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Abstract

Objectives: The study discusses solving Triangular Intuitionistic Fuzzy Linear
Programming Problem (TIFLPP) with triangular intuitionistic fuzzy coefficients
and variables using triangular intuitionistic fuzzy simplex method. Method:
The triangular intuitionistic fuzzy information given for the linear programming
problem is preserved and not converted to crisp values while solving the
problem which will represent the complete information of the decision
problem. Findings: Several definitions and theorems are given to justify the
stability of the triangular intuitionistic fuzzy simplex method. In addition to the
existing ratio ranking method for finding the minimum ratio a new method
of correlation coefficient is proposed for finding the minimum ratio in the
simplex method. The procedure of the simplex method is explained through
a numerical illustration. Novelty: The proposed new correlation coefficient of
triangular intuitionistic fuzzy with graded mean integration representation and
triangular intuitionistic fuzzy simplex method with defuzzification method are
compared and suggestions are given based on the results obtained.
Keywords: Triangular Intuitionistic Fuzzy Sets; Linear Programming Problem;
Ratio Ranking; Intuitionistic Fuzzy Simplex Method; Correlation Coefficient of
Triangular Intuitionistic Fuzzy Sets 1

1 Introduction

It has been discovered in various optimization situations that a little violation of
provided constraints or conditions might lead to a more efficient solution. Several
times, it is not practical to assign correct parameters because many of them are gained
through approximation or some kind of direct perception. In an industrial optimization
method, for example, it is not required that all of the manufactured items be of excellent
quality and totally tradable at a certain cost. There is a chance that some of the items
may be faulty and will not be able to be traded at the predetermined cost. Further,
manufacturing costs as well as the spot price of completed goods may fluctuate owing
to market surpluses or shortages caused by unpredictable circumstances. As a result, it
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is clear that pricing and compositions are not entirely stationary, but rather ambiguous or unstable and that such optimization
issues must be solved using modern approaches. In a natural sense, modelling most real-world situations requiring optimization
processes ends out to be a Linear Programming Problem (LPP). The Fuzzy Set (FS) is one of the ways for defining atypical
circumstances in the field of uncertainty. Intuitionistic Fuzzy Sets (IFSs) are a concept established to integrate the unpredictable
level in the membership function of FS. The Triangular Intuitionistic Fuzzy Set (TIFS), which has its membership function and
non-membership function is applied by many researchers in decision-making theory. Many new researchers Pérez-Cafiedo, &
Concepcion-Morales (!, Jayalakshmi et al. ?),Kabiraj et al. ), Mohan et al. ¥ and Kousar et al. have proposed some methods
for solving intuitionistic fuzzy linear programming problems. Abinaya & Amirtharaj® have applied fuzzy time cost trade
off problems in Multiple Attribute Group Decision Making (MAGDM) problem. Augustine”) have introduced correlation
coefficient for IFSs in MAGDM problem. Li et al. ®) used intuitionistic fuzzy cross-entropy and comprehensive grey correlation
in MAGDM problem. Robinson et al.*®) have introduced an automated decision support system miner algorithm to solve
MAGDM problem using linear programming approach to fuzzy matrix games. The main aim of this paper is to propose a new
ranking method for triangular intuitionistic fuzzy number based on correlation coefficient and to use it in the Intuitionistic
Fuzzy Linear Programming Problem (IFLPP) to find the minimum ratio in the iteration of the simplex table. The TIFNs in
the IFLPP are not converted into crisp values and solved using Triangular Intuitionistic Fuzzy Number (TIEN) arithmetic
operations and the triangular intuitionistic fuzzy optimal solution is obtained. Whereas in all the previous researches the
TIFNs in the IFLPP are converted into crisp values before solving. Several theorems are proved to show the stability of the
proposed model. Three different methods of solving Triangular Intuitionistic Fuzzy Linear Programming Problem (TIFLPP)
are compared and the conclusion is left to the user based on the utility of the problem. The methodology of a new correlation
coeflicient based on graded mean integration representation is described in section 2. In section 3 the construction of TIFLPP
is explained and some theorems are proved to justify the model. A numerical illustration is given for solving TIFLPP with the
new correlation coeflicient in section 4. In section 5 the problem is solved using defuzzification by oc— cut and 8 —cut methods.
Comparisons of the numerical results based on the three ranking methods namely correlation coefficient, defuzzification and
ratio ranking method are made to show the effectiveness of the proposed methods with the existing method.

