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ABSTRACT In this paper, we give advanced study in complex g-rung orthopair 2-tuple linguistic variables
(CQRO2-TLVs). The major theme of the paper is to evaluate the novel concept of CQRO2-TLVs and
their dominant operational laws so that it can be a competent procedure to assess ambiguous and erratic
information in realistic decision problems. Furthermore, we derive the weighted Bonferroni aggregation
operators with weighted Bonferroni mean (WBM) and weighted geometric Bonferroni mean (WGBM)
based on the CQRO2-TLV information for exploring the complex g-rung orthopair 2-tuple linguistic WBM
(CQRO2-TLWBM) and complex g-rung orthopair 2-tuple linguistic WGBM (CQRO2-TLWGBM) opera-
tors. Some flexible and reliable properties and theories for the CQRO2-TLWBM and CQRO2-TLWGBM
operators are investigated. We then introduce two new techniques to manage the multi-attribute decision
making (MADM) issues under the fuzzy environment based on these operators. We know that a green
supply chain management integrates environmental, ethical, and social concerns that make more about
environmental and social responsibility correlated with design, production and distribution. In this paper,
we apply the proposed techniques to green supply chain management to express the efficacy and usefulness
of the proposed techniques. We finally make the comparisons of the proposed operators with some existing
operators that demonstrate the effectiveness of our proposed method.

INDEX TERMS Fuzzy sets, complex g-rung orthopair (CQRO) fuzzy sets, 2-tuple linguistic variables
(2-TLVs), CQRO 2-TLVs, weighted Bonferroni aggregation operators, weighted Bonferroni mean (WBM),
green supply chain.

I. INTRODUCTION

Multi-attribute decision making (MADM) is a procedure
for choosing the most ideal alternative among all accessible
choices. It is important in the decision sciences. For most
parts, choices and decisions in our day-by-day life issues
are very complicated and have a significant part as a result
in which we cannot generally have crisp data. To man-
age such issues, Zadeh [1] in 1965 first gave the idea of
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fuzzy sets (FSs) in which FSs had been applied in vari-
ous areas for handling uncertainty arising from vagueness
and partial belongingness [2], [3]. However, the theory of
FSs has only a belongingness grade. We notice that the
non-belongingness grade is also presented in many real-life
decisions because human beings have the freedom to take
their decision in any direction. For this, intuitionistic FSs
(IFSs) explored by Atanassov [4] are stretched out from FSs
with membership and non-membership values in which they
got various applications in the literature [5], [6], and [7].
Afterwards, Yager and Abbasov [8] proposed Pythagorean
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fuzzy sets (PFSs), an extended version of IFSs, as a com-
pelling device for delineating the vulnerability of MADM
issues. The PFSs are additionally described by the member-
ship and non-membership degrees with a condition that the
sum of the squares of both is not exceeded from a unit interval.
PFSs are broader than IFSs in which they can take care of
issues that IFSs cannot. For example, if a decision-making
problem gives the membership and non-membership degrees
as 0.7 and 0.6, respectively, at that point it is just substantial
for PFSs. After the PFS was effectively introduced, numerous
researchers started to consider it broadly and profoundly
[91, [10].

Additionally, Yager [11] extended PFSs to be g-rung
orthopair fuzzy sets (QROFSs) with a modified condi-
tion where the sum of g-powers of the membership and
non-membership degrees is not exceeded from a unit interval.
The QROFS is additionally described by the participation
degree and the non-membership degree, whose aggregate of
g-powers is not exactly or equivalent to 1. The QROFS is
broader than PFSs and IFSs in which both IFSs and PFSs are
special cases of QROFSs. The QROFS can take care of issues
that the PFS and IFS cannot, for instance, if a DM problem
gives the enrollment degree and the non-enrollment degree
as 0.9 and 0.8, respectively, at that point it is just substantial
for the QROFS. After the QROFS was effectively introduced,
it got many advance studies [12], [13], [14]. Moreover, in our
day-to-day life, vulnerability and ambiguity that are available
in the information happen simultaneously with changes to the
stage (periodicity) of the information. Along these lines, the
current speculations are inadequate to think about this data,
and thus, there is a data misfortune during the procedure.
Thus, we may ask what will happen if we change the range
of FSs into a unit disc in the complex plane. For coping
with more adequate vulnerability and ambiguity information
in our day-to-day life, Ramot et al. [15] proposed complex
FSs (CFSs) which contain the complex-valued membership
degrees in the form of complex numbers in a unit disc with
the condition that the real part (also for imaginary part)
of the membership degrees is between 0 and 1. As CFSs
only consider the membership degree in the form of polar
co-ordinates, Alkouri and Salleh [16] extended CFSs to
complex IFSs (CIFSs) that contains the membership and
non-membership degrees in the form of complex number in
a unit disc with the condition that the sum of real part (also
for imaginary part) of the membership and non-membership
degrees is not exceeded from a unit interval. Additionally,
Ullah et al. [17] and Akram and Naz [ 18] modified the CIFSs
to explore the complex PFSs (CPFSs) with the condition of
the sum of squares of real parts (also for imaginary parts) of
the membership and non-membership degrees not exceeded
a unit interval with applications in pattern recognition and
decision making.

Afterwards, Liu et al. [19] proposed complex QROFSs
(CQROFSs) and showed them as a compelling device
for delineating the vulnerability of MADM issues. The
CQROFS is additionally described by the membership and
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non-membership degrees, whose aggregate of q-powers of
the real part (also for imaginary part) is not exactly or equiv-
alent to 1. CQROFSs are broader than CIFSs and CPFSs.
Now and again, CQROFSs can take care of issues that the
CPFS and IFS cannot, for instance, if a DM problem gives
the enrollment degree and the non- enrollment degree as
0.9¢2709) and 0.8¢27 O3 respectively, at that point it is
just substantial for CQROFSs. Thus, CQROFSs demonstrate
that they are more impressive for dealing with unsure issues.
After the CQROFS was effectively introduced, numerous
researchers started to consider it broadly and profoundly [20],
[21]. In general, a linguistic variable is a variable whose qual-
ities are words or sentences in the fake language. Zadeh [22]
used linguistic variables in approximate reasoning. Different
analysts had also investigated the philosophy of linguistic
MADM issues [23], [24]. In some handy issues, the single
linguistic term set cannot include those cases, which contains
two terms like truth and lie grades. For managing such sorts of
issues, Herrera and Martinez [25] established the 2-tuple lin-
guistic computational model, and Herrera and Martinez [26]
established the fuzzy 2-tuple linguistic representation model.
Further, the intuitionistic fuzzy 2-tuple linguistic terms set
was explored by Liu and Chen [27]. The Pythagorean fuzzy
2-tuple linguistic aggregation operators were explored by
Wei et al. [28], and Ju et al. [29] considered 2-tuple linguistic
variables based on QROFSs.

Addressing or collecting the information into a singleton
set is a very complicated and challenging task for scholars
in which the Bonferroni mean (BM) operator, investigated by
Bonferroni [30], is very flexible and dominant for aggregating
the collection of data. The BM operator became to be a com-
pelling strategy to assess impeccably the interrelationship
among the qualities. The BM operator had resuscitated broad
consideration from specialists and different researchers that
was also effectively used in various fields [31], [32], [33].
On the other hand, global warming and climate change had
heavily affected environment and human life on the earth.
Environmental issues have been increasing. To integrate envi-
ronmental concerns into green supply chain management
(GSCM) becomes more important. Ashley [34] considered
the issue about designing for the environment. Jelinski et al.
[35] gave the concepts and approaches in industrial ecology.
Sarkis [36] considered a decision framework for GSCM.
Srivastava [37] gave a state-of-the-art literature review
for GSCM. More researchers made researches on GSCM
broadly [38], [39]. Furthermore, there were some fuzzy tech-
niques been applied in GSCM in the literature [40], [41],
[42], and [43].

We observe that there is less study in the idea of 2-tuple
linguistic variables based on CQROFSs and no any appli-
cation of CQROFSs in GSCM in the literature. Keeping
the advantages of the CQROFSs and 2-tuple linguistic vari-
ables, we make the advanced study in complex g-rung
orthopair 2-tuple linguistic variables (CQRO2-TLVs). In this
paper, we first give the novel concept of CQRO2-TLVs
and their dominant operational laws, then develop the
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weighted Bonferroni aggregation operators (WBAOs) with
CQRO2-TLVs, such as complex g-rung orthopair 2-tuple
linguistic (CQRO2-TL) weighted Bonferroni mean (CQRO2-
TLWBM) and CQRO2-TL weighted geometric Bonferroni
mean (CQRO2-TLWGBM). We also apply these operators in
GSCM and make the comparisons of the proposed operators
with some existing operators. The main contributions of the
paper are listed as follows:

1) To evaluate the novel concept of CQRO2-TLVs and
their dominant operational laws.

