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Keywords Abstract: With the increase of complex information in applications of decision
Q- Rung orthopair hesitant making problems, the use of probabilistic hesitant fuzzy set structure has
fuzzy sets, expanded. Therefore, this paper aims to present two new operators namely q-rung
q-ROPHHWAG,

orthopair probabilistic hesitant fuzzy hybrid weighted arithmetic and geometric
(g-ROPHHWAG) operator and gq-rung orthopair probabilistic hesitant fuzzy hybrid
ordered weighted arithmetic and geometric (q-ROPHHOWAG) operator for q>0.
The presented operators are better than existing operators in many respects as
adding a new parameter, having more flexible structure and presenting
comparative analysis in its own. Moreover, we mention from some properties of
the proposed operators. In addition to, we give an algorithm and example to
indicate effective, reality and flexible of presented method and operators. Then, we
solve an example over Pythagorean probabilistic hesitant fuzzy sets with our
operators and the results are agreement and the offered operators have superior
effect than other operators.

q-ROPHHOWAG
Decision Making

Multi-kriterli karar verme problemleri icindeki Q- katsayili ortopair olasiliksal
karmasik Bulanik Agirlastirilmis Hibrid operatorler

Anahtar Kelimeler
Q Rank Orthopair kararsiz

0z: Karar verme problemlerinin uygulamalarinda karmasik bilgilerin artmasi ile
olasilikli tereddiitlii bulanik kiime yapisinin kullanimi genislemistir. Bu nedenle, bu

bulanik kiime, makale, q>0 icin g-katsayili ortopair olasiliksal kararsiz bulanik hibrit agirlikl
qggﬁgg‘(/)\/ﬁi(; aritmetik ve geometrik (q-ROPHHWAG) operatérii ve g-katsayili ortopair olasilikli
Earar verme tereddiitlii bulanik hibrit sirali agirlikl aritmetik ve geometrik (q-ROPHHOWAG)

operatorii olmak iizere iki yeni operatdr sunmayir amaglamaktadir. Sunulan
operatorler, yeni bir parametre eklenmesi, daha esnek bir yapiya sahip olmasi ve
kendi i¢inde karsilastirmali analizler sunmasi bakimindan bir¢ok agidan mevcut
operatorlerden daha iyidir. Ayrica 6nerilen operatorlerin bazi 6zelliklerinden de
bahsettik. Ek olarak, sunulan yoéntem ve operatorlerin etkili, gercek ve esnek
oldugunu belirtmek icin bir algoritma ve ornek veriyoruz. Daha sonra
operatorlerimizle Pisagor olasilikli tereddiitlii bulanik kiimeler iizerinden bir
ornek ¢oziiyoruz ve sonuclar diger operatdrlere gore uyumlu ve daha biiyiik bir
etkiye sahiptir.

1. Introduction

Probabilistic hesitant fuzzy set (PHFS) is an effective
construction adding probability value to HFS and
helping to carry more information as an extension of
HFS. Therefore, it can completely explain the fuzzy of
decision-making information, which has attracted
more and several researchers’ attention. The basic
operation of PHFSs was defined in [1] and some
aggregation operators were penned by Zheng and
coauthors [2]. Moreover, Zhai et al. [3] obtained
measures of probabilistic interval-valued

*Corresponding author: serif.ozlu@hotmail.com

intuitionistic hesitant fuzzy sets and the application
in reducing excessive medical examinations, Batool
and others [4] realized Pythagorean probabilistic
hesitant fuzzy aggregation operators in MCDM.
Furthermore, Batool et al. worked decision making
mechanism based EDAS method by utilizing
Pythagorean probabilistic hesitant fuzzy sets, Ren
and coauthors [5, 6, 7] introduced to calculation and
aggregation of Q-rung orthopair probabilistic
hesitant fuzzy information and gave gq-rung orthopair
probabilistic hesitant fuzzy power Muirhead mean
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operator, respectively. Moreover, some works can be
ordered [8,9,10,11,12,13].

