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Solar power is an alternative energy derived from the sun. Solar power is more
environmentally friendly and sustainable than burning fossil fuels which releases
harmful greenhouse gas emissions. Therefore, this study aims to evaluate a
reliable solar panel based on certain characteristics by incorporating the theory
of the decision-making process. To serve this goal, this study discusses a well-
known aggregation model of the q-rung orthopair fuzzy set, which is a broader
and flexible environment of fuzzy sets and intuitionistic fuzzy sets used to
handle unpredictable information of human opinions. The key components of
this article are to demonstrate some realistic operations of Sugeno–Weber
triangular norms considering q-rung orthopair fuzzy information. These
operations provide authentic estimated information during the decision-
making process. We developed a class of new aggregation operators using
the q-rung orthopair fuzzy information system, including q-rung orthopair
fuzzy Sugeno–Weber power weighted average and q-rung orthopair fuzzy
Sugeno–Weber power weighted geometric operators. Some realistic
characteristics and special cases are also demonstrated to show the
compatibility of the proposed methodologies. An innovative approach to the
multi-attribute decision-making problem is utilized to resolve different real-life
applications considering various criteria or attributes. To show the intensity and
applicability of the proposed approaches, we explored a numerical example for
efficient solar panel selection based on the proposed methodologies.
Furthermore, we presented a comprehensive comparison technique to
compare the findings of the existing methods with the proposed aggregation
approaches. Finally, the proposed research work is summarized, and the future
prospects are discussed.
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1 Introduction

The multi-attribute decision-making (MADM) process is used
to resolve complicated issues when it is necessary to consider several
different factors. The use of MADM is essential in real-world
decision-making, particularly when the stakes are high or the
decision-maker must select between many equally appealing
possibilities. In this article, we will examine the advantages of
using MADM in practical terms and in aiding both individuals
and organizations to make wiser judgments. Numerous industries,
including business, engineering, economics, healthcare, and politics,
may benefit from MADM. For instance, MADM is used in business
to identify the best supplier, recruit staff, choose the most lucrative
investment, or determine the best marketing plan. Engineering uses
MADM to identify the optimal design, choose the best material, or
enhance a system’s performance. MADM is a tool used in the
healthcare industry to determine the efficacy of various therapies,
distribute resources, and rate the standard of care. Politicians
employ MADM to decide on public policies, rank public projects,
and distribute public funds.

One of the key advantages of MADM is that it offers an
organized and systematic approach to decision-making, which
aids in preventing judgments based on biases, intuition, or
personal preferences. In order to use the MADM technique,
decision-makers must first identify the decision issue, provide the
criteria, assess the options, and then choose the optimal option using
a thorough and transparent procedure. This procedure ensures that
all pertinent information is considered and a decision is made based
on reasonable, impartial standards. Another advantage of MADM is
that it enables decision-makers to consider numerous factors at
once, which may be difficult to achieve without a structured
decision-making process. For instance, when recruiting a new
employee, the decision-makers may need to consider several
factors, including education, experience, talents, and personality.
The decision-makers may assess each candidate based on each
criterion using MADM, give weights depending on their relative
relevance, and choose the candidate with the highest total score. This
strategy ensures that all relevant information about each candidate,
instead of only one or two factors, is considered in the selection.

By offering a mechanism to assess the effects of many options under
various circumstances,MADMalso assists decision-makers inmanaging
risk and uncertainty. Many different outcomes may occur in many real-
life decision-making situations, and the consequences of the alternatives
are often not known with confidence. For instance, while making an
investment choice, the decision-makers may need to consider several
factors, including return on investment, risk, liquidity, and
diversification. Using MADM, the decision-maker can evaluate the
results of many investment alternatives under various circumstances,
such as a favorable or adverse market, and choose the best overall
performance. Additionally, MADM offers a mechanism to include
stakeholders’ beliefs and preferences in decision-making. It may be
challenging tomeet the stakeholders’ interests in many real-life decision-
making scenarios when several parties may have varied preferences and
values. Using MADM, the decision-maker may weigh each stakeholder
based on their relative significance and consider their priorities and
values. This strategy ensures that the selection is made based on a
reasonable and equitable inspection of the available options, taking into
account of the interests of all parties involved.

Zadeh (1965) introduced the basic theory of fuzzy set (FS) in
1965 to cope with unclear and redundant information related to human
opinions with a single term of satisfaction grade (SG). FS is an efficient
aggregation model, and several mathematicians explored the fuzzy set
theory in different frameworks. Atanassov (1986) presented a new
concept of an intuitionistic fuzzy set (IFS) by expanding the theory of
FS. IFS is a powerful structure of FSs and is produced by adding a
dissatisfaction grade (DSG) with SG in such a way that the sum of SG
and DSG lies in a close interval [0, 1]. Atanassov (1989) also modified
some fundamental operations under the system of an IFS, like union,
intersection, and relation, among different intuitionistic fuzzy numbers.
The concepts of IFSs cannot deal with complex situations due to
restricted conditions and insufficient information. To serve this
situation, Yager (2013) illustrated a robust idea of a Pythagorean
fuzzy set (PyFS) with the sum of the square of SG and DSG bound
in a closed interval [0, 1]. After that, Yager (2016) proposed the q-rung
orthopair fuzzy set (q-ROFS) theory. The q-ROFS theory provides
liberty to decision-makers due to a wide range of uncertain information
and enables them to acquire results according to their own preferences.
Several mathematicians utilized discussed aggregation models to
mitigate the impact of attributes. Some realistic mathematical
approaches under the system of different fuzzy circumstances, like
Alcantud et al. (2020), discussed the properties of an infinite chain
based on intuitionistic fuzzy information. Akram and Shahzadi (2021)
presented a novel approach to PyFSs by using operations of Dombi
aggregation tools and developed a class of new aggregation models.
Hussain et al. (2023) presented Heronian mean models for selecting a
suitable solar panel. By utilizing Hamacher triangular norms, Darko
and Liang (2020) developed new aggregation operators (AOs) to tackle
redundant information related to human opinions.

