by
st=a+bpt and gtﬂc+dpt . Lf we asgume that there is a market
mechanism which brings about a price which equabes supply and demand then we

: * * *
can find the P and the B = Q, by solving the three equations,

A simdation, as we have already noted performs its steps in tracing
out a time path by operating on all relstions sequentially. Hence, in general
it doeg not cope with simlstanecus relations., However it is both easy and
sometimes necessary to include simulianecus relations in a simulation to
solve that part by analytic or iLerative procedures and then procsed

sequentially through the rest of the program.

We now discuss vwhy it is sometimes necessary to include simultancous
reletions in a simulation. It has been argusd that in economic life
similtaneity ig not really needed because by the ﬁse of a fine snough gri.d
on the increment of time being used the error introduced by assuming t‘b.e existence
of & lag w:i.,Ll be so small that it can be safely ignored. Thus if the

Ot =t - (t-1) is small enough

s_tn:a+'bp_t stsa-l-bpt"l
‘ or
4 = ¢ +dpg Gy ¢ F ARy
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will give approximately the same results, This is certainly not mathematically
sound 1n any very general way, but for many situatiorms of economic interest may

- be sufficiently true. It is almost always bound to be fal;e however, if the time
increment is large. The natural time unite for socioeconomic simlations of

any size are the week, month, quarter or year. In genersl it is very difficult
to obtain large masses of dataicn a weekly or monthly basis and furthermors even
though computers are fast there is around s 50 to 1 running time différence
between a weekly or annmuzl time basis. If s owing to considergttions of the
"availability and quality of data;, simulation time or output pf“ocessing, a
quarterly or yearly time scale is used then the errors introduced by replacing
an equation such as Ct = o.'xt by Ct = art»l ere large. In order %o avold such
errors and still use & large time scale it is necessary to include simulitanecus

relations and solve thenm.

1.1.1. Behavior Egustions or Explicit Maximization

An important distinction between different models of behavier is
whether they are preseﬁted as the result of some more basic opbimizing proceas
explicitly or merely as behavior which may or msy not have implicitly an
explanation baged on optimization. For example we may describe the behavior
of a consumer by first etating that we have (say by psychometric experimentation)
determined his preference system which is given by U = - a(M—-x)2 + ¥y where
X and y are guantities of two goods; then observing that if the exchange rate
between the two is such that ¥ = px , he acts to:

Moximize U = - a(M-x)2 4+ DX o
A



- T =

We might also have a behavior equation which states that x is chosen to

satisfy:

= M - 2
x=M 5 °

We could say that the latter equation implicitly represents the maximization
process of the consumer, described by the former equation. The former implies

the latter, but not vice~versa.

Generally a simulsation will contein behavior relations and not
explicit opbimization processes. It is a matter of economic, political or other
obgervations, theories and measurements to decide if the behavior equations are

implied by specific optimizalion processes.

The policy-maker or experimenter interested in control and some
criterion of optimality may easily be interested in using a simulation to
explore the implications of various policies. If he is interested in optimiza-
tion he can explore for an optimal policy implicitly by varying parameters or
changing the structure of the policy egquations, then observing the different time

series generated and comparing their optimality according to some objective function

or criterion ocutside of the simmlation. For example, in the eguations in 1.1.

government pdlicy was glven by:

G‘b=k'

We could try various values of k and obtain time series for them., OGur objective

function might be a function of the size of *the fluctuations in the business cycle.
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It would then be possible to judge the worth of the different k , or of alternstlve

policies calling for more complex govermment behavior.

It is, of course, possible to include an expliclt maximizatiqn process
in part of the program of a simulation, however the methods of simulation are
used in generalwwhere the explicit maximization problem cannot necessarily be
get up, and even if it can be, then it is beyond mathematical analysis. An
important exsmple of the relationship between programming end algorithm methods
and simulation is provided by the various large process models of the operation
oi oll-refineries. The objective function is usually more or less well-defined
and the processes can be described with a high degree of accuracy. Unless there
are highly complex nonlinear interrelations the whole process can be described in
terme of a large linear or guadratic program which may be solved by the appropriate
algorithms to directly yield an optimum policy. Beyond some level of complexity

however, & simuletion of the process may be as much as can be done.

