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CHAPTER 1
INTRODUCTION

Economic planning may be described és the conscious effort of a central
organization to influence, direct, and in some cases, even control changes
in the principle economic variables {(e.g. consumption, investment, saving,
etc.) of a certain country or region over the course of time in accordance
with a predetermined set of objectives. Economic plans may be either
comprehensive or partial. A comprehensive plan sets its targets to cover
all major aspects of the national economy. A partial plan covers only a
part of the national economy, e.g., industry, égricu?ture, the public sector,
the foreign sector, and so forth [11].

Comprehensive economic planning, which is largely adopted in the de-
veloping countries, is based on limited scarce capital and natural resources
in relation to competitive targets to be achieved. Thus, in order to utilize
efficiently the scarce capital and natural resources, development goals
must be established in a hierarchical order of importance [10]. In other
words the difficulty in the economic planning analysis is the treatment of
conflicting multiple objectives or goals. Hence the conventional single
objective programming technique is severely handicapped in this situation.

There are three analytical methods of solution which can handle such
muitiobjective problems. These are:

1. Interactive multjobjective programming [2,9]. This technique

allows the decision maker to trade off one objective versus

another in an interactive manner. A so]utibn is obtained by
~ the decision maker's cyclic involvement in a search process

that attempts to locate a satisfactory course rather than a

optimum course. 1



2. Multichjective programming with utility function [6]. Various
concepts in utility theory and preference theory can be used
to solve such a problem by reducing the multiple objective
function to a single objective function.

3. Linear goal programming [4,7]. In this technique, all of the
decision maker's targets or goals may be incorporated into the
achievement function. The objectives of linear goal programming
need not be a single dimension. The physical condition of the
problem must be satisfied before any goal is considered. The
set of feasible solutions which satisfies the physical condition
is established. The optimal solution is then selected from the
feasible solution which best fulfills the decision maker's
stated goals. |

The first and second method of solution have some problems concerning

an accurate transformation of multiple objectives into a single preference

(i.e., surrogate objective function) or utility function. It is worse that inter-
active multiobjective programming does not have a systematic algorithm employed

in the digital computer. Hence the linear goal programming technique 15 very
appropriate tool in solving the multiple objective economic planning problems.

There have been four economic planning models for Korea. The following

three models are revfewed in [8].

1. an input-output model by Adeiman [1]

2. a mixed integer programming model by Westphal [1]

3. a dynamic nonlinear planning model by Kendrick and Taylor [1]

The fourth model, & multisectoral dynamic model by Eckaus and Parikh [3],

has been employed by Joe [&].



The purpose of this study is to apply linear goal programming technique
to the multisectoral dynamic model for Korean economic planning. Eckaus and
Parikh's model is used in this study. The model was employed by Joe for
Korean eccnomic planning, but the linear programming technique was utilized.
In the present study, the model is reconstructed so as to apply the linear
goal programming technique. The models presented herein cover the period of
1977-1981, which corresponds to the period of Korea's Fourth Five-Year Plan.
Linear goal programming has not been widely used yet. Hence an introduction
to the Tinear goal programming problem is presented in Chapter 2. In Chapter 3,
the linear programming model of the Five-Year Korean Economic Planning is
presented. The solution of this model is also presented in this chapter.
In Chapter 4, this linear progremming model is reorganized into a linear goal
programming model and the lirear goal prcgramming solution is obtained. In
the final chapter, concluding remarks and proposal fer further study are

presented.
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CHAPTER 2
LINEAR GOAL PROGRAMMING

1. Introduction

A tool known as the simplex method for the solution to strictly linear
decision models having a single objective, has been developed by Dantzig [2]
after World War II. However, it is severely limited in that it cannot solve
either non-1linear models or models having more than a single objective function.
It is common that a system has multiple conflicting objectives to achieve.

For example, in studying the feasibility of constructing a new airport, there
are many conflicting cbjectives and interests. The study must consider the
cost of construction, the capacity, accessibility of the location, traffic-
flow planning, noise level for the nearby residents, conservation of natural
1ife in the area, and so on. Obviously, a linear programming model with a
single objective (goal) is not generally suitable for such decision analysis.

In the early 1960's Charnes and Cooper [1] presented an approach to
the solution of linear dec{sion models having more than a single objective,
Later the work of Ijiri [6], Lee [6], and Ignizio [4] has resulted in a
systematic methodology known as Goal Programming for solving linear, multiple
objective problems wherein preemptive priorities and weightings are associated
with the objectives.

In goal programming, instead of trying to maximize or minimize an objective
directly as in linear programming, deviations between goalis are to be minimized.
The deviation variable is represented in two dimensions in the objective
function, a positive (overattainment) and a negative (underattainment) de-
viation from a target value (i.e., a desired level of attainment) of each goal.
Then, the achievement function entails the minimization of these deviations,

based on the relative importance or priority assigned to them. Hence, goal



programming is to solve problems involving multiple, conflicting goals according
to the decision maker's priority structure.

Here Lee's modified simplex algorithm [6] and Ignizio's modified revised
simplex algorithm [4] are presented. Both employ the same theory of simplex
algorithm, but one of the advantages of Ignizio's method is that it uses the

condensed tableau and the revised simplex algorithm in its computations.

2. Model Formulation

2.1 Forming the objective functions. We shall designate the goals or

objectives by Gi' Thus , GZ’ for example, is the second objective function.
Each function must be expressed as a function of the decision variables (x),
that is,

G; = f;(x)

Every objective function will, and must, have an associated target value
(bi), that is,
f(x) % b,
This situation allows for the intentional deviations to occur like slack
variables in the linear programming. Deviations can be considered either
positive, negative or zero from the goals. However, as in linear programming,
all deviations in the goal programming must be structured as nonnegative vari-
ables. This might pose a problem, but it is easily handled by a simple trans-
formation. For example, if D; % 0 is a deviation from a goal, the deviation
may be replaced by the difference between two nonnegative variables, that is,
Dy = di - d;
where (a) = =< Di < +

(b) d? > 0



(c) d5 >0
(d) d; «d; =0
The value of d; reflects the negative deviation from bi(<bi)’ while the value

d: reflects positive deviation (>bi)‘ Requirement (d) indicates that d; and

d: are complementary to each other. If d; takes nonzero value, d? will be zero,
and vice versa. Consequently, each objective will be of the following final
form:

- - § o
fi(x)+di-di—bi 1_]’ ---gm

2.2 Absolute objectives. When setting up the decision model we meet two

kinds of objectives. One is the decision maker's goal to attain a desired level,
the other is to meet the physical demand or constraint resulting from assumptions
or/and conditions of the real situation. The constraints are treated as special
kind of objectives and called absolute objectives. The top priority, P], is

assigned to these absolute objectives.

2.3 Assigning objectives to priority level. Once a set of objectives

has been established, we shall rank these objectives (i.e., the nonabsolute
objectives) according to preference or importance. All absolute objectives,

if they exist, are assigned to the top priority level to insure that they are
completely satisfied (if possible). The remaining set of nonabsolute ob-
jectives should then be grouped according to their respective priority levels.
The assignment of priorities to these objectives is normally decided by the
decision maker or the decision maker in conjunction with the analyst. However,
the decision maker could assign a ranking that is not directly compatible

with the goal programming model. The paired comparison method [7] is an
approach that may be used when a single decision maker is asked to rank ob-

Jectives. The essence of the procedure is to compare objectives, two at a



time, until all possible pairs of objectives have been investigated. The
number of such comparisons is given by mC2 where m is the total number of ob-

Jectives. Consider the following typical results of such an approach:

G1 > G2 G2 < 63
G-|>63 62>G4
64 < G] 63 > G4

where 61 > G2 is read as objective one is preferred to objective two. Re-

arranging these expressions so that all preference signs points to the right

we have:
Gy > 6 G > G,
G > G 6, > Gy
G, > G, Gy > 64

The most preferred objectives will be preferred to the three other objectives
and thus it should appear on the left of our expression three times. This is
true for G]. The next most preferred goal is 63. The final rankings are

then:

Rank Objective
1 G,
2 Gy
3 G,
4 Gy

Once the objectives had been ranked, we wish to group them into a minimum

number of priority levels. It should be noted that only commensurable objectives
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may be assigned to the same priority level. Further it must be possible to
assign weights to each objective within the same priority level. Weighting
values can be judgement values such as: If the profit associated with the
product A is four times that associated with product B then we would probably
be four times more concerned with minimizing the market underrun of product A
than that of product B.

It should be noted that these preemptive priority levels have the
following property:

P >>> Py K= 1,2, vuay K-

Thus, the achievement of those objectives at any priority is immeasurably
preferred to the achievement of the objective set at any lower priority.
This concept is at the heart of goal programming. As a result, the solution
procedure does not find a global optimum satisfying all objectives, rather
the goal programming procedure finds a feasible set of optimal solutions to
the priority one level, then within this set of solutions it finds another
subject of optimal solutions (if possible) to the priority two level, and

so forth.

2.4 Forming the achievement function. The final step in model develop-

ment is the establishment of the achievement function. Let us first consider

a typical objective function as shown below:

- - +
fi(x) +d; - dy = by
Now we will desire te select X so as to

(a) equal or exceed the value of bi
or (b) equal or less than the value of bi

or (c) exactly equal to the value of b,
These three possibilities may be achieved by minimizing a linear function of

the deviation variables as shown in Table 2-1.



Table 2-1 Procedure for Achieving an Objective

Goal Procedure
(a) Equal or exceed b, Min. d;
(b) Equal or be Tess than b, Min. d

(c) Equal by Min. (d7 + d})

N
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Our next step is to associate each objective with the respective pre-
emptive priority. For example, Pz(d;) means that our second priority is
associated with minimizing underattainment of the first objective function

(i.e., min. d;). The resulting achievement function will be

Min. a = {P][Ql(a', d*)1, Pe[gz(a", a1, ... PK[gK(a-’ d) 1
where gk(EI d*) is a linear function of the deviation variables, and Py is

the kth priority level associated with gk(a”, dt). We may drop Pl’ P2, 3%

from the formulation of the achievement function, that is,

Min. a = {g](a', at), 92(8', at, ..., gK(a', )

2.5 The general linear goal programming model. After following the

preceding steps we shall arrive at the desired model of our multiple objective
decision problem. The general linear goal program model takes on the following
form:

Find x = (x], Xos waesy xn) so as to minimize

a = (@7, %), g,(d", @), ...y (@, @)
such that
n . = _
X, 4, d" > 0

3. Graphical Analysis

The technique for solving these models may be understood easily if we
first consider a simple graphical approach. Although graphical analysis is
only appropriate for a problem having no more than 3 decision variables, it
does serve to aid in the understanding of the basic concept and-method to be

used in large problems.
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Example 2-1
The Hardee toy company makes two kinds of toy dolls. Doll A is a high

quality toy and Doll B is of lower quality. The respective profits are
$0.40 and $0.30 per doll. Each doll of fype A requires twice as much time
as a doll of type B, and if all dolls were of type B, the company could make
500 per day. The supply of material is sufficient for bn]y 400 dolls per
day (both A and B) combined. Assuming that all the dolls for type A and
type B the factory can make could be sold, how should the manager schedule
production to produce the most profit?

