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"By 'economic policy! certain arts
of economic behavior are indic-
ated. In its broadest sense,
therefore, the phase includes
the whole subjectmatter of
economic theory."

Jo Tinbergen

Introduction

In this paper the potentiality of the utilization of
programming techniques in economic policy models is the core of
the analysis. A brief ‘review of the theory of economic policy
and the difference, in methodology and logic, between it and the
general economic theory is under focus. Then the use of progr-
amming technique in policy models will be studied along with the
limitations on its usage. A modification in the policy problem
might be done such that a programming technique can be appropr-
iate, is the main emphasis in this paper. Some arbitrary examples
are viewed and different types of programming are utilized.

The author believes that if programming is utilized in
solving, for the optimum policy, significant economic interpre-
tations can be drawn in viewing tihe policy problem when stated
in programming formulations. Besiides, the determination of the
solution and its sensitivity will. be more specific and accurate.
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On The Theory of Economic Policy
In this chapter two concepts will be under focus. First,
an inbtroduction te the wGheory of economic policy as specified by
Jo Tinbergen. Secondly, a distinction between the theory of
economic policy and the general economic theory is drawn.

A, Introductionrto the theory of economic policy:

Three major analytical framework specifications can be
gpecified as the base for the theory of economic policys

Specification of the preference function, the quanti-
tive model, and the constraints or boundary conditions.

Classification of variables by their properties, like
randomness and controllability and time dependence,etc.

e s reve ey e B Tt TR b T . e S s g S

These are the derivation of optimum decision rules in
a static and dynamic sense, flexibility of optimal
decisiowfmaking under changing conditions due +to risk,
and uncertainty and the sequence of new information.



Tinbergen's set up distinguishes between two types of

policies:
a. fixed targets policy
b. flexible targets policy

The first deals with policies where targets are specified at a
given level which is fixed. The second deals with problems where
the target has to be optimized (i.e. either maximized or minimized).,

In eilther of the two analytical framework, four major

variables should be classified and specified clearly at the

beginning; these variables are:
- (i) Instrument Variables

a. Bxogenous
(ii) Other Data

Target Variables

b. Endogenous ~(iii)
(iv) Irrelevant Variables

Among these variables are considered as "given" the "target
variables" and the "other data'; as unknowns, bthe ingtrument

variables" and the irrelevant variables"
For the fixed targets policy models there are some
characteristics which have to be under consideration., For this
point to be clear, let us assume this simple linear system,

specified in matrix notations:

(1Y Ay BE ST
(2) BZ:T‘U-—A;Y :‘60‘
Gy~ Nt B

of appropriate

where; B, A, andTare matrices of coefficients, and

order.
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E{ = instrument variables vector,
= target variables vector,
= data variables vector, and

¥ = (Tu - Ay); by definition.

This solution will only be determinate if the border
matrix U3SCQ has a rank of sufficient height. That is:

BB B 1
RIS RS ol

- B ¥
21 pp | Tk 02

(4)

. L] L] @
® L] ° o
L] L] o

BB i ¥

kl k2 it kk ok

(o) '5111(1(a (B XO) = "k", where {o = rank

If this requirement is not fulfilled, then we have incon-
sistency.

If the rank of (B KO) = k - r, then the number of instru-
ments that may be chosen freely amounts to r.

"Phis rigidity is loosened in the case of flexible target
policy; since the number of relations adapts itself to the number

%
of unknowns'.

Again, let us assume the same previous example ag:

Ay '= BE+ DU
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Here we would like to Op'bimize.,a- (eeg., maximize & )
which is a "social welfare function", and assumed to depend on.
hoth targets and instruments: )

V2

s
2]

N

(6) i-e i:l = f__

where ¥y = vector of targets

N . ; .
;ﬁ = Yyeector of insbtruments

There are di]

them might be as follows:

a, express v in terms of ¢ and substitute in L, thus
e/ M b 2

we will have QL:: £ (8. ’
b. by taking the derivatives of £:with respect to Lig
and equate to zero, the opbtimum can be solved for.

a5t
OfkL L
ST e ROt (B aw;"wg“ﬁ’ 9% 0% (k21 iads i n K

o] @}‘}’ Q“é‘ﬁ'& f.‘?,?;é

O:j (:-.:l'?;_'. = “i..gA e oo 3 K)

Now -as Tinbergen implies the number of optimum (max. or
min.) conditions will simply be equal to the number ofz's. 155

there are fewg?ssg a less advantageous situation can be reached.