Despite the above studies, the desire to model more
information, integration in the world, the desire for a
quick solution has prevented the resolution of fuzzy
information but generalized structures are the most
basic structures to reach this solution. In this paper,
we obtain two new operators called g-ROPHHWAG
and q-ROPHHOWAG combining two different
aggregating operator namely q-ROPHWA and g-
ROPHWG. These operators include a new parameter
as different unlike the base operators. Generalized
concepts have more advantages as follow;

1. Combining two operators in the same formula will
prevent separate calculations and will enable us to
obtain fast solutions in the future;

2. The use of two different variables is important for
the decision makers in terms of the precision of the
results.

3. Self-comparison analysis is very necessary in this
age of noisy information.

Then, we give some properties q-ROPHHWAG and q-
ROPHHOWAG, and define an algorithm. We give an
investment example through algorithm. The end of
paper, a comparative analysis is revealed with
Batool’s aggregation operators and superior results
are obtained.

The remaining of paper is organized as follow; in
section 2, some basic definitions are given as HFS,
PHFS so on, in section 3, we give definitions of g-
ROPHWA and q-ROPHWG; define g-ROPHHWAG and
q-ROPHHOWAG, in section 4, an algorithm and an
application are presented, in section 5, comparative
analysis is made with Batool’ method.

2. Material and Method

Q- Rung Orthopair Probabilistic Hesitant Fuzzy
Sets Based On Hybrid Aggregating Operators

The concept of q- Rung Orthopair probabilistic
hesitant fuzzy sets was defined by Ren and others
[31] in 2021. In this section, this concept is applied
for Hybrid aggregating Operators.

Definition 2.1 [6] Let X = {x,X,,...,X,} be a
reference set. A gq- Rung Orthopair probabilistic
hesitant fuzzy sets # is defined as follows:

b= {((x, up(x), v (2))): x € X3,
for tn = {S1(1), 32 (K2), -, In(Kn) } and
v, = {R1(K), Ry (%), ..., R (K)} in here, J,, and
R, indicate possible membership values and
possible non-membership values, respectively and
also,0<I<1,0<R<1and 0<J?+RI<1. In
addition to, 0 <k, <1 and 0<K, <1 where

Zlﬂhl 1k, < er:’lill 1#,, <1 for |u,| and |v,| are

number of elements of membership and non-
membership values.

Definition 2.2 [6] Let &A= (uy(x),vi(x)) ,
hy = (pp, (), v, (X)) and  hy = (U, (%), v, (x)) be
three q-ROPHFEs. Then,

1'hl @ hZ = <U51nEHh1.SanIih2 {[(Sgn + Sgn +
1

S1,132,,1)5] (K1nK2m/

[pnq | [k,
Zn i K1n2 —2 2m) Ui’hle%l R2,EVh, [mhmz{;](’cllsza/

DI D Yaiall I 1)

2. h ® hy = <U41n€uh1.3zn€#n2 {[Slmszn](’ﬁmkzn/
|1y | |y |
Zm 11 Kim Zn i Kzn)
1
U‘RhEVhl Rz, EVhy [(mq +qu +m1lng)q](’z1lﬁzg/

DI D Wakal 39913
3.
h* =

JnE,uh {[(1 ( - ng A)E(Kn)]}' UiRmEvh m%‘t(’zm»:
4 Ah = <Uon6uh n(Kn) Ummevh {[(1 - (1 -

9‘1?11)’1) (Km)1})-

Definition 2.3 [6] Let A= (th (x),vhj (x)) be
collection of g-ROPHFSs for (j =1,2,...,m) and in
here, Wy = {3,,00:n=12,..., |th|} and
Vi = R, :n=12,..., |vh].|} gq-rung
orthopair probabilistic hesitant fuzzy weighted
average (q-ROPHWA) operator for w; € [0,1] and
Z}Ll w; = 1 as follow;

1. q— ROPHWA: ®" - @ is a mapping called as
g-rung orthopair probabilistic hesitant fuzzy
weighted average (q-ROPHWA) operator for
gq>0 and w; €[01] and X7, w;=1 is
defined as below;

define

2.
q — ROPHWA(hy, hy, ..., )
= Wlhl @ thz @ @ WTL'hT[

-
S19,€UR1S2, €,
[17.