This problem is a typical linear programming problem which is formulated
as below:

Max. = 0.4x] + 0.3x2

subject to
x] + Xy < 400

2x] + X, < 500

Xys Xy >0
where X and X, are the number of dol1 A and that of doll B produced

respectively. The optimum solution is,

* * _
X 100 Xy = 300

z

$130
This profit maximization problem can be formulated as a goal programming
problem.
Min. &= {(d] +dj), (d3))
such that



14

- + —
- + -
5 +

X, a7, d* >0
The achievement function consists of two priorities. First priority
is given to the minimization of (d; + d;) because G] and 62 are absolute
objectives (i.e., they come from physical constraints). The second priority
factor is assigned to the minimization of dg, that is, minimize the under

attainment of some arbitrarily chosen target value of $240. This value is set

arbitrarily, knowing that we will never be able to achieve a higher profit
($0.4 x 400 = $160 < $240 and $0.3 x 400 = $120 < $240).

In order to solve this goal programming by the graphical method, all the
objective functions must be plotted on graph as shown in Figure 2-1. No

feasible region is found to satisfy all three goals, i.e., 63 is completely

conflicting with G] and Gé. By introducing priority levels in goal programming

this difficulty could be handled. The solution space satisfying the objective
set of priority level 1 (P]) is indicated by the cross-hatched area of

Figure 2-2. Here both dT and d; are set to zero. Next we attempt to satisfy
priority level 2(P2) without degrading the solution of P]. In this situation
d; can be minimized until d; = 110. If d; becomes smaller than this, it
degrades P]. Consequently the final solution is point A shown in Figure 2-2

and is,

X7 =100 X5 = 300

{0, 110}

]
1}
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400

250

400 500
" Figure 2-1 No feasible region for satisfying three goals

400

250

Figure 2-2 Final solution for Example 2-1
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Example 2-2
Suppose the best customer of the toy company ordered 300 dolls of type A.

For various reasons the manager could not decline this order. How should the
manager switch the production schedule to meet the sudden demand? Assume
that the other condit%ons are the same as Example 2-1.

If we attempt to utilize linear programming to maximize profit, the

problem is formulated as below:
Max. = 0.4x] * O.3x2

subject to
X+ X < 400

2x1 t Xy < 500
X > 300
Xps Xo >0

The graphical presentation of the model is shown in Fig. 2-3. Obviously,
there is no area of feasible solution and consequently the above problem is
unsolvable by linear programming. In simple words, the company does not
have enough capacity to satisfy the customer's demand.

This difficulty can be handled, if the manager wishes to satisfy his
desires as closely as possible rather than absolutely satisfy all goals. Let's
assume that his priorities are:

Pl:

P2: Meet the best customer's order as closely as possible (i.e. produce

Avoid the overtime operation of the plant (500 dollis/day)

at least 300 dolls of type A)

P3: Satisfy, as much as possible, the $240 profit.

Now the linear goal programming model becomes:
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00 500

X
Figure 2-3 Infeasible solution for linear progrdmming mode]
*
600
400
300
250 &
400 500 \'aoo .
: K %

ngure 2-4 Final solution for Example 2-2
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Find X = (X1 X,) so as to

Min. & = {(d] + d3), (dj), (d3)}

such that
G:  xg*t X, +d] - d] =400
6,0 2+ X, +dy - dy= 500
Gy0 0.4x) + 0.3xy + dj - d3 = 240
6y % +dy - dy = 300
X, &, d* >0

The above model is shown on the graph in Figure 2-4. Now our first goal

is to avoid the overtime operation of the plant by minimizing (dT + d;).

That is d{ = d; = 0. Hence the feasible solution must be in the cross-hatched

area. Our second goal calls for production of 300 type A doll by minimizing

d;. We can proceed until we reach point A (that is d4 = 50) without degrading
the solution to priority level 1. Finally to achieve profit maximization
~goal of priority level 3, we must minimize d;. We can proceed from point A

to point B, but this movement is against priority level 2. Hence point A

has to be the final solution. That is,

xT 250
a* = (0, 50, 140)
Example 2-3

Manhattan China Inc. produces the world's finest china sets. The company's
production facility consists of two production lines. Production line 1 is

staffed with skilled workers who can produce an average of 5 sets per hour.
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Line 2 is capable of producing an average of only 3 sets per hour, as it is
staffed with relatively new employees. The regular working hours for the
weeks are 40 for each 1ine. The profit from an average set is $50. It is
estimated that the operating cost of the two lines are almost identical.

The president of the company has suggested the following multiple goals to

be achieved in the coming week in ordinal ranking of importance.

P]: Achieve the production goal of 450 set for the week
PE: Limit the overtime operation of line 1 to 10 hours

3¢ Avoid the underutilization of regular working hours for both

lines
P4: Limit the sum of overtime operation for both lines.

The following objective functions can be formulated.

Production capacity

g = + _

where
Xy = number of hours line 1 is in operation
Xy = number of hours line 2 is in operation
d; = underattainment of production goal of 450 sets
d: = production in excess of 450 sets.

Regular working hours.

GZ: x] + d2 - d

+
2
- +
G3. Xy + d3 g

40

40

where
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d2 = underutilization of regular working hours of line 1
d; = overtime operation in line 1

i

d; underutilization of reqular working hours of line 2

1

overtime operation in line 2.

Overtime operation for line 1.

- +_ ~
G4. Xy * d4 - d4 =40 + 10 = 50
where
d; = operation hours of line 1 that total less than 50 hours
dz = overtime operation of line 1 beyond 10 hours.

The achievement function for this example is then:

Find Xy and Xy SO as to minimize
- - + . - + +
a= {(d]), (d4), (5d2 + 3d3), (3d2 + 5d3)}

That is,our fTirst priority is to achieve the production goal through the
minimization of d{. The second priority is given to limiting overtime oper-
ation of line 1 to 10 hours through minimizing of dZ' The third priority is
assigned to the minimization of underutilization of regular working hours

by minimizing dg and dg. Since the productivity of line 1 is 5 units per
hour and that of line 2 only 3 units per hour, the president wishes to avoid
the underutilization of regular working hours of Tine 1 more than line 2.
The differential weights, then, will be 5 for dé and 3 for dg. The fourth
and final priority is to minimize the sum of overtime operation for both

lines. Again we have to assign differential weights to d; and d;. The

criterion to be used is the relative cost of overtime. Since ratio of the

production rates for the two lines is 5 to 3, the relative cost of overtime

for two lines should be 3 to 5. The final decision model is written as:
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Find X and Xo so as to minimize

= ran - - + +
3= ((d]), (dZ), (5d; + 3d3), (3d, + 5d3)}

such that
G,: b5x, + 3x, + dT - df = 450
15 0K T Xy T dy - dy =
G, +d; - db = 40
s & 2 ™ 8
- +_
Gy: X, +d3 - d3= 40
- +
G % +dy - dy = 50
X, d, d@* > 0

The above model is shown on the graph in Figure 2-5. Now our first goal

is to achieve the production goal of 450 sets by minimizing d1 That is

d{ = 0. Hence the feasible solution must be in the cross-hatched area.

Our second goal calls for the limitation of overtime operation for line 2

to 10 hours by minimizing dZ or let dz = 0. This can be plotted as X] < 50,
as shown in Figure 2-6. The third goal is to avoid underutilization of
regular working hours for both Tines. Since a greater weight is assigned

to the underutilization of line 1, we should examine the working hours of
Tine 1 first. This condition calls for Xq > 40 (minimizing 5d,, or let dé = 0).
Plotting this on the graph we obtained the area of feasible solution shown
in Figure 2-7. Now, we are also to avoid any underutilization of regular
working hours for line 2, that is, to minimize 3d§ or Jet dg = 0. It is
evident in Figure 2-7 that the cross-hatched area already satisfies this
subgoal. The last goal is to minimize the sum of overtime for both lines.

However the limitation for line 2 is given a greater weight. Hence d;
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40 . | ]56‘- X

- Figure 2-5 P, fully satisfied

1

1
0K g 63
| 1
+
dr
+
14
i I
40 dy }
d,
o - ) 40 150 Xy

Figure 2-6 P, and P, fully satisfied.
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Figure 2-8 Final solution for Example 2-3

%
90 6 ’
: 1
+
1
+
_;‘4
50 g
oo [T
40 d,__ |
d3~—— d;
0 T 40 : 150 X,
. Figure 2-7 P], P2 and P3 fully satisfied.
X
_90 G] 63
5
+ d1
“’4
| - A (50, 66.7)
50 i " & : 6,
d- fz
40 4 l
. i
- +
d3 ~ 79
0 40 150
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(the overtime operation of line 2) must be minimized to the fullest extent.
Obviously, at point A in Figure 2-8, d; will be minimized while meeting the
first three goals. Next we try to minimize d; (the overtime operation of
line 1). We can proceed until it reaches point B, but this movement is
against the minimizing of d;. Since we cannot decrease d; any further from
point A without increasing d;, point A has to be the optimum point.

That is:

50 x; = 66.6

>
—
u

a¥ = (0, 0, 0, 163.3)

with these values (x1 = 50, X, = 66.7)we could attain our first three goals

completely, but could not attain the last goal. The value 163.3 comes from

+

3= 3 x 10+ 5x 26.7 = 163.3.

- +

Example 2-4

To demonstrate the significance of priority level in gcal programming,
Example 2-3 is examined again., changing only the ordinal priority of the
president's decision.

New priority levels are as follows:

P, = 01d P4
P2 = 01d P3
P3 = 01d P2
Py = 0ld P]

then the achievement function will be

. + % = + -
a~= {(3d2 + 5d3), (Sd2 + 3d3), (d4), (d])}
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‘Figure 2-

0

9 Solution:fo

40
r Example 2-4

150
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The graphical solution to Example 2-4 is demonstrated in Figure 2-9.
Priority level 1 is tq minimize (3d; * Sd;), and the‘feasib]e region CDEF
satisfies this goal. In priority level 2,d£ has larger weight, hence dg
is to be minimized first, and line segment CD is the solution. Line DE is
the solution to minimize da. However, to satisfy thg minimization of dé,
point D is the solution. At point D, dz has already become zero (i.e., P3
fully satisfied). Now we attempt to achieve priority level 4 by minimizing

d{ or d; = 0, but this is against all higher priorities, level 1 through

level 3. The final solution is point D, that is,

*_. *__
Xy = 40 Xy = 40
a= (0,00, 130).

The above two examples show that there is no feasible solution which
satisfies all four goals as long as these goals are conflicting with each other.
However, through priority level ranking of the goals, we can reach an optimal
solution. Further, it is worth noticing that changes of priority levels give

a distinctive optimal solution.