2) To derive the WBM and WGBM operators based
on CQRO2-TLVs, such as CQRO2-TLWBM and
CQRO2-TLWGBM operators. Some flexible and reli-
able properties for both operators are also derived.

3) Based onthe CQRO2TLWBM and CQRO2TLWGBM
operators, we give two new techniques to manage the
multi-attribute decision making (MADM) issues.

4) Since a green supply chain management (GSCM) is
important in environment and human life, we apply the
proposed techniques to GSCM to express the efficacy
and usefulness of the proposed techniques.

5) The comparative analysis between the proposed and
existing methods is made to demonstrate the effective-
ness of the proposed method.

The rest of this article is organized as follows. In Section II,
basic notions of CQROFSs, 2-TLVs and their WBM, WGBM
operators are briefly reviewed. In Section III, we evalu-
ate the novel concept of CQRO2-TLVs and their dominant
operational laws. To examine the interrelationships among
CQRO2-TLVs, the WBM and WGBM operators combined
with CQRO2-TLVs are then proposed for exploring the
CQRO2-TLWBM and CQRO2-TLWGBM operators. Fur-
thermore, we also study their properties with more theorems.
In Section IV, we introduce two new techniques to manage
the MADM issues under the fuzzy environment and then
apply it to GSCM to demonstrate the efficacy and useful-
ness of the proposed techniques. We also make comparative
analysis on the proposed and existing operators to show the
effectiveness of our proposed operators. Finally, we give
conclusions in Section V.

Il. PRELIMINARIES
Basic notions of CQROFSs, 2-TLVs and their WBM, WGBM

operators are briefly reviewed in this section. Throughout,
the symbols Xyy, MQCQRP’ MQCQIP’ N Qcorp and N, Qcoip
denote the universal set, real part and imaginary part of
the complex-valued supporting grade, real part and imagi-
nary part of the complex-valued supporting against grade,
respectively.

Definition I (Liu et al. [19]): A CQROFS is an object of
the following form:

Qco = {(F (Mg, @), Nog, @)t ¥eXun} (1)

where MQCQ x) = MQCQRP x) eizn (MQCQIP(;C)) and
N, Qcp ¥) = N, Qcorr %) eizn (NQCQ”’ (})) denote the complex
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grade of supporting and the complex grade of support-

ing against with the conditions: 0 < MqQSgQRP +
qsc gsc qsc
Qcorp = lad 0 =< MQCQIP + NQCQIP = L

Additionally, the complex grade of refusal is stated by:

Reor (F) = Reorrp (%) e27 (Reorr@®) = (1/ - (M(SEQRP
1 . asc sC sc
NSCCQRP) Jase e’z”( ~(MEE N EEn)) .The com-

plex g-rung orthopair fuzzy number (CQROFN) is stated by

Qco = | M QCQRPeizn (M QCQIP) N Qcorp & <NQCQ1P )

Definition 2 (Liu et al. [19]): For any two CQROFNs

Qco-1
2| Mo yp 21 (NQppyp_
= (MQCQRP—le ( corr ])’NQCQRP—le ( cerr 1))

Qco-2
21 (Mopp 21 (Nacop_
= (MQCQRPZe ( cor 2)’-/\/ Qcorr—2€ ( corr 2>)

with osc, osc > 1, the followings are defined:

I Qco-19Qco—2 |

(MqQSEQRP—l + Mgggkpfz - MggQRP 1 qQSgQRP 2) qslc
- eih (MqQSgQu’ 1+MqQSgQ1P—2 7M(]QS€‘QIP 1 qQSng 2)W
Nocorp1Ncorp_a¢ [ZH(NQCQIP 1 Nocor- )
2. Qrp-192c0o-2
MQCQRP—lMQCQRP—z"izn(MQCQIP 1Mecar-2 1)
N (NqQScCQRP 7t qQScCQRP—z _NgCCQRP—INgCCQRP—2)§X ;
lh (NQSCCQIP 1+NqQScCQ1P—2 _NqQScCQIP—quQSgQIP—z e

3. escQco-1 =

1
(1= (- 28 ) ™)™
QCORP-1
1
asc "SC)qsc ( osc )
X,_,'zn( ( “M3cor- 1) wese [ Wocgp )|
QCQRP-1 '

osc
4 Qg

esc e (MQQSngP I)
QCORP-1
L 27 qsc osc qasc
(l (1 NSEQRP 1)QSC)‘1SC 2( ( NQCQ’P 1) )
Definition 3 (Liu et al. [19]): For any CQROFN
Qco-1
27 Mocgip- 27 (Nogpp.
B (MQCQRPle ( corr l)’NQCQRP—le ( o l)) )

the score function and accuracy function are defined
as:

Ssr (Qco-1)
1
_ ! qgsc _ardsc qsc _ardsc
2 ( Qcorr-1 NQCQRP—I + MQCQIP—I NQCQIP—I)
(2)
139559
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Har (Qco-1)
1
_ 2 qsc qsc gsc qsc
) (MQCQRP—l +NQCQRP—1 + MQCQIP—] +NQCQ1P—|)
3)

where Sgp (QCQ_l) €[—1, 1] and Har (QCQ_1) €[0, 1]. For
examining the relationships between any two CQROFNs

Qco-1
27 (Mo ppp_ 21 (NQpoyp_
- (MQCQRP—le ( cerr I)’N Qcorr-1€ ( “r ]))

and
Qco-2
_ ( '™ QCQRP—2ei2n (m chlpfz) ’ NQCQRP-zeizn (NQCQIPZ)) ’
the following properties are followed:
L I Sgr (Qcg-1) = Ssr (Qco—2) = Qco-1 = Qcp—2:

2. If Sgr (Qeo-1) = Ssr (Qco-2) =
1) IfHar (QCQ—I) > Har (QCQ_Z) = Qcp-1 = Qco-25

2) fHar (Qco—1) = Har (Qco—2) = Qco-1 = Lco-2.
Definition 4 (Herrera and Martinez [25]): For a linguis-
tictermset Sy = {SSLT—O’ SSLT—12 SSpr_0s SSpp_35 +++ SSLT—Zg}
with Bsce€ [0, 1], the 2-tuple linguistic function Azr is an
object of the following form:

1 1
Arr [0, 1 S -, —
rr 2 [0, 1] — LTX|: 22 Zg]
Arr (Bsc) = (SSLH, asc) @
SSLT,J‘ .] = round (ﬂSC9 g)
with j 11 (5)
asc =Bsc —= asc€|—z,—
g 2g 2g

The 2-tuple linguistic inverse function AZTI is an object of the
following form:
A S L] [0, 1] (6)
: X |——,=—1 — [0,
LT LT 2g Zg

_ j
A (Ssyr. esc) = g Tasc=psc O

Definition 5: For any positive numbers Q;,j=1, 2, 3,.., m,
the weighted Bonferroni mean (WBM) operator is an object
of the following form:

WBMSc2:'c¢ (9}, Q,, .., Om)
1
m SCQ+|'CQ
_ (Zj ' ow—jow— Q) Q;CQ) ®)

where oy = (ow—1,0w-2,..., a)W_m)T denotes the
weight vector with the condition >, ow—_; = 1.

Definition 6: For any positive numbers Q;,j=1, 2, 3,..,m,
the weighted geometric BM (WGBM) operator is an object
of the following form:

WGBM*c2'¢ (Qy, Qs, .., Om)
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l m w jQw

- ) S Q +t Q W —jOW —k 9

Sco +tCQHJsk:1 ( coxi e k) ©)

where oy = (ow-1,0W-2,..., ww,m)T denotes the
weight vector with the condition ijz yow—j =1

Ill. THE PROPOSED CQRO2-TLV WITH CQRO2-TLWBM

AND CQRO2-TLWGBM OPERATORS
In this section, we first propose the novel approach of

CQRO2-TLV. We give the definitions of CQRO2-TLV with
their operational laws, score function, accuracy function,
and also examine the relationships among CQRO2-TLVs.
We consider the weighted Bonferroni mean (WBM) and
weighted geometric Bonferroni mean (WGBM) operators,
and then propose the complex g-rung orthopair 2-tuple
linguistic WBM (CQRO2-TLWBM) and complex g-rung
orthopair 2-tuple linguistic WGBM (CQRO2-TLWGBM)
operators.