{((1 - 1_[ (1- sfn)Wf)a>}
j=1

s Strp Elhyy
] 1 KJ‘n
.
]= n
T
| | . )W
17 €811 B2 E”Ry s Ry ElA j=1
n |Vh|
an >
n=1

Example 2.4 Let accept two q-ROPHFEs that

= ({0.3(0.5)},{0.5(0.5),0.2(0.2)}) and hy, =
({0.2(0.4),0.3(0.1)},{0.4(0.3)}) , and also w=
(0.6,0.4) for q = 2. In this statement, if we calculate to
q-ROPHWA;
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q — ROPHWA(hy, hy)
= (1 - (@ -0.39° x (1
— 0.22)%4)3((0.5 x 0.4)/((0.5)
X (0.4 + 0.1))), (1 — ((1 — 0.3%)%6

x (1= 0.32)°%)2((0.5 x 0.1)/((0.5)

x (0.4 + 0.1)))}, {((0.5)°¢

X (0.4)°*((0.5 X 0.3)/((0.5 + 0.2)

x (0.3))), ((0.2)%6 x (0.4)°4((0.2

% 0.3)/((0.5 + 0.2) X (0.3))})

= ({0.2651(0.8),0.1924(0.2)},
{0.4573(0.7142),0.2639(0.2857)})

Definition 2.5 [6] Let A= (uhi (x),vh]. (x)) be

collection of g-ROPHFSs for (j =1,2,...,m) and in

here, My = {35,000 = 1,2,..., [up [} and

Vi = R, (:n=12,..., |vh].|}

orthopair probabilistic hesitant fuzzy weighted

geometrlc (9-ROPHWG) operator for w;j € [0,1] and
j=1 wj = 1as follow;

1. ¢ — ROPHWG:®™ - @ is a mapping called as
g-rung orthopair probabilistic hesitant fuzzy
weighted geometric (q-ROPHWG) operator for
q>0 and w; €[0,1] and X7, w;=1 is
defined as below;

define g-rung

q — ROPHWG (hy, hy, ..., )
=T ..Q Ay

T
o~ wi
- (30"
S1n €111 S29 E-AY STy ElRy j=1

T
j=1 Kj,
ol )
J
7jT=1 Zn:l Jn

T 1
U (CRIERAS
Rin €hng R2p €My Ry EURY j=1

vV
. |h|

HWHZm

Example 2.6 Let accept two q-ROPHFEs that
Ry = ({0.3(0.5)},{0.5(0.5),0.2(0.2)}) and h, =
({0.2(0.4),0.3(0.1)},{0.4(0.3)}) , and also w=
(0.6,0.4) for q = 2. In this statement, if we calculate to
q-ROPHWG;
q — ROPHWG (hy, hy)
= ({((0.3)%¢ x (0.2)°4((0.5
x 0.4)/((0.5) x (0.4
+ 0.1))), ((0.3)%¢ x (0.3)%4((0.5
x 0.1)/((0.5) x (0.4 + 0.1))H},{(1
- ((1-0.5H)%x (1
—0.4%)%%2((0.5 x 0.3)/((0.5 + 0.2)
% (0.3))),(1 — ((1 —0.22)%6 x (1
—0.3%)%%)2((0.2 x 0.3)/((0.5 + 0.2)

x (0.3)))})
= ({0.255(0.8),0.3(0.2)}, {0.4639

(0.7142),0.2998(0.2857)})

Definition 2.7 Let i; = <“hi (x),vh]. (x)) be q-ROPHFE
and in here, My = {3, (®):n = 1,2,...,|uh].|} and
Vi = R, :n=12,.., |vhj|}. In this statement
score function of hg is defined as follow;

1
SIGN =g ), @)

hijl o
! ‘San“hj

1
~G7 2, (k)

] iRJnEVh

If score values are same, the following accuracy
function is used;

Ay () = (o
Zm] evh ( Kn))q

Zijneuhj (S, kn))? +

(—

|Vh |

Q- Rung Orthopair Probabilistic Hesitant Fuzzy
Sets Based On Hybrid Operators

In this section, we define two new operators by
combining geometric and averaging operator based
on probabilistic hesitant fuzzy sets.

Definition 2.8 Let h; = (uhj (x),vh]. (x)) be collection of

g-ROPHFSs for (j=1,2,...,m) and in here,
;= {35, ():n = 1,2, |up, |} and Vh; =
R, (k):n=12,..., |vhj|}for/1 € [0,1].

