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Introduction

The following problem had been raised to us:

For a given year, find the optimum allocation of given foreign
resourses (impor'ts), emong the different sectors of the economy,
provided the following conditions are gsatisfieds

1, The productions of the different .sectors are allowed
only to change between given lower & upper bounds.

2., TFor the sector of agriculture and ginning their
: productions.are.givan constants.

3. fDlere dis b eompebitive imports in the sector of ginning.

"4;:'Théré:éwe.giveﬁfupper“&\lower-bounds on the consumptions
both privete.& government, the jinvestmentts sinking,
exporbs from different sectors & on total labours.

5. The total value added sarizing from productions of the
services sectors does not exceed given ratio of the
total velue added due to the production of all the
sectors of the economye. ' :

6. The opbtimum allocation of foreign resoures is defined
as the one which gives maximum labour plus national
income, weighted differently

The problem soO defined above, can be solved easily using
the wtll known interflow analysis & the technique of linear
programming. In the following section the outline of the

solution is given.
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The mathematical formulation:
m

Let s Number of sectors of our economy
X5 s+ the production of sector i. GLalil g e dinny 1)
Xin $ the technical input output coefficient
k the delivering sector, takes the values 1l— n
h the receiving sector, takes the values 1l— n
Ck ’ Gk ¢ bthe private & government consumption from sector k
Sk ¢ The investument sinking in sector k
Az ¢ the exports from sector k
A; ¢ the competitive imports from sector k
BL ¢ the noncompetitive import coefficient of sector h
Bc’BG & BS ¢ ‘the noncompetitive imports for private consumption,
: government consumption & investuent sinking
Vﬂ $ The value added coefficient of sector h
Lﬁ ¢ the labour coefficient of sector h

From the equilibrium relation of the interflow table we have

.
T + i il i
%— Xl'{h Xh + Ck + G’k + Sk + Ag,: ot .A.k = Xl{ k-—l ,2 gooa 91’1 (l)

The above equation takes the following form

n
AE i E j (éi; - Xﬁh) Xy + Cp + Gy + Sk Aﬁ Kelalys oD (2)_
h=l

where 5;h = lihfop ot Bk o forﬁ(# h
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Let I dgfines the total imports or, foreign resource required.
The expression for I is given by the following equation

n n
I= E A+ E B£Kh+Bc+BG-+BS (3)
k=1 h=1 :

Let Cy, G, S & L define the total private consumption, total
government consumption, total sinking, total labour, then by
definition we have the following equations.

n
G = Z..,, Cr + Bg
k=1

n
G' = Z : Gk + BG XK (4)
K=l
n
S = % Sk + BS
k=l

n
P } ¢
LT ZLh Xy
h=1 ‘
Economically, there is relation between the following quentities:

n
Total exports E ; Aﬁt{ 9
k=1

Total imports I 3
Gross borrowing R and

Repayments 1
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That economig relatlon states the following
Imports +.Gr055 borfowing
= BExports + ,repayment.
Which symbolically is written in the following form

k=1
1.0, > Me~T=R=-P=i (5)
k=1

The gquantity 4 = R-P is assumed given in our problem.
F
Letd A denote the services scctors Then, as nentioned
39 3

in the lntroductlon (paragrdph labelled 5) we have

h = @4,,? e e
> "o A

witlch' can be written in the following form :

n

oy X
}m" KTy p Z (1mn) vy 0
h?llf'a's‘o'sc)@gg.,@’%onu 9%(00115 h.__ r..Z) on%ﬁ h h.7/

: £6)

where )°<9{g9 .. ¥(means excurding the subscriptsﬁ(sﬁi 000 ,ﬁf
A variable with a lower dash means the lower bound of thét

variable & a variable with upper dash means the upper bound of

AR

that varlablev for example Ly denotes the upper bound on £, &

.Gy denote the lower bound on Ckf& S0 on. With that definition
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of lower & upper bound we have the following-inequalitieshtf‘be.

satisfied by all the variables of our problem:

Xy ég: i)

Ce X % X %

G T o< %

B < % X %

HE S g K

B B S B il el ()
BB X B

By By I 5

0 - AL

L= 1 =0 .

Where 1{ = lggg eco g n

Equations (2), (3) , (4), (5) & inequalities (6) & €7) define for
us the relations & constrains imposed on our problem.

We notice we have so far n+6 equations & 6n+5 inequalitles.

The varizbles of our problem are Xk,ck,Gﬁ,SK,Ag,AE,BG,BG,BS,C,
GiuBy iy Ly d.e ionth

Qur problem is to find the optimum allocation of our veriables
including the imports A£9 B, Xy» Bgy By Bg which will

maximize for us our preference function.
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The preference function which will be optimized will be labour

plus sum of value added, weighted differently.

Let CX& = Weight given to labour
é@e =  Weight given to Total value added

Then the preference function will be

n In
B -d > moa sl
k=1 k=1
nd’b
= > @y +8 X @)

k=1
The weights %) & &, cen be given different values,

corresponding to different alternatives.

The problem so formulated can be solved with classical methods

of linear programming using the electronic computerfs facilities.
Before procceding in outlining the steps towards its solution

-we shall introduce further éssuﬂgions towards more simplification

%
of the problem.
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Further assumptions: It will reduce the variables of our problem

quite a bit if we assume certain patterns in consumption(private

& government) and eertain patterns in investment sinking.

