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ABSTRACT

A new method has been proposed by Senthilkumar and
Rajendran [1] for solving fuzzy linear programming problem
in parametric form. This paper extends this method for
solving multi-objective fuzzy linear programming problem
with fuzzy variables in parametric form. To obtain optimal
solution, problem is converted into two auxiliary crisp linear
programming problems corresponding to each objective
functions. A numerical example is given to check the
feasibility of the proposed method.

Keywords: Multi objective fuzzy linear programming, fuzzy
number.

1. INTRODUCTION

The concept of decision making in fuzzy environment is
proposed by Bellman and Zadeh [2]. Zimmermann [3]
proposed the first formulation of fuzzy linear programming.
Subsequently, a number of researchers have studied various
types of fuzzy linear programming problems, such as many
authors solved these problems [4], [5], [6] by using different
approaches. Allahviranloo et.al.[7] proposed a new method
for solving fully fuzzy linear programming problem by
applying the concept of comparison of fuzzy numbers. Kumar
and Kaur [8] introduced a new method for solving fuzzy
linear programming problem with trapezoidal fuzzy numbers.
Roseline and Amirtharaj [9] solved a fuzzy linear
programming problem by using o-cut and ranking function.
Cadenas and Verdegay [10] studied a linear programming
problem in which all its elements are defined as fuzzy sets.
Senthilkumar and Rajendran [1] solved fuzzy linear
programming problem in parametric form. Stanciulescu
et.al[11] proposed a new method in which fuzzy decision
variables have been considered for solving multi objective
fuzzy linear programming problems. Cadenas and Verdegay
[12] solved multi objective fuzzy linear programming
problem by using ranking function. In this work, a new
method has been proposed to solve multi-objective linear
programming problems with fuzzy variables in parametric
form. The constant on right hand side have also been
considered as fuzzy numbers in parametric form. One
numerical example has been presented to illustrate the
proposed method.

2. PRELIMINARIES

A review of some definitions related to the present work is as
follows:

Definition: A fuzzy number is a map f:R — [0,1] which
satisfies [13]:

1. fis upper semi-continuous.
2. f(x) = 0, outside some interval[c,d] < R.

3. There exist real numbers a, b such that
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c<a<b<d,where

a) f(x) is monotonic increasing on [c,a] c R.
b) f(x) is monotonic decreasing on[b,d] < R.
c) f(x)=1VxE€E]Jahb].

Definition: An arbitrary fuzzy number in parametric form
[14] is represented by an ordered pair of

functions( f(r),?(r)), 0 <r<1, which satisfies following
requirements:

1. f(r) is a bounded and monotonic increasing left
continuous function over [0,1].

2. f(r) is a bounded and monotonic decreasing left
continuous function over [0,1].

3. f(r) <f(r),0<r<1.

Arithmetic on parametric fuzzy numbers:

Let x=(x(r),X(r)) and y = (y(r),y(r)) be two fuzzy
numbers in parametric form and k be a scalar then arithmetic
on parametric fuzzy numbers defined as [14]:

1. x=yiffx(r) = X(r) and X(r) = y(r).

2. x+y= &0 +y@),x@) +30).

3. kx = (kx(r),kx(r)) if k is non-negative and
kx = (ki(r), kg(r)) if k is negative.

Definition: A fuzzy linear programming problem in
parametric form is defined as [1]:

Max /MinZ = cX
Subject to
AX< (=or=)b,%>0,
where,
¢ = (¢4, ¢; ...Ccy) IS NON-negative crisp vector,
A = [ajj]mxn i NON-negative crisp matrix,
% = (X1,%, ...%,) and

b = (by,b; ... by,) are non-negative fuzzy vectors such that %;

and b; 1 <j < n,1 <i < m are fuzzy numbers in parametric
form.

