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Abstract: The complex process of decision-making is addressed in this study, especially when dealing 

with diverse factors and input from several specialists. In the context of m-polar interval-valued 

neutrosophic hypersoft sets (m-PIVNHSSs), the paper proposes innovative adaptations of the 

correlation coefficient (CC) and weighted correlation coefficient (WCC), drawing on correlation 

analysis in statistics and engineering. The goal is to improve decision-making processes in scenarios 

with complicated features and input from several specialists. Through defined theorems and claims, 

the study offers a solid mathematical framework and presents methods based on CC and WCC to 

address decision-making complexity. These strategies show promise for enhancing decision accuracy 

in circumstances involving a wide range of features and expert inputs. AHP, TOPSIS, and other 

strategies that are now used might also be extended, according to the research. AHP, TOPSIS, and 

VIKOR are three possible methodologies that might be used to the m-PIVNHSSs environment, 

according to the research, opening opportunities for additional breakthroughs in the decision-

making sector. 

 

Keywords: Aggregate operators, Correlation Coefficient (CC), Neutrosophic Hypersoft Sets 

(NHSSs), Weighted Correlation Coefficients (WCC), Multi-Polar Neutrosophic Hypersoft Sets (m-

PNHSSs). 

 

1. Introduction 

The importance of hydrogen is due to its capacity to transport clean energy and serve as a flexible 

remedy for pressing global problems. Hydrogen is a clean fuel that enables emissions-free energy 

production in fuel cells, making it essential for moving away from fossil fuels and reducing global 

warming. Its capacity to store energy helps manage the oscillations of renewable energy, and its 

potential to decarbonize industrial sectors like steel and transportation demonstrates the breadth of 

its effects on emissions reduction. Hydrogen is also a major facilitator of a sustainable and low-carbon 

future since it drives technical innovation, encourages international cooperation, and spurs economic 
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growth. Numerous research studies have investigated the use of hydrogen in Multi-Criteria Decision 

Making (MCDM) and its relevance in ambiguous situations. The adaptability of hydrogen as an 

energy carrier is especially beneficial in ambiguous situations. By storing surplus energy and 

releasing it when needed, it can help with renewable energy supply variations and provide grid 

stability in ambiguous energy situations [1]. Energy security in areas susceptible to supply outages 

can be improved by hydrogen's capacity for decentralized generation and delivery [2]. 

Hydrogen technology evaluation for MCDM sometimes entails considering several factors, including 

price, effectiveness, environmental impact, and scalability. This was demonstrated in research by [3], 

where a fuzzy MCDM technique was used to evaluate several hydrogen generation technologies 

considering economic, environmental, and technological issues. Furthermore, Qie, X. et al. [4] used 

an MCDM framework to assess hydrogen storage systems while taking economic, efficient, and 

safety considerations into account. 

In MCDM applications, the flexibility of hydrogen to various situations is further 

demonstrated. Fayyazi et al.'s [5] analysis of its influence on transportation choices, for instance, 

considers the adoption of hydrogen fuel cell cars under ambiguous market conditions. Lu, Z., & Li, 

Y. applied fuzzy in MCDM approaches are used to evaluate various hydrogen generation processes 

while taking economic and environmental aspects into account.  

 

A new theory was urgently needed to address inconsistencies. To deal with uncertain and 

inconsistent environments, Smarandache developed a new idea in 1998 [9]. This theory is referred to 

neutrosophic set (NS) with the addition of indeterminacy value along with membership and non-

membership values (T, I, F) (all these values are independent of each other). Based on the numbers 

(T, I, and F) assigned by the decision-maker (DM) in the form of neutrosophic numbers, this concept 

of NS was further expanded. For instance, the single-valued neutrosophic set (SVNS) [10], the multi-

valued neutrosophic set (MVNS) [11], the interval-valued neutrosophic set (IVNS) [12], and the multi-

valued interval neutrosophic set (MVINS) [13]. The idea behind these statistics can be immediately 

applied to difficulties referred to as multi-criteria decision-making in real-world situations (MCDM). 

Numerous scholars have proposed various strategies to address MCDM issues using neutrosophic 

set based algorithms TOPSIS [14], MULTIMOORA [15], AHP [16], SWOT [17], and many more [18]. 