2 Methodology
« New Correlation Coefficient for TIFNs

In the following section, we propose a new correlation coeflicient for TIFNs based on graded mean integration representation.
o Graded Mean Integration Representation (GMIR)

Given a triangular fuzzy number A = (a1,az,a3), the GMIR of A is defined as:

P(Z):a1+6162+a3 1)

« Correlation Coefficient for TIFNs Based on GMIR

The correlation of TIFN is defined as follows with the help of triangular fuzzy GMIR together with the membership, non-
membership grades of the TIFNs:

The triangular intuitionistic energy of A= (a1,a2,a3; Ui, vy ) and B= (b1,b2,b3;uz,v5) are described as follows:

~ 1 _a1—|—4a2—|—a3_2
E A) =~ ——— (uzyn, . (2)
TIFN( ) ) = 6 | ( Az(x'>+‘A2(x,-))
~ 1 & -b1+4b2+b3-2
E B)=— —_ =~ 3
rien(B) =3 ; I 6 | (MBz(xi)+v1§2(xi)) G)
Now the correlation between A and B is defined as:
(4)
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Then the correlation coefficient between A and B is defined as:

Crirn (AV, B)

~ ~ (5)
E7irn (A) E7irN (B)
Proposition

FOI‘AV,E € TIFN(X), the following are true: (i) 0 < Crypn (Av, 5) <1, (ii) Crirn (Av, E) =CrirN (E,Av) , (i) Kripn (Av, 5) =

Krirn (27 E) =

Krirn(A,B), (V) Kripn (Avvg) =1ifA=B.
Theorem 2.1 0 < K7;ry(A,B) < 1, when A, B € TIFN(X).
Proof . Kyjry (K, E) < 1listrue since Crjry (X , E) > 0. The following inequality is true for any arbitrary real number &, :

ajtdartas | g b1+4br+b3 2X
6 6

o<y
< Lim - I 2
A (x;) — 5'41; () A (xi) — 5VBN()c,-)

2
(e e e ) N [ RS
= 6 6 Al AL h(s)
n([a)+4ay+a3]° 2 ([by +4by+b
< (Z; ([1623} y ( - )} y ; ({123] x (i (xi)—i-vgz(xi))})

The above inequality can be written as:

(Tl ) RO 0
: <1
" ([‘M“gﬁ“sr % ( U2 . >} < b1+4b2+bs}2 X (u%; (Xi)+\/§2(xi>>} -

Therefore, M < 1. Hence, Kripn (A B) Criry (4.8) <.
Erien(A)-Eriey (B) \/Eva )-Erien (B)

Theorem 2.2 If K7y (g, E) =l ifand only ifA=B.

Proof . The equality holds if and only if the following conditions are satisfied when considering the inequality in the proof
of Theorem 2.1.: (i) [“'Haﬁaﬂ =¢ {b'Hgﬁbﬂ , (i) ug (xi) = Eug (x;), (iii) v (x;) = Evg(x;), for some positive real &. As
ug (x;) +vy (%) = ug (x7) +vg (x;) = 1, then it means & =1, and therefore A = B.

Theorem 2.3 If A and B are non-fuzzy sets that satisfies the condition uz (x;) +ug(xi)=1or vy (x;) +vz(x;) =1Vx € X
then Cripn (A,B) =0.

Proof . For all x; € X, uz (x;) ug (x;) + vz (xi) vz (x;) > 0. If Cryrn (AV,E) = 0 for all x; € X, then it should be that:
uz (x;)ug (x;) = 0 and vy (x;) vy (x;) = 0. I uz (x;) = 1 then uz (x;) = 0 and v; (x;) = 0. If ug (x;) = 1 then uz (x;) = 0 and
vg (x;) = 0. Hence, ujz (x,) +ug (x;) = 1. Conversely, uz (x;) +ug (x;) = 1, WhenA and B are non-fuzzy sets. Ifuz (x;) = 1 then
(xl-) =0and VA~ (x,-) =0 Ifug( ,‘) =1 then ug( ,‘) =0and Vg( ,‘) = 0 Therefore CTIFN (A,B) =0.

Hence,

U~
B
Theorem 2.4 When A is a non-fuzzy set then Er/ry (Av) =1.