AOs are essential for the MADM problems to find an appropriate
optimal option during decision-making. Several scholars established
numerous mathematical aggregation approaches by expanding
different fuzzy domains. Riaz and Farid (2022) suggested an
effective logistic provider using three components of membership
values related to any object. A sustainable approach for energy
planning enterprises was demonstrated by Riaz et al. (2020) to
overcome the impact of redundant information by taking into
account q-rung orthopair fuzzy (q-ROF) circumstances. Senapati
et al. (2023) mentioned a sustainable structure for implementing
the concept of sharedmobility to reduce the negative impacts of traffic
congestion and environmental pollution. Senapati et al. (2022) also
recommended a robust global partner for the improvement of
multinational companies and suggested a class of new approaches.
Akram and Shahzadi (2021) developed a series of new AOs using
Dombi aggregation tools considering complex Pythagorean fuzzy
situations. Akram et al. (2023) proposed the Muirhead mean
aggregation model using 2-tuple linguistic fuzzy circumstances.
Hussain et al. (2023) classified a suitable optimal option using the
Aczel–Alsina aggregation model with an interval-valued Pythagorean
fuzzy system. To reduce the impact of fuel and gas, Hussain et al.
(2023) evaluated an electric motor car based on the decision-making
process and presented new mathematical approaches considering
complex spherical fuzzy circumstances. Hussain et al. (2022) also
modified Hamy mean aggregation models with some specific
properties to check the performance of vendor management
enterprises. Wang and Garg (2021) designed an algorithm for the
MADM problem using the properties of Archimedean triangular
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norms to take into account ambiguous information. To eliminate the
negative effect of redundant information, Wang and Zhang (2022)
developed interactional operational laws by improving traditional
rules to propose new approaches. Hussain, Wang, Ullah et al. (2023)
anticipated dominant mathematical approaches by exploring the
properties of Hamy mean models and operations of Aczel–Alsina
t-norms. In a few decades, decision-making techniques became a
research hotspot, and a number of mathematicians worked on
different environments and developed robust mathematical
approaches such as Shafiq et al. (2023), Çolak et al. (2023), and
Shafiq et al. (2024).

An interval-valued intuitionistic fuzzy (IVIF) model is an extended
framework of an IFS used to handle unpredictable or insufficient
information related to any object. Liu and Jiang (2020) utilized the
concepts of distance measures by incorporating the theory of IVIF
information to develop a new list of AOs. The key components of AOs
in the decision-making process are used to evaluate a notable optimal
option considering appropriate attributes. The decision-making process
is utilized in every field and has gained considerable attention from
numerous research scholars. For instance, Liu and Gao (2019) mixed
two different theories, intuitionistic fuzzy values and Dempster–Shafer
theory, to eliminate the shortcomings of traditional operational laws.
They also explored the theory of the Bonferroni mean operator using
the properties of incomplete weight vectors. Mahmood and Ali (2023)
utilized the operations of Aczel–Alsina aggregation tools to investigate
appropriate approaches based on the complex intuitionistic fuzzy
framework. Garg (2020) explored some reliable properties of
trigonometric functions to overcome the impact of insufficient or
redundant information related to real-life applications. After deeply
analyzing different mathematical approaches, we conclude that the
proposed methodologies play an essential role in the decision support
system. For instance, Garg and Kumar (2020) put forward the theory of
intuitionistic fuzzy information, Bessa and Matos (2012) classified
electric vehicles based on economic and technical management, and
Khan et al. (2022) illustrated a power aggregation model based on the
complex t-spherical fuzzy system.

Naeem et al. (2023) classified different sources of renewable
energy enterprises using Frank aggregation tools and bipolar
complex fuzzy theory. Riaz et al. (2021) used a novel approach of
interval-valued Pythagorean fuzzy information and advanced
decision-making technique to examine reliable energy sources. Al-
Barakati et al. (2022) developed some prominent strategies under the
q-ROF information system for choosing the best energy source.
Motivated by the significance of solar cells and their storage
capacity, Zeng et al. (2019) established some interactive
aggregation models for the decision-making process. An innovative
approach to the analytic hierarchy technique for the decision-making
process was illustrated by Kahraman et al. (2009). Using operations of
Dombi aggregation tools and T-spherical fuzzy information, Waqar
et al. (2022) evaluated a suitable optimal option from different
available options. We also studied a list of dominant mathematical
strategies, which were designed by numerous research scholars based
on different fuzzy domains (Krishankumar et al., 2019; Hussain et al.,
2022; Razzaque et al., 2023; Shafiq, 2023).

Menger (1942) developed a robust concept of triangular norms
with notable characteristics under the system of statistical measures.
Xia et al. (2012) utilized properties of the probabilistic sum of
t-conorms and product t-norms considering intuitionistic fuzzy

situations. Sugeno (1974) discovered some new results during his
PhD by generalizing triangular norms with certain characteristics of
nilpotent t-conorms. Weber (1983) also worked on nilpotent
t-norms (as well as asymptotic member’s products and drastic
products) to investigate the latest research work. Later on, these
discoveries were known as the Sugeno–Weber t-norm and
t-conorm, or the family of Sugeno–Weber triangular norms.
Sugeno–Weber triangular norms are reliable and efficient
aggregation tools used to tackle uncertain information of human
opinions during decision-making. Hwang et al. (2012) explored the
concepts of similarity measures using Sugeno integral properties and
established a decision-making process under the IF information
system. The theory of fuzzy measures was expanded by Murofushi
and Sugeno (1991), with properties of Sugeno integral and Choquet
integral. Marichal (2000) and Weber et al. (2015) also presented an
effective way to tackle unrealistic information about human
opinions when choosing the optimal option under certain criteria
or attributes. Recently, Sarkar et al. (2023) explored the concepts of
the t-spherical fuzzy hypersoft set using robust aggregation tools of
Sugeno–Weber triangular norms to resolve real-life challenges.

However, the discussed strategies have several advantages and are
used to handle complex human opinions. Sometimes, the decision-
maker cannot deal with awkward and unpredictable situations during
evaluation in the decision-making process. However, there is a lack of
studies on the q-ROF environment based on dominant operations of
the Sugeno–Weber t-norms. Authors also construct new mathematical
strategies by combining three different theories for handling
imprecision and complex information. Currently, the developed
approaches have the additional advantage of dealing with
insufficient information without the degree of weight, which is
assigned to the characteristics or attributes by the decision-maker.
The key feature of this article is to develop a class of mathematical
approaches under the system of q-ROF information. Some valuable
advantages of the derived theory are stated as follows:

a) By utilizing our proposed research methodologies, we can
express uncertainty and complexity more precisely under the
system of q-ROF information during the MADM problem
evaluation process.

b) We can also evaluate given information about any object without
any external weight vectors, which are assigned to the
characteristics or attributes by the decision-maker.

The massive contributions of this article are as follows:

a) Based on three different theories, we derived some robust
mathematical strategies, namely, q-rung orthopair fuzzy
Sugeno–Weber power weighted average (q-ROFSWPWA) and
q-rung orthopair fuzzy Sugeno–Weber power weighted
geometric (q-ROFSWPWG) operators with notable
characteristics and special cases.

b) We evaluated the applicability and effectiveness of the developed
AOs and pioneered an advanced decision-making technique to
cope with awkward and redundant information of human
opinion with the help of derived strategies.

c) A numerical example was also studied to evaluate a suitable
renewable energy resource under some dominant features and
characteristics with the help of the developed approaches.
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d) A comparative study was conducted to demonstrate the superiority
of the proposed approaches on existing operators developed by
different research scholars. This comparison verifies the capability
and effectiveness of the proposed approaches.