1.q — ROPHHWAG: ®" — @ is a mapping called as q-
rung orthopair probabilistic hesitant fuzzy hybrid
weighted arithmetic and geometric (q-ROPHHWAG)
operator for q > 0and w; € [0,1] and }7_; w; = 11is
defined as below;

" A " Wjiy1-2
(Z wh)'Q, ™)
Jj=1
U~51n€uh1 320 €My Sty E-AL

[((1 - 1_[ (1 =33 )" )((ﬁ (sjn)wf)(l_’”ﬂ
j=1

T T
< j=1 Kin Hj_l Kin
[inl | nl
} 1 z:n 1 ]n z:n 1 ]n
Umlneuhl,ﬂtzne,uhz,...,SR,Tneuhn

[(1 —a ((1_[ (1- mfng)“‘”)ﬁ}
j=1
a= ((1 - ] (m,-n)“"f)q)l>
j=1

< H;[ 1 Iz}'n H}r_l ’Zjn ))

[val P [val 7
Zn 1 ]n Zn 1 Jn
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3.q — ROPHHOWAG: ®™ — @ is a mapping called as
g-rung orthopair probabilistic hesitant fuzzy hybrid
ordered weighted arithmetic and geometric (q-
ROPHOWAG) operator for g > 0 and w; € [0,1] and

2j=1 w; = lis defined as below;

" A " A
1-
Q. WheV'Q, _ hu)
-,
‘SU(l)neuhl Sa(2)nEhng-So(m)n Elhy

{a((n (Sa(j)n)wj)(l_n»
j=1
a= ((1 —H 1-5%,) 1)q>

J_
( H;[ 1 an l—17]:[=1 an )
lnl I#hl
Z‘rl 1 Jn Z

Ro)n € Ro(2)nElng - Ro(m)n Elig
T
1
{(1 - <(n - mz(nn)wj)(H)))a}
j=1
a=((1 = (121 Ron,)"ND™)

( =1 Kjy =1 By >>

T [Vl T |Vh|
1_[j:1 z:n 1K]nnj 1271 1%jn

where o(1),0(2),...,0(j) is a permutation of
j=12,...,m and also ER,,U = ‘.R(]) and
Sag-1) 2 3¢)-

Theorem 2.9 Let h; = (,uhj(x), vhj(x)) be collection of
q-ROPHFSs for (j=1,2,...,m) and A € [0,1] where
w; € [0,1] and Z}Tzl w;=1;

‘_’V]')l—/l

n 1 n
=(Z wihy) (z. B
Jj=1
-,
J1neuhldzn5ﬂh2 oSt E-A

2 T
{((1 - 1_[ (1- ‘”;-*n)"’f)ﬁ) ((]_[ (s,-n)m“-”)]
j=1 j=1
( H;I 1 Kj, H1]:[=1 Kin )

lenl |Hh|
7T=1 Zn 1 KJn Z

Um1n€#h1rm2n€#hzw-.mnn Elng

{(1 —a ((1_[ - %‘-’9””1‘)“‘”))3}

j=1

a= ((1 - (m,-mf)qv)

j=1
( H;T:l ’Ejn H}I:l ’Ejn >)

T 21 T 2
J=1 X1 K, [Tfoq 2025 K,

Proof. Firstly, we can write by utilizing operational
rules for g-ROPHFSs;

va)l—l

= (Zn ijlj)’l(z:; h,

Ud1n€lth1 S20 €My Sty ERBY

2 HT‘IlK]‘n
i
(T Te s 55

U‘R1n6#h1‘mzneﬂnzn--ﬁ‘?nneﬂhn
: H] lv]n
{171 &)™)} (7 -
n] 1211 1Kjn

<US1nEuhl.Sanuhz,...,Jnneuhﬂ

(o ()

j=1

U‘Jﬁn E#hl Ron €My Ry €y

m |val
{a} HK]”/HZ Ky Y
I j=1 n=
a= ((1 - n 1- m}n)%)q>
j=1

from here

UdlneﬂhleZnE#hzv---vsnneﬂhn—

a n 1K),
8 R I T

U 17 €8h1 R2p €l s Ry ElA

(0= (= T 0} (7 i

( S10 €132 E- B Sy ER By
[17. =1 Kj,
(0] w0 (e

Um1nEﬂhljmzneﬂhz;---;mn'neﬂhn—

{((1 - (r[}f_1 (1- %! )Wj)(l—l))%)}b).