Graphically this can be illustrated-as follows:

fferent approaches for the solution, 'One of




Then the boundary conditions play a vital role in the determina-
glontor the'solution."ForJl-to be, say, maximized, then the
positive coefficient &'s and positive coefficient y's will be
chosen as large as possible and the ones corresponding with
negative coefficients as small as possible. The word "possible™
here is mainly function of the boundary conditions.

An explicit and direct programming technique can be used
here. However, programming gives more flexibility with respect
to the number of targets and instruments. The most important
criterim is the objectivity of seting up the problem.

B. BSome Differences in Analytical Approach Between Theory of

Beonomic Policy and the General fconomic Theory

The analytical framework of the theory of economic policy
does differ from that of the general economic theory., Some of
these difference-in logic, methodology and set up of the problen
are under focus here:

(1) The knowns and the unknowns variables are not the
same in both types of study. While targets are known
and. a solution for the optimum instrument's levels is
looked for in the Gheory of edohomic poliecy, it is
not the same thing in the general economic theory.
This is.a crucial difference, since it leads to
different methodology and different set up of the
analytical framework in both.

(2) 'As mentioned above the "steering problem" deals with
the specification of the optimum solution and the
sensitivity analysis approach and is a‘distinct fea-
ture of the theory of economic policy, which
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distinguishes it from the usual forecasting and
ordinary economitric models in the general economic

theory set up.

(3) The reliability of the optimum policy, the flexibility
of the suboptimal policy, ... etc. are points of
interest, where theories of statistical decision
functions, process control and information sequences
are used intensively in the theory of economic policy.

(4) Another distinctive feature of the theory of economic
policy is the study of the problem of decomposition
of an overall model into a set of sub-models. The
concept of recursiveness plays a very significant
role in this scheme of decomposition.

From the foregoing treatments, a general outline of the
theory of economic policy as well as some of the differences in
logic and analytical approach between the theory of economic
policy and the general economic theory were specified..

It is, however, clear that the set up of the policy problem
implies a welfare function to be optimized subject to some speci-
fied relation-ships constructing what is known as the model.

The aim of this study is to try to use the programming
Techniques as a methodology tool in solving some of the economic
policy problems. Not only the optimum solution determination is
looked for but also the sensitivity analysis, the variable
targets analysis, shadow price and recursiveness criteria are
all of great interest in this paper.
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Three major points are under consideration in this chapter.
The usage of programming techniques in economic policy, the limi-
tations and its wvalidities, and some of the recent techniques
which are useful for quantitative policy models.

(i) Programming usage in economic policy models

(1) The first possible explicit usage of programming
in economic policy models is through the boun-
dary conditions. This point is well explained
in the chapter to come.

(2) The second important use of prbgramming is in the
area of sensitivity analysis . The extent of the
response of the optimum solution to a slight
veariation in the coefficients of.the problem.

"Dhe levels of the boundary conditions on the
targets may be treated as variable. And, hence
a set of optimum solutions at different levels
of targets can be solved for. Also a vépiation
in the weights of the objective function can bhe
analysied too. Sensitivity analjsis can be
quantitativly studied through programming.

(%) A third use of programming in a policy model is
that it permits the specification of the shadow
prices. A shadow price indicates how the object-
ive function is affected, as one unit change
takes place in a scarce resodrce.
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(ii) Some limitations and its validites

In the literature on economic poilicy analysis, some
limitations in the use of progfamm4ng techniques for solvlng
a policy problem are indicated. These llmltatlons are viewed
and analyzed as follows:

(1) "The optimal solution cannot in general be analytically
stated but only numerically." However, the auther
does not belive in the validity of this argument.
Each problem in economic pollcy is a spe01al case,
‘and, hence, it has a gpecial formulatlon and a
special solution. Thus, as long as the solution
procedure is known, the problem can be solved.
Besides in the programming techniques each term has
a gignificant econonic meaning. For instance, in
the simplex tablue we can see marginal rates of
substitution, net revenues, marginal value produc--
G1VLGles, s.s iy eb6e. “Thusy. Firom the analytical
viewpoint, programming may help in visulizing some
economic relationships and interpretation for many

. variables and interactions.