 

Numerous scholars have provided numerous uses for neutrosophic sets and their hybrids 

while taking into consideration MCDM approaches in daily life issues as an application [19-22]. Using 

mathematical methods, real-world issues such as human resource selection, gadget selection, shortest 

path selection, robot selection, security considerations, medical equipment selection, and 

environmental safety measures can be solved. To address ambiguities and get around the difficulties 

in the current set architectures, Maji suggested the idea of a soft set (SS) [23]. The SS theory was 

expanded by Cağman et al. [24] to include the features of the fuzzy soft set (FSS). Maji et al. [25] 

developed the idea of an intuitionistic fuzzy soft set (IFSS) and its attributes to address the issues 

with uncertainty. Like, Maji [26] extended the idea of neutrosophic sets by combining them to the 

soft set and presented the theory of neutrosophic soft sets (NSS) to overcome indeterminacy. Interval-
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Valued Neutrosophic Soft Set (IVNSS) was introduced by Deli [27] with several fundamental 

concepts, operations, and decision-making techniques. 

Hypersoft set (HSS) is a new set structure that Smarandache [28] proposed in 2018. In 

essence, this set is the mapping from the product of attributes (which are further divided) to the 

power set of the universal set and desire set of attributes. The concepts of fuzzy hypersoft sets, 

intuitionistic hypersoft sets, and neutrosophic hypersoft sets were also put out [28] to address 

truthiness, uncertainty, and indeterminacy. The definition of the neutrosophic hypersoft set (NHSSs) 

[29], aggregate operators, similarity measures, distance measures, and the concepts of single-valued 

neutrosophic hypersoft sets (SVNHSSs), multi-valued neutrosophic hypersoft sets (m-PNHSSs) [30], 

interval-valued neutrosophic hypersoft sets (IVNHSSs), and multi-valued interval neutrosophic 

hypersoft sets (m-PVINHSSs) were proposed by [31], along with matrix notations and using these 

definitions the applications, the algorithms with case studies has been presented by [32-33]. All these 

situations demonstrate how well hydrogen works in ambiguous situations and how well it works 

with MCDM [36] techniques for making decisions. Its adaptability and ability to consider a range of 

criteria and aspects highlight its value as a dynamic solution in both ambiguous situations and 

difficult decision-making processes. Novel approaches have been demonstrated by recent studies 

that have advanced a variety of sectors. Paul, Jana, and Pal [37] extended decision-making utilizing 

Pythagorean fuzzy Hamacher aggregation operators, Du, Wang, and Lu [38] maximized wireless 

power transmission with an improved approach, and Haq and Saqlain used machine learning for 

attendance tracking in a pandemic [39]. Convolutional neural networks were employed by 

Zulqarnain and Saqlain [40] to evaluate text readability in higher education, while Saqlain et al. [41] 

presented a multi-polar interval-valued neutrosophic hypersoft set for uncertainty and decision-

making. These projects demonstrate a dedication to creativity and cross-domain problem-solving [42-

46].“ 
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This paper makes significant contributions to the field of decision-making by addressing the 

limitations of existing approaches in dealing with m-PIVNHSs. By introducing the m-PIVNHSs 

model, this research offers a novel solution to the challenges posed by the abstract and context-

dependent nature of language. The implementation of the proposed aggregate operators, correlation 

coefficients (CC) of a practical tool for solving decision-making issues and improving the overall 

understanding and application of m-PIVNHSs knowledge. This contribution has the potential to 

benefit various fields that rely on language-based decision-making, such as natural language 

processing, sentiment analysis, and artificial intelligence, among others. The following shows that, 

how the work has been organized: The fundamental ideas of m-PIVNHSs are broken down in detail 

in section 2. In section 3, we present a definition, notions, and examples of m-PIVNHSs with basic 

properties and operations. The aggregate operators, and correlation coefficients (CC) of m-PIVNHSs 

have been presented in section 4. In part 5, an MCDM framework is described for the “m-PIVNHSs 

algorithm to solve MCDM problem” with a case study to demonstrate the benefits of the proposed 

algorithm. The findings of the study have been summarized, along with their significance, in section 

6, and concluded with future directions. The layout of the paper is also presented in figure 1. 

