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Abstract

This research paper introduces an improved accuracy function (IAF) for the highest ranking
order of Trapezoidal intuitionistic fuzzy numbers (TralFNs) and to choose the better one in the
multicriteria by using Trapezoidal intuitionistic fuzzy TOPSIS technique Problems in decision
making. Finally, some illustrative examples are given in order to illustrate the utility of the proposed
method.
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Ranking of TralFNs Based on Improved Accuracy Function and
its Application

Introduction

The definition of intuitionistic fuzzy sets (IFSs) was introduced by Atanassov [1, 2], as the
generalization of the Zadeh [17] proposed fuzzy set. Because, Characterizing IFSs by membership as
well as non-membership Functions are considered more appropriate resources to manage than fuzzy
sets. Most of the researchers chen [3, 4], Li [7, 8], Xu [12], geetha [10] and ye [13, 14] in multi criteria
decision-making (MCDM), adopted the approach of IVIFSs.

In order to find the most suitable alternative in the course of a collection of acceptable
alternatives, the technique for it is decision-making. A popular tool for multi-criteria decision-making
was found by Hwang and Yoon [5]. The fuzzy TOPSIS method was presented based on arithmetic
operations on fuzzy, Triantaphyllou and Lin [11], leading to a fuzzy relative closeness for each
choice.Chen[3] extends the TOPSIS approach by using a compact Euclidean interval between any
two fuzzy numbers to fuzzy group decision-making problems.[15, 16]Muthuperumal S &
Venkatachalapathy M et. all. an algorithmic approach for using triangular fuzzy and trapezoidal
fuzzy numbers of transportation problems. Prioritized aggregation operators of trapezoidal
intuitionistic fuzzy sets and their application to multi-criteria decision-making were introduced by
Jun Ye[13].The majority of this paper incorporated as follows. In Section 2, some basic definitions
are addressed as preliminaries. Section 3, An enhanced accuracy function of TrIFN has been proposed
and correlates with current methods.. To test trapezoidal intuitionist fuzzy MCDM issues, a TOPSIS
approach develops based on the improved accuracy value in section 4. Numerical examples are given
in Section 5 to reflect the utility of the system proposed. There is a conclusion to the paper in Section
6.

Preliminaries

Definition 2.1. [1] Let D*[0; 1] be the set of all closed subintervals of the interval [0; 1]. Let

A(¢@). An IVIFS is an expression in Z given by A={z,M A2 Np(2):z€Z}  where

M,:Z— D01 N,:Z— D[01] with the condition 0 < sup; Ma(z) + sup: Na(z) < 1. The degree of
belongingness is denoted by Ma(z) and the degree of non-belongingness is denoted by Na(z) of the
element z to the set Z. We denote Z by Z ={z,[M AL (2),M AU (z)],[NAL(z), N AU (2)]:zeZ}

where 0 < Mau(z) + Nau(z) <1, MaL(z) > O,NaL(z) > 0.
Let TrIFS(Z) denotes the set of all TrIFSs in Z. We denote TrIFN by
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A=([yp,yq,yr,ys],[9t,9u,SV,SW]) where [yp,yq,ur,ys] denotes the degree of
membership and ['9t"9u ,19V,L9W] denotes the degree of non membership.

Definition 2.2. [1] Let A°® be the complement of A and is defined by A® ={z, VA(Z),yA(Z) zel}

Definition 2.3. [9] Let A= ([yp1 g M ,usl] [9 Wy ul"gvl"gvﬂ]) and
B :(['upZ"uq2"ur2’“32]’[‘9t2"9u2”9v2"9w2]) be two TrIFNs. A subset relation is defined by
A cB if and only if’uplS‘up2”uq1S'UCIZ”UFJ.S'UFZ”HS].S’USZ and
‘9t1 > ‘9t2 : 9u1 > '9u2 : 9V1 > ‘9v2 : 19Wl > 3W2 respectively.

