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Green Supply Chain Management (GSCM) is essential to ensure environmental
compliance and commercial growth in the current climate. Businesses constantly
look for fresh concepts and techniques for ensuring environmental sustainability. To
keep up with the new trends in environmental concerns related to company
management and procedures, Green Supplier Selection (GSS) criteria are added
to the traditional supplier selection processes. This study aims to identify general and
environmental supplier selection criteria to provide a framework that can assist
decision-makers in choosing and prioritizing appropriate green supplier selection.
The development and implementation of decision support systems aimed to solve
these difficulties at a rapid rate. In order to manage inaccurate data and simulate
decision-making problems. Fuzzy sets introduced by Zadeh, are a useful technique
to handle the imperfectness and uncertainty in different problems. Although fuzzy
sets can handle incomplete information in different real worlds problems, but its
cannot handle all type of uncertainty such as incomplete and indeterminate data.
Therefore different extensions of fuzzy sets such as intuitionistic fuzzy, pythagorean
fuzzy and g-rung orthopair fuzzy sets introduced to address the problems of
uncertainty by considering the membership and non-membership grade.
However, these concepts have some shortcomings in the handling uncertainty
with sub-attributes. To overcome this difficulties Khan et al. developed the
structure of g-rung orthopair fuzzy hypersoft sets by combining g-rung orthopair
fuzzy sets with hypersoft sets. A remarkable and beneficial research work is done in
the field of g-rung orthopair fuzzy hypersoft sets, and then we think about the
application. In this paper, we use the structure of g-rung orthopair fuzzy hypersoft in
multi-criteria supplier selection problems. For this, we present aggregation operator
to solve multi-criteria decision-making (MCDM) problems with g-rung orthopair
fuzzy hypersoft (q-ROFH) information, known as ordered weighted geometric
aggregation operator. Since the uncertainty and vagueness is an unavoidable
feature of multi-criteria decision-making problems, the proposed structure can
be a useful tool for decision making in an uncertain environment. Further, the
expert opinions were investigated using the multi-criteria decision-making
(MCDM) technique, which helped identify interrelationship and causal preference
of green supplier evaluation aspects that used aggregation operators. Finally, a
numerical example of the proposed method for the task of Green Supplier
Selection is presented.
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1 Introduction

Green innovation is an environmental management concept that
aims to reduce the deterioration of the environment caused by urban
sprawl, industrial waste, and unsustainable use of resources. Nowadays,
the government and the public are more concerned about the
environment. Several government regulations and GI systems have
been implemented to protect the environment. As a result, the study
of “green supply chain networks”, also known as environmentally friendly
supply chains, has gained popularity. It raises specific research questions
regarding decisions regarding the product life cycle, inventory, refund
procedures, channel conflicts, and coordination information (Hall and
Vredenburg, 2003). There are enough products that are well-suited for
green innovation. A supply chain network can also enhance green
innovation in several ways. Instead of wusing polyester and
polyurethane to make different products such as the textile industry,
cold drink companies, and shoe companies can produce them with
friendly environmental materials that are easier to recycle or dispose
of after use. The objective of the present study is to determine the ideal
green innovation level of the product in order to maximize the income of
players and minimize the damage caused to consumers. In real life
to find out

