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I. INTRODUCTION

The Internetional Development Strategy for the Third United Natioms
Development Decade represents a comprehensive set of guantitative and
qualitative targets Sor accelerating the development process in the
developing countries over the 1980s, including not only & 7 ner cent
average annual growth rate of GNP and 2 targeted investment
level =cuael to 28 per cent of GIP by 1990, bdut elso incorporating targeis
such as the eerly eradication of peverty and dependency in the develoving

countries.

A key role in the development plans of the develcping countrias
is forseen for the industrial sector, where the average annual growth
rate of manufecturing output is targeted at 9 per cent. Attsinment
of this growth rate, together with a marked increase in the share of the
developing countries in the total world expert of manufacturing goods,
w#ill, in turn, only be possible if the developing countries engage
in a comprehensive programme of planning in the industrial sector
and, most importantly, design and carry out a thoroughgoing set of

planned adjustment policies for industrisl restructuring.

In the contemporary world economy three realities can be seen to
pley a crucial role in programmes of long-“erm economic develorment,
and hence will te of incisive importance in the process of industrial
rlanning that the developing countries must engege ‘n in their attempts
to attain the targets of the International Develorment Strategy for
the Third Development Decade. 'The first of these realities is the
overvhelming importance of tecanological development in determining
both the level and pattern of leng-term industrialization aud develop-
ment; the second is the reality of environmental and sociil constraints
on economic development and the increasing concern with the impact on
the atimosphere and social environment of policies cf long-term
economic development; and the third is the increesing importance of
the international implications of, and reactions to, #ndustrial golicy
decisions made at the national level in a given country that resul*s
from the reality of the ever growing international interdependence of

3

the iddustrializaticn process,




Ail three of these realities imply that the industrialization policy
that the developing countries formulate today must te conceived of
dynamically. Such dynamic policy msking has trze corollary that short-
term benefits must sometimes be sacrificed in the interests of the icng-
term flexitility of policy meking. The process of industrial policy
making therefore accuires a2 new dimension: rather than selacting one
'pest' set of targets and working out the optimal ellceation of in-
struments toc targets, pla~zers and policy makers would select a number
of sets of tergets and corresvondingly & numter of sets of optimal

gllocation of instruments.

The optimal econcmic policy is then chosen on %he besis of &
comparison among these elternative sets of targets and instrurents,
using the criterion of optimal future flexibility of decision making
on industrial restructuring. Basing econcuic decision making on the
maximization of lcng-run flexibility may well impose the cost ¢f short-
term 'losses', in the sense that the variant chosen from the alter-
native sets of targets and correspcending iInstrument allocations may not
be the one that maximizes the short-run industrial ouiput or profit-
ability. In this case the short-run objective will be cutweighed dy
the long-run objective of maximum flexibility to respond to the new
realities faciug plenners in their elaboration of the country's

policy on inaustrial restructuring.

While the formalized models of industrial policy making 2nd
planning developed over the last two-and-az-half decades have tecome
increasing scphisticated and in many cases alco aprreciably more
realistic, a fundamental shortcoming of the developments to date has
been the failure of the models, both for policy meking ii the developed
capitalist countries and for planning in the developed socialist
countries, to formally recognize that the nature of the envircnmenL
is which industrial decision makers operate it such that they must
integrally incorporate & degree of flexivili<y into their decision
zaking to allow them to accomcdate the uncertaint,; of the decision

space in wuich they ogerate. This paper deronstrates rnow flexibility
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of response can be formalized in such a way as to allow the pelicy
makers in the developing countries to choose that policy from among

the set of desirable policies that simulteneously guarantees the policy
. meskers the maximum degree of flexibility to respond to cherges in
technciogy, in the socio-political environment, ir the internsticnal
structwre of industrial production, and <o uncertainty ir gereral in the

formulation of their national policies on industrial restriucturing.
II. UNCERTAINTY IN THE TRADITIONAL DECISION MAXING FRAMEWCRK

In traditional nec-classical analysis the prefererce functica of
economic decision mekers is specified in terms of meximizirng (or mini-
mizing) the level of given policy objectives in environmerts where
information and knowladge are free goods. This analysis has teen
extended both by svecifying goal functions and by introducing con-
straints on behavior, but the models leave little effective choics
since, given data on the variazbles, “he solutions are perfecfly pre-
dictable.

