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Abstract: The selection of energy suppliers is important for sustainable energy management, as
selecting the most appropriate suppliers reduces the environmental impact and improves resource
optimization through sustainable practices. Our primary objective of this work was to develop a system
for identifying energy suppliers by assessing various characteristics and their associated sub-attributes.
Interval-valued g-rung orthopair fuzzy hypersoft sets (IVq-ROFHSS) originate by developing an
association among interval-valued g-rung orthopair fuzzy sets and hypersoft sets. It is a crucial
resource to handle unpredictable situations, mainly when presenting a component in a real-life scenario.
IVg-ROFHSS is a new structure developed to manage the sub-parametric values of the alternatives.
We developed the Einstein operational laws for [IVqQ-ROFHSS and extended the Interval-valued g-rung
ortho-pair fuzzy hypersoft Einstein weighted average (IVqg-ROFHSEWA) and interval-valued g-rung
ortho-pair fuzzy hypersoft Einstein weighted geometric (IVq-ROFHSEWG) operators. Moreover, we
used the developed operators to formulate a multi-attribute group decision-making strategy to choose
the ideal provider in sustainable energy management. The presented fuzzy robust approach reliably
reiterated the challenged energy supplier selection in supply chain management to regular activities
while alleviating overall expenses and promising stable reliability.



31318

Keywords: interval-valued g-rung orthopair fuzzy hypersoft sets; Einstein aggregation operators;
multi-attribute group decision making; energy supplier selection
Mathematics Subject Classification: 03E72, 90B50

1. Introduction

Energy supplier selection (ESS) is necessary for contemporary energy management and
acquisition. The selection of an energy supplier may have significant ramifications, impacting both the
financial aspects of energy consumption and the preservation of the environment. ESS ensures energy
distribution aligns with environmentally conscious and environmentally friendly standards. Choosing
the right energy supplier can maximize energy availability, minimize harmful emissions, and support
a green and sustainable way to generate energy. During a time dominated by growing environmental
concerns and the shift toward renewable energy alternatives, the precise and intelligent selection of
energy distributors remains crucial for companies and people-oriented to healthier and more
environmentally conscious energy choices. In actual situations, determining an object’s connection
entails a complicated and unexpected procedure. Zadeh [1] proposed the fuzzy sets (FS), a tool for
merging contradictory and uncertain data. Turksen [2] extended the interval-valued fuzzy sets (IVFS),
where membership values are in intervals than single numbers. The technique performs an adequate
task of capturing the unpredictable nature of complicated systems. IVFS is essential in fuzzy
influencing, enabling precise decision-making in complex and uncertain situations. Even so, when
assessing decision-making that involves non-membership degrees (NMD), conventional FS and IVFS
have certain limitations. Atanassov [3] developed the theory of intuitionistic fuzzy sets (IFS) with a
complex structure to tackle these deficiencies. Atanassov [4] upgraded this technique by integrating
interval-valued intuitionistic fuzzy sets (IVIFS) into IFS.

Yager [5] introduced the Pythagorean fuzzy set (PFS) as a potential elimination of the
shortcomings that exist in fuzzy set (FS) models arising from inaccurate and unreliable facts by
enhancing the fundamental criterion T + J < 1 and reformulateditas 72 + J2 < 1.Peng and Yang [6]
expanded the PFS to encompass interval-valued Pythagorean fuzzy sets (IVPFS). This integration
provided insight into the Pythagorean fuzzy sets (PFS) foundation. Yager [7] presented the concept of
g-rung orthopair fuzzy sets (q-ROFS) and examined fundamental operations and properties of the
framework by amending the condition 72+ J? < 1 to 794 J9 < 1, where ¢ > 2. Joshi et al. [8]
put forward the interval-valued g-rung orthopair fuzzy sets (IVq-ROFS) by revising the specifications
from (T*)?+ (J*)?*< 1 to (T“)9+ (J“)? < 1, where g > 2. While substantial advancements
are anticipated, parametric chemistry remains challenged by issues related to irregularities and
reliability. The complex interaction between variability and obscurity in parametric chemistry
sometimes involves inconsistencies, deception, or impartiality, requiring the development of novel
mathematical concepts and methodologies. The soft set (SS), designed by Molodtsov [9], facilitates
the management of perplexing or ambiguous matters. Khizar et al. [10,11] introduced the type 2 soft
sets with fundamental operations and bipolar soft sets in the union of two isomorphic hemi-rings. Jiang
et al. [12] introduced a modification known as interval-valued IFSS (IVIFSS) to address
inconsistencies and confusion in decision-making (DM) problems by offering essential protocols. As
mentioned, the approach considers choice and non-preference information, leading to a more
comprehensive assessment of alternatives. The Pythagorean fuzzy soft set (PFSS) is designed to
address the ongoing examination of intellectual items. Peng et al. [13] created PFSS by combining PFS
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and SS, which have advantageous characteristics. Zulgarnain et al. [14] developed aggregation
operations for interval-valued Pythagorean fuzzy soft sets (IVPFSS) and proposed a multi-attribute
group decision-making (MAGDM) method.

Hussain et al. [15] developed weighted average aggregation operators in q-ROFSS, which is a
prominent execution of PFSS. Yang et al. [16] developed the q-ROFSS methodology to IVq-ROFSS
by including basic calculations and creating AOs and interaction AOs that utilize specific mathematical
methods. Soft set (SS) structures are beneficial in decision-making (DM) problems due to their
essential nature and reliance on a single parameter for evaluation. However, there are instances where
it may be required to divide parameters into more specialized subcategories. One can incorporate many
sub-parameters into the DM method by utilizing hypersoft sets (HSS) [17]. While SS frameworks may
suit specific situations, they cannot discern between separate elements. To obtain precise outcomes, it
is crucial to regard parameters as sub-parameters in various decision-making scenarios. Different
strategies can be applied to handle difficult situations, each with its decision-making methods. Debnath [18]
introduced fundamental procedures for the interval-valued intuitionistic fuzzy hypersoft set (IVIFHSS)
to address MCDM challenges. Zulgarnain et al. [19] transformed the notion of intuitionistic fuzzy
hypersoft sets (IFHSS) to Pythagorean fuzzy hypersoft sets (PFHSS). They also applied a multi-criteria
decision-making (MCDM) approach to strengthen the aggregation operators (AOs) in the interval-
valued Pythagorean fuzzy hypersoft set (IVPFHSS) [20]. Khan et al. [21] developed algebraic
operational rules for q-ROFHSS, extending the existing operational laws. Zulgarnain et al. [22]
enhanced Einstein’s operational rules for ¢-ROFHSS by merging Einstein AOs with DM methods.

The need to address scenarios in which decision-makers fail and alternatively provide multiple
values for every factor prompted the alteration of -ROFHSS to its interval form. Zulgarnain et al. [22]
produced q-ROFHSS and exploited their Einstein AOs to tackle this problem. A new multiple attribute
decision-making (MADM) method emerged utilizing these operators to evaluate the Bitcoin trade. The
IVq-ROFHSS method delivers a more precise representation of unpredictability and imprecision in
decision-making procedures and a comprehensive grasp of their operational principles. The integration
of IVq-ROFHSS will enhance the reliability and pragmatism of decision-making by adeptly addressing
inconsistencies and imprecisions encountered in real-world scenarios.

Multiple necessary investigation inquiries will be evaluated to accomplish the specified objectives:
What is the methodology for formulating the operational laws for Einstein aggregation in 1Vq-
ROFHSS? Can Einstein aggregation operators effectively employ IVqQ-ROFHSS datasets to establish
a reliable multi-attribute group decision-making (MAGDM) technique? How does the proposed
technique compare with conventional approaches for accuracy, sensitivity, and practicality for various
decision-making categories? To what extent does the execution of the suggested methodology improve
experts’ capacity to assess and rank alternatives, especially regarding the lack of clarity and fluctuation
ingrained in IVq-ROFHSS data?

1.1. Motivation

A precise application of interval-valued g-rung orthopair fuzzy hypersoft sets is essential for
decision-making under insufficient knowledge and inconsistency. The IVq-ROFHSS amalgamates the
attributes of HSS and interval-valued g-rung orthopair fuzzy sets (IVq-ROFS), providing a robust
framework for addressing ambiguity, inconsistencies, and inadequate data. IVqQ-ROFHSS has achieved
notable advancements in tackling decision-making difficulties in ambiguous circumstances. While
AOs are crucial in addressing DM problems, there is a scarcity of research that examines HSS and
IVg-ROFS. The lack of study in the field suggests that the existing IVIFHSS [18] may encounter
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difficulties when the condition MD*“ + NMD* > 1. IVPFHSS [20] can face challenges when
evaluating a mixture of IVq-ROFHSNSs or deliberately including them in situations where (MD*)? +
(NMD*)? > 1.

Although the Einstein AOs created for g-ROFHSS can solve this problem [22], they are not
adequately equipped to handle the complexities of managing multi-sub-parametric values inside
different intervals. The fact that Einstein AOs cannot be compatible with aggregation schemes relying
on operational principles is highly significant. Furthermore, the model’s generated findings are
constrained, and the underlying prejudice in presenting the various choices has not been corrected.
Considering the constraints above, the specified limitations motivate developing a more robust approach
that efficiently handles alternatives specified within interval expressions in parametric formulations.

1.2. The contribution of the study

We present a novel technique to address the difficulties in extracting data from the IVq-ROFSS,
IVIFHSS, and IVPFHSS structures. This project aims to efficiently collect uncertain data by
implementing Einstein aggregation operators in the IVq-ROFHSS framework. Incorporating these
evaluation objectives into optimal methods enhances the decision-making capabilities of MAGDM
processes concerning these factors. This method is a comprehensive statistical analysis that
demonstrates its effectiveness. Moreover, the subsequent text clarifies the objectives that this research
endeavors to accomplish.

(1) We present Einstein operations for interval-valued g-rung orthopair fuzzy hypersoft set, which
allow for formulating and verifying Einstein AOs specifically designed for IVq-ROFHSS. These AOs
are usually known as IVQ-ROFHSEWA and IVq-ROFHSEWG. We delve into the essential
characteristics of these groundbreaking operators, including idempotency, boundedness, monotonicity,
homogeneity, and shift-invariance. It is important to note that substantial research suggests that
Einstein AOs are specifically designed to reduce ambiguity in the formal abilities that impact the
decision-making process.

(2) The IVg-ROFHSS Einstein AOs are used to construct a new MAGDM technique. There are
essentially two stages to the systematic approach, and they are as follows:

Integrating and merging separate pieces of data using IVq-ROFHSS Einstein AOs is the
beginning step. The next step is determining the most cost-effective option by scoring the 1Vg-
ROFHSS structure. This method incorporates accepted decision-making principles and offers
workable options for complex decision-making difficulties.

(3) This systematic strategy will be applied to select the most advantageous provider in sustainable
energy management.

(4) A thorough examination of crucial decision-making strategies and approaches will demonstrate the
validity and utility of this MAGDM method.

This study is segmented into seven distinct sections. In the first section, we illustrate the
significance of incorporating unpredictability and partial information into decision-making processes
and emphasizes the constraints of commonly utilized Einstein AOs in resolving decision-making
challenges. In Section 2, we summarize the essential ideas and concepts that drive the organizational
formation follow-up study. This summary serves as a basis for comprehending the complexities of
decision-making issues and the necessity for a more dependable and precise approach. Additionally,
we present the interval-valued g-rung orthopair fuzzy hypersoft set along with its corresponding
scoring function in the same section. In Section 3, we outline the operational principles proposed by
Einstein and introduces the IVq-ROFHSEWA operator and its fundamental characteristics. In Section 4,
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we also present the IVQ-ROFHSEWG operator along with its respective features. In Section 5, we
introduce a novel MAGDM approach that relies on Einstein’s AOs. In Section 6, we present a
quantitative study that shows how the suggested approach can be used to identify the most suitable
provider for sustainable energy management. In Section 7, we conduct a comparison analysis to assess
the feasibility of the proposed model by comparing it to existing approaches in terms of accuracy and
reliability. We further elucidate the benefits of the proposed approach in this section.

1.3. Literature review

In this section, we comprehensively assess the pertinent works on supplier selection and Einstein
AOs in various fuzzy architectures. We investigate the underlying causes and achievements associated
with its topic.

1.3.1. Fuzzy MAGDM techniques in sustainable supplier selection

As mentioned, the MAGDM technique is a highly effective approach for handling the
complexities and uncertainties involved in supplier selection. Several academic studies have developed
multiple models that use fuzzy MAGDM methodologies to address the issues of selecting suppliers in
different industries. Samantra et al. [23] employed the VIKOR technique with fuzzy logic to address
the MAGDM problem of supplier selection. The researchers tackled exciting aspects of their study.
Zhang et al. [24,25] extended the Takagi-Sugeno and discrete switched models for supply chain
networks in a fuzzy control system. Yu et al. [26] presented a new method for group decision-making
to identify sustainable suppliers by incorporating the extended TOPSIS technique into an IVPFS. The
aim was to capture the viewpoints of various decision-makers and integrate incomplete information.
Zhang et al. [27,28] presented a robust strategy and fuzzy emergency model for supply chain systems
subject to disruptions.