environmentally friendly and less harmful green innovative products

situations, it is impossible the production of
under uncertain environment and to overcome such glitches. Many
researchers used the parameters. Recently, environmental pollution
and resource shortages have become global concerns of great
importance. In order to meet the urgent needs of resource
conservation and environmental friendliness, modern enterprise
production management must focus on finding a balance between
economic benefits and ecologically sustainable development (Gegovska
etal, 2020; Quet al,, 2020). In 2018, Banaeian et al, (2018) discussed green
supplier selection by using different techniques of fuzzy group decision.
Mabrouk (Mabrouk, 2021) used the determinants of supplier selection
process with green consideration. Also analyzed the collection of factors
from existing literature of green supplier. In addition there are some
studies that use the green supplier’s company as the standard for selecting
supplier (Badi and Pamucar, 2020; Zhang et al., 2022). Further, some
researchers (Erceg and Mularifovi¢, 2019; Pamucar, 2020) used different
techniques to select supplier by social, economic and environmental
practices.Decision-making technique is used to choose the best option
from a range of viable possibilities, each of which contains several criteria.
Owing to time restrictions and the lack of understanding of the problem
domain, decision makers usually describe their choices using verbal
descriptions and ranges rather than specific facts or numbers. Many
researchers propose employing fuzzy logic in MCDM scenarios in order
to overcome this issue. Zadeh introduced the theme of fuzzy logic to create
human logic from incomplete and imprecise information by defining
ambiguous statements (Zadeh, 1965; 1973). Moreover, fuzzy logic may
also incorporate information from human experience and provide it with
an engineering perspective so that it can govern and create ambiguous
systems with uncertainty (Siddique and Adeli, 2013). Therefore, the
amount of uncertainty in the decision-making process increases when
fuzzy logic is added to MCDM tools. As a result, the decision-making
outcomes become more accurate and practical (Yang et al, 2017). The
earliest use of fuzzy numbers in MCDM was the fuzzy sets theory, which
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Bellman and Zadeh (Bellman and Zadeh, 1970) proposed. Due to the
ambiguity of decision -makers’ preferences, this notion was created to
solve MCDM challenges. Zadeh’s fuzzy sets theory deals only with
membership gradeLater, Atanassov, 1986) introduced the notion of
the intuitionistic fuzzy set (IFS) in 1986. Since then, real-world
MCDM issues and challenges have frequently been addressed using
the TFS concept. As IFS deals with both positive and negative
membership grade, but only if the sum is less than or equal to 1. In
2002 De et al, (2000) developed some operations on intuitionistic fuzzy
sets. In 2011, Wang and Liu, 2011) proposed different operations on IFS
and developed some aggregation operators by using the basic operational
laws. Also developed multi-attribute decision making (MADM) problem.
Many researchers (Li, 2005; Liu and Wang, 2007; Xu, 2011) used
intuitionistic fuzzy sets in decision making problems.It is important to
keep in mind that the sum of membership and non-membership grades
when exceeds 1, then IFS does not fulfill the condition. Alternatively, the
Pythagorean fuzzy set (PFS) concept, which is a generalization of IFS,
introduced by Yager and Abbasov, (2013). Here, the alternative’s
membership grade and non-membership grade must fulfill the
condition that the square sum of both the membership and non-
membership grades are equal to or less than 1. Peng and Yang, (2015)
developed some results on pythagorean fuzzy sets. In 2018 Li and Zeng,
(2018) proposed a variety of distance measures for pythagorean fuzzy sets
and pythagorean fuzzy numbers. Many researchers developed different
aggregation operators under pythagorean fuzzy environment, Peng and
Yuan, (2016) Pythagorean fuzzy point aggregation operators, Akram et al,
(2019) Pythagorean Dombi fuzzy aggregation operators, Wei and Lu,
(2018) Pythagorean fuzzy power aggregation operators.Yager, (2016)
introduced the theme of generalized orthopair fuzzy sets which is also
known as q-rung orthopair fuzzy set.Molodtsov, (1999) suggested the idea
of soft set theory, which was completely a new technique for describing
uncertainty which traditional mathematical tools cannot handle. Later,
Maji et al, (2001) created the fuzzy structure of the soft set by merging the
fuzzy set and the soft set. In order to solve decision-making problems,
Kong et al, (2008) Kong et al, (2009) used the soft set theoretic technique.
Majumdar and Samanta, (2011), have investigated the problem of soft and
fuzzy soft sets in terms of similarity measure. Since then, the structures of
fuzzy soft sets have been actively used by many researchers, and many
studies have also been added to the literature (Feng et al., 2008; Ahmad
and Kharal, 2009; Yang et al,, 2009; Jiang et al., 2010).Progressively,
Smarandache, (2018) developed a novel method for dealing with
uncertainties. The soft set was converted into a hypersoft set (HSS) by
generalising functionality into a multi-decision function. Subsequently,
the HSS theory garnered considerable interest from researchers (Saqlain
et al, 2020a; Saglain et al, 2020b; Gayen et al, 2020; Martin and
Smarandache, 2020; Saeed et al, 2020). Furthermore Rahman et al,
(2022a) proposed the decision-making methods for possibility
intuitionistic fuzzy hypersoft sets (IFHSS) based on the similarity
measure. Zulqarnain et al, (2020); (2021a) proposed decision making
technique under IFHS environment based on correlation coefficient and
aggregation operators. Rahman et al, (2022b) proposed innovative
MCDM method employing a well-established method for suppler
selection in the construction sector with a rough approximation of the
fuzzy hypersoft set (FHS). Zulgarnain et al, (2021b) extended the
impression of the IFHSS to Pythagorean fuzzy hypersoft sets
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(PFHSSs). The decision support model for the diagnosis of COVID-19
patients was reported by Saeed et al, (2022) using a complex fuzzy
hypersoft set (CFHS). The interval-valued complex fuzzy hypersoft set
(IVCFHS) was first introduced by Rahman et al, (2021), with a few basic
operations. Zulqarnain et al, (2021b) developed the correlation-based
technique for order performance by similarity to ideal solution (TOPSIS)
strategy for PFHS and used their proven method to choose the best face
mask. Siddique et al, (2021) provided aggregation operators (AOs) for
PFHSS and developed an MCDM technique with their suggested
operators.In the decision-making problem with a complex and vague
statement, Yager has provided a q-ROF-set for the decision-making
process. It offers a universal platform for handling vagueness and
uncertainty. For more appropriate decision analysis, some researchers
have used fuzzy hpersoft sets in the decision-making problem. To get a
more powerful tool, fuzzy hypersoft set combined with q rung orthopair
fuzzy set. It is more effective in decision-making.

Objective: One of the toughest challenge in green supplier
selection is handling uncertainty. The detection of green supplier is
a challenging problem for decision maker. In this case the decision
maker find out the best green supplier selection process by using
aggregation operators. Consequently, we observe uncertainty in
determining the aggregation operators, and therefore in the green
supplier selection. In this study, we take a MADM approach towards
green supplier selection by using some attributes to examine their
capabilities in encountering uncertainty in green supplier
selection.The reminder of this paper is arranged as follows.Section
2, presents literature review about the previous study. In Section 3, we
conduct research limitations and motivation. Section 4, presents some
basic materials related to our proposed structure. Then we introduce
some operational laws and aggregation operators in Section 5, which
helpful for the decision making problem. In Section 6, an algorithm for
MCDM technique is present to show the uses of anticipated
aggregation operators in decision making problems. In addition, in
order to show the applicability of the proposed technique, this study
present a numerical example to analyze the technique and the final
results are similar to -ROFHSNS. Section 7, presents the comparative
study of the existing structures with the proposed structure. Finally,
the paper summarizes and present future research direction in
Section 8.

