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Trapezoidal Spherical Fuzzy Numbers and
its Application to Fuzzy Risk Analysis

V. Dhanalakshmi”

Abstract

Spherical fuzzy sets are a broader type of fuzzy sets that
have the ability to handle various scenarios using their
membership, non-membership, and neutral membership
grades. These sets require that the total of the squares of
these grades be no greater than one. This condition extends
the possible values for the three grades and enables
decision makers to have a wider range of options when
assessing a situation. In solving real-life problems, it is
necessary to describe a real number as a spherical fuzzy set
to incorporate the fuzziness; thus, the need to use
trapezoidal spherical fuzzy numbers (TSEN). This paper
discusses the membership functions of the TSFN, their
arithmetic operations, and their properties. Also, a ranking
function is proposed to order the TSENs. All these are used
to solve a fuzzy risk analysis problem whose parameters
are presented as TSFNs.

Keywords — Trapezoidal Fuzzy Number, Spherical Fuzzy Set, Fuzzy
Risk Analysis, Ranking Function

Introduction

Nobody can accurately predict the risk involved in a production
unless they are familiar with every component of the risk system
they are researching. In real-world situations, it is impossible to
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prevent the risk assessment gaps that lead to fuzziness. As a result,
we must cope with a risk system’s fuzziness.

Fuzzy set theory was first introduced by (Zadeh, 1965) to
mathematically represent data that is uncertain or vague. In this
theory, a fuzzy subset A of a universal set X is represented by a set
of ordered pairs, where each element x in X is associated with a
degree of membership p4(x) that ranges from 0 to 1. If the degree of
membership is zero for all elements in X, then A is an empty set. If
the set of elements in X with a non-zero degree of membership is
finite, then A is a discrete fuzzy set. A fuzzy set becomes a crisp set
when p,(x) takes only the values 0 or 1. However, in fuzzy sets, the
non-membership value of an element cannot be derived from its
membership value. To address this, Atanassov developed
intuitionistic fuzzy sets (Atanassov, 1986), which include both
membership and non-membership degrees for each element. Later,
interval-valued intuitionistic =~ fuzzy sets were developed
(T.Atanassov & G.Gargov, 1989) as an extension of intuitionistic
fuzzy sets. However, some situations may arise where the sum of the
two membership grades exceeds 1, which cannot be handled by
these fuzzy sets. To overcome this issue, Pythagorean fuzzy sets
were developed by (R.Yager, 2013) , with the condition that the sum
of squares of the two membership grades is up to 1. Picture fuzzy
sets were then developed by (Cuong & Kreinovich, 2013), using
three grades of membership, non-membership, and neutral
membership, whose sum does not exceed 1. However, there are still
situations where the sum of the three considered membership
grades exceeds 1, which cannot be handled by these fuzzy sets. To
address this, (Glindogdu & Kahraman, 2019a) introduced the idea of
spherical fuzzy sets, where the sum of squares of the three
membership grades does not exceed 1. Spherical fuzzy sets are more
realistic and versatile than other fuzzy sets, and have been applied
in various fields, such as multi-criteria decision making (Ashraf et
al., 2019; Balin, 2020; Zeng et al., 2019), medical diagnosis (Mahmood
et al., 2019), pattern recognition (Mahmood et al., 2021; Ullah et al.,
2018; Wu et al., 2019, 2020), clustering (Ozlii & Karaaslan, 2021; Ullah
etal., 2020), and selection problems (Giindogdu & Kahraman, 2019b;
Kahraman et al., 2019; Kutlu Giindogdu & Kahraman, 2019; Liu et
al., 2019; Mathew et al., 2020).
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This article aims to employ the notion of spherical fuzzy sets to
establish a type of fuzzy number called Trapezoidal Spherical Fuzzy
Number (TSFN). Section 2 recalls the preliminary definitions and
results related to spherical fuzzy sets. Section 3 discusses
membership functions, arithmetic operations, and properties. Also,
Section 3 presents a ranking function to order the TSFNs. Section 4
discusses the fuzzy risk analysis problem, an algorithm to solve it
and an illustration. Finally, the conclusion is presented in section 5.

Preliminaries
To ensure thoroughness, we will review the necessary definitions
and results.