The remainder of the article is organized as follows: Section 2
covers the basic notion of Sugeno–Weber triangular norms, IFS,
q-ROFSs, and their related fundamental operational laws.
Section 3 presents some essential operational laws of
Sugeno–Weber triangular norms under the system of q-ROF
information. Section 4 presents a class of new AOs based on
Sugeno–Weber triangular norms, including q-ROFSWPWA
operator with some realistic special cases. Section 5 explores
new AOs of the q-ROFSWPW operator with certain
characteristics. The MADM problem is established to resolve
different real-life situations under the system of q-ROF
information in Section 6. To examine the stability of the
proposed methodologies, a numerical example is considered
to select a suitable solar panel to enhance the storage capacity
of electricity. In Section 7,in order to show the reliability and
consistency of the proposed research work, a comparative
analysis is established to compare the results of the existing
approaches with pioneered strategies. Final remarks related to
our research work are presented in Section 8.

2 Preliminaries

To verify the proposed research work, we explore some basic
notions of Sugeno–Weber triangular norms, q-ROFSs, and their
related fundamental rules for developing this research work.

Definition 1. The Sugeno-Weber t-norm and t-conorm are,
respectively, expressed as follows (Sarkar et al., 2023):

T Ђ �

T D ά
═
, ή
═( ), ifЂ � −1 ,

max 0,
ά
═
+ ή

═
− 1 +Ђά

═
ή
═

1 +Ђ
⎛⎜⎜⎝ ⎞⎟⎟⎠, if − 1<Ђ< +∞,

T P ά
═
, ή
═( ), Ђ � +∞

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
and

SЂ �

SD ά
═
, ή
═( ), ifЂ � −1 ,

min 1,ά
═
+ ή

═
− Ђ
1 +Ђ

ά
═
ή
═( ), if − 1<Ђ< +∞

SP ά
═
, ή
═( ), Ђ � +∞ ,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
,

where T D(ά═ , ή═) and SD(ά═ , ή═) indicate the drastic t-norm and

drastic t-conorm, respectively. Furthermore, T P(ά═ , ή═) and

SP(ά═ , ή═) represent the probabilistic sum of t-norm and t-conorm.

Definition 2. A q-ROFS A
═
on Ŵ is expressed by (Yager, 2016)

A
═ � σ, ʊ

═
σ( ),ψ═ σ( )( )∣∣∣∣∣∣σ ∈ Ŵ{ },

where ʊ
═
: Ŵ → [0, 1] and ψ

═
: Ŵ → [0, 1] indicate the

satisfaction grade (SG) and dissatisfaction grade (DSG),
respectively, with some realistic constraints:

0≤ ʊq
═

σ( ) + ψq
═

σ( )≤ 1, q ∈ Z+.

The hesitancy degree of q-ROFS is expressed by r(σ) � 1−���������������(ʊq═ (σ) + ψq
═ (σ))q

√
. A q-ROF value (q-ROFV) is denoted by ζ

═
�(ʊ═,ψ═). Table 1 and Figure 1 show the mathematical expressions and

geometrical behaviors of different fuzzy domains. We take two
different notations, namely, ʊ

═
and ψ

═
, which indicate SG and

DSG, respectively.

Definition 3. For any two q-ROFVs, ζ
═
� (ʊ═(σ),ψ═(σ)), ζ1

═
�

(ʊ═1(σ),ψ1

═ (σ)), and ζ2
═

� (ʊ2═ (σ),ψ2

═ (σ)). Then, some necessary
operations are expressed as follows (Ullah et al., 2023):

1) ζ1
═
⊆ζ2

═
, if ʊ

═
1 ≤ ʊ

═
2,ψ1

═
≥ψ2

═
.

2) ζ1
═

� ζ2
═
, if ζ1

═
⊆ζ2

═
and ζ1

═
⊇ζ2

═
.

3) ζ1
═
∪ζ2

═
� max(ʊ═1(σ),ʊ═2(σ)),min(ψ1

═ (σ),ψ2

═ (σ)) |(σ) ∈Ŵ{ } .
4) ζ1

═
∩ζ2

═
� min(ʊ═1(σ),ʊ═2(σ)),max(ψ1

═ (σ),ψ2

═ (σ)) |(σ) ∈Ŵ{ } .
5) ζ

═C
� (ψ═(σ), ʊ═(σ) ),∀ (σ) ∈ Ŵ.

Definition 4. For any two q-ROFVs, ζ
═
� (ʊ═,ψ═), ζ1═ � (ʊ═1,ψ1

═),
and ζ2

═
� (ʊ2═ ,ψ2

═ ) with ₵> 0. Then, we have (Ullah et al., 2023)

1) ζ1
═
⊕ζ2

═
� ( ����������������

ʊq
═

1 + ʊq
═

2 − ʊ
═q
1.ʊ

q
═

2
q

√
,ψ1

═
.ψ2

═ ).
2) ζ1

═
⊗ζ2

═
� (ʊ═1.ʊ═2, ����������������

ψq
1

═
+ ψq

2

═
− ψq

1

═
.ψq

2

═q

√ ).
3) ₵ζ

═
� ( ������������

1 − (1 − ʊq
═ )₵q

√
,ψ
═₵).

4) ζ
═₵

� (ʊ═₵, ������������
1 − (1 − ψq

═ )₵q

√ ).
TABLE 1 Mathematical structure of different fuzzy domains.

Environment Membership
function

Mathematical
expression

FS (Zadeh, 1965) ʊ
═
∈ [0, 1] 0≤ ʊ

═
≤ 1

IFS (Atanassov,
1986)

(ʊ═,ψ═ ), ʊ═,ψ═∈ [0, 1] 0≤ ʊ
═ + ψ

═
≤ 1

PyFS (Yager, 2013) (ʊ═,ψ═ ), ʊ═,ψ═∈ [0, 1] 0≤ ʊ2
═

+ ψ2
═

≤ 1

q-ROFS (Yager,
2016)

(ʊ═,ψ═ ), ʊ═,ψ═∈ [0, 1] 0≤ ʊq
═ + ψq

═
≤ 1, q ∈ Z+
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Definition 5. Consider a q-ROFVs ζ
═
� (ʊ═,ψ═ ), and score function

and accuracy function are, respectively, expressed as follows (Ateş
and Akay, 2020):

S ζ
═( ) � ʊq

═
σ( ) − ψq

═
σ( ),S ζ

═( ) ∈ −1, 1[ ]

and

A ζ
═( ) � ʊq

═
σ( ) + ψq

═
σ( ),A ζ

═( ) ∈ 0, 1[ ].

If two q-ROFVs ζ1
═

� (ʊ═1,ψ1

═ ) and ζ2
═

� (ʊ2═ ,ψ2

═ ), then we

have S(ζ
═

1)<S(ζ
═

2) if ζ1
═

< ζ2
═

and S(ζ
═

1)>S(ζ
═

2) if ζ1
═

> ζ2
═
. When

S(ζ
═

1) � S(ζ
═

2), thenA(ζ
═

1)>A(ζ
═

2) if ζ1
═

> ζ2
═

andA(ζ
═

1) � A(ζ
═

2) if
ζ1
═
≈ζ2

═
.