Proof. Assume A is not a non-fuzzy set. Then 0 < uz(x;) < land 0 <vz(x;) < 1 for some x;. Hence, u% (x:) Jrvfz (%) < 1.

=

~ 2 ~
Then Eriry (A) =1lyn, [’M%Mﬂ X\ tag e, < 1. This contradiction occurs because A is a non-fuzzy set.
n (%)""VAZ(XI.)
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3 Triangular Intuitionistic Fuzzy Linear Programming Problem (TIFLPP)

Using triangular intuitionistic fuzzy variables, the intuitionistic fuzzy linear programming problem is formulated as follows:
Max ZIF ~ Yo CIFXIF Subject to Y7 AﬂFXJI.F < bl for all i=1,2,...,m. Where A{f = ((a,-j)l,(a,-j)z, (aij)3;uA~ij’v/Zij)’

C'Fand X'F € (IF (R))" and b'F € (IF (R))™, where IF(R) is the set of all TIFNs and )F(vJIF > 6§F The above problem can be
written as

Max (21, 22,233z, v2) & Ly ((¢))1(€1)y: (¢))33ug:ve) (1)1 (), (6)53ug,vg)s

Subject to ( (aiy)y. (ai)ys () ing, v, ) (07)ys (o7) s () ingovig) < (B0, (Bi)s (b5 v5)

For all i=1,2,...,m. ((xj)l, (x7),) (xj)3;u§,v§) > (0,0,0;1,0).

Triangular Intuitionistic Fuzzy Feasible Solution

If for each }?F in X'F satisfies the constraints and non-negativity restriction then X'7 is said to be the triangular intuitionistic
fuzzy feasible solution.

Triangular Intuitionistic Fuzzy Optimum Solution

Any triangular intuitionistic fuzzy feasible solution that optimizes the objective function of the TIFLPP is called triangular
intuitionistic fuzzy optimum solution.

Triangular Intuitionistic Fuzzy Slack Variables

Let the constraints of TIFLPP be Y7 | ff fij < b!F, i=1,2,...n. Then the non-negative triangular intuitionistic fuzzy

variables si"', which satisfies Y a’F fcj Pyt b{F k=1,2,...r, are called triangular intuitionistic fuzzy slack variables.
Standard form of TIFLPP
Standard form of TIFLPP is defined as:
Max (z1,22,235uz,vz) = Ly ((€5)1: (¢1)y0 (¢))33uva) ((07)1: (%)) (x))33u5.v% )5
Subject to X1y ((ai)» (@) (ai)siaez, v, ) (G601 (), ()t vi) = ((B0)1, () (B0)3i105,v3),
And((x;),, (x7),, (x7)5:ug,vg) = (0,0,0:1,0). ~ ~
Here we consider rank of A" = m. Let the columns of A™ be . Let D' be a basis set for the column &
Theorem 3.1 (Reduction of a TIF feasible solution to a TIF basic feasible solution)
If a TIFLPP has a triangular intuitionistic fuzzy feasible solution, then it also has a triangular intuitionistic fuzzy basic feasible
solution.
Proof. Let the TIFLPP be to determine X' to maximize 7" = ¢/ ¥'F', Subject to the constraints AIFFF — pIF {F > (OIF

Where A’F is an n x m matrix and b'F | &/F arem x 1 and 1 x n triangular intuitionistic fuzzy matrix respectlvely, let rank of
A'F — . Since there does exist a triangular intuitionistic fuzzy feasible solution, we must have rank of (A piF ) = rank of
Fandn < m. Let 3 = (?c{l A RE ) be a triangular intuitionistic fuzzy feasible solution so that X’ j > 0'F for all j.

Suppose that X7 has p positive components and let the remaining n-p components be zero. The first p components and the

columns of A’F are alf Xt 4 alf ik 4. + a’chiF = bIF. Where, & alf atf .. ,“JFF are the first p columns of A’F. Two cases
now do arise: (i) The vectors aif’,alf ..., p form a linearly independent set. Then p < n. If p = n, the given solution is a
non-degenerate basic feasible solution, with )?{F ,36121: ,)ch, as the basic variables. If p < n, then the set a1 ,aéF ey A;F can be
extended to alf ,aif | .. ,in,F ; ~gil, ., @ to form a basis for the columns of A’ Then, @F #F +alF &F + ... 4 alF xF = pIF,
Where )C» = 0'F for j=p+1,p+2,...,n. Thus, in this case, a degenerate basic feasible solution w1th n-p of the basic variables
zero. (ii) The set a] ,aéF . ,Zz” is linearly dependent. Obviously p > n. Let (&{F , aéF yeen, aIF} be a set of constants (not

