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Abstract

In multi-criteria decision-making problems, we may have to deal with numbers that are in interval forms, like those of
positive, negative, and neutral grades representing different attributes of elements. When decision-makers come across such an
environment, the decisions are harder to make and the most significant factor is that we need to combine these interval numbers
to generate a single real number, which can be done using aggregation operators or score functions. To overcome this hindrance,
we introduce the notion of interval-valued picture fuzzy hypersoft set. This eventually helps the decision-maker to collect the
data without any misconceptions. We present some properties of the correlation coefficient and aggregation operators on it.
Also, we propose an algorithm for the technique of order of preference by similarity to ideal solution (TOPSIS) method based
on correlation coefficients to choose a suitable employee among the available alternative using Leipzig leadership model in an
organization for an upcoming new project. Finally, we present a comparative study with existing similarity measures to show
the effectiveness of the proposed method.
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1. Introduction

The concept of fuzzy set (FS) theory was introduced by Zadeh [29] and since then it has been ex-
tensively used in various fields. The idea of intuitionistic FS (IFS) was presented by Atanassov [3], an
extension of FS. Bui Cong Cuong [8] defined the concepts of picture FS (PFS) and interval-valued PFS
(IVPFES) characterized by the values of positive, neutral, and negative grades for each element of the set.
Molodtsov [21] introduced the idea of soft set (SS) to deal with uncertainties. Smarandache [25] presented
the notion of hypersoft set (HSS) to overcome the restriction faced in SS.

Esi and Hazarika [11] established and studied the properties of convergent double interval numbers.
Esi [9] presented the concept of convergence of interval numbers. Esi and Braha [10] defined the notion
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of statistical equivalent sequences of interval numbers. Hazarika and Esi [15] introduced the concept
of convergent interval valued by using Orlicz function. Khalil et al. [17] defined some operations and
relations over IVPFS. Wei [28] presented a method to measure the similarity between PFS. Kamaci et
al. [16] introduced Einstein operators to aggregate the information of interval-valued picture hesitant
fuzzy set. Ashraf et al. [2] proposed a method to aggregate values for cubic PFS. Garg and Kumar [14]
defined the concept of linguistic interval-valued Atanassov intuitionistic fuzzy set, whose positive and
negative degrees are in linguistic terms. Son et al. [26] introduced the concept of inference system on
PFS to improve the traditional fuzzy method. Wei [27] investigated the multiple-criteria decision-making
(MCDM) problems with PFS. Khan et al. [19] studied some of the basic properties of picture fuzzy
soft sets. Garg [12] discussed some picture fuzzy aggregation operators (PFAO) and used them to solve
MCDM problems. Qiyas et al. [23] utilized PFAO to solve MCDM problems which are given in linguistic
terms. Chinnadurai et al. [6] proposed the idea of finding unique ranking among the alternatives by
using parameters in MCDM problems. Khan et al. [18] developed neutrosophic cubic generalized unified
aggregation and neutrosophic cubic quasi-generalized unified aggregation operators to solve MCDM
problems. Ayele et al. [4] presented a method for traffic signal control using interval-valued neutrosophic
soft set. Musa and Asaad [22] studied the properties of bipolar hypersoft set by combining HSSs and
bipolarity. Ajay et al. [1] studied the properties of neutrosophic semiopen and closed HSSs. Zulgarnain et
al. [30] developed a new score function to solve MCDM problems. Rahman et al. [24] presented the notion
of neutrosophic parameterized soft set for dealing with MCDM problems. Christianto and Smarandache
[7] proposed the idea of a third-way leadership model, a blend of hard-style and soft-style leadership.
Garg et al. [13] used a combination of TOPSIS and Choquet integral method in hesistant FS to solve
MCDM problems. Zulqgarnain et al. [31] introduced the concept of intuitionistic fuzzy HSS and used the
TOPSIS method based on correlation coefficient (CC). Chinnadurai and Bobin [5] discussed the concept
of Pythagorean fuzzy hypersoft set and used the aggregation operators to solve MCDM problems.

The main aim of the present study is to rank the alternatives based on interval-valued picture fuzzy
hypersoft set (IVPFHSS) data using aggregation operators and also making use of TOPSIS method based
on CC. Also, we show the significance of CC method by comparing it with similarity measures. To
the best of our knowledge, research on IVPFHSS is confined to its theory and related development and
applications. Therefore, the new method proposed in this paper can examine and provide a suitable
solution to the decision-makers in ranking the alternatives. We present a MCDM approach based on
TOPSIS, and the effectiveness of this method is demonstrated through the selection of a suitable employee
who can lead the project successfully. To prove the efficacy of the proposed method, a comparative
analysis between the proposed and existing similarity measures (SMs) is given. Thus, IVPFHSS turns out
to be a robust tool to predict uncertainties when the grades are in interval form for all positive, neutral
and negative grades for all the attributes.

The manuscript consists of the following sections. Section 2 briefs on existing definitions. Section 3
introduces the concept of IVPFHSS and discusses some properties of CC and weighted CC of IVPFHSS.
Section 4 deals with interval-valued picture fuzzy hypersoft weighted average operator (IVPFHSWAO)
and interval-valued picture fuzzy hypersoft weighted geometric operator (IVPFHSWGO). Section 5 high-
lights the combination of CC with TOPSIS method. Section 6 shows the significance of the proposed
method with comparative analysis. Section 7 ends with a conclusion.

2. Preliminaries

We present some of the basic definitions required for this study. Let us consider the following notations
throughout this study unless otherwise specified. Let V be the universe and v; € V, P(V) be the power
set of V, N represents natural numbers, C[0, 1] denotes the set of all closed sub intervals of [0,1] and Nu
represent the collection of interval-valued picture fuzzy set (IVPFS) over V.

Definition 2.1 ([29]). A fuzzy set (FS) is a set of the form F = {(v, P5(v)) : v € V}, where P5(v) : V — [0, 1]
defines the degree of membership of the element v € V.
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Definition 2.2 ([3]). An intuitionistic FS (IFS) is an object of the form C = {(v, Pe(v),Ne(v)) : v € \7},
where Pe(v) : V — [0,1] and Ne(v) : V — [0,1] define the degree of membership and degree of non-
membership of the element v € V, respectively and for every v € V, 0 < Pe(v) + Ne(v) < 1, where

me(v) =1—Pe(v) —Ne(v).

Definition 2.3 ([8]). A PFS in V is an object of the form Q = {<v, Pov),Eav),Na (v)>}, where Pq (v),
€a(v),Nalv) : V — [0,1], are the membership values of positive, neutral and negative of the element
v € V, respectively, such that 0 < Pq(v) + Eq(v) + Na(v) < 1 and the degree of refusal membership is
1—(Pa(v)+E€a(v)+Na(v))VveV.

Definition 2.4 ([21]). A pair (O, €) is called a soft set (SS) over V, if O : € — P(V). Then for any p € &,
O(p) = 1 is equivalent to v € O(p) and O(p) = 0 is equivalent to v ¢ O(p). Thus a SS is not a set, but a
parameterized family of subsets of V.

Definition 2.5 ([8]). An IVPFS is an object of the form Q = {<v, ’J’({(V),Sd(v),?\fd(vn}, where P (V) :
V — C[0,1], Ea(v) : V — C[0,1] and Na(v) : V — C[0,1]. Pa(v), €a(v) and N (v) are closed sub
intervals of [0,1], representing the membership grades of positive, neutral and negative of the element
v € V. The lower and upper ends of Pav), Ea(v) and Ng (v) are denoted, respectively by P (v), Pa (v),
Eo), €a(v), and N (v), Na (v), where 0 < Pq (v) + Eq(v) + Na (v) < 1. Similarly, the lower and upper
ends of refusal grades are R (v) = 1— (Po(v) + Ea(V) + Np(v)) and Ro(v) = 1 — (Pa(v) + Ea(v) +
Nao((v)), V ve.