Definition 1. (Giindogdu & Kahraman, 2019a) Spherical fuzzy sets
A of the universe of discourse U is given by

As = {(% (rag (), vz, (0), ma, ()))}
where
tag:U = [0,1],v4:U - [0,1],n4,: U — [0,1]
and
0 < pz () +vi, () +15,(x0)*<1L,Vx €U

for each x, the numbers p5,(x), v4,(x) and n4,(x) are the degree of
membership, non-membership and neutral(hesitancy)-membership
of x to A, respectively.

Remark 1. The quantity
pas () = (1= (ka0 + 3y (07 + 1 (0?)

is considered as the degree of refusal-membership.

Definition 2. (Gilindogdu & Kahraman, 2019a) Suppose we have
two spherical fuzzy sets, A; and Bs, and a positive real number A.
The arithmetic operations are specified in the following manner:

Theorem 1. (Kahraman & Giindogdu, 2021) The subsequent

properties are valid for any two spherical fuzzy sets. Ag and Bs and

A, A1, A, being positive real numbers:
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As@Bs = {(( 13,00 + 13,00 = 1, GOm0 v, GV, ),

Ji= .00, + [1 -, @] 00 - v, om0 )|

As@Bs = {(x s, (0, [v2,00) + 3,0 —vE, GV, (),

Ji =]+ [t v ] 0 — i, om0 )|

Ms = {(x( }1 -(1- uﬁs(x))l RYACI J [1-2,] - [1- 12,0 - nfys(x)]l)>

}

At = {(x (,u/’}s(x), 1- (1 - vgs(x))l,\/[l - vﬁs(x)]/l - [1 —vi () — nfis(x)]/l)>}

Trapezoidal Spherical Fuzzy Number

In this section trapezoidal spherical fuzzy numbers are defined
based on the definitions of spherical fuzzy set (Giindogdu &
Kahraman, 2019a), spherical fuzzy number(Deli & Cagman, 2021)
and intuitionistic fuzzy number(P. Burillo, 1994).

Definition 3. A trapezoidal spherical fuzzy number is denoted by
a = (aq,a;,a;3,a4;{g, B4 va)) such thata; ER,i =1, ,4,a; < a, <
a;<a, , az5PBasvz€[01] and 0<aZ+pZ+y2<1 whose
membership, non-membership and neutral functions are
respectively given by
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(x —ay)ay
a; —aq
g a, <x <as
pa(x) = ¢
(ag —x)ag
2 78 g<x<a,
a, —as
0 otherwise
(a, —x) + (x — ay)By
[ 2 ha a <x<a,
a, —
V~(X): ,8[1 a, <x <aj
a
(x = a3) + (@ — 2)fs
az3 < x < ay
a, —as
1 otherwise
(x —ayva
—1 4 aq <x< a,
a; —a
Vi a, <x<a
na(x) = “ 2 3
(ay — x)va
—= % gy<x<a,
as — as
0 otherwise

Arithmetic Operations on TSFNs

Definition 4. Let &= (ay,ay a3 a4;(az Bavs)) and b=
(b1, by, b3, by; {aj, B v5)) be two trapezoidal spherical fuzzy
numbers and A be a positve real number, the arithmetic operations
are defined as follows:

Aa®b = (a+by,a,+byci+cydy +dy;

i+ a — i s [1 - el + 1 - il v

(ﬂal,laz.la3,1a4: (Jl - (1-ad* B4 J[l —aiP-[1—-ai - y;p)) ifA>0

Ad =
<la4,la3,ﬂaz,la1; (Jl -(1- aé)‘l,[iﬁ"l,\j[l —ail*—-[1—-aZ - yé]‘ﬂ) if1<0
3 min(c; 4 ), min(c,3), max(c,3), max(cy 4 ); @z, /Bé + BZ — B2BE,
a®b =

\/[1 — BElvZ+ [1 - B2lvi —v&vi)

where c¢; ; = {a;b;, a;b;, a;b;, a;b;}
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dﬂ

( <a{1, a},a?,al; (a?, /1 -(1- ﬁé)lt\/[l —B2A—[1-p% - y§]1)> if1>0

i(ai. o}, ab,afs (az? 1 - (1= p2) 7, J [1- B2~ [1-BE - yé]ﬂ) if1<0

Proposition 1. Let d@ = (ay,ay, as, a,;{(ag Bavs)) and b=
(b1, by, b3, by; (g, B5, V) be any two trapezoidal spherical fuzzy
numbers and A be a positve real number, then & ® b, a ® b, Ad, a*
are all trapezoidal spherical fuzzy numbers.

