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1. INTRODUCTION

In our everyday life, most people are regularly confronted with MADM issues, which may include various other options and numerous
assessment components. Because of the multifaceted nature of human social exercises and the vulnerability of indigenous habitats, the way
to manage such dubious data has gotten the key to taking care of the MADM issues. Zadeh [1] explored a supporting-based fuzzy set (FS),
which viably portrayed the fuzzy data and dubious condition, and hence the advantage to suggest a superior choice. Additionally, Atanassove
[2] modified the theory of FS to intuitionistic FS (IFS) containing three components, that is, participation degree, nonenrollment degree, and
hesitation degree. IFS has been broadly considered, and various scholars have extended into different kinds of notions [3-6]. Additionally,
Yager [7] situated the modified version of IFS is called Pythagorean FS (PFS) and meet the conditions that the square sum of its supporting
grade and supporting against grade is not exceeded from unit interval. Several scholars have utilized it in different fields [8-12]. Further,
Yager [13] situated the modified version of PES is called q-rung orthopair FS (QROFS) and meet the conditions that the q-power sum of its
supporting grade and supporting against grade is not exceeded from unit interval. Several scholars have utilized it in different fields [14-18].

From the above winning investigations, it has been breaking down that the above examination has been led under the uncertainties or their
expansions which can just arrangement with the vulnerability that exists in the data. None of these models can speak to the incomplete
numbness of the information and its variances at a given period. Nonetheless, in complex informational indexes, for example, information
from the clinical research, database for biometric and facial acknowledgment, and so on. Vulnerability and dubiousness in the information
happen simultaneously with changes to the stage (periodicity) of the information. To deal with the periodicity of the information into the
decision-making problems, Ramot et al. [19] presented the idea of the complex fuzzy set (CFS), a modified version of the FS, displayed
by complex-valued supporting grade with a co-domain unit circle in an unpredictable plane. Additionally, Alkouri and Salleh [20] modi-
fied the theory of CFS to complex IFS (CIFS) containing three components, that is, complex-valued participation degree, complex-valued
nonenrollment degree, and complex-valued hesitation degree. CIFS has been broadly considered and various scholars have extended it into
different kinds of notions [21-23]. Additionally, Ullah et al. [24] situated the modified version of CIFS is called complex PFS (CPFS) and
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meet the conditions that the square sum of its real part (also for the imaginary part) of the supporting grade and real part (also for the
imaginary part) of the supporting against grade is not exceeded form unit interval. Several scholars have utilized it in different fields [25].
Further, Liu et al. [26,27] situated the modified version of CPFS is called complex QROFS (CQROFS) and meet the conditions that the
q-power sum of its real part (also for the imaginary part) of the supporting grade and real part (also for the imaginary part) of the supporting
against grade is not exceeded form unit interval. Several scholars have utilized it in different fields [28].

The point of this exploration is to introduce a novel decision-making technique to take care of the MADM issues utilizing CQRONFSs
which is a mixture of CQROFSs and normal fuzzy numbers (NFNs) [29] with powerful averaging and geometric operators. The CQRONESs
is a speculation of the QRONFS thinking about the supporting grade and supporting against are complex-valued and are expressed in polar
coordinates with NFNs. The amplitude term gives the degree of belongingness of an item in a CQRONES and the stage terms are commonly
identified with periodicity. These stage terms recognize the CQRONFS and customary QRONES theories. Uncertainties hypothesis manages
just each measurement in turn which brings about data misfortune in certain examples. Be that as it may, all things considered, we run over
complex characteristic marvels where it gets basic to add the second measurement to the declaration of participation and non-enrollment
grades. By presenting this subsequent measurement, the total data can be expert projected in one set, and henceforth, loss of data can stay
away from. To delineate the essentialness of the stage term, we give a model. “Consider XYZ organization chooses to set up biometric-based
participation gadgets (BBPGs) in the entirety of its workplaces spread everywhere throughout the nation. For this, the organization counsels
a specialist who gives the data regarding (i) demonstrates of BBPGs and (ii) creation dates of BBPGs. The organization needs to choose
the most ideal model of BBPGs with its creation date all the while. Here, the issue is two-dimensional, which cannot be demonstrated at
the same time utilizing customary QRONFS theories. The most ideal approach to speak to the entirety of the data gave by the master is by
utilizing CQRONFS theories. The amplitude terms in CQRONFS might be utilized to give the organization’s choice concerning the model
of BBPGs, and the stage terms might be utilized to speak to the organization’s judgment concerning creation date of BBPGs.”

When a decision-maker gives 0.0834¢'27(100% for truth grade, 0.1487¢27(0-309 for falsity grade, and (0.6845,0.1718) for a NFN, then the
existing notions are cannot be able to cope with it. In the writing, there are a couple of techniques qualified for dealing with the MADM
issues by utilizing the idea of CQRONFS. Because the explored idea of CQRONES is more powerful and more general than existing notions,
whose detail is discussed below:

1. If we choose the value of the imaginary part will be zero in CQRONFS, then the CQRONES is converted for q-rung orthopair
normal FS.

2. Ifwe choose the value of the imaginary part will be zero in CQRONES for q = 2, then the CQRONES is converted for the Pythagorean
normal FS.

3. If we choose the value of the imaginary part will be zero in CQRONEFS for q = 1, then the CQRONFS is converted for an intuitionistic
normal FS.

If we choose the value of the q = 2 in CQRONTFS, then the CQRONES is converted for a complex Pythagorean normal FS.

If we choose the value of the q = 1 in CQRONFS, then the CQRONES is converted for a complex intuitionistic normal FS.

If we choose the value of normal FS will be zero in CQRONTFS, then the CQRONES is converted for CQROFS.

If we choose the value of the normal FS will be zero in CQRONFS for q = 2, then the CQRONES is converted for a complex PFS.

® N e

If we choose the value of the normal FS will be zero in CQRONES for q = 1, then the CQRONES is converted for a complex IFS. The
geometrical expression of the unit disc is discussed in the form of Figure 1.

In this way, inspired by the attributes of the CQRONFS model and the significance of data aggregation, this paper centers around investigat-
ing the basic qualities of CQRONFSs and their aggregation operators (AOs) for dealing with the multidimensional complex informational
collections. The primary accomplishments of this examination are:
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Figure 1 Expressions of the unit disc in complex plane in unit disc.



Z. Ali et al. / International Journal of Computational Intelligence Systems 14(1) 1895-1922 1897

1. To handle the uncertainties in a more precise environment using CQRONFSs and their fundamental properties are explored.

2. Toexplore some new Order-ac, divergence measures to combine the preferences. We have explored the TOPSIS Method (see Section 6),
and the AO and distance measures are part of the TOPSIS method, so this is the reason, why we have explored two different concepts
in one work.

3. To explore some new AOs to combine the preferences.
4. To explore an efficient algorithm based on explored measures and operators to solve MADM problems.

5. To illustrate the approach with a numerical example for evaluating the proficiency and reliability of the presented approaches.

To achieve these objectives, we provide more flexibility to the decision-maker to provide their preferences in terms of CQRONESs to achieve
the first objective. The second objective is done by proposing some new Order-ac, divergence measures based on CQRONFESs. The third
objective is done by proposing some new AOs, namely, weighted averaging, weighted geometric, generalized weighted averaging, and gen-
eralized weighted geometric operators based on CQRONESs are also presented to aggregate the different CQRONFNs. Various relations
and properties are also studied in it. The fourth objective is completed by developing an efficient algorithm based on explored measures
and operators to solve MADM problems for finding to rank the alternatives by using the proposed approaches. Finally, the feasibility and
the comparative analysis have been done to fulfill the fourth objective with several existing studies.

The remaining text is outlined as follows: in Section 2, we review some notions like NFN, CQROFS, and their operational laws. In Section 3,
we explored the novel concept of CQRONES is an important technique to evaluate unreliable and complicated information. Some oper-
ational laws based on CQRONFSs are also explored. In Section 4, some distance measures are called CQRONFGDM, CQROENFSDM,
two types of CQRONFODMs, and their special cases are discussed. In Section 5, some weighted averaging, weighted geometric, general-
ized weighted averaging, and generalized weighted geometric operators based on CQRONFSs are also presented. In Section 6, we solve a
numerical example on multi-attribute decision-making (MADM) problem is shown to justify the proficiency of the presented operators.
The advantages, comparative and sensitive analysis are used to express the efficiency and flexibility of the explored approach. The conclu-
sion of this article is discussed in Section 7.

2. PRELIMINARIES

The purpose of this communication is to review some notions like NFN, CQROFS, and their operational laws. Throughout, this manuscript,
the symbol &;y; denotes the universal set.

Definition 1. [29] A NEN A} = (¥, Q) on a finite universal set 2, based on truth function of fuzzy number is stated by

Ny (%) =e_(%>2 (1

where Ry denotes the real number set with €, yg- > 0.

Definition 2. [29] For any two NFNs Jy;_; = (¥}, Q) and Hyp_, = (¥,.Q,), then

YscMnp-1 = (75clP1’ Vscgl) (2)
Nypoy + Mgy = (V1 + 9,9, +Q,) (3)
The distance measure based on NFNss is stated by
2 1 2
“pm ('/VNF—I’ '/VNF—Z) = (Tl - Tz) + 5(91 - Qz) (4)

Definition 3. [26,27] The CQROFS A/, is stated by

Hag={ (¥, ()0, () x € Zing ) 5)

2 . 2, (x,
where ¢/, : (x) = - (x) Mo ) denotes the complex-valued truth degree and W;VCQ (x) = v e (1) € ) Jenotes the

complex-valued falsity degree, which holds the following conditions: 0 < d)z;; (x) + t;/j;; (x) <land0 < ngfjw (x;) + n:f,ffm (x) <L
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1

sC

q q - ter(l—anf (x,)—ng,‘di/ (x,)) dsc .
Further, 4, (%) = <1 s (x) —w e (x) ) sce “ca c represents the hesitancy degree. The complex q-rung
cQ cQ

2 2zn, .
orthopair fuzzy number (CQROFNs) is followed as A = <d) Hie© oy Feg® Mo > .

eqs 1271'114) , 2zxn,, .
Definition 4.  [26,27] For any two CQROFNs o, = (¢ Hegr © Aea-1 ys Higr © ¥oo-1 ) and Mo, =
127[7]¢ p ’2’”711/ "
Neg-2 NeQ-2
<¢ Fogr€ W ,C , then
1
— asc JisC _4sc asc )‘isc
( ¢%c + ¢qsc _ d)%c ¢qgc )%c el ”(%v’/co—l n‘i’v‘”CQ—z r"”ﬂ'wﬂ P hcg-2
‘/VCQ—I @CQ ‘/VCQ—Z = Neg-1 Neg-2 Neg-1 " Nega (6)
2
(W-/I/FQ—I ll/./VrQ—z ) el ”(”W’VCQ*I nW“VCQ*Z )
127[(11¢ o LI >
(qb./Vchl d)-/VCQ—z > e “t o ’
Neg-1 ®cq Neg-2 = 1 (7)
1
—_ qsc qsc _asc asc qsc
(W‘isc + W‘isc _ W@sc w’isc dsc el ”<n"'/VCQ71 +'I'M'CQ—2 n“’ACQﬂ n“’AtQ—z)
Nega Nega Neg-1" Neg-2
1
sc\ o
— _[1_,9sc dsc
(1=, )2
YseNog1 = Hea-t rsc ’ ®
<WYSC 612”(”"’ o} 1)
Nega
rsc
¢Vsc elZE (”¢v’@Q—1 )
Neg-1 ’
Yse
N = 1 9)
¥sc L 2 1= 1-45C e dsc
(1 _ <1 _ W‘isc ") dsc Y41
‘/VCQ—l