Let these patterns be given respectively by Cé ’ G& ’ Sﬁ

(for Kimily2y wis s n)rand B BLGS B; defined ms following:

gl
C
Gl = k
k o §
G
Gt = K
k T §
; 8 )
S}} - __E )
B % (9
i B
Bc = 62 §
B! = Eg )
8 G g
)
B
Bl =
s T £ g

From the sbove definitions we have the following relations

/!
Q
+
=
Qlee
Ll
o

(10)
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The pattern assumption reduces our %n+% variables Ck g
;Gk, Sis Bcs Bg, BS to only 3 variebles C, G & S and reduces the

correé%onding %n+3% inequalities to only the following % inequal-

ities.
gé;ﬂx{@g
QSGSE§ (11)
g Bie 80 )

where C , C , s+ G, S&S are assumed given,

I

With these patlern assumptions, equations (2) & (3) take

the following form:

n
U Ao et
e iz +
AT = A(bkh $) Xy, + OL. C + GL. G#8f. 5 + AF
h=1 i
k = 1929 00.47:_79 1n (12)
.j}r:v _.3.:}-';“”
T= > A +> B X +BL.C+Bi. G +BL S (13)
Kl he=i

Eliminating I from equation (13) & (5) we have

n n n
SR S e e
"“:iuﬁ Ak = "‘Aih,Ak + __,_Bﬂ Xh -+ B&. C + B&« G + Bée S
k=1 k=1 h=1
2 (14)

Subtituting for A%% from (12) in (14) we have :
n

¥ it T

Crizi vl:l'Xhm G=8 =37 ‘ (15)
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Eliminating C between the set of equation (12) & equation

(15) we have the following sets of equations:
Ay = > (o Zn = Ky = CF V) X + (GL-CL)G+(SE-CL)S+A%
k - 1929 o o0 9 n (16)
Our independent variables now, reduce to X, (h=ly...,n),
Gy By, & AE (k=l, «.. ,+) while the dependent variables are Ag
(k:l’ oo oy 11), C&L
Equation (6) implies snother independent varisbles and
another inequality defined as following

Z U Ve %M\ -7 vy X,

2 LV Fooad
\E } ‘)J‘_.,, E./L K{:E‘Uij
h.=1929000 f%) é/i }

S0 far, we had not put the assumptions mentioned in
paragraphs (2) & (3), in the introduction

Let, without losing any generality, the sector of agricul-
ture and ginning be denoted by the subscripts, n-l,n., Constant
produgtion for these sectors & zero competitive imports for

ginning imply the following
X1 = Xﬁ_l consbo

L
b

il

const. (18)

M M AN N NS

0
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Substituting with equations (18) into equations (16) we

have i
Ak='_cf<Z‘ZCkh“xﬁh”cﬁvﬁ”{hg
h=n-1 )
2 )
e nz‘? (5 = Xl = GV J¥ ) X g (19)
kh kh k 'h h )
h=l )
A5
+ (G - CL) & + (8} = OY) 8 Aﬁ’ )
1{31’2, 0 0 3 Il—*l
e i
- - e “g-"- 4‘,‘; - -
e e G ST e g
. h=n-1 )
n-2 rel g
o = (G~ Xn -G VK, 5 (20)
h=1 g
BGL = 0n e LG Do s ;
bk el n n n
define the following constants
‘ n W
LT U S e R L
ol & k i kh kh R R )
2 (5 1 )
£ o — iR (m} T o i
i o1l L kh X‘];“.h Cl'c Vfl;) g
g (21)
Pk = G - O g
/:%’ S' A CI g
B k k )
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Substituting the above definitions in equations 19 & 20

we have ’
n=-2 g
=P Z{hkxh+/%h°(}+/§8k°s 3
h=l =
g (82)
+ At K=1,24 0 0 jiel %
n=2 3
Fon :5_. Fl’m Xy "ﬁn" G- Gnt ° 3 (23)

Again substituting the assumption of constant X, 1» X, in
the equations (17), (15), 4 & 8 defining % s Co L & £ we have

n :
§= Z rVp ¥y TE Z—Vfl Ly =
h=n-1 haiio s i) ,,(,ﬁ,..,;csc“”n‘e
(l=x) Vﬁ Xh (24)
h‘=°< ?ﬁ"“";\é.
: ne2
C = E VhXh-Z+ 2 VXh—G--S (25)
h=n-1
: n N2
L = Z% Lﬁ Xh + ;E* Lb:&h (26)
h=n-1 =l ‘

f = 2 (\O(? L 08 U)X (27)
h=1
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The constrains to our variables, dependent and independent

are written in, the following form

X X I g
gisai0 =~ ¢ : (28)
el R B § BEl, 2, see g D=2 |
B N ¢ % balpow i sl
IS LS ¢ 3

0 é Ay %

A7 @A;gg"z § o1y 2, ooi i n

o\g% 3

Equations (22) =y-(26) & inequalities (28) & the preference
function (27) define for us the mathematicsl formulation of our
problem which will be solved by linesr programming & electronic

computer facilities,

The programming equation: The numericel preparation éf the

above problenm is simple & straightfanwardo It can systematically
be prepared using a desk calgulator or more generally using a
computer, In this secfionfﬁénshall outline the scheme for desk
caleulator's computation, The computer program right with the
numerical result will ve given in & further memo by Dr. Roshdil
Adier who is in direct change with that phase of the problem.

o