A. COMPLEX Q-RUNG ORTHOPAIR 2-TUPLE LINGUISTIC
VARIABLES (CQRO2-TLV)

Definition 7: A CQRO2-TLV is defined as an object of the
following form:

QcortL
= {((SSLT()?)’ OlSC) ) (MQCQTL (x) ’NQCQTL (i))) : ;CEXUN[}
(10

where Moy, My, €27 M and N, Qcorr. =

NQRPTLe’Q”N Qrpre, with the conditions: 0‘ < M”QSZPTL *x) +
(X)) <1, 0 < MB (%) +NES (%) < 1 where
QIpPTL QrpTL

»
the pair (s, %), @sc) is called 2-tulpe linguistic variable with

1

asce —ﬁ,ﬁ and sg,,(z) €SLT. Moreover,

CQCQTL (*)
_ i2 _ q ~
= {Qppr € T = (1 a (M QSEPTL &)
1
. q ~ -\ 7sc
e ~ é 1271(1— (M QSICIV’TL (x)+NéS[iTL (x)) asc )
+ Orpr1L (x)) ¢

is called refusal grade, and the complex g-rung orthopair
2-tuple linguistic number (CQRO2-TLN) is represented by

QcorL

= ((SSLT’ O‘SC) ) (MQCQTL’ NQCQTL))

= ((YSLT’ osc ) ’ (M QrerL Mo N, QOrprL eianQ'PTL)) :
Definition 8: For any two CQRO2-TLVs

i2n M
Qcorr—1 = ((SSLT—I ’ OlSC—l) ) (M OrprL-1¢ QwrrL-1,

X NQRPTL—I elanQIPTLfl ))
and
i2r M
QcorL—2 = ((SSLT_2, asc—2), (MQRPTL,ZE QupTL-2,

i2.
X NQRPTL—2el 7TN’Q[PTL_z)) )
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the following operators are defined:
L. Qcor-1®cor LeorL—2
Az (A (ssiprase-1) + A (SSLIfZ’aSC*Z))'

wco
o (M T MO

aco  _\ 7g
e i
— ML + MY —\ " ( M ML )
- ( Oy F MG . Qs M Qs :
M

4cg

Qreri1 " Qrera

27 (N N,
(NQKF/H NQMH) e ( Qiprii Q/»u,f:)
2. QcorL-1®corL Lcorr—2

Arr (Afr' (55171~ ersc—1) X A7 (ss7- %f—z))-

(M Ot M Qs ) F'ZH(M Q™M Qmuz),

)
e price 7) g

. » - ( Oy Y NG,

(Nj\gﬂg *j’\\[f(gm,z *) o\ NG NG
Qren1 ™ Qreriz

3 Qn

Ay (A (s ase-1)™)

s
2r MG
& ' Q,
M e it
= Qreri-i ) ;
)X.\‘(‘ ) ace

1 AN
11— (1 _ N )‘X“ aco e‘h(l (I Nanq
Qrrri1
4. 8sc Qcor-1

Arr (!kc X Ar} (s \vO’S(‘fl))-
|
» sc | 7o
N Y VT
)D,\c)«(u E”(‘ (' MQWM) ) ) .

(- e
(‘ (1-ME,,.,

ssc
: i2x N8
dsc Qurn-t

e
Qi

Definition 9: For any two CQRO2-TLVs

2 M
QcorL—-1 = ((SSLT_pO!SC—l) , (MQRPTL,IE QUPTL-1

i2
X NQRPTL—lel nNQIPTL_]))

and

2 M
QcorL—2 = ((SSLT_z, asc-2), (MQRPTL_ze QuprL-2,

27 NGy
X NQRPTL 2€ IPTL 2)) )

the score and accuracy functions are defined as (11), shown
at the bottom of the next page.

H (Qcorr—1) = Az} (ssip 1> @sc—1) x (quc

QRPTL-1
gqsc qsc qsc
+M QL1 + NQRPTL—I + NQIPTL—I)
(12)

Based on the above two notions, the compassion between
two CQROF2-TLNs is given by:

1. If $(Qcori—1) > S(Qcorr—2), then Qcorr—1 >
QcorL-2;

2. If S (Qcorr—1) = $ (Qcorr—2), then:

D If H(QCQTLA) > I\:I(QCQTL72), then
Qcorr—1 > QcorL-2;

2) If H(Qcorz—1) =
Qcorr-1 = QcorL-2.
Example 1: For any two CQROF2-TLNs

H (Qcorr—2), then

QcorL—1 = ((sSLH, 0.01), (o.se"2”<°-8>, 0.6e"2”<°-6)))
and

Qcorr_n = ((sSLH, ~0.02), (0.9ei2”<°~9>, o.4e"2”<°~4>))
for gsc = 8sc = 2.
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Then

L. Qcor-1®cor LeorL—2
Aur (Mg (ssir 001) + Az (35,7 ~002))

= (08> +09° - 08 x09?) 3 e.z::(r)x3+r)994»32xmﬂﬁ .
(0.6 x 0.4) erZ,'r(Uﬁx() 4)
aur (3 +0.01) + (4 —002)), Arr(1.49), (s527_0+0.49) ,

= (0.9652)¢27(09652) | = | {(0.9652)e2709652) \ | = | ((0.9652)e270962) \ | .
(0.24)¢27 024 (0.24)¢27(0:24) (0.24)¢27(0:24)

2. Qcor—1®cor. LcorL—2
Aur (Mg (552 001) x A (3554 —0.02)), A (3 +001) x (4 -002)),

= (0.8 x 0.9) ¢27(08x0.9) = (07202707
(0‘63 4042 -0.6% x 0‘42) 1 £27(0.6240.42-062 xo.AIﬁ (0.68)¢i27(068)
Arr(0.4998), (s5y7_3+ 0.1665) ,

=1 (0722707 \ | = | ((0.9652)27©9652 \ | .

(0.68)e27(068) (0.24)e27(024)

2
3. Qeon

Aur (A (ssir . 001)°). Aur (051?).,
= 0822708 _ 0.64¢727064
I 262) 3
(1= (1-0gy) e (-tmoe)® ((1 (1 -0367)} erriu-00n) )

Arr(0.2601), (8527 0.0101)
= 0.64¢27064, = 0646127064 )
0.7684(«"2”” 7684 0.76846"2’1" 7684

4. 2x Qcori—1

aur (25 (572,000 . Aur @x051).
s
= (1 “(i-0 82)2)4 a(1i-0-089) | = | (1= (1 0.642) 7 e2rl-0 064?) %
0.6 ¢i270- 6 0.62¢i270. 6

Arr(1.02), (55274, 0.02),
= | (0.9330¢2709330 \ | = | (0.9330¢7709330 \ | .
(o) - [y
Furthermore, we examine the interrelationship between two
CQRO2-TLVs with the help of score functions with

S (Qcorr-1)
AL} (ss75,0.01) x (1+0.82+0.8% — 0.6 — 0.6)
N 4
_ 05D x(1.50) _ oo
4
and
S (Qcorr—2)
AL (sspgr —0.02) x (1+0.92+0.9% - 0.42 — 0.4?)
B 4
_ 09 x @3 5635
4
Thus, we have $(Qcorz—2) >  $(Qcorr—1). If
S(Qcor-2) = $(Qcorr—1), then we use the accu-

racy function which will be discussed next in Eq. (15) of
Theorem 2.

B. THE CQRO2-TLWBM AND CQRO2-TLWGBM
OPERATORS
We present the novel approach of the CQRO2-TLWBM and
CQRO2-TLWGBM operators with their properties and theo-
rems.

Definition 10: For any family of CQRO2-TLVs with

i2r M )
Qcor—j = ((SSLT—j’ O‘SC*j) ’ (MQRPTL—je L,

« NQRPTLijeiZn'J\/’Q[PTij)) ,j=1,2,3...m,

the CQRO2-TLWBM operator is defined as the following
form:

CQRO2—TLWBM*®'C (Qcori1, Qcoria. - Qcorr—m)
= (@CQTLZLkzl (wW—ij—k (QSCCQQTL,J-
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1
®corL QtCCSTL,k) )) "cgtico (13)

where oy = (ow-1,0W-2,..., a)W,m)T denotes the
weight vector with the condition ijzl ww-j = L.
Theorem 1: For any family of CQRO2-TLVs with

2 M .
QcorL-j = ((SSLH’ asc—j) , (M Qpprj€ L,

X NQRPTL—_/eizﬂNQIPTL_j)) ,J=1,2,3,..,m,

by using Definition 8 we can obtain the following aggregated
value (14), as shown at the bottom of the next page.
Proof: We prove Eq. (14) with as shown in the equation
at the bottom of the next page.
Then

S, 15
QCSéTL—j@CQTL chén—k

Arr (AZTI (s527+ @sc—j)"™ App (57— OlSC—k)ISC) ’

. Yol ISC
2r M M
Mse Misc QiprL—i” " QIPTL—k
OrprL—j”  QRPTL—k 1 ’

= co SSC qco tsc\ aco
( - (l - QRPTL—j) (1 - QRPTL—k) ) x

1
27 (1-(1-A2C2 SSC(FN"CQ )’SC co
e QIPTL—k

QIPTL—j

further, as shown in the equation at the bottom of page 8.
Thus, Eq. (14) is proved. |
Additionally, we can prove the properties of Idempotency,

Monotonicity, and Boundedness.