b |Vh|

b= n K]n/l_[ Z %

j=1 n=

Then,

U51neﬂh152neﬂhz'---'Snneﬂhn

!(“ | - Sfﬂwfﬁ) (ﬂ <3fn>wf>“_”>}
j=1 j=1

i T
( Jj=1 an Hj=1 an

T lanl [unl

Jj=1 z:n 1 Ky Zn 1 Kin

mlneuhl,mzneuhz,...,mnne,uhn

U
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(K(l (- (1_[ (mjn)Wf)q>A)>}
j=1

() (o= Ta-stne )
n=1 Jn
[T7=: K
( . jzllvﬂ - ) {( a-@a- (l_[ (ER.n)Wj)q),l)>]
j=1 I

n=1 Jn
m |val

T
"jn/l | Z Kjn
j=1

j:l n=1

{((1 - (l—[ (1 - %] )"1)0- ”))} b))

m |val

b= H K]n/l_[ Z %

j=1 n=1

and thus

UslneﬂflrSZnE#hzl'"lsﬂneﬂfln—

{((1 - 1_[ 1- S}‘.In)wf)5> ((H (sjn)Wj)(l—l)>}
j=1 j=1
( H;T 1 an 1—11]:[_1 an )

lenl I#hl
11':1 Z‘rl 1 Kln Z

Umlneﬂhln‘ﬁzneﬂhzwumn’n Elny
T

({((1 (- (1_[ (m,-n)wf‘)q)l)x
HJ =1 Kln )

|Vh| %
n 1 Jn

(7. 5,
{((1 - (]_[ (1 - 9t )"y - ”))}
(7. 5,

HJ =1 Kln
|Vh| i -
n 1 Jn

{((1 -a- (1_[ *, )WJ)Q)A)N
H} 1 Kln wiy(1—
<n, o a-) " K( - SU (= )>]

Vil
[T ]2 5 0

j=1 n=

and if the basic operations are made;

Ud1neﬂh1 320 ERNy STy EB By

{((1 - 1_[ a-s )Wf)q> ((1_[ (350" 0" ”)}

( H] 1 Kj, H}—l Kin )

lenl Ilthl
] 1 z:n 1 Kln Z

U5R1nEuf11.%anﬂhz,---,i‘?nnEunn
s

[(1 - ((1 -] (m,-n)woq)*) bﬁ}
j=1
b= ((H - mgn)wj-)u—»)

j=1
T T o
< H] 1 an Hj:1 an ))
b4 [val T [val
j=1 Zn=1 K, [foa 202y K,

Now, we discuss some special cases of -ROPHHWAG
as following;

e If A = 1,q-ROPHHWAG is reduced to (q-ROPHWA).
e If 1 = 0,q-ROPHHWAG is reduced to (q-ROPHWG).
e If =05, q-ROPHHWAG is reduced to (g-
ROPHWA) and (q-ROPHWG).

Theorem 3.2 Let h;= (/,chj(x),vhj(x)) and
hi = (u’;lj(x), v;“lj(x)) be collection of q-ROPHFSs for
(G=12,...,m) . Thus, q-ROPHHWAG provides
following properties;

1. (Idempotency) Let be h; = ffor (j = 1,2,...,m).
Thus, g — ROPHHWAG (hq, hy,...h;) = h

2. (Boundedness) Let be i and h; maximum and
minimum elements for j=1,2,...,m . Thus,
h; < q—ROPHHWAG (hy, hy, ..., hy) < h.
3.(Monotonicity)Let be Hn; = ,u}‘lj and Vi < v;‘lj. In

this statement,

q — ROPHHWAG (hy, hy,..., h) =

q — ROPHHWAG (h3, h5, ..., hy).

It is open that g-ROPHHWAG carries above all of the
properties owing to g-ROPHWA and q-ROPHWG. As
similar, q-ROPHHOWAG carries to above all of the
properties.