Gurmani et al. [29] developed a MAGDM method incorporating an interaction and feedback
mechanism within a T-spherical fuzzy framework. The researchers implemented partitioned
Bonferroni mean operators to blend expert evaluations in selecting emergency healthcare providers.
Wang [30] presented a method for collective decision-making in the selection of sustainable vendors.
The concept employs an improved additive ratio assessment method within the linguistic T-spherical
fuzzy framework. Wu et al. [31] utilized a linguistic MAGDM approach to identify dependable vendors
by integrating the DEMATEL and VIKOR methodologies. Diao and Zhang [32] proposed the decision
tree technique to enhance the information gain rate. In their study, Wang et al. [33] examined the use
of Hamy mean operators with IVq-ROFS. They developed a MAGDM model to demonstrate the
supplier selection process in sustainable supply chain management (SCM). Ali et al. [34] extended the
Aczel-Alsina AOs for intuitionistic fuzzy soft sets. In the PFSS context, Zulgarnain et al. [35,36]
developed the technique for order of preference by similarity to the ideal solution (TOPSIS) technique
and algebraic AOs and Einstein AOs. They aimed to ascertain the best supplier for green SCM. Zhang
and Zhang [37] developed the fuzzy robust control to mitigate the bullwhip effect in the uncertain
closed-loop supply chain. Hussain et al. [38] devised the TOPSIS technique within an intricate fuzzy
rough framework to identify the provider in sustainable energy management.

Despite numerous research studies addressing supplier selection, sustainable energy management
has not proposed a MAGDM technique to identify the best sustainable supplier by negotiating the IVg-
ROFHSS structures. This technique establishes a trustworthy evaluation of sustainable supplier
selection using the weights of the qualities mentioned earlier.
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1.3.2. Einstein aggregation operators for different MAGDM problems

Multiple attempts of AOs were created and utilized to accurately assess different situations,
resulting in significant interest and importance in this area of research. Wang and Liu [39,40] proposed
using Einstein AOs in IFS to address complex MAGDM issues. Liu et al. [41] examined the efficacy
of Einstein averaging aggregation operators in dealing with problems in MAGDM using IVIFS.
Furthermore, Wang and Liu [42] extended the use of Einstein geometric AOs to include IVIFS and
devised a decision-making approach to address issues related to MAGDM. Garg [43] introduced
Einstein AOs for PFS. Asif et al. [44] developed the Hamacher aggregation operators in the PFS
structure and used their presented operators in MADM problems. Rehman et al. [45,46] expanded a
decision-making methodology to address MAGDM challenges and introduced Einstein AOs for IVPFS.
Deveci et al. [47] have introduced a decision-making method that utilizes Einstein averaging AOs
within a g-ROFS structure. Xu [48] extended the Einstein operations in the IVq-ROFS and developed
an MCDM technique for bike-sharing recycling suppliers. This method is employed to assess safe
tactics for using electric scooters. Zulgarnain et al. [49] explained Einstein’s operational rules for PFSS
and proposed using Einstein AOs to tackle complex real-world problems. Zulgarnain et al. [50,51]
introduced the Einstein AOs for g-ROFSS and their decision-making approaches. They also developed
the Einstein aggregation operators for [IVq-ROFSS [52].

Sunthrayuth et al. [53] extended the MCDM model using the Einstein weighted average operator
in the PFHSS structure. Zulgarnain et al. [54] proposed the Einstein-weighted geometric operator in
the PFHSS framework and established a decision-making model for the material selection. Sajid et al. [55]
developed several basic operations for intuitionistic fuzzy hypersoft sets. Huang et al. [56] adopted the
multi-attribute grey target decision technique, merging a veto function with a hesitation zone, which is
shown and utilized in a supplier selection problem for official cars, providing a pragmatic and efficient
decision-making methodology. Saqlain [57] evaluated the complicated nature of decision-making in
sustainable hydrogen production facilities with unpredictability, employing Intuitionistic Hypersoft
Sets. Hamid and Abid [58] constructed a decision support system integrating the FHSS with machine
learning methods to optimize the mobile phone selection procedure.

After thoroughly analyzing the relevant works, there is a lack of research on implementing
Einstein operations to generate creative operators using [IVq-ROFHSS. Therefore, it is imperative to
examine the execution of Einstein’s operations using IVqQ-ROFHSS data. The operational principles
outlined and elucidated for IVq-ROFHSS provide a more precise evaluation of apprehension and
inconsistency in the decision-making process. Given the prevalence of interval data in various
industries such as economics, banking, hospitals, and engineering, it is essential to have the ability to
utilize IVq-ROFHSS for analytical purposes.

2. Preliminaries

In this section, we review essential concepts such as SS, HSS, PFHSS, IVPFHSS, and q-ROFHSS.
Furthermore, we present the interval-valued g-rung orthopair fuzzy hypersoft set with its score function
and comparison laws.

Definition 2.1. [9] Let U and £ be the universe of discourse and attributes, respectively. Let P (U)
be the power set of U and A € E. A pair (F, A) is called a soft set over U; its mapping is expressed
as follows:

F:A - P(U).
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Also, it can be defined as follows:
(F,A) ={Fle)eP(U):e€&,F(e)= Qife¢ A}

Definition 2.2. [10] Let U and £ be a universe of discourse and set of attributes, respectively and
F(U) be a power set of U. Let A S &, then (F,A) is a fuzzy soft set over U; its mapping can be
stated as follows:

F:A - P(W).

Definition 2.3. [17] Let U be a universe of discourse and P(U) be a power set of U and k = {k;,
k,, ks,....k,},(n>1)and K; represented the set of attributes and their corresponding sub-attributes,
suchas K; N K; =¢,wherei#jforeachn>1andi,je {1,2,3...n}. Assume K; X K, x Kgx ...

x K, = A = {dy, X dyp X -+ X dp;} is a collection of sub-attributes, where | < h < a,1 < k
< B,and1 < | < y,and a, B, y € N.Then the pair (F, K; x K, x Kzx...x K, =(F, A)is
known as a hypersoft set and is defined as follows:

F:Ky XK, XKy X XK, = A - P(U).
It is also defined as
(F,A) ={d,Fy(d):d € A Fz(d) € P(W)}.

Definition 2.4. [21] Let U be a universe of discourse and P(U) be a power set of U and k = {kq,
k,, ks,....k,},(n>1)and K; represented the set of attributes and their corresponding sub-attributes,
suchas K; N K; =¢,wherei#jforeachn>1andi,je {1,23...n}. Assume K; X K, x K3x ...
x K, = A = {dyp X dyj X -+ X dy;} is a collection of sub-attributes, where | < h < a,1 < k
< pB,and1 <l < y,and a, B, y € N.and g — ROFSU" be a collection of all q-rung orthopair
fuzzy subsets over U. Then, the pair (F, K; x K, x K3x ... x K, = (F, A) is known as g-
ROFHSS and is defined as follows:

F: K, x K, x Kzx...x K, = A - q— ROFS".
It 1s also defined as
F . A ={(dFi(d):ded Fy(d) € PFSUe [0,1]} . where Fy(d) =
{(5, T7(2)(6), dr(q)(6)): 6 € U}, where Tr(5)(6) and Jg(5)(6) signifies the MD and NMD values
of the attributes:

a q
T?(a) (6), J?(&) (6) € [0,1],and 0 < (TT(d) (5)) + (JT(d)(6)> < 1.
A g-rung fuzzy hypersoft number (q-ROFHSN) can be stated as F = {( Tr(d) (6), J?(&)((S))}, where

q q

0 < (Z@®) + (T@®) <1

Definition 2.5. [20] Let U be a universe of discourse and P(U) be a power set of U and k = {kq,
ky, ks,....k,},(n>1)and K; represented the set of attributes and their corresponding sub-attributes,
suchas K; N K; =¢,wherei#jforeachn>1andi,je {1,23...n}. Assume K; X K, x K3x ...
x K, = A = {dyp X dpj, X -+ X dy;} is a collection of sub-attributes, where | < h < a,1 < k

< fB,and1 <[ < y,and a, B, y € N. and IVPFSY be a collection of all interval-valued
Pythagorean fuzzy subsets over U. Then the pair (F, K; x K, x Kzx ...x K, =(F, A) isknown
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as an interval-valued Pythagorean fuzzy hypersoft set and is defined as follows:
F: K, x K, x Kgx...x K, = A - IVPFSY.

It is also defined as
(F . A = {(dFu(d):ded Fy(d)elvPFsUe[0,1]} . where Fu(d) =

(6. 7@, d5@@): 5 €U} , where Tq)(®) = [T4, T | and  Jp(a)(®) = |35, 35 ]
signifies the MD and NMD intervals of the sub-attributes and satisfies the following conditions
2 2

Ty T, d4 .94 €10,1],and 0 < (7;;‘] )+ (J;{U) <1.

If the inequality (f]"gi;)q + (sz)q > 1, for ¢ > 2, holds for a specific decision, then the
IVIFHSS [18] and IVPFHSS [20] are insufficient for accurately representing this information. There
are certain circumstances where the IVq-ROF and HSS combination is known as IVqQ-ROFHSS. With
a more extensive structure than IVq-ROFSS, this hybrid structure is a modified form of IVIFHSS and
IVPFHSS. Optimizing the precision and predictability of challenging data collections, the IVqg-
ROFHSS method permits detailed analysis of fuzziness and resistivity. Due to its proven capacity to
enhance the precision and uniformity of our strategy’s outcomes, the IVq-ROFHSS is a precious tool
for mathematical analysis and decision-making.

Definition 2.6. Let U be a universe of discourse and P(U) be a power set of U and k = {k,, ko,
ks,..., ky,},(n>1)and K; represented the set of attributes and their corresponding sub-attributes, such
as K; N K; =¢,wherei# jforeachn>1andi,je {1,23... n}. Assume K; X K, x K3x ... X
K, = A = {dy, X dy X - X dp;} is a collection of sub-attributes, where | < h < a,1 < k <

f,and1 <1 < y,and a, f, ¥ € N.and IVqg — ROFSY" be a collection of all interval-valued q-
rung orthopair fuzzy subsets over U. Then the pair (F, K; x K, x Kyx...x K, =(F, A)isknown
as an interval-valued g-rung orthopair fuzzy hypersoft set and is defined as follows:
F: K, x K, x K3x...x K, = A - IVq— ROFSU.
It is also defined as
(F . A) = {(dFu(d)): ded Fy(d)evg—ROFS  €[0,1]} . where F(d) =
(6T (0, dr@@): 8 €U}, where Tygy(8) = T4, 75| and  Jp@(®) = |95, 9% |
signifies the MD and NMD intervals of the sub-attributes and satisfies the following
conditions7¢ , T, g% ,J% €[0,1],and 0 < (Tv“)q + ({]3‘ )q <1
dij’ " dij? “dij Cdij T — \Udy dij) — 7
Remark 2.1.
u a u a u 2 u 2
1 1f (7) +(g5,) < 1and (75¢) +(J5,) < 1 both are held. Then, IVq-ROFHSS
reduce to IVPFHSS [20].
2) 1t (73)" + (72 )" < 1and 73 + 3¢ < 1 both are held. Then, IVq-ROFHSS reduce to
dij dij - dij dij - ’

IVIFHSS [18].
The earlier score function is ineffective in determining the optimum selection when the MD and NMD
ranges are identical. Thus, we establish a more rigorous score mechanism for [IVq-ROFHSNSs to tackle
such problems.

Definition 2.7. Let Ty = ([U}Zlk,f]" 0{;], [Jék,ﬂgk]) be an IVq-ROFHSN. Then, its score can be

defined as:
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l u l u

T5 T4 —J% .J5
[dk dk] [dk dk] 1 R 71
T ] [ ] T2 [nak’nak] @.1)
dy’ dk dk dk +1

s(Ta,) = |7 75 - [t ae ] + T

where [T[d , T ] S (de) € [—1,1] shows hesitancy and q > 2. For readers’ appropriateness, the

i1 _ l n l n

IVq-ROFHSN can be presented as T(dy) = {(|74,, 73], [75,. % |)}-
Let Ty, = (73,,,J4,) and Tz, = (73,,,J4,,) betwo IVg-ROFHSNs. Then
It 5(1511) > 5(1512), then Idn
It 5(1511) < 5(1512), then Idn
If §(T4,,) = S(Ty,,), then
If 33311 > 33312, then %an < Idlz;

g _ 54 —
If 33311— :1(3&12, then zan = ‘I&lz.
So, to equate two IVqQ-ROFHSNs 3 di; and itdijThe subsequent comparison rules are demarcated.
1) If S(Saij) > S(fzaij),then Sai]_ > Iaij.
2) If S(Sau) = S(i‘idij),then

o If H(Sdij) > H(%&ij),then Saij > (Idij;

o If H(Sdij) = H(zaij),then Sai]_ = I&ij.
The Einstein operational laws for IVq-ROFHSS are proposed in the subsequent section, drawing
motivation from the Einstein operations of -ROFHSS presented by Zulgarnain et al. [22].

> Ta,
<3

3. Einstein weighted average operators for interval-valued q-rung orthopair fuzzy hypersoft
numbers

The following section requires the aggregation operators for the initial data collection stage. We
are developing Einstein operational rules that aggregate and analyze IVq-ROFHSS data. The IVq-
ROFHSWA operator is introduced and examined in this scenario.

