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Abstract. In this paper, a multi-objective intuitionistic fyz linear fractional programm -
ing problem is discussed with two different methodsnely Kanti Swarup’s Fractional
algorithm and weighting factor method in which tl®nstraints are triangular
intuitionistic fuzzy number. The optimal solutioase verified for the proposed methods.
Numerical examples are provided to check the fdagibf the above methods.
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1. Introduction

Multi-objective optimization is the process of siltameously optimizing two or more
conflicting objectives subject to certain consttsirin many real world problems, there
are situations where multiple objectives may beerappropriate rather than considering
single objective. However, in such cases emphasiniefficient solutions, which are
optimal in a certain multi-objective sense.

Zimmermann (1978) first discussed the ephcof fuzzy Multi-objective
mathematical programming problems. Optimizationfumzy environment was further
studied and was applied in various areas by masgarehers. Attanassov (1986)
introduced the intuitionistic fuzzy sets as a pduleextension of fuzzy set by adding an
additional non-membership degree, which may exprasse abundant and flexible
information as compared with the fuzzy set. Regetlile research on intuitionistic fuzzy
numbers has received a little attention and sevée#ihition of intuitionistic fuzzy
numbers and ranking methods have been proposed.

Sophia Porchelvi and Rukmani [7] solveditiobjective intuitionistic fuzzy linear
programming problem (MOIFLPP) using a ranking prhge. This paper is used to
transform the MOIFLP problem into a Multi-objectivimear programming problem
(MOLPP) and can be solved accordingly.

Linear Fractional Programming (LFP) probfeare a special type of non-linear
programming problems in which the objective funetie a ratio of linear functions and
the constraints are linear functions. In real $ifteations, linear fractional models arise in
decision making such as construction planning, econ and commercial planning,
health care and hospital planning. Several metl{Bdgalinov 2003; Stancu-Minasian,
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1997, 2006) have been recommended to solve LFBIdPng. Isbell and Marlow (1956)
first identified an example of LFP Problems andvedl it by a sequence of linear
programming problems. Charnes and Cooper (196Xidered variable transformation
method to solve LFP and the updated objective fancinethod were developed for
solving the LFP problem by Bitran and Novaes (1973)

Charnes and Cooper (1962) solved LFP sglving it into two linear programming
problems. Later, KantiSwarup (1986) gave an algorifor the solution of programming
problems with linear fractional functional withomtducing it to linear programming
problems. Here, we used this procedure to solverbigiem.

Using weighting factor, P.A. Thalkeeal.,[5] solved Multi-objective fuzzy linear
programming problem (MOFLPP) and |.M. Stancu-Minasit al., [9] solved multi-
objective fuzzy linear fractional programming undenstraints with fuzzy coefficients.
Based on these papers, here to solve multi-obgeatiwitionistic fuzzy linear fractional
programming problem (MOIFLFPP) with intuitionisfiazzy coefficients.

This Paper is organized as follows : The paperrzegiith the Preliminaries section
which provides some basic definitions and the cpho& MOIFLFPP. The two different
procedures for solving MOIFLFPP are given in secfoA numerical example is solved
in section 4, to show the efficiency of the prombaégorithm. The paper is concluded at
the end of the section.

2. Preliminaries

2.1. Basic definitions

Definition 2.1.1. An Intuitionistic fuzzy sets (IFS)Aassigns to each elemenbf the
universe X to a membership degregx)e[0,1] and a non-membershig; (x)e[0,1]

such thatuz(x) +vz(x) <1 . An IFS A is mathematically, represented &

X, Uz (x),vz(x) >/x € X}. The valuerrz(x) = (1 — uz(x)) —vz(x)) is called the
degree ohesistancyor theintuitionistic index of x toa.