(X‘ ~
all zero) such that alfalf + adfalf + - + OtIF 1F = 0'F. Suppose that for any index r,0, # 0, then &/ = Z,Hér (x?F ar.

alf N
p#r §F"1F + < p#r I aiF) dF = piF, j# (iﬁ A alF) §F = b'F . Thus, we have a solution with not more than p-

~1F

1 non-zero components. To ensure that these are positive, choose a/f" in such a way that ¥ ?ciF ’ > 0F forall j #r.

X FF -
This requires that either (XIF =0F o r =i > ?,F if OCIF > 0'F and JT § ~,F 1f OtIF < 01F Thus, select a’f'such that EI,F =
% 9%

#AF alf
min { =, 0 > 0}. Then for each of the p-1 variables, ijjF —xtF =77 is non-negative, and so we have a triangular intuitionistic
J j r

fuzzy feasible solution with not more than p-1 non-zero components. Consider now this new triangular intuitionistic fuzzy
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feasible solution with not more than p-1 non-zero components. If the corresponding set of p-1 columns of AlF s linearly
independent, case (i) applies and the triangular intuitionistic fuzzy basic feasible solution is arrived. If this set is again linearly
dependent, repeat the process to arrive at a triangular intuitionistic fuzzy feasible solution with not more than p-2 non-zero
components. Ultimately, we get a triangular intuitionistic fuzzy feasible solution with associated set of column vectors of
AFwhich is linearly independent. The discussion of case (i) then applies, and we do get a triangular intuitionistic fuzzy basic
feasible solution.

Theorem 3.2 (Replacement of a TIF basic vector)

A triangular intuitionistic fuzzy basic feasible solution is also achieved if we substitute one of the basis vectors in the
intuitionistic fuzzy basis set for a non-basis vector.

Proof. Let ¥/ be the triangular intuitionistic fuzzy basic feasible solution, so that D'F A= = b/F, {F > 0'F . Where D'F forms

F JIF _
m]dm

a basis set for the column vector of A’F . For any column vector aﬁF c AIF , we have: a?F = “{‘j J{F +y5 ]dIF + ...+

D'f ?F where ‘ZF € D'F and jF are suitable scalars. If the basis vector ¥, for which the non-zero coefficient y* i ; is substituted

by a'F € AlF we get the new set of vectors also forms a basis. For y/ yrj #0,
GF_ 4 em >,, JIF
d, =5 L 5 di,i#r.
rj
BIF F JIF Y JIF ~F 1F - F
b =Yl X d; +xBr|:ﬂFZ (31?)‘11‘}: :’11|:th+xBr ”}d +h '
I
Thus, the new triangular intuitionistic fuzzy basic solution is X; " having as its components, the variables X3 = xif: + ¥ Z’F

and ¥jf = 5,,@ . We shall now show that ¥}/* is also feasible, that is, the new triangular intuitionistic fuzzy basic variables fc};{F

are also non negative. Now two cases arises: Case (i) Xif. = 0'F . The newly introduced set of triangular intuitionistic fuzzy basic

variables is clearly non-negative. Since we have assumed the existence of a triangular intuitionistic fuzzy basic feasible solution

ot Case (ii) )Ac}’}{F # 0'F. We must have A{F 0'F . This requires that for the remaining Ssz (i # r) either 5{5 = 0'F for i=r, or

x’F 4 = . . . NIa

yfF > }B’ for y! > 0'F and i#r and ﬂp § B for y! < 0'F and i# r. So if we select the index r ( r‘; # 0'F) in such a way
ij rj lj ]

F ~IF
that %}; = M in { f’f; I ;>0 r} then, the set of triangular intuitionistic fuzzy basic variables that was newly introduced is
rj
non- negatlve. Hence, it is possible to find the triangular intuitionistic fuzzy basic solution.

