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Abstract: Decision-making problems involve imprecise and incomplete information that can be
modelled well using intuitionistic fuzzy numbers (IFNs). Various IFNs are available in the literature
for modelling such problems. However, trapezoidal intuitionistic fuzzy numbers (TrIFNs) are widely
used. It is mainly because of the flexibility in capturing the incompleteness that occurs in the data.
Aggregation operators play a vital role in real-life decision-making problems (modelled under an
intuitionistic fuzzy environment). Different aggregation operators are available in the literature
for better decision-making. Various aggregation operators are introduced in the literature as a
generalization to the conventional aggregation functions defined on the set of real numbers. Each
aggregation operator has a specific purpose in solving the problems effectively. In recent years,
the power average (PA) operator has been used to reduce the effect of biased data provided by
decision-makers. Similarly, the Heronian mean (HM) operator has a property that considers the
inter-relationship among various criteria available in the decision-making problem. In this paper, we
have considered both the operators (HM, PA) to introduce a new aggregation operator (on the set of
TrIFNs), which takes advantage of both properties of these operators. In this study, firstly, we propose
the idea of a trapezoidal intuitionistic fuzzy power Heronian aggregation (TrIFPHA) operator and
a trapezoidal intuitionistic fuzzy power weighted Heronian aggregation (TrIFPWHA) operator by
combining the idea of the Heronian mean operator and power average operator in real numbers.
Secondly, we study different mathematical properties of the proposed aggregation operators by
establishing a few essential theorems. Thirdly, we discuss a group decision-making algorithm for
solving problems modelled under a trapezoidal intuitionistic fuzzy environment. Finally, we show
the applicability of the group decision-making algorithm by solving a numerical case problem, and
we compare the proposed method’s results with existing methods.

Keywords: trapezoidal intuitionistic fuzzy set; Heronian mean; power average operator; trapezoidal
intuitionistic fuzzy power weighted Heronian aggregation (TrIFPWHA) operator; multiple-attribute
group decision-making

MSC: 03B52; 03E72; 94D05

1. Introduction

Real-life problems mainly deal with either imprecise data or the combination of vari-
ous types of data. Solving such problems with imprecise information is not an easy task.
If a problem consists of precise (real number) data, it would be easy to solve such a problem
using conventional decision-making algorithms. However, the problem with imprecise
information and the problems with incomplete or adequate information cannot be solvable

Axioms 2022, 11, 588. https:/ /doi.org/10.3390/axioms11110588

https:/ /www.mdpi.com/journal/axioms


https://doi.org/10.3390/axioms11110588
https://doi.org/10.3390/axioms11110588
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/axioms
https://www.mdpi.com
https://orcid.org/0000-0002-4374-1939
https://orcid.org/0000-0003-4420-9212
https://orcid.org/0000-0002-2602-3986
https://doi.org/10.3390/axioms11110588
https://www.mdpi.com/journal/axioms
https://www.mdpi.com/article/10.3390/axioms11110588?type=check_update&version=3

Axioms 2022, 11, 588

2 0of 29

by using various conventional decision-making algorithms. Fuzzy numbers can represent
decision-making problems involving imprecise information; hence, they can be solved
using various fuzzy decision-making techniques. However, problems with imprecise and
incomplete information can be modelled better using intuitionistic fuzzy numbers ([1-3])
than fuzzy numbers or real numbers. Further, trapezoidal intuitionistic fuzzy numbers
(TrIFNs) were widely used to model problems with imprecise, adequate and qualitative
information. Many decision-making algorithms are available to solve these problems mod-
elled under an intuitionistic fuzzy environment. If the problem is modelled using TrIFNs,
it is necessary to study the ranking principle to compare arbitrary TrIFNs. The ranking of
TrIFNSs [4,5] plays a vital role in solving problems modelled using trapezoidal intuitionistic
fuzzy numbers. Researchers worldwide have introduced various ranking principles for
comparing two arbitrary trapezoidal intuitionistic fuzzy numbers. However, none yield a
total ordering on the class of trapezoidal intuitionistic fuzzy numbers. In 2016, Nayagam
et al. [6] introduced eight different score functions in the class of TrIFNs and defined a total
ordering principle by using those eight score functions. The total ordering principle on
the class of TrIFNs makes the decision-making algorithm more efficient. Similarly, the ag-
gregation operators will be used to find the aggregated performance of any alternatives
concerning multiple attributes, which plays another important role in any decision-making
algorithm. The same decision-making algorithm may give different results based on nu-
merous aggregation operators. Many intuitionistic fuzzy aggregation operators developed,
such as the intuitionistic fuzzy weighted averaging operator, intuitionistic fuzzy ordered
weighted averaging operator, intuitionistic fuzzy hybrid aggregation operator, Heronian
mean, Bonferroni mean, Dombi, trigonometric, Frank and power aggregation operator [7].
Each of these aggregation operators has its specific purposes, some of which can mitigate
the specific influences of irrational data generated by biased decision-makers, such as the
power aggregation operator, by allocating the weighted vector based on the degree of
support between the input arguments to aggregate the input data and accomplish this
purpose. The interrelationship of the aggregated arguments, such as the Heronian mean
and Bonferroni mean, can also be considered by certain aggregation operators. In this
paper, our main aim is to introduce a new aggregation operator on the set of trapezoidal
intuitionistic fuzzy numbers by considering both power aggregation and the Heronian
mean operator.

Vojinovic et al. [8] have developed the novel integrated Improved Fuzzy Stepwise
Weight Assessment Ratio Analysis (IMF SWARA) method, Fuzzy Dombi weighted geomet-
ric averaging (FDWGA) operator and PESTEL. They have considered five decision-makers
for evaluating six main elements of the PESTEL analysis and 30 elements more (five for
each group). In total, they have created 35 models based on the developed model. Addi-
tionally, the usefulness of the developed integrated model has been demonstrated using a
case example.

Riaz et al. [9] proposed two aggregation operators, namely picture fuzzy hybrid
weighted arithmetic geometric aggregation (PFHWAGA) operator and picture fuzzy hy-
brid ordered weighted arithmetic geometric aggregation (PFHOWAGA) operator, and
studied their mathematical properties. The proposed operators outperform the current
PFN-defined operators. Further, they have shown the applicability of the proposed aggre-
gation operators by solving an MCDM problem on third-party logistic provider selection.
Sahu et al. [10] proposed two hybridization approaches based on the Hausdorff and Ham-
ming distance measures. They demonstrated two case studies to validate the applicability
of the proposed idea.

Zhou et al. [11] have used the hesitant fuzzy sets (HFSs) to depict the uncertainty in
risk evaluation. Then, an improved HFWA (hesitant fuzzy weighted averaging) opera-
tor was adopted to fuse the risk evaluation for FMEA experts. Additionally, they have
developed the novel HFWGA (hesitant fuzzy weighted geometric averaging) operator.
Finally, they have solved a real example of the risk priority evaluation of power transformer
parts to show the applicability and feasibility of the proposed hybrid FMEA framework.
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Ali et al. [12] have proposed Einstein Geometric Aggregation Operators by using a Novel
Complex Interval-valued Pythagorean Fuzzy Setting. They have applied the proposed
model for solving the problem in Green Supplier Chain Management. Deveci et al. [13]
proposed a novel extension of CoCoSo with the logarithmic method and the power Hero-
nian function. Additionally, they have applied the proposed model to real-time traffic
management problems. Deveci et al. [14] introduced an Ordinal Priority Approach (OPA)
method for determining the criteria weights and application of a fuzzy Dombi Bonferroni
(DOBI) methodology for the evaluation of alternatives.

Erdogan et al. [15] proposed hybrid power Heronian functions in which the linear
normalization method is improved by applying the inverse sorting algorithm for rational
and objective decision-making. Additionally, they have developed a new multi-criteria
decision-making model to determine the best smart charging scheduling that meets electric
vehicle (EV) user considerations at the work-places. Jeevaraj [16] has introduced the
idea of interval-valued Fermatean fuzzy sets which is a generalization to many different
generalized classes of fuzzy sets [17] and a total ordering principle on the class of IVFFNs
by presenting four different score functions. Pratibha et al. [18] proposed a new score
function for comparing arbitrary interval-valued Fermatean fuzzy numbers. Further, they
have introduced a new interval-valued Fermatean fuzzy Einstein aggregation operator
to combine various IVFFNSs. Finally, an illustrative case study was discussed to assess
the performance quality of the developed methodology. In addition, as the complexity
of decision-making problems is increasing in the real world, we need to synchronously
consider the following conditions in one decision-making problem to choose an optimal
alternative. To alleviate these influences, we can select the PA operator to achieve this
purpose by assigning the different weights generated by the support measures. We also
consider the objective interrelationships between input values in certain cases, and then
this function can be completed by the Heronian mean or Bonferroni mean ([19]). Since HM
has some advantages over BM, however, we may expand HM to account for interactions.

The purpose of this paper is, therefore, to combine the PA operator and HM and extend
them to trapezoidal intuitionist fuzzy environments and to, propose some of the power
Heronian aggregation operators for trapezoidal intuitionistic fuzzy numbers (TrIFNs)
and apply them to solve MAGDM problems to meet the two needs as mentioned earlier.
The remainder of this paper is shown as follows to do:

1.  We briefly study some basic concepts of the TrIFS, PA operator and HM in Section 2.

2. Section 3 suggests some of the power Heronian aggregation operators for TrIFNs and
addresses some of these operators’ useful properties and special cases.

3. We establish a Multi-attribute Group Decision-Making (MAGDM) algorithm in Section 4
based on the proposed operators.

4.  Toillustrate the validity of the proposed method, Section 5 gives a numerical example.

5. We give the concluding remarks in Section 6.

2. Preliminaries

Some basic definitions are given in this section. Here, we give a brief review of some
preliminaries.

