Krishnapada Das/ International Journal of New Technologies in Science and Engineering
Vol. 2, Issue. 4,0ctober 2015, ISSN 2349-0780

An Approach to Solve Fully Fuzzy Multi-
Objective Linear Programming Problems

Krishnapada Das

Department Of Mathematics, Karimganj College, Karimganj, Assam, India, PIN-788710

Abstract: This paper focuses on the study of fully fuzzy multi-objective linear
programming problem (FFMOLPP). Here the cost coefficient, the coefficient matrix and
the requirement vector all are characterized by triangular fuzzy numbers. Also the fuzzy
variable is considered as triangular fuzzy variable. Applying algebraic operations, the
FFEMOLPP is converted into multi-objective linear programming problem in crisp
environment. Additive weighting method is applied to convert the crisp multi-objective
linear programming problem into a single-objective linear programming problem and then
by simplex method the problem is solved. The proposed method is illustrated by an
example.
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1. INTRODUCTION

Linear programming problem is one of the most widely used optimization techniques. It involves
a linear function to be optimized (maximization or minimization) with a set of linear constraints.
In many real life applications where one may have to optimize a set of linear functions of the
same set of decision variables with a set of constraints. In practice the values of the parameters
are assigned by the decision makers or experts. However the decision makers and the experts
may not be able to assign the exact values of the parameters. In those cases we consider fuzzy
data. Bellman and Zadeh [10] first proposed the concept of decision making problems in fuzzy
environment.Zimmerman [3] introduced fuzzy linear programming problems with several
objective functions. Purnima Pandit [9] discussed fuzzy multi-objective linear programming
problems with several objective functions.

In this paper, we propose a method for solving a fully fuzzy multi-objective linear programming
problem where the costs/profits, technological coefficients in the constraints and the resources
are triangular fuzzy numbers. Also we consider the decision variables as triangular fuzzy
variables.

2. PRELIMINARIES

Definition: 1 (Fuzzy Set): Let X be a universal set. Then a fuzzy subset Aof X is defined by its
membership function 4, : X —[0,1], which assigns a real number x,(x) in the interval [0,1]; to

each element x of X, where u,(x) represents the grade of membership of x in A.
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Definition: 2 (Support of a fuzzy set): The support of a fuzzy set A on X is the crisp set of
those points x of X atwhich u,(x) is positive and is denoted by Supp(A) , i.e.,

Supp(A) ={x € X : u;(x) > 0}.

Definition: 3 (Height of a fuzzy set): The height of a fuzzy set A is denoted and defined by
Hgt(A) = Sup{u;(X) : x e X}.

Definition: 4 (Normal fuzzy set): A fuzzy set A on X is called a normal fuzzy set if its height is
unity, i.e., u,(x)=1, for some xe X. If a fuzzy set is not normal it is called a subnormal fuzzy

set.

Definition: 5 (Convex fuzzy set): A fuzzy set A in X =R" is said to be convex if
pa(AX + (L= 2)%,) 2 mindu; (%), 15 (%,)} VX, %, € X, 4 €[0,1].

Definition: 6 (Fuzzy number): A fuzzy number is a fuzzy set on the real line R which is normal,
convex and its membership function is piecewise continuous.

A fuzzy number A is called a positive fuzzy number if 1;(x)=0,vx<0 and a negative fuzzy
number if u,(x) =0,vx>0.

Definition: 7 (Triangular fuzzy number): A fuzzy numberf denoted byf = (t,t,t) is called a
triangular fuzzy number if its member function is given by

XZUHL i tt<x<t
t+t—x . -

e (X) = . ,IF <X <t+t
0, otherwise

3. Operations on fuzzy numbers defined

Let £ = (t,t,,t,) and f, = (t,.t,,t,) be two triangular fuzzy numbers and ‘k’ is any real number.

We define the following operations
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L+E =L+t L+ L +),

f1_t~2 =(t, _t21t_1+t_2’tz+€)

K, = (k< [k, K] )

flfz = (t1t2’t_1t_2’t:€)

Theorem: Let f = (t,t,t,)and{, = (tz,tz,ﬂ) be two triangular fuzzy numbers. Thenf, ={,if and

onlyif t, =t,,t, =t,,t, =t, and £ <f, if t, <t,,t =t <t,—t,,t, +1, <t, +1,.

