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ABSTRACT

In many real life problems, one is usually confronted with several objectives,
which are in mutua conflict. In this paper, multi-objective decision making is
obtained, based on a mathematical modd by interpol ating multi-objective functions
with weights functions coefficients, instead of constant coefficients. Some theories
and computational results are presented to point out the efficiency of our mode
and the implemented approach.

Keywords: linear programming , optimization , non-linear programming , multi-
obj ective function.
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INTRODUCTION
n many real life — problems ,one is usualy confronted with severd objectives,
which are in mutual conflict .Multi — objective programming, and their
optimization methods are difficult to use because human subjectivity in an
integral part of them .We cannot just formulate a modd and leave it to an
optimization expert to calculate an optimal solution. Many agorithms appeared in
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the literature have been designed to obtain solutions to decision problems which
must accomplish with multiple objectives .Each agorithm has its own daim of
power .Decision maker may not be able to select an appropriate procedure to
support the decision making ( DM ).The lack of guiddines in the sdlection of Multi
— Objectives Decision Making ( MODM) algorithm is partially reflected in the fact
that not many. Empirical tests have been reported in the literature various models

applying them in a real — world setting. Applications which use only illustrative
data may also mislead the practitioner to believe that the model may be practical in
a wider setting. From the manageriad point of view, there is a need to investigate
which method would be better in what situations. Many of the recent works deals
with the determination of efficient and methodologies are frequently developed in
the theoretical sense without addressing the practically of solutions set, and with
their utilization in solving problems. Number of researches effort in an area
known as "Efficient Solution" is constructed "local efficiency " sets. A motivated
some works are discussed in the context of "proper efficiency” ,see[2 1 & [6].

In this paper, multi — objective decision making is obtained, based on a
mathematical modd by interpolating multi — objectives functions with weights
variable coefficients. Some theories and experimental results are presented to point
out how efficiency our model and procedure is good.

The Praoblem
Multi — objective optimization problem can be stated as follows :

Find X = (¢, ,%, ..., %,;)7 ,which;

maximize ; f,(X),f, (X),..., fr(X), (1)
subject to:
g:(X) <0, fori=12,.,1I

Where any or al of the functions
X)(k=12,..,K) & g;,(X)(i=1,2,..,1) may benonlinear.

Definition (1): A point (X € 5) issaidto beefficient in Swith respect to
fiX),if 3 YES with f,(V) = f,(X).
The set of al such points (X € .5) is denoted by ;
E(X,f)={XesS:aY¥Yes with L, V)= fi,(X)}

M ode formulation
Multi — objectives decision making ( MODM ) procedures seek to obtain the

"most preferred” of the feasible solutions across al the objectives which the
decision maker wishes to optimize. Usually ,no solution can be found which allows
concurrent optimization of all objectives ,because of the conflicting nature of the
individual  objective .For instance ,an objective rdated to reduction the
manufacturing costs may conflict to an objective of maintain full employment.

Nearly ,al theliteratures{ see[ 5],[9],[ 7] } ,who proposed the properties of

different types of solution sets, with respect to linear combination of the origina
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objective functions ,in which the coefficients are constants, denoted by ( £, ) with

(0=t <1l)and(Xp_, t,=1)

In this paper, in order to construct an efficient solution set, we are finding
more suitable values of these coefficients, by considering K optimum solutions
points as the base points in constructing new weight coefficients as variables
functions, denoted by t;, (X),defined as

i .
£C0 = Thewt (o) (2)
Therefore, a new multi-objective functions problem can be formulated as
following:

F(X)=2F; t:(X) fi (X) )

subject to:

g, X) =0, fori—1,2,..,1

©)
th <t,(x) < t¥ f

J
where ( tf: & t1' ) are the given lower and upper bounds of the weight function

for{ f;, (X)},and (Xk”) are the optimum points of { 7, (X) }, which is unique

vector and in practical problems, such a vector is aways unfeasible (otherwise
there would be no conflicts), but it is conceivable that the nearest feasible solution
could be an acceptable compromise for the decision maker.

Let §' = {X € R™I, < X* < 1.}, where
I, = min, {X*}, & u, = max;, {X*} thenwewould satethe
following definition;
Definition (2 ): A point (X € §' ) is sad to be global eficient in () with
respectto F(X) if AYES withF(Y)=F (X)),
G(S,F)={X € §:AY € S ,withF(Y)=F (X))}
Therefore, the problem ( 1) can be reformulated as following;

Minimize dg = ( XX |F (X)) —fi (X*)|[Da

Subject to:
gi(Xs)<0, i=1,.,L
fiitk(ngliit“. k=1,.. K > @)
i (X9 =1
J
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Where, 1 < @ =< o€, designates the norm in the objective space, X ¢ is the

effident solution of F(X) that minimized da, and X isthe optimum solution

of the problem: 3\
max fi, (X), k=1,..K

subject to: O
g:(X)=0,i=1,..,L

Theorem: £ (5,f.) © G(S,F)

Proof: / Le X€G(S F ) that meens

AYe S, s.t. F(Y)=F(X)

And since { 3V € 5/} it means that we have either { V' € S /Sy (ie

Y € S)whichisof nointerest ,or (¥ € §) with f,(Y) = fi.(X) ad

thameans X & E(S, f, ).

Cordlary: G( S F ) beindependent of the ordering of the components of ( F).

The Approach and Computational Results
The optimum vaue for each objective funcion {fi (X¥)}  ae

calcul ated,then we solve the problem (5). The percentage of { d } ( for certain

valueof ¢t )iscaculated. This can be demonstrated in the following steps:
1) Solve problem (5) for al k, k=1,...,K

2) Formulate F(X) from (2) and (3),

3)_Solve problem (4), to find X©.

In order to point out the efficiency of our model ,and the proposed approach man
experiment is designed to include the following factors:

a- the number of objective [ (X),
b - the number of constrains g, (X) < 0,i=1,....m

¢ - the number of decision variables x,,(n = 1,2, ...N)

The problem sets generated for this research contain hypothetical situations with
the restriction number of objectives ,constraints and decision variables. The result
is presented in the table (1), which show as that an acceptable convergence on {

X} is obtained , since % d,  represent the percentage variance between x°

and each optimum solution for f, (X)

Discussion and Conclusions

Although there have been several decades of research in MODM, the reported
successful  applications are far less than what had been promised. Recent
developments in computer technology bring new promises to the applications of
MODM modds. Spedificaly, the use of computer graphics may greatly facilitate
the process of interactive decision making. As we mentioned before, there is a lack
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of guidelines in helping users to sdect the appropriate MODM agorithm We
found that the use of our modd and the procedure is preferred when the accuracy
of the solution is the critical factor in sdecting an interactive multi — objectives
decision making .In any case, the performance of our procedure is quite good.

We are suggested that, further development area is in creating software, which
permit the application of such technique in stand — alone decision support system.
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Table (1) Computational Efficiency

No. of abj. Problemsize (Nxm) | o4 d,.
functs.(j)
2 8 x 12 0.08
3 13 x 17 0.10
4 14 x 19 0.12
5 18 x 25 0.15
6 22 x 30 0.19
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