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Abgtract. The paper focuses its attention on solving Muljective intuitionistic fuzzy
linear programming problem and Multi-objective iitibnistic fuzzy linear fractional
programming problem by using weighting factor inieththe constraints and the cost
coefficients are intuitionistic fuzzy numbers. Waigg factor is used to convert
problems that are multi-objective into single olijge and then it is solved by simplex
method for different weights. Finally, a numeriedample is provided to check the
feasibility of the proposed method.
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1. Introduction

Zimmermann (1978) first discussed the concept afyuMulti-objective mathematical
programming problems. Optimization in fuzzy enviment was further studied and was
applied in various areas by many researchers. d@dtov (1986) introduced the
intuitionistic fuzzy sets as a powerful extensidriuzzy set by adding an additional non-
membership degree, which may express more aburatahtflexible information as
compared with the fuzzy set. Recently, the researcintuitionistic fuzzy numbers has
received a little attention and several definitioh intuitionistic fuzzy numbers and
ranking methods have been proposed. The conceagpitimhization in intuitionistic fuzzy
environment was given by Angelov (1997). Dubey al, (2012) studied linear
programming problem in intuitionistic fuzzy enviment using intuitionistic fuzzy
number and interval uncertainty in fuzzy numbers.

Linear Fractional Programming (LFP) pesbs are a special type of non-linear
programming problems in which the objective funetis a ratio of linear functions and
the constraints are linear functions. In real $ifiwiations, linear fractional models arise in
decision making such as construction planning, eecon and commercial planning,
health care and hospital planning. Several methd8sjalinov,2003;Stancu-

179



R.Sophia Porchelvi and S.Rukmani

Minasian,1997,2006) have been recommended to doRRe Problems. Isbell and
Marlow (1956) first identified an example of LFPoBtems and solved it by a sequence
of linear programming problems. Charnes and Cod®62) considered variable
transformation method to solve LFP and the updatgéctive function method were
developed for solving the LFP problem by Bitran &lavaes (1973).

Multi-objective optimization is the pess of simultaneously optimizing two or
more conflicting objectives subject to certain deaiats. In many real world problems,
there are situations where multiple objectives i@y more appropriate rather than
considering single objective. However, in such sasmphasis is on efficient solutions,
which are optimal in a certain multi-objective sens

Thakreet al., [6] solved Multi-objective fuzzy linear programmingroblem
(MOFLPP) and I.M. Stancu-Minasiat al.,[11] solved Multi-objective fuzzy fractional
linear programming problem (MOFFLPP) using weigbtfactor under constraints with
fuzzy coefficients. Based on these papers, we @pto solve Multi-objective
intuitionistic fuzzy linear programming problem (NELPP) and Multi-objective
intuitionistic fuzzy linear fractional programmingroblem (MOIFLFPP)  with
intuitionistic fuzzy coefficients using weightingdtor.

The paper is organized as follows : ®&c# briefly describes some basic concepts
on intuitionistic fuzzy set, weighting factor andndar fractional programming.
Algorithms for solving the multi-objective Intuitiistic fuzzy linear programming
problem and Multi-objective intuitionistic fuzzyniear fractional programming problem
are developed in section 3. Numerical examplessahged in section 4 to demonstrate
the efficiency of proposed method. Finally the pap&oncluded in section 5.

2. Preliminaries

2.1. Basic definitions

Definition 2.1.1. An Intuitionistic fuzzy sets (IFS) Aassigns to each elementof the
universe X to a membership degreg(x)e[0,1] and a non-membershig; (x)e[0,1]
such thatz(x) +vz(x) <1 . An IFS A is mathematically, represented {<as
X, Uz (x),vz(x) >/x € X}. The valuemz(x) = (1 — uz(x)) —vz(x)) is called the
degree ohesistancyor theintuitionisticindex of x toa.

Definition 2.1.2. An Intuitionistic Fuzzy Setd = {(x,u,(x),v,(x) | x € X)}of the real
line is called anntuitionistic Fuzzy Number (IFN) if

a) Ais IF-normal,

b) Ais IF-convex

C) U4 is upper semicontinuous amglis lower semicontinuous,

d A={x€X|vy(x) < 1}is bounded.