Definition 1 (Atanassov, [20]). Consider A to be a set that is not empty. An intuitionistic fuzzy
set (IFS) In in A is represented with In = {(a,y1,(a),z1n(a))|a € A}, wheresoever yr,(a) :
A — [0,1] and zp,(a) : A — [0,1],a € A including the constraints 0 < yp,(a) + zp,(a) <
1,Va € A. The values yr,(a) and zj,(a) in the range [0, 1] signify the degree of membership and
non-membership of a in In, correspondingly. The hesitation degree of a to lie in In is defined as
i (a) =1 =y, (a) — zp,(a) for any intuitionistic fuzzy subset In in A.
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Definition 2 (Grzegorzewski, [21]). In the set of real numbers R, an intuitionistic fuzzy number
In = (Y1n, z1n) is described by

ki(a) whenp <a< qq

1 when gy <a < qp
Yin(a) =

Ip(a) whengy <a<r

0 for rest of the cases

and

mp,(a) whens <a < wu

0 when ug < a < up
Ym(a) =

np(a) whenuy <a< v
1 for rest of tha cases

0 < ym(a) +zm(a) < 1is such that p,q1,q2,7,5,u1,up,v € R, and ki, Iy, Mip, iy
R — [0,1] is the legs of the membership function yr, and the nonmembership function zp,. Non-
decreasing continuous functions kp,, and np,, as well as non-increasing continuous functions mrp,

and ly,, exist.
An intuitionistic fuzzy number {(p, q1,q2,1), (s, u1, uz,v) } with (s, u1,uz,v) < (p,q1,92,7)°
is shown in Figure 1.

y

F

(r, 1)v, 1)

(0. 1)

~
St it

—~—
=]

-
-
-

(0,0)
(5,0)(p,0)(u1,0)(q10)(q2,0) (u21)(r,0)(v,0)

Figure 1. Intuitionistic fuzzy number.

Definition 3 (Nehi and Maleki, [22]). In the set of real numbers R, Tr = {(p, q1,92,7), (s, u1,
uy,v)} is an intuitionistic fuzzy set that is trapezoidal type Tr, which holds the s < p,uq < g1 <
g2 < up,r < v conditions. Below is its membership, and non-membership functions are given.

a—tr11
=i whenever tr1; < a < tryp
(a) 1 whenever tr1p < a < tris
yTr a)= trig—a
v whenever triz < a < tryy

0 for rest of the cases
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H—t}’zz
Fror—tres whenever tryy < a < tryp
(a) 0 whenever try; < a < trpg
Zrr\a) = a—tr
23
Ty whenever tryz < a < troy
1 for rest of the cases

The triangular intuitionistic fuzzy numbers are a special case of the trapezoidal intuitionistic
fuzzy numbers if tryy = triz(and troy = try3) in a trapezoidal intuitionistic fuzzy number Tr.

In Figure 2, Tr = {(p,q1,q92,7), (s, u1,up,0)} is an intuitionistic fuzzy set which is a
trapezoidal type, which holds the uy < qq1, up > qo, s < p, and v > r conditions.

D) (D)1 (1) (1)

(0,0) X

(5,0) (p,0)(11,0)(q1,0)(q2,0)(u2, 1) (r,0)(v, 0)

Figure 2. Intuitionistic fuzzy set of trapezoidal type.

We note that the condition (s, u1, u2,v) < (p,q1,42,1)° of the trapezoidal intuitionistic
fuzzy number Tr = {(p, 41, 92,7), (s, 11, uz,v) } whose membership and nonmembership
fuzzy numbers of Tr are (p,q1,92,7) and (s, uy, up,v) implies u; < g1, up > qa, s < p,
and v > r on the legs of trapezoidal intuitionistic fuzzy number.

Definition 4 (Atanassov & Gargov, [23]). Consider S[0,1] to be the set among all closed subin-
tervals of [0,1]. An interval valued intuitionistic fuzzy set on a set A # ¢ is provided by
IV = {{a,yrv(a),zrv(a)) :a € A}, where y;y : A — S[0,1],z;y : A — S[0,1], where
0 < supayyv(a) + supazyy(a) < 1is the condition.

The yy (a) and zjy (a) intervals express the degree of belongingness and non-belongingness
of the element a to the set IV, respectively. a € A, yjy(a) and zjy(a) are therefore closed
intervals, with yy, (a), zjv, (a) and yyv, (x), z1v, (a) denoting the lower and upper end
points, respectively. We express IV = {(a, [y1v, (a),z1v,,(a)], [y1v, (a),z1v,(a)]) :a € A}
wherever 0 < yyy(a) +zyv(a) < 1.

We can calculate the unknown degree (hesitance degree) of belongingness 7ty (a)
to IV as my(a) = 1—yiv(a) —ziv(a) = [1 = yiv,(a) — ziv, (a),1 = yiv, (a) — z1v, (a)]
for each element a € A. For simplicity, an intuitionistic fuzzy interval number (IFIN) is
indicated as IV = ([p, 4], [r,s])-

Definition 5. Assume tr1 = ([p1, 411, q12, 1], [51, 11, w12, v1]), and  tr2 = ([p2, 921, 922, 72),
[S2, U1, U2, vz]) and v > 0. Below, the TrIFNs operations are listed (Atanassov and Gargov [23],
Jun Ye [24])

1@t = (- (1~ p)(1—p2) 1= (1= qu) (1 —qz) 1 = (1= qu2) (L= q22),
1= (1 =r1)(1 = r2)], [s152, ur1ti21, 121422, 01 02])
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tr1 @ tro = ([p1p2, 411921, G12922, 1172), [1 — (1 —51) (1 —52), 1 — (1 — uq1) (1 — up), o)
1= (1—u2)(1—uxn),1-(1-0v1)(1-0)]))

ytr = (1= (1 =p)" 1= (1 —q11)", 1= (1 —q12)", 1= (1 —r)"], [s], u}, uly,0]]) (3)

tn” = ([pl, a1 a1 ], 1= (1=51)", 1= (1= u11)", 1= (1 —u)", 1= (1= 01)"]) (&)
Definition 6 (Nayagam et al., [6]). Consider Tr; = ([p,q1,q2,7], [s, 1, u2,0]) to be a TrIFN.
Then, the membership (L), non-membership (LG), vague (P), imprecise (1P), widespread (WS),
complete (Js), comprehensive (J7), and exact (Jg) score functions for TrIFN Try are defined as follows:

Qp+qtgatr)—2(+u+up+9)+(p+q1)(s+u) + (g2 +7)(u2 +0))

L(Try) = 2

LG(Tr)) = (2(p+q+q+71)+2(5+u; +up +Z) +(p+q1)(s +u1) + (g2 + 1) (uz +0))
_ Qp+q1)—2(g2+7)—2(s4+uy) +2(up +0) + (p+4g1)(s+u1) + (g2 + 1) (uz +v))
P(Try) .
IP(TFI) _ (—Z(P + q1) +2(Q2 + 7’) — 2(5 + ul) +2(u28—|— Z)) — (p 4+ ql)(s + ul) + (‘72 + r)(u2 + 1))

WS(Tr;) = (p+q2)—(q1+71)+ (s+u) — (uq +Z) +(p+q2)(s+uz)— (g1 +7)(ug +0))
_((p+g2) = (1 +7r) = (stu) + (1 +0) + (p+q2) (1 +v) = (1 +7)(s +u1))

Jo(Trr) 3
_(g2=p) (g1 —1r)—(up—5)— (1 —v) = (p+7)(u1 + uz) + (g1 + 42) (s + v))

J7(Try) 2
_((2=p)+ (g1 —r)+ (2 —s)+ (1 —0) = (p+7)(s+0) + (g1 + 92) (u1 + up))

Js(Trr) 3

Definition 7 (Nayagam et al., [6]). (Ordering principle in the class of TrIFNs). Let Try; =
(lp1, q11, @12, 1], [31, 11, w12, 01]) and Trap = ([p2, 421,422, 72], [2, 21, 22, v2]) be two TrIFN.
A relation “Less than’ (‘<’) denoted by Tr1; < Troj on the entire class of TrIFNS is defined as follows:
ifL(TrH) < L(TT’ZI) then Tryp < Trpg or

if L(Tr11) = L(Trpr) and LG(Tryy) > LG(Tryp) then Tryy < Trog or

Z‘fL(TI"H) (Tl"z[), LG(TI’1[> = LG(TT’zI) and P(TT’U) < P(TT’ZI) then TFH < Ti’z[ or
lfL(TTH) (TTZI), LG(TT’U) = LG(TT’ZI), P(TTH) = P(TT’ZI) and IP(TT’H) > IP(TT’ZI) then
TT‘U < T7'21 or

if L(Tryy) = L(Trar), LG(Tr1y) = LG(Trar), P(Triy) = P(Trap), IP(Tray) = IP(Trap) and
WS(Tr11) > WS(Tryp) then Tryp < Trap or

if L(Tr1) = L(Trar), LG(Tr11) = LG(Trar), P(Tr1r) = P(Trar), IP(Tr1p) = IP(Trar), WS(Trap)
=WS(Tryp) and Jo(Tryy) < Jo(Trop) then Tryp < Trog or

if L(Tr11) = L(Trar), LG(Tr11) = LG(Trar), P(Trar) = P(Trap), IP(Trip) = IP(Trar), WS(Trap)
=WS(Trar), Jo(Trir) = Jo(Trar) and J;(Trip) > J7(Trap) then Tryp < Trpg or

if L(Tr1p) = L(Trar), LG(Tr11) = LG(Tra1), P(Tr1p) = P(Trar), IP(Tr1p) = IP(Trar), WS(Tr1p)
=WS(Trar), Jo(Tr11) = Jo(Trar), J7(Trar) = J7(Trar) and Js(Trir) < Js(Trar) then Trip < Trog or
l'fL(Tru) = L(TTz]), LG(TTH) = LG(TTZI), P(TT’H) = P(TT’ZI), IP(TTH) = IP(TT’ZI), WS(TT’H)
=WS(Tra1), Jo(Tr11) = Jo(Trar), J7(Tr1g) = J7(Trar), Js(Trir) = Js(Trar) then Tryp = Tray.