Definition 6. Suppose ζƔ
═
,Ɣ � 1, 2, . . . ,Ɯ is a set of positive

integers. The power average (PA) operator is expressed as
(Yager, 2001)

PA ζ1
═
, ζ2
═
, . . . , ζƜ

═( ) �
1 + A ζƔ

═( )( )ζƔ═
∑Ɯ

Ɣ�1 1 + A ζƔ
═( )( ),

where A ζƔ
═( ) � ∑Ɯ

Ɣ�1
Ɣ ≠ τ

Supp ζƔ
═
, ζτ
═( ).

3 Operations of Sugeno–Weber
triangular norm based on q-ROFVs

Some necessary operations of Sugeno–Weber triangular norms
are expressed considering q-ROF information. The following
aggregation expressions play an important role in our proposed
research work.

Definition 7. For three q-ROFVs, ζ
═
� (ʊ═,ψ═ ), ζ1

═
� (ʊ═1,ψ1

═ ), and
ζ2
═

� (ʊ2═ ,ψ2

═ ) with Δ> 0. Basic operations of Sugeno–Weber
triangular norms are given by

a) ζ1
═
⊕ζ2

═
� ⎛⎝ ������������������

ʊ
q
1

═
+ ʊ

q
2

═
− Ђ

1+Ђʊ
q
1

═
.ʊq2
═q

√
,

�����������
ψq
1

═
+ψq

2

═
−1+Ђψq

1

═
.ψq

2

═

1+Ђ
q

√ ⎞⎠.

b) ζ1
═
⊗ζ2

═
� ⎛⎝ �����������

ʊ
q
1

═
+ʊq2

═
−1+Ђʊ

q
1

═
.ʊq2
═

1+Ђ
q

√
,

������������������
ψq
1

═
+ ψq

2

═
− Ђ

1+Ђψ
q
1

═
.ψq

2

═q

√ ⎞⎠.

c) Δζ
═
�⎛⎝ �������������������

1+Ђ
Ђ (1−(1−ʊq═ ( Ђ

1+Ђ))Δ)q

√
,

�������������������((1+Ђ)(Ђψq
═ +1

1+Ђ )Δ
−1) 1

Ђ
q

√ ⎞⎠ .

d) ζΔ
═
�⎛⎝ �������������������

1
Ђ((1+Ђ)(Ђʊq

═ +1
1+Ђ )Δ

−1)q

√
,

��������������������
1+Ђ
Ђ (1−(1−ψq

═ ( Ђ
1+Ђ))Δ)q
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4 q-rung orthopair fuzzy
Sugeno–Weber aggregation operators

Based on the operational laws of Sugeno–Weber t-norms, we
established new mathematical strategies of the q-ROF information,
such as q-ROFSWPA and q-ROFSWPG operators.
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FIGURE 1
Geometrical structure of different fuzzy domains.
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1 − ψq
Ɣ

═ Ђ
1 +Ђ

( )( )ƝƔ⎛⎝ ⎞⎠q

√√
.
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Theorem 10. Consider a class of q-ROFVs

ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),Ɣ � 1, 2, . . . ,Ɯ, which implies that ζƔ

═
� ζ

═
. Then

we have

q − ROFSWPG ζ1
═
, ζ2
═
, . . . , ζƜ

═( ) � ζ
═
.

Theorem11. Consider any two sets of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ) and

ζ ′Ɣ

═

� (ʊ═ ′Ɣ,ψ′
Ɣ

═
),Ɣ � 1, 2, . . . ,Ɯ. If ζƔ

═
≤ ζ ′Ɣ

═

, then we obtain

q − ROFSWPG ζ1
═
, ζ2
═
, . . . , ζƜ

═( )≤ q

− ROFSWPG ζ
═

1
′, ζ

═

2
′, . . . , ζ ′Ɯ

═( ).
Theorem 12. Consider a class of q-ROFVs ζƔ

═
� (ʊ═Ɣ,ψƔ

═ ),
Ɣ � 1, 2, . . . ,Ɯ. If ζ−

═
� (min ʊƔ

═{ }, max ψƔ
═{ }) and ζ+

═
�

(max ʊƔ
═{ }, min ψƔ

═{ }), then we obtain

ζ−
═

≤ q − ROFSWPG ζ1
═
, ζ2
═
, . . . , ζƜ

═( )≤ ζ+
═
.

Definition 11. For a class of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),

Ɣ � 1, 2, . . . ,Ɯ, the q-ROFSWPOG operator is characterized
as follows:

q − ROFSWPOG ζ1
═
, ζ2
═
, . . . , ζƜ

═( ) � ⊗
Ɯ

Ɣ�1
ζ℘ Ɣ( )

═ ƝƔ

,

where ƝƔ � 1+A ζƔ
═( )( )∑Ɯ

Ɣ�1 1+A ζƔ
═( )( ), A ζƔ

═( ) � ∑Ɯ
Ɣ�1
Ɣ ≠ τ

Supp ζƔ
═
, ζτ
═( ) and

(℘(1),℘(2), . . . ,℘(Ɯ)) are the set of permutation of Ɣ �
1, 2, . . . ,Ɯ as ζ℘(Ɣ−1)

═
≥ ζƔ

═
.

Theorem 13. Consider a class of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),

Ɣ � 1, 2, . . . ,Ɯ. The accumulated value of the q-ROFSWPOG
operator is still a q-ROFV, so we obtain

q − ROFSWPOG ζ1
═
, ζ2
═
, . . . , ζƜ

═( )

�

��������������������������������
1
Ђ

1 +Ђ( )∏Ɯ
Ɣ�1

Ђʊ
q
℘ Ɣ( )
═

+ 1

1 +Ђ
⎛⎜⎜⎜⎜⎜⎜⎝ ⎞⎟⎟⎟⎟⎟⎟⎠ƝƔ

− 1
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝ ⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠q

√√√
,

����������������������������������
1 +Ђ
Ђ

1 −∏Ɯ
Ɣ�1

1 − ψq
℘ Ɣ( )
═ Ђ

1 +Ђ
( )( )ƝƔ⎛⎝ ⎞⎠q

√√
.
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⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

Theorem 14. Consider a class of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),

Ɣ � 1, 2, . . . ,Ɯ, which implies that ζƔ
═

� ζ
═
. Then we obtain

q − ROFSWPOG ζ1
═
, ζ2
═
, . . . , ζƜ

═( ) � ζ
═
.