From the definition given above we get at once fbatany IFN A there exists eight
numbers ga, & ag by by by by€ R such that e < b< &< &< bs< ay< b, and four
functions  £,0a,haka : R = [0,1], called the sides of a intuitionistic fuzzy number
where f, and lg are nondecreasing and gnd la are nonincreasing, such that we can
describe anember ship fuction u4 in form
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0 if X<a,
f,(x) if a<x<a,
1 if a,<x<a,,
9.9 if  a,<x
while anonmember ship functionv, has a following form
0o Iif Xx<b,
h,(x) if b <x<b,,
1 if b,<x<b,,
Ka(x) if b, <x

HUa(X) =

Ha(X) =

Definition 2.1.3. A is trapezoidal intuitionistic fuzzy number with parameters ka, <

b,< &< &< bs< a,<b, is denoted by A = (ba, b,, & ,a& ,b; ,a ,by)
In this case , the membership and non-membershigifuns are

0 if X<a,
X-a | .
L if < X< a,,
2% 1 asxsa,
HA(X) = 1 if a,<x<a,
X-a, | .
if a,<x<a,,
R(ae_azt]
if a, <X

0
0 if  x<b,
4x_ ] if b <x<h,

b, —b,
Va(X) = 1 if b,<x<hb,,
%X_mj if b,<x<b,,
b, -b,
0 if b, <x

If b,=bs in a trapezoidal intuitionistic fuzzy number Athen it gives atriangular
intuitionistic fuzzy number (TrIFN) with parameters jga< b, (&= &= bs) < a<
bs, and denoted by A = (pa, b, ,a ,by)

Definition 2.1.4. An ordered weighted averaging (OWA) operators of dimension n is a
mapping f : R" - R that has an associated n vector W
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such that ().w; O[01] (2).> w, =1
Definition 2.1.5. A Fractional linear programming problem is defined as

cX+ p

Max Z =
dx+q
Subjectto AX<B, X>0

where ¢ =(¢C,....¢) , d=(d,dy,....d,), B= (bl,bg,....bﬂ)T ,
XOR", xOX, p and g are scalar and A5]iam

Definition 2.1.6. A Multi objective fractional linear programming problem is
defined as

F (%)
Max Zz= ———— i=1,2....k
g; (X)
Subjectto AXB, X>0

where B= (Bby,....by)" , XOR", xOX, and A=[g]nm
fix) =cx+p and ) =dx+qg,c=(¢C,....¢) , d=(d,dy,....d,), p and q are scalar

2.2. Intuitionistic fuzzy linear programming problem
Consider the multi-objective intuitionistic fuzapéar programming problem(MOIFLPP)
with cost of decision variables are in intuitionisuzzy number and coefficient matrix of
constraints are in triangular intuitionistic fuzaymber.

n

Max Z C)Xj

j=1
Subject to (2.2.1)

z {Casj, bijrcip)aij, bij o e} < {Cup v) (& wi v}

xijZO

0<ism;0<j<n
Moreover, we have used one theorem given by Thaka&[6] which is stated as
For any two triangular intuitionistic fuzzyhnumbers A = (a4, by,c1)&B =
(az,bz, Cz),A S Blﬁ al S az, b1 - a1 S bZ - az,al + Cl S aZ + C2.
It can be extended to intuitionistic fuzzy set as
For any two triangular intuitionisticZzy numbers

A= {(a1zb1101)(a1'b1'c1)}&3 = {(az, by, c3)(az, by, c)}iff  ay < ay, by —ay; < b, —
azay+cg <a,+cya; <axby—a; <b,—aza+cy <a,+oc,.
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Therefore, the constraints (2.2.1) can be rewritbemembership as,
Yi-1aijx < ¢

n
E(bu — Cll'j)x]' < Uu; — ti
j=1
?:1(al-j + Cij)x]' <t +v,x = 0 (222)

And for non-membership as,
Z}l=1 al‘jx]‘ < ti

;'l=1(bij - al])x] < u; — ti Z;'lzl(aij + Cij)xj < ti + Vi, X >0
(2.2.3)

2.3 Multi-objective linear programming with intuitionistic fuzzy coefficients
The multi-objective intuitionistic fuzzy linear pgoamming problem with intuitionistic
fuzzy coefficients can be formulated as
lgc/[g)?({fl(x)le(x): ---- ;fk(x)}

subject to (2.2.1)
wheref;: R* - R!
where R be the set of all real numbers RRde an n-dimensional Euclidean space.
By considering the weighting factor, the multi-adijee intuitionistic fuzzy linear
programming problem is defined as

Max{w1 f; (2), Wafo (O, v e Wicfic ()}
i.e. MaXxEX an:l Wmfm(x)
subjectto (2.2.1)
wherew,, € [0,1] and YK _,w,, =1

2.4. Multi-objective linear fractional programming with intuitionistic fuzzy
coefficients

The multi-objective intuitionistic fuzzy linear pgoamming problem with intuitionistic
fuzzy coefficients can be formulated as

- A f(x0) fie ()
xeX G1(x)" G2 (x)" " G (x)

subject to (2.2.1) ‘
wheref;: R - R' andg;: R™ - R!
where R be the set of all real numbers RRde an n-dimensional Euclidean space.