2.1. The Power Average Operator

The power average (PA), first proposed by Yager [25], is a useful aggregation operator
that can mitigate some of the negative consequences of decision makers’ overly large or
small arguments. The classic PA, which is described as follows, may aggregate a collection
of crisp integers where the weighting vectors solely depend on the input data.
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Definition 8 (Yager [25]). Consider Tr = {trsla = 1,2,...,h} to be a set of non-negative real
numbers, and the power average (PA) operator is defined as

_ Yh (14 T(trg))tr
Toor (14 T(tra))

PA(try, try, ..., try) (5)

where
T(tra) = Y. Sup(trs, try) (6)
b=1,b#a
and the support degree for try from try is Sup(try,trp). It has the properties listed below.
(1) Sup(try,try) € [0,1]; (2) Sup(try, try) = Sup(try, tr1); (3) Sup(try, try) > Sup(trs, try),
if |tr1 — tra| < |trg — trgl.

2.2. Heronian Mean (HM) Operator

The Heronian mean (HM) is a useful aggregation operator for capturing the interrela-
tionships between the input parameters (Liu and Pei [26]). It can be defined as follows:

Definition 9 (Liu and Pei [26]). Consider I =[0,1],ef> 0, H% : I" — I, if H*/ satisfies:

2 h h f etf
He'f(trl, t?’z, ey trh) - W Z 2 ti’Ztrb (7)
a=1b=a

The Heronian mean (HM) operator with parameter is therefore defined as Hf.
The HM operator has been shown to have the properties of idempotency, monotonicity,
and boundedness (Liu and Pei [26]).

3. The Trapezoidal Intuitionistic Fuzzy Power Heronian Aggregation Operators

According to operation rules defined for TrIFNs, We introduce the trapezoidal intu-
itionistic fuzzy power Heronian aggregation (TrIFPHA) operator and trapezoidal intuition-
istic fuzzy power weighted Heronian aggregation (TrIFPWHA) operator in this section.

Definition 10. Let Tr = {tr,|b = 1,2, ..., h} (where tr, = [Py, 916,926, T3], [Sp, U1b, Uop, Vp]))
be the set of TrIFNs and e, f > 0, and TrIFPHA : " — 0, if

- e . f\ et f
TrIFPHAY (t7, t7a, . .., ty) = <h<h2+1) YhYh, (h%m) Rp (h%trb) > (8)

. . A _  (+4I(t)) hoa
where 8 is the collection of each TrIFNs, 6. = L a+15) and Y1 0. =1

I(tr,) = ZZ’:U# Sup(tre, tr,), and the support degree for trc from tr, is Sup(tre, tra),
which consist of the resulting properties. (1) Sup(trc, tra) € [0,1); (2) Sup(tre, tra) = Sup(tra, tre);
(3) Sup(try, try) > Sup(a,b), if d(try,tr2) < d(a,b) in which d(tr1, ti;) is the distance among
TrIFNSs try and try. Therefore, TrIFPHA is called the Trapezoidal intuitionistic fuzzy power Hero-
nian aggregation operator.

The expression (8) can be simplified. For that, we can determine

o (1 I(t))

= = )
LD+ I()

and call (61,03, .. .,0;) a power weighting vector. Certainly, we hold 6, > 0,Y."_, 8, = 1. Thus,
The expression (8) can be written as:

1

h e

TrIFPHA% (t71, t7y, . . ., t7y) = <h(l12+1) Yoy (hBat7a)" @p (h@t?b)f ) (10)
a=1b=a
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According to operation rules defined for TrINFS in Equations (1)—(4), Theorem 1’s result is
driven as shown below.

Theorem 1. Let Tr = {trp|b = 1,2,..., h} (where try, = ([Pp, G106, 926, Tb), [Sb, U1p, Uop, Up)))
be the set of TrIFNs and e, f > 0. Then, the trapezoidal intuitionistic fuzzy power Heronian
aggregation operator (TrIFPHA) obtained by using Equation (10) is a TrIFN, and also

a=1b=a

h _ MﬁH) é%
<1 - (H [Ta— (=1 —ga)") (-1~ mb)he”)f)) > ,

a=1b=a

i T 747
<1 - (H [T = (1= (1= g2)")°(1 = (1 - qzb)heb)f)> ) ,

a=1b=a

h h _ IWiD ﬁ?
(1 (H [T0- (1= (=) ™) (- 1-r %)f)) ) ]

a=1b=a

a=1b=a

2 1

h h 18 1 h(h+1) e+f

1= (1= (TTTTO = (=g (1 = uyy)) :
a=1b=a

S
I
—_
S
Il

S

Proof. Let Tr = {tr,|b =1,2,...,h} (where tr, = ([py, 916,926, ), [Sp, U1p, U2p, Vp])) be the
set of TrIFNs and e, f > 0. By using Equations (1)-(4), we obtain

WBatta = ([1 = (1= pa)®,1 — (1= 1)1, 1 — (1 = q2a)®0, 1 — (1 = )], [sh, w0, 1l o))
S0, (MBata)* = ([(1 = (1= pa)®)°, (1= (1= g1a)"®)¢, (1 = (1 = g20)" )%, (1 = (1 — 1) )],
1= (1= i), 1= (1 ), 1 - (17 By, 1— (1— 0i™)e)).
Furthermore, we hold, (thtrb)f (-1 - ph)heb)f, (1—(1—gup)"?0)f,(1—(1-
920"V, (1= (1= ) @)1, 1= (1=sy)f 1= (1= i)/, 1= (1= ), 1= (1 =)/
Thus, we have (h0,t74)° @y (hfytp) = ([(1 — (1 — pa)2)e(1 — (1 — pp)"o)f, (1 —
(1= 410)")° (1 = (1= 1)), (1= (1= g20) ") (1 = (1 = g3) " )F, (1 = (1 = 7a)") (1 —
(=)0 (1= (=i (=), 1= (1= ulf) (1 =) 1= (1) (1 =iy,
1= (1—o™) (1= 0,")])
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also
Y Yh((hBatta)® @p (hByty)) =
( [1 — T T, (1= (1= (1 = pa)Pa)e (1 — (1 — py)o0)f),

1T T, (1= (1= (1= g1a)"®)¢ (1 — (1 — qup) ? ),
T—TT T, (1= (1= (1 — g20)"%)(1 — (1 — qap)"®)),
1T T, (1= (1= (1= 7)) (1 — (1 — 1) 1% )f>] ’

[nz_lnz_a<1—<1—s2f’ﬂ>e<1— SI0 ), Ty T, (1 — (1 — ul%)e (1 — %)),
T T, (1 — (1= l8)e (1 =l f), T T, (1= (1 v’;%f(l—v{:@b)f)D

= i Tt Tho o (WBatFa)* @11 (WByti,)T) =

B _ W)
< [l - (HZ_1 TTh— (1= (1= (1 = pa)"®o)e(1 - (1 Pb)h"b)f)> ,

1- (H’;_l [T (1— (1= (1= g10)"0)¢ (1 — (1 — qq)"0)/ ))

1- (H’,Zzl [Ty (1 — (1 — (1 — go0) )¢ (1 — (1 — ggp)"0)/ ))

2

_ -~ h(h+1)
- (“Z’_lni;_a(l — (1= (1= 1) B)e(1 — (1 — 1)) >> 1

[(H’; T (1 — (1 — sl

_ heb )
(H’;ln’;_A — (1wl (1 — S )
_ heh )

(HLH T/, (1 — (1 — ulf)e(

(H’;_ln’;_au—(l oty (1 — o)) ) i D
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Therefore,

. _ et+f
(h(hzﬂ) Y1 Lp—q((HBatfa)® @y (h()btrb)f)> -

_ WD) \ e+ F
([(1 ( T, (1= (1= (1= pa)Pe)e(1— (1 - Pb)heb)f)> ) ,
~ _ W\ #7
(1 (I—[’Z T, (1= (1= (1= g1a))e(1— (1 071b)h9h)f)> ) ,
_ RN
<1 ( Tl (1= (1= (1= g0)"Pa)e(1— (1 - lhb)heb)f)) ) ’

ll - (1 - (HZ_1 T (1= (1= si)(1 —sZeb>f>> )
_ h(h+1) \ e+f
1- (1 - (HZ-1 T, (1— (1 —ul®)e( —u’fib)f)) > ,

1- (1 - (H’;_1 Ty (1 — (1 — ul@)e (1 — ullr)f)

B _ h(h+1) \ e+f
A T———)

We have to calculate the support degree Sup(tr, t7,) to determine the power weighted
vector 0. Usually, the similarity degree among tr, and t7, can equivalently represented as
the support degree Sup(tre, tr,). Various similarity measures are available on the class of
intuitionistic fuzzy numbers and IVIFNs [27].

Let us consider two IFNs as 11 = (y1,z1) and trp, = (yo,22). Different similarity
measures between the two IFNs are given below.

(1) Chen’s [28] similarity definition is stated as mentioned below.

O

1
50:1—§(|y1—yz|+|21—22|) (12)

(2) Song et al.’s [29] similarity definition is stated as mentioned below.