Definition: A multi objective fuzzy linear programming
problem is defined as follows:

Max/Min z,(%),p = 1,2 ...k
Subject to

A% < (= or )b, x>0,
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where,
z,(%) = C,%,

Cp = (Cpq,Cpy, ...Cp,) are non-negative crisp vectors for
p=12 ..k

A = [ajj]mxn IS NON-Negative crisp matrix,

%= (%,%..%,) and b= (b;,b,..b,) are non-negative
fuzzy vectors such that %; and b,1<j<nl1<i<m are
fuzzy numbers in parametric form.

3. PROCEDURE TO FIND OPTIMAL
SOLUTION FOR MULTI
OBJECTIVE FUZZY LINEAR
PROGRAMMING PROBLEMS
[MOFLPP].

Consider the multi objective fuzzy linear programming
problem

Max/Minz, (%) p=1,2..k j=1,2..n
Subject to
a1 % +ag%; + .+ a%, < by
ay1%y +agp%, + ..+ ag%, < b,
(3.1)

1% +ama% + et apn &y < by
%y, %y o %y = 0,

The above MOFLPP can be written in standard form as
Max/Min z, (x;,%;) where p=1,2..kand j=1,2..n
Subject to (3.2)

a1 (%1, %) + ot 2 (X0, %n) = (hi(l‘),gi(r)),
fori=1,2..m.

x,%>0,j=12..n

3.1 Steps to Solve MOFLPP

Step- I: Replace ras0and 1 in (3.2) to get two auxiliary
multi objective fuzzy linear programming problems.

Step- II: For r = 0, (3.2) changes into crisp multi objective
linear programming problem (MOLPP), as follows

Max/Minz,(x’, %) p=12, ..k
Subject to (3.3)

i (0, %0) + ot 2 (x2,%0) < (b (0),b,(0)) fori =
1,2 ..m,

x0,% >0forj=1,2..n.

Step-III: Split (3.3.) into two MOLPP corresponding to
r =0, which are as follow:

Max/Minz,x) i=1,2..k

Subject to (3.4)
aj1x} +apxd + ... +apx) < b;(0)

fori=1,2..m,
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x) 2 0forj=1,2..n,

and

Max/Min zpijo

Subject to (3.5)

p=12.k

ailig + aizig + ...+ ainig < BI(O)
fori=1,2..m,
X >0forj=12..n.

Solving (3.4) and (3.5) separately to obtain optimal solutions
of two MOLPP for r =0 as follows:

0,0 L0
X7, %3, X3 . x{
-0 -0 -0 =0
X1,X2, X3 . Xp (3.6)

Step-IV: Replace r = 1 in (3.2) to get
Max/Minz,(x",%)  p=12..k
Subject to 3.7)
2 (¢, X1) + -+ + 2 (x5, %) < (0i(1), b, (1))
fori=1,2..m, x,% >0forj=1,2..n.

Step-V: split (3.7) into two MOLPP corresponding to r = 1
which are as follow:

Max/Minz,x!  p=1,2..k

Subject to (3.8)
ajx{ +apx; + .. +apxy < bi(1)
fori=1,2..mand x' > 0forj=1,2..n,

and

Max/Minz,X p=1,2..k

Subject to (3.9)
ailii + aizié + ..+ ainirl1 < Bi(l)
fori=1,2..mand% >0forj=1,2..n

Solve (3.8) and (3.9) separately to obtain optimal solutions of
two MOLPPs for r = 1 as follows:

141 1 o1
X1,X2,X3 .. Xp

X1, %5, X5, . X (3.10)

Step-VI: Now use optimal solutions (3.6) and (3.10) in

1 0 0
i_(Xi Xj)r+xi
"= (x! —x0)r+x°
i (X] XJ)I‘ X]

Using these, calculate &; = (x;,%;) forj=1,2..n

| ]2<

>

to obtain optimal solution of (3.2).

Step-VII: Finally substitute the values of &, j=1,2...n in
(3.2) to get optimal values for each objective function z,
p=12.k

4. EXAMPLE
Consider the following parametric form of MOFLPP

Max Z1 = )’21"' 45‘(2
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Max z, =2%;+ 5%,

Subject to

3% +%, < (30 + 1,42 — 1)

51+ 7%, < (22 + 1,32 — 1)
%,%,=0and0<r<1.