4. The Computational Algorithm

Two kinds of algorithms have been presented to solve Tinear goal pré—
gramming problems. The generalized inverse technique has been introduced 5y
Ijiri [5], while Lee [6] and Ignizio [4] use the modified simplex method.

The modified simplex method is presented here.

4.1 The modified simplex method.

Establishing the Initial Tableau

The extended tableau for this method is shown in Table 2-2. After a
brief explanation of the tableau, some examples will be used to demonstrate

the procedure. The elements within this tableau may be defined as follows:
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Headings:

Pk = the kth priority level, k=1, ..., K

YV = decision and deviational variables. The variables below V (d;)
are the initial set of basic variables.
b = the elements below b are the bis, i.e., the right-hand-side values
of each objective.
Elements:

J®= Jg svia My 1=l waiamy 8= 15 0uis 85 k= ly suias K.

e. . = coefficient of the sth variable in the ith objective.

w: . = weighting factor of priority k (Pk) associated with the sth
variable.

Us g = weighting factor of priority k (Pk) associated with ith basic

variable.
Ik g = index number for priority k under the sth variable.
B = level of achievement of priority k.

A1l elements except Ik § and a, are from the initial mathematical decision
3

model. However, Ik g

3

and ay must be computed as follows:

K.s (05 ¢« Ui k) = W s

[—)
n
B [

Referring again to the extended tableau of Table 2-2, it should be noted
that if we remove the rows and columns associated with the "Top Stub", "Left

Stub" and "Index Rows", the remaining matrix is simply the matrix of objective
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function coefficients, and the right hand side values of each objective. In
the initial tableau the basic variables will always be the set of negative
deviation variables (d;). That is, with m objectives, only m variables may
be basic and all others are set to a value of zero and denoted as nonbasic.
The iterations of the simplex algorithm consist of exchanging a present non-
basic variable for a present basic variable if such an exchange improves the
present solution. If only a single priority level had been established, this
tableau would be similar to the traditional "single objective" simplex tableau
of Tinear programming. The solution to the linear 9051 programming model, at
any stage, is given by Aps Aps wves Aps where a represent the level of
achievement for priority k. Since the achievement function in Tlinear goal
programming model is always of the minimization form, the lower the value of
s the better the level of achievement. A zero value means that this
particular priority level has been completely achieved. The set of index
rows (Ik,s) in the tableau serve to indicate whether or not the present
solution is optimal and, if not, the proper exchange between a basic and non-

basic variable for a better solution.

The Algorithm

The steps of the modified simplex algorithm are:

Step 1: Initialization. Establish the initial tableau and the index row.

Set k = 1 and proceed to Step 2.
Step 2: Check for Optimality. Examine Ay If ay is zero go to Step 6.

Otherwise, examine each positive valued index number (Ik S) in the
kth index row. Select the largest, positive Ik . for which there
are no negative valued index numbers at a higher priority in the

same column. Designate this column as optimum column (s'}). Ties



Step 3:

Step 4:

Step 5:

Step 6:
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in the selection of Ik g may be broken arbitrarily. If no such
]
Ik s May be found, go to Step 6. Otherwise, go to Step 3.

Determining the New Entering Variable. The nonbasic variable in

the optimum column (s') is the new entering variable.

Determining the Departing Variable. Determine the row associated

with the minimum nonnegative value of:
b: / e: ., i=1,2, ...om

In the event of ties, select that row having the basic variable
with the higher priority level. Designate this row as key row (i').
The basic variable associated with key row (i') is the departing
variable.

Establishment of the New Tableau.

(a) Set up a new tableau with all e; bsa I & and ay elements

+57 1
empty. Replace the pesition of the basic variable heading ir
optimum row with the nonbasic variable heading in the key column.

(b) Make each objective have one basic variable with a coefficient
of +1, and make sure that this basic variable does not appear in
any other objective (by the Gaussian elimination method). This
can be done [3] by performing the elementary row operations (c)
and (d).

(c) Multiplying an objective by a nonzero constant.

(d) Adding a multiple of one objective to another objective.

(e) Establish the new values for I, and a,.

,S
(f) Return to Step 2.

Evaluate Next Lower Priority Level. Set k = k+1. If k exceeds K

(the total number of priority levels), then stop as the solution

is optimal. If k < K go to Step 2.
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Example 2-5

Example 2-1 illustrated by graphical solution is again considered.

Find X = (x5 Xo) S0 as to

; _ + + -
Min. &= ((d} + d5), (d3)}

such that
X} + x, +d] - d] = 400
2x; + x, + dy - dy = 500
0.4x; + 0.3x, + dj - d3 = 240

Step 1: The initial tableau for this example is given in Table 2-3. For
clarity, the zero elements of the tableau have been omitted. The

‘basic solution of this tableau is,

d] = 400
d, = 500
d3 = PAD .

A11 other variables (those nonbasic) are zero. P1 is completely
satisfied since ay = 0. P2 is not completely satisfied since a, = 240.
Step 2: Since ay = 0, go to Step 6.
Step 6: k = kt1 =2 k < K since k =2, K= 2 go to Step 2.
Step 2: a, = 240 . Hence, examine all positive valued indicators in index
row 2 (12,3)' 12’] is the largest value (+0.4) and there ére no
negative valued index numbers above 12’] (11’] = 0). Thus s' =1
go to Step 3.

Step 3: X is the new entering variable.



Table 2-3 The Initial Tableau for Example 2-1
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Pa
- - + + s
P2 P] v X1 Xo d] d2 d d2 d3 b
d{ 1 1 1 -1 400
d; @ 1 B -1 500
1 da ;) 3 -1 240
P] -1 -1 0
P2 A + 3 -1 240
Table 2-4 Second Tableau for Example 2-1
Py
P] 1 1
- - + + .
P2 P1 ¥ X, Xy d] d2 d d2 d3 b
d] @ 1 -5 -1 150
X1 1 B .5 -.5 250
1 d3 A -.2 2 -1 140
P] ".I "'.t 0
P2 " -.2 20 =1 140
Table 2-5 Third Talleau for Example 2-1
PZ
P] 1 1
i - + + -
P2 P] Vv X, X d] d2 d d2 d3 b
Xo 1 2 -1 -2 1 300
Xy 1 -1 1 1 -1 100
1 dg -2 -. 2 .1 -1 110
P} -1 -1 0
P2 -.2 -] .2 .1 -1 110




Step 4:

Step 5:

Step 2:

Step 3:
Step 4:
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i .

Computing nonnegative entering bi/ei g

We obtain

400

b1/e1,1 = 400/1

250 (minimum value)

bZ/EZ,] 500/2

‘b3/83,] = 240/0.4 = 600 .

Hence i' = 2 and depakting variable is d,
Replace basic variable of dé with x,.

New e ot values can be calculated by the following way,

New € ¢ = 01d 92’5/2 (since ey = 2)

S

n

New E],s 01d e]’s - New e,

,S

New e3,S = 01d eB,s - 0.4 New eZ,s

New tableau is set up in Table 2-4.

Go to Step 2.

a, = 140, so priority level 2 is not satisfied. Hence cxamine all non-
negative indicator elements in row 2 and find that i2,7 = 0.2 is the lar-
gest. However, since there is a negative index number above this element
(11’7 = —1), an exchange cannot be made here without degrading the
achievement of priority level 1. Hence, go to 12’2 = 0.1, thus s' = 2.
Go to Step 3.

Xy is the new entering Qariab]e.

Computing nonnegative bi/ei gi? the following is obtained:

L
1)

150/0.5 = 300 (minimum value)

by/ey 5

1}
]

250/0.5 = 500

b2/e2’2

b3/e3'2 = 140/0.1 =1400
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Thus i' = 1 and departing variable is d; :

Step 5: Third tableau is shown in Table 2-5.
Go to Step 2.

Step 2: a, = 110, so priority 2 is not completely satisfied. However,
positive 12,6 and 12,7 values have negative elements above thei at
a higher priority (PI)’ Hence, go to Step 6.

Step 6: k = 2+1 = 3, and k > K, thus the solution is optimal.

The solution to this example is then:

* _ * _
Xq © 100 Xo 300

a¥ = {0, 110}

Example 2-6

In this example we shall solve the model of Example 2-3 again. Only
the tableaus will be shown since by now the reader should be able to follow
the steps resulting in each tableau with T1ittle difficulty. Tables 2-6
through 2-11 illustrate the progress of the algorithm.

The optimal solution is read from the last tableau and is:

*w-u

*
x] 50 X5

200/3

=%
da

(0, 0, 0, 490/3)

Example 2-7
By the same token, Table 2-12 through 2-14 illustrate the progress of

the algorithm applying to solve Example 2-4.

The optimal solution is read from the final tableau and is:

* _ ok
-
a = (0, 0, 0, 130)



- Table 2-6 Initial Tableau for Example 2-3

Py 3 5
Py 5 3 :
Fe
| 1
Te, 5. v v 1 v | v, x, 4 o & & & o o o E
(78 T3 fp AV & 4 4 1 9% 9 4y
Pl s 3 -1 450
5 .- -
¢ @ 1 ] 40
3 dg 1 1 -1 AG
_q-d“ 1 1 -1 50
" [E 3 -1 450
i A 0
Pal 5 3 -5 -3 320
o -3 -5 0
Table 2-7 Second Tableau for Example 2-3
e e e e
Py 3 5
Py 5 3
B 1
~ by )
by By B, B A R T T M M
L 3 1 -5 -1 5 250
R 1 -1 40
s ) .
' L13 1 1 =] 40
d; -1 1 Q) ST
P - #
i, ’ > T 5] 250
2 | -1 0
Py 3 -5 -3 120
P, -3 -5 0
— 2= S _-_“J




- -Table 2-8 Third Tableau

for Example-2-3

Pa 3 5
P 5
P2 ]
P] 1
) % - ¥ + i
Py Py f Vlx x4 4 d; 4] dy ] dy B
d 3001 -5 ] (:) 200
3 dy 1 -1 40
+
3 d;, -1 1 1 -1 10
Y 3 -5 -1 [5] <00
P2 - 0
Py 3 -5 -3 120
Py -3 3 -5 -3 30
- ——— ki)
Table 2-9 Fourth Tableau for Example 2-3
Py 3 5
P3 5
Py 1
Py 1
Py Py P Vol ok, 4 dg d; d d; d; d+ 3
+ .
1 dy 3/5 1/5 -1 =15 1 40
X} ] 3;’5 1/5 -]/5 90
3 g Q) -1 0
3 di .
> 3/5 1/5 -1 -1/5 1 50
Fl o1
0
p .
P2 3/50 1/5 -1 -1/5 40
3 3 -5 -3 120
Py 9/5 3/5 -3 -5

-3/5

150
.
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Table 2-10 Fifth Tableau for Example 2-3