Proof. By the definition of the arithmetic operations, the order in the
four components of the trapezoidal spherical fuzzy number are
preserved. The spherical condition on the membership, non-
membership and neutral function on these operations are to be
proved. Since @ and b are trapezoidal spherical fuzzy numbers, we
have the following two spherical conditions:

0<aZ+B2+y2<1;, 0<ai+pi+yi<1

By definition 4, the membership, non-membership and neutral
function on the addition of two trapezoidal spherical fuzzy numbers
are

— 2 2 2,2
aa@g = \/aa + (ZE - adal;
Bags = BaPs

Yaob = J[l —alyZ+ 11— a2ly; —vivi:

Consider

0 < azgs + Bigs + Vaes = ai+ap —aday + BB +[1—aglvi +[1 - adlvi —vivs
<ai+al—aiai+(1—az—v2)(1-ai—vi)
+[1 - agly2 + (1 - a2ly; —v2vi
=al+al—alal+1—ak—vy}+aal+alyi—vi+yiak+vivi
+y§ — agvi +vi — agvi —vivi
=1
This proves that the addition of two TSFNs is again a TSFN.
Now, consider the membership, non-membership and neutral
function of a scalar multiplication of a TSFN a
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Then,

O<ada+Blatvi =1-(1-a2) + (B +[1-a2]' ~[1-aZ—y2]"

<1-(1-ad)' +(1-ai-y3) +[1-a2] ~[1- a2 -3’
=1
Thus the scalar multiplication of a TSFN with a non-negative scalar
is again a TSFN. The same is true for negative scalar also. Similarly

it can be shown that the product of two TSFNs and the power of a
TSEN are also TSFNs. Hence the proof. O

Remark 1. Theorem 1 holds good for TSFNEs.
Proposition 2. Let a®,a®,...,a™ be n TSENs given by @) =
(agi), agi), agi), aii) ; (aa(i);ﬂa(i);ya(i))), then the sum of these n TSFNSs is

sum(d(l),d(z), o) 51(”)) = ( i agi) X agi) X agi), r aii) ;
<J1 — I, (1~ aé(t)) =1 B0,
\/H?ﬂ(l - aé(i)) - H?=1(1 - a;(i) - V;m))

Proof. Let us prove this by induction.
Trivial Case (n=2):
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aum(@,a®) = (@® + a®,a® + o, a® + 02,0 + a?;
(Jl — (1= aZo)(1 - ale) BawBae, \
\/(1 —aiw)(1—ale) = (1 - adw —vin)(1 - ale - Vé(z)))/

— (agl) + aEZ)’agl) + a;Z),agl) +a ( ) (1) + a( ).

(\/1 - (1 - a;(n - aé(z) + a;(naé(z)):ﬁa(l)ﬁa(n.

(1- aley —aio + “umaam)
2 2
~(1-aw —aln — Vﬁ(n Va(z) +aioVio + Qoo+ Vau)l’a(l))

— (a(l) +a(Z) (1) + a (1) ail) +a4 );

(\/“2(1) + e — i aé(z)).ﬁdmﬁd(z),

(1 -l —ale + alwals)
2
-(1- Al = oy = Vi = Vi + Qoo + QiyVie + o Vim + Vau)}’aa))

— (a(l) +a§2), SO a() (1) +a( (1) +a‘(t2)'

2 2 2 2
(\/“am + @i — A X)) BawBa,

2 2 2 .2 2 .2 2 .2
\/Vd(l) T Vi — YioVie — A Vam — }’aa)}’a(n)))
=g ® 5(2)’

Let us assume the statement is true for the cases less than n and

prove for n
Let

B = (bll b2l b3' b4»; (0(5, BE!VE)) = Sum(d(l)'a(Z): reey d(n_l))
then

b, Z @ z 0

b =S nen S
i=1
n-1
ap = 1—1_[(1—%(1)) ﬁb—nﬁm
=1

n-1

Y56 = n(l—“am) n(l—“am Vo)
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Now consider

bpa™ = sum(E, d(")), since the statement is true for the trivial case

=sum ((bl,bz,b3, by;{ag, Bs V5)), (ain)' agn)' agn)' ain)' <aa(n)'ﬁa(")rya(")>))
= (by +a™, b, +al™, by + al, by + al;
(1= (U= @)1 - ). B,