Q-1

270y 2
Definition 5. [26,27] Forany CQROFN A, = ((j) . e Macon e e Mo >, then the score function &g and accuracy function

H . are stated by

dsc qsc dsc dsc
4 + —
A Q-1 M Q-1 ¢-/"'CQ— 1 Yoog
Sor (Negor) = 2 (10)
dsc dsc dsc dsc
¢‘/VCQ—1 + W‘/VCQ—I + ’745«1/5[3_1 + nW“"CQ—l
Hup (Vegr) = 2 (11)

For finding the relationships between any two CQROFNSs, we use the following inequalities:

Lo IS (Mogor) > Ssr (Vegea) = Negor > Nogens

2. U Sg (Nogoy) = Ssp (Nogn) =
1) I Hup (Nogor) > Har (Vegez) = Negor > Negns
2) UMy (Nogor) = Har (Vegoa) = Megor = Negoa-
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3. COMPLEX Q-RUNG ORTHOPAIR NF N

The purpose of this communication is to present the notion of CQRONEFN, which is the mixture of CQROFS and NFN to cope with
uncertain and awkward information in realistic decision theory. Some basic operational laws for CQRONEN are also explored.

Definition 6. The CQRONFN //y is stated by

Hegn = { (Yot Pty )+ (W (5 W, () ) 2 5 € L | (12)

< x-¥\?2
12me Q

(=Y (= )
where ¢//VCQ (x) = e ( ¢ ) <¢/VCQ (x,) e (X)> = ¢ ( ¢ ) * by, (xi)e i) - drp (’9‘) e (5)

denotes the complex-valued truth degree and W;VCQ (xi) = e_<";;‘) <(1 — (1 Vi, (xi) )) 6'2”(1_(1_nw,1fco (x’)>>> = e_<%) s

( x-¥\?2
12me Q

(1 - (1 — Wy, (x))) e *< (1 e (x))) = ypp (x;) (%) denotes the complex-valued falsity degree, which holds the
following conditions: 0 < ¢, +y X (x;) <land 0 < 5 + 1, c < 1. The complex q-rung orthopair NFN (CQRONFNs)
) - IZP X ;15, 3’1}7 &

is followed as Aoy = ((‘P Heon? Q ‘/VCQN) s (¢RPe’2”’7¢m, q/RPe’z””wp )) .

Definition 7. For any two CQRONFNs oy, = ((‘I‘ Fgrs 2 /VCQN_1> (rp_i € -1,y "WP—l)) and Moy, =

127r 1271,
( <\P./VCQ[\LZ ’ Q-/VcQN,z ) (d)R Torp-2 »Wrp—p€ VP2 ) )’ then

(IP‘/VCQN—I + lP'/VCQN—Z’ Q'/VCQN—I + QfVcomz) ’
1

N, N = L asc _ dsc ds 13
cav1 v Feav2 =1 [ gae e e g ) 2 bbb b )t =
127 1, n,
(WRP—1WRP—2) e\ W—z)
(T‘/VCQN—I * ‘P‘/VCQN—Z’ Q‘/VCQN—I * QWCQN—Z) ’

127[(114, _ Mgrp )

e 'IP-1 "PIP-2 N
Nean-1 Bcon Negn-2 = (Snr-10wr-2) (14)

1 - L
(y/g;f_ + y/g;ﬁ_ — y/g;f_ly/g;f 2) dsc e’z”(”&gq*'”gfbu%-z ’735;- ;13,35_2)%@‘
1 L
rsc
_ gdsc \'sc - 1271'( (1 ;1;155];‘ ) )‘ISC
YscVoqn-1 = <7’sclP/VCQ‘\,7,,J/ch/VCQMl ) J (1= (1= )™ ) ice . , (15)
(Wzﬁi’f—l) elz,r(ﬂW’P“)
rsc
Ysc 12r Npyp_
(rs-1) e (re-) ’
Ysc _ Vsc Ysc

‘/VCQN 1= <‘{]/VCQ\,_ Q/VCQV )’ 1 (16)

(1 (1= e e o0 )

Definition 8. For any CQRONEN Sy ; = ((lp Frr® Q . > (¢ rp_1 €27 01 Y €2 e ) ), then the score function and accu-

racy function are stated by

lI’/1"CQN 2 VCQN-1 + asc _,,4sc dsc dsc
2 rp-1 ~ Wrp Ty T My

Ssp (/VCQN—1) = 3 (17)

Y o +Q,
JeQn-1 """ HceN-1 dsc dsc dsc dsc
( 3 ) + <¢RP— “Wrpo1 Ty T My 1)

Hyp (Nogn-1) = 3 (18)
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For finding the relationships between any two CQRONEFNS, we use the following inequalities:
4. If S (‘/VCQN—l) > Sp (‘/VCQN—Z) = Meon-1 > Neon-2
5. If e (Mogno1) = Ssr (Voan—2) =

3) U Hup (Mogn-1) > Har (Voan-2) = Noan-1 > Vogn-2;

4) IfH,p ('/VCQN—I) =Hyp (-/VCQN—z) = Meon-1 = Neon-2-

Theorem 1. For any two CQRONFNs Moy, = ((‘P Sgra® & /chul) , (¢RP—1312””¢"”"l//RP_lelZ””WP")) and Npgn_, =

127h 1271,
((T'/VCQN—Z ’ Q/VCQN-z > > (¢RP—2€ Y2, Yep € VP2 ) )’ then

Nean-1 Beon Vean-2 = Vean-2 Sean Hean-1 (19)

(Nean-1 ®can Noan—2) Bean Vean-3 = Noan-1 Bean (Heqn-2 Beon Hean-3) (20)
Nean-1 ®caon Vean-2 = Vean-2 ®can Hean-1 (21)

(Moan-1 ®can Noan-2) ®can Nean-3 = Vean-1 Ocan (Hean-2 Bcon Hean-3) (22)
Ysc (Hean-1 Bcon Vean-2) = YscHVean-1 Bean YscVoan—2 (23)

(Ysco1 + Ysc—z) Mean-1 = Ysc-1Vcon-1 + Ysc-1Voon-1 (24)
(Wean-1 ®cay Hoan-2)" = Hin-1 ®can No-s (25)

Proof. Straightforward.

4. DISTANCE MEASURES BASED ON CQRONFNs

The purpose of this section is to explore some distance measures are called CQRONFGDM, CQROFNESDM, complex q-rung orthopair

normal fuzzy Order-acq divergence measures {L’SG%AJ@‘I ('/VCQN—l’ /VCQN—2)> and dsc%z\]@—z (./VCQN_I, /VCQN_Z) and their special cases are dis-

cussed. Further, these all measures are also converted into similarity measures.
Definition 9. For any two CQRONENs gy, = <<T e WCQN_1> , (¢RP_1612”'7¢,H,,,,Rp_lelzﬂnw,p,l)) and Moy, =

((‘I‘ Hoowa® & '/VCQN—Z>  (Pro_g€™ M2y ye? 2 >, the CQRONFGDM is stated by

1 2
2 6pum ('/VCQN—I"/VCQN—Z) =5 <1 FIC s L dsc _asc

q dsc
—Wpp iy
RP-2~ PRP-2""gp_r wip—2 1
#* Q - (¥ v
2 /VCQN-1> + 2 < Nean-2 + Nean-2

asc 4sc  ,sC asc dsc -
I ¢ppy =Wap-1 My ~Mup_y dsc
e
QN-1

(26)

Eq. (26), must hold the following conditions:

1. depy (‘/VCQN—I’/VCQN_z) 2> 0;
2. epm (/VCQN—I"/VCQN—Z) = 6pm ('/VCQN—Z"/VCQN_l);

3. depm ('A/CQN—17‘A/CQN—2) =0« /VCQN—l = /VCQN—z-
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In the CQRONES hypothesis, enrollment and nonmembership degrees are intricate esteemed and are spoken to in polar directions. The
abundance term comparing to the participation (nonmembership) degree gives the degree of things (not-belongings) of an item in a
CQRONTFS, and the stage term related to enrollment (nonmembership) degree gives the extra data, by and large, related with periodicity.
The stage terms are novel boundaries of the participation and nonmembership degrees, and these are the boundaries that recognize the
customary QRONES and CQRONFEFS hypothesis. QRONFS hypothesis manages just each measurement in turn, which brings about data
misfortune on certain occasions. In any case, in day-to-day life, we run over complex normal marvels where it gets fundamental to add the
second measurement to the statement of participation and nonmembership grades. By presenting this subsequent measurement, the total
data can be extended in one set, and henceforth, loss of data can be maintained a strategic distance from. To show the hugeness of the stage
term, consider an illustration of a specific organization that chooses to put in new information handling and examination programming.
For this, the organization counsels a specialist who gives the data concerning (a) alternate choices of programing (b) relating programing
variant. The organization needs to choose the most ideal alternative(s) of programing with its most recent form all the while. Here, the issue
is two-dimensional, to be specific, to choose the ideal option of programing and its most recent form. This issue cannot be displayed pre-
cisely utilizing the conventional QRONFS hypothesis. Along these lines, the most ideal approach to speak to all the data gave by the master is
by utilizing the CQRONES hypothesis. The adequacy terms in CQRONEFES might be utilized to give an organization’s choice concerning the
option of programing and the stage terms might be utilized to speak to the organization’s choice regarding programing adaptation. Various
researchers have used various sorts of measures in the fields of FS hypothesis and their expansions. However, cutting-edge nobody investi-
gated the veers estimates dependent on proposed thoughts because the proposed thoughts are more summed up than existing thoughts.