5
i 5 3 ’
Hy
Py 1
P 1
P v | xy x, d7 4o d7 47 4F ¢ 4f &b
4 I A T S N T N S
d; 1/5 -3/5 _1 -1/5 @_ 16
x| 1/5 -3/5 -1/5 3/5 66
le 1 1 -1 40
3 d; 1/5 -1 -3/5 -1/5 1 3/5 26
P -1 0
Py 1/5 -3/5 -1 -1/5 16
Py -5 -3 0
Py 3/5 -3 -9/5 <35 -16/5 78
f— —_— — it SguEsd
Table 2-11 Final Tableau for Example 2-3
Py 3 5
P 5 3
F, 1
N P 1
P ol = - -+
4 v+ X)Xy F‘z dy dy  d dy d _d:i HE
5 dg 1/3 -1 -5/3 -1/3 1 573 | 80/3
X 1 ] -1 {50
R 1173 -5/3 -1/3 5/3 | 20073
3 d; -1 1 1 -1 ] 10
ki -1 0
p
2 1 o
P -5 -3 0
P, 5/3 -3 490/3

-5 -16/3 -5/3 16/3
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~- -Table 2-12 Initial Tableau for Example 2-4
P4 1
Py 1
Pz 5 3
P] - 3 5
) ! - “ = - + + + +
o Py P MY oy 4 8 4 6 g dy dy 4, | b
' s 3 -1 450
5 a | ) 1 -1 40
g dq 1 1 -1 40
AR 1 -1 | 50
L -3 -5 0
P2 3 -5 -3 320
g a0
g 5 3 -1 450 ]
Table 2-13 Second Tableau for Example 2-4
Pd ]
P3 1
P, 5 3
A i 35 _
O NN AN N A A AL
1 d 3 1 -5 -1 5 250
X1 L 1 -1 40
3 ; d (:) 1 -1 40
dy =] 1 1 21| 10
p -
! -3 -5 )
P2 -5 3 120
Py Al o
P 3 -5 -1 5 250

-3




Table 2-14 Final Tableau for Example 2-4

=

39

4
P3 1
Py 5 3. 5
P\ 3
- - + + +

Py ) Volx x4y 4y d d &y dy o B

] d; 1 -5 -3 -1 5 3 130
O 1 ] 40
X 1 1 =1 40
¢ -1 1 1| 10
F -3 -5 0
Py -5 -3 0
P3 -1 0
Py -5 -3 -1 5 3 130
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4.2 The modified revised simplex method. A condensed tableau

is introduced by Ignizio [4]. Table 2-2 is condensed to Table 2-15. This
new tableau eliminates d; from the heading. The columns of d; in the heading
simply reflect the set of basic variables associated with the identity matrix
of the tableau. WNow, it is unnecessary to include the columns associated
with dg, since, if these variables are basic, there will always be an identity
matrix associated with their columns. Removal of these columns of the extended
tableau results in a condensed tableau shown in Table 2-15. Explanation of
headings and elements are identical with the extended tableau. |

Another savings in computation may be achieved by computing only those
index rows necessary for the iteration under consideration. That is, if we are
presently interested in achieving priority level k then only the index rows
associated with P], G S Pk need to be computed (i.e., Pk+]’ — PK is not

needed).

The Algorithm.

Throughout 6 steps of the algorithm, only Step 5 is changed.

Step 5: Establishment of the New Tableau.

(a) Set up a new tableau with all e, ., by,

empty. Exchange the positions of the basic variable heading

Ik,s and a elements

in optimum row (i') with the nonbasic variable heading in key

column (s'). Calculations of the e.

and b, elements is given
i,s i

in (b), (c¢) and (d) below.

(b) Row i' of the new tableau (except for e Sl) is obtained by

dividing row i' of the previous tableau by ST

(c) Column s' of the new tableau (except for e,, S.) is obtained

i
by dividing column s' of the previous tableau by (-ei. S.).
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Table 2-15 The Condensed Tableau for the Modified Revised Simplex Method

'S on o Yone W n4m
: Top
Left : Stub
Stub w]’] w]’n w]’n+] 4 w],n+m
+ +
PK P] X1 X d] dm b
Uk Uy 4 LR e,n  &,nH ,ntm | D1
um,K um,1 em,] em,n em,n+1 em,n+m bm
I Lion Iine Lintm | &
Index ‘
Rows
IK,l IK,n IK,n+1 IK,n+m e
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(d) The new element at position €st o is the reciprocal of i1 o1

»S 3S

The remaining elements are computed as follows.

Let 51 and éi,s represent the new set of elements to be computed
and bi and B o represent the previous value for these elements
(from the previous tableau). Then for those elements not in row

i' or column s':

e. P -
1,8 1,8 Es o

C(by(ey o)

i i e,
it gt

(e) Establish the new values for Ik & and a

(f) Return to Step 2.

To illustrate the procedure of the modified revised simplex method, we shal}
use the same Examples of 2-1, 2-3, and 2-4. The reader will realize that both

methods give exactly the same tableau and solutions except for the simpler heading.

Example 2-8
Tables 2-16 through 2-18 illustrate the progress of applying the algorithm

to Example 2-1. The optimal solution is read from the last tableau and is:

* *
Xy = 100 Xy = 300

a* = (0, 110)

Example 2-9
Tables 2-19 through 2-24 illustrate the progress of applying the algorithm

to Example 2-3. Until the third tableau we don't have to calculate index row
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of k>1 because we are presently interested in achieving priority level 1. Index
rows in the fourth and fifth tableau are calculated up to the 2nd row and all

index row calculations are performed in the final tableau. The optimal solution

is: § x
x] 50 X, = 200/ 3

I

a* = (0, 0, 0, 490/3)

Example 2-10

Table 2-25 through 2-27 illustrate the progress of applying the algorithm

to Example 2-4. The optimal solution is

*

* _ -
Xy = 40 X, = 40

a* = (0, 0, 0, 130)

5. Complications and Their Resolutions

5.1 Right-hand side value. In an objective such as maximizing profit or

minimizing cost, there is no target value specified. This causes no problem

as long as a reasonable value (an aspiration level) is given. Alternatively,
one could use a right-hand side value that determines either an upper bound

in maximization or a lower bound in minimization. Nevertheless, it is still
important that such upper or lower bound values be reasonable. Unreasonable
levels can serve to degrade any resulting solution. For example, if we set

the profit of an objective to some unreasonably high value, the achievement

of this value can result in less likelihood of the achievement of lower priority

objectives.
5.2 Negative right-hand side. Consider the objective below:

— . +—
G, = ﬁ2x] - 3x2.+ dy - cln| = ~30



Table 2-16

Initial Condensed Tableau for Example 2-1,

P,
P] 1 1

T ¥ ¥ -
v Xy Xo d1 d2 d3 b
d; 1 1 -1 400
d @ 1 1 500
d; 0.4 0.3 -1 240
P] -.l ""-l 0
P2 0.4 0.3 =1 240

Table 2-17 Second Condensed Tableau for Example 2-1.
Py
P] 1 1
- F + +

v d2 Xo d; d, ds b
d7 | -172 @ -1 1/2 150
x] 1/2 1/2 -1/2 250
ds -0.2 0.1 0.2 -1 140
P] -'] -] 0
P2 -0.2 0.1 0.2 -1 140

44



Table 2-18

Table 2-19

Final Condensed Tableau for Example 2-1.

300
100

110

-0.1 -0.2 0.2 0.1 -]

110

Initial Condensed Tableau for Example 2-3.

450

40

40

50

450

45



Table 2-20 Second Condensed Tableau for Example 2-3.

46

P, 3 5
Py| 5
P, 1
P
- + + + +
P, Py P, PV d; x, d; dy b
1 d] -5 3 =1 5 250
x] 1 -1 40
3 dg 1 = 40
dq —.I @ --l .IO
A 250
Table 2-21 Third Condensed Tableau for Example 2-3.
Py 5
P2 ]
Py
- + - + +
Py Py Py PV d, Xy d; d, dy dy b
1| g 3 -1 -5 @ 200.
Xy 1 -1 50
3 d3 1 -1 40
.
3 dy | -1 1 -1 10
Py 3« -5 5 200




Table 2-22 Fourth Condensed Tableau for Example 2-3.

Py 5
P3 b
Py
P, 1
e + L + 1
Py P3 Py PV d, x, dy d dy dj | b
] dz 3/5 -1/5 -1 1/5 | 40
2 3/5 -1/5 1/5 | 90
3 a3 ® -1 40
+
w .
3 dy 3/5 -1/5 1/5 | 50
- 0
Py 1
P, 3/5] =175 -1 175 | 40
Table 2-23 Fifth Condensed Tableau for Example 2-3.
Py | 5
I
P3 5 3
Py
P
- - + % + =
P, Py Py PV d d3 4 dy  dy b
+ - -
1 dt 3/5 -5 - @ 175 | 16
% -3/5 -1/5 3/5 1/5 | 66
d; -1 -3/5 -1/5 3/5 1/5 | 26
p_l -1 0
M _IR _17/R =21 20 178 1
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Table 2-24 Final Condensed Tableau for Example 2-3.

Py
P, | 5 3
- - + & + "
94 P3 P2 PI Vv d, d; d] d4 d4 d] b
5 d; -1 -1/3 -5/3 5/3 173 | 80/3
X 1 - 50
%5 -1/3 -5/3 5/3 1/3 |200/3
+
3 dy |-1 1 - 10
P-l —] 0
P2 "1 0
P3 _5 "‘3 0
P, 1-3 -5 -5/3 -16/316/3 5/3 [490/3
Table 2-25 Initial Condensed Tableau for Example 2-4.
Py
P,
P, 3 5
+ + o+ +
Py Py Py P VX x, 4] dy &y d, | B
1 dj | 5 3 < 450
5 d @ -1 40
3 dg ] o] 40
dg |1 ) 50
P, 3 <5 0
P, |[5] 3 -5 -3 320
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Table 2-26 Second Condensed Tableau for Example 2-4.

P4
Py 1
P2 5
P] 3 B
- + + + +
P4 P3 P, P] v d2 X5 d] d2 d3 d4 b
d{ -5 - 3 -1 5 250
X111 -1 40
3 d ) ] 40
dy | -1 1 -1 10
P1 -3 -5 0
P2 -5 3 -3 120
Table 2-27 Final Condensed Tableau for Example 2-4.
Py
P3 1
P2 5 3
3 5
P
i - + + + +
P, Py Py Py -_v d, d3 4 dz_ d;  d, b
1 d; -5 -3 -1 5 3 7 130
X1 1 -1 40
X, 1 -1 40
d4 ] 1 -1 10
P -3 -5 0
P2 -5 -3
Py ]
P4 -5 -3 -1 5 3 130
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There is basically nothing wrong with this objective from a mathematical or
physical point of view. However, the modified simplex algorithm requires
that all right-hand side values be nonnegative. This requirement is easily

satisfied by simply multiplying G] by (-1). The new objective becomes:
Gy = 2%y + 3x, - dT + di = 30
1- X T T T

If we desire to achieve exactly -30 in G], this is accomplished by

minimizing both d{ and d? at the same priority level. However, if we wish

to make G, equal to or greater than -30, then d] must be minimized in -G]

+

Similarly, to satisfy the desire to have G1 equal to or less than -30, d]

must be minimized in -G].