1
S1 = 2(\/y1y2+2\/zlzz+\/7r17r2+ (1—2z1)(1 —zz)> (13)
(8) Nguyen’s [30] similarity definition is stated as mentioned below.
Sp=1-— |Kp(t171) - K]:(tljz)l (14)

where, the knowledge measures of tr and tr; are Kp(tr1) and Kg(tr3), each.

. 24224 (1—1mqp)? . 24224 (1—mp)2
KF(tTl):\/yl 1 2( 1)  Kp(t) = Yo 123 2( 2) (15)
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The above-mentioned similarity definitions can be extended to TrIFNs using the fuzzy
extension principle. Below are the definitions mentioned for them.

Consider tr1 = ([p1,411, 12, 71), [$1, 11, u12,v1]) and try = ([p2, 921,922, 2], [52, U21,
U, v]) be any two trapezoidal fuzzy (intuitionistic type) numbers, thus the definitions
are as follows

So=1- (Pl p2| + 911 — g21] + [912 — g22| + |11 — 12| + |51 — 52| + |11 — w1 | + |12 — upa| + |04 —Uz|> (16)

1
S = i <\/P1P2 + /911921 + /912922 + /1172 + 24/5152 + 23/ur1to1 + 23/ uipuxn + 2/0103

+ \/(1 —p1—s)(1—p2—s2) + \/(1 —qu1 —u11)(1 — q21 — ua1) (17)

+ \/(1 —q12 —u12)(1 — g — uxn) + \/(1 —r—ov)(1—r —02)>

Sy =1~ |Kg(tr1) — Kg(tr2)] (18)

where, the knowledge measures of tr] and tr; are Kp(tr1) and Kg(tr3), each.

H(71) \/P T g+ stud +udy ol 4 (pr+51)2 + (qu + m)? 4 (g2 + w2)? + (11 +01)? (19)
4

H(72) \/P 3+ g5+ 9% T3 st ud +udy + 03+ (pa+52)? + (g1 + un)? + (422 + u2)? + (12 + v2)? (20)
4

In this paper, we use a similarity measure between tr., and tr, for finding Sup(tr, t7,).
Further, Some TrIFPHA operator’s properties will be discussed.

Theorem 2 (Idempotency). Let Tr = {try| forallb=1,...,h} be a collection of TrIFNs,
and try, = fr foreach b = 1,2,...,h where fr = ([p,q1,q2,7], [s, u1, u2,v]). Then, TrIFPHA%f
(tr1,tra, ..., try) = fr.

Proof. From our assumption, we have, tr, = fr = ([p,q1,92,7], [s, u1,uz,v]) forall b =
1,2,...,h
Sup(tre,try) = 1foralla,c=1,2,...,h (21)

(Since Sup(trc, tr,) is replaced with a similarity measure between trc and tr,).
Equation (21) and Definition 10 imply that, 6, = % forallc=1,2,...,h
Then, from Definition 10, we obtain

—(l(

TrIFPHAYf (t74,t72, ..., t7,) = TrIFPHA® (fr, fr, .. ., fr)

H
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L1 . h(h+1)
ll ( (H’; T, (1= (1 —str)e (1—shh>f)>
1- (1 - (ni.u T, (1 — (1 — iy - u’ﬁ)f))
X X il Bl I(h+1)
1-—- <1 - <H[11 Hb:a(l - (1 _uzh)e(l _uzh )f)>
(1— <HZ T, (1= (1= 0P (1—0’”1')f)>
R\ 77 o R\ 77
([(1 (Hg 1Hb u 1_ e+f)> > ’ (1_ (HZ—l HZ:H(l_ql f>> ) 4
<1 (H’; I, (1—g5" >> ) ,<1— (H’;ln’;_ﬂu—re*f)) ) ]
[ ( - (HZ 1Hb 11(17( s)e+f)> > /1* (1 (HZ—lH?—u(l(l
)Y (= (im0 wen) )
h(h2+1 eif
1—(1—(1121H’;u<1—<1—v)e+f)> ) ])

= ([p,q1,92,7], [s, u1, u2, v]).
Hence the proof. O

Theorem 3 (Boundedness). Let Tr = {t71,try, ..., try } beaset of TrIFNs, and tr; = min(try, t7o,
~otry) = (Ip, 91, 92,7, [s, u1, u2, 0)), try = max(try, try, ..., try,) = ([P, q1,92,7), [5, 11, Uz, 0)).
Then, the following condition holds

2 1

In which I = < Kl - <HZ—1 [, (1—(1—(1—p)Pye—(1- mh%)f)) h(hﬂ)) ,
— _ h(hz+1) lf

A1)
(1 - (HZl T, (1= (1= (1—g2)")e(1— (1 th)’“’b)f)> )

1
+f
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- h(h2+1 =7
(nh 1T (1 = (1= (1= )¢ <1—<1—r>h9b>f>>

\_/

3

.y

| S
n

|—|
/N
—
A
=
H
E
m
|
o~
<n
=
5K
N
la>)
—
—
|
0
=
>
&
SN—
'\\
—
\/
=
f
=
~
IS
T
iy

o - T ﬁ
and m:([(u(rﬂ;m’;_ﬂ(l—(l—<1—p>h9a>e<1—(1—p>h9b>f>>( )> ,

o o h(h+1)
1= TH e (1= (1= (1 =7)" ) (1 - (1~ f)heb)f)>

[1 a (1 - (HZ—l - @1- §haye(1 — sh9h)f)> h(h+1)> a7

1- <1 - (HZ_l T_,(1— (1 —a")e (1 — u"%)f

1- (1 - (HZ] 1, (1 — (1 — ") (1 — %) f ) e ) -
- (1 - (n’;_l M, (- (-9 vhﬂ)f)) ) f])

Proof. From the Definition 10, we obtain

WBatia = ([1 = (1= pa)™,1 = (1= 20)",1 = (1= 2a)"®,1 = (1 = 1)@, sk, e, uhfe, o))

> (1= (=)™ 1= (L= g0)!® 1= (1= g2)'™, 1= (=), [, %, e, )

= (Watra)* = ([(1— (1= pa)®)%, (1= (1= 1)")°, (1 = (1= q20)")°, (1= (1 =
ra) )], 11— (1= i), 1 = (1= w01 = (1= )%, 1 = (1= 0}™)¢)) _
2 ([ (= )M, (1= (L= )" ), (1= (1= g2)"), (1= (1= r)")], [1 —
(1—s")e,1— (1 —ul%)e, 1 — (1 —ubfye,1— (1 oMye])
_ Likewise, we obtain -
(Bt = ([(1= (1= p)"®)f, (1= (1= q1)")f, (1 = (1 = g)")f, (1 = (1 = 1,)")],
1= (=), 1- ()1 - -V 1 (1—m)])
> ([(1= (1= p)")f, (1= (1= g)" %), (1= (1= q2)")f, (1= (1= )" %)/], [1 -
(=M, 1= (1)1 = (=) 1 (10 )))
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Thus,
(hBatFa)® @51 (hBytFy) = ([(1 — (1= pa)" ) (1 — (1 — pp)"®)f, (1~ (1 q10)"0)e (1 — (1~
q15)"% ), (1 — (1 — g20)" >e<1—<1—q2b> WS, <1—<1—ra>h9><1 (1— 1)),
[1—(1—sf%)e(1—s%)f,1- 1 ulm W0V — (1 — e — )1 — (1 -
ofye(1 — o) ) ( (1= )Y — (1= p) ), (1~ (1 — a1 — (1
q1)"%)f, (1 — (1 — gp)%e)e (1—q2)h9b) (1= (1 —r)"8)e(1— (1 —r)")f],[1— (1~
shaye(1 — shfo)f, 1 — (1—uh9)e(1 Wl%)F 1 — (1= ulBye (1 — %) f 1 — (1 — oMBye(1 —

/)]
Additionally, we obtain
L1 K (Bata)* @1 (Byt1)f)
= ( [1 T T, (1= (1= (1= pa)P)(1 = (1 = py)" %)),

1T T, (1 — (1= (1= q1a)"®0)¢(1 = (1 — p)"®)f),
1T T, (1~ (1= (1 20)")° (1 — (1 — ga)"®)]),

1T T, (1= (1= (1 —rg)"®a)e(1 - (1 n;)heb)f)],

16y

[ni;lni;_ﬂ( — (1= sy (1 — %)), T T, (1 = (1 — %o (1 — %)),
Ty T, (1 — (1= ) (1 — %) F), T T, (1 — (1 — ol )e(1 — ’;"b>f>D

= ([1 ~Ia T (1= (1= (1= p)" ) (1= (1= p)*®))),

1= TIp g T (1 = (1= (1= g0)")(1 = (1= q1)")),
1-TTi [T, (1 (1—(1—%)’”) (1 (1—42 )10)1),

1 TT T, (1~ (1 (1= )t 1)) ]
[HZ:lHQ—“(l — (1= )1 = )), Ty T, (1 - (1= ™) = ™)),
Ty Ty (1 — (1 — )1 — ™)), T T, (1 — (1 — 0MP0)e(1 — vab)f)] )

Moreover,

Tt Loy i (h0t70)° @1y (W)

2

B B R
_ ([1 _ (nﬁu Mo~ (1~ (1~ pa) ) — (1 - pb>h9b>f>) ,

2

- _ (1)
- (H’.Z=1 T (1= (1= (1= q12)")°(1 = (1~ %b)heb)f)> /

- - Az
- <H§—1 I, (1= (1= (1—q2)"%)°(1— (1- fhb)heb)f))

_2

_ . R(i+1)
- (”Z_l Ty (1= (1= (1= ) M0)e(1 = (1 — ) 80)f >> ]
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_ h(h+1) _ _ R(h+1)
Kng_l T, (1 — (1—s%)e(1— sé’eb)f)) , (HZ_1 T, (1— (1— i) - “??)U) ,