Example 3.1 Let accept two q-ROPHFEs that
h, = ({0.3(0.5)},{0.5(0.5),0.2(0.2)}) and h, =
({0.2(0.4),0.3(0.1)},{0.4(0.3)}) , and also w=
(0.6,0.4) for q = 2 and A = 0.3. In this statement, if we
calculate to q-ROPHHWAG;

q — ROPHHWAG (hq, hy) =
(((1 = (1 = 0.32)96 x (1 — 0.22)%4Y% x (0.3°6
X 0,204)(1-03) 0.52% x 0.4?2 Yo
' (0.5)2 x (0.4 + 0.1)2”"
—0.32)%6 x (1 — 0.32)%4)5 x (0.3°
X 0.304)(-03)( 0.5% x 0.12 -
' (0.5)% x (0.4 + 0.1)? H
—(0.5%6 x 0.49%2)03 x ((1 — 0.5%)%¢ x (1
-0 42)0.4)(1—0.3))%( 0.5% % 0.3° ), (1-(1
' (0.5 + 0.2)2 x (0.3)2”
—(0.2%6 x 0.494)2)03 x ((1 —0.22)%6 x (1
-0 42)0.4)(1—0.3))%( 0.2% x 0.3 )})
' 0.5+ 0.2)%2 x (0.3)2
= ({0.258(0.64),0.3(0.04)},{0.4619(0.862),
0.2896(0.1379)})
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For q-ROPHHOWAG, firstly we calculate to score
values for f; and A, as follow; S(h;) = —0.0616 and
S(hz) = _0.0023. ThuS, hl < hz and

0.3
({(1— (1 —0.3)%% x (1 — 0.22)%6)Z x (0.3%*
0.52 x 0.42 L
(0.5)2 x (0.4 + 0.1)2)'( (
0.3
—0. 32)0.6)7 X (0 30.4—
0.5%2 x 0.1?

x 0. 20.6)(1—0.3)(

—0.32)% x (1

X 0.3 e s oy (- A
—(0.5%4% x 0. 496)2Y03 x (1 — 0.52)%4 x (1
—0. 42)0.6)1—0.3)%( 0.5%x0.3 )' (1 _ (1

(0.5 + 0.2)2 x (0.3)2
— (0.2%% x 0.4%6)%)%3 x (1 - 0.22)°* x (1

ok 0.2% x 0.32
O (G T o x 037

({0.2382(0.64),0.3(0.04)}, {0.442(0.862),0.3276(0.1379)})

3. Results

3.1. An Application Of Multi-Attribute Decision-
Making Method Under Q-Rophhwag

In this section, we apply the presented q-
ROPHHWAG into an algorithm and test over a MCDM
problem with n alternatives and m criteria to indicate
effective of averaging operators over NDHPFS. Let
A={A,A,..., Ay} be a set of alternatives,
C ={C,C,,...,C,} be a set of criterions and let
w; = (W, Wy,...,Wy) be a weight vector of criterions
where w; >0,/ =1,2,...,n and Z;-Ll w; = 1. Then,
the following steps have been defined for algorithm.
1. Consist of Decision making matrix as (¢;;)mxn for

i=12,...,mandj=12,...,n,
511 512 61n
521 522 52n

[Dijlmxn = : :

\5m1 6m2 smn/

2. Determine g- Rung Orthopair probabilistic hesitant

fuzzy elements by utilizing
¢ =q — ROPHHWAG(¢i1, iz, -, Pin) or
¢; = q— ROPHHOWAG (¢;1, bi2,--., D)  Operator

fori=1,2,...,m

3. Calculate score values of q- Rung Orthopair
probabilistic hesitant fuzzy elements,

4. Determine alternatives rankings in descending
order.

3.2. Numerical example

A company that wants to invest is doing some work
to identify different alternatives and as a result of
these researches, it determines four criteria and five
alternatives as following; A;; A hybrid car production
company, 4,; A flue filter company, A;; A recycle

production company, A,; A aircraft manufacturing
factory responding to forest fire company; if
criterions, C;; minimum cost, maximum profitability,
C,; the proximity to raw material, C3; least harm to
the environment; C,; experience and for criterions
determined weights by decision makers as follow;
w = (0.3,0.2,0.2,0.3).

Decision makers construct decision making matrix as
follow in Table 1.