Definition 2.6 ([25]). Let Ay, A, ..., Ay, be distinct attribute sets, whose corresponding sub-attributes are
Al = {7\11,7\12,.. .,A]f},AZ = {7\21,7\22,. . .,}\29},. . .,Ak = {}\kl,)\kz,...,)\kh}, where 1 < f < P 1 < g <
q, 1 <h<randp, q r € N, such that A;NA; =, for each i,j € {1,2,...,k} and i # j. Then the
Cartesian product of the distinct attribute sets A x Ay x -+ X A = A = {A1f X Agg X -+ X Agn}, represent
a collection of multi- attributes. The pair (Q, A) is called a hypersoft set (HSS) over V, where O : A — P(V).
HSS can be represented as (Q,A) = {(A, Q(A))A € A, Q(A) € P(V)}.

3. Interval-valued picture fuzzy hypersoft set

We present the notion of interval-valued picture fuzzy hypersoft set (IVPFHSS). Also, we discuss some
basic properties of correlation coefficient (CC) and weighted CC (WCC) on IVPFHSS.

Definition 3.1. A pair (0, A) is called an IVPFHSS over V, where Q A — NUY. IVPFHSS can be repre-
sented as (Q,A):{()\ QAN e A QN e NY e Co, 1]} where Q(A {<v Paxv ),SQ(M(V),NQ(;\)(VD
v € \7}, where ’PQ(M( v) : V — C[0,1], EQ(;\)( v) 1V — C[0,1] and Naa ( ) \7 — Cl0, 1. Pz, v),
€ax)v) and Ng 5, (v) are closed sub intervals of [0,1], representing the membership grades of pos-
itive, neutral and negative. The lower and upper ends of P 5,(v), €q)(v) and Ng 5,(v) are de-

noted, respectively by P 5)(v), Po)v), €a)V), Eq)(v), and Ng (5y(v), Ngx)(v), where 0 <
Pap )( )+ Eamv )+NQ ( )< 1. Similegly, the lower anil upper encis of refusaLgrades are R (3, (v) =

Example 3.2. Let V = {my, my, mz} be a set of managers who evaluate an employee based on the Leipzig
leadership model for an upcoming project. Let A;, Ay, Az and A4 be distinct attribute sets whose corre-
sponding sub-attributes are represented as A; = purpose = {A;; = achieve goals}, A, = entrepreneurial
spirit = {7\21 = quick decision, Ay> = logical decision}, Az = responsibility = {A3; = inspire and motivate,
A3, = time management} and Ay = effectiveness = {A4; = successful accomplishment}. Then A = A x
Ay x Az x Ay is the distinct attribute set given by

A =A1 x Ay x Az x Ay = {M1} % A1, Aaa) X {Az1, Asa} X {Agq}
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:{ (A11,A21, A31, Ad1), (A11, A21, A2, Ad1), (A1, A22, Az, Aat ), (A1, A2, Azp, 7\41)}

:{X1/X2/ X3/ X4}

An IVPFHSS (Q, A) is a collection of subsets of V, given by the managers for each employee is presented

in Table 1.

Table 1: Leadership skills of an employee in IVPFHSS (Q, A) form.

v 3

A2

m1_ ([0.05,0.08], [0.25, 0.35], [0.23,0.28])
my  ([0.32,0.42],(0.21,0.22], [0.02, 0.05])
ms  ([0.13,0.17], [0.19,0.29], [0.39, 0.49])

(10.16,0.18], [0.21, 0.25], [0.32, 0.37])
(10.43,0.44], 10.23,0.24], [0.07,0.12])
(10.26,0.36], [0.24,0.34], (0.16,0.23])

v X3

Ay

m; ([0.25,0.32], [0.42,0.45], [0.12,0.13])
my  ([0.39,0.41],(0.32,0.34], (0.21,0.23])
ms  ([0.31,0.34],[0.21,0.25], [0.26,0.29])

(0.23,0.31],10.31,0.33], [0.32, 0.33])
([0.24,0.32], [0.41,0.43], [0.23,0.25])
(0.31,0.33], [0.23,0.26], [0.31,0.37])

3.1. Correlation coefficient for IVPFHSS
Let the two IVPFHSS over V be as given below.

(Q1, A1) ={(vi, [P, 3,y Vi), P, 3 Vil [0, (3

(Q2, A7) ={(vi, [Py, (3,) Vi), Py, (3 ViDL (€, ()

Vi), €a, (3 (VL DNg, (3,
( i)/EQZ(

( i), Nal(xk)(\’i)]},

7\k)( vi)l, L_O_2(7\k)( i)/Ngz(xk) (Vl)]}

Definition 3.3. Let (Q;,A;) and (Qj, A;) be two IVPFHSS. Then the interval-valued picture fuzzy infor-
mational energies of (Q1,A1) and (Qj, A;) are represented as

m

(Ql’Al _ZZ[TQl (Ak) (vi))

k=11i=1

+

O(Q,Ay) =

ZZ[TQZ (A (Vi)

k=11i=1

+

(§_Q1 (Ax) (vi))

+ (€, Vi)

2+ (ﬁgl(xk]("i))z

For, 5y )2+ Ear, (5 )P+ Nar, 5, (w))ﬂ,

2+ No, ) (i)

(?Qz(xk)(vi))z + (EQZ(xk)(Vi))Z +Na,i) (Vi))z} .

Definition 3.4. Let (Q1,A;) and (Q,, A;) be two IVPFHSS. Then the correlation measure between (Q;,A;)

and (Q,, Ay) is defined as

n

Coc((Q1,A1), (Q2, A7) = Z Z [(Tgl(i\k)(\’i)) * (Egz(xk)(vi)) + (igl(xk)(\’i)) * (§Q2(7\k)(vi))
Sl

=1i=1

+ (€a, ) Vi) * (Eq, ;) (Vi) +

+ No, 3 Vi) * N, ;) (Vi) +

(igl(xk)("i)) * (ﬁgz(xk)("i))

(Ngl(xk)(vi)) * (Ngz(xk)(\’i)) .
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Proposition 3.5. Let (Q1, A1) and (Qy, Ay) be two IVPFHSS. Then,
@) GM((QL%l)/ (Qlfél)) = (D(Ql,%l);
(i) Cm((Q2,A2),(Q2,Ar)) = D(O, Ar).
Proof. Straight forward O

Definition 3.6. Let (Q1, A1) and (Qy, Ay) be two IVPFHSS. Then, the CC between (Q1, A1) and (Qj, Ay) is
given by i i

Co ((Q1,4A1), (Q2,4A2))
\/(D(erﬁl)\/@(ﬂz, A;)
Proposition 3.7. Let (Q1, A1) and (Qy, Ay) be two IVPFHSS. Then, the following CC properties hold:

(i) 0 < eC((—?—lel);(g)ZzAZ)) <L i

(i) Cc((Qy, A1), (Q2,A2)) = €c((Q2, Ag), (Q1, Ar));

(iii) if (Q1, A1) = (Q2,Az), then Cc((Q1,A1), (Q2,4A2)) = 1.
Proof.
(i) Obviously, Cc((Qy, A1), (Qz,A)) > 0. Now, we present the proof of C¢ ((O_1, A1), (Qy, [32)) <1

Ce((Q1, A1), (Q2,A7)) = (3.1)