Definition 2.4. [9] Let A= ([yp,yq,yr,us],[gt,gu,SV,SW]) be a TrIFN. Then the « - cut of the

membership and the p- cut of the non membership function are defined by

[a(,uq _,up)+:upla(;ur _ﬂs)+ﬂs] and [ﬂ(‘gt _‘gu)+‘9U!ﬂ(‘9w _‘gv)+9v]'

o /

0 p, U, p, U, -.“rﬁ.‘-‘s

Figure 1: Graphical representation of membership and non membership functions of TrIFN
Definition 2.5. [12] Let A=([,up,uq,ur,ys],[gt,ﬁu,gv,gw]) be a TrIFN. Then S, the score
i+ Ho + My + Hg —[G +4,+94, +9,]

2 :
Definition 2.6. [12] LetA:([,up,,uq,,ur,ys],[Qt,Su,Sv,SW]) be a TrIFN. Then Hr, the score

function is defined by St (A)=

yp+,uq M2 N e S T R VE R W
4

function is defined by HTr (A=
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Definition 2.7. [14] Let A:([ﬂp’/‘q’ﬂrw“s]’[‘gt"gu"9V"9W]) be a TrIFN. Then M, the score

zup +/uq +:ur +lLlS 14 lgt +19u +19V+19W
4

function is defined by M, (A=

Definition 2.8. [6] Let A:([,up,,us],[St,SW]) be an IVIFN. Then T(A); an IAF is defined by

:Up(l_‘gt) +;us (l_‘gw)

T(A)= 5

,T(A) €[0]].

Ranking by IAF for TrIFN

Example 3.1. Let A1 = ([.1, .2,.3,.5], [.2,.3,.3,.4]) and A>=([.1,.3,.3,.4], [.2,.2,.3,.5]) be two TrIFNs
for two alternatives.
Definition 2.5,= St (A1) =-0.025 and St (Az) = -0.025
Definition 2.6, = Hr (A1) = 0.575 and Ht (A2) = 0.575
Definition 2.7, = Mr (A1) =-0.15 and Mt (A2) =-0.15

Thus, we can not tell which alternative is the right one. The current tasks have also struggled
to illustrate their usefulness in selecting the right alternative. The suggested approach is very useful
in trying to solve this sort of situation.

In certain cases the values in the details for membership and non-membership might be
intervals instead of absolute numbers. Moreover, the interval can be extended to form TrIFN. So the
AF T specified in IVIFNSs [6] is applied to the TrIFNs in this section in order to solve the decision

problem when the given information is TrIFN. Using the definition of Tt for o €[0,1], we get

1
T =2 JIp+a(a=p)~(p+a(a— P+ a(t-u)
0
+(s+a(r—s)—(s+a(r-s))vV+a(w-v))lda

I 1 1 1
2 2 2
p+(a- |o)[—0‘2 ] - p+(a- |o)[—0‘2 ] U+(t—u){—0‘2 }
0 0 0

1 1 1
2 2 2
+/S+(r—s) I S+a(r—s) o V+(W-V) o
2 2 2
0 0 0]

N~
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T +r+S Qt+pu+rw+sv_ pt+qu+sw+rv
Tr 4 6 12

Definition 3.2. Let A= ([p, q, 1, s], [t, u, v,w]) be a TrIFN. The improved accuracy function T is

(m=P

p+q+r+s qt+pu+rw+sv_ pt+qu+sw+rv
4 6 12 (1)

defined Ty (A)=

If we apply Definition 3.2 to Example 3.1, we get Tt+(A1) = 0.1875 and T+:(A2) = 0.1858: Clearly,
we can say that alternative A; is the best one compared with Ay,It shows the significance of the
proposed method.
Theorem 3.3. For any TrIFN A = ([p, q, r, s], [t,u, v,w]), the IAF T+(A) 2 [0; 1]:
Theorem 3.4. For a fuzzy subset A =t = ([t, t, t, t], [1-t, 1-t, 1-t, 1-t]), the IAF is T:(A) = t.
Moreover,

IfA=(1,1,1,1],[0,0,00]), Tre(A) =1

If A=([0,0,0,0],[1,1,1,1]), Tr(A) =0.
Theorem 3.5. Let A=([p, g, 1, 8], [t, u, v,w]) be a TrIFN. Then T:(A) + T1(A°) < 1

TOPSIS Method Based on the 1AF for TrIFN

We try to assess Fuzzy MCDM problems where the data generated by decision makers are
represented as TrlF decision matrix by using TOPSIS technology, that each entry is a TrIFN, even
the known standard weights is taken. By using the proposed accuracy function, we will de_ne the
separation measures of each alternative from the optimal negative and positive solutions to evaluate
the relationship. In a MCDM problem, there are set of alternatives Z = {Z1,Z>,....Zm} Each one is
valued on n criteria, which are represented by Y = {Y1, Y2,.....Yn} Each entry in the DM can be
indicated by a TrIFN Kij = ([pij, Qi , Tij » Sij 1, [tij» Uij, vij,wij D=1, 2,....m; j=1,2,...... n). The
TrIF DM Dmxn(Kij) is defined as below