Theorem 2: For any family of CQRO2-TLVs

2r Mg .
Qcorr-j = ((SSLT—/" asc—j) , (M Oppri_i€ PTL,

X NQRPTL_/eiZNNQ’PTL*j)) ,j=1,2,3,..,m,

if Qcorr = QcorL—j, we have

CQRO2 — TLWBM*®'C (Qcori 1, Qcorr2: --» QCOTL—m)
= QcorL (15)
Proof: We prove Eq. (15) by

CQRO2 — TLWBM*°%"' (Qcori 1, Qcoria, --» QoL —m)

1
t scotico
- (GBCQTL;',lk:l ("W*J'“’W*k (QSCCQQTL®CQTL QCCSTL))) e

1
scottc
= QcorL (GBCQTL;’kzlwW—ij—k) 2T = Qcorr.

]
Theorem 3: For any two families of CQRO2-TLVs

2 M )
Qcorr-j = ((Ssm,-, asc—j) (M Quprr_j€ T,

27N Qpry _i
xN. Orprr—j€ /

and

2r M )
QcorL—+ = ((SSLT_*_,-, aSC—4j) - (M Qkprt i€ QUPTL—4j

if Qcorr—j < Qcorr—«j» then we have
CQRO2—TLWBM*'C (Qcor—1, Qcori—2, --» QcorL—m)
< CQRO2 — TLWBM?®¢@:'co
x (QcorL—x1» QCOTL—+25 --» QCOTL—%m) (16)
Proof: By hypothesis, it is given that
Qcorr—j < QcorL—v = (8s;7_;» @sc—))
< (S8u7_sg @5C—4j) - MOy < Mppmy;-
Myprj < Mupr_j» Nogpr—y < Nogpr—j»
Nown; < Nown_;
Then

m » sco
Arr Z W —jOW —k (ALT (SSLT,,-, Otsc-j))
J.k=1

1
_ tcQ \ scottco
1
X (ALT (SSLT,A» aSC—k)) )
m

~1 Sco
<Arr Z W — 3 OW —xk (ALT (SSLT,*J-, OlSC—*j))
Jj.k=1

1
tco scoTtco
—1
X (ALT (SSLT,*ka aSC—*k)) )

Further, we check it for the real part of supporting grade,
such that as shown in the equation at the bottom of page 9.

Similarly, we can find the imaginary part of supporting
grade with

1
sCQ 'HCQ

1
1— asc
m 1 OW—jOW -k
H qscssc qscisc
k=1 (M Q1PTL—/M Q[PTL—k)
1 .
J S sco+t,
1— e | Scetice

m W —jOW —k
=[{ T1 )
- qscssc qsctsc

k=1 MQIPTL—*_/MQIPTL—*I(

Similarly, we can find the real and imaginary part of support-
ing against grade with as shown in the equation at the bottom
of page 9. From the above analysis, we get the result that

CORO2 —TLWBMSce-tce (QCQTL—l, QeorL—2, - QCQTL—m)
< CQRO2 — TLWBM Sce-tco

AZTI (SSLT—I’ aSC—l) X (1 + MU 4+ Ms¢ qsc qsc )

QRPTL-1

QL1 QRPTL-1 QprL-1

S (Qcorz-1) =
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x (QcorL—+1, QCoTL—42+ s QCOTL—+m) and
] QEQTL
Theorem 4. For any family of CQRO2-TLVs in Moy, le"2” mjinMQlPTL—j’
2w M . S J o
QcorL-j = <(SSLT—_I" asc *J') ’ (MQRPTL—jel T, B mjm (SSLT_'/ ’ OlSC—) ’ 2 e *Naypr

m}fﬂlx N, Qrprr—i€

2NG oy .
X NQRPTL—je P 1)) s J=1,2,3,...m, then we have that

if Qcorr, =CQRO2 — TLWBM scetee (Qeor, Qeorr—2, -
+
Q_gQTL QCQTLfm) < QCQTL (17)
P max Mo Proof: By using Theorems 2 and 3, we have
; IPTL—j
: ) mjaXMQRPTL_je J ! CQRO?2 — TLWBM$c¢:tce (QgQTL, QlorLs -+ Q§QTL)
= |max {Ss;r_;, ASC—j)> 27 min Ng . _ Ot
j minNogn ¢ = Qon
j .

CQRO2 — TLWBM*®'C (Qcorr—1, Qcorr—2, --» QCOTL—m)
1

_ Nev) _ tco scottco
m 1 1
ALT(Zj,k=1 ow—jow— (AL (55 asc—)) (AL (sirs asc—)) ) ;
1
1_ !ISIC SCQ+lCQ
1 OW —jOW —k
m — X
Hj,kzl qscssc qscitsc
(M QRPTL—_,‘M QRPTL—k
1
1 ﬁ scotico
oW —jOW —k
2 l_[m 1—
j,k=1 qscssc qscisc
M QIPTL—jM QIPTL—k
e
= - (14)
. 1
1- scoticg \ ¢
1— W —jOW —k
ssc t X
H}ﬂk—l 1- ( 1- )SC
R qsc qsc
NQRPTL—j NQRPTL—I(
1
. 1
1_ SCQ+1CQ asc
1— W —jOW —k
i2 ssc g
- [Tjk=1 1- ( 1- )tbc
T qsc qsc
. NQ/PTH NQIPTL—I(
—1 ssc
Arr (ALT (SSLH, asc—j) ) ,
A 27 MSC
Ssc ! QIpTL—j
SSC _ M e N
Qcor—j = Ore1L—j en A
i _(1_price ic
- (1— co 5SC\ 7e0 ez2n(1 (1 jvéuﬂn_j) )
ORPTL—j
-1 tsc
ALt (ALT (SSLT,,(, OlSC—k) ) ,
. 1
4 Mtsc elanéfPTL—k
Q¢ = QRPTL—K ’
OTL—k . 1
1 (1 co sc\ 4cQ
L —(1— co Isc \ 4co 61271(1 (1 QlPTL—k) )
QRPTL—k
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S t
DCOTL] || (CUW—j(l)W—k (Q;CQ®CQTL QkCQ))

m
- sco () fco
Z W —j@OW —k (ALT (SSLT_,, OlSij)) Ay (SSp_is @sc—k) )
j.k=1
e
1— asc
m oW —jow—k
M (e e X
SCSSC sctsc
k=1 QRPTL ,MQRPTL k
f
- asc
1— oW —joW—k
qscésc qsctsc
— QIPTL /MQIPTL—k)
' 1
1— asc
1— OW—jOW -k
" ASC tsc X
H ( 1~ )
t]sc qsc
k=1 QRPTL - NQRPTL—k
1
1— asc
1— OW—jOW —k
27 H ssc l— tsc
flsc qsc )
e Jik=1 QIPTL - (NQIPTL—k
)t
CQRO2 — TLWBM*¢%"'¢ (Qcorr—1, Qcori—2, --» QCOTL—m)

1

S 1, Py
= (@CQTL.T/(ZI ((UW_ja)W—k (QCCQQTL_J-(X)CQTL QCCSTL_k))) co+ico

m s p scotico
- ol co
Arr E W —jOW —k (ALT (SSLT_j,Olscfj)) (ALT (SSLT_k,OlSC#c))
Ji.k=1
1 1
I S scott
1— asc coTico
m 1— OW —jOW —k
H : *
S,
M‘ISC SC M‘[SC Nel
_ OrprL—j” " QRPTL—k
L\ scoticg
—_— S,
1— ac | el
m 1— OW —jOW —k
s ‘
H MAsCIsC p qascisc
— Z1 Qrprr—i” " QipTL—k
9
1
1_ SCQ+1CQ
1— oW _jow—k N
SSC 1 tsc X 4sc
%c ( qsc )
ik 1 QRPTL - NQRPTL k
1
. 1
1_ SCQ-HCQ asc
1— oW _jow_k
m
i2m H Ss¢ 1 tsc
Y ()
Jik=1 ( QIPTL /) NQIPTL—k

e
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and < CQR02 TLWBMSCQ teo (QCQTL’ QCQTL’ .y QéQTL)
CQORO2 — TLWBMSce-tce (QEQTL, QEQTL, s QEQTL) = QCQTL
=0 Hence
= ¥corL-