D) _ N\ D
(HZ_1 T, (1— (1= ul®)e(1 - ’;f;b)f)> , <H’3_1 I, (1 (1—oif)e(1— vlggb)f)> ] )

2
2 (
R(h+1)

_ o h(h+1)
1- <H§=1 o (1= (1= (1 —p)")e(1— (1~ P)hgb)f)> ,
N (HZ—l TTh_a(1— (1= (1= q1)")°(1 - (1 ql)hgb)f)> '

2

. (D)
- (H’;_l ITh—(1 = (1= (1 = g2)")°(1 - (1 qz)hgb)f)> '

2

_ (HZl ng:a(l — (1 _ (1 )h@a) (1 _ (1 heb f)) h(h+1)‘|[
[(Hz—l nga(l - ( hG,, heb )
(HZ—l HZ:a( —(1- uéle" _ h9b )

2 2
_ O\ D _ O\ mD
(HZ_1 T, (1= (1 —uj’)e(1- u’zwb)f)> , <H’Z_1 ITh_, (1 — (1 —oM)e(1 — vhebV)) ] )

Therefore,

1
et+f

TrIFPHAY (t7, tts, ..., ty) = (h(hil) Y1 T (hBatra)® @p (HOyt7,)S)
2 1

o o h(h+1) \ e+f

= ([(1— (HZ_1HZ_a(1 — (1= (1= pa)**)e(1 - <1—m)’“’b)f>) > :

(1 = (ng_1 TTp—a (1= (1= (1= 10)")*(1 = (1 = g2)"%)/)

) h(h+1)

(1 ) (H;u T (1= (1= (1= 20)®)°(1 = (1 = g2)"%)")

(1 - (HZ_1 I, (1= (L= (1 — )@ )e(L— (1 — rwh@b)f)) W) f]

o o h(h+1) +f
[1_(1_(H’Z—lﬂ’z_uu—<1—sgeﬂ>e<1—559b>f>> ) ’
. _ h(h2+1) ﬁ

1- (1 - (n’;_l T, (1 — (1 — ul®ye(1 —ul%)f )) ) ,
2 1

. _ W1\ etf
1—(1—(n’;_lnz_au—<1—u32ﬂ>8<1—uiib>f>) ) :

_ War h(h+1) \ e+f
- (1 - (nf;ln’g_aa -y b)f)) ) D
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— _ h h . _ WBane B heibf r(hF1) \ e+f
P\ \Hema T (= (=)0 =077 ,

1- <1 - (Hﬁ-l T, (1 — (1 — ul®)e(1 — %) f)

1- (1 - <n2_1 [Tl = (1 =01 = vh%f)) H) fD

=1

Likewise, we can also demonstrate that TrIFPHA®S (t71,try, ..., tr},) < 1l
Therefore, we are able to obtain

[ < TrIFPHA®S (t71,tr, .. ., t7y,) < 1t
O

Though, TrIFPHA®f (t71,t73, . . ., t7}) monotonicity cannot be proven by that.
This is how we can describe it: o y
Consider Tr = {trq,try, ..., tr,} and Tr = {tr’l,tr’z, - tr;l} are two sets of TrIFNSs.

If t7, < tr} for each b = 1,2,...,h, then hb,tr, = ([1— (1 — pa)a,1 — (1 — g1p)"%a,1 —

(1= g20)",1 — (1 — ry)he], [s“’ﬂ %, i, 01%]), and WOt = ([1— (1— pj)"%,1— (1 -

)™, 1 = (1= qh)' ™1 — (1= )] 3%, ulh i, o))

(trq,tro, ..., tr,) and (trl, trz, ..., trh) s support degrees represented as 0, and 0}, re-
spectively, and which do not have any inequality relationship among them. This implies
that we cannot obtain h6/tr; < hf,tr, and hence it is not possible to obtain

TrIFPHASS (t1,tr}, .., tr}) < TrIFPHA® (t7y,t7s, . .., t1)

According to the parameter e and f, here we discuss four special cases of the proposed
operator (TrIFPHA®Y).

(1) A trapezoidal intuitionistic fuzzy power generalized linear descending weighted
operator can be generated from Theorem 1 Formula (1) by letting f — 0, and it is
shown below.
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TrIFPHA (171, s, .. ., ty) = Kl - (ﬁ ﬁ(l — (1= (1= pa))e(1—(1- Pb)hgb)f)>

a=1b=a
hoh e "y T\ 7
T lej(l_(l_ulﬂa)(l_ ) ,
h  h ho e oy f h(h2+l) %
U I;Ilg(l_(l_uzua)(l_ 2 )') :
ho o W\ 77
e
L i 22)
TrIFPHA (1, 17, 1)) = ( Kl ) (ﬁﬂ —-a- mh@a)ff)h“_”) W) .
a=1
: R ¢
<1 - <H(1 — (1 — (1 —q )hea)f)h+lu> > )
a=1
i R ¢
(1 - (H(l - Wﬂ)f)h“ﬂ) ) ,
a=1
L NG
<1 - <H(1 -(1-1-r )h9a)€)h+la> ) ]’
a=1

1-(1- <ﬁ(1 - (1 . vZGn)E)h-H—a) W) g‘| )
a=1

By Equation (22), we understand that TrIFPHA®®(t71, t7, ..., t7;) can use a heavy
weight vector (h,h —1,...,1) to measure the information ((h61tr1)¢, (h6atr2)C, . .., (hBytry)°).
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TrIFPHA (171, o, . ..,

-
(-

e
( ( 1=1 ITj—q \/(1—(1—ra)h9“)(1—(1—rb)h9b))> )]

o) Gy
[((Hﬁ_lné’_xlwlszewu Z%)) )((Hz_lnz_a(lwl u?iﬂ)(lui’ib))) )

h(h+1)
< a1 Ty ( \/(1—(1—111a)h9”)(1—(1—q1b)h6’]))> >,

(2) A trapezoidal intuitionistic fuzzy power generalized linear ascending weighted
operator can be generated from Theorem 1 Formula (1) by letting e — 0, and it is shown below.

(23)

1—(1—<HH(1—(1—u2bb)f)> ) ,

W T f
1— (1— (Hn(l—(l—v,’j"b)f)> ) D
a=1b=a

By Equation (23), we understand that Tr[FPH AOf (try,try, ..., t7},) can use a heavy
weight vector (1,2,...,h) to measure the information ((hf;t71)/, (hbatip)f, . .., (hB,t7y)T).

TrIFPHA®%f (t71,t75, . . ., t7},) operator can act as linear weighted function if we consider
e = 0 or f = 0. Further, we also understand that the parameters ¢ and f cannot be
substituted for one another according to the Equations (22) and (23).

(3) A trapezoidal intuitionistic fuzzy power basic Heronian (TrIFPBH) operator can be
generated from Theorem 1 Formula (1) by keeping e = f = 1. The TrIFPBH operator is
shown below.

Ty
fry) = ([(1 - (qu a1 /(1= (1 pa)) (1 — (1 - mheb))) )

(1)
[T I, (1 ¢<1—<1—q2a>h@a><1—<1—qzh>h9b>>> )
(24)

2

( (Hg—l nga(l - \/(1

h(h+1) h(h+1)
u32“><1—u’;§b>>) >/<<H’Z—1H?—a(1—\/(1—0’39“)(1—029b))> )D
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(4) A trapezoidal intuitionistic fuzzy power line Heronian mean operator can be
generated from Theorem 1 Formula (1) by assigning e = f = 1 and it is shown below.

2

(25)

Bk W\ 2
1— (1— (HH(I— (1_03%)(1—4}%))) ) D
a=1b=a

We just take into account the weight vector dependent on the power operator and the
interrelationships of input TrIFNs in TrIFPHA®/ (1, t7,,. . ., t7},) operator, and we ignore
the value of each individual input TrIFN. This weight, however, is a critical parameter
in many real-life decision-making situations. In a MADM problem, for example, it will
be the attribute weight, which will have a significant impact on ranking the alternatives.
As a result, we will define a trapezoidal intuitionistic fuzzy power weighted Heronian
aggregation (TrIFPWHA) operator in the following definition.

Definition 11. Let tr, = ([pp, 916, G2, 75), [Sp, U1p, tiop, Up)) be a set of TrIFNS, furthere, f > 0,
also TFIFPWHA: ©" — ©, when

- e - AN 77
. . 2 I h0s00 - hoy0p - e+
THEPWHAC (t 8y .. th) = (h(h+1) LL ((Zh 19*0 tm) o (2’1 feio m’) >> 20
c=1"YcYc c=1Yclc

a=1b=a

; - o — _ (+Itr)) h g —
where, each TrIFN is a collection for ©, 6. = T 1(7) and )10 =1

I(tre) = 22’:1/“ ¢ Sup(tre, trq), and support degree for trc from tr, is Sup(tre, tra) that
has the properties mentioned below. (1) Sup(tre, tr,) € [0,1]; (2) Sup(tre, tra) = Sup(tra, tre);
(3) Sup(try, tra) > Sup(a,b), if d(tri,try) < d(a,b), and d(try,tr;) is the distance among
TrIFNs tr1 and try. Additionally, 0 = (04,02, ...,0,)7 is the weight vector of ( tr1,try, ..., t7y,),
6, € [0,1], 22‘21 oy = 1, also h is a balance parameter. Thus, the trapezoidal intuitionistic fuzzy
power weighted Heronian aggregation operator is then known as TrIFPWHA.