(2) "The methods of programming other than the'iinear
are complicated." This statement is valid for some
extent, however today many complicated procedures

are used in economic policy problems (BvE,
‘Pontyriagan principle). : :

(3) ILinearity of linear programming is a bdftleneck. This
18 & real limitation especially for policy models
involving economic development and planning in ,
developlnv nations.
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(4) Chinery(l) has emphasized: "The principle obstacle to

(i21)

)

(2)

£2)

the adoption of the programming solution is the lack
of information and the high cost of increasing it."
Fox, Thorbick, and Singupta suggested in this respect
that this obstacle exaggerates the need perhaps for
combining programming techniques with other tools
like partial models or even individual project-mix
analysis, in an overall poliey question like deve-
lopment planning, which is essentially dynamic in

its characteristics at different phases. They added

thalt, morecover;. Gheré are:d

Some recent techniques which are useful for gquantita-

tive policy models as:

General method of sensitivity analysis, which ranges

from stochastic linear programming to the formulation
of The stability criteria for the set of optimal
solution,

Recursive and multistage programming, which allows v

variations of optimum policy at different stages.

Methods which characterize, although not completely

optimizing situations where instead of a scalar
objective function a vector function is optimized.

(l)Ohincray (55, P. 11-27
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Chapter IV,

ECONOMIC POLICY MODELS IN PROGRAMMING SET UP

"Dhe central question of economic
policy is the question of the
effectiveness of its various
instruments. In fact the controv-
ersial issues in practical and
gcientific discussion all centers
around that problem". :

J. Tinbergen

In the previous analysis the role to be played by progra-
mming techniques as methodelogical tocl in solving a policy model
has been emphasized. How can an economic policy model be modified
in a way such that programming techniques can be used in finding
(a) the optimum solution and (b) some sensitivity criteria of it?

The author feels that there is no standard answer to the
above question. Each policy problem can be considered as a
special case. However, if the policy maker has a sufficient
knowledge about the dimensions of the problem on one hand and
the essence of programming techniques on the other hand he is able

to make to appropriate modification.

In this chapbter the following points are of interest: (1)
an arbitrary example is shown where simple linear programming
procedure is used, (2) the implication of some parametric progra-
mning in economic policy models are under focus, (3) recursive
programming and policy models, and (4) an introduction to stoc ha-
stic linear programming and its implication in sensitivity

analysis.
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(1) An Agricultural Model in Programming-Sét P

"An arbitrary Example"

Three seé;rs are specifled in this hypothetigai analysis.
They are: Grain Sector, Fiber Sector, and Livertock Sector.

S9ix targets are specfied in this study. A minimum boundary
condition is set on each: '

Ly . Grain production

2., FPiber production

3. Livestock production

4, Income from Grain

5. Income from Fibem

6., Income from Livestock
Six major instruments are indicated which are:

ls Fertilizer production
2. Pertilizer imports

3. Mechinary production
4, Machinery imports

5. Land Reclamation

6. ILand irrigation

A set of activities and restrictions are specified, such
that the optimum feasible solution gives indirectly the levels
of the instruments., The programming procedure is designed such
that the targets are implicily satisfied if the solution is
oﬁtimum and feassible., This was easily done by introducing the
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targets as some of the restrictions in the simplex tablue.

A hypothetical iﬁputﬁdutput tablue, for the given below

set of activities and restrictions, is given in the appendix.

s
2
B
ey
B
7
8
9.
10.
Lls
L2
b p 28
LA
15
16.
174
5
19,
20.
2l
224

25

The restirictions and the activities specified ares

Restrictions

Gapital (caps) by

Agricultrual labor (Agr. L.), b2

Tndustrial 1abor (Xe L), b5

Original land (Qule)'-, b,

Row 1and (N. Le) s "05 :

New irrigated land (N. I.), bg

Fertilizer production (F. FP.), by

Yertilizer dmports (F. Tely b8 !