2 Literature review

The suppliers
environmental criteria in the medical industry has shown us the

selection of green using economic and
flexibility and importance that are not harmful to the environment
(Puska et al., 2022). A critical review of the green supply chain
management for a more sustainable manufacturing industry in
China (Sheng et al, 2022). The authors found that the existing
relevant legal system needs to be improved, especially in terms of
tax subsidies, incentive mechanisms, environmental information
disclosure, and the range of industries involved. Corresponding
suggestions are proposed in response to these identified problems.
A new group decision-making model based on the plan-do-check-act
(PDCA) to evaluate the green supply chain management performance
of manufacturing organizations, and uses an integrated fuzzy
multicriteria decision-making approach (MCDM) in which the
fuzzy analytical hierarchy process method (FAHP) determines the
weights of the criteria and the fuzzy technique for order preference by
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similarity with the ideal solution method (FTOPSIS) classifies
organizations (Ghosh et al, 2022). Finding a selection of green
suppliers (ESG) in the best way will help agricultural producers to
apply green agricultural production using uncertainty in decision-
making. And to avoid the possibility of uncertainty in the decision-
making of experts, the Z numbers were used in conjunction with the
fuzzy LMAW method (Logarithmic Methodology of Additive
Weights) and the Fuzzy CRADIS method
Classification of Alternatives from the Distance to the Ideal

(Compromise

Solution) (Puska et al., 2022). The criteria for choosing suppliers
for each company are constant (Sénquiz-Diaz, 2021). In order to
determine the supplier that best meets the objective defined by the
company, a given number of suppliers that correspond to a specific
number of criteria must be taken into account (Stevic et al., 2019). A
company can save operating expenses and increase its competitiveness
by strategically choosing its suppliers (Yazdani et al., 2017). Different
criteria are used by companies using the green supplier selecion
technique, the most common are related to environmental and
economic factors. Multi-criteria decision-making techniques
(MCDM) are frequently in the environment of green supplier
selection.Practical applications of q-rung orthopair fuzzy hypersoft
set include problems for which the complete mathematical description
is unavailable, or where the usage of precise model is highly
inconvenient. The structure of q-rung orthopair fuzzy hypersoft set
have the ability to overcome this difficulties.Research gap: Khan et al,
(2022b) introduced the theme of q-rung orthopair fuzzy hypersoft sets
with certain fundamental operational laws and aggregation operators,
which can handle the various interactions between input arguments.
Khan et al, (2022a) then suggested aggregation operators based on
operational laws, such as weighted average and weighted geometric.
To our knowledge, there are no studies on ordered aggregation
operators in the literature. However, in spite of the existing works
on g-rung orthopair fuzzy and hypersoft sets. Therefore, in this study,
we propose the ideas of the ordered weighted average and ordered
weighted geometric aggregation operators to fill this gap in the
literature. Finally, we develop applications using these aggregation
operators in decision-making processes. The ordered aggregation
operators are used in a suitable application that is based on a green
supplier selection.

Methodology: The methodology used in this study consists of the
following steps. Step 1: The first step of research. A) Goal and subject.
Step 2: Group of experts. Step 3: Determining weights of criteria.
Step 4: Results. Step 5: Analysis of the result and evaluation with the
help of experts. Figure 1 show the methodology used in this research
work.

3 Research limitations and motivation

The q-ROFHSS is a hybrid of hypersoft and g-rung orthopair fuzzy set,
which is a widely used mathematical technique for handling coherence,
uncertainty, and incomplete information. Since aggregation operators have
been determined to be essential in decision making. To our knowledge, the
literature does not use the ordered aggregation operators under g-rung
orthopair fuzzy hypersoft environment. However, neither the above
techniques nor their deliberate association with membership grade and
non-membership grade of many sub-attributes of the studied parameters
has a relevant quantitative study of the -ROFHSN. More precisely,
the process is not disturbed by the effects of other membership or
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non-membership grades on the average geometric operator.
Therefore, when certain aggregation operators are taken into
account, the results are not favorable and the appropriate
preference for alternatives is not found. As a result, it is
interesting to consider how to incorporate these q-ROFHSNs
into ordered operator. To address these issues, we’ll push some
ordered aggregation operator under q-ROFHS environment,

including the -ROFHSOWA and q-ROFHSOWG operators.

4 Materials and methods

In this section some basic concepts related to the our proposed structure are
collected.
Definition 4.1. (Zadeh, 1965) In a fuzzy set, A is the Universe of information
and M can be defined as a set of ordered pairs and can be represented
{<yus(¥)): y € M}. Here, ua(y) represents the
degrees of membership of y in A, where us(y) € [0, 1].
Definition 4.2. (Smarandache, 2018) Let M be a universal set and A, X
Ay x-+- x A, = H C E(E represents the set of attributes). The pair (T, H) is
said to be a hypersoft set over M, where T is a function T: A — P(M),
which is defined as

T, (mi) = {Cmyy, Tej(mi;)> € P(M), e € H}

mathematically as: A =

Definition 4.3. (Zulgarnain et al., 2021b) Let M be a universal set and
Ay x Ay x+-+ x A, = H C E(E represents the set of attributes). The pair
(T, H) is said to be a Pythagorean fuzzy hypersoft set over M, here T'is a
function T: A — P(M), which is defined as

Te,)(m,]) {<mu"/’eu(mu) ‘/’e,,(mu)> m;; € P(M),e;; € H}

where ¢ represents the membership grade and vy represents non-
membership grade of an object m; € M to a set T., respectively,
with the condition that

2

0< ((peij(m,.j))2 + (%ij(mij)) <1

Definition 4.4. (Khan et al., 2022b) Let M be a universal set and A, X
A, x+- x A, = H C E(E represent the sets of attributes). The pair (T, H)
is said to be a q-ROFHS over M, where T is a function T: H —
q—ROFH(M), which is defined as

Tex;(mu) {<mu>‘Pe (m,]) Ve, (mu)> mi; € M,e;; € Hand g > 1}

where g—ROFH(M) denotes the collection of all possible sub sets of g-ROF of
M. Here ¢;; and ; represent membership and non-membership of an
object my; € M to a set T, respectively, with the condition that

< (fpe,-,(mfj)>q + <‘Ve,j(’"ff))q <1 (g=1)

T, (m;) = <mij"/’e,»j (my;), and l//e;](mij)> are denoted
Q. V., is represents a q-ROFHN.