Theorem 15. Consider any two sets of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ )

and ζ ′Ɣ

═

� (ʊ═ ′Ɣ,ψ′
Ɣ

═
),Ɣ � 1, 2, . . . ,Ɯ. If ζƔ

═
≤ ζ ′Ɣ

═

, then we obtain

q − ROFSWPOG ζ1
═
, ζ2
═
, . . . , ζƜ

═( )≤ q

− ROFSWPOG ζ
═

1
′, ζ

═

2
′, . . . , ζ ′Ɯ

═( ).
Theorem 16. Consider a class of q-ROFVs ζƔ

═
� (ʊ═Ɣ,ψƔ

═ ),
Ɣ � 1, 2, . . . ,Ɯ. If ζ−

═
� (min ʊƔ

═{ }, max ψƔ
═{ }) and ζ+

═
�

(max ʊƔ
═{ }, min ψƔ

═{ }), then we obtain

ζ−
═

≤ q − ROFSWPOG ζ1
═
, ζ2
═
, . . . , ζƜ

═( )≤ ζ+
═
.

5 q-rung orthopair fuzzy
Sugeno–Weber geometric
aggregation operators

In this section, some robust mathematical aggregation
approaches are illustrated considering q-ROF information.

Definition 12. For a class of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),

Ɣ � 1, 2, . . . ,Ɯ, the q-ROFSWPWA operator is characterized
as follows:

q − ROFSWPWA ζ1
═
, ζ2
═
, . . . , ζƜ

═( ) � ⊕
Ɯ

Ɣ�1
ΏƔζƔ

═
,

where ΏƔ � 1+A ζƔ
═( )( )∑Ɯ

Ɣ�1 1+A ζƔ
═( )( ) , A ζƔ

═( ) �

∑Ɯ
Ɣ�1
Ɣ ≠ τ

φƔSupp ζƔ
═
, ζτ
═( ),φ � φ1,φ2, . . . ,φƜ( ),φƔ > 0, and

∑Ɯ
Ɣ�1φƔ � 1.
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Theorem 17. Consider a class of q-ROFVs
ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),Ɣ � 1, 2, . . . ,Ɯ. The accumulated value of the

q-ROFSWPWA operator is still a q-ROFV, so we obtain

q − ROFSWPWA ζ1
═
, ζ2
═
, . . . , ζƜ

═( )
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��������������������������������
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Ђ
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q
Ɣ
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,������������������������������
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Ђ
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Ɣ�1

Ђψq
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═
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⎛⎜⎜⎜⎜⎜⎝ ⎞⎟⎟⎟⎟⎟⎠ΏƔ

− 1
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√√√
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⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

where ΏƔ � 1+A ζƔ
═( )( )∑Ɯ

Ɣ�1 1+A ζƔ
═( )( ), A ζƔ

═( ) �∑Ɯ
Ɣ�1
Ɣ ≠ τ

φƔSupp ζƔ
═
, ζτ
═( ),φ � φ1,φ2, . . . ,φƜ( ),φƔ > 0, and

∑Ɯ
Ɣ�1φƔ � 1.

Theorem 18. Consider a class of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),

Ɣ � 1, 2, . . . ,Ɯ, which implies that ζƔ
═

� ζ
═
. Then, we obtain

q − ROFSWPWA ζ1
═
, ζ2
═
, . . . , ζƜ

═( ) � ζ
═
.

Theorem 19. Consider any two sets of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ )

and ζ ′Ɣ

═

� (ʊ═ ′Ɣ,ψ′
Ɣ

═
),Ɣ � 1, 2, . . . ,Ɯ. If ζƔ

═
≤ ζ ′Ɣ

═

, then we obtain

q − ROFSWPWA ζ1
═
, ζ2
═
, . . . , ζƜ

═( )≤ q

− ROFSWPWA ζ
═

1
′, ζ

═

2
′, . . . , ζ ′Ɯ

═( ).
Theorem 20. Consider a class of q-ROFVs

ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),Ɣ � 1, 2, . . . ,Ɯ. If ζ−

═
� (min ʊƔ

═{ }, max ψƔ
═{ })

and ζ+
═

� (max ʊƔ
═{ }, min ψƔ

═{ }), then we obtain

ζ−
═

≤ q − ROFSWPWA ζ1
═
, ζ2
═
, . . . , ζƜ

═( )≤ ζ+
═
.

Definition 13. For a class of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),Ɣ �

1, 2, . . . ,Ɯ, the q-ROFSWPWG operator is characterized as follows:

q − ROFSWPWG ζ1
═
, ζ2
═
, . . . , ζƜ

═( ) � ⊗
Ɯ

Ɣ�1
ζƔ
═ ΏƔ

,

where ΏƔ � 1+A ζƔ
═( )( )∑Ɯ

Ɣ�1 1+A ζƔ
═( )( ), A ζƔ

═( ) � ∑Ɯ
Ɣ�1
Ɣ ≠ τ

φƔSupp ζƔ
═
, ζτ
═( ),

φ � φ1,φ2, . . . ,φƜ( ),φƔ > 0, and ∑Ɯ
Ɣ�1φƔ � 1.

Theorem 21. Consider a class of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),

Ɣ � 1, 2, . . . ,Ɯ. The accumulated value of the q-ROFSWPWG
operator is still a q-ROFV, so we obtain

q − ROFSWPWG ζ1
═
, ζ2
═
, . . . , ζƜ

═( )
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Ђ
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1 − ψq
Ɣ

═ Ђ
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.

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

Theorem 22. Consider a class of q-ROFVs ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ),

Ɣ � 1, 2, . . . ,Ɯ, which implies that ζƔ
═

� ζ
═
. Then we obtain

q − ROFSWPWG ζ1
═
, ζ2
═
, . . . , ζƜ

═( ) � ζ
═
.

Theorem 23. For any two sets of q-ROFVs, ζƔ
═

� (ʊ═Ɣ,ψƔ
═ ) and

ζ ′Ɣ

═

� (ʊ═ ′Ɣ,ψ′
Ɣ

═
),Ɣ � 1, 2, . . . ,Ɯ. If ζƔ

═
≤ ζ ′Ɣ

═

, then we obtain

q − ROFSWPWG ζ1
═
, ζ2
═
, . . . , ζƜ

═( )≤ q

− ROFSWPWG ζ
═

1
′, ζ

═

2
′, . . . , ζ ′Ɯ

═( ).
Theorem 24. Consider a class of q-ROFVs ζƔ

═
� (ʊ═Ɣ,ψƔ

═ ),
Ɣ � 1, 2, . . . ,Ɯ. If ζ−

═
� (min ʊƔ

═{ }, max ψƔ
═{ }) and ζ+

═
�

(max ʊƔ
═{ }, min ψƔ

═{ }), then we obtain

ζ−
═

≤ q − ROFSWPWG ζ1
═
, ζ2
═
, . . . , ζƜ

═( )≤ ζ+
═
.