By considering the weighting factor usedvimasianet al.[11], the multi-objective
intuitionistic fuzzy linear fractional programmimgoblem is defined as

Maxex (W1 fy O, Wa fo (), o, Wi fie () + ) |

(Wl g1(x), Wy gz(x)' ------ » Wi gk(x)}i-e-MaXxEX Z$n=1{wmfm(x) + Wm gm(x)}
subjectto (2.2.1)

wherew,, € [0,1] and YK _ (W +wy,) =1

3. Proposed algorithms
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3.1. Algorithm for solving multi-objective intuitionistic fuzzy linear programming
problem (MOIFLPP)
Consider the MOIFLPP in which the constraints @igngular intuitionistic
fuzzy numbers.
2. Convert the constraints into the form (2.2.2) §a.3) for membership and
non-membership.
3. Using weighting factor, the multi-objective funatio

Maxxex{fl(x)vfz (%), e 'fk(x)} is defined adlax,ex Z%:lwmfm(x) .
4. Solve the Linear programming problem

k
Max Zl W fon ()
m=
Subjectto (2.2.2) and (2.2.3)
wherew,, € [0,1] and ¥X _, w,, = 1 by simplex method for different weights.

3.2. Algorithm for solving multi-objective intuitionistic fuzzy linear fractional
programmlng problem (MOIFL FPP)
Consider the MOIFLFPP in which the constraints @i@gular intuitionistic
fuzzy numbers.
2. Convert the constraints into the form (2.2.2) 4a.3) for membership and
non-membership.
3. Using weighting factor, the multi-objective funatids defined as

Maxyex Z%:l{wmfm(x) +wn ’gm(x)} .
4. Solve the Linear programming problem

k
l\yﬁlea)?( Z {Wmfm(x) + Wm,gm(x)}
m=1

subject to (2.2.2) and (2.2.3).
wherev,, € [0,1] and ¥X _ (W, + wy,,) = 1 by simplex method for different weights.

4. Numerical examples
4.1. Numerical examplefor MOIFLPP
Consider the MOIFLP problem
Max5x; + 3x,
Max4x; + 7x,
Max6x, + 5x,
Subject t§(2,3,5)(1,3,5.5)}x; + {(3,4,4.5)(2,4,6)x,} < {(2,7,10)(1,7,12)}
{(3,5,6)(2,5,7)}x; + {(1.5,2,4)(1,2,5)x,} < {(1,8,10)(1,8,12)}
Using (2.2.2) and (2.2.3) the membership conssdiatomes,
2x1+3x, <2
X1 +x; <5
7x, + 7.5x, < 12 (4.1.2)
3x; +15x, <1
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2x1 +0.5x, <7
9x; +5.5x, < 11
and the non-membership constraints becomes,
X1+ 2x, <1
2x; +2x, <6
6.5x; + 8x, < 13 2x; +x, <1 (4.1.2)
31 +x, <7
9x; + 6x, < 13
Using weighting factor the multi-objective functibecomes,
MaxZ = wy(5x1 + 3x3) + wy(4x; + 7x3) + w3(6x1 + 5x3)
Subject to (4.1.1) & (4.1.2)

Using TORA software we obtain the solution forfeliént weights.
For example, w0, w,=0, ws=1
MaxZ = 6x; + 5x,
Subject to (4.1.1) and (4.1.2)
The solutionis Z =2.89 ;% 0.11, x = 0.44

Following table lists the solution for the abovelgem for various weights and it also
shows that the solutions are independent of weights

S.No W, W, W3 (Xl,Xz)
1. 0 0 1 (0.11,0.44
2. 0 1 0 (0.11,0.44
3. 1 0 0 | (0.11,0.44
4. 0.t 0.2 0.2 (0.11,0.44
5. 0.3 0.t 0.2 (0.11,0.44
6. 0.€ 0.z 0.z |(0.11,0.44
7. 0.4 0.2 0.2 |(0.11,0.44
8. 0.€ 0.3 0.1 (0.11,0.44
9. 0.2 0.7 0.1 |(0.11,0.44
10. 4

0.€ 0 (0.11,0.44

4.2. Numerical examplefor MOIFLFPP
Consider the MOIFLFPP

5x1+3x 5x1+2x
MaxZ, = ——2- MaxZ, = ——2
5x1+2x,+1 x1+8x,+1

Subject t{(2,3,5)(1,3,5.5)}x; + {(3,4,4.5)(2,4,6)x,} < {(2,7,10)(1,7,12)}
{(3,5,6)(2,57)}x; +{(1.52,4)(1,2,5)x,} < {(1,8,10)(1,8,12)}