For simplicity,
as Te, (my;) =

Definition 4.5. (Khan et al., 2022a) An average weighted q-rung
orthopair fuzzy hypersoft (3-ROFHWA) operator is defined as:

q— ROFHWA(Ey,, Eaps -, Ba,) = ®L v wiE,,)  (41)

where w; ={1,2,...,n} and vi=1{1,2,...,m} are the weight vectors

for the experts and sub-attributes of the selected parameters with the
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condition that, w;>0,¥"w; =1, and v;>0,¥" v;=1Then the
mapping of the ¢-ROFHWA operator is defined as gROFHWA: A"
— A is the collection of all ¢-ROFHNS.

Definition 4.6. (Khan et al, 2022a) A weighted geometric q-rung
orthopair fuzzy hypersoft (¢-ROFHWG) operator is defined as:

q— ROFHWG (Eq,, Eays - Ea,,,) = @ vi(®0,wiE,)  (42)
where w; = {1,2,...,n} and vi=1{1,2,...,m} are the weight vectors for
experts and sub-attributes of the selected parameters with the condition that,
w; >0,y wi =1, and v;>0,3" ,v;=1Then the mapping for the
q-ROFHWG operator is defined as qROFHWG: A" — A is the collection
of all g-ROFHNE.

Definition 4.7. (Khan et al., 2022a) The score function of the -ROFHNs

is defined as S, = ¢, (m;j)T - Ve, (m;;)1

5 Operational laws and ordered
weighted geometric aggregation
operator for g-ROFH set

In this section the algebraic operational laws, ¢-ROFHOWA
and q-ROFHOWG aggregation operators with properties are
proposed.

Definition 5.1. An ordered weighted averaging g-rung orthopair fuzzy
hypersoft (-ROFHOWA) operator is defined as:

q - ROFHOWA (Ea» Eay- - - Ea,,) = 8L,

(5.1)

where w; ={1,2,...,n} and vi=1{1,2,...,m} are the weight
vectors for experts and sub-attributes of the selected parameters with
the condition that, w; >0, ¥" ,w; = 1, and v; >0, Y7 v; = 1.Then the
mapping for G-ROFHOWA operator is defined as g~ ROFHOWA: A" —
A is the collection of all g-ROFHNE.

Definition 5.2. Let T, (m;j) = (‘Pei;’ Weij), Te, (mn) = (¢, v, ) and
Te,, (m12) = (@, ¥, ) be two g-ROFHNs. Then algebraic operational
laws are define as:

LT, &T (WZHHPZZ

en en =

- (Pgn(/)glz’ V/euV/elz)
2. Teu ® TelZ = ((pen(pelz’ {/wgll + lllglz - l//gll l/’le)

st = (fi-a-e)" w,)")
4.7 = ((%U)*.m)

The following aggregation operators for q-ROFHNs are based on
algebraic operational laws.

Definition 5.3. Ordered weighted geometric q-rung orthopair fuzzy
hypersoft (-ROFHOWG) operator is defined as:

q— ROFHOWG (Eq,p, Eays - - -, Ea,,,) = &L, vi(&], wiEs,)  (5.2)

where w; = {1,2,...,n} and vj = {1,2,...,m} are weight vectors for
the experts and sub-attributes of the selected parameters with the
condition that, w;>0,Y " w; =1, and v;>0, Z;":ﬂ’j = 1.Then the
mapping  for the q-ROFHOWG operator is defined as
q—-ROFHOWG: A" — A is the collection of all g-ROFHNS.

Theorem 54. Let E,,(i=12,....,n)(j=12,...,m) be the

collection of q-ROFHNS, then their aggregated value by using the
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FIGURE 1
Flow chart.

q-ROFHOWG operator is also q-rung orthopair fuzzy hypersoft values,

and g — ROFHOWG (E,,,, Eay,y - - -1 Ea, ) = (HLI (T2 (96, ) )
\”1/1 - H?:l (I, - wgaij)w")"f) where w; ={1,2,...,n} and v;=
{1,2,...,m} are the weight vectors for the experts and sub-attributes
of the selected parameters respectively, having the condition that,
w; > 0, Z:ﬁlw; = 1,
of (i =
and E

and v;>0, Z;-':lvj =1, and 0;j are permutations
..m) and (j = L2...,n) such that E; , >E
EU,()Vz]

0(i)j

Ji(j-1) =

Proof. The q-ROFHOWG operator can be proven using the
principle of mathematical induction as follows:For m = 1, we
get w; = 1. Then,
q- ROFHOWG (Eu, Eapyr - - -
= ®;'[=1"an“1;

E,,)

n 1 w; Vi n 1 w; Vi
11T ()" ) 5 -TT(TT(1-va)
=1 \ =1 =1 \ =1
(5.3)
Forn=1,v=1is obtained.
Frontiers in Environmental Science 05
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q - ROFHOW A (E,, E,,, ..
= ®:—leiEaa,'1

»Ea,,)

m

<H (¢0,) "

i=1

(5.4)

Therefore, Eq. 3.3 holds for m = 1 and n = 1. Suppose the equation
holds for m = ky, n = k;+1, and m = k,+1, n = k;. Then,

= ®f1{1v](®l 1w,E(mU) (5.5)
kit [k wi \" kitl [ ks wi\

| TT(TT(9e) ) {1-TT(TT(1-va,)
j=1 \ 1=1 j=1 \ i=1

= &% v;(8 wiE,,) (5.6)

ki [ katl w\ ki [ kol w\”
= H ( (‘Pﬂa,j) ) >+ 1- n ( ( l)l/mzl,]) >
j=1 \ 1=1 j=1 \ i=1