The above MOFLPP can be written as:
Max z; = (X_l,@ + 4(X_2,§)

Max z, = 2 (X_l,ﬂ) + S(X_z,@

Subject to 4.1)
3(x0 %) + (x2%) < (30 +1,42-1)
(X_l,ﬁ) +7 (X_z,ﬁ) <(22+r1,32-r).
X_l,ﬂ,x_z,g >0and0<r<1

First replace r as 0 then (4.1) becomes
Maxz; = (x{,%1) + 4(x3, %)

Maxz, = 2(x}, %)) + 5(x3,%7)

Subject to 4.2)
3(x0.%1) + (x8,%2) < (30,42)

(x9,%)) + 7(x0, %)) < (22,32)

0350 00
Xi,X1,X3,X2 = 0.

There are two auxiliary crisp Multi objective Linear

programming Problem (MOLPP) corresponding to r =0
Max z; = x? + 4x9
Max z, = 2x? + 5x3

Subject to (4.3)
3x) +x3 <30

x) +7x3 <22

X1,%3 20

and

Max z; = i(l) + 4§(2)

Max z, = 2§(1) + 5§2

Subject to 4.4)
3%) + Xy < 42

) + 7%y < 32

%,% >0

The optimal solution of (4.3) is

x)=94,x3=18 (4.5)
Similarly the optimal solution of (4.4) is

% =131, % =27 (4.6)
Solving (4.1) forr =1

Maxz; = (x},%1) + 4(x3,%3)
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Max 7, = (s, %1) + 5(xb %2)

Subject to 4.7)
3(xL, %) + (x5,%) < (31,41)

(xL,x1) + 7(xb, %) < (23,31)

x},%,x5,%; 2 0.

There are two auxiliary crisp MOLPP corresponding to
r=1

Max z; = x{ + 4x}

Max z, = 2x} + 5x3

Subject to (4.8)

3x} +x3 <31
xi+7x3 <23
X1,x5 =0,

and

Max z, = ii + 4?;

Max z, = Zﬁ + 5§§

Subject to 4.9

3% +Xp < 41
X + 7%y < 31
%1, % > 0.

The optimal solution of (4.8) is

xi =97 x1=19 (4.10)

Similarly the optimal solution of (4.9) is

% =128 % =26 (4.11)

Now using optimal solutions (4.5), (4.6), (4.10) and (4.11) in

formula:

— (1 _ 0 0
X]-—(Xj X]-)I‘+X_]-

X = (9.7 = 9.4)r+9.4 = (0.3r +9.4)

X = (12.8 - 13.D)r+13.1 = (=0.3r + 13.1)
x2 = (19— 18)r + 1.8 = (0.1r + 1.8)

X = (26 —2.7)r+ 2.7 = (—0.1r + 2.7)

Thus optimal solution is

% = (x_la) = (0.3r + 9.4,—0.3r + 13.1) and
% = (%, %) = (0.r + 18,~0.1r + 2.7)

The optimal values of objective functions are:

% = (10,%) + 4 (2 %)

={(03r+94,-0.3r+13.1)
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+4(0.1r + 1.8,—0.1r + 2.7)}
= (0.7r + 16.6,23.9 — 0.7r)

and
2= 2 (x0,%) +5 (0 %)
={2(03r+9.4,—0.3r + 13.1)
+5(0.1r + 1.8,—0.1r + 2.7)}

=2(0.3r+ 9.4,—0.+13.1) 4+ 5(0.1r + 1.8, =0.1r + 2.7)
= (27.8 + 1.1r,39.7 — 1.1r).

5. CONCLUSION

Senthilkumar and Rajendran [1] have represented the FLPP in
parametric form. In this paper, we have represented MOFLPP
in parametric form. Ranking function can be used in
parametric form. The method is illustrated with the help of
numerical example.
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