Recognizing the reality of uncertainty iz the decision making
process creastes choice. A prediction then tecomes a probability retaer
than & certainty, and the solution set is likely to contain several
solutions, each of whizh may be equally likely to occur. The indus-
trial planner can now not be certain as to which solution will be the

appropriate maximand for use in policy making.

A random variable could be introduced into the function which would
allow for risk aversion ané risk taking. In general, such modelsl/
predict results different from those vpredicted under the certainty con-
dition and, in the case of risk taking, several of the solutions are
indeterminate. The effect of handling uncertainty in this marner is
to make several a2lternative states of the world possivle from one set

of given initial ronditionms.

1/ I. Horowitz, "Cn the Theory of the Monopolistic Multipreduct Firm

under Jncer-ainty”, International Zconomic Review 5 ‘September 1964)




This paper argues that a2 preferable preference function for use
in planning long-term industrial restructuring in developing countries
under uncertainty would be one of maximizing robustness, ruoustness
being defined as the flexitility for future policy remaining after the
current decision is made. The concept of robustness is develoved snd
presented as & guantifiable maximand giving a2 measurable scale for
policy makers to use in making choices tetween alternmative sets of

policies for industrial development and industrial restructuring.
ITI. UNCERTAINTY AND FLEXIBILITY IN DECISION MAXKING

siven uncertainty, policy makers make decisions under partial,
ignorince. As the plenning horizon is lergttened, the decision
mekers will aave less and less informaticn on which to base
forecasts, and what informetion they possess will be less realistic.
Under such conditions, the pursual of one meximand can foreclose (through
inflexivility) many future states which may tura out to be highly
desirable. A fundemental result of this fact is that a policy zllewing
industrial planners the freedom to pursue several alternative future
economic policiel sr industrial restructuring may be more valuable then
a maximal 574l 21 solicey in conditions where the policy makers have

only imperfect infosrmation on future environmental outcomes.

The conventional way to represent policy making under uncertainty
is to assume the policy makers possess knowledge of all possible outcomes
without knowing the specific outcome. Based on expectations of the
foreseeable outcomes, the decision maker can subjectively assign

probabilities to the i cutcomes such that the probabilities sum to one:

p; = L. (1)

n
1=l

The expected value of the outcomes m, will be:

2(a) = £ Pz A (2)

i=]

e @y vy




Where there is no objective basis for assigning different protavilities
between o, ocutcones, the decision maker g ves each protability a value
equal to 1/n. This represents the extreme position of maximum uncertainty

given xnown outcomes.

To reduce the provlem tc one of certainty, the decision maker :ust
deduct from the expected valve ¥ the variance of the distribution around
M. This gives:

ulM) = % -6°

(3)

for the utility of the expected value to the decision xaker, where U(i1)

is the certeinty-eguivelent of 4. Given these rodifications, ihe
certainty-equivalent vaiues can be substituved for the krnown values under
the gerfect informaticn assumpticn of general equilibrium theory. Sucha a
prccedure would, however, only be acceptable within a short-term decision-
making framework in a relatively stable c>~nomic environment. Such
environments have limited interest under conditions of uncertainty as

the possibility of unforeseern events is ruled out and the anslysis of

uncertainty is reduced to a variant of risk analysis.

ictroducing unfcrseen contingencies allcws the analysis to agein
become interesting. The set of known future cutcomes (1,2,...,n) is
assumed to be a subset of 211 possible outcomes (1,2,...,2, a+l,...,z)

end therefore:
n
> p.<1 (L)

In the short term the class of unforseeable contingencies may have a
relatively low probability of occurrence, but as the policy-makers'
time-horizon lengthens,the probability of unforseeable events occurring
is lixely to rise at an ineresging rate. Thus, the above egquation could

te re-written as:

\n
~——

i ?i +W‘\‘A= 1, (

i=1




where rLis a positive random variatle distrituted independently of 2
and/’, ﬂ)l is a time derivate such that O %/ 3t250. 0f course,
aany of these unforseen events are endogenous to the policy msakers

decision spece.

A major objective aof those charged with formulacing policy ¢n indus-
trial restructuring in de%eloping countries tken tecomes the attempt voth
to moderate the influence of unforseesble asdverse contingencies and to
generate new unforseen favourable contingencies if they are to stay in
‘power in the long-term. Within envircnments incorporating 2 high variance
in expected outcomes together with a confusion over the likeiihood of un-
expected future events, certainty-eguivalence alone is not a viadle tecanigue

for designing a policy thet is desirable over the long-run.