 

2. Preliminary section 

In this section, we go through some basic definitions that support the construction of the framework 

of this paper: hypersoft set (HSS), neutrosophic hypersoft set (NHSSs), m-polar neutrosophic 

hypersoft set (m-PNHSSs), and m-polar interval-valued neutrosophic hypersoft set (m-PIVNHSSs). 

“ 

Figure 1. Layout of the paper 
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Definition 2.1: Hypersoft Set [28]                     

Assume that universal and power set of universal set is given that 𝜇 𝑎𝑛𝑑 𝑃(𝜇) . 

Considering (ⅈ1, ⅈ2, ⅈ3,… , ⅈ𝑛 ) when 𝑛 ≥ 1 , and suppose 𝑛  be a well-defined attributives, whose 

corresponded attributive elements are sequentially, the set (£1, £2, £3, … , £𝑛) with £𝑖 ∩ £𝑗 = ∅, where 

ⅈ ≠  𝑗 and ⅈ, 𝑗𝜖{1,2,3…𝑛}, then (𝜉, £) is  called  a hypersoft set; 

𝜉: (£ = £1 × £2 × £3 ×…× £𝑛) → 𝑃(𝜇)   (1) 

Definition 2.2: Single-Valued Neutrosophic Hypersoft Set [29] 

In equation (1), if we assign the values to each attribute in the form of truthiness, indeterminacy, and 

falseness < t, i, f >  where t, i, f: μ → [0,1]  also 0 ≤ t(ξ(ϰ)) + i(ξ(ϰ)) + f(ξ(ϰ)) ≤ 3 . then the pair 

then (ξ, £) is called a single-valued neutrosophic hypersoft set. 

 

Definition 2.3: m-Polar Neutrosophic Hypersoft Set [30] 

In equation (1) if we assign the values to each attribute in the form of  

𝝃: ((£ = £𝟏 × £𝟐 × £𝟑 ×…× £𝒏) → 𝑷(𝝁)) = {
< 𝝒, . 𝑻𝒊(𝝃(𝝒)) + 𝑰𝒋(𝝃(𝝒)) + 𝑭𝒌(𝝃(𝝒)) >. 𝝒 ∈  𝝁,

𝒊, 𝒋, 𝒌.= 𝟏, 𝟐, 𝟑,… , 𝒏
} Also 

𝟎 ≤ ∑𝑻𝒊(𝝃(𝝒)) ≤ 𝟏, 𝟎 ≤

𝒂

𝒊=𝟏

∑𝑰𝒋(𝝃(𝝒)) ≤ 𝟏,   𝟎 ≤

𝒃

𝒋=𝟏

∑𝑭𝒌(𝝃(𝝒))

𝒄

𝒌=𝟏

≤ 𝟏 

Where  𝑻𝒊(𝝃(𝝒)), 𝑰𝒋(𝝃(𝝒)), 𝑭𝒌(𝝃(𝝒)) ⊆ [𝟎, 𝟏] are the fuzzy numbers and 

𝟎 ≤ ∑ 𝑻𝒊(𝝃(𝝒)) +𝒂
𝒊=𝟏 ∑ 𝑰𝒋(𝝃(𝝒)) +𝒃

𝒋=𝟏 ∑ 𝑭𝒌(𝝃(𝝒))𝒄
𝒌=𝟏 ≤ 𝟑  (2) 

then the pair then (ξ, £) is called a m-Polar neutrosophic hypersoft set (m-PNHSSs). 

 

Definition 2.4: m-Polar Interval-Valued Neutrosophic Hypersoft Set [31] 

In equation (2) if we assign the values to each attribute in the form of  

𝑇𝑖(𝜉(𝜘)) = [( 𝑇𝑖(𝜉(𝜘)))
−

, ( 𝑇𝑖(𝜉(𝜘)))
+

] ⊆ [0,1] 

𝐼𝑗(𝜉(𝜘)) = [(𝐼𝑗(𝜉(𝜘)))
−

, (𝐼𝑗(𝜉(𝜘))
+
] ⊆ [0,1]  

𝐹𝑘(𝜉(𝜘)) = [(𝐹𝑘(𝜉(𝜘)))
−

, (𝐹𝑘(𝜉(𝜘)))
+

] ⊆ [0,1] 