In one sense the exclusion of the objective function as an explicit
part of a similation is desirable. It means in particuler that there is a more
or less natural separation of policy considerations and the problem of describing
the socioceconomic enviromment. This can be useful in focussing on the problems

of commmnication bebtween policy oriented individuwals and behavioral scientists,

1.1.2, Simulation, Gaming and Game Theory

This section is included merely to clear up some misconceptions which
have arisen concerning the use of three different approaches to soclal, political

and economic problems.
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We are using the word simulation here to refer to the computer "operation
of & (socio~-politico-economic) model. The rules of operation are specified by the
behavioral and accounting equatiouns. Uncertainty in measurement or other forms
of uncertainty may be accounted for by the presence of random variables in the
model. However, once the model has been formalized the insights and errors of
its bullder will be reflected without guestion by the similation., The word
simlation hasrbeen usea in a somewhat different meaning &/ to refer to
situations in which people play the roles of decision-makers in more or less
formally simulated environments. This type of investigation is also referred
to as gaming. The key difference between what we wish to refer to as simalation
and as gaming is thatthe former involves the manipulation of a mathematical model
with no direct participation of individuals; whereas the latter always involves
the active perticipation of people:as an integral part of the exercise. Simulation
and gaming may easily be used as complementary investigatisns,l For example in
situations where alternative policies are being explored one can use a simlation
of the variety described here to serve as the basls for a gaming exsroise
where instesd of having explicit formulee for say, govermment policy and foreign
trade policy two gets of players make their decisions each period, based upon

the Information supplied by the other rartsz of the model.

Geming, especially with players simuilating the roles of decision-makers
has been used for teaching, training, operational and experimental purposss. OQur
prime concern here is with simmlation; hence we terminate further discussion of

gaming at this time g/.
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Game theory is a third topic often confused with simlation and gaming.
It 1s often relevant 0 gaming exercises or to the construction of simulations,
but 1s by no means the same as either. The theory of games is basically &
mathematical theory devoted to the study'of problems of strategy, conflict and
cooperstion. It is impliecitly relevant to the type of simulation described here
inasmuch as the social, political or economic forces may reflect situations which
even explicitly camnot be degcribed in terms of maximization, but must be thought
of in terms of varying levels of conflict and cooperation-é/. However it must be
stressed that the relevance of game theory is at the conceptual level inasmmch as
the conflict aﬁd cooperatioﬁ in the soclety will have already been reflected in the

behavior equations.

1.2. Reonomebrics, Dats Processing and Simmlation

Simulation and econometric or soclomstric methods are complementary
approsches to the study of sociceconomic systems and not substitutes. The
emphasis in econcmetrics or soclometrics is upon measurement; while the emphasis
in simulation is upon control (in s feedback process). The contrast can be seen
between predictlon and anticipé$ion. A problem in eéonometrics and production is
to estimate the number of automoblles sold next year, on the assumption that certain
conditions in the enviromment cen be iaken to be glven. A problem in anticipgtion
and control is to estimste the expacted worth (according to some objective
fﬁnction) of taking an act which might influence the number of sutomobiles sold.

The firsf serves as & nsbtural data input for the second bub not vice-versa.

The problems of control, planning and forecasting are all highly relabed

but are nevertheless different. The econometrician is less concerned with the



costs and value of his investigations in ferms of policy, than he is with meeting

various eriteris of accurscy. Furthermors qus econcmetrician he has no interest

in considering the effects of interactions between himself and the system, If
he is not in a position of control this is most reasonable, as at most his state-

ments and actions will produce effects of a second order which can be ignored.