Definition 10. For any two CQRONFNs Joy, = <<T e Wm_1> : (¢RP_1612%H,,,,Rp_letzﬂnw,y,l)) and Moy, =

((qf I /VCQN_2> , (¢RP_25’2”'7¢IP_2,WRP_Ze'Z”"WP—z)), the complex g-rung orthopair normal fuzzy symmetric divergence measure

AN (Negn-1> Veon-2) is given by
1
SDM _ SDM-1 SDM-2
oo (Hoor-1-Hoax-2) = 2 (Zapn (Vean-1> Vean-2) + epu* (Vean-1> Voan-2) ) (27)
Definition 11. For any two CQRONFNs Moy, = <<‘P /VCQN_I’Q ‘/VCQN-1>’(¢RP—1 e yrp_ elZn’ﬂwp—l)> and Npon, =

((‘P Hoons® Q /VCQM) , (¢RP_2e’2”"¢IP—z S Wp_p€ " )) with Zyn; = {x}, the complex g-rung orthopair normal fuzzy Order-ac, diver-

gence measures s 0l (Neon_1s Negn—z) and Z3PM2 (Won 1, Noon—, ) are given by

A ('/VCQN—I ) '/VCQN—Z)

GDM
sC 4 95C %cq HIC 4 yISC L pisC | dsC l-acgq
RP-1"gpp_ Re-1 gy TORP2 gy,
—_— % w, k
CoN-

1 4 Neqn-1 (28)

log
1-a
acg-1 2 asc , dsc dcq / asc . dsc dsc , dsc cQ
@ + W1 Hlygp_y % P Wre<1Hygp FWReZ o Hilypp o % Q
2 Nean-2 4 Noan-2

asc , 4sC %cq asc , 4sC asc , ,4sC l-acgq
¢ P—1+”¢IP—1 * ¥ ¢RP—1+”¢IP-1+¢RP—2+”¢IP-2 * Q
2 Nean- 4 Nean-1
a, 1-a,
9sc , ,4sC @ asc  4sc asc 4 ,4sC @
Vep-1 Hyip_y Vrp_1 Hlygp_y FWrp o Hyip_y
1 + 2 * ‘P/V(‘Q\J 2 4 * Q‘/VFQ’\I 2
e (Voanet Vogn-2) = e —e (29)

@ -1
2 v —¢

where a¢, € (0, 1) and e represents the exponential functions.

Egs. (27-29) are also satisfied the three conditions of Definition 9. Further, we have discussed some special cases of the explored measures
which are discussed below.

Sasu ('/VCQN—I’ -/VCQN—z) =1-spum (‘/VCQN—I? ‘/VCQN—Z) (30)

Is called complex q-rung orthopair normal fuzzy generalized similarity measure. Similarly, we can find more similarity measures from Egs.
(27-29).
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5. AOs BASED ON CQRONFNs

The purpose of this communication is to present some AOs based on CQRONFNSs is called complex q-rung orthopair normal fuzzy weighted
averaging (CQRONFWA), complex q-rung orthopair normal fuzzy weighted geometric (CQRONFWG), complex q-rung orthopair nor-
mal fuzzy generalized weighted averaging (CQRONFGWA), complex g-rung orthopair normal fuzzy generalized weighted geometric
(CQRONFGWG) operators, and their special cases.

Definition 12. For any family of CQRONFNs /qy_; = ((‘I’ Hegny? Q ch\f—;) ) (d’Rp_j@lz”nd’:H Wb 2 p )), j=1,2,...,n, then the
CQRONFWA operator is stated by

CQRONFWA (Ngon1s Negn-zs -+ » Negn-n) = ijl oy Neon (31)

n
where oy, = {@y_,, @y_,, ..., 0y_, } ,®y_; € [0,1] with a condition that is ijl oy = 1.

Theorem 2. For any family of CQRONFNs Nqn_; = <<‘I‘ Hoony® Q. QN_j) , (d)RP_je'Z”%“’*f , t//RP_jeﬂM“’”’*f ) ) j=12,....n, then by using
the Eq. (31), we get

CQRONFWA (Ngon-1> Negn-2s - » NVeanen)

n n
<2j:1 a)W_ij'/VCQI\Lj’ Zj:1 a)w_jQ‘/VCQN—j) ’
1

= L ooaf1- Hn <1 — plsc )w”"f asc n
<1 _ H" <1 _ ¢‘Jsc )ww_j) asc ¢ j=1 bip- H” v .elzz Hj:l ”WIP—J
j=1 L= TRE

RP-j

(32)

Proof. By using the mathematical induction, we have proven the Eq. (32), if n = 2, then we have

CQRONFWA ('/VCQN—I’ '/VCQN—Z) = oy_1 Vogn-1 Peon Pw—2Voon-2
(wW—l\P/VCQN_l ’ a’v\/—lgmcm,_1 ) > (wW—Z‘Il/VCQN_Z > wW—ZQ/VCQN_Z > ,

1 S
1- dsc 1- qsc

1 /— 1 y—
_ — 127 1- “w-1 - 12r 1- -2
= 1- 4sc q @(;Q N 1- dsc a
sc sc
< 1— ) w1 e ’1¢IP—1 ) < 1— >wwz e n¢m—z S
dsc dsc
RP-1 ¢RP—2

WRP_le’Z”"wlpfl WRP—ZelZINIVHLZ

(a)w_llP/VCQN—I + a)W_ZlP‘/VCQI\LZ’ wW_lQ/VCQN—I + wW—ZQ/’/CQAmz) ’
1 1

1- qsc 1- dsc
1— WDy_y + 1— WDy _
<’7¢i§1> <’7¢5;2>
1 1 2z - 1 ” 1
1- dsc 1- dsc 1- dsc 1- dsc
= < 1— >“’w-1 + ( 1— )Caw-z _ < 1— >ww1 ( 1— )wwz
dsc dsc dsc 4sc
RP-1 1 RP-2 1 e n¢lP—l n¢lP—2 s
1- 4sc 1- 4sc
1— D1 1— Dy
dsc dsc
RP-1 RP-2
Wrp—1Wrp_p€ e
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2
I1 <1 kb

=1

(1_

Further, we choose for n = k, then we have

CQRONFWA (Non-1> Vean-2» -

dsc
RP—j

)

(-1

We have proved that for n = k + 1, such that

CQRONFWA (Ngon-1s Neon-2> - » Noon-k+1)

2 2
Z ww_ij‘/VCQN—j’ Z wW—J'Q/VCQN—] ’
j=1 j=1

4sc

1

2

1
— k
dsc 127r<1— Hj:l <1 —

1 2
>a)w]'> dsc :2n<1— szl <1 -
e

’ ‘/VCQN—k)
k

k
Z wW—j‘P/VCQN—j’ Z
=

e

2
Hj=1 rlll/u’—j

n¢lP—]

)ww”) dsc o
12
T vwese
j=1

Dw- Qy cQN-j > ’

1
dsc )wwfv>‘isc k )
lz;w
’ I I Yrp-j€
j=1

n¢ll’—j

k
Hj:] rIV’IP—j

1903

k k
(2 ww_]‘P‘/V(“QI\ + ww_k+1\P/’/CQV k+1” 2 wW‘JQWCQ\J + ww_k+1g/’/CQw k+1> ’
1 1
= = N
1 1- dsc
k D\ 7 .
(1-TL5, (1 )™ ) < - )
dsc
L 2 ¢IP—k+1 L
L 1- dsc 1 1- dsc
wer ) dse o ——
o L A A T B I S RS R T
j=1 dsc = " dsc
RP—k+1 . e Mprpir
. L 1- asc
Wy qsc
dsc ) Dy—k+1
<1—H(1 RS;_]) ) < 1- )
= dsc
Drp_is1 .
k
2 /i * 7,
H WRP—j % WRP—k+le H]:l Yip—j YiIp—k+1
j=1
n n
<Z wW—ij/VcoNﬁ’ 2 wW_jQ/VCQN]) ’
=1 =1
1 n
= L Dyy_
n woi \ dsc 127[<17 H”_ (1 ng)?(‘ ) /> asc 27 H ﬂV}p_,
< dsc ) e j=1 P H w e j=1
RP—j 1 1 Vre-j
j=1 j=1
= CQRONFWA (Nean_1» Nogn-20 -+ » Noan-n)
Hence the result is completed.
Further, we have discussed some properties based on CQRONFNSs are called idempotent, boundedness, and monotonicity.
Theorem 3. For any family of CQRONFNs Npqy_; = ((‘P/VCQM,Q/VCQM) <¢Rp_ Torej g RP—j ¢ ””w,p_f>>,j =12, ...,nif Nognoj =

Nean then

CQRONFWA (Npon-1> Nogn-2+ -+ » Neanen) = Vean (33)
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Proof. By hypothesis, it’s clear that #oy_;j = Aoy, then we get
CQRONFWA (Ngon-1> Negn-2+ - » Neanen)

n
ww_f‘{l/'/L‘QN—;’ Z ww_jg/’/cm'j) ’
j=1

1

= - n W=\ g
) ol 1- 1— dsc ) asc  p n
<1 : (1 B d)‘lsc >a)w—1> 4sc el ﬂ( Hj:l ( ’7¢1p_] ) ’ H l//RP_jelzn Hj:l ﬂllllp,,

n

=1
1

=

RP—j

j=1 j=1

n n
wW—]qJ/VcQN’ Z wW—jQ/’/qu ’
j=1 j=1

1

= ) L () .
qsc 12m| 1— I I . ( n ) 2 I I
< I I ‘Zsc WDyy. ]) 5¢ e j=1 b , I I WRPel z j=1 nVIP

=1

<\P/VCQN’ QfVceN) ’

1
= (- L o (1-(1-75C ) ) 4sc s , wa_j =1

1-— ¢;§1§)) dsc e < Myp =1

= JMeon-

Theorem 4. For any family of CQRONFNs oy = ((‘I’ Fogry? Q /VCQN_,-) (q,')RP_ Tore- Wrp—j 2 -, ) ) j =

; . : 2zminny,, 2
L2,om dif Mgy = ((mm‘I‘/,/CQM, min Q/VCQM> ) (mmquP_je’ ) maxyyp_je e >> and N
max'¥ Hegy» MAX Q Heon ) s maxgrp_; ¢ oy minWRP_jezznminr,W,H))) then
N-j N-j
- +
Non-j < CQRONFWA (Negn-1s Negn-a: -+ » Vogn-n) < Mo (34)

n n
] o w- < Wt
Proof. From the above analysis it is clear that ijl ¥ Ty S ijl wy_ ¥ T, A nd Z | @w- Q2 /chm . 2] | Ow-j ‘/VCQ’\I—]
Further, we can prove that for complex-valued supporting grade and also for complex-valued supporting against, we have

Case 1: We have considered the real part of the supporting grade, such that

1 1 1

n Dy q_sc n O E n D E
_ “ _ sc < _ I I _ psc — — dsc
<1 (j:l (1 IIEJLH”(I)RP L) >> - (1 <j=1 <1 RP_j) 1 j=1 (1 lrgfi)’('(bRP_j)

Z] lwW_J fsc " dsc Dy dsc Z] lww_f qsc
=1 | (- i e (- (IT0=0)™ ) ) =[] (- g

n
Because Zj:l Oy_; = 1, so

1
Wi dsc
. _ _ dsc W=
=> ll'nsj1<r}1¢RpJ (1 <H <1 ¢RP—]) )) P;l]ag; ¢RP]

Similarly, we can find for the imaginary part of the complex-valued supporting grade, we have