\/(1 - “zg;)(l - “é(n)) - (1 - “g - 7’1%)(1 - “é(n) - Vé(n)))

n n n n
= <Z agl) ,Z agl) , Z agl) ,Z a‘(f) ;

i=1 i=1 i=1 i=1

n n n
(1= 1_[(1 - aém) , Hﬁa(i% 1_[(1 - a’é(i)) - 1_[(1 - “é(i) - Vé(i)))
i=1 i=1 i=1

i=1

= sum(a®,a?,...,a™)

For,

=== i) =1-a-(1-[Jo- i) a-cio)

n-—1
=1-(1-alw) + (1 -1]a- a;@)) (1-aZm)
= n-1
=1-(1-aiw)+(1-aim) - H(l —azo) (1 - azw)
n i=1
=1—I10—a30
i=1

and

(1-a3)(1- “fz::) —(1—ai —v3)(1 = @z = ¥im)
= [1 - (1 - 1;[(1 - a;@)>] (1-a’w)
- [1 - (1 - Ij@ - “2@)) (H(l @) = 1_[(1 ago = a(‘)))] (1 - agm = ¥zm)
= 1:[(1 - @0) — 1:[(1 ~ %0 ~ V0)
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In a similar pattern one can prove the following statement about the
product of n TSFNs.

Proposition 3. Let a®,d®,...,d™ be n TSFNs given by @ =
(agi), agi), agi), af) {ag0, Bz, Yd(i))), then the product of these n
TSFNs is

product(@a®,a®,...,a™) = ( na® I, el I, el T, al?;
(i1 a0 '\/1 - H?=1(1 - 'Bé(i))'
\/H?ﬂ(l —BZw) — (1= B2 — Vi)

provided each agi) = 0.

Ranking of TSFNs

The a —cut set of the membership function us(x) of the TSFN a =
(aq,ay,a3,a4;{ag, Ba Ya)) can be obtained from the membership
function as [Lz(h),Rz(h)],h € [0,a;] where Lz(h) =a;+ (a, —

a,) a%, Rz(h) = a, — (ay —az) a% Also observe that the membership

degree of TSFN lies in [aa, ’1 - ,85 - y,%]

Definition 5. The ranking funtion R of a TSFN a=
(a1, ay,as,a4;{agz, Ba va)) is defined as

Ry (@) = %[ [716 - )10 + oRg] an
0

+ f [
0

(1 - w)Lg(h) + wR4 ()] dh

where 0 < w < 1. The value of w represents the risk preference.

Remark 2: For TSEN d = (a4, a,,as, as; {(az, Ba Va)) with w = %,
the ranking value is
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R@) = }[ [ttt + ranan+ [ na + R0 dh]
0 0
:%Uja[al+ (a, —111)0%+a4 - (a4—a3)0%]dh

1-pavd h h
+J. [al+(az—a1)—+a4—(a4—a3)—]dh
0 Az 4%

1 “a
4. [f [(a; + a)az — (a; + ay — a, — az)h] dh
alJo

1-p%-v4
+f [(a; +a))a; — (a; + ay — a, — az)h] dh
0

1 hZ ag
= r‘a (a; +a))azh—(a; + ay, —a, - a3)? ,

h2Ts 1-BE-vZ
+|(a; + ay)azh — (ay +a, —a, — a3)7
0

—iw(a +a)|az+ |1—-p2—v2 —l(a +a,—a,—az)(1+ak—pZ—v2)
—40(& alay 4 a a—Ya 7\ 4 2 3 a a—Ya

Remark 3. The above defined ranking function is used to sort the
TSFNs as @ < b if and only if

o 72(51)<1R(15) or
o R@=R(b) and 6&;>0b; , where the quantity &z =

Jl — (a2 + BZ +vZ) is the refusal degree of the TSFN a.