Theorem 3.3 (Improved TIF basic feasible solution)

Let Xf be a triangular intuitionistic fuzzy basic feasible solution for the TIFLPP max Z'F ~ C'FXIF subject to AFRF ~
piF R > > 0'F, Let the another triangular intuitionistic fuzzy basic feasible solution acquired by admitting a non-basis column
vector atf’ 7 in the basis be xj X", for which the Z’ F_cC ;F is negative. Then the improved triangular intuitionistic fuzzy basic
feasible solution is ¥, that is ¢ff x4 > ¢lf )Acng

Proof. The TIFLPP is to determine ' to max Z'F ~ C!FxFwhere C'F ¥ e (IF (R))", subject to AFFF ~ pIF and

*F > 0'F  where b'F € (IF (R))", A'F is am x n matrix. Let 3" is an TIF basic feasible solution, then Z/[ = “gF xif". 1f the vector

SF
}'. .
eliminated from the basis be b] F"and let the new intuitionistic fuzzy basic feasible solution be ¥4, then =xf + 3 9}}
rj
and fc{ = y’F Hence, the new value of the objective function is
ry

F FF* N\ AF Fﬂ j 17 Xy

— *_ 2 r

= ZCBl Bi = ZCBI B TXpr =g | T ChrgF

i i=1 rj rj

- ~iF [ ~F Fle JF Xy (~dF  ~IF
ZCBI B+ X +cf 2 (g =2

Br STF J IF J
i=1 rj yrj
= F _AAF X, , nlF
_ _ _ Br Br
=% - & &) FF F >0
Vrj rj
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>7r.

Hence, the improved value of the objective function is given by the new TIF basic feasible solution.

Theorem 3.4 (Unbounded TIF solution) B N

Let there exist a TIF basic feasible solution to a given TIFLPP. If for at least one j, for which }ff < 0F and ZjF - C§F is
negative, then there does not exist any optimum solution to this TIFLPP.

Proof. Let a TIF basic feasible solution to this problem be )?%F , so that DIF X%F = b'F and )?%F > 0'F with the value of the
n

objective function Z{ = (.

Cly Xy Now we can write:

bIF :5”)7?—1—5&7 _éajf‘

If & > 0 then (xB ; é‘yl i) > 0'F since Vij 3 < O'F . This shows that there exists a triangular intuitionistic fuzzy feasible solution
whose n+1 components may be strictly posmve. In general, it may not be a TIF basic solution. The value of the objective function
for these n+1 variables is given by:

SIF* g5t ~F
4 Z (8~ &30 + £
/! IF ar F
= Z Eg;xBj 5 A,IBI;yU _E
=1 =

But Af,F AiF < 0'F and & > 0. Therefore, Z'"" — oo as & — oo, Hence, there is no limit to the optimum value of Z'F and hence
the unbounded solution to the given TIFLPP exists.

Theorem 3.5(Conditions of Optimality)

A sufficient condition for an intuitionistic fuzzy basic feasible solution to a TIFLPP to be an intuitionistic fuzzy optimum

solution is that 7 AfF TF > 0F for all j for which the column vector a'* i € A'F is not in the basis B'.

Proof. Let us assume that there exists an intuitionistic fuzzy basic feasible solution ¥ to this TIFLPP. Let ¢} be the cost
vector corresponding to the basis variables. B/F X xif =b'F,

xF > 0'F and ZF = cfXF . For all j for Wthh aﬁF & B’F , we are given that Ei - “IF > 0'F . Let a’F b’F for all such j for

which ﬁg-F € B'F . Then 5)§F = IﬁBVIFleIF

since ?-F =BIF 7151-1: and 21» is the unit vector. AiF AilF = Z’%F éﬂF - EfiF = Z’gj —EJI]F 0'F . Since aIF € BIF A{F F . Now,
let X'F be an intuitionistic fuzzy feasible solution. Then )"/ (AiF —E?F ))?717 26’F , since X ¥F > 0'F, ;‘ ljp F> ): A{F A{F
Since 7 A{F = G%FV]F, =1 € A{F?Fxlf >Yh EiF)AcTI]-F. Since Z%ij = i Z%F]ﬂf,
" 1E1Bf (i 1ylF)?1F > Y"1 ¢F ¥ For all j for which @ ¢ B'"',
Now, since &/ = BIF "' (A’F?F) = (E’F_IX'F)?F:WF?F,%F— v e > Y AR R >
cFRF ZF > 7 where ZF” is the objective function’s value for the feasible solution. Hence, Z5" is an optimum for the basic

feasible solution for which Z jF — Ei-F > 0F for all j such that 5§F ¢ D'F.
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4 Numerical lllustration: Solving TIFLPP with the New Correlation Coefficient