Definition 2.1.2. Aistrapezoidal intuitionistic fuzzy number with parametersga, <

b,< @< &< by< a<b, is denoted by A = (bay, b, & ,a ,bs ,a ,by)
In this case, the membership and non-membershgtifuns are

0 if X<a,
X—a, | .
L f <x<a,,
(az_alj if a <x<a,
Ha(X) = 1 if a,<x<a;,
R(X_a“j if a,<x<a,,
a~a,
0 if a, <X
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0 if x<b,
Xx-b | .
L if <x<h,
2B nsxan
VA(X) = 1 if b,<x<h,,
X=b, | .
if < x<h,,
)t msxsn,
0 if b, <x

If b,=b; in a trapezoidal intuitionistic fuzzy number A,eth it gives atriangular
intuitionistic fuzzy number (TrIFN) with parameters

h<a< b, (& = &= by) < ai<b,and denoted by A = (b1;,&, ,& ,bs)

Definition 2.1.3. An ordered weighted averaging (OWA)operators of dimension n is a
mapping f : R" - R that has an associated n vector W

such that (1).w, 0[0]] (2).2 w =1

Definition 2.1.4.A Linear fractional programming problem is defined as follows:
MaximizeorMinimizeR (c"x+a)
aximizeorMinimizeR(x) = @x+ p)
subject to the constraintslx = b, x = 0, where
® x,c and d arex1 vectors
(ii) Ais an mxn matrix,4 = (a;;),i = 1,...m;j = 1,.....n
(i) b is an nx1 vector,
(iv) a, B are scalars.

Definition 2.1.5. A Multi objective linear fractional programming probl emis
defined as

wheref;(x) = cTx+ a,g;(x) =d"x + B
subject to the constraintslx = b, x = 0, where
® x,c and d are xl vectors
(ii) Ais an mkn matrix,4 = (a;;),i = 1,...m;j = 1,.....n
(i) b is an nx1 vector,
(iv) a, B are scalars.

Definition 2.1.6. If M = sup(s(A),s(B)), where s(A), s(B) is the sappofd andB
respectively. Thelistance from intuitionistic fuzzy number 4 to M is,
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3 1 r1/2 D))+ A
p(am)=| | R @) 10D (g ) - u(alu)))]
+ [V(al(l)) '|2' v(ag (1) +x (v(aR(/l)) _ v(al(l)))] dxdA

2.2. Multi-objective intuitionistic fuzzy linear fr actional programming (MOIFLFP)
using ranking algorithm
Consider multi-objective intuitionistic fuzzy line&actional programming problem

5 _ filx) _ Tx+a . _
MaxZ, = G0~ aTxip 1=1,2,3,.... i
subject tad;;x; + Ajpxy + oo oo + dipxy < by, (2.2.1)
xl’le ...... ’xn > 0’1 = 1,2, ...... m.

whered; andb; are triangular intuitionistic fuzzy numbers,
aj; = {(ai111ai12'ai13)(a111" ai12"ai13')}7
~ = (ai21iai22Iai23)(ai21'I iz ai23')
aiz
ain = {(ainllainZIain3)(ain1"ain2,' ain3,)}and5i = {(billbiZIbi3)(bi1'lbi2’l bi3')} .
By the ranking algorithm used in Sophia Porchel¥], [the above MOIFLFPP is

transformed into a MOLFPP as follows:
fi(x) éTx+a

MaxZ, =105 = 500 i = 1,23, ..

subject to

(aj11%1 + Qippxy + oo + ajpixn) + (ai11’x1 + a0 % + e + ainl/xn) +

4(aj12x1 + Qjppxy + o0 + Ainaxy) + (ai13x1’ + Ajp3Xy + oee e + Ainzxy) +

(ai13'x1 + ai23'X2 + """ + aing’xn) S bll + bll + 4b12 + b13 + b13'(222)
xl’ le ...... le 2 0’1 — 1,2, ...... m.

2.3. Multi-Objective linear fractional programming problem using weighting factor
The multi-objective intuitionistic fuzzy linear pgoamming problem with intuitionistic
fuzzy coefficients can be formulated as

Max( 22 (x) f2(x) fie(x)

AX N T Ty e e ,~—}

xeX g1 (x)" g2 (x) Jr (%)
subject to (2.2.1) wherg:R™ — R andg;: R™ —» R', where R be the set of all real
numbers an@&™ be an n-dimensional Euclidean space.

By considering the weighting factor usedMimasianet al. [2], the multi-objective
intuitionistic fuzzy linear fractional programmimgoblem is defined as
Maxyex{(W1/f1 (), w2 f2(%), ... oo, Wiefie (x) + 5
w1’ g1(x), wy' G2 (%), . .. Wi G (x)}i.e Max e x an:l{wmfm(x) + W' Gm (%)}
subjectto (2.2.2)
wherev,, € [0,1]1& Yk _ (W + wp,) =1

3. Proposed algorithms
3.1. Procedure for solving MOIFLPP using KantiSwarwp's fractional algorithm
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Step 1:Consider the MOIFLPP in which the constraints @engular intuitionistic fuzzy
numbers.

