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This study aims to study the conception of the complex interval- Received 13 May 2021
valued g-rung orthopair 2-tuple linguistic set (CIVQRO2-TLS), Revised 17 December 2021
which is a new powerful mixture to handle unreliable and Accepted 18 January 2022
vague data in realistic decision concerns. We also explore its

fundamental properties as well as important laws. In the occur-

rence of the above theory, we discover some useful aggregation

methods for the CIVQRO2-TLS, including the CIVQRO2-TLWA,

CIVQRO2-TLOWA, CIVQRO2-TLHA, CIVQRO2-TLWG, CIVQRO2-

TLOWG, and CIVQRO2-TLHG operators. To demonstrate the

beneficial features of the invented works, a multi-attribute deci-

sion-making (MADM) system is presented and exposed to the

supremacy of the presented operators with the help of several

examples. In last, we elaborate on the advantages, comparative

analysis, and graphical interpretation of the invented

approaches.

Introduction

The main theme of MADM is to select the outstanding opportunity in
excellence to the limited objects in the presence of the many criteria. In
our genuine life, we continuously grapple with distinct sorts of decision-
making strategies wherein our focus is to investigate how to make an
accurate decision. Roughly, the strategy of decision-making takes impre-
ciseness in the data without determining the vagueness and inconsistent
in it. To describe the ambiguity in the data, the main concept of IFS
(Atanassov 1986), a revised version of the FS (Zadeh 1965), incorporates
the two sorts of terms, called the truth grade (TG) p,  (x) and falsity
grade (FG) 7, (x), then the prominent tool of IFS is of the mathematical

shape: nZCQ(x). Thus, IFS has easily evaluated complicated and incorpo-

rated data that occurred in genuine life troubles. The IVIES invented by
Atanassov and Gargov (1989) is also of the most important mathematical
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structure of the FS, but the resultant values of the IVIFS are in the shape
of interval whose both bounds lie within the unit interval. Lots of well-
known scholars have done work on IFS and IVIFS in distinct directions
(Bouchet et al. 2020; Garg and Kumar 2019, 2020; Kumar and Garg 2018;
Zeng, Ali, and Mahmood 2021; Zeng et al. 2022¢; Zhang et al. 2021) in
recent years. In many dilemmas, the function of IFS can’t be working
perfectly, for instance, an expert from some enterprises given the pair of
data (0.7,0.4), for TG and FG, it is clear that (0.7,0.4). After continuing
a lot of hardworking to find the solution for the above trouble, Yager
(2013) investigated the PFS, by improving the representation range of IFS
that: 0 < w3 (x)+ 17, (x) < 1. Later, the IVPFS is discussed by Garg
(2017) by considering the interval situation. At present, a lot of indivi-
duals employed the conceptions of PFS and IVPES in disparate specialties
and areas (Ejegwa, Onyeke, and Adah 2021; Haktanir and Kahraman
2019; Liang, Darko, and Xu 2018; Peng and Li 2019; Sajjad Ali Khan
et al. 2018; Zeng et al. 2022b). Moreover, Yager (2016) deliberated the
QROFS with 0 < ,u%m (x) + n%cq(x) < 1. The parameter gsc used in the
tool of QROEFS, can help to generalize the representation range of IFS and
PES. Until now, the QROFS and its discrete structures, the IVQROFS
(Joshi et al. 2018), have gained a lot of attention from researchers in
various problems of chemistry, transportation engineering, biology, sociol-
ogy, electrical engineering, economics, etc. (Garg and Chen 2020; Hussain,
Ali, and Mahmood 2019; Liu and Liu 2018; Liu and Wang 2018).

To generalize the unit disc of FSs to unit interval situation, a lot of
researchers have worked new extensions and suggested several new fuzzy
tools by generalizing the unit disc in the range of FSs. Invented by
Alkouri and Salleh (2012), the CIFS, a modified structure of the CFS
(Ramot et al. 2002), depends on two terms in the shape of TG p, =

yZRPe'Q”(“ZIP) and FG y, = yzRPeiZ”(”ZIP), then the prominent tool of CIFS
is of the shape: 0 <y, (x) 417, (x) <1 and 0 <y, (x)+1, (%) <1
Some important and beneficial implementations of CIFS and CIVIFS are
then studied in diverse disciplines (Akram and Naz 2019; Garg and Rani
2019; Rani and Garg 2017). Moreover, Ullah et al. (2020b) expanded the
conception of CIFS to invent the CPFS with 0 <y (x) + 73, (x) <1 and
0 <pj (x)+n5,(x) <1 In many dilemmas, the tool of CPFS can’t be
working perfectly, for instance, an expert from some enterprises given the
pair of data (0.9¢27(°%) 0.8¢2"%7), for TG and FG, it is clear that
0.92+ 0.8 =0.81 +0.64 = 1.45>1, and
0.9°+0.8° =0.81+0.64 =145>1. To settle this Liu, Ali, and
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Mahmood (2019, 2020) diagnosed the novel and well-known theory of
CQROFS with a new strategy 0 <y (x) + 112(; (x) <1 and

RP
0< yqzii(x) + quii (x) < 1. Furthermore, Garg, Ali, and Mahmood
(2020b) developed the CIVQROFS on the basis of the presence of the
above-invented works, whose construct composes the grade of truth and
falsity, with the real part and imaginary part in the form of a subset of the
unit interval. So far, several researchers have contributed the development
of CIVQROEFS in the region of diverse disciplines (Ali and Mahmood
2020b; Garg et al. 2020a).

To depict the ambiguity and awkward data in genuine life procedures, the
2-tuple linguistic (2-TL) is introduced by Herrera and Martinez (2001). 2-TL
theory plays a beneficial role in the environment of fuzzy sets theory and due
to its beneficial worth, a lot of individuals made contributions in the devel-
opment of 2-TL theory. For instance, Herrera and Martinez (2000) com-
bined the FS with 2-TL, introduced the conception of fuzzy 2-TLS. Beg and
Rashid (2016), Liu and Chen (2018) put forth the intuitionistic 2-TL set by
taking the advantages of IFS. Faizi, Rashid, and Zafar (2018), (2020)
invented some useful aggregation operators for intuitionistic 2-TLS. Wei
et al. (2017) elaborated the Pythagorean 2-TLS and explored its application.
He et al. (2019) exposed the Taxonomy method for Pythagorean 2-TLS. Ju
et al. (2020) diagnosed the gq-rung orthopair 2-TLS. Finally, the interval-
valued q-rung orthopair 2-TLS deliberated explored by Wang, Garg, and Li
(2019).

Our perspective behind the introduction to CIVQRO2-TLS is given below:

(1) CIVQROFS is a perfect blend of QROFS and CPFS. It assigns interval
grades to the elements, which posses parametric characterization.
However, it isn’t utilized to portray qualitative expression with
2-TLS, which is more convenient for decision makers to express
their subjective preferences during decision (Herrera and Martinez
2000). In order to combine the both properties of the above discussed
models and to handle the existing drawbacks, we shall put forward the
CIVQRO2-TLS.

(2) The 2-TLS has been explored so far in kinds of extensions of fuzzy set
theory. However, it is no discussion over the degrees of interval-valued
truth grade and the interval-valued grade of falsity in the literature. This
motivated us to initiate the mathematical mixture of CIVQRO2 and
2-TLS.

Keeping all these facts in our mind, the main contributions of this study to
the current literature deliberated in the following way:
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(1) To present the conception of the CIVQRO2-TLS and its fundamental
laws.