Using (2.1.2) and (2.1.3) the constraints becomes,

For membership constraints,

2x; +3x, <2

X1 +x, <5
7x1 +7.5x, <12
3x; +15x, <1 (4.2.1)
2x1 +0.5x, <7
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9x; + 5.5x, < 11
For non-membership constraints,

2, +2x, < 6

6.5x; + 8x, < 13

2X1 +x2S1
3x1 +XZS7

MaxZ = W1(5x1 + 3x2) + W2(5x1 + ZXZ) + W1'(5x1 + ZXZ + 1) + WZ,(X:L + 8x2 + 1)
Using TORA software we obtain the solution fofeliént weights. Following table lists

the solution for the above problem for various wé&sgand it also shows that the solutions
are independent of weights.

(4.2.2)

X1+ 2x, <1

9x; + 6x, < 13
Using weighting factor the multi-objective functibecomes,

SNo | W, W, Wt | WSt (X1,X)
1. | 0.23¢ | 0.47¢ | 0.17¢ | 0.11¢ (0.11,0.44
2. | 0.00% | 0.68% | 0.22¢ | 0.08¢ (0.11,0.44
3. | 0.12¢ | 0.37¢ | 0.42¢ | 0.07¢ (0.11,0.44
4, | 0.7t | 0.22¢ | 0.38t | 0.21¢ (0.11,0.44
5 | 0.11f | 0.41f | 0.23t | 0.23¢ (0.11,0.44
6. | 0.71% | 0.08% | 0.13¢ | 0.06¢ (0.11,0.44
7. 0.1 0.€ 0.z | 0.1 (0.11,0.44
8. | 0.22¢ | 0.57¢ | 0.12¢ | 0.07¢ (0.11,0.44
9. | 0.997 | 0.007 | 0.001 | 0.001 (0.11,0.44
10. | 0.03t | 0.46t | 0.47¢ | 0.02¢ (0.11,0.44

5. Conclusion

In this paper, a multi-objective intuitionistic fryz linear programming problem and a
multi-objective intuitionistic fuzzy linear fractiml programming problem are discussed
using weighting factor and it is proved that Hwutions obtained are independent of

weights.

1. H.J.Zimmermann, Fuzzy programming and linear pnogneng with several

REFERENCES

objective functionsiFuzzy Sets and Systerhg1978) 45-55.
2. L.A.Zadeh, Fuzzy Seténformation and Contrgl8 (1965) 338-353.

3. K.T. Atanassov, Intuitionistic fuzzy sefsizzy Sets and Systeri@ (1986) 87-96.
4. P.P.Angelov, Optimization in intuitionistic fuzzyn@ronment, Fuzzy Sets and

Systems86 (1997) 299-306.

5. D.Dubey and A.Mehra, Linear programming with Trialsy intuitionistic fuzzy
number, Eusflat-Lfa2011, Advances in Intelligent SystenseReh,1(1) 68-87.
6. H.J.Zimmermann, Fuzzy programming and linear progning with several

objective functionsiFuzzy Sets and Systerhg1978) 45-55.

186




10.

11.

12.

13.

Solution Procedures for Multi-objective IntuitioncsFuzzy Linear and .....

P.A.Thakre, D.S.Sholar and S.P.Thakre, Solving {ukmear Programming
Problem as Multi-Objective Linear Programming Peob)Proceedings of the World
Congress on Engineerinyol Il, (2009).

R.Sophia Porchelvi, An algorithmic approach to troltjective fuzzy linear
programming problem,International Journal of Algorithms, Computing and
Mathematics, Eashwar Publicatiori®(4) (2010) 61-66.

R.Sophia Porchelvi and S.Rukmani, Solving multieative intuitionistic fuzzy
linear programming using triangular intuitionistitizzy number, International
Journal of Scientific & Engineering Researdh(10) (2013) 746-749.

R.R.Yager and D.P.Filev, Essentials of Fuzzy Madgknd controlJohn Wiley &
Sons Pvt Ltd(2002).

R.S.Porchelvi and L.Vasanthi, A multi-objective Zydinear programming problem
using ranking function of symmetric trapezoidalZynumbers|JSER,4(10) (2013).
P.Pandian and M.Jayalakshmi, On solving lineartifvsaal programming problems,
Modern Applied Scienc& (2013) 6.

S.H.Nasseri and E.Ardil, Simplex method for fuzzriable linear programming
problems,World Academy of Science, Engineering and Techg@o@005) 198-
202.

187