3.1. Einstein operational laws for IVq-ROFHSNs

Definition 3.1. Let zd ([%lk’j;l:] [Jclik J‘;Lk]) zdll ([ diy’ du] [Jdu Jd ]) and z‘ik -

([ iy’ dlz] [Jdu d d12]) be three interval-valued g-rung orthopair fuzzy hypersoft numbers, and
B > 0. Then, the Einstein operational laws for [IVq-ROFHSNs are defined as:

l"J@;n)‘%(fsu)" o))
Treri Yo ) o) )
l i sl‘*@sn)q J(g ><ad12
\/1+ é

)

1) z&n @5 iau =
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l Vo )0 ) ) ]
)

(z\ll-'_((jzl’lll)q((jélz)q ‘1\/1+(ng1)(1(‘-‘]§12)‘1

3) BTy =

B _

w+(g2)") -(1-(92,)")

We aim to use Einstein AOs designed explicitly for the IVqQ-ROFHSS context; nevertheless, this

goal 1s contingent upon the previously mentioned Einstein operational laws. These operators
systematically handle imprecise and unclear data within the framework of IVq-ROFHSS,
strengthening the reliability of decision-making procedures. A rigorous evaluation of the proposed
Einstein AOs will be carried out to ensure that these operators can address the unique challenges posed
by the IVqQ-ROFHSS structure.

Definition 3.2. Let %aij = ([‘7:1[1-;’ T&Z]'[Jézj"]zj]) be a collection of interval-valued g-rung

orthopair fuzzy hypersoft numbers. Then, the interval-valued q-rung orthopair fuzzy hypersoft Einstein
weighted average operator is defined as:
IVqQ-ROFHSEWA: A"— A

IVq — ROFHSEWA(Zg,,, T4, - Tipy) = Deey V) (eag?zl Qiiz&ij)

where i =1,2,......n and j =1,2,......m. Also, Q; and y; be the weights of experts and multi
sub-attributes suchas Q; > 0, XL, Q; =1, y; > 0, XL, y; = 1.

Theorem 3.3. ‘lg” = ([7%},,7:%] , [Jéij,Jf{i ]D be a collection of interval-valued q-rung orthopair

fuzzy hypersoft numbers. Then, the obtained aggregation value is also an IVqQ-ROFHSN and

IVq — ROFHSEWA(Z4,,,%4,, > %4, ) ==
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3.1)

S N 2= iy
Tl )T o1 ol el T

where i =1,2,......n and j =1,2,......m. Also, Q; and y; be the weights of experts and multi
sub-attributes suchas Q; > 0, XL, Q; =1, y; > 0, ¥7L;v; = 1.

Proof. The above-stated theorem will be proved using mathematical induction.

For n =1, we get ; = 1. Then,

IVq — ROFHSEWA(T4,,, Ta,,» - Tay,) = Dey Vi (Tay,) ==
q a\Yj a\Yj q q a\Yj
\/H;n“(H(Tallj) ) _H;n“(l_(fallj) ) \/H?“(H(Taﬁj) ) _H?ﬂ(l_(%j) )
qm quj m lqyj‘qm quj m qu’
Hj=1<1+<Talj) ) +nj=1<1_<T31j) ) Jnj=1<1+<Ta1j> ) +Hj=1<1_<7311j> )
q j i

Yj

Yj

For m =1, we get y; = 1. Then,

IVq — ROFHSEWA(Zy,,,%4,, - Ta,,) = ®erey g, ==

Pn?.l<l+<fgn>")”i—nz@.l(l—(fazl)“)“i Uﬂ?—i(u(fzz;)“)“i-H?A(l-(fat)")ﬂi‘

|’

q\/n?=1<1+(Talu)q)ni"'rl?:l(l_(g—alil)q>ﬂi q\/l_[?=1(1+(7'a1:1)q>ﬂi+n?=1<1_<g"aﬂ£1>q> i

‘W ! zn?ﬂ((ﬂil)q)ﬂi ‘

lqjmzl(z(asi)‘l)“i+“?-1(<th>q)ﬂi'"J“?—i(z<Jé:-1>q)ﬂi+ﬂ?-1(<dé‘u>")ﬂi
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Equation (3.1) is satisfied for n =1 and m = 1.
Forn=2 and m=1

IVqg — ROFHSEWA(Z4,,,%4,,) = v1(uTa,,) @ v1(2%4,,)

‘7«% T Ao )7 e wﬂq)ﬂ
(@) - J((H(Ttu)q ) ) +((1 (Ty)) ) J((H(Ta«i;)) ) +((1 (:“1)) )
o{(a8,)%)") | {(02.))") ‘
e () o) (s
q((“(Tén)q)nl)yl-((l-(fa’z )) )yi "J((H(Ta«;l)‘*)“l)“ (- )™
oot o)) Wt )"
Y1 (szdn) = -

et 1= (1 (,))") 5 = (- @) ) om0 G
1 £ 1 l

a— 47— = A=
Yl(ﬂl%n):([‘/Ll M; 4/Ni=0; i jLL,qJZNl ) and
1

ULvm; N vo,)’

Ar— 4/o— = 4=
yl(Qz‘I&m) = ([\/Lz M; N2-0, jL2~ \~/2 N2~ ).SO,

Uivmy,” N, +0,)’
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IVq — ROFHSEWA(Z4,,,%4,,) = v1(uTa,,) ®e v1(2%4,,)
_ (F/L1Lz — MM, \[N;N, — 0102] V2L L, V2NN,

VL + MM, /NN, + 0,01 |\/M;M, + L, /0,0, + N;N,

IVq — ROFHSEWA(Z4,,,%4,,) = v1(uTa,,) B v1(2:%4,,) =

q a\%\"7 a%\" q a\ %\ q“yj
o)) o)) o)) o)) )

q . a2\ "I l w0\ q q“z ¥j q ¥

u 1 u
H}=1<H1'2=1<1+(Taij) > > +H]1-=1<H12=1<1_(T3U) ) ) Hjl 1(“12 1< T a;j ) > +j= 1(“ =1 le] )
a a\ %\ 0\ "J
zn}=1<n§=1<(agu) ) > zn;"1< )

q a2\ o\ q a\ 2\ a4\ Y

M= n§=1<2—<JéU> ) = Hg:l((‘%u‘) ) M= H?=1(2—<Jgij> ) Tl H?=1<<Jgij) )

This shows that Eq (3.1) is held for n =2 and m = 1. Let Eq(3.1) is true for n = ; and m = f5,.
Then,

’

IVq — ROFHSEWA (Tg,,, Ta - Ta 5 ) = Peven Vi (Beley Ta;) =

q J a®%\" q ‘7 o0\ q "
T e e
a n\" q a\ %\ " q“ Vi
P ) T e )
|— o\ Yj q J -|
l-[Bz (n/s’l (( di,-> ) ) 21172 (nf“l 4 )

a\\VJ a4\ q 8\ ") oy
Hb’z HB1 JV >> ) +nf31<nf;1<<agij)> ) Hfi(ﬂfiﬂ(z—(guij)) ) 17?2 <HB1 << l})) )

For n=ﬁ1+1 and m=ﬁ2+1

)

Yj

IVq — ROFHSEWA (Tg,,, T, Tapsiypaen) = IV~

1
ROFHSEWA (?”&n’ Tiygr zd(ﬁl)(ﬁz)) Bejos Vg1 (Q(/fi“)%(ﬁm)(ﬁzn))

V(g0 (Q(ﬁ1+1)z&(31+1)(52+1)) -

q a\ 2B+ B2+ 0\ %1+ B2+ g a\ 2B+ B2 *D a0\ 2B+ B2t D
! _ [l w _ U
((H(Taij) ) ) <<1 (Tdij) ) ) <<1+(Tdu) > > (( <Tdu) ) )
q a0\ g1+ B2 +D) o\ B2D g a\ g1+ B2 *D) a0\ 2B+ F2+D)
((H(TZ;_) ) ) +<( ) ) ((H(T;__) ) ) +(( ) )
ij ij t U
a , \\ B+ V(B2+1) q 0\ B+ B2+D)
u
2 ((Jaii) ) 2 ((Jai) )
q 2B+ B2HD) o p+0\ B2 g By 41\ Ba+D) By 41! B2+D)
.y L g u
<<2 (Jdij> > > +<<(‘7di1‘) ) > ((2 (Jdij) ) > +<<(‘7di1‘> ) )

v =1 (W (e ())") 5 = (- ())) s s

’
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172, <Hf11 (1 + (:]"u)q)ﬂi>yj ;0 =110, <er11 (1 _ (%Z)q)giyj - <(1 X

() = () ) ()

1— (%Z)q)ﬂwlﬂ))“/?zﬂ) | Hfﬂ(l‘[fﬁ ((Jd ) ) l>w
Ve ) )5

<((Jéij)q)9(ﬁl+1))y(ﬁ’z+1) i <(2 B (Jéij)q)ﬂ(ﬁ1+1)>y(ﬁ2+1) . <((J£j)q)n(ﬁl+l)>mz+1) |

7= (- ())")

IVq — ROFHSEWA (T4, T4, Ty 1iyem ) = 1V~

!
ROFHSEWA (zdn’ Ty o za(ﬁﬂ(ﬁz)) Dejor Yot (Q(ﬁl"'l)zd(ﬁﬁl)(ﬁzﬂ))

Z([‘i/Ll——Ml‘VWH"zEI V2m; )@("JLz——MzWH‘?zE; ‘VZ_IVED

Yoy SNyvo I |+t Yorengl) 8 \LYiz+m, N0, | i 41, 4/0,+ N,

“l

([Vi"”” o [ T

+L1Lp

a\%i\" q q a\%i\" a2\
ol ) ) (o)) (o)) () )
N7} N7 o\YJ a0\ ’
1 “

= (dij j= i= aj Tau G2 =, (1= THU
q a\\"7 q a\2\"J '
fopsfoer (a7 Jossfo ()
a\2\"I pona —pren a0\ q sl e pre a\2\"I Y a\2\"i
1 + + 1 + + + +
s (eo{an) ) ) ene(nen (o)) ) (e (o, ) ) ) ez nen((os,) )

Equation (3.1) is satisfied for n = ; + 1 and m = 8, + 1. Thus, we can say that Eq (3.1) holds V
n,m > 0.

In Theorem 3.1, we claimed that the obtained result using IVq-ROFHSEWA operators is also an IVg-
ROFHSN, which can be proved as follows:

we know Ty, = (|7, 75| |95, 3% ]) be the IVQ-ROFHSN, and 0 <73 ,75¢,J5 ,J5 <1
and (ngj)q + (Jf{i}_)q <1, for q > 3.

q lqﬂiyj lq“iyjq %\ a\ %\ "7

e mi(oe(r8, ) ) ) o)) ) (o)) ) (- )

q a\ 2\ Y RN a\ % 9
L, H{‘=1<1+(TE’L_J_) ) +I72, H?=1(1—(Talij) ) %, H{‘=1(1+(Tg:j> ) n

Since 0<%, <1, 0<(g8 ) <1 1s2-(g% ) <250 0<(78 ) <2- (s ) <2

ij

0<

Hence,
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Yj

] ] el

0< =1.

T g i\ nyj_q QVJ NG
n}”=1<n?=1<2—(agij)) ) +n’” M- Hﬁ'él +H’-';1<H?=1((Jé”)) )

Similarly,
i/znﬁ(m:l((‘jg])qf )yj sz, 1 1 ] : >"1+nm (Hn 1<< u]>q>ﬂi Yj
0= : <
i/n;n:1<n?:1<z_<‘jgij)q)ﬂl)yj+l'I'" . Ju qj "; ) 3{ ) +l'[m (1‘1" 1( Jg))q)ﬂ> j
: V

-, (ng;l 1- (%)q)n,)w 2H}”1(H +((9) )ni)yj

- 4 —

(
s (1, (1 (70))") s (M (- (5))) 1 (M (- (92)")) T (T ((2)") )
Y A\Yi N\Yi
s 1 o)) )Y am (1 (1))
< g\ a2\ PN PR\
n;tl(n?zl(u(m)) ) +n7;1(n?:1((ag,)) ) ny;l(ny:1(1+(rd;)) ) +1‘[;.';1(1‘[’;:1((g(%j)) >
= 1

Thus, it is proved that the obtained value is also an [Vq-ROFHSN.
Theorem 3.4. Let %d ( T ll T “] [J E D be a collection of IVq-ROFSHNS. Then,

IVq — ROFHSWA(Z4,,, %4, %4, ) 2 1Vq — ROFHSEWA(Zy, , T4, - T, )-

Where, (; and y; be the experts and parameters weights, such as Q;,y; € [0,1],and ¥, Q; = 1;
Yy =1 (=123.,mj=123.,n).
Proof. As we know

(I\]H;‘Zl (H?zl (1 + (jgij)q)ﬂjyj Bl H;'n=1 <H?=1 (1 - (ggij)q)ﬂj <
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q\/Z}":l Y (Z?=1 Q; (1 + (%‘lij)q)) + 27 (Z?ﬂﬂi (1 B (T&lij)q))
qj]‘[}"_1<ﬂn_ (1 . (gzl )q)ni>w N H}"=1<H'-L (1 _ (T&lij)q)ni>yj
oo (e @) e sz (- ())

N anﬁl (HL (1 N (ggij)q)ni)w I <H?:1 (1 ~ (jgij)q)ai)w Ly

(ljﬂﬁl(l'l?ﬂ(H(Talzj)q)Ql)yj‘H;'n=1<n7i1=1(1_<Talij>q>ﬂi>yj q

:>q o i\Yi ‘ln"yjs\/l_nj_
jn;nq(w:l(H(Téu)) ) +HT=1<H?=1(1—<T£U>> )