5.3 Tie for entering variable. It may occur, during the progress of

the modified simplex algorithm, that a tie occurs in the selection of the
new entering variable, i.e., two or more columns with the same Ik,s value
at the highest unattained priority level. If the tie cannot be broken,
selection between the contending variables may be made arbitrarily. The
other variable will generally be introduced into the solution base in taa

subsequent iterations.

5.4 Tie for the departing variable. The departing variable is selected

s"' It may happen

through the choice of the smallest, nonnegative bi/ei
that two or more rows have the same bi/ei,s' value. The tie may be broken
by selecting the row that has the basic variable with the higher priority
level. In some cases the basic variables will not have an associated priority

level and ties must be broken arbitrarily.
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5.5 Alternative optimal solutions. It is possible that two or more

points provide optimal solutions that attain exactly the same level of

goals. Such a situation never occurs as long as there is a sin§1e deviation
variable at each priority level and differential weights are assigned in

the same priority level when there is more than a single goal at each priority
level. To illustrate the point, let us examine Example 2-3. Suppose the
president of the company altered the P4 level and made each weight same

value. The achievement function is then:

a = {(d7), (df), (5d + 3d3), (df + di))

Optimal solution is at any point on the line segment AB in Figure 2-8.
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CHAPTER 3
LINEAR PROGRAMMING MODEL

1. Introduction

Throughout the less developed nations of the world the quest for rapid
economic progress has been predicated largely upon the formulation and imple-
mentation of comprehensive development plans, which cover all major aspects
of the national economy [12]. Thus, after World War II, many developing
countries started their economic planning 1n order to establish new patterns
of welfare statism. Korea is one of the first nations to recognize this
urgent need. Soon after the military coup in 1961, the Korean government
made clear its intention to manage the national economy in accordance with
a fully articulated, comprehensive plan. The First Five-Year Development
plan was drawn up in 1961. The second development plan lasted from 1967 to
1971, and the third development plan began in 1972 and ended in 1976. The
model presented herein covers the period 1977-1981, which corresponds to the
period of Korea's Fourth Five-Year Development plan.

Korea's development p1anning methodology involved a three-pronged
approach, the plan consisting of an aggregate model, a sectoral model, and
an investment program. The aggregate model was to be used to select a growth
rate consistent with the supply of foreign and domestic savings and foreign
exchange. Given the growth rate, the sectoral annual input-output model
was to be employed to assure the balance of demand and supply in each sector and
to set minimal levels of investment. The sectoral model was to rely on some
macroeconomically derived parameters, such as private consumption and imports,

for the exogenous estimates of final demand. Thus, the Korean sectoral model
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Variables and Parameters*

Dimensions for n

sectors, k actijvities

T periods

A(t) net foreign capital inflow in period t T
a(t) matrix of interindustry current flow coefficients

appropriate to period t nxk
b(t) diagonal matrix of capital-output ratio kxk
c(t) column vector, each term of which indicates the

proportion of the sector's output in total

consumption n
c(t) aggregate consumption in each period T
D(t) vector of the amount of fixed capital (components)

in each sector that is completely depreciated

in period t k
d diagonal matrix of depreciation rate to capital

stock kxk
E(t) column vector of exports by each sector n
F(t) column vector of .deliveries by each sector

for private consumption purposes n
G(t) column vector of deliveries by each sector for

government consumption n
H(t) column vector of deliveries by each sector

for inventory accumulation n
| identity matrix nxn or kxk
I(t) column vector of investment by each sector n
J(t) column vector of deliveries of intermediate

inputs by each sector n
K(t) column vector of fixed-capital capacity in

each sector k
M(t) column vector of total imports n
M'(t) column vector of noncompetitive imports k
m'(t) diagonal matrix of import coefficients

relating noncompetitive imports to sectoral output kxk
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Variables and Parameters* , Dimensions for n
sectors, k activities
T periods

M"(t) column vector of competitive imports k

m"(t) column vector of coefficients indicating in
each sector the maximum use of the foreign
exchange available after noncompetitive imports

requirements have been satisfied n
p(t) capital composition matrix in period t nxk
r social discount rate 1
SD(t) sum of domestic savings in period t T
SF(t) savings by foreign sectors in period t T
s(t) matrix of inventory coefficient in period t nxk
u unit row vector nxn
W social welfare indicator 1
X(t) column vector of gross domestic outputs | k
Z(t) column vector of new additions to fixed-capital

capacity in each sector k
B, savings constant o 1
B] marginal propensity to save 1
p(t) minimum rate of growth of aggregate consumption

C(t) over C(t-1) 1
$ marginal ceatribution of capital

stock to the aggregate consumption 1

*
Variables in capital letters; parameters in small letters.
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was designed to test the consistency of a development program based on targets
derived from the macro-model and to indicate total investment requirements
and the appropriate sectoral allocation of investment [1].

This linear programming model was adopted from Eckaus and Parikh's multi-
sectoral dynamic model [4]. Joe [7] embodied the terminal condition of capital
stock into the objective function, thus deleting terminal conditions of capital
from the set of constraints. Lack of reliable labor coefficients impedes the
addition of labor supply constraints to this model.

The primary purpose of this chapter is to suggest the up-to-date linear
economic model of Korea as a first step in the development of the linear goal

programming model, hence the postoptimal sensitivity analysis is not considered.

2. Model Formulation

2.1 Industry classification. The 1970 input-out tables, recently

published by the Bank of Korea, are in the form of a 56x56 matrix. But,

for the purpose of this study they are further aggregated into 16 sectors so
that the program becomes manageable. The sixteen sectors are:

1. Agriculture, forestry, and fisheries

Mining

Processed foods

Textiles

. Lumber, plywood, wood product, and furniture

S O B W ™

Chemicals

7. Petroleum products and coal products (fuel)
8. Non-metallic mineral products

9. Metallurgical products

10. Machinery
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11. Other manufacturing

12. Construction

-13. Electricity and water

14. Transportation and communication
15. Banking, insurance, and real estate

16. Commerce, services, and others

2.2 Objective function. Ideally, the objective function should be a

social welfare function. Since this function is unknown and aggregate private
consumption is the most important determinént of welfare, Eckaus and Parikh [4]
has used this exclusively as the objective function. To this definition of the
objective function Joe [7] has embodied the terminal condition of capital

stock into the objective function, and calls it social welfare indicator (W).
Hence,

W= f(C,K) (3.1)

The derivative of eq. (3.1) is

dw = 2f qc + 2F 4k (3.2)

It is assumed that W is proportional to C at a given value of K, because K
employs only in the final planning year. The mathematical expression of this

will be g—é—= 1. Equation (3.2) is divided by %g it becomes

- 3C
dN = dC + =5 dK (3.3)

Integrating both sides yields

Jaw = fdc + 2% fak | (3.4)
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3L, (3.4)"

or W=C+-p -

A one-year investment 1ag makes the investment in year t matured into capital
stock in the following year. Assuming that the capital stock at the end of
(t+1) year continues to produce the aggregate consumption at the constant
marginal productivity of & = %%-and that the social discount rate is constant
after (t+1) years, the sum of a geometric progression gives (l$£05. First,
starting with a single year planning horizon and measuring the variables in

total amounts;

W=C(t) + {1:25} sK(t+1) (3.5)

A multi-year planning horizon requires discounting as follows;

1ar
W= : C(t)‘ + [ r ]6K(T+]) (3.6)
51 (+r)t ()™

where T s the terminal year. A simplification of eq. (3.6) leads to;

T cqr)

=1 (14r)*

SK(T+1)
(Hr‘)T

% (3.6)"

- r

If the depreciation of the capital stock is considered, the final form of the

objective function becomes.

T
- Clt) §*
W= + K(T+1 3.7
t§1 (1+r)t (1+r)T o B (Te1) al

where s* = §(1-d/b)
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2.3 Constraints. Four types of constraints are involved in the model,

namely, physical balance, capacity, foreign exchange, and savings constraints.

Brief explanations of these foilow:

1) Consumption growth constraints (CG)

ceny T=1 (3.8)

1]
o
-

C(t+1) > [1 + p(t)IC(t) t

¢(0) = (67

where C(0) = the aggregate private consumption in the pre-pian period. From
now on "bar" indicates preassigned value.
These constraints represent the monotonic growth of aggregate consumption

between successive periods.

2) Capacity constraints (CC)

b(t) X(t) < K(t) t=1, ...y T (3.9)
K(1) = (1)

This insures that output in each sector in each period can not exceed the
amount producible with the fixed capital in that sector avaiiable at the

beginning of that period..

3) Capital accounting relationships (CAR)

K{t+1) = K(t) + I{t) - D(t) t= 15 avas T (3.10)
K(1) = K(T}

This states that the capital available at the beginning of period (i+1) is

equal to the capital available at the beginning of the previcus period (t)
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plus the new completed additions to capacity less the depreciated capacity.
Investment and depreciation variables have the following relationships.
3-1) Investment requirement |

I(t) = p(t)2(t+1) e Ty wass T (3.11)
3-2) Depreciation of capital

D(t) = dX(t) tE Vi auns T (3.12)

With these subrelationship, eq (3.10) becomes
K(t+1) - K(t) - p(t)Z(t+1) + dX(t) = O t=1, ..., T (3.10)"

4) Balance of payment constraints (80P)

uM(t) < A(t) + uE(t) t=1, ..., T (3.13)

The total amount of imports in each period is limited by the available
foreign exchange. Imports are divided into non-competitive imports and

competitive imports. Import subrelationships follow:
M(t) = M'(t) + M"(t) b Ty qiag T | (3.14)
M'(t) = m'(t) X(t) t= Uy snas T (3.15)

with the subrelationships above, eq (3.13) becomes

um' (t) X(t) + uM"(t) < A(E) + uE(E) t=1, cens T (3.13)"

5) Competitive import ceilings (CIC)

n

uM"(t) < m"(t) [A(t) + uE(t) - uM'(t)] t =1y ooy T (3.16)

This indicates that competitive imports make use of whatever foreign exchange
is left after non-competitive imports are satisfied. With import subrelations

of eq. {3.14) and (3.15), eq. (3.16) becomes
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[ (t)]7Y M (t) + um'(t) X(t) < A(E) + uE(L)

+
1]
—f

-
—

(3.16)"

6) Distributional relationships (DR)

J(t) + H(t) + I(t) + F(t) + G(t) + E(t) < M(t) + X(t)
t

1]

| [ |

(3.17)
The first six terms represent uses of the output of each sector, and two terms
in RHS are the sources of availability of the outputs. Hence, total demand
for each sector in each year can not exceed availability in that year. Left-
hand-side terms of eq. (3.17) have the following subrelationships with the
key decision variables.