Consider a linear programming problem with triangular intuitionistic fuzzy variables and coefficients, Max
Z =(10,12,13;0.5,0.4)x1 + (2,3,5;0.8,0.1)x, + (0.5,1,2;0.4,0.2)x3
St. (8,10,11;0.3,0.2) x7 + (1,2,3;0.7,0.3) X, + (0.7, 1,2;0.5,0.3) X3 < (98,100,101;0.6,0.3) ;
(6,7,10;0.4,0.3)x; + (1,3,4;0.2,0.1) %, + (1,2,5;0.6,0.3) 33 < (75,77,78;0.7,0.2) ;
(1,2,5;0.5,0.3)x1 +(2,4,5;0.4,0.3)x2 + (0, 1,3;0.7,0.1)x3 < (78,80, 81;0.6,0.3).
Convert the given TIFLPP into the standard form of TIFLPP by adding TIF slack variables.
Max Z =(10,12,13;0.5,0.4)x; + (2,3,5;0.8,0.1) X2 4 (0.5, 1,2;0.4,0.2)x3+057 +052+053
St. (8,10,11;0.3,0.2) X + (1,2,3;0.7,0.3) x> + (0.7, 1,2;0.5,0.3) X3 + 57 = (98,100,101;0.6,0.3) ;
(6,7,10;0.4,0.3)x1 + (1,3,4;0.2,0.1) X2 + (1,2,5;0.6,0.3) X3 + 52 = (75,77,78;0.7,0.2) ;
(1,2,5;0.5,0.3)x; +(2,4,5;0.4,0.3) x> + (0,1,3;0.7,0.1) X3 + 53 = (78,80,81;0.6,0.3).
The initial table for TIFLPP with usual simplex procedure with TIFNs arithmetical operations is given in Table 1.

Table 1. Initial Table for Solving TIFLPP with New Correlation Coefficient

~IF ~IF ~IF ~IF ~IF ~F ~IF ~F
B Xl X2 X3 S 1 Sz S3 XB 0
stf (8,10,11; 0.3,0.2) (1,2,3;0.7,0.3)  (0.7,1,2;0.50.3) 1IF  ofF 0oF (98,100,101; (8.91,10,12.63;
0.6,0.3) 0.3,0.3)
siF (6,7,10; 0.4,0.3) (1,3,4,02,0.1)  (1,2,5;0.6,0.3) of  1IF OF  (75,77,78;0.7,0.2) (7.5,11,13; 0.4,0.3)
sif (1,2,5; 0.5,0.3) (2,4,5;0.4,0.3)  (0,1,3;0.7,0.1) off  ofFf 1F  (78,80,81;0.6,0.3) (15.6,40,81; 0.5,0.3)
ZjF 61 F 61F 6IF 6IF 61F 61F
Zir - (-13,-12,-105 (-5,-3,-2; (-2-1,-0.5; o'r o'f oF
CIF 0.5,0.4) 0.8,0.1) 0.4,0.2)

Now, rank the ratios 5le using the proposed correlation coefficient as follows: K (511F ,Fiv+> =0.7017, K (é{F ,7+> =0.8000

~ o~ ~ ~ ~IF ~
and K (63’F , i+> = 0.8575. Then the ranking is 0" > 6" > 6, . Proceeding with the minimum ratio 6{". Choose the first

element in column X" as pivotal element.

Table 2. First Iteration for Solving TIFLPP with the New Correlation Coeflicient

~IF ~IF ~IF ~IF ~F ~IF ~IF ~IF

B X1 X7 X3 Sy Sy 53 XB 0

A (0.73,1,1.38; (0.09,0.2,0.38;  (0.06,0.1,0.25  (0.09,0.1,0.13; ofF 0o (8.91,10,12.63; (23.45,50, 140.33;
0.3,0.2) 0.3,0.3) 0.3,0.3) 0.3,0.2) 0.3,0.3) 0.3,0.3)

stF (-7.75,0,5.64; (-2.75,1.6,3.45;  (-1.5,1.3,4.62; (-1.25,-0.7, UF ofF  (-51.25,7,24.55; (-14.86,4.38,
0.3,0.3) 0.2,0.3) 0.3,0.3) -0.55;0.3,0.3) 0.3,0.3) 18.64; 0.2,0.3)