IA

n
(O dsc
. dsc !
- <
> minny, <1 (H (1 '7¢,p> )) < maxry,,

j=1
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Case 2: We have considered the real part of the supporting against the grade, such that

min W7<H WJ<Hmax W=
H 1<j<n WRP WRP 1<j<n WRP

Wy

2 1 =j

= miny gz, vin 27 7 < [T v S ma Ve
=1

n
And because Z @y_; =150
=1 ]
min ypp_; < I I Wrpj""7 < MaX ypp_;

1<j<n 1<j<n

Then combined the above two cases, which is discussed for real parts, we have

n
O\ ®Pwj %c
min — max < 1-— H (1 — e ) H “w-j | < max — min
o ¢RP—] <o Yrp—j = ( ( ¢RP,] Yrp—j 125 ¢RP—] ll/

j=1

By the Eqgs. (10) and (11), we get
S N )< S (./V ) <& NE
SF\ V" CQ-j ) sr \VYca-j SF\ 7" cQ—j

Similarly, we will find imaginary parts. So based on cases (1) and (2) and Eq. (10), we get

Non-j < CQRONFWA (Nq-15 Nogn-as -+ » Noan=n) < Non_j-

Theorem 5. Forany family of CQRONFNs Nqy_; = ((‘P Sy 2 /VCQ‘\H) , (qup_je,Z”nd‘IP—f , [I/RP_je,Z””‘/’IP—j ) ), ji=L2,...,

rIWIP—*)’ then

CQRONFWA (Ngon-1s Vo= - » Veon-n) < CQRONFWA (Neon-s1> Noon—sas -+ »

Proof. Consider that CQRONFWA (Non_1> Vean-as - » Veanen) = (X.Y) and CQRONFWA (Neon-u1> Negnosas -+ »
(X/, Y/>, then for proving we consider the supporting grade, whose real part follows: X < X and Y > Y. If ¥ Sy S

¢RP_*j’ nq}[}’fj < ”¢IP—>«;" YRrp—j 2 WRP—sj and n‘l’lpfj z r’ll/nL*]’ then we obtain

21 wW‘J‘P/VrQ\V-; 2 wW‘J /V(‘QN—;]
J=

And the real part of the supporting grade is following as

1 1

. asc W s . dsc @ | B¢
1_H<1_¢Rp—j) <({1- (1_ RP—*j)
J

j=1

Similarly, for the imaginary part of the supporting grade, we have

1 1

n
wy_; \ 4sc
_ _ dsc / %g
(=TT )™ )" = (-1,
j

N X
_
N—
8
£
SN—
=
2
a

Z .
[0)) .
=1 W

1905

RP—j

n, and Noon—.

(35)

'/VCQN—*n)

IP‘/VCQN—*j ’ ¢RP—]'

IA
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And the real part of the supporting against grade is following as
n
H Wrp—j 2 HWRP %j
=
Similarly, for the imaginary part of the supporting against the grade, we have
n n
H My, 2 H Myp_;
=1 =1

By combing these all, we get

n n

2 ww_jly/’/ caN-j’ 2 wW—jQ/VCQN—j ’

j=1 j=1
. L

- n Dyy_j o

qsc 2z| 1- H,_ (1 713;( ) fsc 1 127 H” n
e j=1 1P—j e j=1 Yip—j
> YRrp-j

J=1

n n
Z a)w_j‘y‘/VCQN—*]’ Z wW—J‘Q/VCQNWJ >
j=1 j=1

1

o
—
|
-
I 2
o
/—\
;5;
¥ 3
4
\_/
2
v

1

n Dy_j o n
n ) o 1- <1 _ ¢ ) ¢y
(1 B (1 s >ww1) dsc el 7r< Hj:l ’7¢,p,*] ’ H I//Rp_*jeﬂ” szl ’71,,”,7*].
J

RP—3#j
J=1

IA

Hence
CQRONFWA (Neon-1> Negn-2> -+ » Venon) < CQRONFWA (Neon—s1s Voon—sas -+ » Nogn—sn) -
Definition 13. For any family of CQRONFNs /qy_; = ((lP/VCQN—;’ QJVCQN—/’) (¢RP_ LR &2 M- >>,] = 1,2,...,n, then the
CQRONFWG operator is stated by
n o
CQRONFWG (Ngono1s Nogn-zs -+ » Nean-n) = ijl Moon (36)
n

where w,, = {a)w_l, (OIS ,a)w_n} ,@y._; € [0, 1] with a condition that is 21—1 wy_; =1

Theorem 6. For any family of CQRONENs Nqy_; = <(\P/VCQN—J’ Q‘/VCQN—]') , <¢Rp_j€lzw¢w—; , ‘//RP_jelzm”"P_} ) ),j =1,2,...,n, then by using
the Eq. (36), we get

CQRONFWG ('/VCQN—I’ ‘/VCQN—Z’ ceey «/VCQN—V!)
n Dy n Dw—j
(ZFI lI‘/VCQN—]’ ijl Q/VCQN’f) ,
n 1 n dsc v ; (37)
n LZ”H' ur n W gy 12”<1_ H':l (1 - ) >
=1 = — -y ! ' ’
Hj=1 ¢RP_]-€ j =) <1 Hj=1 <1 sc ) > sC o

Yrp-j

1

Proof. Straightforward.

Definition 14. For any family of CQRONFNs /fqy_; = ((lP‘/VCQN—j’ Q/,/CQN_]> (¢Rp_ T, WRp—j P >>,j = 1,2,...,n, then the
CQRONFGWA operator is stated by

1

CQRONFGWA (s> Negnoss - » Veon) (ZI o ) (38)
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where w, = {a)w_l, [OIVIPT ,ww_n} ,@y._; € [0, 1] with a condition that is Zn O =1 and yg. € (—00,0) U(0, o).
=

Theorem 7. For any family of CQRONFNs Ny = <<T/chw7’ Q‘/VCQV—]') , <¢Rp_j612””d’m; , WRP_jelZ”nu/,pJ ) ),]‘ = 1,2,...,n, then by using
the Eq. (38), we get

CQRONFGWA (Ngon-1> Neon-2s -+ » NVeon-n)
n
(ijl wy_ ¥
1 n
<1 _ ¢Vscﬂsc )ww*’) Yscdsc 612ﬂ<1_ Hf=1 <

RP—j

Ysc

1 L
n
Ysc Q}'SC ) Ysc
w ;
Neon-j ) ’ (Z =1 W on ’
1

1_”Yscqsc Wi\ 7scdse
Dipj

) (39)
1

dsc

_ (-1,

1

1/qsc \ ©W-i dsc y_

_ _ n _ _ o, dsc¥sc sc
(- (T (- o)) ™))

Proof. Straightforward.

1

1/45c\ W)Y rse
1 " _ _ ,,Vsclsc
o 1—[1—[1_L:1 (1 (1 Myp; ) ) ]
e

Theorems 3-5 are the same for Definitions 13 and 14.

Definition 15. For any family of CQRONFNs /qy_; = <<‘P Hoows® Q /VcoN_J> , ( bro_j Mo | WRP_jeIZ””WIP—j >>, j=
CQRONFGWG operator is stated by

1,2,...,n, then the

n

(rsce CQN—j)ij > (40)

1
CQRONFGWG (Hoqy-1: Wean-a: - Voanon) = = (X
SC

where w, = {a)w_l, [OIVIPT ,ww_n} ,@y._; € [0, 1] with a condition that is Zn O =1 and yg. € (—00,0) U(0, ).
=

Theorem. For any family of CQRONFNs Nqy_; = ((‘P Hegnp? Q ‘/VCQN—j> ) <¢Rp_jelzm¢w—]’ Wrpi 2 ))) j=
Eq. (40), we get

1,2, ..., n, then by using the

CQRONFGWG (N1 Veon-2s -+ s Veonen)

1 1
n n
7sc rsc ( ¥sc ) ¥sc
< ( Zj=1 Wi Mogn-g ) T\ Lj=1 VT g ’

1

! dsc

- 1—(1—<H;:1<1—<1

1

1 O\ dsc\ .

_ 4dsc¥sc fasc ’ Tsc
RP—j

1/5c\ “W )Y rse
1 " _ _ Vsclsc
qsc ad 1_[1_[Hj=1 <1 (1 ’1¢IP—J’ ) > ] ]
e

(41)

1

_ L Vscdsc OW\ Yscdsc
nllllp—j

1 n

Oy 2x| 1- I I X 1

_ ., Vscdsc 7\ 7sclsc e j=1
Yrp-j

(1_H;=1 (1

Proof. Straightforward.

6. MADM METHOD BASED ON CQRONFNs

In this study, we present the proficiency and reliability of the explored approach, we develop a MADM technique based
on CQRONESs. For solving these issues, we choose the family of alternatives and their attributes concerning weight vector,
whose representations are followed as of,, = {dAL_l,dAL_Z,...,dAL_n}, Cyr = {‘EAT_I,%AT_Z,...,%AT_M} and wy,, =

T . . . .
(@wer, @y ... ,a)w_ﬂ) . Further, we choose the CQRONFNS as alternatives &/,;_; and their attributes €, ;_; is followed as Moy =

2 2 L .
((lP oo /VCQN_]‘A) , <¢Rp_jke' Mop-j WRP—jkel e ) ), then the steps of the MADM technique is summarized as follows:
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TOPSIS Method

Step 1: By using Eq. (42), we construct the decision matrix, whose entry in the form of CQRONFNs.

Do = (Nean-it) (42)

nxm

Step 2: By using Eq. (43), we normalize the decision matrix, which is given in step 1, if needed, we have

127n1¢ - 127”7'4/ . )
( (‘P/VCQN—}k ’ Q/VCQN—;k ) ’ <¢Rp_jke o, WRP—jke o ) ) fOY’ beneﬁt bypes

(43)
2rn,, 1271, .
( (kP/V con—jk’ Q/Vcczwfjk ) ’ <WRP ke Dre —jk€ o ) ) Jor costtypes

Dpm =

Step 3: By using Eq. (41), we aggregate the values, which are normalized in step 2.
Step 4: By using Eqs. (44) and (45), we evaluate the positive and negative ideas, such that

-

12wmax, . 12wrminm,, .
((max‘{‘ Foguyy» TAX Q N ) , <max¢RP_jle bt minypp_j e vip_i1 >> ,

+ _ 2zmaxn, . . 2zming,,
'/VCQN_jl =1 ((male/VCQijZ’ max Q-/VCQA\HZ ) ’ <ma'x¢RP—jZe P2 ’ manRP—ﬂe vie-p >> LRRRR) (44)

12””4“3"14,",, . zaninnwnL
((max‘{‘/VCQNijm, max Q/Vcw,-m ) , (maxd)RP_jme " MinY pp_jy, € jm

-

12Irminr]¢HL]1

127rmaxi .
S MAXYgp_pe ) > .