Now the equation for n = k;+1 and m = ky+1 is proven.

k k
" ‘{1v1(®ijl“w,-E%) (5.7)

k 1
1+ Eggj( wianij ® wi+1E0a(k “)}»)

ok - (5.8)
1
= (® e inanaj)(‘@J 1 v]w,HE,m (kae1)( ,))

ki+1 [ ka+1 ki+1 kz+1 Wiy 41 Y
=2 H (w"“(o(j)) ®2 n w‘m(kzﬂ)(i))

j=1 \_1=1

ki+1 [ ky+1 w; ki+1 [ ky+1 w; Vi
=2 ! H<(Paa(i)(j)) AL L l__[(l_l//aau)

j=1 i=1 Jj=1 i=1

(5.9)
= ®’;‘J{lvj(®kl w; EWU)

Therefore, this is valid for n = k;+1 and m = k,+1.
Example 5.5. Let X = {X}, X, X3, X4} be set as decision makers with w; =
(0.3,0.4,0.1,0.2)". The group of experts will choose a business location
under the set of attributes A = {a, = skill base in the area, a, = potential
growth  for business} with their corresponding sub-attributes
ay = {ay =communication and negotiation, a,, = networking},
ay = {ay) =strong sales growth, a,, = strong leadership}. Let A =
a; x a, be a set of sub-attributes where,A={ay;,a12} x {az1,a,} =
{(a11,a21), (a11,022), (a12,a21), (A12,a22)} = A={a1,a2,a3,a4} denotes
the set of sub-attributes with: weight v = (0.3,0.3,0.4,0.1)". The
hypothetical score values for all attributes in q-ROFHSNs with q =
5, is given as:

(0.88,0.99) (0.77,0.99) (0.99,0.33) (0.77,0.66)
(0.55,0.99) (0.99,0.44) (0.77,0.99) (0.66,0.99)
(0.77,0.88) (0.77,0.99) (0.55,0.66) (0.99,0.44)
(0.55,0.88) (0.88,0.55) (0.66,0.88) (0.77,0.88)
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g-rung
orthopair

Experts data in

fuzzy the form of
hypersoft q-ROFHSNs
numbers

FIGURE 2
Flow chart.

TABLE 1 Comparison of q-ROFHSs operators with some existing operators.

Fuzzy Aggregated parameter Aggregated sub parameteric Ordered aggregation
information information information information
IFSWA (Arora and Yes Yes No No
Garg, 2018)
q-ROFSWA (Hussain Yes Yes No No
et al., 2020)
IFHSWA (Zulgarnain et al., Yes Yes Yes No
2021a)
PFHSWA (Siddique Yes Yes Yes No
et al,, 2021)
PFHSWG (Siddique Yes Yes Yes No
et al,, 2021)
Proposed operator Yes Yes Yes Yes
To obtain the order position of a matrix: Remark 5.6. If the value of q is fixed, that is q = 1, then the proposed
(0.99,0.33) (0.88,0.99) (0.77,0.99) (0.77,0.66) q-ROFHOWG operator reduces to intuitionistic fuzzy hypersoft
| (0.99,0.44) (0.77,0.99) (0.66,0.99) (0.55,0.99) ordered weighted geometric (IFHOWG) operator.
(H,A) = (0.99,0.44) (0.77,0.99) (0.77,0.88) (0.55,0.66) Remark 5.7. If the value of q is fixed, that is q = 2, then the proposed
(0.88,0.55) (0.77,0.88) (0.66,0.88) (0.55,0.88) q-ROFHOWG operator reduces to Pythagorean fuzzy hypersoft
ordered weighted geometric (PFHOWG) operator.
It is known Remark 5.8. If there are single parameters, that is e, ez, ..., e,
the proposed q-ROFHOWG operator reduces to q-rung
q - ROFHOWG (E,,, E E,,) orthopair fuzzy soft ordered weighted geometric (q-ROFSOWG)
app> —ap Anm
operator.

n wi VJ
= (Hj:l(l_lt 1 (PWu \/1 B 1_[] 1
(T (o))

(0997 (099" (0.99)"" (0.88)°2)" 5.1 Properties of g-ROFHOWG operator

{(0.88)°2 (0.77)** (0.77)*' (0.77)°2}"*

(1 1//0,1,]) ) ) Remark 5.9. From these remarks it is clear that the IFHOWG,
PFHOWG and q-ROFSOWG operators are the specials cases of the

i=1
\jl _ l_L (TT2 1(1 V’aa,,) ) ) proposed G-ROFHOWG operator.

{(0.77)°3 (0.66)™* (0.77)" (0.66)°*}™ The following section proposes the properties of the
{(0.77)*2 (0.55)™* (0.55)' (0.55)° 2}0 | q-ROFHOWG  operator, such as idempotent, bounded,
= \/ 1-((1-0.33%)" (1-0.44%)™ (1 - 0.44°)" (1 - 0.55°)°%) " and monotonic. These properties can be proved by the following
{1 - ((10.905 - 0.99°)° (1 - 0.99%)"* (1 0995)‘”( 1-0.88°)")" theorems.
\/1 C((1-0.99°) (1-0.99°)" (1~ 0.88%)" (1 - 0.88) 2)04 (Idempotency) Let E,,; = (%,j’ ‘Vaij) be a collection of g-ROFHNS,
\/1 _(( 20,667 (1-0.99°)" (1- 0.66%)" (1 - 0.88° 02)01 foralli=1,2,...,nandj=1,2,...,m.If Es,,, = E1y is mathematically
= (0.769,0.1997) identical, then g - ROFHOWG (E,,, E,,,, . . ., E,,,) = E.
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Proof. As it is known,

q—- ROFHOWG (E,,, Eay,» - - -, Ea,)

kitl ka1 wi\" kitl [ ko+l » vj
= 2!:11 <l_[ ((/’na(i)(]-)) ) >y 1= l_[ ( | (1 _l//guij) )

i=1 j=1

As E = Eij, S0;