Similarly,

oo ) o)) e

2 e e - ) )
q ant N
oo ) o))

IA

So,
o ) o) )oY o)) |
Hn;.n_1(ny_1(1+(faz”>‘*)“’>”mm (e (i) )) jn 1(nn_1<1+<fa¢j)q)“f>”m;.gl(ny_l(l(%)q)“i)y"
["Jl -, (H’;:l (1- (T;ij)")“")y’ , 71 -, (Hz;l (1- (7 )")Qi)”‘. (3.2)
Assume

q\]]‘[}r‘:l (H?:l (2 — (Jcliij)q)ﬂi>yj + H;n=1 <H?=1 ((Jéij)q)ﬂi>yj <
o (e 2= (3,)) + 2t (e (a5,))

o o (o) ) <

Psron sz - (3,)) + S s (g, )’

> an?’il <l‘[?=1 (2- (Jgij)q)ﬂ")” +1T, (n;; ((J}iij)")ﬂi)” <z
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Yj

Yj

N

an;f;(n?:l(z—(agﬁ)q>ﬂi>yj+n7;1<n?:1<(

Similarly,

=

! o\
J%‘) )

Yj

Lljznﬁl(“?“((ﬂaj)q)“i)
qjﬂ}tl(n?zl(z_( Jgi)q)gi)yj

Thus,

Q:

= (1 (o))"
+n}’;1<n?=1<(agij>q> ) ( )

Yj

[ T N a2 A
(o ) ) o))
e (e ((8,)")") e (e (G,))) 63)

Let IVq — ROFHSWA(Z4,,, Ta, - Fa,,) = Ta, = (|7, 75| |95, 95 |) and  1vq -

vil

ROFHSEWA(Tz, Ty w0 Tq ) = Ty, ([Tau d”] [ Jg du]) . Using the above

inequalities (3.2) and (3.3), which can be expressed as Tl TA and Tv > 7;? [7;;] 7;;‘]]
13} 14 14

[TA TA] Also Jg <Jp and Jf <J¥ :[gdﬁ,gdu]_[gagtfl} . So, S(%,)=

dyy’ " dy,

[%lij,g%]q_[géu,ﬂzl] +< [ ] [l l]q] _1>[ ii” d”] - [Tdu TdAu]q_

l] l] d
q e 5] s ] q

o %y y %y 1
|95, 92 +< =2 [ e ]

Y 7l u [Jz Ju] u o %4y

dl] dl] le le +1

it $(%a,) > S (g, ) then
IVq — ROFHSWA(Z4,,, %5, - Tg,,) > V4 — ROFHSEWA (T, Ty, ., T— ). (3.4

It §(Tq,) =S5 ((z;})) then

IVq — ROFHSWA(Z,, %4, T4, ) > IVq — ROFHSEWA (z T z@n) (3.5)

Using inequalities (3.4) and (3.5), we get

IVq — ROFHSWA(Z,,,,%4,,, - X4,,) 2 IVq — ROFHSEWA (z@,z@, zA)

dnm
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Theorem 3.5. Let iaij =35 = ([Tal,?"au], [Jé,JZ{ ]) be a collection of interval-valued g-rung
orthopair fuzzy hypersoft numbers. Where (); and y; be the weights of experts and multi sub-
attributes such as Q; > 0, XL, Q; =1, y; > 0, ¥L;y; =1V i=12,.....n and j=
1,2, .......m. Then,

IVq — ROFHSEWA(Z4,, %4, > %a,,) = Ta.
Proof: As Tg, = T = ([T, 74"], (35 JF]) forany i=12,....n and j =12, .......m. Then,

IVq — ROFHSEWA(Z4,, %4, - Fa, ) = IVq — ROFHSEWA(T g, Ty, ., Tg) =
Pmﬂl(ml(u(ﬂy)ﬂi>w“?1<“?1<1<Ta‘>")“i)” 7Hﬁl<n?_1(l+<w>">“i)”—n;?;( . ,
R L A XXy G et
j M2, (n (3" ) | \/zng"l(n q) ) ‘
\/H;n 1(1-[? 1( q) ) +l'[m (H? 1( q) i) ' ‘IJH;’Il(n:l 1( q) ) +1'[m <1_H1 1( u)q>ﬂi> j
q\/( Zn n) IiL1vj ( 2n Q>2]=1Vj qj<(1+(T$)q)E?=10i> m
J( Zn g) j=1Yj ( zn n>21:11’j qj((H(Tf)q)Zl s )Z] 1V/+((1_(Tau)q)z?:1ﬂi>27;1yj
T
7((2—(%)4)2?:101')21':1Y1+<((Jé)q>2?=1ni>2§'iﬂj qj((z_(gg)q)z?zlQi>z?=1Yj+<((Jg)q)2?:1“i)z}zlyf

We know i1 Q; =1 and ¥, y; = 1. So,

IVq — ROFHSEWA (T4, T, ., Ty~ ) = IVq — ROFHSEWA(T 4, Ty, -

1/2((361) 12(@)"

(J(u(sﬂ)) (1- (zrl))Jmm)) (1- )"
o+ @+ - @Y fas @ - )
= (7.7 95 38D = T

Theorem 3.6. let Ty = ([min (75 ),min (73 )] [max (g5, ) max (3% )]) and T3 =
(e (3, ) s (5] min (35, ) i (35, )] T

- +
T3, <1Vq — ROFHSEWA(Z4,,, %4, - Ta,,) =T

dl'j.

lJ(z @)+ (@) - @) + (@7

Proof. Let f(t) = % such as t € [0,1]. Then, f (t) = — = f(t) = f (t) which shows that

(1+t)2

a q
f(t) is decreasing. Let min (f]él,]) T,,lunvl , max (T '.?_) = T,flaxa”, thus, (T,funv ) < (7:11,,) <
: ij ij ij ij

N (D E CANE(C Y

AIMS Mathematics Volume 9, Issue 11, 31317-31365.

)



31335

S S
/|
- -
] ]
£ 5
~g ~g
~—— [ ~——
| +
i i
VI
S S
~—~|
i) ey
RCE RS
— | —
| +
— —
VI
S S
e
iy ey
s s
fad bl
] o
~g —g
— [ —
| +
i i

ming. .

Volume 9, Issue 11, 31317-31365.

AIMS Mathematics



31336

}n=1< i=1 (1 + (‘7:1}1'1‘

T"( (14 (7,

q
| 1,
<

q
l
= (Tminaij> <

q Q Yj q Q; Yj
(ofrt)) ) (o))
l l
= Tminai,. <- — —; < Tonaxy, (3.6)
(o)) ) (3, )
Similarly,
q a\ 2\ "7 a\ 2\ "7
oo, ) ) )
= Tnixs < < Twe . (3.7

mixa; < a2\ Vi a2\
) o ()
Let g(u) = Z_Tu such as u € [0,1]. Then, g (u) = —% = g(u) = g (u) which shows that g(u)
. . . q q
is decreasing. Let min (Jéij) = J}nina” , max (Jéij) = JTI”“"EU , thus, (J,lnmaij) < (Jéij) <
q q
q q q q 2_<Jrlnaxai_> 2_<Jéi‘>
) then g((Tharg,) ) <9((98,)") = 9 ((Fhny, ) ) 0 =<
(Jmaxai) <Jaij>

J

: q
2_<<7mina' )
Y

7 Thus,
<J‘£Tlina' )
ij

. AY
a\ Qi Vi a O\ Vi . ay %
2—<J-£naxa__> <2—(<7(l-i,_) ) 2—<Jmina__>
JE S—Y L < _\ YU < JE S VA

. q . q q
J. - > ([]v ) L.
< maxdij d;j Jmmvij
ay &\’

a\ Qi Yj q. Qi Yj .
2—(Jrlnaxa' > 2—(47(%, ) 2_<Jmina_ >
n 13 m n Y m n 17
) ) s m <7, A

i=1 ; q i=1 q
L
(Jmaxa' ) <‘7mina. >
tj

ij
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N7 , o DAY
2—<J}naxai'>q DR TAN R ) n 2_<(7(£iij>q Q\ ¥i /2—(35“-,1&!”)‘1\2!_ a;\ “/=1Yj
=>| | ———4 < [Ijz: | Il q S X
(Jinaxai) (Jéij) \ (anmai) /
q QN Vi 4
. 2—(anaX3”.2 < ;n_1< " (2<Jéi1-2q> > § T(ﬂninaij(?
(Jﬁnaxai j > <Jéij ) (‘ﬂ"inai ; )
QN Vi
N 2 <14 l_[;”_1< . <2(Jéij2q> > B 2 -
(Jﬁnaxai j > (Jéi) <‘7’l”i”a i j>
q q
Ml bl
2-( gt
1+1'[}"1(l'[?1( (Jd”g\ )
\ (%) )
= (Jrlninai,>q : N (Jrlnaxd )q
1+n,_1i/rl?=1/2_<‘73”2 \ \I
SNy
a\ %\
i (Jl. )q ) zn,ﬂ(ni:l((zﬂéij) ) ) B (Jl v )q
ming, ; a4\ %\ maxg,;
n}ll(n?:l(z_(%u)) ) +H;11<H?=1(<Jézj)> )
q a\ %\
=gt < janl(Hi:l((JéU) ) ) < gl . (3.8)
mlnal“ = ; Vi ; vi maxai.
j qj]‘[}';1<l'l?:1<2—(géij)q>ﬂ > ]+H§r;1<l'[?=1<(géij)q>ﬂ ) j j
Similarly,
(ljznﬁ1<ﬂ?=1((ggij)q>ni>vj
fing, < — < Gy (3.9)
dj an}"=1<l'l?=1<2—<ggij)q>ﬂl>71+H;.’;1<H?=1<(Jgij>q>ﬂl>w dij
Let IVq—ROFHSEWA(Z4,, %4, %4, ) =%a = ([74.74].[35d%]) . Then, from
inequalities (3.6) to (3.9), we get T,}lmaij <7y < Tonaxg,,» Tring, < Ty < Totar, Jr’nmaij <

l 1 “w “w
(7(11-. < Jmaxa”s Jmin&-- < (7&,, < J#laxa”- Thus,
J 3] ij 3] ij

(7] ~(15%)"

([rse]) (o))", |

s = ([T 7Y - (has])’ + ( - ) ([ ms])” =
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l uw 1 minmin| .1l u 1
T Td —(minmin| gL qu D
dij dij]) < Jot [dij dij

q

q
max max l “n
( J i [7:11'1" :T"iij])

§><[na,.,nza ) -5

= S(T4) < S(I;CU) and

maxmax
, . ! q e ] 3
min min u
mmin | gk L dx )+
( J t [ dij, dij <qumax l
e

q L
7t Tv _ mlnmln[JL ’Jg,
it aga ( i

J if] +1

ij

s = (53.50)" - (17h 251 (ﬁﬂﬁéﬂj )q ) 2

mlnmln s maxmax b
i Zi i a ij

q
mlnmln l T maxmax £ 14,
i d d

max max
- ("o, g

(i g )) - O

;)<[nsi,nsi,1>q=s<zai,.>

> ST = 5(T3,).

i d d

If S(Tp) < 5(T5,) and S(Tg) > §(T7, ). then
T3, <IVq — ROFHSEWA(Z4,,, %4, - Ta,,) < Tg,

It S(Tz) =S (TF, ), then

sczp = (4. 751)" - (95,95)) (ﬁ;)fﬂfﬂ )ad:D=

maxmax 7l v’”' _ m_mm}n le g% 1
q i d d] J 1 dij' dij
max max l u mlnmm
(rexmex |7 ) = (| ak, 38, 7
J ij ij J maxmax mmmln 1 u
i Tv TV - ' i Ja 'Ja
i Syl o+

2> ([ndij,ndij , we have

7,757 = e {{m, Tl and [ghax] = (g, a5 ] - Henee. (m,

([, ])" Then

IVq — ROFHSEWA(Z;, . %4, %, ) = T§

ij'

It $(Tg) = 5(T3,), then

7)) (o) min min »
(775D - ([95 ¢ + ( : q—ﬁwgd>—h |7,

() (15 55)" 4

(3.10)

i)’ =

(3.11)

)" -

AIMS Mathematics Volume 9, Issue 11, 31317-31365.