4. FULLY FUZZY MULTI-OBJECTIVE LINEAR PROGRAMMING PROBLEMS
(FFMOLPP):

The general form of a FFMOLPP is as follows:

max Z(X) =[Z*(X), Z*(X),....Z* (%]

st.XeS = {f( e R": A% <b, X is positive}
where Z~‘:’(x)—Zn:C:p~ p=12,..k
A= (&) D=(5)
The problem after simplification becomes
max Z (X) =[Z*(%), Z*(X),....,Z* (%],
where Z?(X) =ZH:CJP>”<J., p=12.k

T

n ~
st. > &%, <b, each X; is positive.
1

Equivalently
max Z (%) = [Z1(%), Z2(%),..... Z*(%)],

where Z°(%) = > ¢’ :(chpxj,chpxj,Zc?x_j), p=12,.k
1 1 1

And each x; is positive.
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Now each fuzzy objective function gives rise to three crisp objective functions and as there are k
fuzzy objective functions so there are a total of 3k crisp objective functions. Also the theorem on
fuzzy inequality stated above gives 3m crisp constraints. At the same time since each of the n
fuzzy variable is positive so there are additional n crisp constraints. So the total number of crisp
constraints is 3m+n.

Now the FFMOLPP finally becomes

max[Z}',Z2,',2.},2%,2,2,2+,,,2, 2,1, Z,]

Where, Z,°” =Y ¢,°X;,Z,° =Y _¢,°x;, Z,° =ZCTZ, 1<p<k
1 1T

subject to

n

n n - J—
2% <b, Y ax _leai'ﬁébi -b, ;aijxj +;aijxi <b;+h
<

1

1
xj—szo, 1<i<m, 1

This is a crisp multi-objective linear programming problem and its efficient solution can be
obtained which will give the fuzzy optimal solution to the FFMOLPP. The method precedes by
an example.

Let us consider the problem from [9] with fuzzy decision variables.

Find % = (%, X,) such that max(Z'(X) = €%, +€3%,,Z*(X) = €%, +€2%,)

s.t.

(3,2,1)% +(6,4,1)%, < (13,5,2)

(4,1,2)% +(6,5,4)%, <(7,4,2)

X, and X, are positive.

where ¢}, ¢;, €., G are given by (10,3,4), (25,5,10), (14,4,11), (35,10,5) respectively.

This problem is equivalent to the crisp multi-objective linear programming problem

10x, +25x,,3x, + 5x2,4Z+1OX_2
max -
14x +35x,,4x, +10x,,11x, +5X,

Subject to the constraints
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3x, +6Xx, <13

3% +6X, —2x, —4x, <8
3x1+6x2+Z+x_2§15
4x +6x,<7

4% +6X%, =X —5%, <3
4x1+6x2+22+4x_2£9
&—ﬁzo

X, =%, 20

Xy Xg1 Xy, X, X, X 20

Equivalently

max w, (10X, +25X,) + W, (3%, +5X,) + W, (4%, +10x,) + W, (14x, +35X,) + W, (4%, +10X,) + W, (11x, +5X,)

subject to (1).

This MOLPP is solved by weighting method. The pareto-optimal solutions for different weights
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is given by the following table.

Wl WZ WS W4 W5 W6 ()?1 ’ )A(’Z ) Z ! Z 2

03 |01 |01 [03 |01 |01 [(001) (1.16667,1.16667,0) | (29.16675,5.83354) (40.83345,11.6667,11)
02 |02 |01 [02 |02 |01 [(001) (1.16667,1.16667,0) | (29.16675,5.83354) (40.83345,11.6667,11)
02 |01 |02 [02 |01 |02 [(001) (1.16667,1.16667,0) | (29.16675,5.83354) (40.83345,11.6667,11)
02 |02 |02 [02 |02 |02 [(001), (1.16667,1.16667,0) | (29.16675,5.8335,4) (40.83345,11.6667,11)
05 |05 |05 |05 |05 |05 |(00,1) (1.16667,1.16667,0) | (29.16675,5.8335,4) (40.83345,11.6667,11)
10 |10 |10 |10 |10 |10 | (00.), (116667,1.16667,0) | (29.16675,5.8335,4) (40.83345,11.6667,11)
05 |00 |00 [05 [00 |00 [(000) (1.16667,0.8,0) (29.16675,4,0) (40.83345,8,0)

04 |01 |00 [04 |01 |00 [(000) (1.16667,1.16667,0) | (29.16675,5.8335,0) (40.83345,11.6667,0)
10 |10 |00 |10 |10 |00 | (000), (116667,1.16667,0) | (29.16675,5.8335,0) (40.83345,11.6667,0)
05 |00 |00 [05 [00 |00 [(000) (1.16667,0.8,0) (29.16675,4,0) (40.83345,8,0)

04 |00 |01 |04 [00 |01 [(001) (1.16667,0.8,0) (29.16675,4,4) (40.83345,8,11)

10 [00 |10 [10 [00 |10 |(00,),(1.16667,0.8,0) (29.16675,4,4) (40.83345,8,11)
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Conclusion:

In this paper we have presented a method for solving a FFMOLPP with fuzzy variables. The
method is illustrated with an example.
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