Qcor, = CORO2 — TLWBM S0t (Qeorr—1, Qeorr—2-

Then
- Qcorr—m) < Qéor
QcorL u
, - - - Definition 11: For any family of CQRO2-TLVs
= CQRO2 — TLWBM*®'® (Qz 1. Qop- -+ Qcgn.) 4 v iamiy e
IPTL—j

< CQRO2 — TLWBM*“®'¢ (Qcqrr—1. QeorL—2. - Ceor—j = ((SS”’J" asc) (MQR”TL—fe

QcorL-m)

X NQRPTL_jeQnNQ’PTL—j)) ,ji=1,23,..,m

m 1 OW—jOW —k
SCSSC sctsc SCSSC sctsc -
M MY < M? M - H (M‘ISCSSC Mascisc )
k=1

Orrri—j”  QRPTL—k — ORPTL—%j" ~ QRPTL—sk
OrpTL—j” " QRPTL—k

m 1— W —jOW —k
> qscssc qsctsc
i RPTL—+j RPTL— sk
k=t \7 € Q
1 1
1\ Scott
1— asc coTice
m oW —jow—k
H qscssc qscisc
k=1 MQRPTL /MQRPTL k
1 1
I sco+t
1— asc cerico
m W —jOW—k
=\ 1 N
- qscssc qscitsc
k=1 M QRPTL—*jM ORPTL—sk
| 1
l_ SCQ+1CQ asc
1— oW —jow—k
m
. qsc ( qsc )
Jik=1 NQRPTL - NQRPTL—k
L 1
1— cotico | €
1— WW —jOW —k
Z ﬁ[ .
qsc ( qsc
Jok=1 (NQRPTL *j) QRPTL *k
1 1
ch+lcg asc
1_ oW —joW—k
m
——N H SSC
=1 qsc QSC
Jik= QIPTL - Q1PTL k
1
1— sCQ-HCQ SC

1— OW —jOW—k
m
= 1
i qsc ( qsc
Jik= QIPTL - QIPTL *k
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the CQRO2-TLWGBM operator is defined as the following
form:
CQRO2 — TLWGBM*c@''ce

x (Qcorr—1, Qcorr—2, -, QcorL—m)
1
=—|® "1 (scoQ _j
sco + 1o ( COTLj j—1 (scoQcorL—j
®corrtcoQcorr—k)) " 7 (18)
where oy = (ow—-1,0OW-2,..., ww,m)T denotes the
weight vector with the condition >\ ww_; = 1.
Theorem 5: For any family of CQRO2-TLV

2r M .
QcorL—j = ((SSLT—j’ aSC*j) J (M OrprL—j€ L,

« NQRPTLijeiZJTNQIPTij)) J=1,2,3,.,m,
the aggregated values by using Definition 8 are as follows
(19), shown at the bottom of the next page.

Proof: Proof of this theorem is similar to the proof of

Theorem 1. u
Theorem 6: For any family of CQRO2-TLVs

2 M .
Qcorr-j = ((SSLH’ asc—j) , (M Qpprj€ L,

X N €7 sz—.,-)) L j=1,2,3,..m,

if Qcorr = Qcori—j, then
CORO2 — TLWGBM®c0-\co
x (Qcorr-1. Qcorr-2 --» Qcorr—m) = Qcorr  (20)

Proof: Proof of this theorem is similar to the proof of
Theorem 2. u
Theorem 7: For any two families of CQRO2-TLVs

2 M )
QCQTL—/ = ((SSLT—j’ aSC—/) ) (M OrprL—i€ QUPTL

2n N QIPTL—j
x N OrprL—j€ !

and

2r M .
QeorL—+ = ((SSLT—*_J" O‘SC**J') ’ (M OrprL %€ QAPTL—j,

XNQRPTL—*jeianQIPTLi*j)) ,Ji=12,3,.,m,

if Qcorr—j < QcorL—»j, then we have
CQRO2 — TLWGBM*¢¢"'c¢

x (Qcorr—1, Qcorr—2, --» QcorL—m)
< CORO2 — TLWGBM*?"'C (Qcor—x1, QcorL—+2-

wer QCOTL—%m) 1)
Proof: Proof of this theorem is similar to the proof of
Theorem 3. ]

Theorem 8: For any family of CQRO2-TLVs

i2r M X
QcorL—j = ((ssLT,j, asc—j) . (MQRPTHe QupTL—j

xNQRPTL_ieianQIPTL*j)) ,i=1,23,..,m,
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if
+
QcorL
i2m max Mg pyy
. -
max M Orprr—j€ ! ’
= |max (SSLT—j’ O‘SC—) s . i2m m.inNQIPTL—i
J mjm N QrprL-j€ .
and
QoL

. 27 m-inMQIPTL—j
j
min M OrprL-j€ J

= H‘lle (SSLTfj’ aSC_) ’ i2n m?XNQIPTL—j
mjjclx NQRPTHe i

then we have

Qcor, = CORO2 — TLWGBM scetce (Qeorr—1, Qeorr—2,
) QCQTLfm) = QéQTL (22)

Proof: Proof of this theorem is similar to the proof of
Theorem 4

IV. APPLICATION TO GREEN SUPPLY CHAIN
MANAGEMENT WITH COMPARATIVE ANALYSIS

In this section, we first construct the MADM tech-
nique by using the proposed CQRO2-TLWBM and
CQRO2-TLWGBM operators, and then apply then to
green supply chain management (GSCM) with com-
parative analysis. By using the explored operators of
CQRO2-TLWBM and CQRO2-TLWGBM, we can con-
struct the MADM technique to resolve problems for
estimating ambiguous and impulsive information of real-
istic decision theory. To resolve such kind of issues,
we choose the family of alternatives and their attributes
based on weight vectors, whose information is stated as

follows: Auz = {Aar—1, a2, ..., Aar—n},Gar =
{Gar—1,Gar—2, ..., Gar—},0ow = {ow-1,0w-2,
...,ow_,} with the condition Zj’.‘:lww,j = 1. For

addressing these problems effectively, we choose the com-
plex g-rung orthopair 2-tuple linguistic information, which
is in the fo'rm of QCQTL—jk = - ((SSLT—jk’ OlSC—jk) ,
(M QRPTLijk elZJTMQIPTijk s NQRPTL,jk elzﬂNerL,jk)) 7j —
1,2,3,..,mk =1,2,3, .., n. The procedures of the MADM
technique is stated as follows:

Step 1:Based on CQRO2-TLVs, we construct a decision
matrix, which is in the form of

Rou = (16) e

Step 2:We normalize the decision matrix by using the
following Eq. (23):

Rout = (1) e
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2 MO pry _u
((SSLT—_ik’ OlSC—jk) ) (MQRPTL—jke IPIL=JK,

2 N )
N ORPTL—jk e Q=i ))
for benefit type
ianQ »
((SSLTfjks OlSC—jk) , (NQRPTL—jke IPTL—jk |
2n Mg .
M Orprr—jk € IPTL—jk ))

for cost type

(23)

Step 3:By using Eq. (14), we aggregate the normalized
decision matrix.

Step 4:By using Eq. (11), we examine the score values of
the aggregated values.

Step 5:Rank to all alternatives, and examine the best one.

Step 6:The end.

A. APPLICATION TO GREEN SUPPLY CHAIN
MANAGEMENT

We know that global warming and climate change had heav-
ily affected environment, and so integrating environmental
concerns into green supply chain management (GSCM) is
important. There were numerous researchers had applied
fuzzy set and its extensions in GSCM, such as Wang et al.
[40] and Krishankumar et al. [41], Riaz et al. [42] and
Zulgarnain et al. [43]. However, there is no complex QROFSs
(CQROFSs) applied in GSCM. We next apply these pro-
posed operators of CQROFSs to GSCM. To choose the green

suppliers (GSs) in GSCM based on CQRO2-TLVs, we choose
the five GSsinthe GSCM Ocy—j,j = 1,2, 3, 4, 5. Toresolve
this problem, the expert chooses the four attributes, whose
details are as follows:

1) Car—1: Product quality factor;
2) Car—»: Environmental factors;
3) Car—3: Delivery factor;

4) Capr—_4: Price factor.