2
, maxq/RP_jze’ TMAXy1p_jy )> Y (45)

’2”"1i"’7¢1p,jm

((mm‘I’/VCQN_jl ,min Q/VCQN_,»I ) , (mmgbRP_jle

— . . . 127rmim1¢”,
= s —j2
CaN=-j1 = ((mzn‘I’/VCQNﬁ_Z, min Q/chwsz) , <mznq’)RP_]Ze

( min'P Fioguyp TN Q /VCQN_jm> , (mzngbRp_jme

Step 5: By using the Eq. (28), we examine the Order-a., divergence measures, by using positive and negative ideals, we have

SDM-1 + SDM-1 -
“ (/V can-j» eq-jt ) and 1 (JV can-j» Vean-jt )

12w maxt, .
,m awaP—jme VIP—jm ) )

L

GDM
Step 6: By using Eq. (46), we examine the overall distance measure based on the DM ( Nognor: N, N_ﬂ) and
SDM-1 -
Zépu (‘/VCQN—I’ -/VCQN_jl ), we have
SDM-1 +
Zéom (‘/VCQN—jv-/VCQN_jl)
Pov = (46)

SDM—1 + SDM—1 +
Zoom </V CQN—j> A CQN—j1 ) +Zeom (‘/V CQN—j° e CQN—j1 )

Step 7: Rank all alternatives, which we get in step 6, and examine the best alternative from the family of alternatives.

Step 8: The end. The graphical representation of the explored algorithm is summarized in the form of Figure 2.

Example 1.

With the improvement of internet business stages, web-based shopping has become a typical utilization propensity for buyers. A customer
plans to purchase a cell phone on a web-based business stage. The mobile phones are considered as alternatives, whose representations are
followed as &, = {.Qf nim1o D aL—2s D30 Dpp_g» A, AL_5} and their attributes whose representation with details is followed as

o ®,r_,: Creditability of merchant;

e G,r_,: Online satisfaction rate;

e ®,r_5: The preference of mobile phone system;

o G,y Price preference.
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Starting Point MADM Technique

Normalized the decision matrix, : Construct the decision matrix.
if needed.

By using the formula of the CQRONFGWG operator
to aggregate the normalized decision matrix.

The End Ending Point
Examine the positive and

tive ideals.
RN Rank to all values of Dgp_;

and examine the best one.

Examine the Order-ag, divergence measures
based on positive and negative ideal.

Examine the overall
distance Dgp_;.

Figure 2 Geometrical interpretation of the explored algorithm.

Table 1 Original decision matrix, whose every entry in the form of complex q-rung orthopair normal

fuzzy numbers.
Symbols Car-1 Car—2 Car-s Car-s
(0.6,0.2), 0.7,0.2), (0.8,0.1), 0.5,0.2),
Ay 0.4¢2705) 0.5¢12706) 0.3¢2704) 0.5¢27(03)
0.2£2703) 0.1£2702) 0.12270.3) 0.2£2704)
(0.61,0.21), (0.71,0.21), (0.81,0.11), (0.51,0.21),
Ay s 0.41¢2705D), 0.51¢270.61) 0.31¢27041) 0.5127(03D)
0.21£270.3D) 0.11¢270.2D) 0.11¢27(0:3D) 0.21£270.41)
(0.62,0.22), (0.72,0.22), (0.82,0.12), (0.52,0.22),
Ay s 0.42¢27052), 0.52¢270.62), 0.32¢27042), 0.52¢127(032),
0.2227(0.32) 0.12¢27(022) 0.12¢27(032) 0.22£27(0.42)
(0.63,0.23), (0.73,0.23), (0.83,0.13), (0.53,0.23),
Ay s 0.43¢127053), 0.53¢2700.63) 0.33¢27(043) 0.53¢27(0.33),
0.23¢/27(0.33) 0.13¢/27(0.23) 0.13¢/27(0.33) 0.23¢27(0.43)
(0.64,0.24) (0.74,0.24) (0.84,0.14) (0.54,0.24) ,
Ay s 0.44¢27059) 0.54¢270.64) 0.34¢27044) 0.54¢27(034)
0.24¢27(0.39) 0.14¢27(0.29) 0.14¢27(0.39) 0.24¢27(0.44)

For alternatives &/, _; and their attributes & 1_;, the weight vector is followed as w,, = (0.2, 0.25, 0.35, 0.0.2)". Based on the above analysis,
the procedure of the MADM technique is summarized in the following ways:

Step 1: By using Eq. (42), we construct the decision matrix, whose entries in the form of CQRONFNS.

Step 2: By using Eq. (43), we normalize the decision matrix, which is given in step 1, if needed. The matrix, which is mention in the Table 1
is not needed to normalize it.
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Step 3: By using Eq. (41), we aggregate the values, which are normalized in step 2, for ¢ = 2.
Negn-1 = ((0.6845,0.1718) , (0.0834¢7*10%9_0.1487¢27(*30))
Negn-r = ((0.6943,0.1814), (0.088¢27*1059) 0. 1582¢27(3139)) )
Negn-s = ((0.7042,0.191), (0.0927¢2701109) 0 16782703239 )
Negn-s = ((0.7141,0.2007) , (0.0975¢>7(*116?, 0.1774¢270333)))

Neones = ((0.7239,0.2105) , (0.1024¢>7 1217 0.187¢27(03439)))

Step 4: By using Eqgs. (44) and (45), we evaluate the positive and negative ideas, such that

Non = ((0.7239,0.2105), (0.1024e7*1217),0.1487¢27020V ) )

Moy = ((0.6845,0.1718) , (0.0834¢71%09, 0.187¢27(03439) )

Step 5: By using the Eq. (28), we examine the Order-ac, divergence measures, by using positive and negative ideals, we have

SDM-1 + SDM—1 _
Zépp ('/VCQN—j’ '/VCQN—jl ) and 5 ('/VCQN—j’ '/VCQN—jl .

and

Step 6: By using Eq. (46), we examine the overall distance measure based on the dsc%%_l (‘/VCQN—I’/VCJ;;)N—ﬂ)

SDM—1 _
Zeom (‘/VCQN—1s Non-ji ), we have
0.482
Dop_y = —————— = 0.4616
OD-1 (482 + 0.562
Dop_, = 0.4617
Dop_s = 0.4618
Dop_y = 0.4619
Dop_s = 0.4620

Step 7: Rank all alternatives, which we get in step 6 and we examine the best alternative from the family of alternatives, such that

Dop-s 2 Dop_4 2 Dop_3 2 Dop_, 2 Dop_y

The best alternative is Dpy_s.

Step 8: The end.

6.1. Comparative Analysis

Keeping the advantages of the explored notions is called CQRONEFSs and their AOs, we solve some numerical examples to examine the
reliability and effectiveness of the presented work. For coping with such kind of issues, we considered different kinds of information and
resolved it by using explored and existing operators, whose information’s are discussed below.

Additionally, the compassion among presented work and existing works are discussed to observe the proficiency and expertise of the
explored approach. The existing technique of intuitionistic normal fuzzy AOs was proposed by Wang and Li [30], and the q-rung orthopair
normal fuzzy AOs were presented by Yang et al. [31].

From the above analysis, it is clear that the existing approaches [30,31] and explored approach in these manuscripts give the same ranking
results, whichisintheformof & 4y 5 > & 4y 4 > H gy 5 = A 4y, = A 41 ;. If, we can check the values, which are obtained in Example 1,
which is following as: Dyp_s > Dgop_y = Dop_3 = Dop_y = Dgp_; is also the same as the ranking values of Table 2. From the above
discussion, we obtained with the help of explored work and existing works, the best alternative is & ,;_s. The graphical representation of
the information, which is discussed in Table 4, is explained with the help of Figure 3. The aggregated values for proposed work and existing
works are illustrated in Table 3, for y ¢ = 2.

From Table 2 we considered the complex intuitionistic normal fuzzy information and resolved it by using the explored and existing operators
[30,31] to examine the proficiency and expertise of the presented approach. Further, to find the reliability of the explored operator, we
choose the complex Pythagorean normal fuzzy information and solve it by using the explored and existing operators [30,31].
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Form Figure 3 there are mentions five kinds of series, which are denoted the graph of alternatives in different colors. From Figure 3, we
easily obtained that which one is the best alternative, see the above figure the series five is moved on the top in all series, so series five is the
best alternative from the set of alternatives. The information’s are discussed in Table 5 for yg- = 2 and the weight vectors are discussed at
the beginning of Example 1.

Based on the explored operators are called WA, WG, GWA, GWG operators based on complex Pythagorean normal fuzzy informationss,
the compassion among presented work and existing works are discussed to observe the proficiency and expertise of the explored approach.
The existing technique of intuitionistic normal fuzzy AOs was proposed by Wang and Li [30], and the g-rung orthopair normal fuzzy AOs
were presented by Yang et al. [31]. The aggregated values for proposed work and existing works are illustrated in Table 6.

From the above analysis, it is clear that the existing approaches [30,31] and explored approach in this manuscripts give the different ranking
results, which arein theformof ;s > Ay 4 > Ay 3> Ay , > Ay yand Ay | 2 H o, 2 Ay 3> Ay g = A yys.
From the above discussion, we obtained with the help of explored work and existing works, the best alternatives are & ,; - and & ,;_;. The
graphical representation of the information, which is discussed in Table 6, is explained with the help of Figure 4. The positive and negative
ideals are discussed in the form of Table 2.

Table 2 By using Eq. (28), we examine the distance measures based on positive and
negative ideals.

Symbols dg;%lz‘gl ('/V CQN-j» Ve C+QN—j1 ) d?;%lz‘gl (/V CQN-j» e C_QN—jl )
Hean-1 0.482 0.562
Neon-2 0.476 0.555
Neon-3 0.469 0.547
Neon-4 0.462 0.539
Neon-s 0.455 0.53

Table 3 Comparison between explored work with some existing operators.