Machinery p?oductigns CMaPe )y b9

Machinery imports (M. I.) , 10

Minimum grain production (at least Gp) (Min. Gp.) bll=
Minimum fiber production (at least Rp) (Min.Rp.) bio
Minimum livestock production (at least Vp)(Min.Vp) blé
Minimum income in grain sector (at leas?® GI)(Min¢ GI)J by
Minimum income in fiber sector (at least RI)(Min..RI)Q blB
Minimum income in livertock sector (at least VI)(M_:]_n.VI)bl6
Fertilizer maximum production (Max. F. P.) bl? ‘ ]
Fertilizer maximum imports (Max. F. I.) b g

Machinery maximum prodgcts (Max. M. P.) b19

Machinery maximum imports (Max. M. I.) bsq

Fertilizer fransformation (F. T.) boq

Machinery transformation (M.T.) bso

Maximum new land (Max. N.L.) b25




B (él))
25 6D
5. Gp
4., Gp
SN ERGALE o]

e
7. Rp
8. Rp
PR

10, Rp

L Rp

d2y 7 Rp

5, Gp

4. Gp

15. VGp

16s Gp

L7 S GD

18+ . Gp

194 Rp

20. Rp

2ls: ‘Rp

22+ Rp

&54 5 B

24, Rp

@ 6

with fertilizer on
with fertilizer on
with fertilizer on
without fertilizer
without fertilizer
without fertilizer
with fertilizer on
with fertilizer on
with fertilizer on
without fertilizer
without fertilizer

without fertilizer

iyt

Activities

s e o T s S

original land
new land
irrigated land
on original land
on new land

on irrigated land
original land
new land
irrigated land
on original land
on new land

on irrigated land

using moder machinery on original land

using modern machinery on new land

using modern machinery on irrigated land

without modexn machinery on original land

without modern machinery on new land

without modern machinery on irrigated land

using modern machinery on original land

using modern machinery on new land

using modern machinery on irrigated land

without modern machinery on original land

without modern machinery on new land

without modern machinery on irrigated land.

Gp. Grain produced

) () Rp: Fiber produced



~18-
(1)
25.. Vp using modern machinery on original land
26, Vp using modern machinery on new land
27. Vp without modern machinery on original land
28, TVp without modern machinery on new land
29+ Fertilizer production '
30, Fertilizer imports
31, Machinery production
32, Machinery imports
33, New land development
34, New land irrigation
35. Fertilizer transformation

36, Machinery transformation

The objective function is set up such that the above system

will be all connected and workable, ILet the objective function
be one of minimizing the government expenditure subject to the

restrictions specified above.

Thus
The objective function is:
36
Minimize: = ; ! e
AT T
4=t
where J Bidg sdw oy 56

Given table (1) in the appendix, which shows the input-
output relationship, the following restriction functions will be
appropriate: l.e. optimize the obJective function subject to:

(1) Vp: ILivestock produced
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3 529 é@ =+ 0(3)3] X3| “ ‘_]2533 3,' XJ = Ba
T W ARl R S e Bt B G
+rx4h . %, X, + “4,/7 a0 +ogm Xy :
== D
O(;,z XQ +~0_(,,X- + Xg.;_a/{ﬁ /‘:, +og_/9/\’
+ ey X/? * 0(' Xo?b + A s Yoz + % 20 iy
= Q
+ X oy "y “’X‘fm Ko
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23
/6 -E;,; D(M’J x(}' 2 by,
4, %17,29 23 &by,
1 D(/,?,3o X.?o S $D|3
/9 0<,7,-3) X, sl
20 < 2%39‘X}2 : < éo
. Jé:, ,:_’f,w,d' G e dZ; W)/ XJ 1,35 X35' =
# J=13, o?o?%‘ ApA Zy a?w?,/ (/ * -33 “'J X'J _

:‘*"”-‘:’“”)JXJ' il TV Ase | i
23, L /\(4 S b;:.,s

*anf XJ)o ,,ew/(/écf(/‘:l,.‘q.j.?é)

In the set of the above problems an implicit assumption of
a planned economy was drawn. In such planned economy a 3pecified
employment level is set up. This appears in the restrictions(2,3)
Also:-'a.-full use of land is a8 restriction. 'The réat of the produc-
tilons and the activities are chosen such that the problem becomes
realistic (as much a s;possible).