To resolve the above issue, we choose a weight vector wy =
(0.1,0.2,0.3, O.4)T. Thus, the procedures of the MADM
technique is as follows:

Step 1:Based on the complex intuitionistic 2-tuple linguis-
tic numbers (CI2-TLNs), we construct a decision matrix,
which is in the form of Table 1.

Step 2: We normalize the decision matrix by using Eq. (23),
which is given in step 1, if needed. But, the information of
Table 1 is not needed to be normalized, so we have considered
the data of Table 1 for continuing the processes of the MADM
technique.

Step 3: By using Eq. (14), we aggregate the normalized
decision matrix by using gsc = 1, which is as follows:

Ocm—1
= ((sl, 0.1144) , (0.448e"2”(°-448>, o.6o9e"2”<0~6°9>))

Ocp—2
- ((sl, 0.1111), (0.4564ef2”<°-4564), 0.5971e"2"<°-5971>))

CQRO2 — TLWGBM*°?"'°C (Qcor—1, Qcorr—-2, --

1 m —1
ALT (SCQ+ICQ Hj,k:] ((SCQALT (SSLT,js asc

—1 WW —jOW —k
—./)) + (tCQALT (S527-4> AsC—) )) )

, QcorL-m)

1
. 1
]_ SCQ+[CQ asc
1— W —jOW —k
ssc t X
Hr'nk—l 1- 1— SC
K= qsc quc
QRPTL—j ORPTL—k
1
1— scoFico
1— W —jOW —k
i2m m ssc tsc
- s e ( . ) (19)
QipTL—j MQIPTL k
1 —L ’
1_ R SCQ+lCQ
WW —jOW —k
I " "
j k=1 qsCSsC qscisc
N QRPTL JNQRPTL k
1
1_ ﬁ ch+lcg
W —jOW —k
i2m " 1-
k=1 qSCSSC qscitsc
N QiprL ,N QuIPTL—k
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TABLE 1. Original decision matrix, whose values in the form of complex intuitionistic 2-tuple linguistic variables.

Symbols Car_q Cur—s Car—3 Car—a4

©CM—1 (54’ 0), (53,0.1), (51: 0-2), (S3,0.1),
(0.5€i2n(0'5), 0.361'27[(0.3)) (0.6€i2n(0'6), 0.261'21'[(0.2)) (0.761'21'[(0.7)’ 0.1€i2n(0'1)) (0.891'211(0.8)‘ 0.1€i2"(0'1))

Ocp—2 (51,0.2), (54,0.2), (52,0.3), (51,0.2),
(0.518i2n(0'51),0.31€i2n(0'31)) (0_6191'211(0.61), 0_2131'211(0.21)) (0_7161'211(0.71)' 0_11ei2n(0.11)) (0.81€i2n(0'81), 0_1lei2n(0.11))

Ocpm-3 (s2,0.1), (52,0.1), (s3,0.1), (52,0.3),
(O.SZeiZ"(O'SZ),O.3Zei2”(°'3z)) (0.62€i2n(0'62), 0'2231'21'[(0.22)) (0.7281'21[(0.72)' 0.126i2n(0.12)) (0.82€i2n(0'82), 0.12€i2n(0'12))

Ocys (53,0.2), (51,0.3), (51,0.3), (s5,0.4),
(0_5361'271(0.53),0_33ei2n(0.33)) (0.63€i2n(0'63), 0_2381'211(0.23)) (0_7361'211(0.73)' 0_13ei2n’(0.13)) (0.83€i2n(0'83), 0_13ei2n(0.13))

OCM—S (54, 0), (53, 0.2), (54: 0-4)r (51: 0-4)'
(0_54ei2n(0.54),0_34ei2n(0.34)) (0_6431'211(0.64)' 0_2431'211(0.24)) (0_7461'211(0.74)' 0_1461'211(0.14)) (0.84€i2n(0'84), 0_14ei2n(0.14—))

TABLE 2. Original decision matrix, whose values in the form of complex Pythagorean 2-tuple linguistic variables.

Symbols Car—1 Car—2 Car-3 Car-4
Ocp-1 (54,0), (s3,0.1), (51,0.2), (s3,0.1),
(0.8€izn(0'8), O_3ei2n(0.3)) (O_Geizn(o.s)' O_SeiZn(o.s)) (O.7ei2n(0.7)'O.SeiZn(O.S)) (O_SeiZn(o.s)' 0_3ei2n(0.3))
@CM—Z (51! 0.2), (54: 0.2), (Sz, 0.3), (51, 0.2),
(0.8131221'[(0.81), 0'3181'211(0.31)) (0.618i2"(0'61), 0.5161'271(0.51)) (0.71ei2ﬂ(0.71),O'SleiZTI(O.Sl)) (0.81€i2ﬂ:(0'81), 0.3181'21[(0.31))
Ocp—3 (s3,0.1), (s5,0.1), (s3,0.1), (s,,0.3),
(0.826i2n(0482)' 0_32ei2n(0.32)) (0.62@i2n(0'62), 0.52e12n(0.52)) (0_7zei2n(0.72)’0_5281'211(0.52)) (0.82€i2"(0'82), 0.3261'271(0.32))
Ocp—a (s3,0.2), (s1,0.3), (s,,0.3), (53,0.4),
(0.83€i2n(0483), 0_33ei2n(0.33)) (0.63ei2"(0'63), 0.53ei2”(0'53)) (O.73ei2”(0'73),O.53ei2”(0'53)) (0.8361'211(0.83)‘ 0.33ei2"(°'33))
Ocpy—s (54,0), (53,0.2), (54,0.4), (51,0.4),
(0.84€i2n(0'84), 0'3431'211(0.34)) (0.64€i2"(0'64), 0.5421'211(0‘54)) (0.74ei2n(0.74—),0'5481'211(0.54)) (0.8481'211’(0.84)' 0.3481'211(0.34))
Ocm—3 orthopair 2-tuple linguistic numbers (CQRO2-TLNs), and

= ((sl, 0.1205) (0.4649ei2”<°~4649>, 0.5856ei2”(°'5856)))
Ocm—4
- ((s1, 0.1587) (0.4735ef2”<0-4735>, 0.5745ef2”<0-4745>))

Ocm—s
= ((sl, 0.2432) (0.4823e"2”<°~4823>, 0.5638ei2”<°~5638>))

Step 4:By using Eq. (11), we examine the score values of
the aggregated values, which are as follows:

Ssr (Ocm—1) = 0.1235, Ssr (Ocm—2)
= 0.1297, Ssr (Ocm—3)
= 0.1405, Ssr (@CM—4)
=0.1631, Sgr (Dcy—s) = 0.2064

Step 5:Rank to all alternatives, and examine the best one,
which is discussed as follows:

Ocm—5 > Ocm—4 > Ocpr—3 > Ocp—2 > Ocpu—1

The best one is Ocpr—5.

Step 6:The end.

To examine the proficiency and effectiveness of the
proposed operators, we construct more numerical results,
whose values are in the form of complex Pythagorean
2-tuple linguistic numbers (CP2-TLNs), complex g-rung
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intuitionistic 2-tuple linguistic numbers (I2-TLNs) to evalu-
ate uncertain and awkward information in genuine decision
issues. The decision matrix, whose information in the form
of complex Pythagorean 2-tuple linguistic variables are
stated in the form of Table 2. To resolve the above issue,
we choose the weight vector oy = (0.1,0.2,0.3, 0.4)T,
and then the procedures of the MADM technique are as
follows:

Step 1:Based on CP2-TLVs, we construct the decision
matrix, which is in the form of Table 2.

Step 2: We normalize the decision matrix by using
Eq. (23), which is given in step 1, if needed. But the infor-
mation of Table 2 is not needed to be normalized, and so we
use the data of Table 2 for continuing the processes of the
MADM technique.

Step 3: By using Eq. (14), we aggregate the normalized
decision matrix by using gsc = 2, which is as follows:

Ocm—1
- ((sl, 0.1144), (0.57456"2’r 0.57145) () 760427 “’-7604)))
Ocm—2
= ((sl, 0.1111), (0.583582’“0'5835), 0.7545ef2”<°-7545>))

Ocm—3
- ((s1, 0.1205) (0.59266"2” (0.5926) () 7487127 <°-7487)))
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TABLE 3. Original decision matrix, whose values in the form of CQRO2-TLVs.