(2) To discover the conceptions of CIVQRO2-TLWA, CIVQRO2-
TLOWA, CIVQRO2-TLHA, CIVQRO2-TLWG, CIVQRO2-TLOWG,
CIVQRO2-TLHG operators and diagnose their important properties.

(3) A MADM system is developed based on the proposed operators, and its
application is carried out in the CIVQRO2-TL situation with the help of
several examples.

(4) To elaborate on the advantages, comparative analysis, and graphical
interpretation of the invented approaches are presented.

The rest contents of this manuscript are deliberated in the following
manner: Section 2 reviews some related fundamental theories of
CQROFS, CIVQROFS, and 2-TLS. Section 3 discusses the conception
of the CIVQRO2-TLS and its important operational laws. In section 4,
we discover the thought of CIVQRO2-TLWA, CIVQRO2-TLOWA,
CIVQRO2-TLHA, CIVQRO2-TLWG, CIVQRO2-TLOWG, CIVQRO2-
TLHG and diagnosed their fundamental properties. In section 5, we
demonstrate the beneficial features of the invented works, a MADM
system is then presented, and its supremacy of the diagnosed operators
is discussed with the help of several examples. In last, we elaborate on
the advantages, comparative analysis, and graphical interpretation of the
invented approaches. The conclusion of this scenario is described in
section 6.

Preliminaries

Firstly, some mathematical terms used in the current studies are deliberated in
Table 1.
Using the above terminologies, we reviews several basic theories.

Table 1. Mathematical terms and their meanings.

Symbols Meanings Symbols Meanings

Gsc,Ysc > 1 Positive integers Xowmi Universal set

Hzeo (X) Truth grade Nz¢0 (X) Falsity grade

HZRPeilﬂ(uz,,,) Complex-valued truth grade N, ¢21(nz,)  Complex-valued falsity grade

Uz, A real part of truth grade Uz, A real part of falsity grade

Hz, The imaginary part of truth  nz, The imaginary part of falsity grade
grade

Zco Complex g-rung orthopair s Score function
fuzzy sets

Yar Accuracy function Zawr Complex interval-valued g-rung orthopair fuzzy

2-tuple linguistic sets
55, Linguistic term (Ein 7 Gsc) 2-tuple linguistic set

X Element of the universal set wy_; Weight vector
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Definition 1 (Liu, Ali, and Mahmood 2019). In the consideration of the
universal set Xyn;, a CQROFS Xy is deliberated by:

Zoa = { (Hzeg () 12(%)) % € Xuna | M)

The complex mathematical form of TG and TG is stated: ey = yZRPeiZ”("ZIP)
and iy, =y, @), with 0 <) () <1 and
0< y%SR‘; (x) + ;72‘; (x) < 1. Additionally, the mathematical shape of refusal

| e o\ (i (e e ) )
grade is stated: 777, = <1 - <yZSRCP + ’7212)) “e e .
The mathematical term of CQROFNs is of the
shape: Z¢g = (yZRPeiZ”(”Zzp)7 WZRPeiZ”('?z,p)>_

Definition 2 (Garg, Ali, and Mahmood 2020b). In the consideration of the
universal set Xyny, a CIVQROES ¢pyq is deliberated by:

Zevg = {(P‘ZCIVQ (%), Mze00 (x)) tx € XUNI} (2)
The complex mathematical form of interval-valued TG and interval-

2| u, :|
valued TG is stated: Bree = [[JZRN [ﬁ } ¢ [lep Mz and

Zgrp

_ i2m |:;f N7ny :| . q q
#ZCIVQ - [#ZRP’#ZRP] € e ’ with 0= #JFZSRCP + 17+ZSR(;J <1 and
0 <u™P¢ +nt3¢ < 1. Additionally, the mathematical shape of refusal
grade is stated:

dse . _dsc e dge
1 SC | y-Isc SC _yyptisc

= (- (5 o)) et )] )]
Moreover, the mather_natical_ term of CIVQROEFNS is of the shape:

Zavg = ( [Him,, HZP} e

any two CIVQROEFENs

TR 27 | n, .t
— — + bzipbzpp — + T Mz gp Mz
ZCIVQ o <|:‘MZRP"MZRP:| e - ) |:I12RP’ WZRP:|e ) 1| and

i2m |:;f N7as ] i2m |:11’ 7 i|
— — + Zip—2"Zip_2 — + Zip—2"Zp—2
ZCIVQ—2 - ( < |:‘MZRP—2 ’ ‘uZRP—Zj| ¢ ? |:’1ZRP—27 rIZRP—2:| €

. S .
i2m Wbtz gy i2m

Mzl
- + Zip” ' Z1p
, |:’/]ZRP’172RP:|e L J ) Moreover, for

27
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Zevr1®cvrZevr-2 =

e
—Asc —4sc  _ ,,—95¢c ,,—9sc \isc
(M Zip-y + 4 Zip-» 4 ZIP—I‘M Zu)fz) )
1 i2m |
—4sc —4sc —4sc ,,—9sc )qsc q q q q oy
— +1sc +sc +4sc +sc sc
<‘u Zrp-1 tu Zios ~ Wz Bz ’ e <M Zipy +u Zipo Bz M ZIP—z)
e
+4sc +4sc +45c  +9sc )isc
(/J Zrp-1 +u

b
Zips W Zpp B Zpps

; - - + +
— — + + 61271 [’77/11371 Mzgp o Mgp oy zgp_y }
I/IZRP—I rlZR}Lz 2 Mzpe nZR}Lz

(3)
Zevr1®cvrZevr—a =
; - - + +
= = + + elh |:‘uZIP—l‘uZIP—2’HZIP—IMZIP—Z}
Bzpo 1B Zpp o> B 2o PZpps
1
—4sc —45c  _ —9c ,—9c \isc
(’7 ZIP1+’1 Zivs Mz M ZIPZ) ’
1 i2m
—4sc —4sc —4sc ,—9sc )qsc . o
— +4sc +95¢  _ +495c ,+9c  )isc
(1’] Zrp—1 +n Zeor M Zao 1 Zps ) . (”I Zips +n Zins N 2o M 70,
1
+4sc +95¢  _ +9c  ,+9c  )isc
(’1 Zpp-1 +n Zros ~ N Zwo M Zios
(4)

_ Ysc t
1— (1 — MZ,P,IqSC) ,
Yoo E (%4
1-— (1 — luikpilqsc) ,
YscZcvr-1 =

1
Ysc '\ dsc
(1 ~(1-u, ) ) ’
Y. 1 € )
N Yse 4sc
(1 - (1 - ﬂzRPﬂqsc) )

. Ys¢ ¥sc
—Ys¢ _47¥sc i2n |:’12]P—1 ’W;IP—1:|
Nzge1o M €

Zpp-1

€)

Zpp—1

, _Ysc  +¥sc
—Ysc | 4Y¥sc i2n ["{ Zip—1 7'uZIP—l:|
U Zrp-1? @ € ’
1
— Ysc '\ asc
1 - (1 Mz, SC) ’
ZYsc — i
CIVT—-1 — Y, = i2m =
g\t [ + 9 Ysc '\ asc
1—{1- Nzgp—y € ) 1— (1 Nz, sc)
1 e
Ysc\ 4sc
_ _ ot ¢ o
(1 (1 v ) )

(6)

The score function (SF) and accuracy function (AF) is stated by (Garg, Ali,
and Mahmood 2020b):
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g e Hgc +dgc
1 (‘MZRP—I + Bzp s = Nzge, Nz )~

I'se(Zevg-1) = = (7)
¢ —1, e ¢
S\ (s, + g = e =)
+gc g +sc +5c
L[ (Mo, + s s )
Ysr(Zevo-1) =~ ZR,P 1 ZT 1 ZR,P L (8)

q q q —-q
A\ (s, + s e )

For CIVQROFNs Zcrvg—1 and Z¢ryg-1, two techniques for comparison are
dominated as (Garg, Ali, and Mahmood 2020b);

(1) If I'sp(Zcrvo-1) > I'se(Zervo-2)s then Tsp(Zervo-1) > I'se(Zervo-2)
o If Zeivo—1 = Zcivo-2, then

o If Zcrvg-1 = Zcrvg-2> then Zevg-1> Zervg—2;

CIVQROF2-TLS

This study aims to present the conception of the CIVQRO2-TLS and its
fundamental laws.