6 An innovative approach to the MADM
problem based on q-ROF information

The objective of this section is to explore notable optimal
options using the proposed methodologies under the system of
the MADM problem. To serve this purpose, assume a set of finite
alternatives M � (M1,M2, . . . ,Mm) and a class of finite
characteristics S � (S1, S2, . . . , Sn) with some specific degrees of
criteria Δ � (Δ1,Δ2, . . . ,Δn) as Δι > 0 and ∑n

ι�1Δι � 1. The
decision-maker acquired information about an object in the form
of q-ROF Σ � (ʊ═Ɣι,ψƔι

═ ) situations with restricted constraints

0≤ ʊ
═q
Ɣι + ψ

═

Ɣι
q≤ 1. All collected information is listed in the

decision matrix R � (ΣƔι)m×n � (ʊ═Ɣι,ψƔι
═ )m×n. The evaluation

procedure of the q-ROF information is summarized based on the
following algorithm of the MADM problem. Figure 2 shows the
flowchart of the algorithm.
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6.1 Algorithm

Step 1: The decision-maker constructs a decision matrix R �
(ΣƔι)m×n � (ʊ═Ɣι,ψƔι

═ )m×n,Ɣ � 1, 2, . . . , m, ι � 1, 2, . . . , n having
q-ROF information.

Step 2: Generally, collected information about an object is
divided into two types: beneficial and non-beneficial. Before
the aggregation process, we must transform the standard
decision matrix into a normalized decision matrix using the
following formula:

R �
ʊ
═
Ɣι,ψƔι( ), if beneficial type,

ψƔι, ʊ
═
Ɣι( ), if non − beneficial type,

⎧⎪⎪⎨⎪⎪⎩
Step 3: Using the following formulas, the support of all

individuals is computed:

Supp ζƔ
═
, ζτ
═( ) � 1 −D ζƔ

═
, ζτ
═( )

and

D ζƔ
═
, ζτ
═( ) � 1

2
ʊqƔ − ʊqτ
∣∣∣∣∣ ∣∣∣∣∣ + ψq

Ɣ − ψq
τ

∣∣∣∣∣∣ ∣∣∣∣∣∣( ).
Step 4: The degree of support related to each alternative Ɣ �

1, 2, . . . , m, ι � 1, 2, . . . , n is computed.

A FƔ
═( ) � ∑

Ɣ�1
Ɣ ≠ τ

ʊƔSupp ζƔ
═
, ζτ
═( ),

where

A FƔ
═( ) � ∑

Ɣ�1
Ɣ ≠ τ

ʊƔSupp ζƔ
═
, ζτ
═( ), ʊ � ʊ1, ʊ2, . . . , ʊ( ), ʊƔ > 0,

and ∑
Ɣ�1ʊƔ � 1.

FIGURE 2
Flowchart of the algorithm.
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Step 5: The degree of weighted support associated with all

alternatives is investigated.Here,ΏƔι � ʊƔ(1+A(ζƔ
═
))∑n

Ɣ�1ʊƔ(1+A(ζƔ
═
))
,Ɣ � 1, 2, . . . ,m.

Step 6: The given information is aggregated using the
q-ROFSWPA, q-ROFSWPG, q-ROFSWPWA, and
q-ROFSWPWG operators.

Step 7: To find realistic optimal options, the score values of all
individuals are investigated.

Step 8: All score values are rearranged considering the ranking
and ordering technique.

6.2 Positive impact of renewable energy

The sun provides energy for all life on Earth. This incredible
source generates energy and gives out heat and light by fusing
hydrogen and helium at its center. It is known as solar radiation.
Only approximately half of the total intensity of this solar energy
reaches the surface of Earth. The remaining energy is reflected back
or absorbed by the atmosphere and clouds. To supply all of the
human energy needs, the sun still delivers more than enough energy.
The energy that comes from the sun is abundant, unrestricted,
and clean.

Numerous industrial and commercial processes, such as solar
cooling, hot water heating, and power generation, can directly utilize
solar energy. The fact that solar power generation is an
environmentally friendly alternative to electricity produced using
fossil fuels, with no risk of rise in electricity price, no air or water
pollution, and no threat to public health, is essential given the
growing concern over climate change.

Harmful substances like carbon dioxide are generated when
fossil fuels are burned to create energy. Burning fossil fuels
produce more emissions than generating power from
renewable sources. The most effective strategy to lessen the
risks caused by climate change is to reduce the consumption
of fossil fuels, which, at this point, are the main source of
emissions. Fossil fuels, such as coal, oil, and natural gas,
accounted for approximately 80% of the world’s energy supply
at the beginning of the 21st century. Although most estimates
show that the proven oil reserves are enough to supply the world’s
demand, fossil fuels are scarce resources, at least through the
middle of the 21st century. Using fossil fuels has serious
repercussions on the environment. In addition, nitrogen
oxides, carbon monoxide, particulate matter, and toxic
chemicals (including heavy metals, such as mercury,
chromium, and arsenic) are released by fossil-fueled power
plants and mobile sources, such as fossil-fueled autos. Human
exposure to these toxins can develop heart disease, asthma, and
other health difficulties. Furthermore, acid rain, which is caused
by emissions from burning fossil fuels, has a devastating effect on
aquatic life and vegetation and increased soil pollution in or near
numerous metropolitan areas. Carbon dioxide (CO2), created
from fossil fuel combustion, is one of the main greenhouse gases
contributing to global warming.

Numerous research scholars classified different renewable
energy resources to handle the energy crisis and introduced an
empowered power sector. For instance, Hendiani and Walther
(2023) studied some appropriate sources of renewable energy

enterprises based on the interval type-2 fuzzy theory and decision-
making process. By utilizing previously developed strategies in the
literature, Gupta et al. (2023) evaluated reliable energy sources
using an advanced decision-making approach based on the
VIKOR method. By combining two different theories of
t-spherical fuzzy sets and hypersoft sets, Monika et al. (2023)
discussed an application of renewable energy sources based on
certain characteristics. Riaz et al. (2023) utilized the
characteristics of cubic bipolar fuzzy theory and entropy
measures based on Einstein t-norms. Recently, numerous
research scholars have focused on solar energy and renewable
energy to enhance the source of electric power (Li et al., 2013;
Kutlu Gündoğdu and Kahraman, 2020; Liu et al., 2021; Seker and
Kahraman, 2021; Akram et al., 2022; Naeem and Ali, 2022). To
serve this purpose, decision-makers face challenges in choosing an
appropriate solar panel or solar cell under specific criteria or
characteristics.

6.3 Experimental case study

In this case study, the decision-maker evaluates different types of
solar panels considering the discussed algorithm of the MADM
problem. The q-ROF environment is an effective and feasible
aggregation model, which is the extended version of FSs and
IFSs. Consider five different types of solar panels manufactured
by different companies which are stated as follows:

T1: monocrystalline panels,
T2: polycrystalline panels,
T3: perovskite panels,
T4: transparent panels, and
T5: concentrator photovoltaic panels.
The abovementioned different types of solar panels are

evaluated under certain characteristics, which are explained
as follows:

J1: quality of the manufacturing material,
J2: availability of the solar panel,
J3: easy to install and high performance at low sunlight, and
J4: low maintenance rate.
The decision-maker evaluates the information related to solar

panels considering the above-discussed properties. Some particular
degree of weight is assigned to the criteria (0.17, 0.32, 0.28, 0.23) by
the decision-maker hypothetically. By utilizing the proposed
methodologies, the decision-maker evaluates an appropriate
construction material based on the proposed algorithm of the
MADM process.