31339

l u 1
% g )
q

T %) ([t 7% ])" Then
[Tcil'f];iu] = Trl]?"miin{[g;llj Tu]} , and [Jd J;‘] maxmax{[gd”,ggi]} . Hence, ([T[(li' T[g])q _
([”cl?ij'”gij])q. Then

IVq — ROFHSEWA(Z,,, %4, -+ Ta,,) = T, (3.12)

J

minmin
j i

l
T3,

jooi 1
u ) (maxmax[ 13 ‘Jy
j dijd;;

<m§nmiin[Tvl T Dq_(qumilx
max max | ql u \? e\’ 4ij dij ’
( [9,9,]) +
ij ij
e

From inequalities (3.10) to (3.12), it is proved that
- +
T3, < IVq — ROFHSEWA(T4,,, %4, - Ta,,,,) < Tj,

Theorem 3.7. Let 1(1 = ([T ] [{]d D and %* = ([ l; 1:]*] [Jé’;j,sz]) be the
collections of two d1st1nct IVg- ROFHSNS such as if %d < % -V i,j. Then

IVq — ROFHSEWA(Z;,, %4, > %a,,) < IVqg— ROFHSEWA (izg VTG e e zgnm).

qt2a4-1yqt24- 1}

t2
Proof. Let u = f(t) = ’1+ -, where t € [0,1], then d(t)(f(t)) = ——(—) { D)2
0. This shows that f(t) is decreasing on [0, 1]. If Ty, S T dij then f (zdij) f( du)

I+ l
1-Tg <1-Ty

+
VammS
zﬂ
£
\/

K}
N——
Ve

=

|
VS
Al
~.
N—

fle)
N—

= (14 (#,)) - (1-(,)) =0

(et ) ))) G (é))(l(f))
(oot 1)) ™ o)

Where, Q; >0, ¥, Q; =1 and y; >0, }¥jL,¥; = 1. So,

Q.(

™) ™) (™) ™)

(=T ™ (T
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=2-J5,<2-Jg,
= (2-a3,) = (2-35,)
= (2-ay,) +(9k,) < (2-a5)" + (95))’
- (a7 o () 2 ()
(i oo

Using inequalities (3.13) and (3.14).

Ty 00\ Z1 ) NI EE 0\ E
2(((a,))") ] 2(((a5,))™")
: ) S\ B Ny 0\ =) mi, )\
(@)Y (@)™ ) (™)

IA

a0\ q ﬂ Yj anYi|
j=1 H?=1<<J§*l.j> ) ) ﬁl( 1_1 > +Ij%, (H )
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Hence,

IVq — ROFHSEWA(Y3,, %4, -, %g,,) < IVq — ROFHSEWA(Ty Ty o o, Ty ).

Theorem 3.8. Let T5 = Tvl_,,Tf_‘, , Jv,_,Jv_, be a collection of IVqQ-ROFHSNs and S > 0.
dl] dl] dl] dl] dl]

Then

IVq — ROFHSEWA(BZy,,, BT 4,,r - - Bq,,) = BIVq — ROFHSEWA(Z4,,, T4, - Ta,, )-

Proof. We know that ia.. represents the collection of IVq-ROFHSNs and £ > 0. then
j(< Té} q>/m >1’1 <<1 (le] q>50i>1’j qj<< Td)q)/m >w <<1
) < <le] q>69i>1’1‘ qj(( Td1>> <

Fa,; = "7

So,

IVq — ROFHSEWA(BX4,,, B4,y - e - BEd,,,) =

T et
(e T AT ety

= BIVq — ROFHSEWA(Z4,,, 4, - Td,,,)-

Theorem 3.9. Let ‘laij = ([f]élij,ﬂét‘j] , [Jéij,J:{ijD be a collection of TVq-ROFHSVs and T; =
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(174, 75, [9% 9%]) be an IVq-ROFHSV. Then

IVq — ROFHSEWA(Z;,, @ T T, ®e Tg, - Ta,,, Be Tg) = IVq —

ROFHSEWA(%;, ,%q,,, - Ta,, ) Pe Ta-

Proof. We know that T 5 and ‘Iaij be two distinct IVq-ROFHSNSs. Then,

/|[ qj(T%ij)q*(T%)q 'i/(agii)ﬂ(g%)q

11
- | 1
Tz ©. Ta, \HH(T%U)”(TQ" ’1/1+(’Tfij)q(’”ﬁ‘)qj lq :

From Eq (3.1),

IVq — ROFHSEWA(Z4,, ®. Tg, Tg,, ®: Ty, -, Tg, B Tg) =
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=IVq — ROFHSEWA(%;,,,%4,, - %a,,) D Ta.

4. Einstein weighted average operators for interval-valued q-rung orthopair fuzzy hypersoft
numbers

Considering Einstein’s operational laws defined in Definition 3.1, the [Vq-ROFHSEWG operator
is proposed and evaluated.

Definition 4.1. Let ETL&U = ([7:1 I, ] [Jd ,Jd D be a collection of interval-valued g-rung
orthopair fuzzy hypersoft numbers. Then, the [Vq-ROFHSEWG operator is defined as

Q\Yi
IVq — ROFHSEWG (T4, , %, - Tg, ) = OM, ( o (Ta,) )

where i = 1,2,......n and j = 1,2, .......m. Also, (); and Yj be the weights of experts and multi
sub-attributes such as Q; > 0, Z?=1 —1 y; >0, ¥ty =1

~ —_— vl ~ - ~ -
Theorem 4.2. Let iZdU = ([%ij'%ij]' [Jdi,-"jdij]) be a collection of IVq-ROFHSNSs. Then, the
obtained aggregation value is also an IVq-ROFHSN and

IVq — ROFHSEWG(Z4,,,%a,, - %, ) =

q m n 1 4 & a m n I A 7
211}z, Hi=1<<Taij) ) 2= Hi=1<(T£§f) )
q lqniVj lq N %\ ay20\'7|
M2, H?=1<2_<Taij) ) | i TEU o ) ) = H?=1<<Ta1:j> >

q o \YJ a2\ q a\%\" a\%\ "I

H?”=1<H?=1<1+(Jéij)) > _H%(H?:l( (Jéi)) ) H}"=1<H?:1(1+<Jgu)> ) _H%(H?ﬂ(l_(gﬁi"” )
Uom [ om 1 a\%\"7 m [ n l qﬂly]q 7\ %\ m [ n o

me, ni=1(1+(‘73”) ) +ITTL, | TS 1 - JEU ]=1 IE- 1(1+<Jg'ij) ) +j=q l'li=1(1—<<7§ij> >

where i =1,2,.......n and j =1,2,. m. Also, (; and y; be the weights of experts and multi
sub-attributes such as Q; > 0, 21=1 i = 1, y; >0, ¥it,v; =1
Proof. Like Theorem 3.3.

Theorem 4.3. Let 151” = ([‘721[”' I]:i‘]] , [{]CIIU, J:{ij]) be a collection of IVq-ROFSHNs. Then

Yj

T
L
-y
=
L
/-~
N
k]
ul
o8

(4.1)

Q

IVq — ROFHSWG(%4,,, %4, T, ) <1Vq — ROFHSEWG(Z4, , T4, -, Tq,, ).
Where, Q; and y; be the experts and parameters weights, such as ;,y; € [0,1], and ¥, Q; = 1;
Y =1(0=123,..,mj=123,..,n).

Proof. Like Theorem 3.4.

Theorem 4.4. Let ‘Iai], =35 = ([f]:{,f]:{‘], [Jé,Jf{]) be a collection of interval-valued g-rung
orthopair fuzzy hypersoft numbers. Where (); and y; be the weights of experts and multi sub-
attributes such as Q; > 0, YL, Q; =1, y; > 0, ¥jL;v; =1V i=12,.....n and j=
1,2, .......m. Then,

IVq — ROFHSEWG (T4, , %4, T, ) = Ta-

Proof. Like Theorem 3.5.
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Theorem 4.5. Let %d?ij = ([min (Tvl_ ) min (TL )] , [max (Jéij),max (Jf{ij)]) and igij =

(pme (5, ). ma (5] [in (33, min 35, e

T3, <1Vq — ROFHSEWG(Z4,,, T4y, - a,,,) <5,

Proof. Like Theorem 3.6.

Theorem 4.6. Let %a = ([Tvl ] [Jd ,Jd D and z’t ([Tv* T“*] [Jcll* ,J{;"*]) be the
collections of two dlstlnct IVg- ROFHSNs such as if g, = Z - Vi,j. Then

IVq — ROFHSEWG(Tg,, T, - Tg,,,) < IVq — ROFHSEWG (T, Ty, .o - )

Proof. Like Theorem 3.7.
Theorem 4.7. Let T T ! y Js ,J% |) be a collection of IVq@-ROFHSNs and S > 0.
dij dU dij?Jd;;

Then
IVq — ROFHSEWG (BT, BT, s oo v - B4, ) =PBIVq—ROFHSEWG(Z;, , %4, Ta,, )

Proof. Like Theorem 3.8.

Theorem 4.8. Let Ty = (|74, 74|, |J% ,J% |) be a collection of IVq-ROFHSVs and T =
dl] dl] dl] dl] dl] d

([74, 751, [3% J%]) be an IVq-ROFHSV. Then,

IVq — ROFHSEWG (T3, ®: T3, Tg, ®: Ty . g, B Ig) =
IVq — ROFHSEWG (T4, , T4, T, ) Ty

Proof. Similar to Theorem 3.9.

5. Proposed multi-attribute group decision-making technique based on Einstein aggregation
operators in IVq-ROFHSS structure

Let = {91, H% 93, ..., 9"} and X = {X1,X?, K3, ...,X5} be a collection of n experts and s
alternatives. The weights of experts can be represented by Q = (Q4,Q,,...,Q,)T such as Q; > 0,
Q=1 Let §={d;,d, ds,..,dy} be a collection of attributes with their corresponding sub-
attributes, such as &' = {(dlp X dyp X i X dmp) forallp € {1,2,...,t} } . The weights of sub-

attributes can be represented by y = (ylp,yzp,y3p, ...,ymp)T suchas y, > 0, prlyp = 1. For the

reader’s convenience, we can express the collection of sub-attributes, such as £' = {da:a €

{1,2, ...,m}}.The team of experts {.Sf)i:i =1,2,. ,n} provides their preferences for each alternative

{x9:2=1,2,..,5} in IVqROFHSNs: (XY)  =(Ty,da,) . where Ty =[7} 7]
nxm Y Y/ nxm J

dik dij’ " dij
and Ja,; = [Jéﬁ,ﬂf{ﬁ] suchas 0 < ﬂélij,T&Z,Jaij,sz <1 and ﬂji‘} + Jj{ij <1, Vij and q > 2.
The MAGDM model can be described in the following way. Our approach is consistent with
several studies’ endeavors to address this issue. The data obtained from many sources, including our
team of scientists, is combined using an aggregation method that can be applied across several channels.
Figure 1 provides a summary of the diagram, which demonstrates the process that is under discussion.
Analyzing this data aims to identify the most optimal alternatives to carry out the following actions:
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Step 1. Construct the decision matrices with the corresponding sub-attributes for each alternative
{X,:z = 1,2,..,s} in IVqg-ROFHSNs.

Ao o O ) (o S )
[xw]nm | (i) i) (i) 00 ai) - (o7l Pl 98nl) |

T\ ) (i) hnd) - (] o825,

Step 2. To analyze the matrix [Ng) , the parameters are divided into two categories: costs and
Jinxm

benefits. When the parameters are the same, there is no need for the normalization procedure.
Normalization is necessary to classify judgments that have several characteristic characteristics. The
following is a description of the normalization techniques in order:

(2) L l .
- (Ndu) ([Jaij, JZ{U] : [%U, T&ZD ; cost type parameter
Y @ _ . , '
Ndu ([Tvu, du] [Jd ,{]d ]) ; benefit type parameter
Step 3. Determine the cumulative values for each possibility using Eqs (3.1) or (4.1).
Step 4. Determine the score values for every alternative using Eq (2.1).
Step 5. The other options are arranged based on their scores to determine the most favorable

alternative(s), with the greatest attainable value representing the preferred choice.
Step 6. Rank the alternatives.

Experts Step 2: Normalized the expert’s opinion
{
using normalization rule, if different
Parameters .
types of parameters involved
o {
)
s Sub-parameters
—_
{
Alternatives
{ Step 3: Compute the aggregated decision
Experts’ opinion in IVq-ROFHSN matrices using Eqs (3.1) or (4.1).
|
Step 4: Find the score values for each Step 5: Optimal alternative with
alternative using Eq (2.1). maximum score value

Alternatives ranking

Figure 1. Flow chart of the proposed MAGDM model.
6. Application of the proposed MAGDM technique in energy

Energy suppliers are essential for managing energy by facilitating effective distribution and
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consumption. Energy intermediaries play a crucial role in connecting energy suppliers and customers,
guaranteeing the reliable and cost-effective delivery of energy from different sources, including fossil
fuels, nuclear power, and renewable resources. Energy providers play a crucial role in distributing
energy and defining the energy market by providing various pricing plans, promoting competition, and
encouraging innovation in energy solutions. Energy suppliers provide consumers with competitive rate
structures and flexible contract terms, enabling them to make well-informed choices that align with
their financial and operational requirements. By promoting the implementation of renewable energy
sources and executing initiatives that minimize carbon footprints, energy suppliers are at the core of
environmentally friendly activities. These inventions make demand-management tactics more efficient
while also increasing energy efficiency. Their participation is necessary to create an energy system that
is balanced, feasible, and efficient.

6.1. Criteria description
6.1.1. Reliability and service quality

An energy supplier’s predictability and customer service are essential factors that significantly
affect the consistency and stability of energy delivery to customers. A reliable renewable energy source
that secures an adequate electrical supply, minimizing the frequency and duration of blackouts through
sturdy structures and scheduled upkeep. The availability of the power supply is crucial for commercial
and residential users since failures can lead to significant problems, operational failures, and monetary
loss. Superb service level encompasses efficient and flexible client assistance that is easy to find to
resolve queries and rectify complications, boosting client retention and credibility. Moreover, it is
essential to obtain superior technical support to swiftly handle technological problems and ensure
disruptions are effectively and quickly addressed. This assistance includes frequent revisions and
transparent engagement during service disruptions or maintenance activities to ensure consumers are
well-informed and prepared. Suppliers exhibiting remarkable reliability and service excellence often
allocate substantial resources to advanced technologies such as smart grids and real-time monitoring
systems. These technologies enhance the stability and efficiency of energy delivery. These attributes
are crucial for forging a strong and dependable customer relationship, fostering enduring loyalty, and
maintaining a competitive edge in the energy sector.