Methods Operators Score Values Ranking
WA Ssr (yp_y) = 03523, Sep (Ayp_,) = 0.3571, Apy_5 > Dap g > Ayp_s
Ser (Aap_s) = 0.362, Sgp (4;_4) = 0.3668, >y > Dap
Sep (App_s) = 0.3717
WG Sep (Aap_) = 0.3392, Sgp (Ap_,) = 0.3444, L P
Ser (Hap_3) = 0.3495, Sgp (Hp_4) = 0.3546, >y > Dap
Ser (Hyy_5) = 0.3597
GWA Sep (Hap—) = 04213, Sgp (Ap_,) = 0.4304, Ayp s> Ayp 0> Ay s
Ssr (yp_3) = 04394, Sgp (A yp_4) = 0.4485, >y s> Ay,

Wang and Li [30]
Ssr (yy_5) = 0.4575

GWG Ssr (eyp_y) = 0.1814, Sgp (Ayp_,) = 0.1838, Ay s> Dap_g > Aups
Ssr (9yp_3) = 0.1863, Sgp (yp_4) = 0.1888, >y > dap
Ser (yy_5) =0.1913
WA Ssr (gp_y) = 0.2498, Sgp (Ayp_,) = 0.2575, Ayps > Dapg > Faps
Ssr (yp_3) = 0.2654, Sgp (Ayp_4) = 0.2734, >y 0> Dap
Yang et al. [31] Ssr (ﬂAL_S) = 0.2816
WG Ssr (yp_y) = 0.2081, Sgp (yp_,) = 0.2128, Ayp s> Ayp 4> Ayp s
Ssr (9yp_3) = 02174, Sgp (yp_4) = 0.2219, >y 2> Dap
Sep (App_s) = 0.2264
GWA Ssr (yp_y) = 02591, Sgp (yp_,) = 0.2669, Ayp s> Ay 4> Ay s
Sep (Aap_3) = 0.2748, Sgp (Ap_4) = 0.2829, >y o> Dapa

Ser (Aap_s) =0.2911

Continued
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Table 3 Comparison between explored work with some existing operators. (Continued)

Z. Ali et al. / International Journal of Computational Intelligence Systems 14(1) 1895-1922

Methods Operators Score Values Ranking
GWG Ssp (Hapq) = 02115, S (A _,) = 0.216, Ay s> Ay g > Apps
Ssr (yp_3) = 0.2204, Sgp (App_4) = 0.2248, >y s> Aap
Ser (yy_5) = 0.2291
WA Sop (ap_y) = 0.2928, Sep (App_,) = 0.296, Ay 5> Ay g > Ay s
Ssr (yp_3) =0.2992, Sep (App_4) = 0.3024, >y > Aap
Ser (eyp_5) = 0.3057
WG Ssr (yp_y) = 0.2724, Sgp (App_,) = 0.2759, Ay s> Ay g > Dap_s
55F (‘Q[AL—S) =0.2794, <‘9SF (‘Q{AL—AI) =0.2829, 2 ‘Q{AL—Z > ‘Q{AL—I
Ssr (eyy_5) = 0.2864
GWA Ssr (yp_y) = 04233, Sep (dyp_,) = 0.4317, A5 > Ay g > Dap_s
Proposed method Ssr (9yp_3) = 04399, Sep (Ayp_4) = 0.4482, >y 0> Dap
forq=1 S (4 _5) = 0.4564
GWG Ssr (yp_y) = 0.0531, Sgp (yp_,) = 0.0532, Ay s> Ay g > Aup s
Sep (Aap_3) = 0.0532, Sgp (Hy;_4) = 0.0534, > Ay s> Aag
Ser (HAap_s) = 0.0537
WA Sep (Aap_y) =0.2725, Sgp (Hyy_,) = 0.2818, Ay s> Ayp g > ADap s
Sep (Aap_3) = 0.2911, Sgp (H;_4) = 0.3006, > dyp s> Dapy
Ser (Hyp_5) =0.3102
WG Sep (Aap—) = 0.1076, Sgp (A_,) = 0.1086, Ay s> Ay g > App s
Ssr (yp_3) = 0.1094, Sgp (App_4) = 0.1102, >y s> Aap
Ser (Hyp_5) = 0.1109
GWA Ssr (eyp_1) = 0.2856, Sep (App_,) = 0.2948, Ay 5> Ay g > Aap_s
Proposed method Ssr (yp_3) = 0.3042, Sgp (Ayp_4) = 0.3137, >y 0> Aa
forq=2 Ser (HAa_s) = 0.3233
GWG Ssr (yp_1) = 0.1006, Sgp (App_,) = 0.1009, Ay s> Ay g > Dyp_s
Sse (‘Q[AL—S) = 0.101, Sz (‘Q{AL—AI) = 0.101, 2 a2 Ay
Ssr (94 _5) =0.101
WA 'SSF (‘Q[AL—I) =0.2031, <‘95F (‘Q{AL—Z) =0.2105, ‘Q{AL—S 2 *QfAL—4 2 ‘QiAL—?,
Ssr ('Q[AL—3) =0.2182, S (ﬂAL—4> = 0.226, 2 a2 Ay
Ser (App5) =0.234
WG Ssr (9yp_y) = 0.1288, Sep (dyp_,) = 0.1309, Ay 5> Ay g > Aup s
Ssp (Fags) = 0.133, Sp (Fyp4) = 0.135, 2y 02 Ay
Ser (App_s) = 0.1368
GWA Sep (Aap_) = 0.2156, Sgp (Hpp_,) = 0.2232, Ay s> Ayp g > ADaps
Proposed method Ssp (Fap—3) = 0231, S (Fpp4) = 0.239, 2 Ay 02 Ay
forq=3 Ssp (ay_s) = 0.2471
GWG Sep (Aap—) = 0.1293, Sgp (Hy_,) = 0.1312, Ay s> Ay g > App s

Ssr (yp_3) = 0.1331, Sgp (App_4) = 0.1349,

Ser (Hyp_5) = 0.1366

2y 2 Ay
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Table4 Original decision matrix, whose information in the form of complex Pythagorean normal fuzzy numbers.

Symbols Car1 Car—a Cars Car-a

(0.6,0.2), 0.7,0.2), (0.8,0.1), (0.5,0.2),

Ay 0662707, 0.7¢2708), 0.9¢270.7), 0.5¢27(0.6)

0.5¢127(0.4) 0.4£27(0:3) 0.11£2703) 0.5¢£127(0.4)
(0.61,0.21), (0.71,0.21), (0.81,0.11), (0.51,0.21),
Ay s 0.61¢2707D) 07127081 0.92¢27(0.72) 0.51¢27(061)
0.51¢27(0-41) 0.41¢27(03D) 0.12¢27(0:32) 0.5127(0.41)
(0.62,0.22), (0.72,0.22), (0.82,0.12), (0.52,0.22),
Ay s 0.62¢270.72), 0.72¢27(082) 0.93¢27(0.73), 0.52¢27(0.62),
0.52¢127(0.42) 0.42¢127(0.32) 0.13¢127(0.33) 0.52¢27(0.42)
(0.63,0.23), (0.73,0.23), (0.83,0.13), (0.53,0.23),
Ay g 0.63¢270.73), 0.73¢27(083) 0.94¢27(0.74) 0.53¢27(0.63)
0.53¢27(0-43) 0.43¢27(0.33) 0.14¢27(0.39) 0.53¢27(0.43)
(0.64,0.24), (0.74,0.24), (0.84,0.14), (0.54,0.24),
Ay s 0.64¢27074) 0.74¢27(084) 0.95¢27(0.75) 0.54¢27(0.64)
0.54¢27(0-44) 0.44¢27(039) 0.15¢27(0.35) 0.54¢27(0.44)

Wang and Li [30] Yang et al. [31] Proposed work for =1

Figure3 Geometrical representation for the informations of Table 4.

Form Figure 4 there are mentions five kinds of series, which are denoted the graph of alternatives in different colors. From Figure 4, we easily
obtained that which one is the best alternative, see the above figure the series five is moved on the top in all series, so series five is the best
alternative from the set of alternatives. From Tables 1 and 5 we considered the complex intuitionistic normal fuzzy information, complex
Pythagorean normal fuzzy information and resolved it by using the explored and existing operators [30,31] to examine the proficiency and
expertise of the presented approach. Further, to find the reliability of the explored operator, we choose the complex q-rung orthopair normal
fuzzy information and solve it by using the explored and existing operators [30,31]. The information is discussed in Table 7.

Based on the explored operators are called WA, WG, GWA, GWG operators based on complex Pythagorean normal fuzzy informations,
the compassion among presented work and existing works are discussed to observe the proficiency and expertise of the explored approach.
The existing technique of intuitionistic normal fuzzy AOs was proposed by Wang and Li [30], and the g-rung orthopair normal fuzzy AOs
were presented by Yang et al. [31]. The aggregated values for proposed work and existing works are illustrated in Table 8.

From the above analysis, it is clear that the existing approaches [30,31] and explored approach in this manuscripts give different ranking
results, which arein the formof ;o > Ay 4 > Ay 32 Ay, 2 Fyy and Ay > Ay, > Ay 3> Ay g = A yps.
From the above discussion, we obtained with the help of explored work and existing works, the best alternatives are & ,; - and & ,;_;. The
graphical representation of the information, which is discussed in Table 8, is explained with the help of Figure 5.

Form Figure 5 there are mentions five kinds of series, which are denoted the graph of alternatives in different colors. From Figure 5, we
easily obtained that which one is the best alternative, see the above figure the series five is moved on the top in all series, so series five is
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Table 5 Comparison between explored work with some existing operators.

Methods Operators Score Values Ranking
WA Failed Failed
. WG Failed Failed
Wang and Li [30]
GWA Failed Failed
GWG Failed Failed
WA Ssr (yp_y) = 04457, Sep (App_,) = 0.473, Ay s> Dap_g > Daps
Ssr (yp_3) = 04908, Sep (Ayp_4) = 0.5097, >y 0> Aay
Ssr (9y;_5) = 0.5298
WG Ssr (yp_y) = 0.1772, Sep (App ) = 0.1819, Ayps > Dap_g > Aaps
Ssr (9yp_3) = 0.1848, Sep (yp_4) = 0.1876, >y 0> Aap
S (94;_5) = 0.1903
GWA Sse (ﬂAL—l) =0.472, Sz (‘Q[AL—Z) =05, App 52 Ayp 42 Ayp 3
Ssr (‘Q{AL—S) =0.5176, Sgr ('SZ[AL—4) = 0.536, 2 Ay 2 Ap
Yang et al. [31]
Ssp (Hap_s5) = 0.5557
GWG Ser (yp_y) = 0.1714, Sep (dyp_,) = 0.1751, Ayp s> Ay 4> Ayp s
Sep (Aap_3) = 0.1772, Sgp (Hyy_4) = 0.1791, > Ay s> Aap
Ser (Aqp_s) =0.181
WA Failed Failed
Proposed method WG Failed Failed
forq=1 GWA Failed Failed
GWG Failed Failed
WA Sep (Aap—1) = 0.5059, Sgp (Hy;_,) = 0.5281, Ayp s> Ayp 4> Ayp s
Ssr (gp_3) = 0.5433, Sep (A _4) = 0.559, >y, > Ay
Ssr (9yp_s) = 0.5754
WG Ssr (yp_y) = 0.1063, Sgp (Ayp ) = 0.1111, Ay s> Dap_g > Aaps
Ssr (yp_3) = 0.1141, Sgp (Ayp_4) = 0.1174, >y 0> Aa
Ssr (9yy_s) = 0.1209
GWA Ssr (yp_y) = 0.5212, Sep (App_,) = 0.5437, Ay s> Dap_g > Aaps
Proposed method S5k (‘QiAL—S) = 0.5589, Sz (‘Q{AL—AI) = 0.5747, 2 A0 2 Ay,
forq=2 Ssr (Aap_s) = 0.591
GWG Ssr (yp_1) = 0.0478, Sep (dyp_,) = 0.0478, Ayp1 2 Dapg > Aaps
Ssr (9yp_3) = 0.0469, Sep (App_4) = 0.046, > Ay g > Daps
Ssp (Hap_s5) = 0.0452
WA Ser (yp_y) = 04198, Sep (dyp_,) = 0.4451, A5 > Dapg > Dap_s
Sep (Aap_3) = 0.4625, Sgp (H;_4) = 0.4808, > Ay s> Dap
Proposed method Ssp (MAL_S) =0.5001
forq=3 WG Sr (A1) = 0.1049, Sgi (e, _,) = 0.1067, Ay s> Ay > Ay s

Sep (Aap_3) = 0.1074, Sgp (H;_4) = 0.1081,

Sor (e4y_5) = 0.1087

2 Ay 2 Ay

Continued



Z. Ali et al. / International Journal of Computational Intelligence Systems 14(1) 1895-1922 1915

Table 5 Comparison between explored work with some existing operators. (Continued)

Methods Operators Score Values Ranking
GWA Sep (Aap_) = 0.4407, Sgp (Hp_,) = 0.4664, Ayp s> Ay 0> Ayp s
Ssr (MAL—3) = 04836, Sp (MAL—A}) = 0.5016, 2 Ay 2 Ay
Proposed method Ser (Hyp_5) = 0.5207
forq=3 GWG Ssp (Hap-1) = 0.0991, S () = 0.1001, Aprs5 2 Aapa 2 Da1-5
Sse ('Q{AL—S) = 0.1001, S (‘Q{AL—AL) =0.1, 2y 5 2 Ay,

Ser (eyy_5) = 0.11

Table 6 Original decision matrix, whose information in the form of complex q-rung orthopair normal
fuzzy numbers.