6.4 Evaluation procedure of the decision-
making process

Based on the above algorithm of the MADM problem, we
applied derived methodologies of the q-ROFSWPWA and
q-ROFSWPWG operators for the evaluation of a suitable optimal
option considering some reliable characteristics.

Step 1: The decision-maker accumulates information about
solar panels and states it in the decision matrix shown
in Table 2.
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Step 2: The discussed experimental case study carried only
one type of information (beneficial). So there is no need to
transform the standard decision matrix into a normalized
decision matrix.

Step 3: Support is computed using the following expression:

Supp ζƔ
═
, ζτ
═( ) � 1 −D ζƔ

═
, ζτ
═( )

and

D ζƔ
═
, ζτ
═( ) � 1

2
ʊqƔ − ʊqτ
∣∣∣∣∣ ∣∣∣∣∣ + ψq

Ɣ − ψq
τ

∣∣∣∣∣∣ ∣∣∣∣∣∣( ),
Ɣ � 1, 2, . . . , m, ι � 1, 2, . . . , n.

Step 4: Support is computed using the following
distance formula.

Step 5: The degree of support related to each alternative Ɣ �
1, 2, . . . , m, ι � 1, 2, . . . , n is investigated.

A FƔ
═( ) � ∑

Ɣ�1
Ɣ ≠ τ

ʊƔSupp ζƔ
═
, ζτ
═( ),

where

A FƔ
═( ) � ∑

Ɣ�1
Ɣ ≠ τ

ʊƔSupp ζƔ
═
, ζτ
═( ), ʊ � ʊ1, ʊ2, . . . , ʊ( ), ʊƔ > 0,

and ∑
Ɣ�1ʊƔ � 1.

Step 5: Using Steps 3–5, the degree of weighted support related

to overall individuals is computed.Here, ΏƔι � ʊƔ(1+A(ζƔ
═
))∑n

Ɣ�1ʊƔ(1+A(ζƔ
═
))
.

Table 3 shows computed degree of unknown weights.
Step 6: Our invented approaches are applied to aggregate the

given information, and Table 4 shows all investigated outcomes
from the proposed methodologies.

Step 7: Definition 5 is used to compute the score values of all
individuals, and the values are listed as shown in Table 5.

Step 8: To examine an appropriate individual, all score values are
rearranged using the ranking and ordering technique. Table 6 shows
the ranking and ordering of all individuals, which are investigated
using our invented methodologies.

The graphical representation of Figure 3 shows the geometrical
behavior of the computed score values, which are listed in Table 5.

TABLE 5 Covered score values corresponding to each alternative.

Alternative q-ROFSWPA q-ROFSWPG q-ROFPSWPWA q-ROFSWPWG

T1 −0.0379 −0.0666 −0.0004 −0.0272

T2 −0.2114 −0.2601 −0.1326 −0.1829

T3 0.2436 0.1959 0.2854 0.2307

T4 0.2161 0.1989 0.2297 0.2122

T5 −0.0006 −0.0349 −0.0110 −0.0452

TABLE 4 Covered computed results from invented approaches.

Alternative q-ROFSWPA q-ROFSWPG q-ROFPSWPWA q-ROFSWPWG

T1 (0.7097, 0.7340) (0.7052, 0.7472) (0.7200, 0.7203) (0.7149, 0.7323)

T2 (0.6051, 0.7565) (0.5956, 0.7783) (0.6275, 0.7241) (0.6174, 0.7478)

T3 (0.7937, 0.6353) (0.7782, 0.6506) (0.8154, 0.6357) (0.7986, 0.6531)

T4 (0.7469, 0.5854) (0.7387, 0.5889) (0.7558, 0.5869) (0.7478, 0.5906)

T5 (0.7114, 0.7118) (0.6984, 0.7215) (0.7022, 0.7095) (0.6888, 0.7192)

TABLE 3 Shows computed degree of unknown weights.

Unknown weight for
q-ROFSWPA and
q- ROFSWPG operators

Unknown weight for
q-ROFSWPWA and
q-ROFSWPWG operators

ΏƔι J1 J2 J3 J4 J1 J2 J3 J4

T1 0.2426 0.2457 0.2492 0.2625 0.1745 0.3018 0.2770 0.2405

T2 0.2454 0.2243 0.2652 0.2652 0.1745 0.2994 0.2865 0.2396

T3 0.2613 0.2272 0.2433 0.2683 0.1830 0.2998 0.2738 0.2434

T4 0.2516 0.2497 0.2470 0.2516 0.1792 0.3105 0.2739 0.2365

T5 0.2566 0.2609 0.2408 0.2416 0.1816 0.3156 0.2727 0.2302

TABLE 2 Information about green supplier agents.

Alternative J1 J2 J3 J4

T1 (0.66, 0.88) (0.81, 0.75) (0.67, 0.56) (0.67, 0.71)

T2 (0.47, 0.91) (0.76, 0.46) (0.56, 0.71) (0.56, 0.83)

T3 (0.68, 0.61) (0.95, 0.47) (0.74, 0.82) (0.74, 0.57)

T4 (0.64, 0.56) (0.83, 0.64) (0.65, 0.46) (0.81, 0.65)

T5 (0.81, 0.67) (0.78, 0.71) (0.47, 0.59) (0.65, 0.85)
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6.5 Impact of different parametric values on
the results of proposed methodologies

We demonstrate an appropriate optimal option during the
decision-making process. In this discussion, we explore the
results of the proposed methodologies by assigning different
parametric values of the Sugeno–Weber aggregation tools in
q-ROFSWPWA and q-ROFSWPWG operators. When we
increase the parametric values of the Sugeno–Weber triangular

TABLE 7 Results of the q-ROFSWPWA operator for different parametric values of Ђ.

Influence of various parametric values on the results of the
q-ROFSWPWA operator

Influence of various parametric values on the results of the
q-ROFSWPWA operator

Parametric value Rank of score values Parametric value Rank of score values

Ђ � 1 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 1 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 5 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 5 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 25 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 25 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 45 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 45 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 70 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 70 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 85 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 85 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 135 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 135 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 185 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 185 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 245 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 245 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 290 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 290 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 335 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 335 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

Ђ � 400 T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2 Ђ � 400 T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

FIGURE 3
Shows the findings of our proposed aggregation approaches.

TABLE 6 Covers the ranking of score values.