1.2.1. Crude Data Procegsing snd Model Bullding

1.2.1.1 Costs of Information

Underlying any work in plamming, control or measurement in the behavioral
sclences .is the need for a data base and a conceptual scheme to guide the process-
ing of the data once they have been obtained. ILarge scale cross-section or time
series data are often needed and unless they are more or less avallable from the
operating information of some organization accessible to the investigators, the

costs of data gathering can become prouibibive both in terms of time and money.

An important joint strategy aimed at minimizing data costs is a quid
pro quo arrangement between governmental and other institutions whose prime
concern is with planning, and academic institutions and others who are more
concerned with the development of theory and with measurement. Joint discussion
and survey of data gathering reguiremsnts can result in the improvement of opera-
ting statistics coincidental with their being avallable at 1ittle cost for the
testing of theories, econometric and sociometric investigation and other long
term activities necessary to the puilding up of the apprqpriate conditions for

improvements in planning.



1.2.1.2 Checking Data and Models

There are a few simpie benefits which can be obtained from the
construction of a computer simulation which are so basic that they can be
easlly overlooked, and yet are sufficiently valuable that by themselves'they
can often justify the work entailed in the similation. Phey are the construction
of more or less automatic procedures for the checking for logical consistency
and completeness in models and the semi-sutomation of dimension checking and

reporting unit checking on basic relations among dats.

Once & system containg more than five or six variables, if no formal
conceptual scheme exists which uses all of them, it is very easy for inaccuracies
and inconsistencies to creep into any data-gathering scheme. A formal conceptual
model guards against this. Possibly one of the greatest values of Leontief's
input-output work has been the providing of a model which imposed order
and clarity over a diverse and poorly coordinated set of data and informal

concepts concerning interrelstisnships in the economy.

The problem of consistency in reporting units is a minor and annoying
one which involves a small emount of intellectual effort, but certainly prior to
computerized data handling, a great amount of work., Large daba systems are often
modified by changes in indexes and reporting units such as changes from long tons
to short, adjustments for stock splits, changes in the definition of a reporting
beriod or district and sc forth. Unless there are formalized procedures to check
through the implications of a change in one part of a reporting system, to all
the other parts, within a few years the coherence in a large scale daba-gathering

Process may be lost and it drifts apart. A by-product of a simulation when
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uged with a data bank and processing scheme such as national economic accounts

is that it serves as an automated process for checking consistency in units.

A more important problem exists in the checking of comnsistency in in-
dividual equations and then in the system as a whele. Before we bother with the
measurement of parameters and tThe estimation of eguations we must ask if the
form of the equation is at least consistent with the basic facts we know. One
very usefwl technique much used in physics, but hardly used in the behavioral
sclences is dimension checking. The dimensions on both sides of an eguation
mst meteh.,. An example is given below, taken from the medel for the simulation
which follows in Pert II. The equation for social mobility which describes

trangfers from the category Indian to category Mestizo is given by

X N ] ' ]
- S,6-1 b, t-1 hyt-2 L
Toe-l = %0 Mea VT T el 1% ot S Hr,t—lf F, )
&331-,-1 ust-,-} J bytel J

where

F = number of Indians who transfer to Mestlzo in time t

3,t

N§ £ = Mestizo population in tTime %
3

Nh g = Indisen population in time +
?

disposable income of Indiang in time +

o
i

Hh g = IEW expenditures on the Indians in time t
3

P = ‘price level in time t .
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Iet p stand for population and m for money, then a dimension check of this

equation gives:

- PP {._@L 1
pe 2 {3} {Zem} ]

which does not check and tells us that either 05 11 should have dimension % 3
. >

or if we wish %o regard it as a pure mumber, then we are missing a term with

1 . o .
dimension = . A little reflection will show that Hh,t-l/mh,t—l is a more
regsonable functional form than the one given, inasmich as we were considering
per cepita effects. Having made this modification we may now observe that
Q5,9 (or alternatively both 03’10 and 05,11) has to have the dimension of

people rather than be a pure number.

There are also loglcal Iimitations imposed on the functicnal form.