By applying Cauchy-Schwarz inequality, we get

m

GM((Ql/Al)/ (QZIAZ))Z < Z [{(?Ql(j\k)(vl))z + (EQIO\k)(Vz))Z +---+ (:PQ]O\k](Vn))Z}
k=1

+ {(Sﬂl(j\k]("l))z + (égl(j\k](‘é))z +oo 4t (8Q1(7\k)(vn))2}

+ {(Ngl(j\k)(vl))z + (Mgl(xk)(VZ))Z +eee (Ngl(j\k)(vn))z}
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+{ B0, 50 012 + oy 3, 24+ By 3, )1

+ {(801(7\0(“))2 + (ggl(j\k)(VZ))2 +--+ (8Q1(;\k)(vn))2}

+ (N X )(Vl))z + (Ngl(j\k)(vz))z +ee (Ngl(j\k)("n))z}}

x>y H Po, i) V1)) +(?Q2(xk)(vz))2+-~-+(?sz(vnw}

k=1

(§Q2(7\k)(\’1))2 + (§Q2(7\k)(V2))2 4o+ (ng(xk)(vn)F}

+
—

Ny 5 011+ gy 3, 0212+ + Oy 5 ()

+
—

. {(?QZ(M(W))Z T N (?QZ(Xk)(vn))z}
+ {(ng(xk](w))z + (€, )+ + (egz(ik)(vn))z}

No,i) V1)) + N,y 2+ + (Nﬂz(xk)(vn))zH ,

_|_
—

k=
+ N, (3 Vi ))? +(Pq, (Vl))2+(EQZ(M)(W))Z-F(Ngz(j\k)(vi))z ,
= Cm((Q1, A1), (Q2,A2))2 < ©(Q1, A1) x ©(Qy, A7)
= eml(Q1, A1), (Q2, A7) < /0(Q1, A) x /00y, A))
Cm((Q1,41),(Q2,Ay))
\/(D(erﬁl) X \/‘D(szﬁz)

<L

By using Definition 3.6, we get Cc((Q1,A1), (Q2,A2)) < 1. Hence, 0 < Cc((Q1, A1), (Q2,A7)) < 1.
(ii) Straight forward.

X em((9Q1,41),(Q2,47)) . Xy X
(iii) Cc((Q1,4A1),(Q2,A7)) = o (/0 (A Since, (Q1,A1) = (Q2, Ay),

IRHSTE |:?Q2 GV + (Eq, i i)+ N, ;) (Vi)

G2+ Ea, ) )P+ R, ) i)

Ccl((Q1,A1),(Qa,Ar))
\/72k1211 Po,i Vl) + (€0, (A, 1 (vi)? + (Ngz(j\k)(w))z

TQZ 7\k vi))? +(8Q2(}\k]( ))? +(NQ2(7\ )(Vl))z]}
\/72k 124 Pa, ) Vi )2+(§Q2(§\k)(\’i))2+(Mgz(j\k](vi))z

T, m(vl))%(eg 2+ (R, o v J)Z]}.

= Cc((Q1,4A1),(Q2,47)) =1 O
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Definition 3.8. Let (Q;,A;) and (Q5, A;) be two IVPFHSS. Then, the CC between (Q1,A;) and (QyA,) is
defined as

Ca((Q1, A1), (2, Ay))
max {Q(Q, A1), @(Qr,Ay)}

e~C((Ql/ A1)/ (QZI AZ)) = (32)

Ce((Q1, A1), (Q2,Ar))
ZF:l Z{L:l [(?Ql(xk)(vi)) * (ggz(i\k)(vi)) + (éQl(i\k)(Vi)) * (§Q2(7\k)(\’i))

o, )] * Na, 5 (00) + Py 5 (v0)) % (Fa, 5, (91))
+(§Q1(7\k)(\)i)) * (gQZ(Xk)(Vi)) + (Ngl(xk)(\’i)) * (NQ2(7\k)(Vi))}

max { T T2 | (@ ) 0010+ (B ) 0501+ (e, 3, () + (T 5, (05
HEo, (3 0307+ (Vo 1) (007

T 2 | oy 30 00F + (B0 3 00+ 1 (1) + Py 5, ()
HE o 30 03+ (N 50 607 |

Proposition 3.9. Let (Q1, A1) and (Qy, Ay) be two IVPFHSS. Then, the following CC properties hold:
(i) 0<Ccl(Q1,A1), (Q2,A2)) < 1;

(i) Cc((Q1,41),(Q2, A7) =€ E(Qz, Ar), (Q1,A1));
(111) lf(Q],A]) = (QZI A2)/ then GC((QLAI)/ (QZIAZ)) =

Proof.
(i) Obviously, Cc((Q1,A1), (Qz,A7)) > 0. Now, we present the proof of Cc((Q1, A1), (Qy,A7)) < 1.

Coe((Q1,41), (Q2,Ay)) ZZ [ Po, ) Vi) * (Lo, ) (Vi) + (€0, 2 (Vi) * (€, 3, ) (Vi)
k=1 1i-1

+ (ﬁgl(j\k)(vi)) * (ﬂgz(i\k)(vi)) + (?Ql(j\k)(vi)) * (?Qz(j\k)(vi))

+ (EQ (xk)(vi)) * (g()_ (Xk)("'i)) + (Ngl(j\k)(vi)) * (Ngz(j\k)(vi))]

—Z[( V) * (P, iy 1))+ (Egr, ) (1)) * (Egry 3, (02)

(Ngl )\k)( V1)) * (Ngz(xk)(\’l)) + (ﬁgl(i\k)(\’l)) * (igz(xk)(vl))

+ (ggl(i\k)("l)) * (ggz(xk)(vl)) + Na, (3,) (V1)) * (Ngz(xk](vl))>

+{ (Pa,a (v2)) * (P, ) (V2)) + (Eq, Ay (2) * (Eq, ;) (V2))

(N, () (v2)) * (N, 3, (v2)) + (P, 3y (v2)) * (P, iy (V2))
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+ (Ngl(i\k)(\)n)) * (Ngz(xk](vn)) + (?Ql(xk)(vn)) * (?Qz(xk)(\’n))

(i (vn)) * Eanyay (vn)) + Ny, (1, (vn) # (Ngz(xk)(vnnﬂ.

By applying Cauchy-Schwarz inequality, we get

en((Q1, &), (0, A2)) < { [{(?Ql(xk)m))u (Paay ) 2)2 -+ (?mk)(vn))Z}
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F (Ea g )P+ (Nalm)(w))z] <3 Y [(?m)(w))z T (Eay i ()
k=11i=1

+ Na, ) V)4 (P, Vi) + Eqy g (Vi) + (Ngz(xk)(vi))z] }

~ em((Q1, A1), (02, A2)) < max{cb(ol,ﬁl) < D0, Az)}

Cm((Q1,4A1), (Q2, A7)

<1
max{d)(ﬂl,ﬁl) x O(Qy, Az)}

By using Definition 3.8, we get G~C((Q1,Al), (Qy,A5)) < 1. Hence, 0 < €~C((O_1,Al), (Qy,A)) < 1.
Proofs of (ii) and (iii) are same as in Proposition 3.7. O]

3.2. Weighted correlation coefficient for IVPFHSS

We present the concept of weighted correlation coefficient (WCC) for IVPFHSS. WCC facilitates
decision-makers (DMs) to provide different weights for each alternative. Consider D = {D1, D>, ..., D}
and W ={W;, W,, ..., W,,} as weight vectors for alternatives and experts, respectively, such that Dy, W; >

m n
OandZDkzl, lel
k=1 =1

1

Definition 3.10. Let (Q;,A;) and (Q5, Ay) be two IVPFHSS. Then, the WCC between (Q1, A1) and (Q5, A)
is defined as