6.1.2.  Sustainability and environmental impact

Modern energy providers are progressively concentrating on sustainability and reducing their
environmental footprint, along with the global movement towards adopting more eco-friendly and
liable energy techniques. Sustainable energy providers emphasize the integration of renewable energy
sources, including solar, wind, and hydroelectric electricity, into their portfolios. This reduces reliance
on fossil fuels and mitigates greenhouse gas emissions. This action contributes to alleviating climate
change, promotes energy diversification, and strengthens security. Furthermore, numerous suppliers
implement comprehensive strategies to reduce carbon emissions, including investments in energy-
efficient technology and participation in carbon offset schemes. Environmental certifications, such as
Green-e, bolster the credibility of their commitment to sustainable practices, providing consumers with
confidence in their environmentally responsible choices. Sustainable energy providers often engage in
community and environmental activities, including reforestation projects, habitat restoration, and
educational campaigns to promote environmental awareness. These suppliers enhance the conservation
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of assets and safeguard ecosystems by emphasizing sustainability, thus securing a healthier earth for
future generations. Their efforts also attract several ecologically conscious consumers seeking to align
their energy consumption with their ecological values. Eventually, prioritizing sustainability and the
environmental effects positions these suppliers as leaders in the energy sector and fosters a more
resilient and sustainable energy system.

6.1.3. Contract terms and flexibility

Careful consideration of the agreement terms and mobility is required when selecting an energy
provider; these factors directly affect the energy service’s adaptability and convenience. Individuals
can choose contract lengths that work for them from shorter contracts, which offer customers greater
leeway to switch providers to longer ones that usually provide cost savings and rate stability.
Familiarity with the renewal regulations is critical. If the renewal terms are fair and transparent,
customers are protected from being forced into less favorable terms when the initial contract expires.
Also, it is easy to change energy needs or preferences because you can change or improve plans without
paying a hefty penalty. Importantly, exit provisions outline the steps to end the contract early without
spending a fortune. Businesses with fluctuating energy needs or people planning to find this flexibility
particularly useful. Flexible payment options, such as prepayment plans, budget billing, or monthly
billing cycles, allow customers to manage their money better, boosting customer satisfaction. Energy
providers can foster deeper, longer-lasting relationships by emphasizing transparent and adaptable contract
conditions. With this strategy, they can win customers' trust while catering to their unique requirements.

6.1.4. Pricing and cost structures

Pricing and cost structures influence energy supplier selection since they influence affordable and
predictable energy usage. Energy providers often provide customers with a choice between different
rate plans. One option is a fixed rate, which offers protection and stability from fluctuations in the
market. The other is a variable rate, which can be more advantageous when prices are low. In addition
to the base rate per kilowatt-hour, there may be additional charges for service fees, maintenance costs,
and penalties for early termination. It’s important to understand the whole price structure. Consumers
can better manage their budgets and avoid unexpected expenses when these prices are communicated
clearly and openly. In addition, some providers may provide time-of-use or tiered pricing, which lets
customers save money by adjusting their energy usage during off-peak times. Also, you can save
money in the long run by taking advantage of sales and incentives, including rebates for energy-
efficient equipment or discounted rates for longer commitments. By offering flexible price plans and
clear, up-front pricing structures, energy providers empower customers to make educated selections
that match their budgetary needs and consumption habits. A comprehensive pricing strategy is essential
in the cutthroat energy market since it fosters customer confidence and satisfaction.

6.1.5. Reputation and track record

An energy provider’s reliability, trustworthiness, and overall efficacy can be inferred from their
track record and reputation, which are, therefore, essential factors to consider when making an
evaluation. Over time, a solid reputation is built by reliably meeting or exceeding customer
expectations, maintaining a steady flow of energy, and cultivating positive client relationships. You
may learn a lot about a supplier’s strengths and potential weaknesses by reading reviews and
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testimonials from current and previous customers. In addition, a supplier’s track record of reliably
meeting customer demands and complying with ever-changing regulations often indicates their skill
in this area. Consideration of regulatory compliance is vital because suppliers who have faithfully
adhered to industry standards and laws are more likely to maintain operational integrity and ethical
practices. Recognized for their commitment to innovation and excellence, suppliers are given
credibility boosts through awards, certificates, and other industry accolades. Suppose customers
choose an energy provider with a solid reputation and a track record of success. In that case, they can
rest assured that their energy will be reliably supplied and they will receive excellent service. Increased
happiness and loyalty from customers is the inevitable outcome.

6.2. Numerical example

Let $ ={ESC;, ESC,, ESC3, ESC,, ESCs5} be a collection of five energy supplier companies.
Let X = {K!, &2, &3, &* X5} be ateam of five experts with the same weights (0.2,0.2,0.2,0.2,0.2)".
Experts define the crucial factors to find the most appropriate energy supplier, such as G = {d; =
reliability and service quality, d, = sustainability and environmental impact, d; = contract terms
and flexibility, d, = pricing and cost structures, ds= reputation and track record}. The sub-factors
for these parameters are {d,: reliability and service quality = {d,; = service availability, d,, =
technical support } }, {d,: sustainability and environmental impact = {d,; = carbon footprint, d,, =
certifications and compliance} }, {d5: contract terms and flexibility = {d3; = contract length, d;, =
exit clauses}}, {d,: pricing and cost structures = {d,; = incentives and discounts}}, and {ds:
reputation and track record = {ds; = customer reviews and testimonials}}. Let & =d; X d, X d3 X
d, X ds represents the multi- sub-factors such as 2 =d; Xd, Xds Xdy Xds ={d;q,d;,} X
{dy1,d22} X {d3q,d32} X {da1} X {ds1} = { (d11,d21,d31,ds1,ds1) , (dy1,dzz,d3q,dsq,dsy)
(dllt d211 d32' d4-1! d51)> (dllt d22t d32, d41' d51)a (d12' d21' d31' d4-1' dSl)a (d12' d22' d31' d4—1' d51)s
(dy2,d31,d32,d41,ds1) , (di1z,dyp,d3p,dayg,dsy) } = {dlr sz: Cz3: CLL' ds' de' d% ds} with weights
(0.12,0.18,0.1,0.15,0.05,0.22,0.08,0.1)7. After completing each component of the evaluation of
these eight criteria, the stakeholders will select one of the five options per their views on 1Vq-
ROFHSNES; a visual illustration of the employed method is given in Figure 2.

Implementing this technique makes it possible to deliver the solution that is ideally suitable under
the specifications that have been stated. By evaluating these elements comprehensively, analysts may
be able to provide the energy suppliers with the best and most ideal solution. IVq-ROFHSNs are used
to transmit the expert opinions for each option presented in Table 1, which are then incorporated into
the MAGDM approach. The Einstein AOs included in Sections 3 and 4 are used in this technique to
determine which energy supplier is the most pragmatic in energy management.
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Criteria’s for energy supplier selection

2 y y y
reliability and sustainability and contract terms and pricing and reputation and
service quality environmental flexibility cost structures track record

y

d, d, ds dy ds

dyy dip day da2 d3; ds2 dyy dsy

Choose the most suitable supplier in energy management

Figure 2. Criteria selection for energy suppliers.
6.2.1.  Selection of energy supplier using the IVq-ROFHSEWA operator

Step 1. Decision matrices with the corresponding sub-attributes for each alternative in the form of IVg-
ROFHSNS is given in Table 1.

Step 2. Pricing and cost structures d, be the cost type parameter with sub-criteria d,;. The multi-
sub characteristics and sub-criteria are {621, dz, 623, 624, 675, 676, d7, dg}, as we are aware of. Since d4
appears in all multi-sub attributes, showing that each characteristic includes cost type sub-criteria.
Consequently, normalize the decision matrix by following the normalization rule. Table 2 displays the
normalization choice matrix.
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Table 1. Expert’s preferences for each alternative in IVq-ROFHN:Ss.

5’1
1 0608 0102 0406 0108 0306 0207 0206 0205
\ ([0506]] ([0406]) ([0307]> ([0406]> <[O607]) <[0306]) ([0407]> <[0508]>
2 ([0.506]) ([0.207]) ([0.205]) ([0.306]) ([0.10.6]\ ([0.40.6]) ([0.305]) ([0.3,0.6]
(0407]/(0306]) (0508]) (0408]) <[0508) <[0507) (0208]) ([0406)
3 ([0.607]) ([0.507]) ([0.205]) ([0.308]) ([0.7,08]) ([0.305]) ([0.40.6]) ([0.50.7]
(0207])(0107]) (0103]) (0205]) <04 05) <[0608) (0305]) (0406])
¢ ([0.1,04]) ([0.306]) ([0.1,08]) ([0.203]) ([0.7,0.8]) ([0.50.7]) ([0.40.6]\ ([0.50.7]
lngoch (jo1071) (fos0s1) (os0m) (ososl) (osoar) (osat) (iason)
5
[0.4,08]) \[0.4,0.6]) \[0.6,0.6]) \[0.508]) \[0.4,05]) \[0.3,05]) \[04,05]) \[0.2,0.5]
8 (oo (oo (550 (B3oen) (easen (B5eeh) (5505 (eassh)
82
1 0205 0407 0409 0407 0607 0509 0607 0507
\ ([0508] ([0405]) ([0104]) ([0106]) ([0206]) ([0306]) ([0306]> <[O306]>
X2 [03 06 [0206 [0507 [0104 0609] 04—07] [0204— [0409
([0406 (0508])(0507])(0108]) <[0304—)<[0608) (0508])(0306])
X3 [0507\ [0208 [0608 [0304 0205] 0508] [0306 [0207
(0406]/(0304]) (0305]) (0505]) <[0408) <[0407) (0305]) (0508])
¢ ([0.507]) ([0.408]) ([0.205]) ([0.204]) ([0.308]) ([0.305]) ([0.40.7]\ ([0.40.8]
[0.4,0.7]) \[0.3,0.6]) \[0.6,0.7]) \[0.6,0.8]) \[0.50.71) \[0.6,0.71) \[0.3,0.6]) \[0.6,0.7]
0306 0309 0203 0204 04—08 04—06 0305 0307
5
[0.2,0.5]) \[0.5,0.6]) \[0.6,0.8]) \[0.5,0.9] [0408 [0608 [0.4,0.9]) \[0.5,0.8]
X [ AW [ [ 1, 1\ (I [
5:)3
1 0507 0405 0509 0509 0205 0407 0607 0108
X ([0308]] ([0206]) ([0305]) ([0304]) <[0508]) ([0106]) ([0206]) ([0406])
X2 [0204\ [0409 [0206 [0608 0407] 0104] [0609 [0306
(0508]/(0306]) (0508]) (0304]) <[0608) ([0108) (0304]) (0408])
X3 [0306\ [0207 [0208 [0103 0508] 0304] [0205 [0308
(0305]/(0508]) (0304]) (0607]) <[0407) ([0505) (0408]) (0205])
x4 [0407\ [0408 [0408 [0308 0305] 0204] [0308 [0203
0306]) 0607] 0306] 0406] [0607 [0608 0507] 0108]
0305 0307 0309 0304 0406 0204 0408 0306
5
\ ([0409]] ([0508]) ([0506]) ([0405]) <[0608]) ([0509]) ([0408]) ([0508])
534
1 0206 0205 0207 0306 0108 04—06 0102 0608
\ ([0407]] ([0508) ([0306]> ([0607]> <[0406]) <[0307]) <[0406]> <[0506]>
X2 [0305\ [0306 [0406 [0106 0306] 0205] [0207 [0506
(0208]/([0406)(0507]) (0508]) <[04—08) <[0508) (0306]) (04—07])
X3 [0406\ [0507 [0305 0708] 0308] 0205] [0507 [0607
(0305]/(0406]) (0608]) ([04 05]) <[0205) <[0103) (0107]) (0207])
N [0406\ [0507 [0507 [0708 0203] 0108] [0306 [0104—
loso7) (jos01) (fosaat) (osoe) (josoa) (osost) (osan) osoa)
5
\ (0405]](0205]) (0305]) (0405]) <[0508) <[0606) (0406]) <O408]>
55
1 0507 0607 0509 0507 04—09 04—07 0509 0607
\ ([0306]] ([0206]) ([0306]) ([0308]) ([0104]) ([0106]) ([0306]) ([0306])
X2 [04—09\ [0609 [0407 [0204 0507] 0104—] [0407 [0204—
(0306]/(0304—]) (0608]) (0508]) ([0507) ([0108) (0608]) (0508])
3 (102071) ([0.205]) ([0508]) ([0.306]) ([0.60.8]\ ([0.304]) ([0508]\ ([0.306],
(0508]/(0408]) (0407]) (0305]) ([0305) ([0505) (0407]) (0305])
x4 [04—08\ [0308 [0305 [0407 0205] 0204—] [0305 [0407
(0607]/(0507]) (0607]) (0306]) ([0607) ([0608) (0607]) (0306])
X5 [0307\ [04—08 [0406 [0305 0203] 0204—] [0406 [0305
(0508]/(0408]) (0608]) (0409]) ([0608) ([0509) (0608]) (04—09])
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Table 2. Normalized decision matrices.