Obtain aggregated values by using q-ROPHHWAG
based on data in Table 2 for g = 2and 1 = 0.3.
U
S1 €132 E-BY Sy ERRy
T 2
l(a-TTa-s0m)s)
j=1
i
b= ((1_[ (3;9%’)“‘”)
j=1

7: 1 Kj, H;'T_l Kjn
< Z|#h| K Z|#h| : )
Um1n6#h1:mzneﬂhz.---.‘ﬁnneuhn
[(1 - ((1 - (iR,-n)Wf)q)ﬂ> bﬁ}
j=1
b= ((ﬂ - mgn)w;)u—A))
j=1

< H;[ 1 féjn H}T_l ’Ejn ))

[val 7 [Val %
Zn 1 ]n Zn 1 Jn

and results are as follow;

ol
= {{0.3642(0.0044),0.4558(0.0044),0.2682(0.0177),

0.3982(0.04),0.3573(0.0177),
0.4963(0.01),0.3051(0.04),0.3959(0.04)},
{0.4735(0.0123),0.3868(0.0030),0.4598(0.0493),
0.5503(0.0123), 0.3703(0.0123), 0.4798(0.0044),
0.5503(0.0493),0.4798(0.0123)}}

b2
= {{0.3628(0.1111),0.3900(0.0493),0.4386(0.0044)
,0.3275(0.0011),0.4665(0.0019),
0.3525(0.0123), 0.3969(0.0011),
0.4222(0.0004)}, {0.4691(0.0004),0.4509(0.000069),
0.5123(0.0270), 0.5224(0.0051),
0.4926(0.0010), 0.5050(0.0001), 0.5224(0.3319),
0.5050(0.0132)}}

¢3
= {{0.3497(0.0024),0.5091(0.1560),0.3645 (0.0024)
,0.3014(0.00008103),0.5283(0.1560),
0.4492(0,0024), 0.3176(0.0000813),
0.4688(0.0024)}, {0,3274(0.0097),0.3730(0.0390),
0.3435(0.0152), 0.4114(0.0024), 0.3874(0.0609),
0.4484(0.0270), 0.4114(0.0038),
0.4484(0.0152)}}
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ba

= {{0.3416(0.0062), 0.4080(0.0062), 0.3606(0.0393),

0.3770(0.0251), 0.4294(0.0393),
0.4465(0.0040), 0.3965(0.0251),0.4688(0.0251)},
{0.5872(0.0066),
0.4083(0.0066), 0.6009(0.0416), 0.5656(0.0037),
0.4259(0.0416), 0.3756(0.0066),
0.5656(0.0234),0.37568(0.0234)}}

®s
= {{0.3976(0.0051),0.4592(0.0318),0.4555(0.0051),

0.3976(0.0051),0.5193(0.0318),

0.4592(0.0318),0.4555(0.0051),0.5193(0.0318)},
{0.3589(0.0123),0.4769(0.0123),

0.4155(0.0123), 0.4182(0.0192), 0.5221(0.0123),
0.5228(0.0192), 0.4182(0.0192),

0.5228(0.0192)}}
Table 1. Evaluations of alternatives made by decision makers
Cy C;
Ay {{0.3(0.1)},{0.7(0.4),0.5(0.2)}} {{0.3(0.2),0.5(0.3)},{0.4(0.1)}}

A, {{0.5(0.2)},{0.3(0.5),0.2(0.1)}}

{{0.2(0.4),0.1(0.2)},{0.8(0.3)}}

A; {{0.4(0.3)},{0.5(0.2),0.6(0.4)}}

{{0.7(0.8),0.4(0.1)}, {0.3(0.9)}}

A, {{0.5(0.2)}, {0.8(0.2),0.3(0.2)}}

{{0.4(0.5),0.6(0.4)}, {0.5(0.9)}}

As {0.5(0.6)}, {0.4(0.5),0.7(0.5)}}

({0.4(0.5),0.4(0.5)}, {0.5(0.8)}}

C3 Cy
A, {{0-8(0.2),0.3(0.4)}, {0-3(0.1),0.2(02)}} {{0.2(0.1),0.5(0.1)}, {0.3(0.5),0.6(0.5)}}
A, {{0.3(0.5),0.7(0.1)},{0.2(0.1),0.5(0.8)}} {{0.4(0.3),0.5(0.2)}, {0.4(0.2),0.6(0.7)}}
As {{0.5(0.4),0.6(0.4)}, {0.2(0.4),0.3(0.5)}} {{0.1(0.1),0.5(0.8)}, {0.2(0.6),0.5(0.3)}}
4, {{0.3(0.2),0.4(0.5)}, {0.3(0.2),0.4(0.5)}} {{0.2(0.5),0.4(0.5)}, {0.5(0.4),0.4(0.3)}}
A5 {{0-4(0.5),0.7(0.5)}, {0.2(0.1),0.5(0.1)}} {{0.3(0.2),0.5(0.5)}, {0.3(0.4),0.5(0.5)}}