~(2{ou,) - (1-12.))
= (%1,»%,]) =k

(Boundedness) Let E,,,; = (% Va, ) be a collection of -ROFHN:Ss,
foralli:1,2,..m,andj:l,2,... and
Ermax max = max maxEg, ;. then
Emin min <q — ROFHOWG (E,,, E, > - - ) € Emax max» Where w;
and v; are weight vectors for expert s and sub-attributes of the

94 (j)

(5.11)

, . IfEmm min = Min mink,,  a

ﬂnm

selected parameters, such that w; >0, Y w; = 1, and w; >0, YL vj =
1.

Proof. Let f(x) = 41— (1 -x4), x € [0,1] then

4 (pe) = —qx“( (- 1) <0,

So f(x) is decreasing function on [0,1]. As vy, . < Vay; < Vimax mav

hence f Vi min) < f V) < f Voo )

< {1/1 - maxjmax?y/s (/1 - w(qm” < {’/1 - minjmin?y/

e {TT7 (T (1~ maxymaxfy)®)

i< \{I/Hfil:l (I, (1 - ‘/’gﬂu)w’)vi < \*/H}':l (T, (1 = min;mindy)*)"

< f/( (1- maxjmaX?w)ZZ'w‘)zF‘” < (/l‘[;‘:l (T, (1 =y )y

<A/((1 - minminfy) X5 2" e T mm ming? < {11 (11 (-

(Pga,,)w‘)v’ < /-1 + max;max;¢9

< min;min; (¢) < \‘*/1 =T (T2 (1 = 98a,)™)" < max;max; (¢) (3.12)
AS Yoo min <V, < Vimax max> 1608 f (Wrin o) < F (0) < f (Vi ma)-

< {/min;min;y < g Vg, < {/MaX;Max;y

& {1 (T (minjmingy))” < {TT (T Vg, )™ < /T (Tics

" (max;max;y)*)"

1/ ((min;min;y) 25 22" < {1 (T (g, ™) < {/ ((maxjmax

i‘//)ZZ‘w‘)ZJZ‘Vj e gminyminy < JTT 5, (T2 (g,,)")" < YA MY <

min;min; (y) < {fln (T 1(V/aa )*)" < max;jmax; (y)(3.13)

Let g — ROFHOWA (E,,,,E,,,» - - -, Eq,,) = E. Then equation (3.12)—-(3.13) can

be written as min;min; (y4) < y/?m']. < max;max; (y4) and min;min; (¢) < Poa, S

max;max; (¢). Thus,
S(H) =y1-¢'< W?nax)'max,' - ‘quninjmin,
=yl—¢l2 wgﬂnjmin,

= S(Hmax)
= S(Hmin)

l//max jmax;
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If S(H) < S(Hp,x) and S(H) > S(Hpin), then we have
Hunin <q — ROFHOW A (Eg,,, Eapys - - Eay,) < Hona

If S(H) = S(Hpax)> then we have y1 =
Thus A(H) = y+¢. Therefore,

V/?nax max; and (Pq = (P?nax‘max,-
j j

q— ROFHOW A (E,,,Eayys - - Ea,,) < Homax

If S(H) = S(Hpin)> then we have y1 — ¢ = wzﬁn},mmi and y1 = W?ninjmin,

and (/) = (/)minjmin, Thus A(H) = l//q + ¢ = (p?ninjmin, + ll/minjmin;'
Therefore,
q - ROFHOWA (E,, ,Ea,,. .. Ea, ) < Hpin
So, we get
Hpin<q— ROFHOW A (Eay,, Eayyy - - - Eay,) < Honas

6 Multi criteria decision making
technique

In this section, we will develop the methodology to apply the
proposed operators in MCDM problems using q-ROFHNs and
solve a numerical example. In addition, we also develop the
decision-making technique (DM) to reduce MCDM restrictions
and to validate the effects of proposed AOs. And also, a
quantifiable data are provide to support the practical aspect of
the planned approach.Assume that S = {S;, S,, ...
{01, Oy, ...
Letw = (wy, ws, ... w,) isa weight vector for experts with w; > 0,
and Y7 w; =1.Let T={Ty, Ty, ...
sub-attributes Q = {q1p X q2p
v;>0, Z?:lvj = 1. The group of experts examined the alternatives
in the form of q-ROFHNs as (Sa;)um = (‘Pa,jﬂ//aij)nwahen» we
apply he proposed approach to MCDM problem by applying
q-ROFHOWA/q-ROFHOWG operators. Figure 2 shows the
representation of MCDM method's steps. The
following algorithm can be used to make a decision. Step I:

S} is a

set alternative and O = O,} is a group of experts.

T,,} be a set of parameters with
X=X @mpt with  weight vector

graphical

Construct a decision matrix based on the experts’ evaluations of
each alternative in the form of q-ROFHNS.