In this case, this equation is obviously not defined for:

i
Y, H
%G9 Bl L, Ml
2 P %}lo N %Jl‘l' N‘
Tl h,t-1 I,5-1

because this Wouldiimply a transfer of a size larger than the Indian population.

This type of limitation is hard to observe in verbal discussion.

In the example given in 1.1 with the modified govermment policy we do
not have a complete model. This is eagy to observe because if we tried to run

this as a simulation we have no way of updating It is quite easy to

o
obgerve this in this simple model; however given a few more eguations or a
verbal discussion it would be hard to cbserve that there were a gap or an

inconsistency in the model.’
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Planning, data-gathering and national accounting, messurement and
theory are allied but different occupations. There is a considerable gap in
communication between practitioners. Methods of checking and vailidating which
are routine to some are more or less unknown to others. The relatively simple
and stringent rules which must be applied to formalizing a model for simulation
can be of direct benefit in helping to byridge the gap between quantitative and
qualitative‘approaches and between planning and research in the behavioral sclences
by providing a language more precise than ordinary language and yet far less

restrictive than mathematics.

1.2.1.3 Meagurement, Validity of Measuremegt and Costs

A natural gquestion in an econometric or sociometric study is: “how
well can we measure a varisble?” As we have already noted, the natural ques-
tion in the context of planning and control is: "what are the costs and values
of measuring this varisble; and what are the gains associated with varying

degrees of accuracy?®

A simulation can be regarded s a preliminary search mechanism, which
in combination with the considerations of theory helps to guide the gelection of
aspects of the socio-economy on which the major expenditure of time and skill
in measureﬁent should be spent. This can be done by building the first models
relatively quickly and crudely using whatever statistics, special knowledge,
insights and theory that are easily obtalnable; with this model a sensitivity
search on a few variables, parameters cr functional forms deemed to be important
can indicate whether thelr accurate messurement is critical (for example,
how important is the substitution of a (.E.S. function for a Cobb-Douglasg

function in various growth models?).



- 16 -

A peculiar and somewhat inverted use of simulation which can be of
considerable use both in experimentation and teaching is mentioned here only
to stress the interrelation between the different arts of model construction,
theory and measurement. A simulation can be used as z data generating device %o
test the power of econometric or other methods of observing a society. A standard
eriticism of simplation is that although it may be quite com@liqated, it is still
a cons;derable oversimplification of human affairs. A standerd excuse for the
failure of political, social or economic preéictions 1e that some exogeneous
event intervened or that the data were poor and hard to clean up. The output of
data from a simulation provides clean statistics with no exogenous events "spoiling
them"; these statistics can serve as a laboratory for testing the powers of

methods of measuvement, theory and insight.

1.2.2. Types of Model

Both the uses and types of simulation may be different. In physiés a
simulation may be used to calculate the behavior of many particles behaving
according to soms random process. The overall behavior of the system is predicted
by many replications of a Monte Carlo process 5/5 Tt iz possible to deviese a
Monte Carlo method to evaluate complicated integrals or approximate the value of
1 . These uses are called simulation by those who use them, however they are far
removed both in intent and technique from many of the major uses in the behavorial
.sciences or in planning. In psychology there i1s considerable work on simulaticn
of cognitive processes 2/ and this is linked with investigations into artificial

intelligence éf; these too are of no direct concern at this time.
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in economice there are at least four areas of application of
sizmulation which differ both in intent and techniques. Thege are
econometrics, planning and policy, mass daba processing and economic theory.
The types of consideration which distinguish the different types of simmlation

are:

(1) How easy is it to obtain a good representation of the system to be

similated?

(2) Can an objective function or some other clear criterion by which results

can be judged, be easily or uniquely defined?
(3) How important are random elements in the simulation?