siF (-5.88,04.27;  (0.13,3.6, (-1.25,0.8, (-0.63,-0.2, 0'F 1IF (14.88,60, (3.03,16.67,
0.3,0.3) 4.91;0.3,0.3) 2.94;0.3,0.3) -0.09; 0.3,0.3) 72.09;0.3,0.3) 554.54; 0.3,0.3)

zIF (7.27,12,17.88;  (0.91,2.4, (0.64,1.2, (091,1.2,1.63 0 0'F
0.3,0.4) 4.88;0.3,0.4) 3.25;0.3,0.4) 0.3,0.4)

ZIF— (-573,0,7.88;  (-4.09,-0.6, (-136,02,2.75  (091,12,1.63; 0 0F

CIF 0.3,0.4) 2.88;0.3,0.4) 0.3,0.4) 0.3,0.4)

The computations of first iteration with TIFNs arithmetical operations are shown in Table 2. Since ZjF — 5§F of Xif' has
the negative TIFN have to proceed for another iteration Now, rank the ratios §]1F using the proposed correlation coeflicient
as follows: K (51”,}) =0.7071, K (§£F,7+) =0.5547 and K (§3’F,?+) = (.7071. Then the ranking is §3IF > gfp > géF
Proceeding with the minimum ratio §ZIF . Choose the second element in column X} as pivotal element.

The computations of first iteration with TIFNs arithmetical operations are shown in Table 3. All ZfF — 551: are positive then

the optimal TTF solution is X{F =(1.83,9.13,18.26;0.2,0.3), ¥ = (—14.84,4.38,18.64;0.2,0.3) and the objective is
ZIF = (-55.90,122.70,330.58;0.2,0.4).

https://www.indjst.org/ 81


https://www.indjst.org/

Nirmalsingh & Robinson / Indian Journal of Science and Technology 2023;16(SP3):75-83

Table 3. Second Iteration for Solving TIFLPP with the New Correlation Coefficient

~IF ~IF ~IF ~IF ~IF ~IF  ~IF
B X1 ) X3 S2 S2 S3  Xp
*F (-0.34,1,2.23; (-0.29,0,0.85; (-0.44,-0.06, (-0.08,0.19, (-0.11,-0.13, 0'F  (1.83,9.13,
0.2,0.3) 0.2,0.3) 0.89;0.2,0.3) 0.26;0.2,0.3) 0.14;0.2,0.3) 18.26;0.2,0.3)
xf (-2.24,0,2.82; (-1.26,1,1; (-1.68,0.81, (-0.36,-0.44, (-0.36,0.63, 0 (-14.84,4.38,
0.2,0.3) 0.2,0.3) 1.34;0.2,0.3) 0.45;0.2,0.3) 0.29;0.2,0.3) 18.64;0.2,0.3)
siF (-19.71,0,15.29;  (-4.79,0,11.08;  (-7.81,-2.13, (-2.86,1.38, (-1.42,-2.25, TF (76.63,44.25,
0.2,0.3) 0.2,0.3) 11.18;0.2,0.3) 1.69;0.2,0.3) 1.79;0.2,0.3) 144.93;0.2,0.3)
ZfF (-15.68,12, (-10.04,3, (-14.17,1.69, (-2.87,0.94, (-3.25,0.38, o'f
43.05;0.2,0.4) 16.08;0.2,0.4) 18.23;0.2,0.4 5.69;0.2,0.4) 3.24;0.2,0.4)
ZIF (-28.68,0,33.05;  (-15.04,0, (-16.17,0.69, (-2.87,0.94, (-3.25,0.38, o'F
CIF 0.2,0.4) 14.08;0.2,0.4) 17.73;0.2,0.4) 5.69;0.2,0.4) 3.24;0.2,0.4)

5 Solving TIFLPP with Defuzzification of TIFNs

Consider the same TIFLPP given in section 4 and defuzzify using a—cut for TIFNs taking o = 0.5. Max Z = (12,12]%; +
(2.63,3.75]x2 + (1.13,0.75] x3;
st. (11.33,9.33]% + (1.71,2.29]% + (1, 1]33 < (99.67,100.17];

(7.25,6.25)% + (6,1.5]% + (1.83,2.5]%3 < (76.43,77.29];

(2,2]x1 4+ (4.5,3.75] %2+ (0.71,1.57] x3 < [79.67,80.17].