Definition 3: In the consideration of the universal set Xyn;, a CIVQRO2-TLS
Xuny is deliberated by:

Zcyr = {((55”7 asc), (#zc,m (%) 1214 (x))) ‘X € XUNI} )
The complex mathematical form of TG and TG is stated: p, =

o i2ﬂ[ﬂz 442} I i2ﬂ['72 :'12] : 44
[VZva yZRP]e vl and = Mg, Mz, | € el with 0 < /¢ +

,7+quch <land 0 < y*%SRCP + 11+%SRCP < 1, and (35, asc) is 2-TLS. Additionally,

the = mathematical  shape  of  refusal grade is  stated:

Isc
—4sc _,-1sc
(1_ (ﬂ ZIP +’7 ZIP)) ’

- 1 i2m q;
(= (teni)) |, [0-Gomrs))”
MZewo = e . The
(1= (0 + i) )™
mathematical term of CIVQRO2-TLN is of the shape:

i2m [;f wh j|
- + 21" Zip
|:‘uZRP"uZRPi| € ’

As well, assume

i2m |:r]_ My ]

— + Zip>'Z1p
|:r]ZRP’ rIZRP:| €

Zewvr = | (85, %sc)
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+

Uzppr b

; -t
] e [HZIP ’”ZIP}

(gsLT ; OCSC) )

)

and
; e
S
<§SLT—2’ “SC*Z) )
2\, b i|
Zavr-2 = [“ERH’“Z«H] € {#ZIH Pae-a], , then:
— + i2n |:;1£IP—2 ’@HLJ
|:’7ZRP—27 ”ZRP,J €
Zevr—1®DarvrZervr-2 =
Arr <A;Tl (ESLT,, ) OCsc—l) + 47 (ESLH ) OCsc—Z) — iy ,aSH)tA;Tl(%LH 70‘5&2)) )
1
(w2 w e i)™
1 i2m
A O R R R e e B
(Wi vurle —urie ke ) |
[ﬂZRH Mo o1 ;RH . ZZH} ei2n {rli,,, Mz 2«’721p,1’721p72]
(10)

Zervr1QcrvrZevr—2 =

—4sc
<?’] Zrp-1

+4sc
<’7 Zpp—1

+1

+1

t

ALt (A;Tl (331.74 195C-1 )AH (gs”d 19sc-2 )) ,

- ot
[#ZRPA‘MZRPZ’HZRP—UMZRP—Z

. - - ; ;
}61271 |:MZIP71‘MZIP—2 Hzip_ Hzpp z]

—4sc —95c  _ —9s¢ ,,—Ysc
(’1 Zip-y +1 Zip— M 2w M 2ips
1 i2m
—95c  _ ,—9c ,—9c \isc dec dec A Qe
Zrp-2 n Zrp-1 n ZRP—2> ’ . (I’IJFZSH(LI + 7’]+Zé;72 - 71+Zs;71 ]1+Zé[;,z
+4sc +49sc+9sc

ZRP*Z - rl Zl{l"fl’7 ZRP*Z

1
> asc

1
sc

)

1

) sc

11
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1

1(s e Ysc
Arr <t<1 - <1 — 2ty toc1) )) ))

_ g Ysc '\ 4sc
]7<]7‘1,1le13€) ’

i2m 1

Y. ~ = asc
YscZcvr-1 = (1 - (1 - Vfgpflqsc) 5C)qSC’ (1 - (1 - P‘zIpflqsc)YSC)qsc

L | € s

Ysc \ dsc
(1 (1 #g,, %) )

. Ysc 4¥sc
— s vsc | i2m|n p1 12ip
[qzkypi ’ ’72{1’ 1] { ’ :|
(12)
1/~ Y. _
ALT((ALT1 (S50, asc-1)) 8! YSC),
Ygco Y,
vy Yoo | i2m [;f bf Ty Sf:|
[HZR:E,,U%—R::} e Zip—1 " Zp_y ,
Y - g Ysc ﬁ
Zeyr g = 1 - (1 ~ Nz, 3“) )
Yoo ﬁ i2m y 1
-~ sC sc \ sc
(1 - (1 - qzkpflqsc) ) ; (1 - (1 - quﬂqsc) )
v |
(1 —(1-ng,, ") )q
(13)
Moreover, the SF and AF for CIVQRO2-TLS are defined as:
I'sp(Zeryr—1) =35 e e g +dge
A e Bzpe, + Bz = Nzwe s ~ Nz )~
1| Cer-itasc)x —dsc —dsc —dsc —dsc
(‘uZRP—l + Bz = Mzge, — 1721»1)
(14)
I'sg(Zervr—1) =3 +age e Hdge +dgc
N ﬂZRP—l + Bzp, — ,/IZRP—I Nz, )~
1| Gurrrasco)x “4sc “4sc ~4sc ~4sc
(#ZRP—I + Bzp — ’7sz71 - HZIP—])
(15)

For any two CIVQRO2-TLNs Z¢yr—1 and Zcryr—i:

(1) I I'sp(Zervr—1) > Tse(Zervr—2)> then Tse(Zeryr—1) > I'se(Zervr—2)s

(2) If Zeryr—1 = Zervr—2, then
o If Yur(Zervr—1) > Yar(Zervr—1)s then Yap(Zervr—1) > Yar(Zevr—1)s
o f¥ar(Zevr—1) = Yar(Zavr—1), then Yap(Zevr—1) = Yar(Zevr-1)-
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Example 1: For any two CIVQRO2-TLNs Zcrvr—1 =

(65,041, (04,0 66049%, (01,0409 and Zemr s =
((34,0.2), ([0.3,0.5]e20203] [0.2,0.4]e?0204)))  with  Zewra =
((84,0.2), ([0.3,0.5]¢2"0-305] 0.2, 0.4]¢™"*204]) ) by using the values of sca-

lers gsc = 3 and ggc = 3, then by using Eq. (10) to Eq. (13), we have

A (A3 (53,0.4) + A (54,0.2) — 2006002

(0.43 +0.3° — 0.43 x 0.3%),
(0.6 +0.5° — 0.6% x 0.5%)°

)

Zevr—1DBervrZevr—2 = (0.4> +0.3° — 0.4° x 0.33)%7 i2ﬂ|:
{ (0.6° + 0.5 — 0.6° x 0.5°)° } ¢
[0.1 X 0.2,0.4 x 0.4]¢2r{0.1x0.204x0.4]
(35,0.22),
_ ( [0.4469,0.6797 ¢i27(0.4469,06797) >
[0.02,0.16]¢2r0.020.16]

Arr <A;T' (5 ‘0.4)6A,TT‘ (34,0.2)> ’

[04 x 037 0.6 X 0‘5}ei27‘[[0.4><0.3,0.6><O.5]7
(0.13 +0.2° — 0.1° x 0.2%),
0.1 4028 —0.13 x 0.23), ] " 3
(0-1° 40.2° = 0.1% > 0.2°)", | (0.4° +4—0.4° x 0.4°)°
(0.4° +4 —0.4° x 0.4%)°
(52,0.38),