In addition to assigning sub‘2ctive probabilities to the expected
outcores, the policy makers must find a technique for withstandi:g the
occurrence of unforseen outcomes vhenever?L/Qis significant. Civen the

oy . . . 3
imrossivility of compiling reliable prior estimates ofv( ’

the most
rewarding technique is likely to be the incorporation of a maximum
degree of flexibility in the formulation of the goveranment's policy on

industrial restructuring.

The retention of uncertainty as an ‘environmental condi%ion has
major implications for the theory of planning and policy making in
industry. The conventional mathematical treatment of uncertainty as a
variant of risk analysis must be supplemented by a fun.‘ion which
maximizes flexitility in future decision making. Specifically, rather
than aiming at a unique and pre-ietermined, theoretically optimum
solution, the aralysis needs to require solutions which maximixe the
numter of future desirable options. Indeterminancy, rather than
being regarded as an undesirable property (as within the convential
equilibrium framework), has to te incorporated as a characteristic of
the solution set in order to allow the industrial sector to attain its
optimal growth path ard therefore achisve its targeted indusirial
structure most efficiently.
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Iv. RO3USTAESS AS AN OBJECTIVE
The two previous secticns have emprasized the need to maximize

flexicility with regard tu future decisiors when corerziing in uncertein
environments, and Tlexibility zas veen suggested &s an essential elemens
for inclusion within the irdustrial gpolicy makers' longz-run rrelererce
function. Such a function will maximize the robustness of policy
decisions towards industry, rovustness being defined as the Jdegree of
flexibility that a decision maker retvains with regerd to Iuture
decisicns after the initial decision has been mede. It can only be
ensured by t.e policy makers meinteining the highest zossible degree
o?

of freedom of action, consistent with *heir given rate time

S
prererence

=

The maximizing cf rodustness should Szrm the agprepriate objlective

for policy maekers in environments in which the planned path of indus-

+
439

14,
(]

.rlal develozne

‘3

liable to te upset by unforseeatla ouiccmes. When

0’ veccmes e signi
|9

) >

icant variatle, the standard optirum soiuticns oFf

ry

conventional 2quilizrium theory zre restricted iz usefuiness. The

devisirg of robust solutions should 2llow the decision maksrs to

strategically overccme the information zep precented ty the lik=lihood
the occurrence of uniorseen outcomes in the long-term. 3y pursuing

- .

robustness as an objective, the pclicy meker will te z2tle to continue
operating within the conventional sutjective protakilistiz framework
wnile reteining 2 long-term sirategy for z2o0ping with unfcreseen con-

tingencies.

However, if rovustness is to ve a purposeful maximzand for decision

maxing, it zust te trausformed from a gualitative concept into a guanti-

tative measure. 2Precision is essential for a long-run vrefarence functicn

at the industry level, and decision makers must have a measurable zcale
28 ¢ tasis for choice between slternative ccurses cf 2ction and hence
netween alternative peths for attainiag <he desired future iadustrizl

structure.




V. TEE TECHNOLOGY OF ROBUSTHESS UNDER CERTAIITY

Simple robustness

Initially, we place tpe incdustrial sector of a national economy in
a deterministic environment ané assume that tke policy makers nave a
set of D alternative decisions which are feasitle in the short-run.
Of this set D they make the decision di, i.e., D= {gdi)}. In making
this initiel decision, the decision makers reduce the setfiof feasible
alternative plans which could have been realized in the long-run to a

subset of attainable plans §i; i.e., éiéi'

Of the initial set S of feasivle alternative plans, a sutset of
A
S is currently considered 'good' by the decision makers, and the result
A A
of the initial decisior di will be to reduce S to the subset__§i (the

A A
intersection of S with.gi). Then robtustness can be defined as:

Vs d
A
r =2 (si) , (6)
i A
n(S)
A AT .
where n(§) is the number of elements in §.= This, then, can be

considered simple robustness.