Fuzzy Risk Analysis Problems using TSFNs

In this section, we apply the TSFNs and their arithmetic and ranking
operations to deal with fuzzy risk analysis problems. Assume that
there are n manufacturers C;, Cy, - C, who manufactures the same
component. Suppose that manufacturer C; produces component 4;,
which comprises of m sub-components 4;;, 4;5, ..., Ajm- T assess the
likelihood of 4; failing, we employ two evaluation measures, R
and Wy, which respectively represent the probability of failure and
the severity of loss associated with each sub-component 4;;, of each
manufacturer C;, where 1 < i < nand1 < k < m. It should be
noted that the probability of failure and the severity of loss are
determined using TSFNs. The subsequent procedure outlines the
risk analysis algorithm:
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e Stepl:

Using the TSFNs R;;, and Wy, for each sub-component 4;;, belonging
to component 4; manufactured by C;, where1 <k <mand1<i <
n, determine the probability of failure R; of component 4; made by
C; by the following formula.

B o= et Rie @ Wy

L m >y
k=1 Wi

e Step 2:

Calculate the ranking function for each calculated probability of
failure R;. The higher the value of the ranking function, higher the
probability of failure of component 4; made by the manufacturer C;.

Illustration

Consider a problem of the production of a component by three
manufacturers C;, Cy, C3 and name it Ay, A,, A3. Let A;1, A2, Aj3 and
Ajy be the sub-components required for the component 4;,1 < i < 3.
Let the following tables describe the two evaluating terms: R, and
Wiy, of the sub-components Ajy,.

Manufacturer | Sub-component Probability of | Severity of Loss (Wik)
Failure (Rix)
Cq An [0.17, 0.22, | [0.04, 0.1, 0.18, 0.23;
0.36, 0.42; | (0.8,0.3,0.3)]
(0.8,0.4,0.3)]
A1 [0.32, 0.41, | [0.58, 0.63, 0.80, 0.86;
0.58, 0.65; | (0.65,0.4, 0.2)]
(0.6, 0.5, 0.3)]
Az [0.58, 0.63, | [0,0,0,0;(0.5,0.6,0.1)]
0.80, 0.86;
(0.8,0.7,0.3)]
A [0.30, 0.40, | [0.2, 0.3, 0.35, 0.42;
0.50, 0.60; | (0.6,0.4,0.2)]
(0.9,0.1,0.2)]
C A [0.93, 0.98, | [0.04, 0.1, 0.18, 0.23;
1.0, 1.0; (0.85, | (0.8,0.2,0.1)]
0.3,0.2)]
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Manufacturer | Sub-component Probability of | Severity of Loss (Wik)
Failure (Rix)
An [0.58, 0.63, | [0.58, 0.63, 0.80, 0.86;
0.80, 0.86; | (0.65,0.4, 0.2)]
(0.6,0.3,0.2)]
Ans [0.32, 041, | [0, 0.2, 0.28, 0.4; (0.8,
0.58, 0.65; | 0.3, 0.1)]
(0.7,0.4,0.2)]
A [0.74, 0.78, | [0.2, 0.25, 0.31, 0.38;
0.80, 0.85; | (0.7,0.3,0.2)]
(0.6,0.3,0.4)]
Cs Az [0.17, 0.22, | [0.04, 0.1, 0.18, 0.23;
0.36, 0.42; | (0.8,0.3,0.3)]
(0.9,0.1,0.1)]
Az [0.72, 0.78, | [0.5, 0.58, 0.63, 0.7;
0.92, 0.97; | (0.7,0.3,0.2)]
(0.5,04, 0.3)]
Az [0.58, 0.63, | [0.21, 0.25, 0.32, 0.38;
0.83, 0.87; | (0.8,0.1,0.2)]
(1.0, 0, 0)]
Asy [0.61, 0.66, | [0.4, 0.45, 0.52, 0.6;
0.72, 0.80; | (0.7,0.3,0.1)]
(0.5,0.4,0.2)]
Table 1: Evaluating Terms of the sub-components by the 3 manufacturers
Sub
m m
} _ _ Z Rye @ Wy, Z Wi
comp Rixe @ Wi =1 =1
Aqq (0.0068, 0.022, 0.0648, 0.0966; | (0.2524, 0.4003, | (0.82, 1.03,
(0.64, 0.485, 0.387)) 0.7038, 0.9076; | 1.33, 1.51;
Ais (0.1856, 0.2583, 0.464, 0.559; 80386%8); 0.099, 806924;9'
(0.39, 0.608, 0.319)) 0.188))
Aiz (0.0, 0.0, 0.0, 0.0; (0.4, 0.821,
0.249))
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Sub
m m
: B _ Z Ry @ Wy Z Wi
comp Ry @ Wy, k=1 k=1
A (0.06, 0.12, 0.175, 0.252; (0.54,
0.41, 0.268))
Ay (0.0372, 0.098, 0.18, 0.23; (0.5216,  0.7719, | (0.82, 1.18,
1.2304, 1.5526; | 1.57, 1.87;
(0.68,0.356,0.217)) (0.861, 0.035, | (0.981,
A,y (0.3364, 0.3969, 0.64, 0.7396; | 0.314)) 0.007,
(0.39, 0.485, 0.262)) 0.085))
Ayg (0.0, 0.082, 0.1624, 0.26; (0.56,
0.485, 0.211))
Ay (0.148, 0.195, 0.248, 0.323;
(0.42,0.415, 0.419))
Asq (0.0068, 0.022, 0.0648, 0.0966; | (0.7326, 0.9289, | (1.15, 1.38,
(0.72, 0.315, 0.312)) 1.2844, 1.5862 | 1.65, 1.91;
Az, (0.36, 0.4524, 0.5796, 0.679; ,0((;??;))1), 0.008, 806%%)3'
(0.35,0.485, 0.335)) 0.116))
Asg (0.1218,  0.1575,  0.2656,
0.3306; (0.8, 0.1, 0.2))
As, (0.244, 0.297, 0.3744, 0.48;
(0.35, 0.485, 0.211))