Symbols Gar Car—2 Car-s Car-a

(0.6,0.2), 0.7,0.2), (0.8,0.1), 0.5,0.2),
Ay, 0.9¢12708) 0.8¢12709) 0.85¢27(0.75), 0.75¢27(0.56)
0.8£270.7) 0.7¢27(0.8) 0.75¢127(0.75) 0.85¢127(0.46)
(0.61,0.21), (0.71,0.21), (0.81,0.11), (0.51,0.21),
Ay s 0.91¢27(0.81) 0.81¢27(091) 0.86¢27(0.76) 0.7627(0.56)
0.81£27(0.71) 0.71£27(0.81) 0.76£27(0.76) 0.86£27(0.46)
(0.62,0.22), (0.72,0.22), (0.82,0.12), (0.52,0.22),
Ay s 0.92¢27082), 0.826127092), 0.87¢270.77), 077627057,
0.8227(0.72) 0.72£27(0.82) 0.77£27(0.77) 0.87¢27(0.47)
(0.63,0.23), (0.73,0.23), (0.83,0.13), (0.53,0.23),
A 0.93¢127(083), 0.83¢127(093), 0.88¢27(0.78), 0.78¢127(0.58),
0.83¢127(0.73) 0.73¢127(0.83) 0.78¢127(0.78) 0.88¢127(0.48)
(0.64,0.24) (0.74,0.24),, (0.84,0.14) (0.54,0.24)
Ay s 0.94¢127089) 0.84¢27(0.94) 0.89¢27(0.79) 0.79¢27(0.59)
0.84¢270.749) 0.74¢27(0.89) 0.79¢127(0.79) 0.89¢127(0.49)

‘Wang and Li [30]

Yang et al. [31] Proposed work for =1 Proposed work for g=2

Figure4 Geometrical representation for the informations of Table 6.

the best alternative from the set of alternatives. Further, we examine the reliability and proficiency of the explored measures and operators
based on CQRONFSs. We illustrate a numerical example which is discussed below is taken from Ref. [31].
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Example 2.

As economic globalization makes enterprises face a more complex internal and external environment, finding an appropriate partner is an
important way to maintain their competitiveness, which is affected by many factors. To select a suitable global partner, an enterprise has
selected five candidate enterprises in the global scope. The set of alternative enterprises is & 4; = {& g1 _1,F 4120 a1_3oF p1_1oF a1_5)>
and four attributes are considered, namely, R& D capability (‘{?AT_I), business operation level (%AT_Z), international cooperation level
(%AT_3) and credit level (%AT_4). The set of attributes €, = {‘??AT_I, Gar—z> Cur_s» %AT_4} is formed, and they are all benefit-oriented
indicators. The corresponding weight is wy, = {0.3,0.2,0.2, 0.3}T, and the decision information matrix as shown in Table 8 is constructed
according to the decision information. Besides, considering the problem of q-RONF information aggregation based on WA, WG, GWA,

and GWG operators.

Z. Ali et al. / International Journal of Computational Intelligence Systems 14(1) 1895-1922

Table 7 Comparison between explored work with some existing operators.

Methods Operators Score Values Ranking
WA Failed Failed
Wang and Li [30] WG Failed Failed
GWA Failed Failed
GWG Failed Failed
WA Failed Failed
Yang et al. [31] WG Failed Failed
GWA Failed Failed
GWG Failed Failed
WA Failed Failed
Proposed method WG Failed Failed
for g=1 GWA Failed Failed
GWG Failed Failed
WA Failed Failed
Proposed method WG Failed Failed
forq=2 GWA Failed Failed
GWG Failed Failed
WA Sep (Aap_y) = 0.289, Sgp (A1) = 0.3092, L P
Ssp (Hap3) = 0.3301, Sgp (A pp_4) = 0.3529, > Ay oy > Aap
Sor (eyy_5) = 0.378
WG Ssp (Hap1) = 0.0627, S (App_,) = 0.0588, Ayp 1 > Ay 5> Ay s
Ssr (yp_3) = 0.0528, Sep (App_4) = 0.0458, >y 4> Ay s
Ssr (eyy_5) = 0.0379
GWA Ssr (Syp_y) = 0.3143, Sgp (A _,) = 0.3358, Ayp s> Ayp 0> Ayp s
Proposed method Sse ('QiAL—S) = 0.358, Sgp (‘Q[AL—4) = 0.3822, 2y 5 2 Agp
forq=8 S (dyp_s) = 0.4087
GWG Ssr (gp_y) = 0.0544, Sep (Ayp_,) = 0.0494, Ayp 1 2> Dapy > Aaps

Ssr (gp_3) = 0.0425, Sep (dpp_4) = 0.0346,

Ser (9yy_5) = 0.0256

2 dAL—A] 2 ‘dAL—S

Table 8 Original decision matrix.

Car-1

Car—2 Car—3

%A T-4

((0.8,0.7),(0.6,0.7))
((0.6,0.4),(0.7,0.9))
((0.9,0.8), (0.5, 0.4))
((0.7,0.6), (0.7,0.8))
((0.5,0.3), (0.8, 0.4))

((0.4,0.5), (0.2, 0.4))
((0.5,0.6), (0.4,0.3))
((0.7,0.8),(0.7,0.2))
((0.8,0.7), (0.8, 0.6))
((0.7,0.5), (0.5, 0.5))

((0.8,0.5),(0.1,0.7))
((0.4,0.4),(0.7,0.2))
((0.4,0.3), (0.8,0.8))
((0.5,0.4), (0.6,0.9))
((0.5,0.3), (0.6, 0.6))

((0.4,0.3),(0.6,0.2))
((0.8,0.5), (0.6, 0.4))
((0.6,0.6), (0.3,0.5))
((0.6,0.4), (0.7,0.3))
((0.8,0.6), (0.8,0.7))
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Based on the explored operators are called WA, WG, GWA, GWG operators based on complex Pythagorean normal fuzzy informations,
the compassion among presented work and existing works are discussed to observe the proficiency and expertise of the explored approach.
The existing technique of intuitionistic normal fuzzy AOs was proposed by Wang and Li [30], and the g-rung orthopair normal fuzzy AOs
were presented by Yang et al. [31]. The aggregated values for proposed work and existing works are illustrated in Table 9.

From the above analysis, the ranking results of the proposed and existing notions are the same which is in the formof & 4; > & ,; 4 >
Ay 3> Ay, > Ay - The best alternative is & ;<. Additionally, we choose the intuitionistic normal fuzzy information and exam-
ine the best alternative by using the explored and existing operators. The intuitionistic normal fuzzy information is stated in the form of
Table 10.

Based on the explored operators are called WA, WG, GWA, GWG operators based on complex Pythagorean normal fuzzy informations,
the compassion among presented work and existing works are discussed to observe the proficiency and expertise of the explored approach.
The existing technique of intuitionistic normal fuzzy AOs was proposed by Wang and Li [30], and the g-rung orthopair normal fuzzy AOs
were presented by Yang et al. [31]. The aggregated values for proposed work and existing works are illustrated in Table 11.

From the above analysis, the ranking results of the proposed and existing notions are the same which is in the formof & ,; - > & 4;_, >
Ay 3> Ay, = A gy The best alternative is & 4; 5. To determine the consistency of the parameters yg- by using the information of
Example 1, which is discussed in the form of Table 12.

‘Wang and Li [30] Yang et al. [31] Proposed work for g=1 Proposed work for =2

Figure 5 Geometrical representation for the informations of Table 8.

Table9 Comparison between explored work with some existing operators.

Methods Operators Score Values Ranking
WA Failed Failed
. WG Failed Failed
Wang and Li [30]
GWA Failed Failed
GWG Failed Failed
WA Sop (App_y) = 0.042, Sgp (Ayp_,) = 0.132, Ay s>y 5> Ayp o
S5k (‘Q[AL—S) =0.13, 8 (‘Q[AL—4) =0.131, 2 Ayp 32 Ay
Ssr (9yy_5) = 0.186
WG Sse (MAL—l) =0.142, Sgp ('Q(AL—Z) =0.232, App52 Ay 22 Appy
S5k (‘QiAL—?,) =0.23, S (MAL—4) =0.231, 2y 32 Ay
Ssr (eyy_5) = 0.286
GWA Sse ('Q{AL—I) =0.049, Sp (‘Q{AL—Z) = 0.139, Ayp 52 Ay 22> Ayp 4
Ssr (‘Q{AL—3) =0.19, Sgr (‘Q{AL—4) =0.137, 2y 52 Ay

Yang et al. [31]
& Ssi (Hpp_5) =0.189

GWG Ssr (yp_y) = 0.112, Sep (dpp_,) = 0.163, Ay s> Ay 5> Ay,
Ssp (Fag—s) = 0.133, S (pp4) = 0.154, 2 Ay 32 Ay

Ssr (Hpp_5) = 0.192

Continued
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Table9 Comparison between explored work with some existing operators. (Continued)

Methods Operators Score Values Ranking
WA Failed Failed
Proposed method for WG Failed Failed
q=1 GWA Failed Failed
GWG Failed Failed
WA Failed Failed
Proposed method for WG Failed Failed
q=2 GWA Failed Failed
GWG Failed Failed
WA Ssr (yp_y) = 0.042, Sgp (Ayp_,) = 0.132, Ay 5> dyp y > gy,
Ssr (‘dAL—3> =0.13, Sp (‘Q[AL—4) =0.131, 2y 32 Ay,
Ssr (9yp_5) = 0.186
WG <‘95F (‘Q{AL—I) =0.142, 5SF (‘Q{AL—Z) =0.232, ‘Q[AL—S 2 ‘Q{AL—Z > ”Q{AL—AI
Ssp (ﬂAL—3> =0.23, g (dAL—z;) =0.231, 2 Ay 32 Ay
Ser (Hpp_5) =0.286
GWA Ssr (yp_y) = 0.049, Sgp (yp_,) = 0.139, Ay s> Ay 5> Ayp
Proposed method for Ssr (a1-3) = 019, S (Apry) = 0137, 2 s 2 Dy
q=38 S (Hpp_s) = 0.189
GWG Sep (App—) = 0.112, S (Apy_,) = 0.163, Ayp s> Ayp 5> Aup 4

Sep (Hap3) = 0.133, S (Apy_4) = 0.154,

Ssr (eyy_s) = 0.192

2 MAL—." 2 dAL—l

Table 10 Original decision matrix.