gl
) (“856%2]] ([%‘i?)i]) ([%i%?) (“éi%%) (“3)2%76]) (&’)3%67]) ([%‘E%Z]) ([%3%85])
NZ
(os0e1) (o2071) (azos) (oz0e1) (foroe) (oaoar) (azost) (o3o61)
3 (102,071 ([0.1,0.7]) ([0.1,03]\ ([0.2,0.5]) ([0.4,.0.5]) ([0.6,0.8]\ ([0.3,0.5]\ ([0.4,0.6],
(0607]/(0507]) <[0205) (0308]) ([0708 /<[0305) (0406]) ([0507)
¢ ([0.4,0.6]) ([0.1,0.7]) ([0.3,05]\ ([0.1,0.8]) ([0.50.6]\ ([0.3,0.6]\ ([0.30.7]) ([0.4,0.7],
(0104]/(0306]) <[0108) (05203]> (0708]) <[05057) (04056]> ([05057)
0.4,0.8] 0.4,0.6] [0.6,0.6 0.5,0.8 0.1,0.8] 0.3,0 0.4,0 0.2,0
¥ ([0306]] ([0307]> <[0208]) ([0306]> ([0405]> <[0508]) ([0507]> ([[0306])
52
* (tozost) (oaort) (oaner) (wrorn) (eor) (ososr) (ao) (os07)
N2 0.4,0.6],) ([0.5,0.8] [0.5,0.7 0.1,0.8] 0.3,0.4] [0.6,0.8 0.5,0.8] [0.3,0.6
(o061 (ozoer) (fo5071) (oroar) (oener) (oaort) (ozoar) (foros)
3 ([0.4,0.6]) ([0.304]) ([0.3,05])\ ([0.505]) ([0408]) ([0.40.7]) ([03,0.5]) ([0.50.8],
(0507])(0208]) <[0608) (0304]) (0205]) <[0508) (0306]) ([0207)
¢ (104,071 ([0.3,0.6]) ([0.60.7\ ([0.608]) ([0.50.7]\ ([0.6,0.7]) ([0.3,0.6]) ([0.6,0.7],
(05057]/(0;1-08]> <[0205) (05204]> (0308]) <[0305) (04—07]) ([0;08)
0.2,0 0.5,0.6 [0.6,0.8 0.5,0.9 0.4,0.8] [0.6,0.8 0.4,0.9] 0.5,0.8
X ([0306]] ([0309]> ([0203]) ([0204]> ([0408]> <[0406]) ([0305]> ([0307])
‘93
¥ (fosor) (osost) (usost) (azosr) (ozost) (oworn) (oensn) (oroal)
¥ (jozoal) (ososr) (oznel) (osost) (o) (oroar) (osnsr) (josoa)
X3 [832(());]< [0.5,0.8],\ ([0.3,0.4],\ ([0.6,0.7],\ ([0.4,0.7]\ ([0.5,0.5]\ ([0.4,0.8],\ ([0.2,0.5],
(0306]/(0207]) ([0208) (0103]) (0508]) ([0304) (0205]) ([0308)
gt ([0306 \ ([0607) <0306]) ([0406) ([0607) (0608]) ([0507) (0108])
040907 (105080 (105061 (104051 (06081 (05091 (04081 ([0508)
¥ ([0305]/(0307]) ([0309) (0304]) (0406]) ([0204) (0408]) ([0306)
554-
“ (fozoa) (ozosi) (uz071) (asoer) (orost) (xoer) (oroer) (osnsr)
“ (fozos)) (nz0a) (uaosr) (aroer) (ozoer) (nz0sr) (oz071) (osnel)
X3 [83855]< {0406 [0.6,0.8],\ ([0.4,.0.5],> ([0.2,0.5]\ ([0.1,0.3]\ ([0.1,0.7],\ ([0.2,0.7],
(0406])(0507]) ([0305) ([0708 (0308]) <[0205) (0507]) ([0607)
x4 ([0307\([0407) <0306]) ([0506> ([0108> <0305]) ([0107> (0406])
04081y (102051 (103051 (104051 (05081 (0606l (0a0ely (0408
¥ ([0507]/(0306]> <[0508> (0108]) (0306]) <[0208) (0307]) ([0306)
35
¥ (osorn) (oeorn) (snor) (osort) (asost) (oworn) (osaor) (osos)
X2 ([0306 \ ([0304) (0608]) ([0508) ([0507) (0108]) ([0608) (0508])
@ (105080 (l0408)y (10407) (10305) (10303) (10505) (10407) (10305
(0207]/(0205]) ([0508) (0306]) (0608]) ([0304) (0508]) ([0306)
x4 ([0607 \ ([0507) (0607]) ([0306) ([0607) (0608]) ([0607) (0306])
[0.4,0.8]) \[0.3,0.8]) \[0.3,05]) \[0.4,0.7]) \[0.2,0.5]) \[0.2,04]) \[0.3,05]) \[0.4,0.7]
s (105081 ([0.408]) ([0.60.8]\ ([0.409]) ([0.60.8]) ([0.509]) ([0.608]) ([0.4,0.9],
(0307]/(0408]) ([0406) (0305]) (0203]) ([0204) (0406]) ([0305)
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Step 3. Determine the cumulative values for each possibility using Eq (3.1) for ¢ = 3. Which
generates 1; =  ([0.35069,0.65458], [0.29671,0.63358]), 2, = ([0.38897,0.66723],
[0.30126,0.64717]), 23 = ([0.37182,0.62027], [0.30101,0.63605]), 2, = ([0.34067,0.64117],
[0.25761,0.61134]), and 25 =([0.34911,0.64584], [0.30784,0.67697]).

Step 4. Determine the score values for every alternative using Eq (2.1), such as §(2;) = 0.50939,
§(32,) =0.51361, $(23) =0.50384, S(2,) =0.51654, and S(25) =0.49191.

Step 5. The other options are arranged based on their scores to determine the most favorable alternative,
such as §(2,) > 8$(2,) > §(2;) > S(23) > S(2s). Therefore, H* is the best energy supplier, and
the alternatives ranking prescribed by the IVq-ROFHSEWA operator can be described as: $* > $% >

' > 9% > $°.
6.2.2. Selection of energy supplier using the [IVq-ROFHSEWG operator

The computations in Steps 1 and 2 resemble those in the investigation outlined in Section 6.3.2.
Step 3. Determine the cumulative values for each possibility using Eq. (4.1) for ¢ = 3. This produces
2, = ([0.29138,0.62165], [0.37765,0.67284]), 2, = ([0.32475, 0.62146], [0.36534,0.69495]), 23 =
([0.28198, 0.57671], [0.36014, 0.68786]), 2, = ([0.25109, 0.61962], [0.33903, 0.64671]), and 2
([0.28602, 0.60792], [0.38589, 0.71652]).

Step 4. Determine the score values for every alternative using Eq (2.1), such as §(2;) = 0.47539,
§(32,) =0.47286, S(23) =0.45717, $§(2,) =0.48557,and S(25) = 0.45385.

Step 5. The other options are arranged based on their scores to determine the most favorable alternative,
suchas §(24) > S(Q1) > §(2y) > S(23) > S(2s).

Therefore, $* is the best energy supplier, and the alternatives ranking prescribed by the IVq-
ROFHSEWA operator is as follows: $* > $! > §2 > §3 > §°.

7. Sensitivity and comparative analysis

In the following section, we investigate the sensitivity of our technique and compare our
evaluations with those of past research.

7.1. Impact of the IVq-ROFHSEWA operator s “q” deviation on alternate classifications

Both alternatives $, and $s adhere to the corporation’s laws and regulations, with £, being the
one of preference and $, be a most beneficial supplier in energy management. When 3 < g < 12, as
indicated in Table 3, the ranking of alternatives remains unchanged and resilient. Specifically, £,
regularly outperforms £, 91, 93, and Hs. The score values decrease as the numerical value of “q”
increases, illustrating the influence of the parameter “q” on evaluation calculations. When the
expression (MD*)4 + (NMD*)? > 1, if q = 3, both IVIFHSS [18] and IVPFHSS [20] are unable
to refute this corroborating evidence. The versatility of the information extraction technique is
contingent upon the specific value of the parameter “q”. The research illustrates the benefits of
organizing a parameter in a way that enables specialists to analyze it effectively. It provides guidance

on how to determine parameter values based on individual preferences.
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[IPi)

Table 3. The parameter “q” of the IVq-ROFHSEWA operator has a significant impact on
decision outcomes.

Parameter Score value Ranking
q=3 §(2;) =0.50939, §(2,) =0.51361, $(23) =0.50384, S(2,) =0.51654, §(25) =0.49191 9> 92> H! > H > §°
q=4 §(2;) =0.50732, §(2,) =0.51259, $(23) =0.50196, $(2,) =0.51456, $(25) =0.48960 95> 92> H! > H > §°
q=>5 §(2;) =0.50605, §(2;,) =0.51169, §(25) =0.50091, $(2,) =0.51351, §(25) =0.48719 9> 92> H! > H > §°
q=6 §(2,) =0.50476, S(2,) =0.51112, $(23) =0.49971, §(2,) =0.51222, $(25) =0.48692 9> 92> H > H > H°
q=17 §(2;) =0.50371, §(2,) =0.51006, $(23) =0.49841, $(2,) =0.51192, §(25) =0.48571 9> 92> H! > H > §°
q=8 §(2,) =0.50282, §(2,) =0.50948, S(2;3) =0.49732, $(2,) =0.51140, S(25) =0.48492 9> 92> Hl > H > §°
q=9 §(2;) =0.50198, §(2,) =0.50893, $(23) =0.49662, $(2,) =0.51059, §(25) =0.48409 95> 92> H! > H > §°
q=10 §(2;) =0.50190, §(2;) =0.50848, S(23) =0.49595, §(2,) =0.51031, §(25) =0.48370 9> 92> H! > 9 > §°
q=11 §(2;) =0.50141, $§(2,) =0.50799, $(23) =0.49559, §(2,) =0.50993, §(25) =0.48334 > 92> H! > 9> H°
q=12 §(2;) =0.50109, §(2;,) =0.50730, $(23) =0.49533, S(2,) =0.50956, S(25) =0.48307 > 92> 9! > H > §°

The technique offered improves the integration of dependable evidence, clarifying ambiguous or
untrustworthy material and enhancing its quality. Table 5 outlines the conversion of various hybrid
structures of FS into the specific example of IVqQ-ROFHSS. All these alterations take place when
components adhere. Professionals can perform a more comprehensive behavior evaluation using
parameter “q”. Experts strongly recommended choosing the value of “q” to identify and assess a
continuous pattern or trend. Through this investigation and assessment process, it has been determined
that the results generated by the proposed methodology are superior to those gained by alternative
methods. The influence of the “q” value on the obtained results is in Figure 3, displayed below.

The presented strategy enhances the incorporation of reliable evidence, explaining unclear or
unreliable data, making it better. As described in Table 5, different hybrid structures of FS are converted
into the case of [IVqQ-ROFHSS. All these modifications occur while particular components conform.
Experts can execute a more detailed behavior assessment using the parameter “q”. It is strongly advised
that experts select the value of “q” to recognize and evaluate an ongoing pattern or trend. Through this
process of inquiry and evaluation, it is identified that the outcomes produced by the approach that has

been offered are more effective than those achieved by different methods. The impact of the “g” value
on the results obtained is illustrated clearly in Figure 3, which can be seen below.
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Figure 3. The impact of q (3 < q < 12) on the ranking of alternatives using IVg-

ROFHSEWG operator.

7.2. Impact of the IVq-ROFHSEWG operator's “q” deviation on alternate classifications

[{P2]

To determine how much the parameter “q” affects the final evaluation outcome, we compared
several values for q. The data analysis revealed two distinct ranking patterns: $* > H! > $% > §° >
$° (q=3-6) and H* > H*> > H' > H° > H° (q = 7 — 12) see Table 4. This adjustment did not
affect the ranking of the most advantageous and least advantageous selections, which is an important
and noteworthy point to consider. Furthermore, the gradual decrease in score values for the alternatives
along with an increase in ¢, indicates a clear dependence of score values on the parameter’s value.
During the preceding analysis, it became evident that altering the variable “q” could impact the

(I 4)

arrangement of options in terms of their structure. Experts can independently assign a value to “q” to
determine the most beneficial supplier. The study’s findings emphasize the importance of expert

[IP2)

discourse on the significance of the “q” parameter, even when the alternative rank remains consistent.