Table 2: Calculation of the product of Probability of Failure and Severity of Loss

The probability of failure R; of the component A; made by the
manufacturer C; and their respective ranking function are as follows:

R, = (0.1672,0.301,0.6833,1.1068; (0.795,0.103,0.407)),  R(R,) = 0.476
R, =(0.279,0.4916,1.0428,1.8934; (0.845,0.036,0.324)), R(R,) = 0.821
R; = (0.3836,0.563,0.9307,1.3794; (0.915,0.009,0.261)), R(R3) = 0.764

Therefore, the order in which manufacturers are ranked based on
their risk is C, > C3 > Cj..

Conclusion

Trapezoidal fuzzy number is the most common form of fuzzy
number in the literature. Spherical fuzzy sets are effective as they
incorporate the membership, non-membership and neutral
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membership grades of a set. It is important to combine the two
concepts to apply to the real life problems. Also, the arithmetic
operations and ranking function are the two main features required
to apply the fuzziness to a problem. This paper discusses the
trapezoidal spherical fuzzy number, ranking function, arithmetic
operations and related properties so that the TSFNs are applicable to
decision problems. All these are applied to a fuzzy risk analysis
problem.

References

[1]. Ashraf, S., Abdullah, S., Mahmood, T., Ghani, F., & Mahmood, T.
(2019). Spherical fuzzy sets and their applications in multi-
attribute decision making problems. Journal of Intelligent & Fuzzy
Systems, 36(3), 2829-2844.

[2]. Atanassov, K. T. (1986). Intuitionistic fuzzy sets. Fuzzy Sets and
Systems, 20, 87-96.

[3]. Athira, T. M., John, S. ., & Garg, H. (2019). Entropy and distance
measures of pythagorean fuzzy soft sets and their applications.
Journal of Intelligent and Fuzzy Systems, 1-14.

[4]. Balin, A. (2020). A novel fuzzy multi-criteria decision-making
methodology based upon the spherical fuzzy sets with a real case
study. Iranian Journal of Fuzzy Systems, 17(4), 167-177.

[5]. Cuong, B. C., & Kreinovich, V. (2013). Picture fuzzy sets-a new
concept for computational intelligence problems. Proceedings of
2013 ThirdWorld Congress on Information and Communication
Technologies (WICT 2013), IEEE, 1-6.

[6]. Deli, 1., & Cagman, N. (2021). Spherical fuzzy numbers and multi-
criteria decision-making (pp. 53-84). Springer.

[7]. Garg, H. (2017). Some picture fuzzy aggregation operators and
their applications to multicriteria decision-making. Arabian
Journal for Science and Engineering, 42(12), 5275-5290.

[8]. Glindogdu, F. K., & Kahraman, C. (2019a). A novel fuzzy TOPSIS
method using emerging interval-valued spherical fuzzy sets.
Engineering Applications of Artificial Intelligence, 85, 307-323.