 Also 

0 ≤∑𝑆𝑢𝑝 {𝑇𝑖(𝜉(𝜘)) ≤ 1, 0 ≤

𝑎

𝑖=1

∑𝑆𝑢𝑝{𝐼𝑗(𝜉(𝜘))} ≤ 1,   0 ≤

𝑏

𝑗=1

∑{𝐹𝑘(𝜉(𝜘))}

𝑐

𝑘=1

≤ 1 

And, 

𝟎 ≤ ∑𝑻𝒊(𝝃(𝝒)) +

𝒂

𝒊=𝟏

∑𝑰𝒋(𝝃(𝝒)) +

𝒃

𝒋=𝟏

∑𝑭𝒌(𝝃(𝝒))

𝒄

𝒌=𝟏

≤ 𝟑    (𝟑) 
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then the pair then (ξ, £)  is called a m-polar interval-valued neutrosophic hypersoft set (m-

PIVNHSSs).” 

 

3. Calculations 

 

 In this section, we propose informational energy along with some necessary theorems and 

propositions. Informational energy and correlation coefficients are integral components of effective 

decision-making. Informational energy signifies the value and significance of available information, 

influencing decision quality, risk assessment, and resource allocation. Correlation coefficients 

facilitate the identification of relationships, predictive power, risk management, and decision 

optimization by quantifying the strength between variables. By leveraging high-energy information 

and understanding correlations, decision-makers can decide more precise and accurate. 

 

Definition 3.1 Informational Energy of m-PIVNHSSs  

Consider (𝜓, 𝛼) and ((𝜓, 𝛽)) be two m-polar IVNHSSs; (𝜓, 𝛼) = 

 {(𝑣𝑖 , [𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖−, 𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗−, ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], ([𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘−, 𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘+]) ∣ 𝑣𝑖

∈ 𝑢}   𝑎𝑛𝑑 (𝜙, 𝛽)

=   {([𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑖−, 𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑗−, ⅈ𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], [𝑓‾𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑘−, 𝑓‾𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑘+]) ∣ 𝑣𝑖

∈ 𝑢}  

Then, their informational energies can be defined as; 

𝑆𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠(𝜓, 𝛼)

= ∑𝑘=1
−  ∑𝑖=1

+  (∑𝑖=1
𝑝

  (𝑡𝜓(𝑑‾𝑘)𝑡
𝑖− (𝑣𝑖))

2

+∑𝑖=1
𝑝

  (𝑡𝜓(𝑑‾𝑘)𝑡
𝑖+ (𝑣𝑖))

2

+ ∑𝑗=1
𝑞

  (ⅈ𝑝(𝑎𝑘)𝑗
𝑗− (𝑣𝑖))

2

+ ∑𝑗=1
𝑞

  (ⅈ𝑝(𝑎𝑘)𝑗
𝑗+ (𝑣𝑖))

2

+∑𝑘=1
𝑟  ((𝑓𝜓

𝑘−(𝑑‾𝑘)𝑘(𝑣𝑖))
2

) + ∑𝑘=1
𝑟   ((𝑓𝜓

𝑘+(𝑑‾𝑘)𝑘(𝑣𝑖))
2

) 

𝑆𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠(𝜙, 𝛽)

= ∑𝑘=1
−  ∑𝑖=1

+  (∑𝑖=1
𝑝

 (𝑡𝜙(𝑑‾𝑘)𝑖
𝑖− (𝑣𝑖))

2

+ ∑𝑖=1
𝑝

  (𝑡𝜙(𝑑‾𝑘)𝑖
𝑖+ (𝑣𝑖))

2

+ ∑𝑗=1
𝑞

  (ⅈ𝜙(𝑑‾𝑘)𝑗
𝑗− (𝑣𝑖))

2

+∑𝑗=1
𝑞

  (ⅈ𝜙(𝑑‾𝑘)𝑗
𝑗+ (𝑣𝑖))

2

+ ∑𝑘=1
𝑟   (𝑓𝜙(𝑑‾𝑘)𝑘

𝑘− (𝑣𝑖))
2

+∑𝑘=1
𝑟   (𝑓𝜙(𝑑‾𝑘)𝑘

𝑘+ (𝑣𝑖))
2

) 

Definition 3.2 Correlation of two m-PIVNHSSs 

Consider (𝜓, 𝛼¨) and ((𝜓, 𝛽 )) be two m-PIVNHSSs; (𝜓, 𝛼¨) = 

 {(𝑣𝑖 , [𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖−, 𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗−, ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], ([𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘−, 𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘+]) ∣ 𝑣𝑖