(13

Table 4. The parameter “q” of the [Vq-ROFHSEWG operator has a significant impact on
decision outcomes.
Parameter Score value Ranking
q=3 S(2;) =0.47539, S(2,) =0.47286, S(;) =0.45717, §(2,) =0.48557, S(25) =0.45385 5> 5> 9> 5>
q=4 S(2;) =0.47496, S(3,) =047126, S(2;) =0.45613, $(2,) =0.48478, S(25) =0.45186 $*>H' > $ > H° > §°
q=5 S(2,) =0.47269, S(2,) =0.47098, S(25) =0.45497, §(3,) =0.48365, S(25) =0.45114 5> 5> 9> 5>
q=6 S(2;) =047079, S(3,) =0.47022, S(;) =0.45408, S(2,) =0.48291, S(25) =0.45004 $'>H' > H > H° > §°
q=7 S(2;) =0.46950, S(2,) =0.46981, S§(25) =0.45371, $(3,) =0.48214, S(25) =0.44968 > 5> 9 >H5 >
q=8 S(2;) =0.46881, S(3,) =0.46920, () =0.45308, S(3,) =0.48197, S(25) =0.44883 $'> 92> H' > H° > §°
q=9 S(2;) =0.46841, S(2,) =0.46893, §(;) =0.45280, S(2,) =0.48136, S(25) =0.44821 $'> 95> 9 >H5 >

q
q
q

10 S(2,) =0.46809, S(2,) =0.46849, S(2) =0.45208, S(2,) =0.48099, S(25) = 0.44790
11 S(2,) =0.46805, S(2,) =0.46828, S(25) =0.45190, S(2,) =0.48081, S(25) = 0.44751
12 S(2,) =0.46787, S(2,) =0.46811, S(23) =0.45169, S(2,) =0.48077, S(25) =0.44723

$* > 9> H' > > H°
$4>52>51>53>55
$*>H>H'>§° > S

Altering the parameter g is crucial for exerting an impact on the reasoning behind available
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alternative options. When conventional methods such as IVIFHSS and IVPFHSS are insufficient for
handling the observed data, IVqQ-ROFHSS successfully addresses this limitation. Therefore, experts
can assess the reliability of the information by establishing a suitable value for q. Professionals must
meticulously evaluate suitable parameter values while creating reliable, top-notch alternatives. The
IVgQ-ROFHSEWG operator preserves the logical sequence of options when g = 7. Thus, in this
scenario, experts have the option to select a value of q = 7. Figure 4 illustrates the influence of q on
the arrangement of choices.

7.3. Comparison with different fuzzy structures

We describe the approach to dealing with the challenges of creating a sustainable supplier in energy
management. We offer a systematic approach to tackling MAGDM difficulties with the IVq-ROFHSS
methodology. When it comes to handling MAGDM difficulties, the suggested approach provides better
accuracy and adherence than the currently used ones. The framework’s versatility and
comprehensiveness support predictable, stable, and customizable results. To cover various points of
view, the proposed method can be modified to support several models with dynamic sequencing
capabilities. We conducted thorough analytical analyses and assessments to show that our suggested
strategy yields result similar to hybrid approaches. The proposed approach is adaptable and capable of
converting various structures, including FS, IFS, PFS, and gq-ROFS, into unique IVq-ROFHSS
situations by adjusting specific configurations. This attribute allows for the intentional selection and
future execution of object-specific particulars, making it ideal for incorporating unclear and conflicting
information in decision-making processes. Based on thorough investigation and evaluation, the
researchers have determined that their findings regarding the suggested technique have greater
applicability compared to any other current organization. They recognize that the anticipated
development of the data management system encompasses a broad spectrum of possibilities aimed at
mitigating data-related problems in comparison to existing data management systems. In general, the
proposed design is deemed efficient, versatile, and beneficial, surpassing current hybrid designs
incorporating FS, IFS, PFS, and q-ROFS. Incorporating appropriate associations helps to resolve the
integration issues that arise from upgrading IVq-ROFSS to IVq-ROFHSS. Applying periodic and
vague assumptions to the existing framework is an unexpected yet favorable enhancement. This
enhancement facilitates the methodical and suitable choice of well-being attributes. The DM technique
in FS situations involves the combination of hypothetical and unpleasant aspects to surprise raise the
relevance and complexity of the framework. Table 5 provides a comprehensive comparison of the
features of the proposed and existing techniques. The proposed approach effectively addresses the
challenges of establishing a sustainable energy provider and showcases flexibility and adaptability,
making it a suitable tool for various decision-making objectives.

The implementation of a new MAGDM technique is driven by the necessity to address the
limitations of existing fuzzy frameworks. This proposed methodology is notable for its utilization of
IVq-ROFHSS, which enables a comprehensive assessment of the MD and NMD sub-attributes. The
current hybrid models, such as IVFS, IVIFS, IVPFS, IVFSS, IVIFSS, IVIFHSS, IVPFSS, and
IVPFHSS, could not adequately provide a comprehensive understanding of the technique’s condition.
The MAGDM methodology for IVqQ-ROFHSS is a dependable, accurate, versatile, and customizable
method, suitable for many scenarios with varying levels of disparity, incongruities, and alteration. The
research findings indicate that forthcoming technologies yield superior and more comprehensive
results compared to present methods, as shown in Table 5. The proposed hybrid configuration of FS
shows significant potential in various domains, including organizational studies, medical research, and
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decision-making processes including the management of inaccurate and unclear information. The
proposed technique of DM under IVq-ROFHSS offers a more effective and successful method for
addressing MAGDM difficulties.

Table 5. Comparative analysis of proposed structure with different fuzzy structures.

Set Parameters Sub- Advantages Limitations
parameters

Turksen [2] IVFS X X Deals uncertainty Unable to handle
using MD intervals NMD interval

Atanassov [4]  IVIFS X X Deals uncertainty Unable to handle
using MD and NMD MDY + NMD?
intervals >1

Jiang et al. IVIFSS v X Deals uncertainty Unable to handle

[12] using MD and NMD MDY + NMD¢
intervals >1

Debnath [18]  IVIFHSS v Deals uncertainty Unable to handle
using MD and NMD MD? + NMD¢
intervals >1

Peng & Yang  IVPFS X X Deals uncertainty Unable to handle

[6] using MD and NMD (MD%)?
intervals + (NMD%)? > 1

Zulgarnainet  IVPFSS X Deals uncertainty Unable to handle

al. [14] using MD and NMD (MD%)?
intervals +(NMD%)? > 1

Zulgarnainet  IVPFHSS Vv v Deals uncertainty Unable to handle

al. [20] using MD and NMD (MD )2
intervals +(NMD%)? > 1

Joshietal. [8] IVg- X X Deals uncertainty Unable to handle

ROFS using MD and NMD (MD%)4

intervals + (NMD%)1 > 1

Yang et al. IVg- v x Deals uncertainty Unable to handle

[16] ROFSS using MD and NMD (MD %)
intervals + (NMD%)1 > 1

Proposed IVg- v v Deals uncertainty Unable to handle

structure ROFHSS using MD and NMD (MD%)4
intervals + (NMD?) > 1

7.4. Comparison with different fuzzy operators

Experiments and studies provide evidence of the efficacy of the established MAGDM approach.
The investigations demonstrate that the results from this approach align with those achieved through
traditional methods. The proposed framework enables incorporating specific information regarding
alternative parameters into different decision-making procedures and addressing deficiencies in the
available data. This enhances credibility and is founded on examining factual details on objects,
making it a valuable instrument for evaluating ambiguous and perplexing data in management. The
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technique ensures data integrity by considering the interactions among the scores assigned to multiple
components. This unique methodology surpasses previous methods by emphasizing perceptual
understanding and coherence through clarifications, hence avoiding decisions influenced by erroneous
preconceived notions. The proposed MAGDM technique thoroughly evaluates all options before
choosing a supplier selection strategy in energy management. The model effectively handles these
challenges and is thoroughly compared to current methodologies. The impacts of employing this
approach in selecting a sustainable energy supplier are displayed in Table 6, demonstrating its
effectiveness and reliability. When data is irrelevant or does not apply, it is represented as “n/a”.

Table 6. Comparison of the suggested model with different operators.

Operators Score value Ranking
IVIFEWA [41] n/a n/a
IVIFEWG [42] n/a n/a
IVPFEWA [45] n/a n/a
IVPFEWG [46] n/a n/a
IVq-ROFEWA [48] n/a n/a
IVg-ROFEWG [48] n/a n/a
PFSEWA [49] n/a n/a
PFSEWG [49] n/a n/a
g-ROFSEWA [50] n/a n/a
g-ROFSEWG [51] n/a n/a
IVq-ROFSEWA [52] n/a n/a
IVq@-ROFSEWG [52] n/a n/a
PFHSEWA [53] n/a n/a
PFHSEWG [54] n/a n/a
g-ROFHSEWA [22] n/a n/a
g-ROFHSEWG [22] n/a n/a
Proposed 1Vg- 0.50939 0.51361 0.50384 0.51654 0.49191 ¢*>¢2>9'>9* >
ROFHSEWA

Proposed 1Vg- 0.47539 0.47286 0.45717 0.48557 0.45385 §*>9'>%>>%°>%°
ROFHSEWA

Table 6 demonstrates an evaluation matrix for analyzing multiple operators and their results. After
assessing the data, it is apparent that the $* alternate is the best alternative for sustainable energy
suppliers. Table 6 indicates deficiencies in previous studies, as stated in the literature [41,42,45,46,48],
particularly concerning parametric modelling. Operators in the literature [49,50] manage the
parametric values of alternatives, but these studies cannot manage the expert’s opinion in intervals
form. The techniques described in [52] competently regulate the parametrized values linked to
alternatives within the identified issue.

Managing sub-attributes of alternatives is an obstacle for present methods. The PFHSEWA [53] and
PFHSEWG [54] operators have specific expertise to assess the information. However, these
aggregation operators cannot deal with the situation when (MD)? + (NMD)? > 1. On the other hand,
the q-ROFHSEWA [22] and q-ROFHSEWG [22] operators competently deal with the issues
mentioned above. Plans have solved this problem by incorporating interval forms and sub-attributes,
as demonstrated in structures such as IVIFHSS [46] and IVPFHSS [48]. However, these efforts may
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not always be appropriate for any particular case. Whereas confident current aggregate operators can
manage specific problems, there are situations where they are insufficient. The strategy suggested in
this paper effectively tackles those issues, providing a more comprehensive and efficient solution for
evaluating options. A comparative study assesses the proposed MAGDM model’s effectiveness
compared to other existing operators. The order of the five finest alternatives shows that the novel
approach is in line with the conventional strategy, demonstrating the reliability and productivity of the
proposed technique, which may provide precise and trustworthy results in many situations.

7.5. Limitations and future implications of the proposed structure

Interval-valued g-rung orthopair fuzzy hypersoft sets have some of the shortcomings:

(i) The mathematical structure may be challenging to recognize, especially for individuals
unfamiliar with multifaceted fuzzy set ideas, thus impeding implementation.

(i) The algorithm’s performance is substantially reliant upon the reliability and specificity of its
input data; inferior data may result in improper decisions.

(ii)The IV@-ROFHSS analyses are computationally challenging, making them insufficient for
immediate decision-making scenarios or operations involving extensive databases.

(iv)However, intended to deal with incertitude, IVq-ROFHSS can fail to generally apply to all
decision problems, particularly ones preferring an extra simplistic or direct technique.

(v) Selecting suitable parameters for IVqQ-ROFHSS may be unreliable, resulting in multiple
outcomes due to various interpretations.

(vi) The conceptual basis of IVq-ROFHSS can be simpler than those of other fuzzy set ideas,
impeding its acceptability into the broader research community.

(vil) Whereas IVqQ-ROFHSS attempts to boost decision-making, its effectiveness relative to
conventional fuzzy methods or different MCDM strategies remains adequately confirmed,
necessary for more empirical studies.

Managing such drawbacks in future studies may enhance the usefulness and stability of IVq-
ROFHSS in real-world decision scenarios. This research connects to the investigation of Sarwar and
Li [59], as it evaluates the implementation of fuzzy theory in decision-making, especially as it relates
to IVq-ROFHSS. Our plan of using Einstein aggregation operators to boost MAGDM resembles the
strategies that Xia et al. [60] and Gao et al. [61] used to build controllers and stabilizing strategies
using Takagi-Sugeno fuzzy structures. Integrating fuzzy logic into our selection algorithms is essential
for adequately handling convoluted cases, and we resolve problems identical to those encountered by
Ge and Zhang [62], who developed dynamic inventory controllers in unreliable circumstances. Since
we focus on combining fuzzy logic and sophisticated control techniques to manage both uncertainty
and complexity in decision-making infrastructure, it is influenced by the work of Zhang et al. [63],
Sun et al. [64], and Duan et al. [65].

8. Conclusions

The effectiveness of MAGDM appears to be hindered by the interplay of multiple opposing facets
that constitute a crucial component of complex problem domains. The conceptual framework of
MAGDM must effectively incorporate all potential improvements that appropriately represent aspects
from the engineering, business, and health sectors. Our main purpose of this study is to construct
effective decision-making methods within the broader context of IVq-ROFHSNs. We present the
concept of Interval-valued g-rung orthopair fuzzy hypersoft sets, which incorporate Einstein's
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operational laws. Based on these operational laws, we also suggest aggregation operators, namely IVq-
ROFHSEWA and IVqQ-ROFHSEWG operators. These operators possess basic characteristics. To
showcase the benefits of this analytical methodology, we carried out an empirical inquiry to ascertain
the most viable sustainable energy provider in energy management. The comparison analysis
emphasizes the method’s effectiveness and longevity, demonstrating its ability to withstand challenges
and assist decision-makers in the DM procedure.

Further study will prioritize the examination of Einstein-ordered AOs, the analysis of similarity
and distance metrics, and their associated attributes. To further study the practical use of IVq-
ROFHSNs in material selection, pattern identification, information fusion, medical diagnostics, and
autonomous agriculture, we will investigate the integration of several MAGDM approaches. In
addition, several ordered, algebraic, and topological structures for IVqg-ROFHSNs will be proposed,
focusing on their application in different DM techniques.
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