— [0.12,0.3]ei2”[0'12=°'3],
[02079’ 04985] eiZﬂ[0.2079.0.4985]

Zervr-1®crvrZervr—2 =

1 i2m (
2Zcrvr—1 = (l —(1- 0.43)2)3, (1 —(1- 0.63)2>3

[0.12 0.42}61‘2”[0.12,0.42]
(1 - 0.63)2)3

(35, —0.1267),

— [05’ 0.73}ei2ﬂ[0.5,0.73] ,
[0017 0. 16]€i2ﬂ[0‘01’0‘16]
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72 =
CIVT—-1 [0‘42’ 0,62}ei2”[0'4z’0'62]7

(5,,—0.0733),

= [0.16,0.36]e0-16.0-36]
[0.13, 0.50]ei2n[0.1310.so]

As a new mixture of the CIVQROFS and 2-TLS that can easily handle
awkward and complicated sort of data occurring in genuine life, the beneficial
aspects of the CIVQRO2-TLS compared to with the existing fuzzy tools are
discussed in the presence of Table 2 .

Moreover, some special cases of the CIVQRO2-TLS are deliberated as

follows:

(1) Using g, = 1 in CIVQRO2-TLS, then we get complex interval-valued
intuitionistic fuzzy 2-tuple linguistic set;

(2) Using gsc =2 in CIVQRO2-TLS, the complex interval-valued
Pythagorean fuzzy 2-tuple linguistic set is obtained.

(3) Using agc = 0 with agc = 0 in CIVQRO2-TLS, the complex interval-
valued q-rung orthopair fuzzy linguistic set is constructed.

(4) Using asc = 0 with agc = 0 in CIVQRO2-TLS, then we get complex
interval-valued intuitionistic fuzzy linguistic set.

(5) Using agc = 0 with agc = 0 in CIVQRO2-TLS, then we get complex
interval-valued Pythagorean fuzzy linguistic set.

(6) USing MERP = :qup? ’/IZRP = UZRP’MZIP = ”ZIP7 ’/IZIP = nzlp With qSC>0 in

CIVQRO2-TLS, then we get CQROFS.

Table 2. Summary of the literary works.

Methods Truth grade Falsity grade Interval-valued

2-tuple linguistic

Two-dimension

IFS

PFS
QROFS
IVIFS
IVPFS
IVQROFS
CIFS

CPFS
CQROFS
CIVIFS
CIVPFS
CIVQROFS
Proposed work

LR R R R R L
LR LR R L
LU X X x X x %

UX X X X X X X X X X X X

LR AU X X X X X X
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(7) Using gsc>0 with gsc = 1 in CIVQRO2-TLS, then we get CIFS.

(8) Using gsc = 1 with gs¢>0 in CIVQRO2-TLS, then we get QROFS.

(9) Using gsc >0 with gsc = 1 in CIVQRO2-TLS, then we get IFS.
(10) Ect...

From the presence of the above analysis, we can see that most of existing
fuzzy tools are the specific cases of the CIVQRO2-TLS, therefore the
CIVQRO2-TLS is massive generalized and more dominant as compared to
prevailing works.

Aggregation operators for CIVQRO2-TL information

In the occurrence of the above theory, in this section we discover the thought
of CIVQRO2-TLWA, CIVQRO2-TLOWA, CIVQRO2-TLHA, CIVQRO2-
TLWG, CIVQRO2-TLOWG and CIVQRO2-TLHG operators. Throughout

n
this scenario, let gsc = 1 be the weight vector with } wy_; =1, wy_j €

j=1
[0, 1] for the family of CIVQRO2-TLNs
(ESLH, “scq) ;
_ i2m [M’,P o, } _
Zevr—j = [MZRH,/AZRP_J e LApimmr] Jj=1,2,3,...n.

; - +
i2m rIZIP—j 7’7ZIP—j

|:TIERP—}" 11<ZFRP—]‘:| e
Definition 4: The CIVQRO2-TLWA operator is originated by;

CIVQRO2 — TLWA(Zcvr—1, Zevr—2; - - -, Zavr—n) = @}, (ww—iZcrvr—)
(16)

In the consideration of Eq. (16), we exposed several results.

Theorem 1: Constructed on Eq. (16), we get;
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CIVQRO2 — TLWA(Zcrvr—1, Zeivr—2, - - - s Zevr—n) =

AN

At 85, 00—

ALT(f(l—H (1— g/Tt} ' ) ))>
j=1

n B oW asc
(1 — H (1 - qu;p,quC> ) ,
j=

1

1 L )™ ) L o))
7]‘ T Mz, ) 1— 1_[1 (1 — AMZIP,J SC)
e

j=
1—
J

—

1 i2m

s

||
—

1 )

-\ Isc
1—ut dsc ww-j
1 ‘u ZRP—)'

" —TOW 1 +ww.
V—j wW-j
H Nz H Nzwe
j=1 =1

=

n n
. oW LEW
izn |:I I WZIP j ’I I WZIP—]‘ :|
e j=1 j=1

(17)

Using gsc = 1 and gs¢ = 1 in Eq. (17), we get the CIVI2-TLS and CIVP2-
TLS, respectively. Furthermore, the idempotency, boundedness, and mono-
tonicity in the presence of the CIVQRO2-TLWA operator are described as
follows.

Proposition 1: If Z¢yyr—; = Zcpyr, then
CIVQRO2 — TLWA(Zcrvr—1, Zetvr—2s - - - » Zevr—n) = Zevr— (18)
Proposition 2: If min ZCIVT—j = ZEI}T and min ZCIVT—j = ZE;VT’ then
Zcryr < CIVQRO2 — TLWA(Zcrvr—1, Zevr—2, - - - Zevr—n) < Zigyr  (19)
Proposition 3: If Z¢yyr—; > Z’CIVT_J., then

CIVQRO2 — TLWA(Zcrvr—1, Zcivi—2s - - - s ZCIVT—n)
> CIVQRO2 — TLWA(Z¢pyr—1, Zeryr—as - - - » Zeryrn) (20)

Definition 6: The CIVQRO2-TLOWA operator is originated by:

CIVQRO2 — TLOWA(Zcrvr—1, Zervr-2s - - - ZevT—n)
= O, (@w—Zcvr—o)) ey

where (0(1),0(2),..,0(n)) is a permutation with a condition that is
Zcrvr—o(j—1) = Zcrvr—o(j)- In the consideration of Eq. (21), we exposed follow-
ing several results.
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Theorem 2: Constructed on Eq. (21), we get:

CIVQRO2 — TLOWA(Zcrvr-1, Zevr—2, - - - ZCIvr—n) =
@
ALT (Z’ (1 _ (1 _ ALTl <35LT70?.J vaSCoU])) ) ) 7
J

1 i2m

n _ A\ @i ise n o\ ¢ (22)
<1 _]'1;[ <1 B AMZRP*"(/)%L> ) ’ <1 - H (1 - ‘u;m—ﬂ(])qsc) J>
e P

1

wWw—j isc
q,
(1 - | (1 — ‘uzrkkow sc) )

J

=

-

:j=

w-j LEWj
i2m
H —@w-j H 47w LH”?"’ (r)H “Ip }
NZgo- (]W NZgo-o oj)

For gsc = 1 and gs¢ = 1 in Eq. (22), we get CIVI2-TLS and CIVP2-TLS.
Furthermore, the idempotency, boundedness, and monotonicity of the
CIVQRO2-TLOWA operator are analyzed below.