Table 2. Score Values under -ROPHHWAG

q values  |Ranking Alternatives

q =2 Az > As > A, > A > A,
q =3 A3 > A5 > A, > A > A,
q =5 A3 > A5 > A, > A1 > A,
q =8 A3 > A5 > A1 > A, > A,
q =10 A3 > A5 > A1 > A, > A,
q =15 A3 > A5 > A1 > A > A,
q = 25 A3 > A5 > A, > A, > A,
q = 40 A3 > A5 > A, > A, > A,
q=175 A3 > A5 > A, > A, > A,

Table 3. Score Values under g-ROPHHWAG

A values  |Ranking Alternatives

1=0.1 Az > A5 > Ay > A1 > A,
A=02 A3>A5>A,>4,> 4,
1 =03 Az > A5 > Ay > A1 > Ay
1 =04 Az > A5 > A, > A1 > Ay
1 =0.5 Az > As > Ay > A1 > A,
1 =006 A3 > As > A, > Ay > A,
1 =0.7 A3 > As > A, > Ay > A,
1=028 A3 > As > A, > Ay > A,
N=09 |d3>As>A4,>A4,>A4,

If the score values are surveyed according to
orderings of Alternatives, alternative 45 is the most
desirable for all of alternatives and the most
undesirable alternative is A, for different q values.
Now let’s keep the g values constant and change the
A values.

As seen from score values; the best alternative is
same for all A and q = 2 values. The proposed
operator is reality, objective and effective.

5. Comparative and discussion

In this section, the proposed operator under
probabilistic hesitant fuzzy (PHFS) environment is
compared with some operators which defined over
g-ROPHFS. If we solve with our method to example
over coronavirus disease of Batool [4], the results
are as following;

Table 4. Comparative Analyzes according to Score Values
under q-ROPHHWAG for different pairs of (,q)

Methods Ranking Alternatives
The proposed method Ay > Ay > A1 > A;
PyPHFWA[4] Ay, > Ay > Ay > Ay
PyPHFWG[4] Ay, > Ay > A1 > Ag
PyPHFOWA[4] Ay, > Ay > Ay > Ay
PyPHFOWG[4] Ay > Ay > AL > Ay
PyPHFHWA[4] Ay > Ay > Ay > Ay
PyPHFHWG[4] Ay > Ay > AL > Ay

6. Discussion and Conclusion

Q- rung orthopair fuzzy sets revealed as
generalization of pythagorean fuzzy sets and
intuitionistic fuzzy sets is very important that it
presents a comparative analysis within itself,
contains multiple structures within own of it, and
changes according to the desire, request and need of
the decision makers. Probabilistic hesitant fuzzy
sets (PHFS) propose to evaluate for an each element
in cluster probabilistic concept for experts. Q- rung
orthopair probabilistic hesitant fuzzy sets (q-
ROPHs) are to presented by combining these both
structures. Aggregation operators based on q-
ROPHs called q-ROPHWA and q-ROPHWG are
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significant mathematical tool to aggregate
presented information. In this paper, we define
q — ROPHHWAG and ¢ — ROPHHOW AG because of
some drawbacks q-ROPHWA and q-ROPHWG. Then,
some properties of both operators are given. The
presented operators are superior according to
existing operators as g-ROPHWA and q-ROPHWG to
overcome with fuzzy and ambiguous information.

1. Combining two operators in the same formula
will prevent separate calculations and will enable us
to obtain fast solutions in the future;

2. The use of two different variables is important for
the decision makers in terms of the precision of the
results.

3. Self-comparison analysis is very necessary in this
age of noisy information.

Furthermore, we established an algorithm and
example to indicate effective our operators and
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