∈ 𝑢}   𝑎𝑛𝑑 (𝜙, 𝛽¨)

=   {([𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑖−, 𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑗−, ⅈ𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], [𝑓‾𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑘−, 𝑓‾𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑘+]) ∣ 𝑣𝑖

∈ 𝑢}  

Then, their correlation can be defined as; 
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Ĉ𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼¨), (𝜓, 𝛽¨))

= ∑𝑘=1
−  ∑𝑖=1

+  (∑𝑖=1
𝑝

 (𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖− ∗ 𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)(𝑣𝑖)
𝑖−)

+ (∑𝑖=1
𝑝

 (𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖+ ∗ 𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑖+) + ∑𝑗=1
𝑞

 (ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗− ∗ ⅈ𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑗−)

+ ∑𝑗=1
𝑞

 (ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗+ ∗ ⅈ𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑗+) + ∑𝑘=1
𝑟  (𝑓𝜓(𝑑‾𝑘)

(𝑣𝑖)
𝑘− ∗ 𝑓‾𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑘−)

+ ∑𝑘=1
𝑟  (𝑓𝜓(𝑑‾𝑘)

(𝑣𝑖)
𝑘+ ∗ 𝑓‾𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑘+) 

And using equation (4) one can calculate the correlation coefficient. 

𝐶𝛽¨
𝛼¨ =

𝑐𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼¨), (𝜙, 𝛽¨))

√𝑆𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼¨) ∗ √𝑆𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜙, 𝛽¨)
    (4) 

 

Example 3.3 

𝜓𝛼¨ =

(

 
 
𝑒1 , {

(𝑢1 , ([0.4,0.9], [0.3,0.4], [0.3,0.3]), ([0.4,0.4], [0.4,0.3], [0.3,0.5]), ([0.5,0.6], [0.6,0.3], [0.7,2]))

 (𝑢2, ([0.4,0.5], [0.1,0.3], [0.7,0.4]), ([0.8,0.2], [0.3,0.5], [0.7,0.4]), ([0.7,2], [0.4,0.6], [0.5,0.3])) 
}

𝑒2 , {
(𝑢1, ([0.4,0.5], [0.3,0.7], [0.4,0.3]), ([0.1,0.3], [0.2,0.9], [0.2,04]), ([0.4,0.8], [0.2,0.6], [0.7,0.2])) 

(𝑢2 , ([0.3,0.6], [0.1,0.5], [0.6,0.5]), ([0.4,0.6], [0.2,0.7], [0.3,0.3]), ([0.5,0.8], [0.3,0.6], [0.3,0.4])) 
}
)

 
 

 

 

𝜓𝛽¨ =

(

 
 
𝑒1 , {

(𝑢1 , ([0.6,0.1], [0.4,0.9], [0.1,0.5]), ([0.5,0.6], [0.2,0.7], [0.3,0.1]), ([0.9,0.3], [0.5,0.4], [0.2,0.4])) 

(𝑢2, ([0.4,0.5], [0.3,0.8], [0.3,0.1]), ([0.5,0.7], [0.1,0.4], [0.3,0.6]), ([0.4,0.9], [0.2,0.4], [0.3,0.5])) 
}

𝑒2 , {
(𝑢1 , ([0.1,0.9], [0.5,0.4], [0.3,0.4]), ([0.2,0.7], [0.7,0.3], [0.5,0.1]), ([0.4,0.8], [0.3,0.5], [0.7,0.2])) 

(𝑢2 , ([0.3,0.4], [0.4,0.6], [0.3,0.8]), ([0.5,0.2], [0.4,0.5], [0.5,0.3]), ([0.6,0.9], [0.1,0.4], [0.3,0.5])) 
}
)

 
 
  

Proposition 3.4 Consider two m-PIVNHSSs; 

 (𝜓, 𝛼¨) = 

 {(𝑣𝑖 , [𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖−, 𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗−, ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], ([𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘− , 𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘+]) ∣ 𝑣𝑖 ∈ 𝑢}   

 𝑎𝑛𝑑  

(𝜙, 𝛽¨) =

{([𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑖−, 𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)(𝑣𝑖)
𝑖+], [ⅈ𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑗−, ⅈ𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑗+], [𝑓‾𝜙(𝑑‾𝑘)(𝑣𝑖)

𝑘−, 𝑓‾𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑘+]) ∣ 𝑣𝑖 ∈

𝑢}   

and 𝐶𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠 ((𝜓,𝐴⃛ ), (𝜙, 𝛽 )) correlation between them.  