Proposition 4: If Z¢pyr_j = Zcryr, then

CIVQRO2 — TLOWA(Zcrvr—1, Zevr—2, - - - s Zavr—n) = Zevr (23)

Proposition 5. If CIVQROZ - TLOWA(ZCIVT,I, ZCIVT727 NN 7ZCIVT711) =
Zcryvr and max ZCIVT—j = Zéﬁ/T’ then

Zewyr < CIVQRO2 — TLOWA(Zavr—1, Zavr-2, - - Zavr—n) < Zépyr
(24)

Proposition 6: If Z¢yr—; > Z/CIVT—j’ then

CIVQRO2 — TLWA(Zcrvr—1, Zcivi—2s - - - s ZCIVT—n)
> CIVQRO2 — TLWA(Z¢pyr—1, Zeryr—as - - - » Zeryrn) (25)

Definition 7: The CIVQRO2-TLHA operator is originated by

CIVQRO2 — TLHA(Zcivr-1, Zevr-2, - - - » Zervr—n) = ©7, (wW—jZCIVTfo(j))
(26)

Where (0(1),0(2),..,0(n)) is a permutation with a condition that is
(o(1),0(2),..,0(n)). In the consideration of Eq. (26), we exposed several results.

Theorem 3: Constructed on Eq. (26), we get
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CIVQRO2 — TLHA(Zcrvr—1, Zervr—2s - - - Zevr—n) =

1. N Wi
App |t 1— 1— A4LT <S§LT*°§“ A’asmw) )
j=1

w\o |7 \ oo\ 27)
— — - dsc ~ . =i
1 , (1 uaHm“> ; <L—H(1—#%uf“> >
e )
W)
4
(-,,) )

<1 B
J
n n
A= TTW—j ~Fww—j
|:_ ’/’ZRP—G(])7 1:[ WZR}LD(,')
=1 j=1

B

=

I
-

L

asc

=

1

| e 1
e j=1 j=1

For gsc =1 and gs¢ = 2 in Eq. (27), we get CIVI2-TLS and CIVP2-TLS,
which shows the specific cases of the explored ideas.
Definition 7: The CIVQRO2-TLWG operator is originated by:

CIVQRO2 — TLWG(Zcivr-1, Zcivr-2, - - - » Zervr—n) = ®y (Zervr—) ™"

(28)
Theorem 4: Constructed on Eq. (28), we get:
CIVQRO2 — TLWG(Zcrvr—1, Zevr—2, - - - > Zevr—n) =
W
no [ A (33“;.@5@,)
j=1
n i2m ﬁ#f Ww-j ﬁ + W):|
—TWW—j +ww— |:’l ZIp—j Z1p—j
[H Mz, 1Tk, ] © ’
" i AN
(1 —]1;[1 (1 — r]ZHqusc) ) ,
1 i2m !
n ww_; \ ¢ o Isc
( ]];[1 (2 P—j SC ) (1 jl;ll 1 ﬂZ]P—J *
. e
n o\
01 (1)
j=1 7
(29)

If gsc = 1 and gs¢ = 1in Eq. (29), then we have the CIVI2-TLS and CIVP2-
TLS. Furthermore, the idempotency, boundedness, and monotonicity in the
presence of the CIVQRO2-TLWG operator are described below.
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Definition 8: The CIVQRO2-TLOWG operator is originated by:

CIVQRO2 — TLOWG(Zcrvr—1, Zewvr—2; - - - Zevr—n)
:®jn:1(ZCIVT—o(j)) " (30)
where (o(1),0(2),..,0(n)) is a permutation with a condition that

is (0(1).0(2). .. o(n).

Theorem 5: Constructed on Eq. (30), we get

CIVQRO2 — TLOWG(Zcrvr—1, Zetvr—25 - - - Zevr—n) =

)

- oW
+wM]:| i2m |:H'MZIP— H Bz o(j):|

{H .“ZRP (]; H Bz o)

)

1

n o\ ¢
1— H (1 - ﬂiuuomqsc) ,
=

1

ww -\ Isc
1— ’7+ sc Wi
Zip—o(j)

—

1 i2m

; . o\
(1 -1 (1 a ﬂzk},w)q“) ) 7 (1 )
=
1 e
(1 -
j

For gsc = 1 and gs¢c = 2, in Eq. (31), we get CIVI2-TLS and CIVP2-TLS.

,_
-
I B
—

.\ 4sc
1-— rl+ A
Zrp—o(j)

=

1

(31)

Definition 10: The CIVQRO2-TLHG operator is originated by:
Zeryr-n) = @, (ZCIVTfo( j))wwﬁ

CIVQRO2 — TLHG(Zcrvr—1, Zeivr—as - - -
(32)

where (0(1),0(2),..,0(n)) is a permutation with a condition that is
). In the consideration of Eq. (32), we exposed several

(0(1),0(2), -, 0(m)).

results.

Theorem 6: Constructed on Eq. (32), we get
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CIVQRO2 — TLHG(Zcrvr-1, Zcvr—2s - - - s Zeivr—n) =

1 W

n (A (5 ) 75‘3‘0—00))

Arr (t (H (g”"i” :
j=1

TW—j ~FEw—j
:| |:H'MLIP o(j) H Bap_ u(J:|
)

ﬁ A—TWW-j H ~Fww-j
i Bz of)? Bz o)
1

. N o\ B0
(1 -1 (1 a "erfoquc) ) ’

j=

1 i2m
n @) asc @w-j \ dsc
— —nz q, ~
<1 ]1:[ (1 Mzre-ap) SC) ) ’ (1 - (1 B ”zzp,gmqsc) >
- J
e

] |

> asc oW e
i <1 Mg g ) )
Note that, the merits of idempotency, boundedness, and monotonicity of the
proposed CIVQRO2-TLOWG and CIVQRO2-TLHG operators can be
described as the previous analysis.

—

H
[fP

=

.
Il

(33)

Application in MADM problems

In this study, we present a MADM method based on the proposed operators to
solve complicated decision-making problem with CIVQRO2-TL information.
To settle the above issues, we choose the family of alternatives and the family
of attributes with respect to weight vectors to examine the reliability and
proficiency of the explored approaches, whose expressions are follow as:

Zewvr = {Zevr—1, Zevr—2, Zevr—3 - - - Zvr—n} and Lar =
{Lar—1,Lar—2,- .., Lar—m} with ww = {ww_1,ow_2,...,@w-n} by
using the CIVQRO2-TL information
<§SLT—jk7 “SC—jk) )
7. _ - + i2n |:‘MEIP—jk # ;IP—jk:| Th h f th
CIVT—jk = #ZRP—jkMuZRP—jk e , . en, the steps of the

i2m [71‘ nt
— + Zip—jk "' Zip—jk
|:rIZRP—jk’ anP—jk:| €

explored procedure are summarized are follow as:
Stage 1: Stabilize the data given in the form of decision framework, in the
presence of the idea, if necessary, then
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(SSLT—]k7 “SC*jk) )

i2m | W
L — + |: Zip—jk " Zp—jk
Ty = I:#ZRP—jk7#ZRP—jk:| € )

i - +
- ’7+ 61271 |:rlZIP—jk ’ﬂZIP—jk:|
Nzre- ik ? N Zrp—jk

(ESLT—jk’ “SC—jk) )
27 \py oy, } . .
[ygmjk, y}rRHJ e [ e ek ] for benefit types of attributes  (34)

i2m [r/’ o
— + Zip—jk " Zip—jk
|:;/IZRP—jk’ I/IZRP—jk:| e

(SSLT,W fXSC—jk) )

_ + i2m [fvz W, } .
{anHk, rlZRP—jk:| e Pk gk ] | for cost types of attributes

|:‘u£}zp—jk ’ A"’ZRP—;‘J 61271 {#Z"’*ﬂ‘ #EIP*JJ
Otherwise, go to stage 2.