(4) Are logical switches necessary? For example if the system is to include
decisions with alternatives to be selected according to criteria depend-
ing upon indices whose values may change during the simletion, they will
be needed. There might, for instance be two investment policies depending

upon a level of confidsncei

I

1evel-qr confidsnce
> 0r < AT
< ~2
Policy 1 Léli@y 2




(5)

(6)
(7)

(8)

(9)

(10)
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Are the number of variables and paremeters so lerge that organizstion

and machine problems will be critical?
Is it necessary to solve simlfaneous relations within the simulation?

Is set gsearching and list processing of importance to the simmlation?

For example in & simulation which may contain a set of firms (say retailers)
it may be desirable to locate all retailers iﬁ the Nowthwest who ére

above a certalin size and who have more than k items of product 5 in stock.
fﬁis involves ﬁhe'ability to claSsify épecial sets of firms and to search
ﬁﬁrcugh larger sets checking for fixed or variable attributes. There is a

great variation in the types of computer language and program to handle

thie type of activity.

How important is mass data p?écéséing?" Théfe is a considerable differsnce
between problems which involve relatively simpie manipulation of large
amounts of data (such as accounting schemes) and those which require

the complex processing of smaller amounts.

Are relatively sophisticated mathematical technigues of importance?
With maximization processes, or the reed t¢o solve similtanecus systems
or differential equations the mathematical computational needs are

relatively high; with many business oriented models they are low.

Does the model need to be flexible? Are many changes, revisions and
modifications contemplated as a maitter of course?. For planning,
experimental and exploratory simulations, in general, the answer would

be yes.
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(11) 1Is the program intended for "on-line” use? In other words is there an
imnediate feedback from the user to the program calling for immediste
response. JIdeally in a short term planning pro ess using a simulation,
the user should be able to interrogate the computer difectly. There is
nevertheless a considerable diffefence in design between a program

constructed solely for research or operations.

(12) How important is input-cutput and the appearance and flexibility of the
format in which output appears? Do you need graphical, statistical or

tabular output?

The borders between sclence and art, the understanding of technigue
and of principies have always been ill-defined. Several of the points raised
abhove appear to be purely technical considerations. .For instance; most of the
problems in (12) sound as if they should be the concern of a typesetter and not
a behaviorsl scientist. Unfortunately this is not the case. Considerations such
as this are not sufficlent to guarantee success but they are almost always

necessary.

l.2.2.] The Representative Unit Model

The model of Kalman Cohen of the shoe, leather and hide indusiries Z/ 5
the work of Forrester §/, Holland and Gillegpie 2/ and the Klein-Goldberger 29/
and oth;r econometric models (whose equation systems can be operated as
simulations) are all'examples of models usiﬁg g representative behavioral unit.

Whatever the level of disasggregation is in any of trese models, each class is only

repregented by & gingle representative member of that class. Furthermcre all
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of these models work on a "congbant clock," in other words all actions by all
actors take place at fixed increments of time; the representative consumer or
investor iz not late or early with his payments from period te period. A simple
exanple of a simulation of this type can be illustrated with the difference

equation model given in l.1.

READ IN: «Q, B,
T, Ty Cps I G

STORE 1 tgl, ey T
€, ¥, Ct, It’ c I .0
l G, B T T R

® -
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Each period the representative consumer consumes an amount proportional to
previous GNP (we could introduce a random element replacing the consumption
equation by Ct = aﬂ%_l + §t‘) +« Given the informetion on consumption it is

now possible to calculate the aggregate iﬁvestment based upon the single

equation used to represent the aggregate behavior. After this government invest-
ment, then GNP can be calculated, the "clock® or the time period is then augmented
by & fixed increment and the process is répeated untll period T 1s reached, at

which point the simmlation stops and the time series for t, Yf, Ct’ I, and Gt

t

are printed ocut. Had Ct been related directly to It these two values would

have had to be determined simultaneously as a block sequential or recursive model.
In resume, we observe that this type of simmlation is based on a

sequential or block sequéntiql;“fiXed clock model with only one member in

any behavior category and with no policy or behavior alternatives, in other

words ,no swltches.