123



Mapana - Journal of Sciences, Vol. 22, No. 2 ISSN 0975-3303

[9]. Glindogdu, F. K., & Kahraman, C. (2019b). Spherical fuzzy
analytic hierarchy process (AHP) and its application to industrial
robot selection. International Conference on Intelligent and Fuzzy
Systems, 988-996.

[10]. Kahraman, C., Giindogdu, F. K,, Onar, S. C.,, & Oztaysi, B.
(2019). Hospital location selection using spherical fuzzy
TOPSIS. EUSFLAT Conf.

[11]. Kahraman, C., & Giindogdu, F. K. (2021). Decision making
with spherical fuzzy sets: Theory and applications - studies in
fuzziness and soft computing (Vol. 392).

[12]. Kutlu Gundogdu, F., & Kahraman, C. (2019). A novel
VIKOR method wusing spherical fuzzy sets and its
application to warehouse site selection. Journal of
Intelligent & Fuzzy Systems, 37(1), 1197-1211.

[13]. Liu, P., Zhu, B, & Wang, P. (2019). A multi-attribute
decision-making approach based on spherical fuzzy sets for
yunnan  baiyao’s r&d  project selection  problem.
International Journal of Fuzzy Systems, 21(7), 2168-2191.

[14]. Mahmood, T., Ilyas, M., Ali, Z, & Gumaei, A. (2021).
Spherical fuzzy sets-based cosine similarity and
information measures for pattern recognition and medical
diagnosis. IEEE Access, 9, 25835-25842.

[15]. Mahmood, T., Ullah, K., Khan, Q. & Jan, N. (2019). An
approach toward decision-making and medical diagnosis
problems using the concept of spherical fuzzy sets. Neural
Computing and Applications, 31(11), 7041-7053.

[16]. Mathew, M., Chakrabortty, R. K., & Ryan, M. J. (2020). A novel
approach integrating AHP and TOPSIS under spherical fuzzy
sets for advanced manufacturing system selection.
Engineering Applications of Artificial Intelligence, 96, 103988.

[17]. Ozli, S., & Karaaslan, F. (2021). Correlation coefficient of t-
spherical type-2 hesitant fuzzy sets and their applications in
clustering analysis. Journal of Ambient Intelligence and
Humanized Computing, 1-29.

124



Dhanalakshmi Trapezoidal Spherical Fuzzy Numbers...

[18]. P. Burillo, V. M., H.Bustince. (1994). Some definition of
intuitionistic fuzzy number. Fuzzy Based Expert Systems,
Fuzzy Bulgarian Enthusiasts, 28-30.

[19]. R.Yager, R. (2013). Pythagorean fuzzy subsets. IFSA World
Congress and NAFIPS Annual Meeting, IEEE, 57-61.

[20]. T.Atanassov, K. & G.Gargov. (1989). Interval valued
intuitionistic fuzzy sets. Fuzzy Sets and Systems, 31, 343-349.

[21]. Ullah, K., Garg, H.,, Mahmood, T., Jan, N., & Ali, Z. (2020).
Correlation coefficients for t-spherical fuzzy sets and their
applications in clustering and multi-attribute decision
making. Soft Computing, 24(3), 1647-1659.

[22]. Ullah, K., Mahmood, T., & Jan, N. (2018). Similarity measures
for t-spherical fuzzy sets with applications in pattern
recognition. Symmetry, 10(6), 193.

[23]. Wu, M.-Q., Chen, T.-Y., & Fan, ].-P. (2019). Divergence
measure of t-spherical fuzzy sets and its applications in
pattern recognition. IEEE Access, 8, 10208-10221.

[24]. Wu, M.-Q., Chen, T.-Y., & Fan, ].-P. (2020). Similarity measures
of t-spherical fuzzy sets based on the cosine function and their
applications in pattern recognition. IEEE Access, 8, 98181-
98192.

[25]. Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8,
338-353.

[26]. Zeng, S., Garg, H., Munir, M., Mahmood, T., & Hussain, A.
(2019). A multi-attribute decision making process with
immediate probabilistic interactive averaging aggregation
operators of t-spherical fuzzy sets and its application in the
selection of solar cells. Energies, 12(23), 4436.

125