It satisfies the following properties: 

1. Ĉ𝑚−𝑝𝐼𝑉𝑁𝐻𝑆𝑆𝑠
(𝜓, 𝛼¨), (𝜓, 𝛼¨) = 𝛿𝑚− 𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠 (𝜓, 𝛼¨) 

2. 𝐶𝑚− 𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠 (𝜙, 𝛽¨), (𝜙, 𝛽¨) = 𝛿𝑚− 𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠 (𝜙, 𝛽¨)” 

Theorem 3.5 Let (𝜓, 𝛼) = 

 {(𝑣𝑖 , [𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖− , 𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗−, ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], ([𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘−, 𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘+]) ∣ 𝑣𝑖 ∈

𝑢}   𝑎𝑛𝑑 (𝜙, 𝛽) =

  {([𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)(𝑣𝑖)
𝑖−, 𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑖+], [ⅈ𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑗−, ⅈ𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑗+], [𝑓‾𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑘−, 𝑓‾𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑘+]) ∣ 𝑣𝑖 ∈

𝑢}  be two m-PIVNHSSs, the following characteristics are satisfied by CC between them: 

1. 0 ≤ 𝛿𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼), (𝜙, 𝛽)) ≤ 1 

2. 𝛿𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼), (𝜙, 𝛽))=𝛿𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼), (𝜙, 𝛽)) iff ((𝜓, 𝛼) = (𝜙, 𝛽)) 
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3. 𝑇𝜓(𝑑𝑘)
(𝑣𝑖)

𝑖 = 𝑇𝜙(𝑑𝑘)
(𝑣𝑖)

𝑖 , 𝐼𝜓(𝑑𝑘)
(𝑣𝑖)

𝑗 = 𝐼𝜙(𝑑𝑘)(𝑣𝑖)
𝑗 and Ĉ𝜓(𝑑𝑘)

(𝑣𝑖)
𝑘 = Ĉ𝜙(𝑑𝑘)

(𝑣𝑖)
𝑘 

then 𝛿𝑚−𝑝𝐼𝑉𝑁𝐻𝑆𝑆𝑠
((𝜓, 𝛼), (𝜙, 𝛽)) = 1 

4. Notion of Weighted Correlation Coefficients (WCC) under m-PIVNHSSs 

When experts assign different weights to each option, the choice may be different. Therefore, it is 

essential to map the expert weights before putting together a conclusion. Assume that the experts' 

relative weights may be stated as 𝛺 = {𝛺1, 𝛺2, 𝛺3,… ,𝛺𝑚}
𝑇, where 𝛺𝑘 > 0,∑𝛺𝑘𝑘=1

𝑚
  = 1. Assume the 

weights for the sub-attributes to be as follows. = {𝛾1 , 𝛾2, 𝛾3 , … , 𝛾𝑛}
𝑇 , where 𝛾𝑖 > 0,∑ 𝛾𝑖𝑖=1

𝑛
  = 1 

Definition 4.1 Weighted correlation coefficient (WCC) 

Let,  

(𝜓, 𝛼¨) = {(𝑣𝑖 , [𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖−, 𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗−, ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], ([𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘−, 𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘+])

∣ 𝑣𝑖 ∈ 𝑢}   𝑎𝑛𝑑  

(𝜙, 𝛽) = {([𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑖−, 𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑗− , ⅈ𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], [𝑓‾𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑘−, 𝑓‾𝜙(𝑑‾𝑘)
(𝑣𝑖)

𝑘+])

∣ 𝑣𝑖 ∈ 𝑢}  

be two m-PIVNHSSs, then WCC can be presented as; 

𝜌𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼 ), (𝜙, 𝛽 )) =  
Ĉ𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓,𝛼 )),(𝜙,𝛽 )))

𝑚𝑎𝑥((𝑆𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠(𝜓,𝛼′′)),(𝑆𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠(𝜙,𝛽 ))))
   (5) 

Theorem 4.2 Let (𝜓, 𝛼¨) = 

 {(𝑣𝑖 , [𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖− , 𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗−, ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], ([𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘−, 𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘+]) ∣ 𝑣𝑖 ∈