~ - C Q ,A , (O ,A
Cery (01, A1), (O, By)) = -2 (C121), (02, B)) 63)
\/(D(QllAl)\/q)(szAz)
m n
kgl ka<iZl Wi [?Q](xk)(w) * P, Vi) + €0, a0 Vi) xE€q, ;) (Vi)
g, (3 Vi) # No,y 3, (Vi) + P, () (Vi) Py, a, ) (Vi)
B B +§Q1 (Ak) (vi) *gﬂz(xk)(vi) +NQ1(7\k)(vi) * NQz(7\k) (v"):|>
Cey ((Q1,A1), (D2, A7) =

fFp={L L . Llandw={L 1 . L1 then WCC given in Eq. (3.3) reduces to CC as in Eq.

m’m’ "’ m’ n’n’crn
(3.1).
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Proposition 3.11. Let (Q1,A;) and (Qy, Ay) be two IVPFHSS. Then, the following WCC properties hold:

i) 0< @CW((91,51)/ (92,52)) <L i
(i) €cyy((Q1,A1),(Q2,Ag)) = Cc\y ((Q2, A2), (Q1, A1),
(111) Z_‘f(Ql/Al) = (QZI AZ)/ then GCW((QllAl)I (QZI AZ)) =1

Proof. Similar to Proposition 3.7. O

Definition 3.12. Let (Q;,A;) and (Q5, Ay) be two IVPFHSS. Then, the WCC between (Q1,A;) and (Q,A,)
is defined as

Cr((Q1,41), (Q2,4r))
max {(D Ql,Al) (Qz,Az)}’

ki Dk< > W [ Py V) * (Po, (5 VD) + (€ () V) * () (V1)

eéw((Q‘l/Al)r (QZ/AZ)) = (34)

eéw((Qll Al)/ (QZI AZ)) =

S Dy ( S [(?Qz(;k)(vi))z T (x4 gy iy (v))?

o) (v + (B, 5 )2+ (Nay 5 ()2 ) }

fp={L
(3.2).

Proposition 3.13. Let (Qq,A;) and (Qy, Ay) be two IVPFHSS. Then, the following WCC properties hold:

(i) 0< GEW((—QLAI)/ (92,52)) <L i
(i) Ccyy((Q1,41),(Q2,A2)) = Cc\, ((Q2, A2), (Q1, Ar));
(iii) if (Q1, A1) = (Q3,Ap), then Cc,, ((Q1, A1), (Q2,A7)) = 1.

=, m,.. , m,} and W= {1 1 | 5, } then WCC given in Eq. (3.4) reduces to CC as in Eq.

nﬁ’

Proof. Similiar to Proposition 3.7. O

4. Aggregation operators for IVPFHSS

We now present the concept of interval-valued picture fuzzy hypersoft weighted average opera-
tor(IVPFHSWAOQO) and interval-valued picture fuzzy hypersoft weighted geometric operator (IVPFH-
SWGO) by using operational laws. Let k represent the collection of interval-valued picture fuzzy hy-
persoft numbers (IVPFHSNS).

4.1. Operational laws for IVPFHSS

Deﬁnition 4'1' Let Qe11 = <@11/T1ﬂ/ Iﬁll/glﬂ/ mlllﬂll]> and Qelz = <@12/ ilz]/ ElZI g]2]/ leI N12]> be
two IVPFHSS and $ a positive integer. Then,

(i) Qey, ®Qeypp = ([P +Pip— P Pro, Pr1+ P12 — PriProl, (€11 + E1p — E11€10, €11 + E12 — E11€12], N Ny,
N1 N1l );
(i) Qey, ® Qep, = (P11 P10, P11P12), [€11€12, E11€12], N1 + Nip — Ny Nip, N1p + Nio — NiyNial );
(iii) 8Qey, = ([(1—(1—P1)% (1= (1—P11)°L [(1— (1 —&17)%, (1 — (1= €11)%], [(N11)®, (N11)°]);
(iv) (Qe,y)® = ([(P11)®, (P11)°] [(E11)%, (E11)°), [(1 — (1 = Npq)®, (1 — (1 —N11)®]).
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4.2. Interval-valued picture fuzzy hypersoft weighted average operator
Definition 4.2. Let Dy and W be weight vectors for alternatives and experts, respectively, such that

@k,w >0 al’ld Z @k = 1 Z Wl =1 and Qe ik — <le, (‘Plk] Eik/gik]/ miklﬂik]> be an IVPFHSN,
=1
where i =1{1,2,. n} k=A{1, 2 .,m}. Then, A : k™ — k, IVPFHSWAQO is represented as

m n
A(Qen/ Q612/ sty Qenm) = @ 'Dk < @ Wi-O-eik> .
k=1 i=1

Theorem 4.3. Let Qe = {([Piy, Pixl, [Eir, Eix], Wiy, Nix]) be an IVPFHSN, where i = {1,2,...,n}, k =
{1,2,...,m}. Then, the aggregated value of IVPFHSWAQ is also an IVPFHSN, which is given by

- m n Wi\ Dk m n W Dy
A(Qen,Qeu,...,Qenm):< 1—H<H<1—ﬂ>ik> ) ,1—H<H(1—?1k).) }

(I () ) e T () )

) L))

Proof. If n =1, then W; = 1. By using Definition 4.1, we get

Qe,.) @Dkﬂelk
=<ﬁﬁl(ﬁ(1—”’*)%)%'1—,!“1(ﬁl(l—?ikf)m]

A(Qepy, Qe - .

(110" i) )

“k=1 ti=1

If m =1, then D; = 1. By using Definition 4.2, we get

< ( _9 ] |
(T (e) ) T (o2 ) )

T(I1(e) ) (T (%)) )

i=1

Hence, the results hold for n =1 and m = 1. Now, if m = 1; +1 and n = 1,, then,

elk)
1

L+1 1
‘A(Qeu' Qeu/ : elz 11+1 @ Dy (

i=
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- 11+1 1, Wi\ Dy L+1 L - Wi\ Dx
:<1—H<H<1—fp1k> ) J—H(H(l—?ik) > ],
L k=1 Mi=l k=1 ‘i=1
- L+l , L Wi Dy L+l , b - Wi\ D
I () ) =TI (-2) ) )
- k=1 “i=1 k=1 *i=1
-l+1 > WiN Dy L+1 1 . Wi\ Dx
[E(I() ) TT(IT() ) )
- k=1 i=1 k=1 i=1
Similarly, if m =1;, n =1, + 1, then,
1L+1
‘A(Qeul Qelz' toe ’ €L+t @ ®k< @ WlQelk)
_ L L+1 Wi\ Dy 15 1r+1 - Wi\ Dy
:< 1—H( <1—fPik) > ,1—H<H<1_fpik> ) }/
L k=1 M= k=1 " i=1
- L, L+l Win Dy L b+l o\ Wiy D
(I (e) ) =TI (-20) )
- k=1 N i=1 k=1 " i=1
L l+1 D b L+1 Wi\ Dy
(I (o) ) - II(IT (%) ) )
“k=1  i=1 k=1 " i=1

Now,ifm=1;+1,n=1+1, then,
‘A(Qenr QeIZ’ RN Qe(12+1)(11+1) )
L1+1 lr+1 1,41 11+1
- P o Dwiae, ) - @@k(@wa )@ (Wane)
k=1 i=1 _

‘A(Qellr Qeu/ cecy Qe

[12+1)(11+1))