6-1) Intermediate product

J(t) = a(t) x(t) . b Ty sase T (3.18)
6-2) Inventory accumulation
H(t)} = s(t) [X(t) - X(t-1)] X(0) = X(0Y t=1, ..., T [(3.19}

6-3) Private consumption

F(t) = c(t)c(t) b= s sosw f : (3.20)
6-4) Government Consumption

G(t) = G(t) b= Ty sovs T ' (3.21)
6-5) Export

E(t) = E(t) t=1, ..., T (3.22)

By substituting eq. (3.11), (3.14), (3.15), (3.18), (3.19), (3.20), (3.21)
and (3.22) into eq. (3.17), the following equation is obtained.
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[a(t) - T - m'(t) + s(t)] X(t) - s(t) X(t-1) + p(t) Z(t+1)

+ c(t)e(t) - M"(t) < - G(t) - E(t) (3.17)

7) Savings constraints (SC)

D F

ul(t) + uH(t) < S°(t) + S (t) t=1, .., T (3.23)

This states that investment and increase in inventory should be Timited by

the amount of available investment, which is the sum of domestic savings

and savings in the foreign sectors. Two kinds of savings have the following

subrelationships.

D
(

S (t) = B, * 31{[1 - a(t)] x(t)} b Ty ssmm T (3.24)

sF(t) = ATE) + u[ECD) - M(t)] t=1, ..., T (3.25)

By substituting eqs. (3.11), (3.19), (3.24) and (3.25) into eq. (3.23), it becomes
up(t) Z(t+1) + ufs(t) + m'(t) - 8 [T-a(t)]} X(t) - us(t) X(t-1)
+ uM"(t) j‘Bd+A(tj FuElEl t= Ts sess T (3.23)"

2.4 The basic model. The model has the following final form of the

linear programming problem.

T

maximize W = C(t)t + 5(]_d4b) K(T+1) (3.7)
t=1 (1+r) (1+r)" - r
subject to
[T+p(t)}JC(t) - C(t+1) < O t=20, ..., T-1 (3.8)
-K(t) + b(t) x(t) <0 t=1, 2 T (3.9)

SK(t) + K(t+1) + dX(t) - p(t) Z{t+1) = 0 t=1, ..., T (3.10)"



uh"(t) +um'(t) X(t) < A(t] + uE(E) b= Ty sy T (3.13)"
[m" ()77 "M () + um' (t) X(t) < ATE) + uE(T) t=1, .... T  (3.16)"
c(t)C(t) - M*(t) - s{t) X(t-1) + [a(t) - I - m'(t) + s(t)] X(t)

+p(t) Z{t+1) < - E(t) - G(t) 3 R | (3.17)"

uM" (t) - us(t) X(t-1) + u{s(t) + m'(t) - B][I—a(t)]} X(t) + up(t) Z(t+1)

< B, + A(T] + uE(T) t=1, ..., T (3.23)"
C{t), K(t), M"(t), X(t), Z{t) > O
where  C(o) = Clo}
K(1) = KO
X(o) = X(oj

3. Estimation of Data

3.1 Estimation of parameters

1) Intermediate Input-Output Coefficients (aij): This model assumes that
input coefficients are constant over the planning horizon, due to the dif-
ficulty of adjusting those coefficients to future changes in industrial
structure and in order to narrow the scope of this study to the programming
technique itself. Thus, the 1970 Input-Output Tables, the latest version
available, published by the Bank of Korea [2], are used to estimate the
input coefficients. The 16 sectors' input coefficients for this model are
calculated simply by a further aggregation of the 52 sectors' transaction

tables, as shown in Table 3-1.

2) Capital coefficients (bij): The Bank of Korea's estimation shows that
the aggregate capital coefficients by industries are not in a matrix form of
(bij)’ nence Song's {11]estimation by 16 sectors is used. The 16 sectors'

capital coefficients are shown in Table 3-2.
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The capital composition matrix (Pij) is shown in parenthesis in the

same Table 3-2.

3) Composition of Private Consumption coefficients (ci(t)): Estimation of
private consumption by sectors is obtained from Song's [11] table. Table 3-3
shows the proportions of each sector based on Song's estimation of private

consumption by 16 sectors through 1981.

4) Import coefficients (m', m"): MNon-competitive import coefficients (m')

are calculated directly from the inter-industry complementary import trans-
action table for 1970, 1970 I-0 Tables, and Framework of the 1970 Input-Output
Tables. To estimate ratio of combetitive imports to uncommitted foreign
exchange (m"), competitive imports by sectors are first calculated by sub-
tracting non-competitive imports from corresponding total imports. Uncommitted
foreign exchange is defined as the sum of exports of commodities and services
and net foreign capital inflow less noncompetitive imports. The values of '

and m" are estimated as shown in Table 3-4.

5) Inventory-Output Coefficients (sij): The Korea Development Institute
estimated the inventory coefficients matrix by using Han's [6] aggregate
inventory-output coefficient by sectors for 1968. The inventory-output
coefficient matrix for 52 sectors is further aggregated into 16 sectors

for this model, as shown in Table 3-5.

6) Marginal Contribution of Capital to Aggregate Consumption (& = aC/5K):
The estimation of marginal contribution of capital by way of AC{t+1)/aK(t)
is to reflect the assumed one-year investment lag. Here 10 years average

of 0.356 is used to represent the value of 3aC/aK, as shown in Table 3-6.



Table 3-3 Composition of Private Consumption by Sectors [8].

Sectors

1

10
11
12
13
14
15

16

Mei)
« 506595

.870212
1.856269
« 724535
.883089
1.878018
1.564144
. 78888
. 972799
3.111818

1.58822¢6

1.930684

-1.853652

. 760211

1.039909

1977

.2099
.0010
<1492
. 0596
.0030
0030
. 0241
.0016
L0627
. 0362

.1094

.0118
. 0890
0425

2280

1978 1979

.2021 . 1950
.0010 G010
.152i <1547
.0589 0583
.0030 0030
0306 .0311
L0244 0247
L0016 .0016
. 0027 . 0027
0384 L0405
L1111 <1126
.0120 .0123
. 0907 .D§23
0421 <0417
.2283 . 2285

1980
. 1885
L0010
L1571
L0577
0030
L0316
L0250
0016
0027
.0415

.1139

0125
. 0937
0414

.2288

1981

.1326
.0010
+1593
.0572
0030
0320
0253
.0010
. 0027
L0424

.1152

0126

L0410

+2291

67



Table 3-4 Imports Coefficients m', m"‘ and (m")"1 [2] .

Sectors

1
2

3

10
11
12
13
14
15

16

m'

.001051
002685

033822
067614
465055
.209636
. 336877
.007835
.085699
087107
.031087
.007320
.007752
016420
.000181

.003213

Note that (m")'"l is

method;

that is,

A-

L036457
003216

. 130452
175680
+0124705
040104
002073
L1236
1247106
.110523
119768
. 152592
. 001806
022546
.002108

. 052888

(m"y=1

«304165
.026831

1.088379
1.465723
. 105999
+334593
017295
.1031860
1.040523
822108
.999242
1.273036
015068
. 188104
017587

441252

68

obtained by using a generalized inverse
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Table 3-6 Marginal Contribution of Capital (%EJ [3].

Year
1962
1963
1964
1965
1966
1667
1968
1959
1970

1971

Consumption (C)

1,017
1,055.
1,124.
1,201.
1,282,
1,396.
1,545.
1,705.
1,884,

2,080.

73
51
20
12
37
87
55
63
75

12

Average (1962-1971)

4C

37.18
68.69
16,92
81.25
114.50
148.68
160.08
178.62

195.87

AK

133,
167,
199
195,
294
358.
498,
639,
650.

680,

38

i

63
30
23
20

14

70

AL a1 yAkiey
.283
(443
496
416
.389
415
321
.279
.301

214

<356
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7) The other parameters (p,d,P,B]): From the historical data we assumed
that the minimum growth rate of private consumption (p) is 10%, the social
discount rate is 10%, the depreciation rate is 10%, and marginal propensity

data (B]) is 0.2629.

3.2 Estimation of exogenous variables.

1) Exports and Net Capital Inflow: The Korean Government has set up an
export plan (1971-1980), as shown in Table 3-7, aiming to reach 10 billion
U.S. dollars in 1980 in current U.S. dollars. Exports for the target year
are estimated by using an average growth rate of export during 1977-1980.
Since the export plan is in current U.S. dollars, it is deflated to 1970 con-
stant prices.

Projections of the other source of foreign exchange earnings are obtained

from "Long-term projections of the Korean economy" as shown in Table 3-8.

2) Government Consumption (G(t)): Lack of fundamental data in the U.S.A.
makes it necessary to use Song's estimation of government consumpticn
by 16 sectors, his projections are based on 1968 constant prices and are

converted to 1970 constant prices, as shown in Table 3-9.

3) Initial Capital Stocks and Inventories: The estimation of initial capital
stock by sectors is made simply by exogenously estimating‘x(1) directly and
then multipiying the estimated X(1) by the aggregated capital output ratio, b(t).
A simple estimation of X(1) exogenously is to interpolate the past
trends of outputs by sectors. The estimation of initial capital stock

and inventory levels using Song's [11] output estimation by sectors is shown

in Table 3-10.
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Table 3-9 Projection of Government Consumption (1977-1931) (8]

Sectors

10
1
12
13
14
15
16

Total

328,72
1,039.3
3,309.5
2,488.9

519,7

27.4
8,287.5
83,365.0
49,726, 4
3,883.9
10,119.9
1,996.7

105,493.4

273,346.3

(At 1970 Prices).

1978
2.693.0
30,6
275.4
336.6
1,101.6
3,580. 4
2,662.4
612.1
30.6
9,464, 2
95,875.7
57,133.7
4,192.5
11,016.7
1,224.1

115,889.3

306,118.9

{(Unit:

1979

2,914.1
34,3
274.2
ri |
1,149.9
3,874.0
2,876.8
685.7
34.1
10,493.6
109,809.3
65,515.3
4,559.7
11,999.2
342,9

127,739.5

342,832.7

in millfion won)

1980
3,152.8
38.4
307.6
384.5
Ls 307 2
4,191.0
3,114.4
769.0
38.4
11,957.8
125,191.0
74,783.9
4,960.0

13,111.3

346.0

140,801.4

1 384,454.7

1981
3,452.9
43.2
345.3
431.6
1,626.3
4,575.2
3,409.8
663.3
43.2
13,509.8

142,565.4

5,438.5
14,373.1
345.3

155,600.5

431,667.2
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Table 3-10

Sectors

10
11
12
13
14
15

16

Total

(Unit:

Initial Capital Stocks

116,475
80,872
182,224
342,00!
40,437
138,403
140,601
179,485
162,665
237,549
250,737
182,015
576,211
2,668,903
1,308,605

1,549,832

8,817,023

Estimation of Initial Capital Stocks

Million Von),

and Inventory Levels [8]

Initial Inventory Levels

199,221
63,602
69,750
86,781
67,140

169,016

65,898 .