(0.81€i2n(0'81), 0.7161'27'[(0,71))

(0.918i2ﬂ(0.91)’ 0.5 1ei21‘r(0451))

Symbols CAT—l CAT—Z CAT—3 CAT—4- ‘
Ocpm-1 (s4,0), (s3,0.1), (5,0.2), (s3,0.0),

(0.8€i2"(0'8), 0.7ei2n(0.7)) (0.9€i2n(0'9), 0.5ei2n(o.s)) (Olgeizn(o.‘))' 0.7ei2n(0.7)) (0.8€i2n(0'8), 0.7ei2n(0.7))
©CM—2 (51,0,2), (S4, 0.2), (52, 0.3), (51,0.2),

(0.9181'21'[(0.91)' 0_7161'27'[(0,71)) (0.81€i2"(0'81), 0_7lei2n(0.71))

(s3,0.2),
(0.83€i2n(0'83), 0.7361'21'[(0.73))

(O)CM—4 (51:0-3):

(0.9391'211(0.93)‘ 0.5361'21'[(0.53))

(Slﬁ 03)'
(0.9361'21'[(0.93), 0.7361'21'[(0.73))

(531 04)1
(0.83€i2ﬂ(0'83), 0.7361'27[(0.73))

(54_, O)'
(0.84€i2n(0'84), 0.7461'27'[(0,74))

©CM—5 (53,0.2),

Ocum-3 (s2,0.1),
(0.82¢12m(082) ,72¢127(072))

(s2,0.1),
<(0‘926i2n(0.92)‘ O.52ei2"(°-52))>

(0.94ei2ﬂ(0.94)' 0.54ei21'[(0454))

(54,0.4),
(0.9481'21'[(0.94)' 0_7461'27'[(0,74))

(51,0.4),
(0.84€i2ﬂ(0'84), 0_74ei2n(0.74))

(s3,0.1), (s2,0.3),
((0.92€i2n(0'92), 0.7281'21'[(0.72))) ((0‘8261'21'[(0.82)’ 0.726i2n(0.72))>

Ocm—4
= ((51,0.1587), (0.601827 0019, 0.7427ei2”<°-7427>))
Ocm—s5
= ((51,0.2432), (06111270411, 073672707367 )

Step 4: By using Eq. (11), we examine the score values of

the aggregated values, which are as follows:

Ssr (Ocm—1) = 0.0918, Ssr (Ocpr—2)
= 0.0979, Ssr (Ocw—3)
=0.1077, Ssr (Ocp—a)
= 0.1269, Sz (Ocyr—s) = 0.1631

Step 5: Rank to all alternatives, and examine the best one,
which is discussed below:

Ocm—5 > 0Ocm—4 > Ocm—3 > Ocpy—2 = Ocpm—1

The best one is Ocpr—s.

Step 6: The end.

The decision matrix whose information in the form of com-
plex g-rung orthopair 2-tuple linguistic variables is stated in
the form of Table 3. To resolve the above issue, we choose the
weight vector oy = (0.1, 0.2, 0.3, O.4)T, and the procedures
of the MADM technique are as follows:

Step 1: Based on CQRO2-TLVs, we construct the decision
matrix with the form of Table 3.

Step 2: We normalize the decision matrix by using Eq. (23),
which is given in step 1, if needed. But the information of
Table 3 is not needed to be normalized, so we consider the
data of Table 3 for continuing the processes of the MADM
technique.

Step 3: By using Eq. (14), we aggregate the normalized
decision matrix by using gsc = 5, which is as follows:

Ocm -1
= ((sl, 0.1144) , (0.7774ei2”<°~7774>, 0.909ei2”<°~909>))
Ocm—2

- ((s1, 0.1111), (0.7874ef2”<°-7874>, 0.9054ef2”<°-9054>))

VOLUME 11, 2023

Ocm—3
= ((51.0.1205). (0.7977> 07D 0.9017¢270017)) )
Ocm—a
= ((51.0.1587). (0.808267 O35 0 878,27 0579)) )
Ocm—5
= (15102432 (0.8189¢27 0315, 5935203939

Step 4: By using Eq. (11), we examine the score values of
the aggregated values, which are as follows:

Ssr (Ocm—1) = 0.0595, Ssr (Ocm—2)
= 0.0702, Ssr (©CM—3)
= 0.0841, S5 (Ocp—a)
= 0.1068, Ssr (Ocpr—s) = 0.1469

Step 5: Rank to all alternatives, and examine the best one,
which is discussed below:

Ocm—5 > Ocm—4 > Ocpr—3 > Ocp—2 > Ocp—1

The best one is O¢cyr—s5.
Step 6: The end.

B. COMPARATIVE ANALYSIS

In this subsection, we make comparisons between the pro-
posed operators and some existing operators. These existing
operators are as follows. Liu and Chen [27] discovered the
theory of intuitionistic 2-tuple linguistic aggregation oper-
ators, Wei et al. [28] explored the Pythagorean 2-tuple
linguistic aggregation operators, Tang et al. [32] presented the
Pythagorean 2-tuple linguistic Bonferroni mean operators,
and Ju et al. [29] pioneered the g-rung orthopair 2-tuple
linguistic Maclaurin symmetric mean operators. The compar-
ative analysis by using the information of Table 1 is shown in
Table 4.

From the analysis, we get the results in which the
explored operators of WBM and WGBM are given the same
results, which are discussed in Table 4. The best alternative
is Ocpr—5. Both concepts provide that the first two terms
are same, but the last three terms are different due to its
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TABLE 4. Comparison between explored works with some existing works by using the information of Table 1.

Methods Operators Score values Ranking Values
Liu & Chen WA not available -
[27] WG not available -
Wei et al WA not available -
[28] WG not available -
Tang et al WBM not available -
[32] WGBM not available -
Ju et al. [29] WMSM not available -
WGMSM not available -
Proposed WBM Ssp(Qcp—1) = 0.1235, 855 (Ocy—,) = 0.1297, Ocp—s = Ocpy—g = Ocpy—3
work for g=1 Ssp(Qcp—3) = 0.1405, S5 (Ocpy—4) = 0.1631, = Ocpy—2 = Ocp—4
Ssr(Ocpy_s) = 0.2064
WGBM Ssp(Qcp—1) = 0.2188, 855 (Ocpy—,) = 0.2123, Ocp—s = Ocpy—g = Ocp—q
Ssr(Ocy—3) = 0.2132, 855 (Ocpy—4) = 0.23, 2 Ocy-3 2 Ocy—2
Ssp(Qcpy_5) = 0.2715
Proposed WBM Ssr(Ocp—1) = —0.008, S5 (Ocp—o) = —0.0004, Ocp-s5 = Ocpr—g = Ocpr—3
work for q=2 Ssr(Ocp—3) = 0.0064, Sgr(Ocp—s) = 0.015, = Ocpy—2 = Ocp—q
Ssp(Qcpy_s) = 0.0277
WGBM Ssr(Ocp—1) = 0.2942, S5r(Opp—,) = 0.2873, Ocp-s5 = Ocpr—g = Ocpr—q
Ssr(Qcp—3) = 0.2905, 855 (Ocy_4) = 0.3154, = Ocy—3 = Ocy—2
Ssp(Qcy_s) = 0.3746
Proposed WBM Ssr(Ocp—1) = —0.074, Sgr(Opp—2) = —0.068, Ocm-s5 = Ocpy—g = Ocpr—3
work for g=5 Ssr(Ocy—3) = —0.064, S5 (Ocpy—4) = —0.063, 2 Ocy-2 2 Ocpr-1
Ssr(Ocy-5) = —0.062
WGBM Ssr(Ocp—1) = 0.3362,S5r(0pp—2) = 0.3287, Ocp-5 = Ocpr—s = O

Ssr(Ocy—3) = 0.3327, Ssp(Qppq) = 0.3618,
Ser(Opy—s) = 0.4303

2 ©CM—3 = @CM—Z

M-1

TABLE 5. Comparison between explored works with some existing works by using the information of Table 2.

Methods Operators Score values Ranking Values
Liu & Chen WA not available -
[27] WG not available -
Wei et al WA not available -
[28] WG not available -
Tang et al. WBM not available -
[32] WGBM not available -
Ju et al. [29] WMSM not available -
WGMSM not available -
Proposed WBM not available -
work for g=1 WGBM not available -
Proposed WBM Ssr(O¢m—1) = 0.0918, S5z (Ocp_2) = 0.0979, Ocm-s5 = Ocpy—g = Ocpy_3
work for q=2 Ssr(Ocm—3) = 0.1077, S5z (Ocpy_a) = 0.1269, > Ocy—2 = Ocy—1
Ssp(Ocy_s) = 0.1631
WGBM Ssr(Ocm—1) = 0.2506, Sz (Ocy_z) = 0.243, Ocm—s = Ocy_s = Ocp—q
Ssr(O¢m-3) = 0.2437, S5p (Ocpy-q) = 0.2625, 2 Ocy—2 2 Ocy-3
Ssp(Ocy_s) = 0.3092
Proposed WBM Ssp(Ocm—1) = 0.0122,85:(0cp_) = 0.019, Ocm-s5 = Ocpy—3 = Ocpy—g
work for g=3 Ssr(Ocm—3) = 0.0667, Ssz(Qcpy_a) = 0.0377, > Ocy—2 = Ocy—1
Sor(Ocpy—s5) = 0.0669
WGBM Ssr(Ocm—1) = 0.307, 857 (Ocpy—z) = 0.2987, Ocm-s = Ocpy_a = Ocy_q

‘SSF(@CM—3) = 03007, SSF((D)CM—‘I-) = 03252,
‘SSF(@CM—S) = 0.3844

2 Ocy-3 2 Ocy—

structure. Therefore, the best alternative is Ocys —5 by using
the explored WBM and WGBM operators.
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From the above analysis, we get the results in which the
proposed operators of WBM and WGBM are given the same
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TABLE 6. Comparison between proposed works with some existing works by using the information of Table 3.