(IP11, 911,711,819 ) [ty 1, Ugg, Veg, WD) (IP1n: 9100 S1n ) Mt U1n s Vi Wen D)
Pm1:9m1: 'm1 Smad tm1 Um1: YmLWgD) o ([Pmn.Amn: 'mn.Smn ] ltmns Umn, Vmn . Wmn 1)
......... )

By using the IAF T+, we change the TrIF DM Dmxn(Kij) the score matrix Vmun(Tij (Kij))
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(TTrll (Kll )) (Tmz (Klz )) ----- (TTrln (Kln ))

(TTrml (K ml )) (TTrmZ (K m2 )) (TTrmn (K mn )) (3)

Fix the weights Wj(j = 1; 2; : : : ; n) € [0; 1] and ZW =1

Z ={(Y;[0,0,0,0],[1,1,1,1]/Yje Cyand Z" = {(Y;,[1, 1,1, 1], [0, 0,0, 0])/Y; € Y} respectively
represent the negative and positive ideal solutions of the alternatives. Then the IAF based separation

measures (Si) are obtained by

m 2 N m 2
Si(272i)= J_{ JTI‘IJ(KIJ)} and Sj(£™.Z)= JEJW (- rIJ(KIJ))}

Tr(Z) =0and T1(Z%) = 1:
The relative closeness of an alternative Z; is then defined by the following general formula, based on

the beneficial ideal solution Z*

S:(2%,2) .
Z:)= | ' ; Where Yi(Zi)(i=1; 2; ::;m)and 0 < Yi(Zi) < 1.

Y.
@i 5.(27,2;)+5;(z".Z;)

Then as per the values of Yi(Zi), the alternatives are listed in a descending order. Finally, the
alternative, which is put first in that order, is chosen as the better one among the alternatives.
Numerical Examples

Based on the following three requirements, a private organization needs to pick one applicant
out of four for a position in their organization: (1). Y1 is the Level of intelligence. (2). Y2 is the
Scholarly Papers. (3). Yz is Experience in the sector. The weight of the criterion is taken as W = (0:4;
0:3; 0:3).The Z; alternatives (i = 1; 2; 3) are to be determined by the decision-maker to use the TrIFN
on the basis of the above three. Dax3(Kjj) =

Table 1: ATrIFNs

- Y1 Y2 Y3
Z1  (0.12,0.160.2,0.26),(0.3,0.32,0.4,0.43)  (0.13,0.2,0.26,0.3),(0.31,0.42,0.450.5)  (0.22,0.24,0.31,0.35),(0.41,0.45,.5,0.6)
Z2 (0.01,0.12,0.150.22),(0.25,0.32,0.35,0.43) (0.11,0.16,0.22,0.26),(0.31,0.36,0.42,0.46) (0.21,0.32,0.35,0.42), (0.45,0.52,0.55,0.6)
Z3  (0.16,0.22,0.28,0.3),(0.36,0.44,0.450.5)  (0.14,0.24,0.25,0.33),(0.35,0.450.50.6)  (0.22,0.34,0.35,0.4),(0.44,0.52,0.55,0.6)
Then we can achieve the most appropriate one(s) by using the suggested method. Then the accuracy
(K)) isattained by using (1).

matrix R 5,,(T;
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0.1157 0.1263 0.1400
R 5(Tr; (K, ))=| 0.0802 0.1123 0.1500
0.1334 0.1230 0.1539

Obtain the attributes of positive ideal solutions and negative ideal solutions using (2) as follows.
S1(Z+;Z1) = 0:5185; S2(Z+;Z2) = 0:5121; S3(Z+;Z3) = 0:4978
S1(Z, Z1) = 0:0657; S2(Z°, Z2) = 0:0710; S3(Z", Z3) = 0:0853

Then we can determine the values of Y i(Zi) as
Y 1(Z1) = 0:1125; Y 2(Z2) = 0:1218 and Y 3(Z3) =0:1463 by using (3).

The order of ranking for the three alternatives is Z; < Z, < Z3. So, obviously, Z3 should be selected.

Conclusion and Scope
In this research paper, we have expanded the IAF for IVIFNSs to the IAF for TrIFNs. To rank
the alternatives by using the proposed accuracy function, a TrIF TOPSIS methodology is applied and
the most appropriate one(s) will therefore be selected. Finally, numerical examples are presented in
order to explain the usefulness of the proposed technique. In future, we could start working on the

implementations of our developed method in completely different domains.
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