Theorem 4 is based on the operational laws of the TrIFNs described in Equations (1)—(4).
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Theorem 4. Let Tr = {try|try = ([P, 916, G20, 1), [Sb, b, Uop, Up]), where b =1,2,...,h} be
a set of TrIFNs, and e, f > 0. The product of combining the results of Definitions 11 is still a
TrIEN, and
1
) et+f

TrIFPWHA®S (t71, t72, . . ., 7))

2

h h 1800 hh%”j -
) Q(l B <H [10— (1= (1= pa) 5™ )t (1 = (1 = pp) Fea e )f)>

2 1

L —plan B0, ROAT) \ e
(1 (TTT0 - 0= 0™ a0 ) )
a=1b=a
b h igon 180 W)\ 47
<1 B (H [T = (1= (1= ga) =™ )*(1 = (1 — gop) "™ )f)> ) ,
a=1b=a
_ ) 1
h h h0a0a. hhebai R\ e F
(1_ (H H(l_ (1= (1 —rg) Ze=1%0 ) (1 — (1 — rpy) o= %o )f)) > 1
a=1b=a 27)

h ,,’”T% hh%”gﬂ R 77
ll B (1 - <H [Ta-(- s "Y1 — SbEC:l - )f)> ) ’

. <1 - (H [T~ (= aZ™ e - g ”)

hBgo0a

h h i v h(h+1) et+f
):C: Ococ ):c: fcoc
- (- (10 0o a0 )

h8j,0p

a=1b=a
o W80 _2 1
ok hh%io - biu WD\ o7
1- (1 - (H [T = (1= og=t " )e(1 — oyt ))
a=1b=a

Proof. Proof of this theorem is similar to Theorem 1, and hence it is omitted. [

T
11 1 -~ - ~
Ifo = <h' AR h) , then TrIFPWH A%/ (t71,t75, ..., t7},) operator is obviously re-
duced to the TrIFPHA®/ (71, 75, . . ., t7},) operator.

Note: It is simple to demonstrate that the TrIFPWH A%/ (t1, 7y, . . ., t7},) operator just
has the property of boundedness and lacks the properties of monotonicity and idempotency.

4. A Group Decision-Making Method Based on the Trapezoidal Intuitionistic Fuzzy
Power Heronian Aggregation Operator and Trapezoidal Intuitionistic Fuzzy Power
Weighted Heronian Aggregation Operator

The implementations of the proposed trapezoidal intuitionistic fuzzy power Hero-
nian aggregation operator which generalizes interval-valued intuitionistic fuzzy power
Heronian aggregation operator [31] and trapezoidal intuitionistic fuzzy power weighted
Heronian aggregation operator in solving the Multi-attribute Group Decision-Making
(MAGDM) problem will be discussed in this section.

The data which we have considered in this paper has been taken from the literature [32]
and modified based on the need of a problem. Initially, the linguistic terms were given
by the experts for evaluating the performance of alternatives. Then, the linguistic terms
were converted into a trapezoidal intuitionistic fuzzy number. These TrIFN equivalents for
various linguistic terms were identified from the literature and modified based on the case
study problem.
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Assume there are /1 alternatives p1, p, . . ., py and g attributes (x1, xp, .. ., xg), and o =
(01,02, ...,04) is the weight vector of the attribute x,(a = 1,2,...,¢), here 0, > 0,a =
1,2,3,...,8, 25:1 0, = 1, in a MAGDM issue with TrIFNs. Assume there are ¢ decision
makers (r1,72,...,7c) and v = (71,72,...,7c) is the weight vector of them with v, >
0(p=12,...,¢), 51 7p = 1. Assume that Dr = [d;mp} g 18 the decision matrix, where

dy = ([pba, Do rba,sbu] [tfﬂ, uj, UZa, wbﬂ]) has the form of a TrIFN, the decision maker’s
statement d,, for alternative p, with respect to attribute x,. After that, it is time to rank
the alternative.

The TrIFPHA and TrIFPwWHA operators are used to solve MAGDM problems in the

following sections, and the following are the thorough decision-making steps:

Step 1 The attribute values should be normalised.

Usually, there are two kinds of attribute values: benefit and cost. We should transform
them to the same form, with the benefit being translated to cost If the a-th attribute x,
is cost type, the attribute values dy,” = ([pbu, T rba, sbu] [tﬁa, uj ., vﬁa, wbu] )b=1,2,...,k
p = 1,2,...,¢c, The following formula can be used to translate it to a benef1c1al one.
(dy," continues to express transformed attribute values.)

d;ﬂ - ( [tsu’ Upgr vbu’ wba] [pba’ Tba rbu’ Sga} ) (28)
Step 2 Compute the supports.
~p ot ~ -t
Sup(dy’ , dps ) =1 — |Kp(dyps') = Ke(dy )|, p,t =1,2,...,;b=1,2,.. ,l;a =1,2,...,¢ (29)
here,
<x1 +x2>
=\~ Where,x1 = (p},)* + (a5,)% + (r5,)? + (53,)7 + (15,)% + ()2 + (0},) + (w,)? (30)
X2 = (Phy + o) + (0 + 1upe)* + (rhy + 04, )2 + (s, + )
(xl + x2>
= -1 Where, x1 = (piﬂa)z + (qltaa)z + (déa)z + (Sfm)z + (tfm)z + (ufm)z + (via)z + (wlim)z (31)
32 = (Pho + the)? + (he + uhe)? + (diy +0})* + (shy + w},)°
Step 3 Compute I(d,")
C
)= Y Sup(dy dus );p=1,2,...,60=12,..,lsa=12,..,g (32

t=1,t#p

Step 4 Compute the power operator’s weight vector By, linked with the TrIEN dj,,”

~ P
0, = (1+ I(dsa")) p=12,..,6b=1,2,..ma=1,2,...n (33)

(Ut ()

Step 5 Aggregate the results of each expert’s evaluations into a single report.
~ ef (1 72 ~ 1
dha = TrIFPWHA (dba rdba Ry dba ) (34)

to gather information in a group. Here, b =1,2,...,i;a =1,2,...,g.
Step 6 Compute I(dy,)

8 s
dy) = Y. Sup(dps,dp);b=1,2,..,hsa=1,2,...8 (35)
t=1,t#i
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Step 7 Compute the power operator’s weight vector 8, linked with the TrTFN d,

(1)
Y (14 I(dy,))

Step 8 Alternative’s total evaluation value:
From the following formula, we can determine each alternative’s total evaluation value.

b b=1,2,.. a=12,..,g (36)

Yy = TrIFPWHAY (dyy, dyp, .. ., dig) (37)

whereb =1,2,...,h;

Step 9 Using Definitions 6 and 7, we rank (b = 1,2, ..., h) in descending order.

Step 10 In accordance with the order of ij,(b = 1,2,...,h), rank all the alternatives and
choose the best one(s).

Step 11 End.

5. An Illustrative Example

In this section, we show the applicability of the proposed decision-making method in
solving a problem discussed in Zhang et al. [32].

Example 1 ([32]). Assume that a company’s data centre needed to upgrade the management
information system in order to boost productivity. Four alternatives (software system) try(a =
1,2,3,4) may be examined after preliminary sampling, and there were four assessment attributes
taken into consideration. They are x1: System costs, which include both hardware and software.
xp: The dependability of outsourcing companies’ software growth. xs3 : The contribution to the
success of the company. x4: The effort to migrate from old systems to modern systems. Where
x1 is an expense attribute and the others are value attributes, and the attributes’ weight vector is
0 = (0.5,0.3,0.1,0.1). Three experts rc(c = 1,2,3) with a weight vector of v = (0.2,0.5,0.3)
have been requested to join a panel to evaluate these alternatives on each attribute. The assessment
values provided by the requested experts are represented by TrIFNs, and given in Tables 1-3.

Table 1. Expert r1’s decision matrix D'.

X1 X2 X3 X4
L (02040608],  (10.1502504506], ([0.150.35050.65],  (10.,0.30450.6],
1 [0.15,0.3,0.7,0.9]) [0.1,0.2,0.6,0.7]) [0.1,0.25,0.55,0.71) [0,0.25,0.55,0.65])
tr ([0.3,0.35,0.55,0.7],  ([0.1,0.25,0.45,0.65], ([0.5,0.65,0.8,0.9], ([0.5,0.6,0.7,0.8],
2 [0.1,02507,085])  [00.15050.7]) [0.3,0450.8509])  [0.4,0.55,0.750.85])
tr ([0.4,0.55,0.75,0.9], ([0.1,0.2,0.3,0.4], ([0.15,0.3,0.4,0.6], ([0.1,0.2,0.3,0.4],
3 [020350809])  [0,0.15035045])  [0.10.250450.65)  [0,0.15,0.35,0.5])
tr ([0.4,0.5,0.8,0.9], ([0.5,0.65,0.8,0.9], ([0,0.25,0.45,0.6], ([0.2,0.35,0.5,0.65],
4 [0.2,0.4,0.8,0.9]) [0.3,0.45,0.85,0.9]) [0,0.15,0.5,0.65]) [0.1,0.25,0.55,0.7])
Table 2. Expert ro’s decision matrix D?.
X1 X2 X3 X4
tr ([0.15,0.35,0.5,0.65], ([0.1,0.25,0.45,0.55], ([0.25,0.4,0.55,0.7], ([0.2,0.3,0.45,0.6],
1 [01,02505507])  [0..0.15050.65])  [0.1503,0.6075])  [0.2,0.3.0.6,0.7])
o (02503505065],  (102030506],  ([0.45060.7509], (0.4,0550.75,085],
2 [0.15,0.25,0.55,0.65]) [0.1,0.2,0.6,0.7]) [0.3,0.45,0.8,0.9]) [0.25,0.4,0.8,0.9])
. (1043,0.55,065,0.75], ([0.250.45,0.60.75],  ([0.1,0.2504506], ([0.15,0.35,0.45,0.6],
3 [0.25,0.45,0.7,0.8]) [0.15,0.35,0.65,0.85]) [0,0.15,0.5,0.7]) [0,0.3,0.5,0.7])
. (0250350550751,  ([0.40.607509],  ([0204050.6],  (10,0.25,04,0.5]
4 1015,03,0.608])  [0.2,0450.8,009]) 0.1,0.3,0.6,0.7]) 0,0.15,0.43,0.7])
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Table 3. Expert r3’s decision matrix D3.