Now, on taking average for the a—cut intervals we get the crisp LPP,

Max Z = 125 +3.19%; + 0.94%3;

st. 10.33x7 +2x2 +x3 < 99.92; 6.75x1 +3.75%, +2.17x3 < 76.86;

2x1 +4.13x, + 1.14x3 < 79.92. By solving the LPP with usual simplex method, the optimal solution is x; = 8.76, x, = 4.74
and the maximum objective Z=120.18. Now consider the same TIFLPP given in section 4 and defuzzify using 8 —cut for TIFNs
taking f = 0.5.

Max Z = (11.67,12.17)% + (2.56,3.89) %, + (0.81,1.38] %3;

st. (9.25,10.38] x; + (1.71,2.29] x> + (0.91,1.29] x3 < (99.43,100.29];

(6.71,7.86]%1 + (2.11,3.44] %, + (1.71,2.86] 53 < (76.25,77.38] ;

(1.71,2.86]x1 + (3.43,4.29] X 4 (0.56,1.89] x3 < [79.43,80.29].

Now, on taking average for the § —cut intervals we get the crisp LPP,

Max Z = 11.92x; +3.22x; + 1.09x3;

st. 9.81x; +2x3 4 1.10x3 < 99.86; 7.29x1 +2.78x2 +2.29x3 < 76.81;

2.29x1 +3.86x2 + 1.22x3 < 79.86. By solving the LPP with usual simplex method, the optimal solution is x; = 9.77, x, =
2.01 and the maximum objective Z=122.93.

Table 4. Comparison of optimal solution and objective

Optimization Method

Optimal Solution and Objective

TIFLPP with ratio ranking method !
TIFLPP with proposed correlation coefficient

TIFLPP with defuzzification of TIFNs with a—cut
TIFLPP with defuzzification of TIFNs with f—cut

¥ = (15.6,40,8150.5,0.3); Z'F'=(156,480,1053;0.5,0.4)

3F=(1.83,9.13,18.26,0.2,03);  ¥f=  (-14.84,4.38,18.64;0.2,0.3);
55.90,122.70,330.58;0.2,0.4)

x1 = 8.76, x; =4.74 Z=120.18
x1 =9.77, xp =2.01 Z=122.93

'ZIF:(_

6 Discussion

When comparing the TIFLPP with ratio ranking method !%), TIFLPP with proposed correlation coefficient and TIFLPP with
defuzzification of TIFNs in Table 4 we can clearly see that TIF optimal solution obtained from TIFLPP with ratio ranking method
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has only one TIF variable X in the basis, even though it gives the maximum objective with the single iteration. Whereas in
TIFLPP with proposed correlation coefficient it has TIF variables ¥/ and ¥/ in the basis. In TIFLPP with defuzzification of
TIFNs with a—cut and f§—cut, the given TIFN information are converted into crisp values. If the user/reader wants higher
objective, independent of involving more variables, they can choose TIFLPP with ratio ranking method. If the user/reader
wants to involve more variables even though it minimizes the objective they can choose TIFLPP with proposed correlation
coefficient. If the user/reader prefers to defuzzify the TIFNs at the initial stage of the problem, then the method of section 5 can
be followed.

7 Conclusion

The simplex method following the new correlation coeflicient of triangular intuitionistic fuzzy sets with graded mean integration
representation and triangular intuitionistic fuzzy simplex method with defuzzification method and ratio ranking method are
compared and suggestions are given based on the results obtained. A new optimization method for TIFLPP, which is solved
without defuzzifying the TIFNs to preserve the given information is introduced. Several theorems are proved for concepts like
the improvement of the basic feasible solution according to the objective, finding whether the given TIFLPP has a bounded
solution and the condition to get the optimal solution. The proposed optimization method is explained using numerical
illustration. The results of the TIFLPP with ratio ranking method, TIFLPP with proposed correlation coefficient and TIFLPP
with defuzzification of TIFNs with ot—cut and 3 —cut are compared and the superiority of the proposed model is discussed.
The research can be extended by applying the TIFLPP in multi attribute group decision making methods and TIFLPP can be
used in solving intuitionistic fuzzy matrix games.
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