%A T-2 %A T-3

%A T-4

Car1
Ay, ((0.2,0.1), (0.4,0.3))
Ayp s ((0.3,0.2), (0.5, 0.4))
Ay s ((0.4,0.3), (0.6, 0.3))
Ayp s ((0.5,0.2),(0.7,0.2))
Ay s ((0.6,0.1), (0.8,0.1))

((0.12,0.11), (0.14, 0.13))
((0.13,0.12), (0.15, 0.14))
((0.14,0.13), (0.16, 0.13))
((0.15,0.12), (0.17, 0.12))
((0.16,0.11),(0.18,0.11))

((0.22,0.21), (0.24, 0.23))
((0.23,0.22), (0.25,0.24))
((0.24,0.23), (0.26, 0.23))
((0.25,0.22), (0.27,0.22))
((0.26,0.21), (0.28,0.21))

((0.32,0.1), (0.34,0.3))
((0.33,0.2), (0.35,0.4))
((0.34,0.3), (0.36,0.3))
((0.35,0.2), (0.37,0.2))
((0.36,0.1),(0.38,0.1))

Table 11 Comparison between explored works with some existing operators.

Methods Operators Score Values Ranking
WA Sep (Hapq) = 0.2234, S (A _,) = 0.2378, Ayp s> Ay 4> Ay s
Ssr (Hap3) = 0.2435, S (A _4) = 0.2547, >y > Ay
Ssr (eyy_s) = 0.26457
WG Ssp (Hapq) = 0.2246, S (A _,) = 0.2358, Ayp s> Ayp 0> Ayp s
Ssr (Dyp_3) = 0.2416, Sep (A _4) = 0.2556, >y 0> A
Ssr (9yp_5) = 0.2678
GWA Ssr (gp_y) = 0.2278, Sep (App_,) = 0.2317, Ayps > Dap_g > Daps

Wang and Li [30]

Ssr (yp_3) = 0.2419, Sep (dyp_4) = 0.2511,

Ssr (9yp_5) = 0.2615

e ‘Q{AL—Z 2 ‘dAL—l

Continued
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Methods Operators Score Values Ranking
GWG Ssp (Hapq) = 0.2242, S (A _,) = 0.2347, Ayp s> Ay 4> Ayp s
Ssr (Dyp_3) = 0.2455, Sep (A _4) = 0.2557, >y s > Aap
Ssr (eyy_5) = 0.2611
WA Ssr (Sgp_y) = 0.1234, Sgp (A _,) = 0.1378, Ay s> Dyp_g > Daps
Ssr (Dyp_3) = 0.1435, Sep (A _4) = 0.1547, >y 0> Aar
Ser (yp_5) = 0.16457
WG Ssr (Dyp_y) = 0.1246, Sgp (A _,) = 0.1358, Ayps > Dyp g > Daps
Ssr (9yp_3) = 0.1416, Sep (A _4) = 0.1556, >y 2> Aap
Sep (App_s) = 0.1678
GWA Ssr (gp_y) = 01278, Sep (dgp_,) = 0.1317, A5 > Dapg > Daps
Ssr (yp_3) = 0.1419, Sgp (A _4) = 0.1511, >y 2> A
Yang et al. [31]
Sep (App_s) = 0.1615
GWG Ssp (yp_y) = 0.1242, Sep () = 0.1347, A5 > Dap g > Dap_s
Ssp (Hap_3) = 0.1455, S (A _4) = 0.1557, > Auy 2> Dap g
Ser (Hpp5) = 0.1611
WA Ssp (Hap ) = 0.2234, S (A _,) = 0.2378, Ayp s> Ay g > Ayp s
Ssi (Hap_3) = 0.2435, S (A _4) = 0.2547, > Ayp oy > Dap
Ser (Hyp_5) = 0.26457
WG Ssp (Hapq) = 0.2234, S (A _,) = 0.2378, Ayp s> Ay 0> Ayp s
Ssp (Dyp_3) = 0.2435, Sep (A _4) = 0.2547, >y s > Aapa
Ser (Hyp_5) = 0.26457
GWA Sor (Gap_y) = 0.2234, Sgp (A _,) = 0.2378, Ay s> Dyp_g > Aaps
Proposed method Ssr (Dgp_3) = 0.2435, Sep (A _4) = 0.2547, >y 0> Aar
forg=1 S (eyp_s) = 0.26457
GWG Ssr (Dap_y) = 0.2234, Sgp (A _,) = 0.2378, Ayps > Dyp g > Daps
Ssr (Dyp_3) = 0.2435, Sep (A _y) = 0.2547, >y 2> Aap
Ssr (eyp_5) = 026457
WA Ssr (ap_y) = 0.112, Sgp (dyp_,) = 0.188, A5 > Dapg > Dap_s
Ssr ('Q[AL—3> =0.197, S (dAL—4> =0.201, 2 Ay 2 Ay
Ssi (Hpp_5) =0.217
WG Ssr (yp_y) = 0177, Sep (dpp_,) = 0.193, A5 > Dap g > Dap_s
Sk ('Q{AL—3) =0.202, Sgp (MAL—‘}) =0.211, 2 Ay 02 Ay
Ser (Aap_s) =0.228
GWA Ssp (Hapq) = 0.114, S (A _,) = 0.189, Aap s> Ayp 4> Aup s
E)rr()go_szd method Ssk (MAL—S) = 0.199, Sgg (MAL—Al) =0.207, 2 Ay 2 Ay

Ser (Hyy_5) =0.214

Continued
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Table 11 Comparison between explored works with some existing operators. (Continued)

Methods Operators Score Values Ranking
GWG Ssp (Hap) = 0117, Sgp (A pp_p) = 0.192, Ayp s> Ayp 4> Ay s
Sse (MAL—s) =0.197, S (MAL—4) =0.204, 2 Ay 2 Hgpg
Sor (eyy_5) = 0218
WA Ssr (yp_y) = 0.1234, Sep (A _,) = 0.1378, Ay s> Dap_g > Aaps
Ssr (gp_3) = 0.1435, Sep (dpp_y) = 0.1547, >y 0> A
Ssr (9yy_s) = 0.16457
WG Ssr (yp_y) = 0.1246, Sep (dpp_,) = 0.1358, Ayps > Dap_g > Aaps
Ssr (yp_3) = 0.1416, Sep (dpp_4) = 0.1556, >y 2> Aap
Ssr (94 _5) = 0.1678
GWA Ssr (yp_y) = 01278, Sep (dpp_,) = 0.1317, A5 > Dapg > Aaps
Proposed method Sop (Aap_3) = 0.1419, Sg (Hyp_4) = 0.1511, >y 5> Ay
forq=3 Ssp (Hy1_5) = 0.1615
GWG Ssp (yp_y) = 0.1242, Sep (dpp_,) = 0.1347, Ayp s> Ay 4> Ayp s
Ssp (Hap_3) = 0.1455, Sgp (A _4) = 0.1557, > Ay s> Dap

Ser (Ayp_s) = 0.1611

Table 12 Discussed for different values of the parameter y.

Parameter Score Values Ranking Values
Ysc=2 Ssr (dAL—I) =0.2031, 8¢ (‘Q{Asz) = 0.2105, Ay 52 Ay g 2 Hyp 3
Sep (Hap3) = 0.2182, S (Hp_4) = 0.226, > dup oy > Dap g
Ssr (yy_5) =0.234
Ysc=3 Ssp (ap—1) = 02017, S (yy ) = 0.2077, a5 2 Appa 2 Dap5
Ssr (Hyp_3) = 0.2152, Sep (App_4) = 0.2253, >y s> Aap
Ssr (94;_5) = 02336
Ysc =4 S5k ('dAL—l) = 0.2011, S (Q[AL—z) = 0.2075, a5 2 Aprq 2 Dpy5
Ssr (Hyp_3) = 0.2149, Sep (Ayp_4) = 0.2248, >y > Aay
Ssr (9yy_s) = 0.2331
Ysc =3 Sse ('dAL—l) = 0.2008, S5 (ﬂAL—Z) = 0.2066, App5 2 Ay g 2 App 3
Ser (yp_3) = 0.2145, Sep (dpp_y) = 0.2244, >y 2> Ay
Ssr (eyy_5) = 0.2329
Ysc = 10 Ser (yp_y) = 0.1912, Sep (dpp_,) = 0.1927, A5 > Dyp g > Dap_s
Ser (yp_3) = 0.2002, Sgp (pp_4) = 0.2011, >y 2> Dar

Ssi (Hpp_5) = 0.2024

Therefore, the explored operators based on CQRONESs are more proficient and more flexible than existing operators, which is discussed in
Ref. [30,31]. Hence, the presented approach is extensively powerful and more general than complex intuitionistic normal fuzzy setFSs and
complex Pythagorean normal FSs.

7. CONCLUSION

One of the most proficient and beneficial theories is called CQROFS, containing the grade of supporting and the grade of supporting against
in the form of polar coordinates belonging to unit disc in a complex plane. CQROFS is a proficient technique to address awkward infor-
mation, although the NFN is examining normal distribution information in anthropogenic action and realistic environment. Based on the
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advantages of both notions, in this manuscript, we explored the novel concept of CQRONFS as an important technique to evaluate unre-
liable and complicated information. Some operational laws based on CQRONFSs are also explored. Additionally, some distance measures
are called CQRONFGDM, CQROENFSDM, two types of CQRONFODMs, and their special cases are discussed. Moreover, weighted aver-
aging, weighted geometric, generalized weighted averaging, and generalized weighted geometric operators based on CQRONFSs are also
presented. In last, we solve a numerical example of the MADM problem is shown to justify the proficiency of the presented operators. The
advantages, comparative and sensitive analysis are used to express the efficiency and flexibility of the explored approach.

In further research, considering the superiority of new CQRONESs, we can extend them to some other work based on FSs [32,33], picture
FSs [34], PFSs [35], hesitant fuzzy setFSs [36], and so on [37-42].
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