27,018
100,749
66,361

153,751

1,069,287

75
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4., Analysis of Solution

After all the possible substitutions have been made, there remain five
key variables which are the gross domestic output X(t), the level of aggregate
consumption C(t), competitive imports M"(t), capital stocks K(t), and new
capital Z(t). Hence the linear programming model has five key variables
and seven key constraints covering the five year planning period. These
key variables can be divided into 16 1hdustria1 sectors except for C(t).
And these distribution relationship (DR), capital constraint (CC) and capital
accounting relationship (CAR) have 16 rows each through (16x16) matrix coef-
ficient multiplication. From the computational point of view, this Tinear
model has 325, i.e., (4 x 16 x 5+ 1 x 1 x 5) technological variables and 260,
ie., (3 x16 x5+ 4x1 x5) rows.

This linear programming problem required 3 minutes 715 seconds salved
by the MPS/360 computer programming using an IBM 370-158 computer. Row and
column notations used in computer printout are shown in Table 3-11. For
example row 211 indicates the first industrial sector in the third year's
distributional relationship (DR) constraints. The computer printout of the
optimal solution is presented in Table 3-12.

From the optimal solution the following two important characteristics
can be shown. First, total domestic output grows at an annual rate of around

9011
8946

0.24% {= Q\ ], but declined a small amount in the final year, as shown

in Table 3-13. It shows rapid growth of manufacturing sector, especially in the

heavy and chemical industry where the growth rate is 11.9% [= SV%;gg.)’ while

some sectors 1ike mining and social overhead capital achieved negative growth.

Secondly, turning to the national income accounts the gross national product



Table

3-1

Notations for Computer Output

1. Row (Constraints)

Year (t)
1 2 3 4 5
Row

Object 101

CG(t) 102 156 210 264 318
DR(t) 103-118 157-172  211-226  265-280  319-334
cc(t) 119-134  173-188 227-242 281-296 335-350
CAR(t) 136-151 190-205 244-259 298-313  352-367
BOP(t) 152 206 260 314 368
CIc(t) 153 207 261 315 369
Sc(t) 154 208 262 316 370

2. Column (technological variables)
Year (t)
2 3 4 5
Col.

X(t) 101-116  166-181 231-246  296-311 361-376
c(t) 117 182 247 312 377
M(t) 118-133 183-188  248-263  313-328  378-393
Z(t+1) 134-149  199-214 264-279 329-344 394-409
K(t+1) 150-165 215-230 280-295  345-360 410-425

77
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Table 3-13 Output Level by Industry .
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(Unit: Billions of 1970 Won)
Industry 1977 1978 1979 1980 1981
Agriculture,
Forestry & Fishery 1599 1463 1610 1618 1594
Mining 155 134 111 93 77
Manufacturing 4256 4705 4701 4750 4525
Heavy & Chemical
Industry 1782 2197 2267 2500 2308
Other Manu. 2474 2508 2434 2250 2217
Social Overhead
Capital (S0C) 1151 969 852 802 793
Trade, Services
to Others. (T0S) 1785 1772 1759 1748 1736
Total 8946 9043 9033 9011 8725
Source: Table 3-12
Note: Sectors 6 to 10 are classified to heavy and chemical industry;

sectors 3,4,5, and 11 to other manufacturing; SOC covers

sectors 12, 13, and 14; and trade, services, and other

sectors 15 and 16.
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as calculated from the expenditure side is the sum of private consumption
(C), government consumption (G), business investment (I+H), and the sale of
goods and services abroad minus purchases from abroad (E-M). GNP, calculated
i ¥ , [ 4[527%
this way, grows at the annual growth rate of 4.14.[ \\4486
billion Won to 5,274 billion Won as shown in Table 3-14.

) from 4,486



Table 3-14 National Income Accounts.

Classification

Consumption
Private

Government

Investment

Fixed Inv.

Inventory Inc.

Foreign Exchange
Receipts

Payments

GNP

(Unit:

1977
3579
3306

273

907
870
37

1330
1330

4486

Billions of 1970 Won)

1978
3943
3637

306

480
433
47

1560
1560

4423

1979
4343
4000

343

207
95
112

1842
1842

4550

1980
4784
4400

384

2168
2168

4784

1981
5272
4840

432

94

Source: Table 3-12
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Chapter 4
LINEAR GOAL PROGRAMMING MODEL

1. Introduction

Economic planning, especially in developing countries, is the
selection of the optimum allocation of resources among many competing
development goals. To employ this comprehensive economic planning effec-
tively, economic develiopment goals are desired to be established in a
hierarchical order of importance. Since economic pTanning problems involve
multiple goals, it has long been desired to have efficient analytical
techniques to handle this problem. Goal programming is very appropriate for
solving the economic planning problem because it can handle multiple
economic goals in such a way that goal satisfaction is based on a hierarchial
structure of priorities [2].

The linear model solved by the linear programming technique in Chapter 3
is again considered from the viewpoint of the linear goal programming
technique. Thé decision of priority level in the linear goal programming
model is very hard to make at this time, hence the author's option here is
to present two kindc of priority structure. The results obtained by the
linear goal programming model are then compared with the results obtained

by the linear programming model.

2. Model Formulation
There are two kinds of objective functions in goal programming model, and
these are the abso]ute'and nonabsolute objective functions. Among seven

types of constraints in the linear programming model, the private consumption



Additional Symbols Used in this Chapter

Variables and Parameters Dimensions for n sectors,
k activities T periods,
P priorities

a? goal achievement in the ith priority level

D;(t) ~ column vector of underachievement of the ith
objective function group in period t, i.e.,

= T - - -
[05 ()] = [dy(t) dy(t] ... ¢ (t)]

D?(t) column vector of overachievement of the ith
objective function group in period t.
d;(t) underachievement of the kth objective
function in period t
+ P i ;
dk(t) overachievement of the kth objective function
in period t
-
di . underachievement of the ith objective function
in computer printout
*
d; overachievement of the ith objective function
in computer printout
GNP (t) specified GNP goal in period t excluding
government consumption and foreign exchange
available
a(t) specified rate of growth of GNP(t)
y(t) specified rate of growth of aggregate capital

stock K{t+1) over K(t)
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constraint and the balance of payment constraint are selected as candidates
to be nonabsolute objectives, because they are assumed to be more flexible
constraints and be more meaningful objectives in the linear goal programming.
Gross national product (GNP) growth and capital stock growth are introduced
as nonabsolute cbjectives. Hence this model is composed of five kinds of

absolute objectives and four kinds of nonabsolute objectives.

2.1 Forming the absolute objective furctions.

1) Distributional relationships (DR: Ref. eq. (3.17)')
c(t)C(t) - M"(t) - s(t)X(t-1) + [a(t) -~ I - m'(t) + s(t)] X(t)

+ p(t) 2(t41) + DY(t) - Dj(t) = - E(T) - ()
t=1, cuuy T (4.1)
2) Capacity relationships (CC: Ref. eq. (3.9))

;(t) =0

-K(t) + b(t) X(t) +‘D5(t) -D
t=1, ..., T (4.2)

3} Capital accounting relationships (CAR: Ref. eq. (3.10'))
-K{t) + K(t+1) + dX(t) - p{t) Z(t+1) + D;(t) - Dy(t) = 0

t =1, ween T (4.3)

4) Competitive import ceilings (CIC: Ref. eq. (3.16)')

[ (£)17) () + um'(£) X(8) + d3,q(t) - dfy, (t) = A(ET + u E(D)
t=1, .., T (4.4)

5) Savings relationships (SC: Ref. eq. (3.23)')
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uM"(t) - us(t) X(t-1) + uis(t) + m'(t) - B][I-a(t)]} xit)

+up(t) Z(t+1) + d5,,(t) - 43 ,(t)

1, «.., T (4.5)

Bo + A(t) + u E(t) t

2.2 Forming the nonabsolute objective functions.

1) Consumption growth (CG: Ref. eq. (3.8))

[0+ p(t)] C(t) + C(t41) + d,,(t) - dy,o(t) = 0
t

n

0, e vy T"1 (4:6)
where d5k+3(t) = underachievement on grass private consumption growth

goal in period t

d;k+3(t) overachievement on gross private consumption growth

geal in period t.

2) Capital stock growth (CSG)
- +
-ulTy()] K(t) + uK(t41) + dgp 0 (t) - dgy W(t) =0

t=1, .... T (4.7)

where d5k+4(t) = underachievement on gross capital stock grbwth goal

in period t

d;k+4(t) = gverachievement on gross capital stock growth goal in

period t.

3) Balance of payment (BOP: Ref. eq. (3.13)')

WM (t) +um' (t) X(t) + d3, o (t) - d3, (t) = A(E) + uE(E)

B dy soug T (4.8)
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where d3k+5(t) = amount of foreign exchange surplus in period t
d3k+5(t) = amount of foreign exchange deficit in period t.

4) Gross national product (GNP) |
The GNP can be expressed by an expenditure concept as follows;

GNP = Consumption + Business investment + Net export

where Consumption = Private consumption + Government consumption
Business investment = New investment + Inventory increase
Net éxport = Foreign exchange available - Imports.

Government consumption and foreign exchange available can be excluded from

the GNP formulation due to their exogenous characteristics of this model

(i.e., preassigned vaiues). Hence GNP objective function becomes,
C(t) + up(t) Z(t+1) + us(t) [X(t) - X(t-1)] - um'(t) X(t)
] = +
- uM"(t) + d3k+5(t) - d3k+6(t) = GNP(t) t=1, .... T ({4.9)

where d;k+6(t) = underachievement on GNP goal in period t

d;k+6(t) overachievement on GNP goal in period t.

1]

GNP(t) projected GNP goals (set at 10% annual growth rate

(a(t) = 0.1) are shown in Table 4-1.)

2.3 Forming the achievement functions. Since at the beginning of the

simulation the decision maker's priority structure of his goals would not be
fixed, it might be desirable to simulate the model for different priority

structures. In this study two priority structures will be used.