Step 2 Convert the constraints into the form (2.2.2)

Step 3 Consider the most important objective subjectthie intuitionistic fuzzy
constraints (2.2.2).

Step 4 Solve the problem using KantiSwarup’s Fracticadgbrithm.

Step 5 Consider the next important objective subject(2d2.2) with an additional
constraint, obtained from step 3 which is nothingthe preemptive optimization .

Step 6 Solve it again by using KantiSwarup’s Fractioaldorithm to get the optimal
solution.

3.2. Procedure for solving MOIFLPP using weightingactor
Step 1:Consider the MOIFLPP in which the constraints aengular intuitionistic fuzzy
numbers.
Step 2 Convert the constraints into the form (2.2.2)
Step 3 Using weighting factor, the multi-objective fuimt is defined as
MaXxEX Z%:l{wmfm(x) + Wm ,gm(x)} .
Step 4 Solve the Linear programming problem
k

l;/[g)?( Z {Wmfm(x) + Wm,gm(x)}
m=1

subjectto (2.2.2)
wherew,, € [0,11& Y% _, (w,,, + w,,,) = 1 by simplex method for different weights.

4. Numerical example
Consider the MOIFLFPP

oX, +3X, MaxZ, = S5X, +2X%,
5X, + 2X,+1’ X, +8%,+1
subject to3x, +5x, <15 5x, +2x, <10, x,x, 20
3 ={(2.5,3,3.8)(2.4,3,4.2)}
5 ={(4.5,5,6.5)(4,5,7)}
15 = {(14,15,15.5)(13,15,16)}
5 ={(4,5,6.5)(3,5,7.5)}
2 ={(1.5,2,3)(1,2,3.5)}
10 = {(9,10,11.5)(8.5,10,12)}

MaxZz, =

By [2.2.2], the constraints becomes
24.9x; +42x, < 1185
41x, + 19.5x, < 81 .
xX1,%X =20

4.1. Numerical example for MOIFLPP using KantiSwary'’s fractional algorithm
Consider the first objective
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5%, +3X,
S5x, +2x,+1
Now, solve this using KantiSwarup'’s Fractional aition.

MaxZz, = subjectto (4.1)

Initial Iteration: S; and $ are basic variables

G 5 3 0 0
d 5 2 0 0
ds Cs Xg X1 X2 S S 0
0 0 S=118.t 24.¢ 42 1 0 4.7t
0 0 S,=81 (41) 19.5 0 1 1.9*
Z°=1 Z'=¢
Z'q -5 -3 0 0
Z%q, -5 -2 0 0
A; (-5) -3 0 0
First Iteration : S, leaves andxenters into the basis
G 5 3 0 0
d; 5 2 0 0
dB Cs Xe X1 X2 S1 S 0
0 0 S1=69.2 0 (30) 1 -0.5 2.3*
X1=1.9¢ 1 0.4¢ 0 0.0z 4.1:3
Z°=11 Z'=1cC
Zjl.Cj 0 -0.€ 0 0.1
Z%d 0 0.4 0 0.1
A 0 (-10.6 0 0.1
Second lteration : S; leaves and xenters into the basis
G 5 3 0 0
d 5 2 0 0
dB CB XB X1 X2 S1 S
2 3 Xo=2.Z 0 1 0.0¢ 0.17
5 5 X,=0.8¢ 1 0 -0.1¢4 -0.0¢
Z°=1C Z'=11:=
Z'c 0 0 -0.61 0.21
Z%.q; 0 0 -0.6¢ 0.0¢
A; 0 0 1.1 1.64

]
Here, allA;=> 0, the solution is optimal.
1
The optimum basic feasible solutiomig = 0.88,x, = 2.3,Z = % =1.13
Next, proceed to solve the problem with anotheectbje function and an additional

constraint—0.65x4 + 0.74x, > 1.13 , obtained from the previous step.
5x, + 2X

|\/|a)(Z2 :g
X +8Xx,+1

subject to 24.9x; +42x, <1185

41x; + 19.5x, < 81
—0.65x; + 0.74x, > 1.13 andx; , x, = 0
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Again solve it by using KantiSwarup’s fractionagatithm,
Initial Iteration : S;, S;and R are basic variables