L+l , 1, WiN Dy L+l , b - Wi\ D
k=1 “i=1 k=1 “i=1
1] 1 W(]’2+1) ®k llJrl o W(l2+l) Dk
(%) |:1 — <<1 ?(12+1)k> ) ;11— H <<1 - iP(lg—!—l)k) ) :|’
k=1 k=1
L1+1 1y Wi\ Dy L+1 L Wi\ D
[1—H< <1 elk) > ,1—H<H< _81k> ) }
k=1 “i=1 k=1 “i=1
1+1 W11\ Dk Li+1 B Wa,+1)\ Px
BT ()™ () ™))
k=1 k=1
1+1 1 Wi\ Dy Li+1 L - Wi\ Dk
TG ) T () )
k=1 “i=1 k=1 *i=1
l] 1 W(12+1) ‘Dk llJrl . W(12+1) Dk
S [ (<N(12+1)k> ) ’ H (<N(12+1)k) ) >
k=1 k=1
L+1

(T (o)) - (T (o9 7) )

k=1
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(0" i 0]

k=1 " i=1 k=1 *i=1

L+l 1L+1 Wiy Dy utl bl Wiy Dy
(G ) I (w) ) ])
k=1 " i=1 k=1 " i=1

Hence, the results hold for n = 1; +1 and m = 1; + 1. Therefore, by induction method, the result is true V
m,m > 1. Since 0 < Pix +Nix <1land 0 < & < 1,

k=1 “i=1 k=1 “i=1
m n Wi\ Dy m n Wi\ D
+ H (H <N1k> + H H <le> ) <1 and
k=1 “i=1 k=1 \i=1
m n Wi\ D m n Wi\ D
1-1] H(1—51k> ) +1—H<H<1—3ﬂ< > <1
k=1 i=1 k=1 “i=1
n

3
—
|
+ 1=
:jg —
— =
—F =
A~ |
= <3
| =
B I
= =
~—L
= S
~_ ~
>} +
® —
+ |
—z T s
N /N
i
/?
|
3l
~
~__
=
~—
9

,ﬂ.
I
MR

Therefore, the aggregated value given by IVPFHSWAO is also an IVPFHSN. O

Example 4.4. Let us consider the same values mentioned in Example 3.2. Also, let W; = {0.25,0.35,0.40}
and Dy = {0.30,0.20, 0.40, 0.10} be the weight of managers and attributes, respectively. Then,

(1 T (SRS T (RN

6= b AEe )]

T Ce) ) [T (1T () ) )

= ([0.27,0.32],[0.27,0.31],[0.17,0.22]) .
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4.3. Interval-valued picture fuzzy hypersoft weighted geometric operator

Definition 4.5. Let Dy and W; be weight vectors for alternatives and experts, respectively, such that
Dy, W; > 0and f D =1, i Wi =1and Q¢,, = (Pik, ik, Nik) be an IVPFHSN, where i ={1,2,...,n},
k={1,2,...,m} kﬁien, g: KTl:i} k, IVPFHSWGO is defined as

m n Wi ®k
9(-0611/-0612/ .. "Qenm) = ® <® <Qeik> ) .
k=1 i=1

Theorem 4.6. Let Qc, = ([Piy, Pird, [€ix, Eix], Ny, Niwd) be an IVPFHSN, where i = {1,2,...,n}, k =
{1,2,...,m}. Then, the aggregated value of IVPFHSWGO is also an IVPFHSN, which is given by

rom n Wi\ D m nooso\ Wiy Dx
N Tt T e |
k=1 ti=l1 k=1 “i=1
m Wi\ D m n Wi\ Dy
(10 (ee) ) II(IT() )
k=1 “i=1 k=1 *i=1
m n Wi\ Dy m n Wi\ D
I () ) T () ) ])
k=1 “i=1 k=1 “i=1
Proof. Similar to Theorem 4.3. O

Example 4.7. Let us consider the same values mentioned in Example 3.2 and the weight of managers and
attributes be as in Example 4.4. Then,

st ={[[1 (1)) (11(4)))

k
= ([0.24,0.29], [0.25,0.30], [0.22,0.26]) .

5. MCDM problems based on TOPSIS and CC method

TOPSIS method helps to find the best alternative based on minimum and maximum distance from the
interval-valued picture fuzzy positive ideal solution (IVPFPIS) and interval-valued picture fuzzy negative
ideal solution (IVPENIS). Also, when TOPSIS method is combined with CC instead of SMs, it provides
reliable results for predicting the closeness coefficients. We present an algorithm and a case study to
illustrate the IVPFHSS TOPSIS method based on CC.

5.1. Algorithm to solve MCDM problems with IVPFHSS data based on TOPSIS and CC method

Let A = {Al,flz,...,f["} be a set of selected employees and V = {m, my,..., myn} be a set of man-
agers responsible to evaluate the employees with weights W; = (W1, W,,..., Wy ), such that W; > 0

n ~ ~ ~ ~
and ) W; = 1. Let A = {A,Ay,..., A} be a set of multi-valued sub-attributes with weights Dy =
i—1
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m

(D1, Dy, ..., Dm), such that Dy > 0and ) Dy = 1. The evaluation of employees At (t=1,2,...,%) per-
k=1

formed by the managers v, (i =1,2,...,n) based on the multi-valued sub-attributes A, (k=1,2,...,m)

are g1ven in IVPFHSS form and represented as Qf, = <@ik,§ﬂ<], i, i, mik,ﬂikw, such that 0 <
iPlk+81k+N1k 1, Vik.
Step 1. Construct the matrix for each multi-valued sub-attributes in IVPFHSS form as below:

M A . Am
mp [H11 Hi2 - Him
= my | M1 H22 ... W2
[-At/ ]nxm = [At]nxm = . . . . 'TTL ’
Mn LUn1 Hn2 ... Hnm

such that [A']nxm = pix = <le, Pr, €4, €0, m{k,N}1]> ,i=1,2,...,nandk=1,2,...,m
Step 2. Obtain the weighted decision matrix for each multi-valued sub-attributes,

n

AL dnsem = < :1 —]f[l (ﬁ <1 _Tik> Wi)”Dk’l— ﬁ <H <1 _gpik> wi)m}

i=1 k=1 “i=1

(1600 ) "))

(1)) B (1)) )

- < Elk/ fPlk:|/ |:81,k/8 :| |:N1k/ le:|

Step 3.Determine the IVPFPIS and IVPENIS for weighted IVPFHSS as below:

A L el R (s
nxm

A = < [j;_,ﬂ;_:| , |:8~_,8~_:| , [J\F_,J\f_] > < |::P(7\ij)":P(/~\ij):| , |:8(7\ij)’8(/~\ij):| ) |:N(~v.lj),N(\~/ij):| > ,
nxm

where Vj; = arg max, {(P%j} and A\ij = arg min, {(p%} :

<z
%\
CY:\
>z
m\
\é
>
2l
>t
~_—

Step 4. Determine the CC for each alternative from IVPFPIS and IVPFNIS.

St ox Coc(AL,AY tx Cac(AY,
Xt = Ce(At AT) = &l L and At=ec(Al (

\/d)(i\t)*\/(d)i\ﬂ A= \/ D(AL) # \/CD

Step 5. Compute the closeness coefficient of interval-valued picture fuzzy ideal solution as below:

S
2 —xt— At

Step 6. Arrange the €' values in descending order and determine the rank of the alternatives A", (t =
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1,2,...,x). The one with the maximum value is the suitable employee to lead the new project.