TZII TZIZ e Zlm

TZZI Tzzz e Tgm
(0,Q) = [T L =

T? T ... T1

Step 2: If all criteria are of the same type, there is no need for
normalisation; however, there are two types of criteria, which are
known as benefit type attribute B, and cost type attribute B, in
MCDM. In this case, using the normalisation formula, the matrix
Sa; 1s changed into a normalising matrix

u,J = (9, ¥,,) Costtypeattributes
(DaJmen = Eq; = (qxu‘ P )Beneﬁttypeattrlbutes
Step 3: To obtain the order position of the proposed decision
matrix.Step 4: Use the developed ordered weighted aggregation
operator to accumulate all the alternative in a decision matrix.Step

5: Calculate the score values for each alternatives.Step 6: Select the
appropriate alternative as the best option.
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6.1 Example

In order to choose appropriate green suppliers, manufacturers
invite a group of experts to evaluate the three potential green
suppliers using a system of criteria, including product
performance (Al), supplier development potential (A2), and
pollution control (A3). They find specialists who can confirm
links between influential elements of success affecting the
performance of green suppliers. The experts are tasked with
organizing sets of pairwise comparisons in terms of impacts and
orientation between the performance factors of green suppliers,
consisting of sub-attributes such as product lines (AS1), increasing
efficiency and effectiveness (AS2), lowering supplier developmental
potential (AP1), increasing supplier developmental potential (AP2),
and reducing or eliminating fireplaces (AC1) which avoid burning
leaves (AC2). Let A = a; X a, x az be a set of sub-attributes A =
{ai1, a2} x {az1, az2} x{asy, asz} = {(a11, 421, as1), (a1, a2z, asa),
(@11, a22, az1), (ar1> az215 G32), (G12, a215 as1), (a1, A22, a32), (ara,
22, a31),(A12, A21, a32)} = A = {a1, @3, a3, As, s, Gg, 47, g} denotes
the set of sub-attributes with weight.v; =
(0.15,0.14,0.16,0.12,0.13,0.11,0.10,0.09)". Let {0,,0,,0 5} be a set
of experts with weight w; = (0.2,0.3,0.4,0.1)".

Decision matrix for Alternative S;

(0.66,0.99) (0.77,0.99) (0.99,0.33) (0.77,0.66) (0.88,0.99) (0.77,0.99) (0.99,0.33) (0.77,0.99)
(0.55,0.66) (0.99,0.44) (0.55,0.99) (0.66,0.99) (0.66,0.99) (0.66,0.88) (0.77,0.66) (0.88,0.66)

(0.44,0.88) (0.77,0.99) (0.44,0.66) (0.99,0.44) (0.77,0.88) (0.77,0.55) (0.88,0.33) (0.77,0.44)
(0.55,0.44) (0.88,0.55) (0.66,0.88) (0.77,0.88) (0.88,0.66) (0.77,0.66) (0.99,0.55) (0.55,0.66)

Decision matrix for Alternative S,

(0.55,0.66) (0.44,0.99) (0.88,0.33) (0.77,0.66) (0.44,0.99) (0.77,0.55) (0.99,0.66) (0.77,0.99)
(0.77,0.88) (0.77,0.99) (0.44,0.66) (0.99,0.44) (0.77,0.44) (0.77,0.55) (0.88,0.33) (0.88,0.44)
(0.88,0.99) (0.77,0.99) (0.99,0.44) (0.77,0.66) (0.88,0.66) (0.77,0.99) (0.99,0.44) (0.77,0.99)
(0.55,0.66) (0.99,0.44) (0.33,0.99) (0.66,0.99) (0.44,0.99) (0.33,0.88) (0.77,0.66) (0.88,0.66)

Decision matrix for Alternative Sy

(0.99,0.66) (0.44,0.99) (0.88,0.33) (0.77,0.66) (0.44,0.99) (0.77,0.55) (0.99,0.66) (0.77,0.99)
(0.44,0.88) (0.77,0.66) (0.55,0.88) (0.99,0.33) (0.66,0.44) (0.77,0.66) (0.55,0.33) (0.88,0.77)
(0.66,0.99) (0.77,0.99) (0.99,0.44) (0.77,0.66) (0.88,0.66) (0.77,0.99) (0.99,0.44) (0.77,0.99)
(0.33,0.88) (0.77,0.99) (0.44,0.66) (0.99,0.44) (0.77,0.44) (0.77,0.55) (0.88,0.33) (0.88,0.44)

Decision matrix for Alternative S,
(0.99,0.44) (0.99,0.44) (0.99,0.33) (0.77,0.99) (0.77,0.55) (0.77,0.44) (0.44,0.66) (0.33,0.88)

(0.88,0.33) (0.88,0.77) (0.77,0.66) (0.77,0.66) (0.66,0.44) (0.55,0.88) (0.55,0.33) (0.44,0.88)
(0.99,0.44) (0.99,0.44) (0.88,0.66) (0.77,0.99) (0.77,0.99) (0.77,0.99) (0.77,0.66) (0.66,0.99)
(0.99,0.66) (0.99,0.66) (0.88,0.33) (0.77,0.99) (0.77,0.66) (0.77,0.55) (0.44,0.99) (0.44,0.99)

The decision matrices with ordered position as follows:

Decision matrix for Alternative S;

(0.99,0.33) (0.99,0.33) (0.88,0.99) (0.77,0.99) (0.77,0.99) (0.77,0.99) (0.77,0.66) (0.66,0.99)
(0.99,0.44) (0.88,0.66) (0.77,0.66) (0.66,0.99) (0.66,0.99) (0.66,0.88) (0.55,0.99) (0.55,0.66)
(0.99,0.44) (0.88,0.33) (0.77,0.99) (0.77,0.88) (0.77,0.55) (0.77,0.44) (0.44,0.88) (0.44,0.66)
(0.99,0.55) (0.88,0.66) (0.88,0.55) (0.77,0.88) (0.77,0.66) (0.66,0.88) (0.55,0.66) (0.55,0.44)

Decision matrix for Alternative S,

(0.99,0.66) (0.88,0.33) (0.77,0.99) (0.77,0.66) (0.77,0.55) (0.55,0.66) (0.44,0.99) (0.44,0.99)
(0.99,0.44) (0.88,0.44) (0.88,0.33) (0.77,0.99) (0.77,0.88) (0.77,0.55) (0.77,0.33) (0.44,0.66)
(0.99,0.44) (0.99,0.44) (0.88,0.99) (0.88,0.66) (0.77,0.99) (0.77,0.99) (0.77,0.99) (0.77,0.66)
(0.99,0.44) (0.88,0.66) (0.77,0.66) (0.66,0.99) (0.55,0.66) (0.44,0.99) (0.33,0.99) (0.33,0.88)