Stage 2: In the presence of the qualitative idea of CIVQRO2-TLWA and
CIVQRO2-TLWG operators, we demonstrate the single value with the help of
accumulated values of the given data.

Stage 3: The score value is diagnosed with the help of SF.

Stage 4: With the help of SF, we find the ranking results to choose the
beneficial one.

Numerical example

Example 2: The owners of the enterprise want to buildup some new branch of
the enterprise. Therefore, a group of experts selected to evaluate four possible
organizations in the shape of attributes: L4r_,: Development situation; Lar_;:
Public influence; £47_3: Eco-friendly influence; £4r—_3: Advancement of civi-
lization. Moreover, some alternatives in the shape of five different aspects/
opinions: Zcsp—1: Cost inspection; Zcsp—;: Enhancement situation; Zcgp—_3:
Political influence; Zcsp—3: Ecological power; Zcsp_s: General community.
Let wy = (0.21,0.09,0.31,0.39)" be the weight vectors of attributes. This
analysis includes some stages, which help investigate the beneficial optimal.

Stage 1: Construct the decision information in the form of CIVQRO2-
TLNss, stated in Table 3.

Table 3 includes all the beneficial data, thus there is no need for
standardization.
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Table 3. CIVQRO2-TL decision mattrix.

CAT 1 l:AT 2
Zesp (52,0), [0.1,0.2)¢?011021], 0.2, 04]e’2”°2‘°‘”
25 [04 05]812)1041051 05 06 i21(0.51,0.47]
Zeor 12n041051 1211031041]
o (33,0), 0405e2 021,031] (52,0), [0304e2 021031
[0.2,0.3]¢?"! [0.2,0.3]¢
ZCSF—3 (g 0) 04 0591277041051 [02 0561271021051
45 [03 05]81271031048 O-I 03 12n011031
Zcsr—a (g 0) 04 0581271[041051] [O—I 03e/2ﬂ[011031]
2, [01 Oz]e12ﬂ011021 03 05e12ﬂ03'|05'l
Zcse—s %0 02 04elln[021041] [02 0461211[021041]
(54 ) [03 06]6’2"031057 03 04 j211(0.31,0.41]
Lar—3 »CAT 4
ZCSF—'I (s 0) 02 03elln021031 (5 [01 03e12n011031
T [04 05]e12n041051 3 05 06 1270.51,0.61]
Zes—p (5.0), (0.4, 0.6]¢2m1041.061] [0 4,05] e12n041 051,
35 [03 04]e/2ﬂ031037 O-I 0261271011021
ZCSF—3 . 02 03 i2[0.21,0.31] 0.1 02e12n011021
(52,0), [05 06]e:zn[051061] (35,0 [06 07]e12n06‘|07‘|
Zecr_ i211[0.11,0.41] 1271041051
CSF—4 (54,0), 01O4e2031051 (3,0), [040562 ortom
[0.3,0.5)e?"! [0.1,0.3)e™"!
Zesr i2m[0.11,0.41] /271041061]
o ((5570) <[0104e2 0.41,0.51] >> <520 <[O406e2 0.11,0.31] ))
0.4,0.5)e™ 0.1,0.3)!

Stage 2: In the presence of the qualitative idea of CIVQRO2-TLWA and
CIVQRO2-TLWG operators, we demonstrate the single value with the help of
accumulated values of the given data for wy = (0.21,0.09,0.31,0.39),
respectively:

Zervr—1 = ((83,—0.32), ([0.17, 0.31]¢27018:0-32] '[9 45 () 55]¢/271046.0-56]y).
Zervr—1 = ((83,—0.32), ([0.17, 0.31]¢2"018:0-32] '[9 45 () 55)¢/271046.0-56]y).

Zewr s = ( 53, —0.02) (0 28,0.39]¢2702903 [0 41, 0.57]e"2"[°~4zv°~581)>;

Zewvrs = ( 54, —0.35), ([0.32, 0.51]¢270-330-52] [0.21,0.41]e"2"[°-2270'421));
and

ZCIVT_I — ((327 01>, ([013’ 0'29]61‘27'[[0.131,0.291}’ [046, 056] ei2ﬂ[0.461,0.561])> ’
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Zewr = ((2,0.1) (O 13,0.29]e i27[0.131,0.291] ,0.46,0.56]e i27[0. 4610561)

(
Zenr—s = ((
(

—0. 19 (O 17,0.30]ei2ﬂ[0.18,0.31} [0 52 0. 43 127'[[0 521 044]))

337
Zewr—s = ( (53, —0.19) <0 17’0.30]61'271[0.18,0.31} [0.52,0.43]e i27[0. 521044])

Zervrs = ((33, ~0.18), ([0.21, 0.47]¢2710210.48] 1 37, 0.48]ei2"[0'33’0'49]>>;

Stage 3: The score values are calculated with the help of SF (for CIVQRO2-
TLWA operator), we have:

Tsp(Zervr—1) = $-0.05778; L'se(Zervr—2) = S0.09924, L'se(Zervr—3)
= 5_0.09409, I'se(Zcrvr—a) = 3003913, I'se(Zcrvr—s) = 30.05779

Some rules for CIVQRO2-TLWG operator, we get:

Tse(Zervr—1) = $-0.05778, L'se(Zervr—2) = S0.09924, L'se(Zervr—3)
= 5_0.09409, I'se(Zcrvr—a) = 3003913, L'se(Zervr—s) = So.05779

Stage 4: With the help of SF, we find the ranking values is to find the
beneficial one:

Zervr—2 2 Zewvr—s 2 Zevr—4 = Zervr—1 2 LZavr—3,

Zervr—2 2 Zewvr—s 2 Zevr—4 = Zervr—1 2 Zovr—3-

Therefore, Z¢ryr—» is the beneficial optimal for two operators.

Advantages of the explored approach

Keeping the advantages of the explored operators, in this study, we try to
show the advantages of this investigated method through a more in-depth
analysis. For this, we choose to use the complex interval-valued
Pythagorean 2-tuple linguistic set (CIVP2-TLS) and CIVQRO2-TLS to
represent the decision information and resolve them by using the WA
and WG operators. The explored operators are more powerful and more
capable to cope with awkward and complicated information in realistic
decision issues. Firstly, the decision matrix in the form of CIVP2-TLNs is
shown in Table 4. Then, the calculation results derived by proposed
methods are discussed below.

In the presence of the qualitative idea of CIVQRO2-TLWA and CIVQRO2-
TLWG operators, we demonstrate the single value with the help of accumu-
lated values of the given data for Z¢pyr_».
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Table 4. Decision matrix in the form of CIVP2-TLNs.