Now, given the objective function, the input-output coeff-
icients, the weight coefficients in the objective function, the
slack and artificial variasbles, the simplex procedure can be used
to find the optimum solution. Forcing the system to use the
labor force and the land, then by minimizing the government
expenditure an optimum solution can be achieved., In this opbimun
solution we will achieve at least the levels of the restrictions
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re positive indicating that an optimum plan has been

and increasing the variable factor by any amount after

determined,
1 will
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"Target (Y, )
(Variable)

e

ontinous set of optimum plans within the given range
variable tanrget, i
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Discussion:

(1) From such a diagram, an optimum plan for any target
level within the specified range can be determined,
That is, in a sense, it is a continous set of
optimum plans within the given range. D?

(2) In section "A" of the above graph, the effect, changing
the target level on the welfare function is specified.,
It happens in this example that the slope of this
function is decreasing as the level of the variable

- target increases. This implies that marginal effect

of the variable target in the welfare function is
decreasing. This fact too is indicated in part (B)
of the same diagram. The economic interpretation of
this example is that this production system folows

the low of diminsihing returns.
O

(3) Economic interpretation of the "instruments" curves

(section C):

a. Between(o)and (1) (Lthese are arbitrary figures
implies only that 1 > 0) both 7z, and Zy curves
have positive slopes. Therefore, the two
instruments are complementary over the specified
target range.

b. Between (1 and 2) 24 has zero slope while ZP has
positive slope, the two ”programs"(z4 ; 22) are

supplementary in this range.
6.  Beyond (2], Zl y curve has a negative slope while

Z5 has a positive slope. Hence, the two are
competitive.
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d. (23 and2f5) being competitive, the ratio of their slopes
defines the marginal rates of substitution between taese

instruments over ;tarfet" rangesé ;-eg
_ 0% _. 5slpe «f 3 Cunve ]
l Mﬁsofﬁ'ﬁ“'?ﬁ i AZI. { o Pl zl 2) j

(b) Prgoramming With Variable Weights of the Objettive

Function:

% This méthod allows us to determine the weight range
over which a gurticular plan is optimum and stable.
The optimum plan for a "olven obaectlve function
welghts" is determined, then we ask what weights chansge
in necessary to cause another plan to be optimum?

To answer this .question the following derivations are

essential: We have:.
L]

(%-Cj) - e, TR

2 - ¢ SR T Loty o8

(% . CJ-) (Cl, - ﬂ@h) )Zf'j 2 C,-/‘ciJ' e eJ-
AN E ) S -

(? -(:}) R A{}h !’lll * iz ! :(J B J

7

i
Y
3__’3
>
+
N
Kag
i
PR
o

For(zg - C.

)to be HOM"PdeLLVS

(}6-—rl) = ASQ J -#(?& J ) 0
o fae, 2 (K0 )/-A cem (13)

where: A = change; r = 1npub output coefficient

Z-c

J

G2
i

welght in the objective function
usual criterion function in the simplex tablue.

il
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And the answer now is: bthe variable weight in the objective
fundtion.(eh) can be changed by the quantity (13) without letting
one of the coefficient in the (z'~0) row becoming negative, that
is without letting the optimum plan to be suboptimum. This
quantity is indicated in "acy e ' Dhe smallest "4 Gh" gives the
range of change in the variable objective function weight to
keep the value of the objective function constant. A new plan
can be solved for where the value of the variable welght will

be the original +A0h. A newACh can be calculated and a new
optimum plan can be solved for at the new weight and so on,
Hence, a get of optimum solution are established at different

welghts.
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A GRAPHIC PRESENTATTION

WHFARE
Fun e oM
I

(L)

P4

% i |
TNSTRIMENT TR SO B T 5 RS . . | 3

g
ix

"Varidble Welfare Funetlon
W81<h+"

{Figure 3): A hypothetical example of a set of optimum plans,

at different weights of the objective function.