1l.2.2.2 7The Crosg Bection Model

Examples of this ﬁjpe of model are provided by Orcutt géJand
Balderston and Hoggatt ég/; In these works each behavicr category is represented
by a set of behavioral units or a sample. This ig basically a micro-economic
appreach in which the behavioral conditions are based upon consideration of the
individual unit rather than & representation from a statistical meassure of
aggregate behavior. Both bf the works noted also use a fixed clock; however with
many members in a behavioral category it is possible to introduce distributed time

lags or & variable clock. This means that even though individuals may belong to
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the same behavior claseg, thelr decision times may be scattered over the time
interval, a feature which may intreduce considerable émoothing into otherwise
highly erratic processes. The use of sets of decision-units with the same
behavior lengthens simmlation tims considerbly and introduce difficult problems

concerning sample size, as has been noted by Orcutt }§/°

l.2.2.5 Disaggregation

A well-written simvlation may be regarded from one point of view as an
aggregating-disaggregating device. Given current compoter technology it is a
relatively cheap and quick procedure to cbtain outputs in more or less any
combination or permutation ¢of the original data‘bank used. In genersl the
limitation will be caused by the availability of basic data, This is in general
not true of noncomputerized feportingksystems as the amount of labor involved in
the modifying of output (even assuming one knows preclsely what modifications are

required) is great.

The division of labor of the behavioral sclences into soclology,
anthropology, political science, economics and so forth has meant that the
models constructed by members of different disciplines have either ignored
the possible interactions between society and the economy or the econemy and

political life; or have assumed that ceteris paribus they can claim that these

effects are implicitly saccounted for. The flexibility of simmlation as a
-medeling device makes it considerably easler to consider models which .cross
disciplinary boundaries. The study of development conditions appears to need

an approach based upon the similataneous consideration of ab least sociological
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anthropological economic and political facbors together.

Most economists have tended to construct dissggregated models based

upon finer and finer industrial and technical breakdeowns. Thus a 30 x 30

sector input-output model may be replaced by a 200 x 200 sector model; or a
two-digit Industry classification by a three-digit classification. It is also
poseible to disaggregate according to scclologleal or political features.
Disaggregation'imylies a8 proliferation of categories, and invarisbly it is

desirable to control this proliferatien. It is feasible to limit the level

of disaggregation and for the purposes of the construction of a development

model select a mixture of economlic, sociological and obher factors to disaggregate.

For exsmple s forty economic sector model of a developing economy may not be

as valuable for understanding development as a ten economic and four social

sector model,

1.2.2.4 A Comparison of Models

We have already nobted the difference bebtween simulation models and

ones involving explicit meximizetion.

A few more aspactz of comparison are given.

Input-Output Activity
: and. Fixed Coefficient Anelysis and
Simstion }ﬂ] Progr
Growth Models &
No explicit meximizing Wo explicit maximizing Expllcit maximization

Alternstive processes of
complexity; reached by
*cholice switches®™ in the
progrem.

Structural complexity and
flexibility obLained at

the cost of ability te ans-

“lyze mathematically.

Na alternative processes

Mathematical manipulation
obtained at cost of
ztriet limits on the
model,

*Alternative processes, -

usually limited in com-
plexity; reached by the
maximization process.

Tn general mathematically
more difficult and
structurally more complex
than I-0 .
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1.3, Institutional Studies, Qualitabtive Methods and Simmlation

l.3,1. Institutional Btudies and Models as an QOrganlzing Device

The Jjoining together of results and insights obtained from
qualitative studies and quantitative studies would be an im;ortant step in
recreating a political-economy. In most instances massive empirical work,
observation, discussion and writing are needed before concepts can be clarified,
variables separated and formal model building, guantification and measurement

can take place.