The decision makers would then rank each alternative course of
ection falling within the set of' feasitle and 'good' subset which they
faced according to the amount of flexibility (for future decision making)
that the decision meker retained, after making the initial decision.
Defining a solution to te 'good' only if it meets certain constraints
(e.g., on employment or capital productivity), and then only considering
as possibie candidates decisions di those elerents of D whilih are both
feasible and 'good', the decision maker is abld to pursue a policy of
multiple objective decision making: n-l of the objectives define the
'good’' subset of D, and the ntk opbjective is flexibility. Ir a standard
mathematical prcgrarming approach tnis is gimilar to the nrocess of

multiple objective decision making with a criterion complex.éf

2/ J. Rosenhead, M. Zlton and S.X. Gupta, "Robustness and Cptimality
as Criteria for Strategic Decisions”, Qverations Research Juar<erliy
23 (Cecember 1972).

P. Wiedemann, "Planning with Multiple Objectives", Omega & (December 1978).




By choosing the alternative decision with the ,reatest robustress,
the decision makers would be emphasizing the long-term nature of indus-~
trial policy meking and the continuous process of econoamic decision
making. 3y ranking alteranative initial decisions with respect to the
useful flexibility which will be maintained, robustuness nandles the
uncerteinty inherent in stretegic planning by strescing the importance
of flexibility. It plac=s emphesis on the continuou process of planains,,

and reflacts the sequential rature of decision making.

Indevendent decision makirg

This formulation of robustness can te extended to incorpcrate the
international interderendence of industrial policy maxing and restructuring,

and therefore reflect another aspect of the complexities of the process

D

of strategic industrial planning. Thus a decision %y policy makers 1 :
(say, developing country 1) will affect the future Slexibility of that
country not only because it will ery .lude certain 'good' economic plans,
out also because the decision will cause other countries to make reactive
decisions. This get of decisions will alter the future flexibilicy of
country i, probably for the worse, by charging the future in which plans
will be 'good' or not. The magnitude of the effect on flexibility
wiil depend upon the degree of interdependence between the country

ing the initial decision and the actors which may respond. This
aspect of the intermational interdevendence of industrial policy meking
is pasrticularly relevant in the framework of the long-term plans for
accelerated industrizlization (and the attainme:t of a higher share of
world industrial output) of the developing countries. It also reflects the
dependence of industrial restr.ucturing in the South on industrial policy in
the North.

We may designete the feasible initial decisions of country 1 by

DT = d.} (i=1,2, ..., ni).Then consider tha . there are m reacting
agents (countries) J, J =2, 3, ..., m. We may write the set of feasibvle
respornses as Qf sEﬁi}, (xk =1,2, ..., n,), Of these n, poscitle responses,

J J

of course, only & small subset will generally be relevant at any given time.




Explicit recognition of such a response decisicn requires e
modificat’~n of the formulation of simple rovustness avove. 1t/ Decision
di by developing country 1, i.e., di, rnow preduces the set of responses
Lﬁi ] , with § =2, 3, ..., m. Tor each esctor j responding to the
ini%éal decision, ki‘ is uniquely determined by i - i.e., every major
volicy decision in t;e industrial Tield in country 1 generates a specilic
response action from every other country j. The possible future ezviron-
ment open to ccuntry 1 pursuant upon making decision i is trhen modified
by the set cf responses di .

iJ

Poliey makers ia country 1 mede decisicn i so as to maximize th
freedox of actiom ia the future, but the response of other agents in
the environment has the erfect of reducing the future flexibility of
country 1 by an amount depending on the size of dg . The effect of éi
then will %e to reduce_g{, the subset of the desiréﬁle states which ‘:.he13
policy makers could attain in the long-run - the alternative pcssible
industrial structures - by an amount we could call gi .

id
The reduction in che robustness of the develcring country (ccuntry 1)

due [*] vhe rs3T0n ;e decisions oI Other actors (i -2, Ot:.'e r count Y i T:’ y
- )
I

kK

) 1

.

measured reletive to the original set‘g, could then b2 represented by r
A Pa)

Thus: (§i) -‘§k.

1 1

. A
i) ji

A modifiel robustness score that allowed for the incorporation of
the external interaction of decision maker 1 with the eavironment, that

. 1l . : .
is dk } , into the rovbustness measure would then te:

i
1 m n ]
L A S
i i = = X, (8)

L/ J. Sssenhead and P. Wiedemann, "A Mote cn Robusiness and Interdependent

Decision Making'", sournal of the Cserational Research 3ociety
30 (September 1979).
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This interdevendent robustness incorporating response decisions in

& deterministic framework could alro be written by expressing the result
of the response set {di as a modification of the expected future

. i ae . - < s
eavironment that would J heve resuited in absence of the response decisions.

Let us call this modified state of the future envircnment Si.