EAT 1 EAT 2

Zesp (5,0), [0.1,0. 6]9’2”0 11,021 G 0.2,0.7] 2m10.21,041]
2, . 4 0.5]e 2m(0.41,0.51] 5,0 [0 5,0. 6]e’2"°5‘ 047

Zese_o (§ 0) [0 4,0. 8]9’2"[0 41, 051] S 0 3,0. 8 elZn[O 31, 04‘|
3 [02 03]@2”[021031] 2,0 [02 03]e12n021031

Zesr3 (54,0), [0.4,0.7]¢2r041.051] [0.2,0.8]¢271021051],
4 [03 05]9'2"031048] [01 03]e:2no11o31

Zespg (52,0), [0.4,0.9]¢2m0-41.0.51] G [0.1,0.7)¢2m0-11.031]
> [0.1,0.2]e27011. 021 3,0 [O 3 0. S]e12n031 051]
Zesrs ¢ o) ([0:2.0. 7]e2rl021.047) (0.2, 0.47]¢7021.041)
(34,0, [0.3,0. 6]e‘2"°31 057 [0.3,0. 4]e:2n031 0.41)

Lar-3 LAT 4

Zeseq (3 0) [0 2,0. 7]9’2"[0 21, 031] (5 0 1,0. 7 elZn[O 1, 031
b [04 05}d2n041051] 35 [05 06]6'2"051061

Zcska (5,0), [0.4,0.8]¢2m0-41.0.61] e [0.4,0.8]271041051]
3 [0.3,0.4]¢2703" 037 5,0 [0 1.0 z]e,zﬂon 0]

Z(_'SF_g (3 0) [0 2 0. 7]9’2"021 031] 5 0 1 0. 6 i2[0.11,0.21]
25 [0.5,0. 6]e12n[0 51,0.61] 3,0 [O 6 0. 7]e’2"[° 61 071]

Zesr—g (50,0), [0.1,0.7)e70-11.041] 55.0), [0.4,0.7]271041051]
4 [03 0.5)¢ '2"[031051] 5 [01 03]e:2n011031

Zeseos (§ 0) [0 1.0. 8]@’2”[0 11, 041] 5 O 4,0. 8 elZn[O 41, 06‘|
5 [0. 4 0. S]e/2n[041 051 2,0 [0 1.0. 316,2,,0” 031

Zervroy = <(§3,—0.32), <[O.17,O.61]ei2”[0'18’0‘32} [0.45, 0.55] "I 46056]))

Zevr, = ((34,0.02), <[O.4O,0.83]ei2”[°'41’0'54] 0.17,0.28] ’2”0130291»

Zervr—s = ((33,—0.02), ([0.28,0.79]ei2”[o'29’0'39} [0.41, 0.57]¢?10-42.0-58) )

Tt = ((54,0.19)7 ([0.35,0.86]ei2”[0'351’0‘47] [0.16,0.34] ’2”01703461))

Zerrs = ((34,—0.35), ([0.32,0.81]ei2”[0‘33’0'52} [0.21,0.41]¢2m022.0.42 )

and

Zervr—s = ((34, —0.35), ([0.32,0.81]ei2”[°-3370~52}, [0.21, 0.41]e"2”[°~227°-421>>;

Zevrs = ((34, —0.47), ([0.39, 0.82]¢2m10-3910522] [0 237 0.322]e"2”[°~24=°~33]));
Zevr s = ((33, ~0.19), ([0.17, 0.80]¢21018.0311 10 52, 0.43]ei2"[0‘521’0'44]>>;

Tt = ((34, —0.3), ([0.23, 0.74]¢2m102310441] 10 54 0.41]ei2”[°'25’0‘342]));
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Zerrs = ((33, ~0.18), ([0.21, 0.87]¢271021.0.48] 1 3. 0.48]ei2”[0'33’°'49])>;

The score value is diagnosed with the help of SF (for CIVQRO2-TLWA), we
have

Tse(Zervr—1) = 300288, I'se(Zervr—2) = S0.4969, L'se(Zervr—3)
= 301788, I'se(Zcrvr—a) = Sos652, L'se(Zervr—s) = So.3888
Some rules on the basis of the CIVQRO2-TLWG operator, we get:
Tse(Zervr—1) = 301516, I'se(Zervr—2) = S0.4092, L'se(Zervr—3)
= 503453, I'se(Zcrvr—a) = 302586, 'se(Zervr—s) = 303763

With the help of the SF, the rankings of alternatives are achieved, such that

Zervr—4 > Zevr—2 2 Zervr—s 2> Zervr—3 > Zavr—1

Zervr—2 2 Zervr—s 2> Zevr—3 > Zervr—4 = Zavr—1

Therefore, Zcryr—2, Zcrvr—4, are the beneficial optimal for the CIVQRO2-
TLWA operator and CIVQRO2-TLWG, respectively.

Additionally, if we choose the complex q-rung orthopair 2-tuple linguistic
kind of information’s, which is discussed in the form of Table 5.

In the presence of the qualitative idea of CIVQRO2-TLWA and CIVQRO2-
TLWG operators, we aggregate the single values into a collective one
for gsc = 4.

Table 5. Decision matrix in the form of CIVQRO2-TLNSs.

LAT 1

LAT 2

Zcs—1 . [0 1,0. 9]6"2"0 11, 021] 0 2 0. 9 i2m[0.21, 041
(52,0), 0. 4 0.5)¢ 127(0.41,0.51] (35,0 [0 5,0. 6]6"2"051 047
Zesr—a - [0.4,0. 9]e:2n[0 41,051) 0.3,0.9] £/21(0.31,0.41]
(33,0), [0.2,0. 3]8/277[0 21,031] (32,0 [0 2,0. 3]e/2n[0 21 031]
Zesr—3 ; [0.4,0. 9]6I2"041 0.51] 0.2,0.9] @27(0.21.051]
(4,0), 0.3, 05e12n031048 (3,0 [01 03]e12n011031
Zcsr—a 5.0 [0.4,0. 9]4277 [0.41,051] [0.1,0.9] i210.11,0.31]
(52,0), [0.1,0.2)¢ 2m10.11.021] (55,0 [03 Os]elzn 31,051
ZCSF*S . [0 2 0. g]eIZIIOZ'I ,0.41] O 2 0. 49]elln02'l 041
(34,0), [03 0.6)¢ 2n0.31,0.57] (31,0 [03 04]eI2ﬂ031041]
Lar—3 Lar-a
Zese—1 . [0 2,0. g]ellﬂ[ﬁ :21,031] O 1,0. 9 /27011, 031
(5170) [04 05e/2n041051 (537 [05 06]e/2n051061
Zesr—a 3 [0.4,0. 9]eI2"041 0.61] (0.4,09] @270.41.051]
(53,0), 03, 0491271031037 [01 02]61271011021
Zesr_3 - [0.2,0. 9]4271021 0.31] 0.1,0.9] @2700.11,021]
(32,0), [05 068/277051061 (5,0 [06 07]e/2n061071
Zeska 3 0.1, 09612n01‘|041 (0.4, 0961271[041051
(4,0, 03, 05e12n031051 [01 03]e12n011031
Zese—s - 0.1,0.9] £2700.11,041] (0.4,0.9] @21041,0.61]
(35,0), [04 05e/2n041051 (52,0 [01 03]3/277011031
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Zerr g = ((33, ~0.32), ([0.17, 0.91]¢270-18:032] [0 45, 0.55]e"2”[°'46’°-56]>)

Zervra = ((34, 0.02), ([0.40, 0.93]¢2m041.0.54] 10 17, o.zs]eﬁ”[“l&“”]) );
Zevrs = ((33, —0.02), ([0.28, 0.92]¢"102%:0-39 10 41, 0.57]ei2”[0'42’0'58]>);
Zervra = ((34, 0.19), ([0.35, 0.9]¢™"10-351047] 10 16, 0.34] eiZ”[°-17v°~346])> :

Zewrs = ((34, —0.35), ([0.32, 0.91]¢1033:0.52] [0 21, 0.41]ei2"[0‘22’°'42])>;
and