Decision matrix for Alternative S;

(0.99,0.66) (0.99,0.66) (0.88,0.33) (0.77,0.99) (0.77,0.66) (0.77,0.55) (0.44,0.99) (0.44,0.99)
(0.99,0.33) (0.88,0.77) (0.77,0.66) (0.77,0.66) (0.66,0.44) (0.55,0.88) (0.55,0.33) (0.44,0.88)
(0.99,0.44) (0.99,0.44) (0.88,0.66) (0.77,0.99) (0.77,0.99) (0.77,0.99) (0.77,0.66) (0.66,0.99)
(0.99,0.44) (0.88,0.44) (0.88,0.33) (0.77,0.99) (0.77,0.55) (0.77,0.44) (0.44,0.66) (0.33,0.88)

Decision matrix for Alternative S,

(0.99,0.44) (0.99,0.44) (0.99,0.33) (0.77,0.99) (0.77,0.55) (0.77,0.44) (0.44,0.66) (0.33,0.88)
(0.88,0.33) (0.88,0.77) (0.77,0.66) (0.77,0.66) (0.66,0.44) (0.55,0.88) (0.55,0.33) (0.44,0.88)
(0.99,0.44) (0.99,0.44) (0.88,0.66) (0.77,0.99) (0.77,0.99) (0.77,0.99) (0.77,0.66) (0.66,0.99)
(0.99,0.66) (0.99,0.66) (0.88,0.33) (0.77,0.99) (0.77,0.66) (0.77,0.55) (0.44,0.99) (0.44,0.99)

The aggregated values using the g-ROFHOWG operator of the
alternatives are given as follows.S; = (0.5649, 0.2988), S, = (0.7798,
0.1896), S5 = (0.7654, 0.3877), S, = (0.6685, 0.1679).The score values
are given as follows.S; = 0.05514, S, = 0.28810, S; = 0.25392, §; =
0.13337, S, =0.1337. The order of alternative is S, > S5 > S, > S}, hence
S, is the best alternative.
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7 Comparative analysis and discussion

In this section, an evaluation of the proposed model is planned
to demonstrate its effectiveness of the proposed method. For this
purpose, we compare our proposed method with some existing
methods. Zulqarnain et al. (Arora and Garg, 2018) developed
intuitionistic fuzzy soft weighted average aggregation operator. If
we assign the membership and non-membership i. e 0.88 and 0.99,
then their sum exceeds 1. Hussain et al, (2020) developed
q-ROFSWA operators, which cannot handle the parameterized
values of alternatives. So in this case the method failed to cope the
situation. Similarly, if we take IFHSWA aggregation operator, so
thus method also fail and did not full the condition that the sum of
membership and non-membership may not exceeds 1. On the
other side the PFHSWA and PFHSWG aggregation operators also
failed to tackle the situation. So the proposed approach full all
these situations. The aggregation operators created by Khan et al,
(2022a) can expertly compress with the multiple sub-attributes of
the alternatives. However, these aggregation operators may
We,
therefore, opted for the ordered aggregation operators in the

sometimes not produce certain undesirable results.
q-ROFHS environment, which is achieved by managing several sub-
attributes equivalents to existing aggregation operators, in order to
manage these complexity in uncertain environment. q-ROFHSS is
therefore the greatest interpretation of PFHSS. The advantage of the
proposed technique is that they have the ability to solve real worlds
problems by using their parameterizations properties with g > 2. The
planned approach is effective and realistic, using the -ROFHOWA and
q-ROFHOWG operators. A creative MCDM model in the q-ROFH
environment is built. The planned model is more capable than common
approaches and can generate the most appropriate results in MCDM
problems. The proposed approach will therefore be more effective,
significant, and improved compared to the other models in different
versions of the fuzzy sets. Table 1 show the study of comparative
analysis.

8 Conclusion

The circumstances of group decision -making usually involve
complex criteria that are influenced by a number of other factors.
The selection of appropriate criteria and the choice of green
suppliers are essential for the operations of every business. Their
prosperity depends directly on how this situation is resolved. An
organized approach would divide the examination of the green
supplier selection problem into two sections: criteria and
methodology. The assessment of decision-makers is expressed
in the form of q-ROFHNs. In this study, the ambiguity and
incompleteness of the information were resolved using the
proposed structure. In addition, q-ROFHOWG aggregation
operators were developed. Based on these operators, a novel
MCDM strategy for green supplier management was created.
Additionally, a real-world example of selecting green suppliers
was provided to demonstrate the viability of the suggested
operators. The suggested approach could successfully solve
various challenges in the selection of green suppliers,
including giving decision-makers, a pleasant environment for

assessment and encouraging a relatively high degree of consensus
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among decision-makers, while properly examining the weights of
decision-makers. Therefore, this study offers a more useful and
effective method for selecting green-suppliers for the actual
businesses. In future the proposed structure can be applied in
different decision making techniques such as Complex
Proportional Assessment (COPRAS) method, TOPSIS method,
Analytic Hierarchy Process (AHP) method, VlseKriterijumska
Optimizacija I Kompromisno Resenje (VIKOR) method and (an
acronym in Portuguese for Interative Multi-criteria Decision
Making (TODIM) method. And we would consider the impact
of the psychological factors of experts on the results of the
decision in the problem of selecting green suppliers. In
addition, the new method can also be applied in the selection
of investment projects and in various other fields.
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