To each Ei there will correspond a different sot of gl(Ei) of 'good'
plans and likewise & corresvonding subset §i (Ei) of gcod plans can be
attained after decision di has been made. We can then calculzte an
interdependent robustness score that allows for the external inter-

actic~ of decision maker 1 with the environment identical to that above

= 1 “{.gi (Ei)) (9)
i T n{é (Ei)}

Either formulatior can then be used to allow a given developing

country 1 to assess the long-run implications for its industrial strusture
of a certa_n industrial policy decision di which is taken in the present
period and then reacted to by other developing and developed countries.

VI. THE TECHNOLOGY OF ROBUSTNESS UNDER UNCERTAINTY

Simple robustness under a vrobabilistic framework

It is, however, often the case that the policy makers will not know
with certainty all future states of the world. At tbe very btest, indus-
i 2l plann:rs in a developing country may xnow each of the possible
future states of the world ("possible futures”) end the specific proba-
bility with which each of these possible futures can be expected to occur.
For each of the multiple possible futures there will be a set of good
feasible planslg, and a subset ﬁi of good feasible plans which can bve

attained after decision di is made.

Each of these possible sets S and subsets S, will occur with a

eq s W v, Y v o
probability »", where each p is such that 0€ p"sl and Z 4 p = 1.

w =1

P s ey

e
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Thus, simple probablistic robristness is defined as

"'s\ w)
o S,
v Z 1 v =i . (10)
r' - D —’—-—
i = Aw
w=1 n:s )
\~
. AW LA . P .. . .
wnere.§ and S. refer tc the set of feasible alternative plens anéd tae

subset of feasible elternative olans attainable after decision d in the

future state w, respectively, and n is constrained es shove.

With robustness defined for decision making within e probabilistic
framework, the irdustrial planners caan then proceed to ran¥ possible de-
cisions with respact to the useful flexibility that will be mzirtained
after the decisions are made for eech of the (known) multipie Zuture
envirorments. The decision maker can contirnue to pursue a policy of
multiple cHjective decision making and maximize future flexibility of
decision meking concerning the future industrial structure “or the

developing country for each possitle future state of the world.

Interdevendent decision msking in a orobabilistic framework

By explicitly incorporating the response decision of actors J to
the decision di of poli-~y makers in country 1, we modified simple
robustness to incorporate the nodifica*ion of the flexibility of future
response of country 1l effected by d, . In the probabilistic frame-
work decision dJ produces esponse 1J di from zcountry J with soxme
known probability LI (J=2,3, ..., m;; =2, 3, ..., nJ).

If we assume that the responses of the other reacting countries are
independent of each other, there are a very large number of combinations
of responses, and each of these response decisions would generste its
own future environment. For computational feasibility, we will a1 Lup
the combiration of raspcnses into sets based on the similarity of their
effect on developing country 1. Each of the reduced number g of
combinations ccnstitutes & modification to the expected future environ-
ment of developing country 1.
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Let these modified environments be Eil'(fl= 1,2, ...q). The

probetility By of occurence of Eil (given dil) can be calculsted frou

D. . Then we cen compute r., , the robustness of decisicn 4. in .
ik il i

2]S. (=, {} o

LS

rid
n{é\, (Eu)}

The values (ril),[= 1, 2, ..., ¢ cen then form the basis of an interde-

eavironment giﬂ-’ by

pendent probabilistic robustness score:

18§
o él Pif Tif (12)

Such a probabilistic approach to uncertainty could also be applied
to interdependent rotustness and this requires only adept manipuistion

of subscripts end superscripts.
VII. ROBUSTNZESS UNDER CCMPLETE UNCERTAINTY '

As is well known, however, in reality, the policy makers in a
developing country neither operate in an environment of complete certainty
nor do they ever possess a complete ordering of the probabilities of
occurrence of a set of alternative outcomes. In the case of complete
uncertainty where there are no known probabilities p,

idk ?
no derived probabilities D; » robustness analysis must be further de-

and therefore

veloped to reflect the correspondingly modified apovroach to decision
meking. In this new environment one would still recommend adopting that

strategy yielding the highest interdepeadent robustness score.