Discussion:

(1)

(2)

(3

(4)

~D8.

Part A. of the above graph shows how the value of
the welfare function changes as we -change the
coefficients associated with a given instrument.

The heavy line shows the max1mu% attalnable contribut-
ion to the welfare functloqﬁcorrespondlng instru~
ment variable weights.

An obvious fact can be drawn too from these plaﬁs
curves which is: the value of the welfare function

- from a plan can change even though the plan remains
unaltered.

The need for an instrument at different levels of
its coefficients values is specified in part B of
the graph.

3. Recursive Programming and Economic Policy
Modals :

¥ The recursive framework of programming permits a wide .
flexability in  the seglection of the optimal mix of instruments
from one stage to another in a given sequence.

¥ It emphasizes the need for orienting optimal pollcy -

maﬁlng to the characteristics of each stage in relation +to

proceeding stage.

% Method of Solution:

The problem can be stated in matrix notations as

maX'V/t = C' X,



(1) “Bubgelt e vk R < b,
% t b
and X2 0
Where C = vector of the weights of the objective functions;
Xy = vector of activities at the (%) time, and (A) = matrix of

input--output coefficients. A1l the vectpr and matrices are
of appropriate order. Some of the elements of X, may be instru~
ments others may be targets. :

Using the difference lequations technique, the recourse bt
might be expressed as related to past expectation and performance

as:
o Lk
(2) b, = v G i Il
3 _ 3 . ST,
o E 1
I I X1 (t-1) Ut
b e o X2 U
2t iy ‘ 42 (4-2) 2t
ot IR Y wigelE
: & o N ; :
B .
bnt L "_. E{m( t-rn) i : LUIIlt
dependent Initial Optimal
Variable  Conditions Conditions gl

Now if Xo which is the optimum plan at t:= o is known, bi can
be computed from equation "2". Given Bl,'by using the usual
programming method, we Can_solve for X ;. Knowing X !,thPOUQh-
equation (2) we can compute b2, and fra%.bg we can fiﬁd X%

: ) 2
by X 5 (A e o :
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This is one possibility in using recursive pngramming
which is through the "b" vector. However, the method is quite
general and can be adopted to other variables in the problem,
as long as the problem specification is logical and realistic.

(4) Introduction to Stochastic Linear Progrémming
And Its Tmplications in Sensitivity Analysis

When randomess and hence error concepts are introduced
into the programming problems, it is the stochastic linear
programming techniques which is relevant. Here no longer we
are only interested in the determination of optimum solution,
but also some other statistical criterion (e.g., minimization
of the variance) is introduced into the picture. Two main
approaches are commonly specified in stochastic programming
techniques namely (a) passive approach where we decide on a
plan and wish to know how variable the value of the objective
function will be, and (b) active approach where we select a plan
with a lower but more stable value of the objective function.
The active approach will Be under focgs in this part of the

study.

The E,V.‘Indiff§rence System:'

If an indifference map of a soclety is specified where the
maximization of the value of the objective functions drawn
agailnst the stability of the solution, it is known as E.V.
indifference map (Figure 4), In such a map satisfaction increase
in the specified directhion of the arrows..  In the active approa-
ch we find the feasible set of plans (Figure 5). Each plan will
determine a value for B (8) (expected.value of &) and a level
of 652-(Vsriauce ). A map for such feasible plans can be drawn
as in graphs (4, 5). The upper boundary AB implies the most
preferable plans. Given the society E.V. map then the op%imum



Akt

policy can be determined. Here again, it is optimum with respect
to Gthe maximization of B (SL) and simultanously minimization of

dg” - Q
E(Sl) )\ j[" Q3 QZ -Q‘

Figure (4): A hypothetical graph of a society indifference map

between optimality and stability of the solutions.