1977
G(t) 273
Alt) + uE(t) 1330
GNP(t)* 3443
GNPRx 5045

*Right hand side value of eq. (4.9)

Table 4-1 GNP Target

(Unit: billion Won)

1978
306

1560
3684

5550

1979
343

1842

3920

6105

*k
10% annual growth rate of GNP target

4164

6715

1981

432

2605

4350

7387

102
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Priority Structure

P]: Satisfy all absolute objectives

P2. Achieve p(t) x 100% annual growth of gross private consumption
P3 Achieve y(t) x 100% annual growth of gross capital stock

4

P,: Achieve balance of payment in foreign trade
P

g Achieve a(t) x 100% annual growth of GNP

then the achievement function is;

.
Min. 4 = {tz] [up? (£) + ub () + wob(t) + ubj(t) + dby, (6) + dF, ,(8)],

T - T + T
L] 4530 [tgl Gaalls LT Gug®] L G0}

(4.10)
Priority Structure 2

P1: Satisfy all absolute objectives
Achieve «(t) x 100% annual growth of GNP

P2:
P3: Achieve balance of payment in foreign trade
P4: Achieve ¥(t) x 100% annual growth of gross capital stock
P5: Achieve p{t) x 100% annual growth of gross private consumption
the achievement function of this structure is;
Min. { I [upt(t) + ubb(t) + wi(e) + ubj(t) + df, () + df,,,(6)],
T  § T T
L1 de(t)) [L ()]s [ L L a8 L dgpgl t)]}

(4.11)
In the above two achievement functions each year's weight is assumed to
be the same within each priority level, but it is optional. A heavier
weight could be assigned to the latter years if the last year's success was

considered to be of higher merit.
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3. Analysis of Solutions

| The planning span is 5 years actually and the model formulation is

also planned for the entire 5 year period, but its computer solution is

made up to the 2nd year due to its excessive computer execution time
required. The simplified model consists of 130, i.e., (4x16x2 + 1x1x2)
téchno]ogica] variables; 108, i.e., (3x16x2 + 6x1x2) positive (d?*) and
negative (d;*) deviational variables and 5 priorities. The computer linear
goal programming code used herein was constructed by Bershader [1]. This
model is solved on an IBM 370/158 computer using FORTRAN G level with 256K
region size required. The solution is obtained after approximately 11
minutes of.execution time. (For one-year planning, it took about 1.5
minutes; for three-years planning it required more than 40 minutes.) Here
the results of 2 year economic planning with 2 kinds of priority structure
with 10% annual growth rate of private consumption, capital stock and GNP
respectively (i.e.. a(t) = y(t) = p(t) = 0.1) are presented. Notations

used in the computer printout are shown in Table 4-2. Notice that, for the
columﬁ identification, ZBAR is ai, XSTAR 1is technological variable, PSTAR is
4%

dy

deviational variable of (d;* and d?*) for the first year, and of

ak
, and NSTAR is di . For example, GNP objective function has

— * :
(d55 and dgs) for the second year. For technological variable, optimal
amount of C(1) is found in the 17th row, and C(2) in the 82th row in

column name of XSTAR.

3.1 Run-1. The result, based on the priority structure 1 with twice
the weight for the first year than that of the second year (i.e.,
a = 2di(1) + di(z)) within the same priority level, are shown in Table 4-3.

Its goal achievements are as follows;



Table 4-2 Notations for Computer Output

4 -k +%
1. Deviational variables (di and di )

2.

Year (t)
Object

GNP(t)
CG(t)
DR(t)
cc(t)
CSG(t)
CAR(t)
BOP(t)
cIc(t)
SC(t)

Technological variables

Yéar (t)

Var.

x(t)
c(t)
M(t)
Z(t+1)
K(t+1)

2
3-18
19 - 34
35
36 - 51
5¢
53
54
1
1 -16
17
18 - 33
34 - 49
50 - 65

105

2
55
56
57 - 72
73 - 88
89
90 - 105
106
107
108
g
66 - 81
82
83 - 98
99 - 114
115 - 130
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P1 is achieved (af = 0). All of the economic constraints are
satisfied.
P2 is satisfied (aE = 0). 10% annual growth of gross private

consumption is exactly achieved.
P, is partially achieved (a% = 2d5§ + dé; =0+ 146.4 = 146.4).
The first year's growth of capital stock is 10% and second
year's is 8.49% which comes from (9699 x 1.1 - 146.4)/9699 = 1.0849.
P4 is not achieved (az = 2d;; + d;;s =2 x 139.9 + 309.7 = 589.5).
The first year's import is exceed by 10.53% (139.9/1330) and
the second year's by 19.87% (309.7/1560) than that allocated.
is not achieved (ag = ZdI* + dg; =2 x432.3 + 869.8 = 1734.4).
The first year's GNP is 4164 billion Won (5046-432) and the
second is 4680 billion Won (5550-870). These are 0.58% and

1.44% of the annual growth rate respectively.

3.2 Run-2. The result, based on the priority structure 2 with the
same weight for both planning years, are shown in Table 4-4. Its goal
achievements are as follows;

P] is achieved (a? = 0). All of the economic constraints are

satisfied.

P, is not achieved (a§ = d]" + di; = 119.4 + 389.0 = 508.4).

The first year's GNP is 4927 billion Won (5046-119) and the
second is 5161 billion Won (5550-389), which are 7.41% and 4.76%
of the growth rate respectively.

is partially achieved (ag = d;; + dTSG = 134.0 + 0 = 134.0).

The first year inport volume is exceed by 10.08% (134/1330)

but the second year import volume is only 83.91% (1-251/1560)

of the allocated fund because of d;gs = 251.
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; . _ +* +* .
P4 is achieved (ai = 0). Due to d35 = 38, d89 318, the first

year's growth rate of gross capital stock is 10.43% (9699 + 38)/
8817) and the second is 12.83% ({9699 x 1.1 + 318}/(9699+38)).

- -
P5 is not achieved (ag = d2 + d56 =0+ 1294.7 = 1294.7).
*
Due to d; = 249.2, the first year's gross private consumption

growth rate is 18.3% ((3306 + 249)/3005) and the second is
-34.43% ((3636-1295)/(3306+249)).

3.3 Comparison with linear programming model. Aggregate values of five

key variables from two runs in linear goal programming and the linear pro-
gramming model of two year planning are shown in Table 4-5. Domestic
output does not vary much, but total volume from run-2 increased due to its
top priority goal of GNP. Private consumption from linear programming model
and from run-1 has the same value because maximization‘of private consumption
is one part of the objective function in the linear programming model and
also private consumption growth is top priority goal in run-1. In competitive
import side, the volume in run-2 is sharply decreased to boost the GNP
achievement as top priority level. In run-2 private consumption reduced
much, hence this amount is left for increasing new additions to fixed .
capital capacity. Fixed capital stock is relatively consistent because its
priority level among goals does not change much.

A real contribution of the linear goal programming is found in GNP
achievement. In the linear programming model GNP grows at the average
rate of 4.1%, whereas it grows 0.58% and 1.44% during the first and the
second year respectively by run-1, and 7.4% and 4.8% respectively by run-2

in the linear goal programming model.
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Table 4-5 Aggregate Values of Endogenous Variables
(Unit: Billion Won)

Var. Method 1st year 2nd year Total
- LP 9,404 9,635 19,039
¥ X; G/P  RUN-1 9,517 © 9,450 18,967

i=] RUN-2 9,389 10,129 19,518
LP 3,306 3,637 6,934

c 6/P  RUN-1 3,306 3,634 6,940

RUN-2 3,655 2,618 6,173

16 LP 922 1,120 2,042
LK G/P  RUN-1 1,021 1,477 2,498
1=1 RUN-2 1,061 844 1,905
18 LP 1,026 729 1,755
2 /P RUN-1 1,063 1,058 2,121
1= RUN-2 1,107 1,527 2,634
- Lp 9,610 10,008 19,708
LK G/P  RUN-1 9,700 10,589 20,289
=1 RUN-2 9,749 10,910 20,659

Source:

Table 4-3 and 4-4.
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CHAPTER 5
CONCLUDING REMARKS AND PROPOSAL FOR FURTHER STUDY

The results obtained in this study show that linear goal programming
is a successful analytical method for solving a multiobjective economic
planning problem. To make the 1inear goal programming technique a more
reliable planning tool for Korea, the following suggestions are made.
1. Extended Computer Run for 5 Year Planping

The planning span for Korea economic planning is 5 years and the model
is also formulated for the entire 5 year period, but its computer solution is
made up to the 2nd year only due to the excessive computer execution time
required. It is expected that around 3 hours (1.5 min. X 53) computer
execution time (using IBM 370/158 computer) is needed to solve the 5 year
planning by linear goal programming.

This amount of computer execution time is probably acceptable as a
national project. It is, however, too much for this project, so therefore
an alternative approach must be considered. One way is to reduce the number
of variables in the model. This linear goal programming model has 5 key vari-
ables which are composed of 16 industrial sectors with a 5 year planning span,
_hence the model hés 325 (i.e., 4 x 16 x 5+ 1 x 1 x 5) technological variables
and 270 (i.e., 3 x 16 i 5+ 6 x 1 x 5) positive and negative deviational
variables. If we aggregate 16 industrial sectors into 8 sectors, this model
will have 165 (i.e., 4 x 8 x 5+ 1 x 1 x b) technological variables and
150 (i.e., 3. x 8 x 5+ 6 x 1 x 5) positive and negative variables, and it

may be solved within 25 minutes (1.5 min x 53/23). But if the number of
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variables used in the model is too small, the model will not reflect a sharp
image of the real economic situation. '

Another way considered is to use what is called here "Sequential Linear
Programming" technique. This is the maximization/minimization of priority
one nonabsolute objective first within the feasible solution set formed
by all the other objectives. Then maximize/minimize priority two nonabsolute
objective within the feasible solution set formed by low/upper bound of the
attained priority one nonabsolute objective as well as the other objectives,
and so on. As long as goals are conflicting, it may not form any feasible
region which is the necessary condition in the linear programming. Hence
this rationale can not be utilized. The solution of this model run by the
linear programming technique using this algorithm turns out to be infeasible.
It indicates that the selected goals in the linear goal programming model are
conflicting in one way or the other.
2. Modification of Priority Level

After initial solutions with the different priority structure have been
made, the lincar goal programming technique gives the planner a chance to
review hierarchical structure of priority among goals. Regrouping or change
of priority level can be considered. The best attainable solution of this

economic model can be obtained with this modification procedure.



A GOAL PROGRAMMING MODEL FOR
KOREAN ECONOMIC PLANNING

by

KWANGSUN YOON

B.S. (C.E.), Seoul National University, Korea, 1971

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requfrements for the degree

MASTER OF SCIENCE

Department of Industrial Engineering

KANSAS STATE UNIVERSITY

Manhattan, Kansas

1977



Many economic planning problems are composed of multiple objectives
or goals which the planner wishes to achjeve. Furthermore, the degree of
importance of these goals are not equal. Because of these characteristics
of planning problems, analytical techniques which can efficiently solve
this type of problem are desired. Linear goal proprogramming, which is
a relatively new analytical techniqﬁe, is introduced to handle multiple
objective planning problems.

Eckaus and Parikh's multisectoral dynamic model is reorganized fdr the
Fourth Five-Year Plan of Korea so as to apply the 1inear goal programming
technique. Chosen economic goals in the model are GNP growth, private
consumption growth, capital stock growth and balance of payment in foreign
trade. Two kinds of priority structures are tried. The solutions from
both linear programming model and linear goal programming model are compared.

While certain improvements are needed to make it a reliable planning
tool for Korea, linear goal programming is shown to Ee a suitable technique

for the economic planning problems.