This is the equivalent to maximizing the net robustness to the
industrial policy maker in the developing countries and correspoads %o
the strategy of Maximin in game theory. In the case of complete un-

certainty this couid ve expressed as

m n
1
o= r - s :Ef r; (13)
1 1 1=2 =) i}




A realistic epproximetion may well be ome in which rot oaly does the

decision maker have ro knowledge of the probavility of occurrence of
the response set r; - i.e., of how other countries will resgomd to
ckanges in the induiérial structure in developing country 1 - but not
even know the set of alternstive values. In this case, the equation
for interdependent robustress under total uncertainty would reduce to
the equation for simple robustness. But one would suggest thet while
the decision maker will generally not possess a complete ordering of
aiternatives with individually differentiated probabilities, they will

also generally rot consider every cutcome ecually prcoable.

The sppropriate robustness meximend urnder uncertainty, as in a

probabilistic framework would then bve,

1L q ,
ry * 2';1 ¢ Tig (1%)

But in interderendent robustness under uncerteinty, 1 would equel
1/n for ell those strategies the probability of occurrence of which is
completely unknown, and pii_would be greater or less than 1/m for those
strategies the decision maker considers at least somewhet more likely
(> 1/n) or less likely (< 1/a) to occur then those tae probability of
cccurrence of which is totally unknown. In the case cf total uncer-
teinty this approacz to decision aaking reduces to

Ll

4 A ? (ls)
i n {:g (Bi)}

end ir the cage where the decision makers felt sach strategy at least

minimelly differentiated from every other strategy this spproach reduces to:

1% 1
ri-Z_

‘
~

cas s . 1 .
Therefore, the probabilistic robustness maximans ri“‘ applies not only
to the w kzown future outcomes, dut it also offers an approach to the
".andling of unforeseen contingencies witaout the necessity of trying

. 4
%0 specify »'7, 3y attemziing <o =maximize rotustness afier investizatin
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the effects of decision di in the i.environments, the policy mskers will
have onerated a strategy which will leave it with the highest possibdle
freedom of sction. In keeping its options regarding the long-term
industriel structure oven for as long as possible, the policy makers
snould be optimally located to carry out a policy of iandustrial

restructuring in the face of unforseea events.

VIII. AN APPLICATION OF ROBUSTNESS ANAIYSIS FCR TEE PLANNING OF THE
PROCES3 OF INDUSTRIAL RESTRUCTURING IN DEVELOPING COUNTRIZES

Hav'2g develoned the technology of robustness at some length, it
is 1.Ow approrriate to demonstrate ncw the guantification of flexdbility
can serve as a useful decision-meking tool for the developing countries ;
in carrying out a national programme of incustrial restructuring that is ‘
designed in full ewareness of the -‘uncertainty fzctor in long-term
industrial planning and that is also designed in karmony with the

world-wide process of ianternational industriel restructuripg.

The starting point of the analysis is the recognition of the crucial
importance of technology as a pillar of economic and soccial develorment
in the develcpoing courtries over the current and coming decade and of
the role that technology ar.d the new technology industries will play in
tne attempts by the developing countries tc accelerate their develorment and
to attain the industrialization objectives contained in the International
Development Strategy for the Third Develorment Decade and the Lima target.
The key to the full participation of the developing countries in the
technological revolution as well as to the attainment of the technological
transformation of the developing countries is the strengthening of their
own technological capecity and the designing of a planned and co-ordinated
programme -f fostering the development of the new technology industries
as an integral part cf the long-term industrialization of the developing.

countries.

At the micrec level this means drawing up aitermative sets of plans,
with alternative sets of development strategies for the esteplisnment
over, say, “he next ten years of selected sub-branches of industries

such as the micro-aslectronics or tioc-engineering industries. Zach




alternative - develonment strategy implies a differeat picture

of the industrial structure that will exist in 1990, end therefore
has markedly differeat implications for the programme of industrial

restructuring that must be underteken over trhe decade in the country.

Let us therefore assume that a given developing countr;, hevirg
assessed the human and physicel caegpital resources and economic and
social infrestructure <+hat it can expect to be evailable over the tericd
1986-1995, and having acting on the most sccurate forecests aveilsble to
it of the nature of tke technology to which it will have sccess over the
decade, elashorates a series of alternative industriatl structures for
tkte period. Each of the industriaiization scenarios is
Planned to generate the same increment to GNP per capita over the

period end differ only in their estimated totzl cost to tke economy.

For the sake of clarity in the example, it will te assumed that the [
existing intellectual capacity of the planning dbureau in the country

in question is such as to limit the number of alternative programmes

for industrial restructuring to nine, with each of these involving

the development of Five industries (denoted by A to ).