5.2. Application based on TOPSIS and CC method

Let A = {Al,AZ,A3,A4} be a set of employees and let V = {m;, my, m3, my} be a set of managers who
evaluate the employees based on the Leipzig leadership model for an upcoming project with weights
W; = (0.35,0.15,0.30,0.20). Let Aj, Ay, Az and A4 be distinct attribute sets whose corresponding sub-
attributes are represented as A; = purpose = {A;; = achieve goals}, A, = entrepreneurial spirit =
{7\7_1 = quick decision, Ay, = logical decision}, Az = responsibility = {?\31 = inspire and motivate, Az, =
time management} and A4 = effectiveness = {)\41 = successful accomplishment}. Then A = Ay x Ay %
Az x A4 is the distinct attribute set given by

A=A x Ay x Az x Ay ={M1} x {Aa1, A2} % {As1, Aza)} X {Aar}

= {(?\11,?\21,7\31,7\41), (A11,A21, A32, Aa1), (A11,A22, A31, Aa1), (A1, A22, Az, 7\41)}

= {7\1,7\}, 7\~3, X4} with weights Dy = (0.20,0.25,0.30,0.25).

This study aims to find an employee who can successfully lead the project.

Step 1. Construct AL, A%, A3, and A* matrices for each multi-valued sub-attributes in IVPFHSS form.

Table 2: Representation of values in IVPFHSS form for Al
AT M A

my  ([0.12,0.15],[0.34,0.36],[0.21,0.23]) ~ ([0.23,0.33], [0.48,0.49], [0.12, 0.13])
my  ([0.32,0.45],[0.41,0.42],[0.12,0.13])  ([0.54,0.56], [0.34,0.36], [0.04, 0.071)
ms  ([0.21,0.26],[0.33,0.36], [0.31,0.37])  ([0.37,0.38], [0.23,0.26], [0.29, 0.31])
my  ([0.21,0.22],[0.47,0.49], (0.25,0.28])  ([0.47,0.48],[0.29,0.31],[0.19,0.21])
Al A3 s

m;  ([0.16,0.17],10.21,0.31], [0.19,0.29]) ~ ([0.15,0.19], [0.21,0.25], [0.32, 0.34])
my  ([0.31,0.32],[0.21,0.24], [0.25,0.35])  ([0.24,0.29], [0.31,0.34], [0.23,0.25])
ms  ([0.32,0.34],[0.42,0.43], [0.16,0.17])  ([0.33,0.39], [0.12,0.14],[0.31,0.34])
my  ([0.21,0.22],[0.14,0.15],[0.39,0.45])  ([0.48,0.49],[0.11,0.12], [0.26, 0.27])

Table 3: Representation of values in IVPFHSS form for AZ2.

AZ A Ao

my  ([0.21,0.25],[0.25,0.32],[0.22,0.31])  ([0.32,0.33],[0.34,0.35],[0.11,0.12])
my  ([0.32,0.39],[0.21,0.28],[0.25,0.31])  ([0.21,0.22],[0.25,0.26], [0.21, 0.26])
ms  ([0.24,0.26],10.36,0.37],[0.29,0.31])  ([0.48,0.49], [0.21,0.22],[0.12,0.15])
my  ([0.34,0.36],[0.44,0.45],(0.12,0.15])  ([0.58,0.59], [0.12,0.13],[0.19,0.21])
A2 X3 7\4

m;  ([0.44,0.45],[0.42,0.43],(0.11,0.12])  ([0.21,0.28],[0.15,0.17],(0.41, 0.43])
my  ([0.54,0.55],[0.12,0.13], [0.14,0.15])  ([0.28,0.31],[0.12,0.13],[0.31,0.33])
ms  ([0.49,0.51],[0.15,0.17],[0.25,0.29]) ~ ([0.41,0.46],[0.16,0.19], [0.23, 0.29])
my  ([0.58,0.59],[0.14,0.15],[0.16,0.18])  ([0.21,0.29],[0.17,0.21], [0.44, 0.49])

Step 2. Obtain A!, A2, A% and A*, the weighted matrices for each multi-valued sub-attributes.
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Table 4: Representation of values in IVPFHSS form for A3.

A3 A Ao

m;  ([0.05,0.12],10.15,0.18],[0.32,0.37])  ([0.23,0.25],[0.31,0.35], [0.11, 0.28])
my  ([0.25,0.31],[0.25,0.35],[0.25,0.33])  ([0.39,0.45],[0.04,0.07], [0.29, 0.31])
ms  ([0.15,0.21],[0.15,0.22],[0.15,0.24])  ([0.34,0.35],[0.21,0.22], [0.24, 0.29])
my  ([0.31,0.32],[0.35,0.36],[0.14,0.29])  ([0.35,0.41],[0.21,0.25], [0.31,0.32])
A3 A3 As

m;  ([0.51,0.52],(0.12,0.19],[0.26,0.29])  ([0.51,0.53],[0.22,0.23], [0.21, 0.24])
my  ([0.47,0.49],(0.16,0.19],[0.21,0.25])  ([0.42,0.43],(0.31,0.33], [0.13,0.14])
ms  ([0.32,0.34],[0.31,0.35],[0.21,0.31])  ([0.05,0.12],[0.14,0.19], [0.45, 0.49])
my  ([0.63,0.64],(0.12,0.14],[0.13,0.14])  ([0.21,0.26],[0.16,0.19], [0.22,0.23])

Table 5: Representation of values in IVPFHSS form for Al

At M Ao

my  ([0.21,0.23],10.31,0.32],[0.09,0.21])  ([0.31,0.36],[0.31,0.35], [0.27,0.28])

my  ([0.44,0.45],10.36,0.42],[0.12,0.13])  ([0.04,0.06],[0.77,0.79], [0.12,0.15])

ms  ([0.21,0.22],[0.45,0.47],(0.12,0.14])  ([0.53,0.55],[0.03,0.04], [0.21, 0.28])

my  ([0.41,0.42],[0.31,0.32],[0.14,0.25])  ([0.24,0.25],[0.32,0.35], [0.27, 0.34])

Al A3 Ay

my  ([0.27,0.34],10.17,0.27],(0.32,0.35])  ([0.37,0.39],10.21,0.24], [0.12,0.15])

my  ([0.39,0.41],[0.14,0.15],(0.17,0.18]) ~ ([0.14,0.18],[0.38,0.42], [0.29, 0.31])

ms  ([0.14,0.15],[0.49,0.59],[0.16,0.19]) ~ ([0.45,0.47],(0.12,0.17], [0.23,0.29])

my  ([0.25,0.29],10.23,0.31],[0.31,0.34])  ([0.31,0.36],[0.42,0.44],[0.12,0.15])

Table 6: Representation of weighted values in IVPFHSS form for Al
AT A A2
my  ([0.0090,0.0003], [0.0287,0.0009], [0.8966,0.9974])  ([0.0227,0.0010], [0.0557,0.0049], [0.8307, 0.0308])
my  ([0.0116,0.0014], [0.0158,0.0013], [0.9384,0.9953])  ([0.0287,0.0024], [0.0155,0.0018], [0.8863, 0.0169])
mg  ([0.0141,0.0009], [0.0238,0.0013], [0.9322,0.9973])  ([0.0341,0.0017],[0.0195,0.0018], [0.9114, 0.0829])
my  ([0.0094,0.0005], [0.0251,0.0013], [0.9461,0.9977])  ([0.0313,0.0016], [0.0170, 0.0024], [0.9204, 0.0543])
Al A3 Ay
m;  ([0.0182,0.0006], [0.0245,0.0032], [0.8400,0.0881])  ([0.0142,0.0005], [0.0205, 0.0021], [0.9052, 0.0890])
my  ([0.0166,0.0014], [0.0106, 0.0013], [0.9396,0.1143])  ([0.0103, 0.0010], [0.0139, 0.0017], [0.9464, 0.0653])
mg  ([0.0342,0.0018], [0.0479, 0.0041], [0.8480,0.0508])  ([0.0296,0.0018], [0.0096, 0.0009], [0.9160, 0.0923])
my  ([0.0141,0.0008], [0.0091,0.0013], [0.9451,0.1561])  ([0.0322,0.0016], [0.0059, 0.0009], [0.9349, 0.0718])
Table 7: Representation of weighted values in IVPFHSS form for A2.