Good comprehensive descriptive studies are always valuable; but by
themselves are often not sufficient for a balanced ﬁnﬂerstanding of a soclo-
econony. Ordinary langusge provides Tor much flexibility and a desirable lack
of precision which prevents concépts from being overly formalized at too early
a stage; however the price pald for this lack of precision can be high. In
particular (as has already been nobed with reference to large data gathering
systems) lengthy verbal descriptions of complex multivariate systems may
easily Be inconsistent or incomplete. The tendeney for the argument to loose
coherence among different chapters of a book is large. If this bock is
Presented as an overview of the functioning of a country, or if it presents
a Thesis or a theory concerning development, it should be possible to develop
g simulsetion which at leagi reflects the mgjor ideas and serves at least as
an organizing and consistency checking device for the study. It must be
stresded that this includes the posgsibility of representing many gqualitative

as well as guantitative effects in the simulation.
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The discipline of constructing a simuiation to reflect the major
aspects of the observations and the theory behind an institutional study can
ser%e a far more general and Important role than providing organization
and a consistency check. If there is an interest in comparative study, by
designing a common oubtput such as a national income sccounting scheme it
becomes possible to compare not only the books, but the more formal models and

thelr implicationsg to the explanation of the same set of measures.

l.3.2, Quaelitative Methods and Messurement

Even now there still probably exists a misunderstanding between
mzthematically oriented and nommasthematically coriented economists or other
behaviorel scientlsts. It is often assumed that there 1s a dichotomy that
separates thoge interested in mathemetical methods into a category that is
willing t¢ ignore any phenomenon to which a mmmber cannot be attached. For meny
years however {at leasgt gince Edgeworth and Pareto) there has been a considerable
development in methods for the study of phenomensa which cannot be measured by a
single number, or which need not be quantified at all. Indifference curve
analysis provides one such axample. Mors advanced methods have been concerned
with the relative merits and uses of linesr measgures, complete orderings,
partial orderings, multi-dimensional measures, lexicographic orderings lé/
and so forth. There are many phencmena involwing political, socisl or
economic choice for which the only information needed is that one is, larger;
preferred to, less dangerous or more sersible than the other. By using the
logical capabilities of a computer it is possible to base decisions on this

type of consideration.
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Work in subjective probability l'é/ s discernment and perception -J;-{-/
and in srtificisl intelligence =:}-*§/ has raised many interesting questions concern-
ing the relation between qualitative measures,quantification of judgments and
Probability. By the appropriate coding,a digital computer can be used as a
device to give qualitative answers. For example we consider a very simple
problem. Suppose that we know that the success of Agrarian reform in a
district depends upon two factors, the actual immediate wages of the farm
loborers and their attitude towerds the administrators sent to the district to
superﬁse the program. It may be relatively easy to obtain a three point scale
of "good," "indifferemt” or “bad" for the attitude of the farm laborers from
any experb; ei’ch:sr by using & set of experts or more questions, or both we
might be able to cha.nge‘this into say a ten point scale. Fram other investiga-
tions we could appi"oximately rapresent the chances of success as a probability
function in two varisbles =x(a, w) where =a is the attitude measure and w  the
level of wages. The operations research for and the simulation of this problem
would then be: |

Gather a sample of expert opinion based on “good,” "indifferent®

or "wad." Say from n experts we have n, n, and n.j in each categorj.

Select a method which gives us a = f(nl, n,, n3) . From other

research concerning the effect of wages ceteris paribus we have the probability

of success p(a*) = x(a¥*, w) . The progrem is then as follows:



In this very simplified example the inputs were partially based on gualltative
evaluations and the output was a gqualitative interpretation of a subjective
probability.
direct statement of the probability.
may not be possible to use this type of quantification, however there appesr
to be mé.ny of interest to which this can be applied. This is especially true

vhere the costs or possibility of the use of other methods than the interviewing

———
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This type of ocutput mey be more preferred by many than the

There are many situations where it



- 08 .

1.3.3. The Updated Book and Comparative Library

The communication revolution brought about by the high speed diglial
computer i1s certainly st lesst of the same order of magnitude as the invention
of the printing press. Bobh the concepts of book and library will have to be

and are being revised.