X1 X3 X4
4. ([0.25045,0.6508],  ([0.1,02,03,04], (10,0.2,0.35,05],  ([0.45,0.55,0.6,0.65],
1 [0.15,0.3,0.7,0.85]) [0,0.1,0.4,0.5]) [0,0.1,0.4,0.5]) [0.4,0.55,0.65,0.75])
4, (10.18,0.29,0.34,0.47],  ([0.2,0.4,0.550.7], ([0.4,0.6,0.7,0.8],  ([0.4,0.55,0.75,0.85],
2 770.1,0.2,04,055])  [0.15,0.25,0.6,0.75]) [0.3,0.5,0.7,0.8]) [0.35,0.4,0.8,0.9])
tr ([0.3,0.45,0.65,0.7], ([0.3,0.4,0.5,0.6], ([0.2,0.4,0.6,0.75], ([0,0.25,0.5,0.6],
3 10.2,0.4,0.75,0.9]) [0.1,0.3,0.6,0.7]) [0.15,0.35,0.65,0.75])  [0,0.15,0.6,0.7])
tr ([0.3,0.45,0.65,0.75], ([0.4,0.7,0.8,0.9], ([0.1,0.3,0.5,0.7], ([0,0.2,0.4,0.6],
4 [0.2,0.35,0.7,0.8]) [0.3,0.6,0.8,0.9]) [0,0.2,0.6,0.8]) [0,0.15,0.5,0.65])

5.1. Steps in Making a Decision

The following measures are involved in obtaining the right alternative(s):
(1) The attribute values should be normalised.
Since xq is a cost form, all x attribute values must be converted (28).
(2) Compute the supports Sup(d;,ap,d;,at) p,t =1,2,3.b,a =1,2,3,4 from Formulas (29)—(31).
(For the sake of clarity, we’ll use the abbreviation ) Su p(d;ap , d;,at) with SZ;, and obtain
S{7 = S71 = 0.7245, 513 = 53] = 0.9897, 533 = S37 = 0.7143,

S5 = S31 = 0.9049, S15 = S7} = 0.6550,

S%5 = S§3 = 0.7501,

sg = si% = 0.8839, sig = si% = 0.6668, sig = sﬁ = 0.5508,
s%% = s% = 0.9235, s% = s%% = 0.6089, s%1 = s%% = 0.6854,
s%% = s%% = 0.8144, s% = s%% = 0.5459, s%1 = 52% = 0.7316,
S12 =521 =0.9389, 515 = S31 = 0.8218, S35 = S35 = 0.8829,

S)3 = S31 = 0.9425, 513 = S31 = 0.8134,

§23 = S35 = 0.8709,

Si2 = S35 = 0.9817, Si = S5} = 0.9973, S3; = S57 = 0.9844,
Siz = S21 = 0.8647, Si3 = S31 = 0.8363, 537 = S37 = 0.9716,
Si = S35 = 0.5361, 553 = S35 = 0.7974,
Si2 = 531 =0.9777, S35 = S3} = 0.6985, S33 = S35 = 0.7208,
Sk = S35 = 0.6447, 553 = S35 = 0.9965,
Siz = S71 = 0.6532, S; = S31 = 0.7674, S3; = S35 = 0.8857

1 _ M 00001 st — 3 _ 0.0ga0 52 — 3 _ 0o0a2
S5 = S31 =0.9201, S35 = S35 = 0.9840, S5 = S35 = 0.9042,
sg = s;% = 0.8485, s%f = sé% = 0.8099, s§3 = sgi = 0.9613,
Si3 = S =0.8817, S5 = Sii = 0.8419, S3; = S32 = 0.9602,

Sl = 31 = 0.3336,

Si2 = 53t = 0.6482,

(3) Compute I (dzmp )b,a =1,2,3,4, p = 1,2,3. (For the sake of clarity, we’ll use the

abbreviation I(d,") with I 5 , from Equation (32), and obtain

I}, = 1.7143, 12, = 14388, I3, = 1.7040, I}, = 1.5600, I%, = 1.6550, I3, = 1.4052,
Ii, = 1.5508, I2, = 1.4347, I}, = 1.2176, I}, = 1.5324, I}, = 1.6089, I3, = 1.2944,
I, = 1.3603, I3, = 1.5459, I3, = 1.2775, I}, = 1.7606, I3, = 1.8218, I3, = 1.7046,
I3, = 1.7560, I3; = 1.8134, I3, = 1.6843, I}, = 1.9790, I3, = 1.9662, I5, = 1.9817,
I3, = 1.7010, I3, = 1.8363, I3, = 1.8079, I}, = 0.8697, I3, = 1.1310, I3, = 1.3336,
I, = 1.6762, I3, = 1.6985, I3, = 1.4192, I}, = 1.2928, I3, = 1.6447, I, = 1.6412,
I}; = 1.4206, I3} = 1.5389, Ij; = 1.6532, I}, = 1.9042, I3, = 1.8243, I}, = 1.8882,
I}, = 1.6584, I3, = 1.8099, I}, = 1.7712, I}, = 1.7236, I}, = 1.8419, I3, = 1.8020,

(4) Using Formula (33), compute the power weights @p (b,a = 1,2,3,4. p = 1,2,3)

and obtain

3

11 = 0.3455, 811" = 0.3104, ;> = 0.3442, f," = 0.3359, 015~ = 0.3484, B1,° — 0.3156,
015" = 0.3541, 815 = 0.3380, O13° = 0.3079, 815 = 0.3406, f15° = 0.3509, 815" = 0.3086,
851 = 0.3286, 051 = 0.3544, 01> = 0.3170, 0y = 0.3331, 00> = 0.3405, By = 0.3264,
23" = 0.3339, 85" = 0.3409, 003> = 0.3252, 855 = 0.3337, 0p5° = 0.3323, 85" = 0.3340,
B3 = 0.3237, 83> = 0.3399, 85, = 0.3365, 03, = 0.2952, 8> = 0.3364, B35~ = 0.3684,
B35 = 0.3434, 035° = 0.3462, 835" = 0.3104, B35 = 0.3025, G5 = 0.3490, 835" = 0.3485,
B4 = 0.3180, 01 = 0.3335, 85, = 0.3485, 85, = 0.3370, 845 = 0.3278, 645" = 0.3352,
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013" = 0.3226, 045" = 0.3410, 043° = 0.3363, 845 — 0.3255, 033~ — 0.3396, O45° — 0.3349,

(5) Aggregate the results of each expert’s evaluations into a single report from Formula (34)
(consider e = f = 2).
By s

22:1 @p'hz
g = 0.6328, &2, = 1.4215, &3, = 0.9457, &1, = 0.5997, &2, = 1.555, &3, = 0.8452,
&1y = 0.6396, &%, = 1.5263, &3, = 0.8341, &1, = 0.608, ¢2, = 1.5658, &3, = 0.8262,

11 = 05832, &%, = 1.5727, &5, = 0.8441, &), = 0.597, &3, = 1.5256, &3, = 0.8774,
3y = 0.5984, &2, = 1.5273, &5, = 0.8743, &1, = 0.6011, &3, = 1.4963, &5, = 0.9025,
gl = 05786, &3 = 1.5191, &3, = 0.9023, &3, = 0.5243, &3, = 1.494, &3, = 0.9816,
1y = 0.6152, &3, = 1.5507, &3, = 0.8341, &3, = 0.5346, {3, = 1.5416, &3, = 0.9238,
Zi; = 05697, &3, = 1.4937, &3, = 0.9366, &1, = 0.6094, &3, = 1.4816, &}, = 0.9091,
&1y = 0.5763, &35 = 1.5227, &3, = 0.901, &1, = 0.5823, ¢, = 1.519, &3, = 0.8986,

To make it easier, we will start by calculating the ¢; =

After that, by dy, = TrIFPWH AZ'Z(dZ,Zl, d;,f, d;ag), and obtain

D=
([0.1288,0.2827,0.6375,0.8084], [0.1964,0.384,0.542,0.6862]),
([0.1523,0.2586,0.56,0.6828], [0.239,0.3294,0.4442,0.5831]),

([0.2505,0.4407,0.7359,0.8545], [0.3842,0.5064,0.6431,0.7303]),
([0.1811,0.3422,0.6796,0.8203], [0.2881,0.3923,0.581,0.7447]),

([0.1157,0.2575,0.4366,0.5378], [0,0.1507,0.471,0.5951]),
([0.207,0.3394,0.5189,0.6449], [0,0.2083,0.5701,0.6945]),
([0.2741,0.4338,0.5556,0.674], [0,0.2874,0.5672,0.7087]),
([0.4288,0.6459,0.7739,0.8908], [0.2512,0.4765,0.7922,0.8923]),

(10.232,0.3762,0.5132,0.6486], [0,0.2148,0.5184,0.6472]),
([0.4591,0.6145,0.7439,0.8628], [0.3002,0.4535,0.7612,0.8588]),
(10.1436,0.3138,0.5013,0.6532], [0,0.2238,0.5083,0.6859]),
(10.189,0.38,0.5056,0.6384], [0,0.2338,0.5706,0.6971]),

([0.2943,0.3971,0.5069,0.61971], [0,0.3362,0.5867,0.6851]),
([0.4291,0.5663,0.7384,0.8322], [0.3028,0.4127,0.781,0.8856]),
([0.1439,0.3358,0.4682,0.5893], [0,0.2159,0.4864,0.6535]),
([0.0779,0.2686,0.4294,0.6397], [0,0.1751,0.466,0.6707]),