AZ A Ao
my  ([0.0164,0.0010], [0.0200,0.0013], [0.8995,0.9962])  ([0.0332,0.0017], [0.0358, 0.0022], [0.8244,0.0284])
my  ([0.0116,0.0012], [0.0071,0.0008], [0.9593,0.9973])  ([0.0089, 0.0008], [0.0108, 0.0006], [0.9432,0.06971)
msz  ([0.0164, 0.0010], [0.0265,0.0016], [0.9285,0.9962])  ([0.0479,0.0028], [0.0176,0.0017], [0.8530, 0.0371])
my  ([0.0165,0.0015], [0.0230, 0.0020], [0.9187,0.9938])  ([0.0425,0.0037], [0.0064, 0.0009], [0.9204, 0.0528])
A? A3 A
my  ([0.0591,0.0030], [0.0556, 0.0034], [0.7932,0.0340]) ~ ([0.0205,0.0014], [0.0142,0.0010], [0.9250, 0.1188])
my  ([0.0344,0.0028], [0.0058,0.0003], [0.9154,0.0457])  ([0.0123,0.0011], [0.0048,0.0003], [0.9571,0.0916])
mg  ([0.0589,0.0036], [0.0146,0.0015], [0.8828,0.0910])  ([0.0388,0.0026], [0.0130,0.0014], [0.8957,0.0765])
my  ([0.0508,0.0045], [0.0091,0.0012], [0.8959,0.0533])  ([0.0118,0.0015], [0.0093,0.0014], [0.9598, 0.1433])
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Table 8: Representation of weighted values in IVPFHSS form for /3.

A3 A A2

my  ([0.0036,0.0001], [0.0114, 0.0002], [0.9234,0.9993])  ([0.0227,0.0003], [0.0320, 0.0013], [0.8244, 0.0731])
my  ([0.0086,0.0007], [0.0086,0.0008], [0.9593,0.9981])  ([0.0184,0.0013], [0.0016, 0.0002], [0.9547, 0.0852])
ms  ([0.0098,0.0005], [0.0098, 0.0005], [0.8925,0.9973])  ([0.0307,0.0011], [0.0176,0.0007], [0.8985, 0.0736])
my  ([0.0148,0.0012],[0.0171,0.0014], [0.9244,0.9964])  ([0.0214, 0.0020], [0.0118,0.0013], [0.9432, 0.0853])
A3 A3 Ay

m;  ([0.0722,0.0008], [0.0134, 0.0008], [0.8682,0.0906])  {[0.0606,0.0007], [0.0216,0.0008], [0.8724, 0.0614])
my  ([0.0282,0.0018], [0.0079, 0.0006], [0.9322,0.0795])  ([0.0203,0.0013], [0.0139, 0.0009], [0.9264, 0.0356])
m3  ([0.0342,0.0013], [0.0329, 0.0013], [0.8690, 0.0946])  ([0.0039,0.0004], [0.0113, 0.0006], [0.9419, 0.1395])
my  ([0.0580,0.0046], [0.0077,0.0008], [0.8848,0.0410])  ([0.0118,0.0012], [0.0087,0.0010], [0.9271,0.0587])

Table 9: Representation of weighted values in IVPFHSS form for A%.

A M A2

m;  ([0.0164,0.0009], [0.0257,0.0013], [0.8449,0.9949])  ([0.0320,0.0019], [0.0320, 0.0028], [0.8918, 0.0671])
my  ([0.0173,0.0021], [0.0133,0.0019], [0.9384,0.9930])  ([0.0016,0.0003], [0.0537,0.0052], [0.9236, 0.0375])
mz  ([0.0141,0.0008], [0.0353, 0.0018], [0.8806,0.9945])  ([0.0551, 0.0029], [0.0023, 0.0004], [0.8896, 0.0698])
my  ([0.0209,0.0023], [0.0148,0.0017], [0.9244,0.9943])  ([0.0137,0.0016], [0.0191,0.0016], [0.9367, 0.0916])
A A3 Ay

my  ([0.0326,0.0021], [0.0194, 0.0025], [0.8873,0.1035])  ([0.0397,0.0021], [0.0205, 0.0018], [0.8307, 0.0338])
my  ([0.0220,0.0028], [0.0068, 0.0007], [0.9234, 0.0544])  ([0.0057,0.0009], [0.0178,0.0019], [0.9547, 0.0834])
msz  ([0.0135,0.00071, [0.0589, 0.0094], [0.8480,0.0542])  ([0.0439, 0.0023], [0.0096,0.0017], [0.8957, 0.0727])
my  ([0.0172,0.0022], [0.0156,0.0017], [0.9322,0.1089])  ([0.0184, 0.0024], [0.0269, 0.0022], [0.8995, 0.0369])

Step 3. Determine the IVPFPIS and IVPENIS from the weighted matrices, A, A%, A3, and A*.

Table 10: Representation of IVPFPIS (A™) from the weighted matrices.

AT M Ao

my  ([0.0164,0.0010], [0.0114, 0.0002], [0.8449,0.9949])  ([0.0332,0.0019], [0.0320, 0.0013], [0.8244, 0.0284])
my  ([0.0173,0.0021], [0.0071,0.0008], [0.9384,0.9930])  ([0.0287,0.0024], [0.0016, 0.0002], [0.8863, 0.0169])
mg  ([0.0164,0.0010], [0.0098, 0.0005], [0.8806,0.9945])  ([0.0551,0.0029], [0.0023, 0.0004], [0.8530, 0.0371])
my  ([0.0209,0.0023], [0.0148,0.0013], [0.9187,0.9938])  ([0.0425,0.0037], [0.0064, 0.0009], [0.9204, 0.0528])
AT A3 A

my  ([0.0722,0.0030], [0.0134, 0.0008], [0.7932,0.0340])  ([0.0606,0.0021], [0.0142,0.0008], [0.8307, 0.0338])
my  ([0.0344,0.0028], [0.0058,0.0003], [0.9154,0.0457])  ([0.0203,0.0013], [0.0048, 0.0003], [0.9264, 0.0356])
mg  ([0.0589,0.0036], [0.0146,0.0013], [0.8480,0.0508])  ([0.0439,0.0026], [0.0096, 0.0006], [0.8957, 0.07271)
my  ([0.0580,0.0046], [0.0077,0.0008], [0.8848,0.0410])  ([0.0322,0.0024], [0.0059, 0.0009], [0.8995, 0.0369])

Table 11: Representation of IVPFPIS (A~) from the weighted matrices.