E(2) A

ensigeE  ARER

AT

Figure (5): A map of a set of feasible plans.
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Optimality and Stability Decision Values:

For the

approach idea the following methodology can be indicated as

followg:~—

determination of the previously specified active

If there is random element involved, the problem is one of

the following formulabtions:

8 -

Maximize:

T

I

Subject to: 2;: (a.
J=1

O
- O ,EL,%S;D

-(cj + Kj) Xj

ol )
ig) ¥ = (by *‘ﬁi)

are random elements.,

e data from the triplet:

Assumptbtions:
(i) " There 1
the random variables.
(ii) We have sampl
CAs D 651 s CAs By O)P, s e
where

The total number of the

to be admissible the following

o . —
15 i PN

(by +fi) C

s a joint known probability distribution of

L] (E’ %’ C)k?"‘,(-A? -bﬂ C>K

e

<

samples are K, For a sample (k)

conditions have to be fulfilled:

et )
( s

i
v




fekn f

(1) The sample’ space enerated by (A b C)k is such
that it contains more unan one feasible solutlono

(ii) The sample eﬁhce generated by <Ki B,.C)kais such
that it satisfied the conditions of:'an ordinary
non-stochastic. linear programming problem for any
fixed sample '"k"'+ .- e 135 T O T o

i.e. a programming problem which has a non-empty set . o4 T )
basic solution, all boupded and finite and which is not degenerate.
The problem now after Jntfoau01nﬁ the slack variableg L

n+m
max: S0 ;E e.x.
o 11
il i e
n T ; -
Teot . b L
Subjeoct: toy - 2; aij Xjfzz bi.
J

. and . %,o; (j,;lﬁ;.,?(m+n)

: SRR PSR oK
where SJ = (Oj + Ej), aij _Q{eiql+ ié)q
Folor usingl, ..;., n-+m =”elack variables

Now for a fixed "k" we consider "m" linearly‘independent columns

of the augmented matrix (a which can be .chogen. in a (m+e)

1J)k’
way, of these we reject those WﬂlCh do not Sablofy the 1’1onﬂ-negc--=

tivity condition.

Then we will have' for each sample space (sample spaces
are 1, .... k, .. , K) the following: values of the objective
function determined by the set of basic feasible solutions as:



_(lnt = mi#.iﬂék‘/bzl,.w.,?}
ﬂdkz’ﬁ“{gu\k‘QW"qw

This implies that:
~¥Q%>'QM>‘“_>I%Q>°}

If the maximum solution (-%;,) for all admissible K is such
that it has a very high variability as measured by variance or
other index, compared to the second bast solution (‘Qﬁk) for
all admissible K, ..+ €UCesas’y than the maximum solution will
have instability in a certain sense. That means stability and
optimality characteristics may be competive or complementary
for different basic solution,

e 2
i.,e,. If: .OE)';k < J'Q'Zk i

The optimal value,illk is said to be sbtable. 1k however
it turns out that Cf”z
> U QL '
;> 2k :>

and this difference in variance is far outweighs the differénce
in expected values, then it might be more reasonable to accept
the second best solutioanlzk. In any case a value Jjudgment
about the stability optimality (if they are competitive)
marginal rates of substitutions has to be set up.
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Discussion:

This figure shows the preferred plans asJBXpected
objective function values increases from zero to the maximum
attainable.

Different plans (in this example there are six)
are indicated by the vertical lines. e.g. plan (1) shows the
use of.%‘l ,’32,55 ,fLF 2.0 Lo B8l w0 waever,
plan (2,3) shows the use of%i for (i = 1, seey 4) if EEL)
is to be equal to 3080 and Jf = (0.17) (1,000,000), and so on.
An intermediate plan can be "read-off" by picking the appro-

priate quantity on the horizontal axis. Thus, given the society

indifference map for the walfare function values versus the
stability criterion, an optimum plan can be determined. And
hence, such information is of great lmportance.
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CHAPTER V: CONCIUSIONS

¥ Bconomic policy problems are problems which can
be solved in a manner such that programming
techniques (from the simple linear programming
methods to the most advanced onés) can be introdu-
ced very efficiently.

E3 Using programming in economic policy models helps
not only in finding optimum solutions, but also
many. meaningful economic interpretations can be
drawn out of it.

%  The .importance of using programming in policy
models gets more and more significant results if
more intensive research is directed in this

direction.
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