Aggregation operator Ranking and ordering

q-ROFSWPA T3 ≻ T4 ≻ T5 ≻ T1 ≻ T2

q-ROFSWPG T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2

q-ROFSWPWA T3 ≻ T4 ≻ T1 ≻ T5 ≻ T2

q-ROFSWPWG T3 ≻ T4 ≻ T1 ≻ T5 ≻ T2
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norms, acquired results of the score values using the
q-ROFSWPWA operator begin to increase, and the ranking of
score values remains unchanged throughout this process:
T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2. Similarly, we observed the outcomes
of the q-ROFSWPWG operator by setting different parametric
values of the Sugeno–Weber triangular norm. When we increase
the parametric value of the Sugeno–Weber triangular norms in
the q-ROFSWPWG operator, investigated results begin to
decrease, and the ranking of score values remains the same:
T4 ≻ T3 ≻ T5 ≻ T1 ≻ T2. All investigated results of the
q-ROFSWPWA and q-ROFSWPWG operators are listed
in Table 7.

After a deep analysis of the obtained score values using the
q-ROFSWPWA and q-ROFSWPWG operators listed in Table 7, our
proposed aggregation approaches are shown to be superior to other
existing approaches. Figure 4 and Figure 5 show the geometrical
behavior of the computed score values using the q-ROFSWPWA
and q-ROFSWPWG operators, respectively.

7 Comparative analysis

This section covers the advantages of the proposed aggregation
approaches by applying the experimental case study. The q-ROFS is a

FIGURE 5
Influence of various parametric values on the results of the q-ROFSWPWG operator.

FIGURE 4
Influence of various parametric values on the results of the q-ROFSWPWA operator.
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moderate aggregation model, allowing the decision-maker to
investigate optimal options during decision-making. In order to
verify the applicability of the proposed approaches, we applied

existing approaches developed by different mathematicians such as
Jana et al. (2019), Wang et al. (2019), Darko and Liang (2020), Du
et al. (2022), Khan et al. (2022), Seikh and Mandal (2022), and Farid
and Riaz (2023). The Hamacher aggregation tools with some realistic
properties were generalized by Darko and Liang (2020), and a list of
new approaches based on the q-rung orthopair fuzzy environments
was developed. Seikh and Mandal (2022) modified a series of new
approaches by expanding the theory of Frank aggregation tools like
q-ROF Frank weighted average (q-ROFFWA) and q-ROF Frank
weighted geometric (q-ROFFWG) operators. Jana et al. (2019)
demonstrated a list of AOs based on Dombi triangular norms
such as q-ROF Dombi weighted average (q-ROFDWA) and
q-ROF Dombi weighted geometric (q-ROFDWG) operators.
Properties of Aczel–Alsina aggregation tools were explored by
Farid and Riaz (2023) to develop a list of new approaches, namely,
q-ROF Aczel–Alsina weighted average (q-ROFAAWA) operator, and
Khan et al. (2022) introduced AOs of the q-ROF Aczel–Alsina
weighted geometric (q-ROFAAWG) operator. Wang et al. (2019)
extended the theory of q-ROFS in the form of complex q-ROF
environments, and Du et al. (2022) utilized the concepts of Frank
aggregation tools based on complex q-ROF systems. After the
aggregation process, the results are computed using existing
methodologies as listed in Table 8. The graphical structure of
computed score values using existing weighted average and
weighted geometric operators are shown in Figure 6 and Figure 7,
respectively.

We observed that our proposed methodologies are superior
to other existing approaches and can greatly reduce the impact of
redundant information. Another realistic quality of the
discussed approaches is that they provide liberty to the
decision-makers for achieving effective results according to
their own preferences.

FIGURE 6
Comparison between existing weighted average operators in the comparative study.

TABLE 8 Results of existing approaches.

Results of weighted average operators

Aggregation operator Rank of score values

q-ROFSWPWA (currently proposed) T3 ≻ T4 ≻ T1 ≻ T5 ≻ T2

q-ROFFWA (Seikh and Mandal, 2022) T3 ≻ T4 ≻ T1 ≻ T5 ≻ T2

q-ROFHWA (Darko and Liang, 2020) T3 ≻ T4 ≻ T1 ≻ T5 ≻ T2

q-ROFDWA (Jana et al., 2019) T3 ≻ T4 ≻ T1 ≻ T5 ≻ T2

q-ROFAAWA (Farid and Riaz, 2023) T3 ≻ T4 ≻ T1 ≻ T5 ≻ T2

Wang et al. (2019) Failed

Du et al. (2022) Failed

Results of weighted geometric operators

Aggregation operator Ranking and ordering

q-ROFSWPWG (currently proposed) T3 ≻ T4 ≻ T1 ≻ T5 ≻ T2

q-ROFFWG (Seikh and Mandal, 2022) T3 ≻ T5 ≻ T1 ≻ T2 ≻ T4

q-ROFHWG (Darko and Liang, 2020) T3 ≻ T5 ≻ T1 ≻ T2 ≻ T4

q-ROFDWG (Jana et al., 2019) T3 ≻ T1 ≻ T4 ≻ T5 ≻ T2

q-ROFAAWG (Khan et al., 2022) T5 ≻ T3 ≻ T1 ≻ T2 ≻ T4

Wang et al. (2019) Failed

Du et al. (2022) Failed
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8 Conclusion

This article aims to explore the theory of the MADM problem to
resolve unpredictable information in real-life situations. To mitigate
the impact of unpredictable information on human opinions, we
studied several aggregation methodologies presented by different
mathematicians. We also explored the theory of Sugeno–Weber
triangular norms to develop some realistic operations of
Sugeno–Weber t-norm and t-conorms. The basic operations of
Sugeno–Weber t-norms and t-conorms are powerful and efficient
aggregation tools, providing authentic estimated information during
decision-making. We developed a class of new methodologies
considering q-ROF information, including q-ROFSWPWA and
q-ROFSWPWG operators with some reliable characteristics. To
reveal the efficiency and consistency of the proposed aggregation
technique, we illustrated an algorithm for the MADM problem. We
demonstrated an experimental case study to select a suitable solar
panel considering some dominant criteria or characteristics. The
influence study also presented the applicability of the derived
approaches and comparative analysis verified by contrasting the
results of the existing approaches with currently developed
aggregation techniques.

Although there are many advantages of the system of q-ROF
environments, they sometimes fail to handle unpredictable
information of human opinions. For instance, if information is
given in three components like SG, abstinence degree, and DSG,
then discussed environments, PyFSs, and IFS cannot deal with such

type of information. To overcome this situation, the decision-maker
considers robust environments like picture fuzzy sets (PFSs),
spherical fuzzy sets (SFSs), and T-spherical fuzzy sets (T-SFSs).
Cuong (2013) and Mahmood et al. (2019) introduced the theories of
PFSs and spherical FSs. Several mathematicians utilized the notions
of PFSs, SFSs, and T-SFSs to develop several mathematical
approaches to solving different real-life situations. We try to
solve complicated real-life situations like pattern recognition,
emerging technologies, renewable energy, medical diagnosis, and
artificial intelligence. Furthermore, we will extend our proposed
research work in the framework of different fuzzy environments like
bipolar soft sets (Mahmood, 2020), complex bipolar soft sets
(Mahmood and Ur Rehman, 2022), and linear diophantine fuzzy
sets (Riaz and Hashmi, 2019).
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