Books on applied soclal and econcmic Topies such as counbry studies
end stéxistical gtudies are, for the most part, at this time a relatively hard
to manipulate and hard tc update data bank. When new information becomes
available it may be highly desirable to examine it in the context of a country .
study and peossibly to revise s book. The cogts in both time and money make
bock revisione inordinately expensive. If, hqwever a book has with it an
associated simulation which in turn is conneé%e& with a data processing scheme
and an ongoing organization iﬁ the process of creating a data bank, the

poesibilities for revision are considerably improved.

Bpecifically we consider three types of situation. The first is the
standard type of updating and experimentation that both the resder and writer
would like to do if the time costs were relatively low. ‘They are, having
certain statistical information updated and being sgble to ask a rumber of
“what if"” questions based on modifications te the hypotheses presented or on
gdditieonal hypotheses. A simulstor written in relation to a bock is an
organized precis. Clearly it will not contain the richness of description
and many of the finer shades of meaning that are conﬁained in the book;
however if, for instance there is a description of investment behevior, the

similation would reflect the main feabtures of this behavior. This being so,
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alternative hypotheses in the context of the overzll work can be examined

by changing the instructions representing investment. In many works, pains-
taking original date gathering is necessary and coften the statistical tables
presented come from nonroutine processing. Once they have been gathered; If they
are important it may be possible to routinize thelr uwpdating, 1f it is not,

then obviously no simulation or formalized data handling system can help.
However there is invariably a large smount of relevant data for which routinized
processes can or do exist. These serve as an updating input for the simulation
which in twrn means that many aspects of & book remein current enlarging the

basis for further work.

The gecond situation concerns joint work between academic research
and planning groups and guantitatively and gualitatively oriented individuals,
In 1.3.2. the relation betweén guslitative and guantitative methods has been
discussed, There is littie question that a simmlation is no substitute for
subgtantive knowledge and insights it can however be an organizing device for
the substantive knowledge and insightes of many independent people. An inter-
change is needed between governmental planning groups; financial agencies and
researchers in academlc institutions. It is needed because the two former
are in possession and control of much which the latter need; while the latter
are able to take a longer term and more dispassionate view of processes and
to provide insights, and a theoretlcal Fframework which helps to blend the

long term with the short term operational view.

Once & model has been constructed it serves a focal point for inter-

change. The overall operabion of it with guesses and approximations can be of
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operational use, while the careful measurement of technological and be-
havioral relations, redesign of subroutines will for the most part be

of direct academic interest. Furthermore both academics and others need
to establish methods or even an institution for the more effective inter-
change and use of information. There are large increasing returns to
sogle in information handling and in joint model bullding which have not

yet been realized.

TThe third situastion concerns the use of simulation and formal
models for compearstive purposes and “"library cross-reference" for institut-
ions or agencies engaged in comparsative studies. If an institution such
as the Internstionsl Monetary Fund or & university center devoted to growth
and development economics has sponsored comparative studies, simulations
related to each study may bérused to output in the same format for purposes
of comparison. In the model presented in Part IL it is for this reason
that the cubtput utilizes heavily, the National Income Accounts scheme 29/

and part of the International Monetery Fund statistics.

The ares study books mey be highly different both in style and
content. The differences in content will be reflected in the different
structures and relations of the main parts of the models. But even at this
level s great potentisl for easy comparison of fundamental features in the
socloeconomy appear. MAs has been noted above each model is in some sense
& formal précis and hence comparison between models ig easier than between
books. Going back to a previous example, each model will probably have
a subroutine describing iavestment; they may well all be different; and

these differences will be easy to compare and experiment with.
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Comparison at the output level can be facilitated in two ways.
They are by having at least one set of output common to each model, and
further by lebting this oubput be highly related to some heavily used and
agreed upon national or international set of standards. This point will

be further developed in a subsequent related paper.

In resumé; any large operation to carry out comparative studies
needs & basis to provide the interlinkage between field work, theory,
structural studies and data gathering. The discipline and methodology of

simulation may be of considerable aid in providing such a basis.
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