Zerry = <(§2,0.1)’ ([0‘13,0‘9]ei27r[0.13170.291], [0.4670.56]ei27r[0.461,0.561]>);
Zowrs = ((34, —0.47), ([0.39,0.92]ei2”[0'391’0‘522] [0.231, 0.322] 27024033 ))
Zevr—s = ((53,—0.19), ([0.17,0.90]e"2"[°~1870-3” [0.52, 0.43]€2"1"- 521044]))

ZC]VT_4 — ((34, _03)7 ([0237 0.94]61'271[0.23170.441] [0 24 O 41 1271025 0342 ))
Zewr s = ((33, ~0.18), <[0.21,O.9O7]ei2”[0'21’0'48} [0.32,0.48]¢™"1" 330491))

The score value is diagnosed with the help of SF (for CIVQRO2-TLWA
operator), we have

Tse(Zervr—1) = 303756, L'se(Zervr—2) = So.6793 L'se(Zervr—3)
= 303774, ['se(Zcrvr—a) = 30.6794, Tse(Zervr—s) = 30,5947

And for the CIVQRO2-TLWG operator, we get:

Lse(Zervr—1) = So0.2916, L'se(Zervr—2) = So.5892, L'se(Zervr—3)
= 305184, I'se(Zcrvr—a) = 305182, Tse(Zervr—s) = 30.4349

Therefore, we can find the ranking lists for all alternatives, such that:

Zervr—4 = Zervr— 2 Zevr—s > Zervr—3 = Zavr—1

Zervr—2 = Zewvr—4 = Zevr—3 2 Zervr—s = Zevr—1
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Figure 1. Geometrical representation of the information of .Table 6

Obviously, Z¢ryr—; is the beneficial optimal for the CIVQRO2-TLWA opera-
tor while Z¢pyr—_4 for the CIVQRO2-TLWG method.

Comparative analysis

To evaluate the proficiency and capability of the invented works, we try
to compare the invented works with some prevailing works in the
presence of the data given in Table 3, Table 4, and Table 5. The CIVI2-
TLS, CIVP2-TLS, g-rung orthopair 2-tuple linguistic set (IVQRO2-TLS)
(Wang, Garg, and Li 2019) and their special cases are used to
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Figure 2. Geometrical representation of the information of .Table 7
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Figure 3. Geometrical representation of the information of .Table 6

calculated. Firstly, in the consideration of the data given in Table 3, the
comparison of the invented and prevailing theories is diagnosed in
Table 6.

Table 6 shows different ranking results different concepts used. The
best alternatives are different from each other, which are follow as:
Zcrvr—1, Zervr—2 and Zcpyr—s. We can draw the graphical expression,
which is utilized in the form of Figure 1, to express the family of
alternatives with five different colors. In Figure 1, the X-axis represents
the family of alternatives, and the Y-axis the score values. Thus, the
decision-maker can easily examine the best alternative with the help of
Figure 1. For simplicity, the different series have different values; thus,
we easily obtained the result that which one is the best alternative.

In the consideration of the data given in Table 4, the comparison of the
invented and prevailing theories is diagnosed in Table 7.

Table 7 also provides the different ranking results, which are in the form of
Zcrvr—2, Zervr—3 and Zepyr—a. For simplicity, we can draw the graphical expres-
sion of the information in Table 7, which is utilized in the form of Figure 2.

In the consideration of the data given in Table 5, the comparison of
the invented and prevailing theories are diagnosed in Table 8. Further,
we can draw the graphical expression of Table 8, shown in Figure 3.

From above comparative analysis, we can see that the investigated operators
based on CIVQRO2-TLS are extensively reliable and proficient to manage
awkward and difficult information in realistic issues. Therefore, the explored
approaches are more generalized than existing notions (Ali and Mahmood,
2020a; Akram and Naz 2019; Beg and Rashid 2016; Garg, Ali, and Mahmood
2020b; Herrera and Martinez 2001; Liu, Ali, and Mahmood 2019, 2020; Liu
and Chen 2018).



€2033471-1074 (&) S.ZENG ET AL.

Conclusion

The main contribution of this study is stated below: (1) We discussed the
conception of the CIVQRO2-TLS and some of their important laws; (2) In the
occurrence of the above theory, we discovered several aggregation methods for
CIVQRO2-TLS, including the CIVQRO2-TLWA, CIVQRO2-TLOWA,
CIVQRO2-TLHA, CIVQRO2-TLWG, CIVQRO2-TLOWG, and CIVQRO2-
TLHG operators, and diagnosed their fundamental properties; (3) We demon-
strated the beneficial features of the invented works, a MADM system is
diagnosed and checked with the help of several examples; (4) In last, we
elaborated on the advantages, comparative analysis, and graphical interpreta-
tion of the invented approaches.

There are also several limitations in the proposed methods. In many
scenarios, the invented theory can’t be working effectively, such as for the
situation w'a’ +9*gc +n*8¢ =1, the CIVQRO2-TLS cann’t handle such
information. Moreover, the calculation of aggregation process is also
cumbersome due to the complex data structure of CIVQRO2-TLS. In the
upcoming time, we expose several new theories like the TOPSIS method
for PFSs (Bakioglu and Atahan 2021), improved composite relation
(Ejegwa 2020), divergence mean (Verma 2020), MABAC method (Verma
2021), matrix game (Verma and Aggarwal 2021), decision-making strategy
(Ali, Mahmood, and Yang 2020; Aydemir and Giindiiz 2020; Jan et al.
2019; Mahmood et al. 2021; Ullah et al. 2020a, 2018; Verma and Merigé
2020, 2021; Zeng et al. 2020; 2022a; Zhang et al. 2012). Further, we will
also try to invent some new theories, methods, and operators under the
consideration of the above works are to enhance the quality of the diag-
nosed works.

Abbreviations

FS: Fuzzy set; IFS: Intuitionistic fuzzy set; PFS: Pythagorean fuzzy set;
QROFS: q-rung orthopair fuzzy set; CFS: Complex fuzzy set; CIFS:
Complex intuitionistic fuzzy set; CPFS: Complex Pythagorean fuzzy set;
CQROFS: Complex q-rung orthopair fuzzy set; IVFS: Interval-valued fuzzy
set; IVIFS: Interval-valued intuitionistic fuzzy set; IVPFS: Interval-valued
Pythagorean fuzzy set; IVQROEFS: Interval-valued q-rung orthopair fuzzy
set; CIVES: Complex interval-valued fuzzy set; CIVIFS: Complex interval-
valued intuitionistic fuzzy set; CIVPFS: Complex interval-valued Pythagorean
fuzzy set; CIVQROFS: Complex interval-valued q-rung orthopair fuzzy set;
CIVQRO2-TL: Complex interval-valued q-rung orthopair 2-tuple linguistic;
CIVQRO2-TLS: Complex interval-valued q-rung orthopair 2-tuple linguistic
set; CIVQRO2-TLWA: Complex interval-valued q-rung orthopair 2-tuple
linguistic weighted averaging; CIVQRO2-TLOWA: Complex interval-valued
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q-rung orthopair 2-tuple linguistic ordered weighted averaging; CIVQRO2-
TLHA: Complex interval-valued q-rung orthopair 2-tuple linguistic hybrid
averaging; CIVQRO2-TLWG: Complex interval-valued q-rung orthopair
2-tuple linguistic weighted geometric; CIVQRO2-TLOWG: Complex inter-
val-valued q-rung orthopair 2-tuple linguistic ordered weighted geometric;
CIVQRO2-TLHG: Complex interval-valued q-rung orthopair 2-tuple linguis-
tic hybrid geometricc MADM: Multi-attribute decision-making
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