G 5 2 0 O 0 -M
d; 1 8 0 0O 0 -M
dB Cs Xe X1 X2 S S| S3 R, 7]
0 0 =118.f 24.¢ 42 1 0|0 0 2.82
0 0 s,=81 41 19.F 0 1|0 0 4.1F
- -M Ri=1.1¢ -0.6¢ (0.74 0 0|-1 1 1.5%
Z’=1 Z7'=¢
Z'g 0.65M-5 -0.74V-2 0O 0O M O
Z’d  065M-1 -074v-8 0 0 M O
A; 0.65M-5 -0.74NM-2 0 0 M 0
First Iteration : R, leaves andxenters into the basis
G 5 2 0 0 0
d 1 8 0 0 0
dB Cs Xe X1 X2 S S S3 7]
0 0 s,=54.2¢ | (61.86 0 1 0 56.7 | 0.876’
0 0 s,=51.1¢ | 58.1¢ 0 0 1 26.37 | 0.87¢
8 2 X,=1.5% -0.8¢ 1 0 0 -1.3¢ -
Z°=  Z'=
13.24 3.06
Z'c -6.7€ 0 0 © -2.7
Z%d -8.04 0 0 © -10.¢
A; -64.¢ 0 0 0 -2.71
Second lteration : S; leaves and xenters into the basis
G 5 2 0 0 0
d; 1 8 0 0 0
ds Cs Xg X1 Xo S S, S3
1 5 X,=0.8¢ 1 0 0.01¢ 0 0.92
0 0 s,=-0.0z2 0 0 -0.9: 1 -27.17
8 2 Xo=2.Z 0 1 0.01¢ 0 -0.5¢
Z°= Z'=¢
20.28
Z'c 0 0 0.10¢ 0 3.52
Z%d 0 0 0.12¢ 0 -3.4
A; 0 0 1.04 0 101.9¢
Here, allA;= 0, the solution is optimal.
The optimum basic feasible solutiowig = 0.88,x, = 2.3,Z = ;—: =0.44

i.e.x; =0.88,x, =2.3,MaxZ; =1.13,Max Z, = 0.44.

4.2. Numerical example for MOIFLPP using weightingfactor

Consider the problem as in 4.1.

Using weighting factor the multi-objective functibecomes,

MaxZ = wy(5x; + 3x5) + wy(5x; + 2x5) + wy (5x; + 2x, + 1) + w, (%, + 8x, + 1)
subject to 24.9x, + 42x, <1185
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41x; +19.5x, < 81
Andx;,x, =0
Using TORA software we obtain the solution fofeliént weights.
Following table lists the solution for tabove problem for various weights and it
also shows that the solutions are independent ightse

SNo| W W, W, | W' (X1,X2)
1. | 0.997 | 0.007 | 0.001 | 0.00] (0.88,2.3
2. | 0.22¢ | 0.57¢ | 0.12¢ | 0.07¢ (0.88,2.3
3. 0.1 0.€ 0.2 0.1 (0.88,2.3
4. | 0.71¢ | 0.08t | 0.13t | 0.06¢ (0.88,2.3
5. | 0.11¢ | 0.41¢ | 0.23¢ | 0.23¢ (0.88,2.3
6. | 0.17¢ | 0.22¢ | 0.38t | 0.21¢ (0.88,2.3
7. | 0.12¢ | 0.37¢ | 0.42¢ | 0.07¢ (0.88,2.3
8. | 0.00° | 0.68% | 0.22¢ | 0.08¢ (0.88,2.3
9. | 0.23¢ | 0.47¢ | 0.17¢ | 0.11¢ (0.88,2.3
10. | 0.43¢ | 0.22¢ | 0.33t | 0.00¢ (0.88,2.3

We get same result in both methods. In corsparbdf both methods we conclude
that weighting factor method is the best methodabse the solution procedure is very
simple and the optimal solution can be obtainedgisbftware package.

5. Conclusion
In this paper, we discussed two different approactee solving MOIFLPP such as
KantiSwarup’s method and weighting factor methodl aonclude that the optimal
solutions are same in both methods. The resultsenied by means of a numerical
example.
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