(6) From Formula (35), compute I(d,) (b,a = 1,2,3,4) (For the sake of clarity, we’ll use the
abbreviation I(d,) with I, ), obtain

Iy = 2.414, I;y = 2.2855, I;3 = 2.6109, I; = 2.6109,

Iy = 1.9169, Iy = 1.9928, I3 = 1.9472, Iy = 1.9928,

I3y = 1.9041, I3y = 2.4479, I3 = 2.4479, I, — 2.3277,

Iy = 2.1308, Iy = 1.4902, I;3 = 2.1308, I, = 1.9031,

@ From Formﬁula (36), compute the power weights Opq (b,a = 1,2,3,4), and obtain
011 = 0.2452, 615 = 0.236, 613 = 0.2594, 614 = 0.2594,
021 = 0.2462, 0 = 0.2526, 3 = 0.2487, 64 = 0.2526,

631 = 0.2212, 03, = 0.2626, 033 = 0.2626, 34 = 0.2535,
041 = 0.2686,045 = 0.2137, 043 = 0.2686, 044 = 0.2491,

(8) From the Formula (37), we can determine each alternative’s total evaluation value
(let take e = f = 2), and obtain

11 = ([0.1663,0.3238,0.5849,0.7061], [0,0.2731,0.4932,0.621))

7> = ([0.239,0.3697,0.5993, 0.7114], [0, 0.2941, 0.4776, 0.5919] )

73 = ([0.2839,0.4568, 0.6526, 0.7524], [0, 0.3501, 0.5668, 0.6852])

v4 = ([0.297,0.4786,0.6882,0.801], [0,0.36,0.5699, 0.7178))
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(9) Using Definition 6, compute the necessary score functions of TrIFN y, (b = 1,2,3,4),
and obtain

L(v1) = 0.2949, L(v») = 0.3366, L(3) = 0.3882, and L(y3) = 0.4289.

Since all the values of score function L for all TrIFNs are unique, we can rank them
according to their respective score values.

(10) Rank the alternatives
By using Definition 7, we obtain the ranking as follows,

Try > Try > Trp > Trq

Note: Here the ranking is based on the membership score (L). We have used only
the membership score function, since it differentiates all the TrIFNs given in the problem
effectively. In general, we may need other score functions for proper ranking of alternatives.

5.2. Discussion

Further, in Table 4, we have shown a ranking outcome for the above discussed example
for different values of e and f. We have considered e and f values in steps (5) and (8) to
rank the alternatives.

Table 4. Ranking outcome for different values of e and f.

eand f Score Function 1, (b = 1, 2,3,4) Ranking

Y TAE A
B NN,
ooy WMSRESHESOME  gnnm,
crpmo UMSGERMEGES g,
ccopot UBSSRAAGIR nggn,
o1 UROBMHBINSE  gnmm,
B € 1 Y S R A
emapo1 WMSUBSLM -0 g gg,.,
crpes  WRCROSHBIM oo,
B A P e
csros  WHMESHATRGN nnmn,

Table 4, Using the TrIFPWHA operator, we can see that the ranking outcomes for alter-
natives are different if we consider different parameters e and f for them. From the above
result, we can say the best alternative is Tr4 or Tr. By choosing the high values of e and f,
there is more emphasis on the interactions of attribute values. For the linear weighting, we
consider simple values like we can choose ¢ = f = 0, or for simple computation, we can
consider values like e = f = 1 ore = f = 1. We can conclude that parameters e and f in
the TrIFPWHA operator provide flexibility for decision-making. This flexibility will help
choose the most suitable alternative in decision-making problems, as we can consider the
best possible values of e and f for the decision-making problems.
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5.3. Comparison of Proposed Method with the Existing Methods
The Advantages of the Proposed Method

(1) Comparison with the method proposed by Peide Liu and Ying Liu [33]

The Peide Liu and Ying Liu [33] method is built on PA operators, but the proposed
method is based on PA operators as well as it considers relationships of the aggregate argu-
ments. The PA operators help in minimizing the influence of irrational data. Below, we will
show the result of the intuitionistic trapezoidal fuzzy power generalized weighted average
(ITFPGWA) operator for different values of A. Further, we will deliver the advantage (as
discussed above) of the proposed method using the above-discussed example.

5.4. Results and Discussion

Using Table 5, we can see that the ITFPGWA operator does not have the impact of A.
However, our proposed method has the impact of e and f values. Tr; as best alternative
produce by ITFPGWA operator. As we know, the ITFPGWA operator did not consider the
relationships of the aggregated attributes. Using Table 4, we can see that in the proposed
methods, by choosing the high values of e and f, there is more emphasis on the interactions
of attribute values. The proposed method that gives the best alternative is Try4 or Tr,.
Additionally, the ITFPGWA operator has only four parameters in its trapezoidal sets, i.e., it
considers more generalized trapezoidal fuzzy numbers. It is denoted as

p=(lp.qrslupop)

However, the proposed method considers a more specific representation of the trape-
zoidal sets, and it considers the 8 parameter for its representation and is denoted as

p = (lp.91,92,7], [s, u1,u2,9])

So, it is evident that the proposed has more advantages in handling problems more
precisely.

Table 5. The impact of the parameters A on the ranking outcome of example 1 for ITFPGWA operator.

A Expected Values

7 (b = 1,2,3,4) Ranking
s @OEmmNE menenen
A=1 II((]/;})) = (()) fgg'll((yﬁ)) ZOO 5528§ Trp> Try> Tr1> Tra
A=2 (‘;3) 8%; i(}ﬁ) 32%3 Try> Try> Tri> Trs
s BSEETE meremon,
e SRS nemen,
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1(3) = 0.234, I(173) = 0.469

Our proposed method is more compatible with real-world problems because, in MADM
problems, there is usually a relationship among the attributes.

In a term, the method proposed can take advantage of the operators of the PA and
BM, i.e,, it can take into account the relationships of the aggregated claims and remove the
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power weighting effect of the unreasonable data, and it can provide a more logical ranking
results than some current methods. Of course, the estimation of the suggested approach is
somewhat complicated due to the simultaneous consideration of the PA and BM operators.

Depending upon the problem, aggregation operators have specific purposes. Some
aggregation operators can mitigate the specific influences of incomplete and inadequate
data generated by the decision-makers with different confidence levels. Aggregation
operators, such as the PA operator, allocate the weighted vector based on the degree of
support between the input arguments to aggregate the input data and accomplish this
purpose. Certain aggregation operators consider the interrelationship among various ag-
gregated arguments. More specifically, based on the complexity of many decision-making
problems, we shall choose our aggregation operators, which provide more accurate, intu-
itive/believable results. In this paper, we selected the PA operator by assigning different
weights to alleviate the influences of various parameters. Additionally, we considered
the interrelationships between input values in a few cases, and then this function was
completed by the Heronian mean/Bonferroni mean. The proposed aggregation opera-
tor/group decision-making algorithm can be used for many real-life problems. For example,
the proposed group decision-making method can be applied to Supply Chain Management
problems in manufacturing industries. Especially in recent years, many manufacturing
organizations have thrived in the post-COVID-19 scenario dealing with incomplete and im-
precise information. They are trying to perform well in the market by introducing/utilizing
various strategies to tackle the present disruption. The supplier selection problem can
be considered as a multi-criteria decision-making problem. If we consider the example
defined here, then the selection of the best supplier will be based on different criteria such
as cost, quality and social sustainability dimensions, etc. Here, a few qualitative criteria can
be modelled better using TrIFNs. The traditional MCDM models or fuzzy MCDM models
cannot solve problems with incomplete information. The proposed group decision-making
model presents an effective way to select resilient suppliers under an intuitionistic fuzzy en-
vironment. To select the best supplier, we shall utilize the proposed group decision-making
model, which utilizes TrIFPHA and TrIFWPHA operators.

6. Conclusions and Future Scope

In this paper, we merged the power average operator with the Heronian mean op-
erator and introduced the trapezoidal intuitionistic fuzzy power Heronian aggregation
(TrIFPHA) operator, and trapezoidal intuitionistic fuzzy power weighted Heronian aggre-
gation (TrIFPWHA) operator. These operators can make full use of the benefits of the PA
operator and the Heronian mean, i.e., they can take into account the relationships of the
aggregated arguments and remove the power weighting influences of the unreasonable
data. In addition, we studied some of the properties of these new aggregation operators,
addressed some special cases, and developed a new approach based on these operators
for solving MAGDM problems with TrIFNs. Finally, to demonstrate the efficacy of the
developed method, we gave a numerical example and explained its benefits by contrasting
it with the existing methods. In future studies, we may extend the idea of the proposed
model to the class of interval-valued Fermatean fuzzy sets and Q-rung orthopair fuzzy sets,
which are generalizations of interval-valued intuitionistic fuzzy numbers. Additionally, we
shall define a power aggregation operator on several new classes of fuzzy numbers, such
as neutrosophic numbers (Liu et al. [33,34]), interval type-2 fuzzy sets (Celik et al. [35]),
and hesitant fuzzy numbers (Hu et al. [36]). In this framework, we have used the exist-
ing similarity measures. The available similarity measures are defined by using distance
measures, and many of the available distance measures are not ultra-metric. So, one can
think of introducing a new similarity measure based on ultra-metric, and they can change
the existing similarity measures with the ultra-metric similarity measure and study the
performance of a decision-making algorithm. We will also explore some applications in
supply chain management, and energy and environment evaluations (Huang and Yu, [37];
Liu et al. [38]; Shaw and Roy, [39]; Zha and Kavuri [40]) simultaneously.
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