Methods Operators Score values Ranking Values
Liu & Chen WA not available -
[27] WG not available -
Wei et al WA not available -
[28] WG not available -
Tang et al WBM not available -
[32] WGBM not available -
Ju et al. [29] WMSM not available -
WGMSM not available -
Proposed WBM not available -
work for g=1 WGBM not available -
Proposed WBM not available -
work for q=2 WGBM not available -
Proposed WBM Ssp(Ocm—1) = 0.0595,85:(0cp_2) = 0.0702, Ocm-5 = Ocpy—g = Ocpy—3
work for q=5 Ssr(Ocm—3) = 0.0841, Sz (Qcy_a) = 0.1068, > Ocy—2 = Ocy_1
Ssr(Qcy_s) = 0.1469
WGBM Ssr(O¢m—1) = 0.2738, 85z (Ocy_z) = 0.2619, Ocm—s = Ocy_a = Ocy—q

SSF((O)CM—?') = 02588, SSF(@CM—4) = 0274,

2 Ocy—2 2 O¢cy-3

Ser(Ocy—s) = 0.3163

o ] a L] L1} (1} o
Era:. : 3 z - r =
me | WA WG WA | WG | WBM WGEMWMSEM

Methodsiu and Chen [43]wei et & [44] Tang etal. [45]| Juetal [45]

o ]

WEM WEBM WEBM [WGEBM WEM |WGEM

WIEMS

g=1 g=2 =5

P o o | 0| o o o o 0 |01235)02188| 0008 |02042| 0074 03262

———— [ @ [ a [ | o | o o | o 0 |01207|021230.0008 02873 0058 03287

saries | o o | o | o o o D 0 |0.1405|02132|0.0064|02005| D054 03327

Sariesd | B | o | o | e | o | o | o | o |01631] 033 |0n15|n3154]-0063 03618]

——) ¢ | o | o | o | o| o | o 0 |0.2064(02715|0.0277 03745  -0.062 04303
il SEIEE] e SETR5EZ = SET RS SEMEs] sl 520 RS

FIGURE 1. Geometrical representations of Table 4

results, which are discussed in Table 5. The best alternative
is O¢pr—s5.- Both concepts provide that the first two terms are
same, but the last three terms are different due to its structure.
Therefore, the best alternative is Ocyr—5 by using the pro-
posed WBM and WGBM operators. Furthermore, we get the
results in which the proposed operators of WBM and WGBM
are given the same results, which are shown in Table 6. The
best alternative is O¢cpy—5. Both concepts provide that the
first two terms are same, but the last three terms are different
due to its structure. Therefore, the best alternative is Ocpr—5
by using the proposed WBM and WGBM operators.
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C. GRAPHICAL REPRESENTATIONS OF THE PROPOSED
OPERATORS

The concept of CQRO2-TLYV is extensive powerful and more
proficient technique to cope with awkward information in
genuine decision issues. We further demonstrate the compas-
sions between the proposed operators and existing operators
of Liu and Chen [27], Wei et al. [28], Tang et al. [32] and
Ju et al. [29] with the help of figures. These figures are
quite helpful for easily understanding the difference between
values and their ranking. The geometrical representations of
the information in Tables 4, 5, and 6 are discussed below,
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FIGURE 3. Geometrical representations of the Table 6

which express the reliability and superiority of the proposed
operators based on CQRO2-TLVs.

The graphical interpretations of Table 4 are shown in Fig. 1.
From Fig. 1, it is clear that, it contains five series which
express the set of alternatives with different colors. These
different colors denote the flow of the values, as shown in
Fig. 1. Only the proposed works for q=1, q=2, and q=S5,
provide that the values and existing operators cannot solve
it because it contains two-dimension information in a single
set. From Fig. 1, we easily get the best alternative, which is
Ocm—5.
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The graphical interpretations of Table 5 are shown in Fig. 2.
From Fig. 2, it is clear that, it contains five series which
express the set of alternatives with different colors. These
different colors denote the flow of the values, as shown in
Fig. 2. Only the proposed works for q=2, and q=5, provides
that the values and existing operators cannot solve it because
it contains two-dimension information in a single set. Based
on Fig. 2, we easily get the value of the best alternative,
which is O¢py —5. Furthermore, the graphical interpretations
of Table 6 are shown in Fig. 3. From Fig. 3, it is clear that,
it contains five series which express the set of alternatives
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with different colors. These different colors denote the flow
of the values as shown in Fig. 3. Only the proposed work for
q=>3, provides that the values and existing operators cannot
solve it because it contains two-dimension information in a
single set. According to Fig. 3, we easily get the value of the
best alternative, which is O¢cpyr—s5.

The reasons of these results are that, for Fig. 1, we choose
the complex intuitionistic 2-tuple linguistic kind of informa-
tion, for Fig. 2, we choose the complex Pythagorean 2-tuple
linguistic kind of information, and for Fig. 3, we choose the
complex g-rung orthopair 2-tuple linguistic kind of infor-
mation. The parented work cannot solve it by using any
one operator, but the existing work easily solve it by using
explored work, due to its structure. The complex g-rung
orthopair 2-tuple linguistic set contains 2-TLV, complex-
valued supporting grade, and complex-valued supporting
against grade with the conditions that is the sum of g-powers
of the real part (also for imaginary part) of the supporting
grade and supporting against grade cannot exceed from a
unit interval. Therefore, the explored concept and operators
are more proficient and extensive superior than these existing
methods.

V. CONCLUSION

The proposed complex g-rung orthopair 2-tuple linguistic
variable (CQRO2-TLV) is a mixture of the two various theo-
ries of CQROFS and 2-TLV. CQRO2-TLV comprises 2-TLV
and the grades of supporting and supporting against in the
complex plane. According to these properties and theories
of CQRO2-TLV with its operational laws presented in the
paper, it can be a competent procedure to assess ambiguous
and erratic information in most decision problems. The two
new techniques with the complex g-rung orthopair 2-tuple
linguistic WBM (CQRO2-TLWBM) and complex q-rung
orthopair 2-tuple linguistic WGBM (CQRO2-TLWGBM)
operators are used to manage the MADM problems under
fuzzy environment. Based on the CQRO2-TLWBM and
CQRO2-TLWGBM operators, we constructed a MADM
technique to cope ambiguous and impulsive information
in real decision problems. We then applied it to a green
supply chain management (GSCM) for choosing green sup-
pliers (GSs). To examine the advantages of the presented
MADM techniques, we used different methods, whose values
are in the form of complex pythagorean 2-tuple linguistic
numbers (CP2-TLNs), complex g-rung orthopair 2-tuple lin-
guistic numbers (CQRO2-TLNs) and intuitionistic 2-tuple
linguistic numbers (I12-TLNs), to make comparisons between
the proposed method and some existing methods. Based
on the obtained results, the proposed method by employ-
ing CQRO2-TLWBM and CQRO2-TLWGBM operators is
well suited in handling different kinds of sets in the fuzzy
environment with legitimacy and prevalence of the pro-
posed technique by contrasting other existing operators.
Although the proposed method is good in complex g-rung
orthopair fuzzy environment. However, it can only han-
dle the two-dimensional information with membership and
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non-membership. In the case of three-dimensional informa-
tion, such as representing truth, falsity and indeterminacy, the
proposed technique will fail because it can only represent
two of them under two dimensions. For handling three-
dimensional information, the spherical fuzzy sets [44] and
T-spherical fuzzy sets [45], [46] need to be considered. In our
future work, we will extend the proposed method to complex
spherical fuzzy sets and complex T-spherical fuzzy sets so
that three-dimensional information with truth, falsity and
indeterminacy can be handled and applied in more extents
of MADM problems.
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