We may now apply rovustness analysis to this programme of industrial
restructuring. Table 1 contains the set‘g'of goold solutions, so that
n(ﬁ) = 9. A traditional initial decision could well be that the
programme of industrialization should contain sector A, as this sector
figures in the lowest cost industrial structure. This is industriel
strategy 1 on Table 1, with an estimated total cost of $780 million.

If the initial decision is made for a strategy that includes sector A,
however, only two of the nine possible alterrative programmes of
industriel restructuring (numbers one and nine) will be attainable

over the plan period.

This means n(én) = 2, and the robu~*ness of strategies containirng
sector A is r, = 2/9 = 0.22. The robustness resulting from taking
each of the alternative industrial sectors as +he first decisicn in =
restructuring crogramme can be calculated similarly and is presenzed
cn Tadle 2, from which it crn e seen that sector G has a rooustness
0% 0.78 and on %his criterion would cleerly be the appropriate initial

decisgicen.
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Robustness analysis then suggests that the apparent lowest cost
structure from Table 1 would not be the best, when one took into
acnount the possibility of disturbances entering into the long-tera
decision meking and planning sequence. These could arise frum unentici-
pated changes in technology, unexpected develorments in the world ecoromicz
environment in which the develoving country must trade {and sesk Zinence,
and compete),unforseen changes in the industrial structure of other
economies with which the given country has close economic relations, or
changes in ecoromic or political priorities in the national economy.
The use of a rotustness criterion ianstead of a traditiomal cost
minimization criterion would therefores allow for and incorporate tais

uncertainity into the decision making process.

Table 1. Estimated Total Cost of the Prograrme of Industrial Restructuriang® i

Industrial Elements of the New Estimated Totzl
Strategy Industrial Structure Cost (mil.$)

1 A B3 DUPFJ 780

2 B EF G X 800

3 B CDE G 830

L G J M 3 P 200

5 HL M PR 1200

6 E G H ¥ R 1290

7 D 6 J KL 1380

8 B EG J M 1500

9 A B C Z G 155u

% Note: The order of the elements of the new industrial strueture within
& given industrial strategy is not important.




Table 2. Robusiness of Alternative Initial Decisions in Prosremmes

o Industrial Restructuring

Industrial Fregueany of Robustness

Branch Qccurrence
G 7 0.78
E 5 0.56
3 5 0.56
J b J.Lk
D 3 0.33
b 3 0.33
A 2 0.22
c 2 0.22
F 2 0.22
H 2 0.22
J 2 0.22
L 2 0.22
N 2 0.22
P 2 0.22
R 2 0.22

IX. CONCLUSION

This paper has re-examined the preference function of industrial
planners in developing countries under the condition of uncestainty
where the decision maker faces a proulem of choice given the indeterxzinate
nature of eny conventional meximal solution. Traditional aprroaches
must be supplemented by 2 long.-run preference function which
incorporates maximel flexibility for future decisions as an objective.
Such an objective will orientate decision makers towards the necessity
of keeping open as many options on industrial restructuring as possible

a3 they make decisions against a2 moving planning-horizon.
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This vaper hvpctnesises that wken faced with uncertainty, the
optimum decision tire-path for & developing couatry's indusirial policy
makers is one of maximizing rovustness: that degree of flexibiliity with .
regard to future decisions on industrial structure which remains sfter -
a given initial decision hes been mede. Such e mgximand emgprasises the
long-term nature o2 the industriel planning process and the continuous,

sequentia]l process of decision meking on irdustirial restruciuring.

Rotustness has heen presented as a long-term ohJjective for the pians
for industrialization in the devaloping countries under the corditions
of certainty, within a probabilistic framework, and under total urcer-
tainty. In all three epuroaches, the analysis presented a2 quantifiabie

function for simple robustness, where there was no envirormental resconse

<0 the initiel decisions. This was then wrodified by incorporating the
effect cf reaction by poiicy maxers in other developing and developed

countries, giving the interdependent estimator of robustrness.

Thus, robustness aprears to be & purposeful maximand for decision
making under uncertainty. It forms an operational oojective which is
consistent with industrial plans containing a disjoint set of targets.
And it orients economic decision meking in developing countries towards
the need %o keep ortions open so as not 4o foreclose desireable cppor-
tunities which were not foreseen and which may arise over the long-term

process of industrial restructuring reguired for accelerated industrialization.
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