A~ 7\1 7\2

my  ([0.0036,0.0001], [0.0114,0.0002], [0.9234,0.9993])  ([0.0227,0.0003], [0.0320, 0.0013], [0.8918, 0.0731])
my  ([0.0086,0.0007], [0.0071,0.0002], [0.9593,0.9981])  ([0.0016, 0.0003], [0.0016, 0.0002], [0.9547, 0.0852])
mg  ([0.0098,0.0005], [0.0071,0.0005], [0.9322,0.9973])  ([0.0307,0.0011], [0.0016, 0.0002], [0.9114, 0.0829])
my  ([0.0094,0.0005], [0.0098, 0.0005], [0.9461,0.9977])  ([0.0137,0.0016], [0.0023, 0.0004], [0.9432, 0.0916])
A~ 7\3 7\4

my  ([0.0182,0.0006], [0.0134,0.0008], [0.8873,0.1035])  ([0.0142,0.0005], [0.01420.0008], [0.9250, 0.1188])
my  ([0.0166,0.0014], [0.0058, 0.0003], [0.9396,0.1143])  ([0.0057,0.0009], [0.00480.0003], [0.9571, 0.0916])
ms  ([0.0135,0.0007], [0.0058,0.0003], [0.8828,0.0946])  ([0.0039, 0.0004], [0.00480.0003], [0.9419, 0.1395])
my  ([0.0141,0.0008], [0.0077,0.0008], [0.9451,0.1561])  ([0.0118,0.0012], [0.00590.0006], [0.9598, 0.1433])
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Step 4. Determine the CC for the alternatives by using the values of IVPFPIS and IVPENIS,

x! = 0.9985, %% = 0.9986, x> = 0.9989, and x* = 0.9987,
Al =0.9990, A% = 0.9984, A3 = 0.9987, and A\* = 0.9984.

Step 5. Compute the closeness coefficient of interval-valued picture fuzzy ideal solution as

el =0.4000, €2 = 0.5355, €3 = 0.5417, and e* = 0.5517.

Step 6. Arrange the values in descending order.
> >e?sel = At > AP > A% > AL

Hence, A* is the best among the group who can lead the project successfully.

6. Comparative Analysis

We compare the proposed interval-valued picture fuzzy TOPSIS method with existing SMs to show
the reliability, validity and effectiveness of the proposed TOPSIS method based on CC.

Consider the same IVPFHSS values and weights mentioned in Section 5.2. We now combine the
proposed TOPSIS method, with the SMs given below to rank the alternatives.

@
81(Q1, Q) = ZCOS[ (|fPQ1 (Vi) =P, Vi) VIPa, (vi) = Pa,(vi) VIEq, (Vi) — Eq, (Vi)

VIEa, () = Eay )V Noy, (v1) — Na, ()| V Ny (v) — N, (vmﬂ, 20].

$2(01,09) = Zcos[ (%l (i) = P, IV Pa, (vi) — Po, ()l V [€q, (vi) — £, (vi)]

VI€a, (i) —E€a, i)V INg, (vi) =Na, (v V Na, (vi) = Na, (vi)

(i)
$3(01, ) = Zcos[ <|9>Q1 (Vi) = P, 0l + Pas, (v) — Py (6] + €y, (v) — Ey, (1)

T €, 1) — Ey i)+ Na, (v) — Na, (v0)] + Nor, (v1) — No, (w)l)], 201

(iv)

1R

84(0Q1, Q7)) = ZCOS[ (TQ] Vi) =P, Vi)V I[Pa, (vi) — P, (vi)| +1€q, (Vi) — Eq, (vi)

+1€a,(vi) = Ea, Vi)l + Ng, (vi) = Ng, (Vi) + Na, (vi) = Na, (vi)]

T Ro, () — Ry, (0] + Rer, (1) — R, (vi)|)], 201
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%)
85(Q1,Q) = % ; COt[: + g <|TQ1 (vi) = P, Vi)V [Pa, (vi) = Pa,(vi)l VIEq, (vi) — Eq, (Vi)
V [Ea, (vi) — Ea, (i)l V [N, (vi) — Na, (i)l V [Na, (vi) — N, w)] [20]
(vi)
86(Q1, Q) = % Zl cot[: +7 <|5PQ1 (i) = P, V)1V Pa, (vi) = Po, (vl V €, (vi) — Eq, (V)]
VI, (vi) —Eq, i)V INg, (vi) = Ng, (W) V [Na, (vi) = Na, (vi)]
VRey, (vi) — Ry, (v V Ry (v1) — R, wﬂ [20]
(vii)

(viii)
[(?Q ) * (P, (1)) + (Ear, (1)) # (£, (v0)) + (Noy, (b)) * (N, (v0))
- + Fo, i) Pa, 1) + o, ) % (Ea, () + (Ngl(vi))*mgz(vi))}
Ss(01,00) = — > —
= [(?Ql(vm Ea W)+ No, (v0)) (?Ql(vmz+(egl(vm2+(Ngl(vmﬂ
{(?Q V)2 + (£, ()2 + No, 00)2 + P, (1) + (€, (1)) (Ngz(vm] [20]
(ix)

2 [@Ql i) * (Pa, i) + (Eq, (Vi) * (Eq, (Vi) + N, (vi)) * N, (vi))
+(Pa, 1)) * (Pa,(vi)) + (Eq, vi)) * (Eq,(vi)) + Na, (vi)) * Na, (vi))

1 +(Ra, i) * (Ra, (i) + (Ra, (i) * (Ra, (Vi))}
So(Q, Qo) = — 3 -

i=1 {(Egl(w))z (Eq, (vi))? + N, (vi)* + @Ql(vi)JZHEQJVJ) + (N, (vi))?

(R, )2+ R, (1)) ] {?Q VP + (Eq, ()

+(Na, (V)2 + (Pa,(vi))* + (€, vi)? + Na, (vi))* + (Ra, (vi)? + (R, (vi))?|, [20].

Analysis : From Table 12, it is evident that, when existing SMs are used in the proposed TOPSIS method
instead of CC, it fails to identify the best alternative. However, the best alternative is identified for all the
cases when CC is used. Hence, CC performs better than SMs.
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Table 12: Comparison of existing SMs with proposed method.
Unable to rank using existing SMs Able to rank using Proposed method

51 Q1,Q,) = Al =050and AZ =A% =A* =049 A*=0.55> A3 =0.54,> A% = 0.53,> AL = 0.40.
)) = Al =050 and A2 = A3 =A* =049 A*=0.55> A% =0.54,> A2 =053,> Al =0.40.
)) = Al =A% =050and A2 = A* =049 A*=0.55> A% =054, > A% =0.53,> Al = 0.40.
)) = Al =A% =050and A2 = A* =049 A*=0.55> A% =054, > A% =0.53,> Al = 0.40.
)) = Al =A% =050and A2 = A* =049 A*=0.55,> A% =0.54,> A% =0.53,> Al =0.40.

)= Al =050and A? = A3 =A* =049 A*=0.55> A% =0.54,> A% =0.53,> Al =0.40.

) A

) A

) A

») = Al = A3 =050 and A% = A* =049 =0.55,> A3 = 0.54, > A% = 0.53, > A! =0.40.
») = Al =050 and A2 = A3 =A* =049 A*=0.55> A% =054, > A% =053,> Al =0.40.
») = Al =050 and A2 = A3 =A* =049 A*=0.55> A% =054, > A% =053,> Al =0.40.

7. Conclusions

In this work, we have introduced the notion of IVPFHSS and established some of its properties.
We have proposed aggregation operators and an application based on the TOPSIS method to identify
a suitable employee, who can handle the project successfully using the Leipzig leadership model. This
study ranks the alternatives whose information is in IVPFHSS form. By using aggregation operators and
also by applying the TOPSIS method based on CC, we examine the relevance of IVPFHSS. Also, we show
the influence of the CC method by comparing the proposed method with similarity measures. To study
the closeness coefficients, we have applied CC instead of SMs in the proposed TOPSIS method. We have
presented a comparative study between the proposed method and the existing SMS to prove the reliability
of the proposed model.
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