𝑢}   𝑎𝑛𝑑 (𝜙, 𝛽) =

  {([𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)(𝑣𝑖)
𝑖−, 𝑣𝑖 , 𝑡𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑖+], [ⅈ𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑗−, ⅈ𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑗+], [𝑓‾𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑘−, 𝑓‾𝜙(𝑑‾𝑘)

(𝑣𝑖)
𝑘+]) ∣ 𝑣𝑖 ∈

𝑢}  the WCC between them meets the following qualities: 

1. 0 ≤ 𝜌𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼¨)(𝜙, 𝛽¨)) ≤ 1 

2. 𝜌𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼¨)(𝜙, 𝛽¨)) = 𝜌𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜙, 𝛽¨), (𝜓, 𝛼¨)) iff (𝜓, 𝛼¨) = (𝜙, 𝛽¨) 

3. 𝑇𝜓(𝑑𝑘)
(𝑣𝑖)

𝑖 = 𝑇𝜙(𝑑𝑘)
(𝑣𝑖), 𝐼𝜓(𝑑𝑘)

(𝑣𝑖)
𝑗 = 𝐼𝜙(𝑑𝑘)

(𝑣𝑖)
𝑗 and Ĉ𝜓(𝑑𝑘)

(𝑣𝑖)
𝑘 = Ĉ𝜙(𝑑𝑘)

(𝑣𝑖)
𝑘 

then 𝜌𝑚−𝑃𝐼𝑉𝑁𝐻𝑆𝑆𝑠((𝜓, 𝛼¨), (𝜙, 𝛽¨)) = 1 

Definition 4.3 Properties of m-PIVNHSSs 

Let (𝜓, 𝛼¨) =

{(𝑣𝑖 , [𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖−, 𝑡𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑖+], [ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗−, ⅈ𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑗+], ([𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘−, 𝑓𝜓(𝑑‾𝑘)
(𝑣𝑖)

𝑘+]) ∣ 𝑣𝑖 ∈ 𝑢} 

Consider, Ĵ𝑑𝑘 = ⟨𝑇𝐹(𝑑𝑖𝑗)
𝑖 , 𝐼𝐹(𝑑𝑖𝑗) 

𝑗 , Ĉ𝐹(𝑑𝑖𝑗)  
𝑘⟩, Ĵ𝑑11 = ⟨𝑇𝐹(𝑑11)

𝑖 , 𝐼𝐹(𝑑11) 
𝑗 , Ĉ𝐹(𝑑11) 

𝑘⟩ and Ĵ𝑑12 = 

⟨𝑇𝐹(𝑑11)
𝑖 , 𝐼𝐹(𝑑12) 

𝑗 , Ĉ𝐹(𝑑12) 
𝑘⟩ be three m-PIVNHSSs and 𝑦 be the positive real number, by algebraic 

norms, then; 
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1. Ĵ𝑑11  
𝑖 ⊕ Ĵ𝑑12  

𝑖 = ⟨𝑇𝐹(𝑑11) 
𝑖 + 𝑇𝐹(𝑑12) 

𝑖 −

𝑇𝐹(𝑑11) 
𝑖𝑇𝐹(𝑑12) 

𝑖 , Ĵ𝐹(𝑑11) 
𝑗Ĵ𝐹(𝑑12) 

𝑗 , Ĉ𝐹(𝑑11) 
𝑘Ĉ𝐹(𝑑12) 

𝑘⟩ 

2. Ĵ𝑑11  
𝑖 ⊗ Ĵ𝑑12  

𝑖 = ⟨𝑇𝐹(𝑑11) 
𝑖𝑇𝐹(𝑑12) 

𝑖 , Ĵ𝐹(𝑑11) 
𝑗 + Ĵ𝐹(𝑑12) 

𝑗 − Ĵ𝐹(𝑑11) 
𝑗Ĵ𝐹(𝑑12) 

𝑗 , Ĉ𝐹(𝑑11) 
𝑘 +

Ĉ𝐹(𝑑12) 
𝑘 −    Ĉ𝐹(𝑑11) 

𝑘Ĉ𝐹(𝑑12) 
𝑘⟩ 

3. 𝑦Ĵ𝑑𝑘 = ⟨1 − (1 − 𝑇𝑑𝑘  
𝑖)

𝑦
, Ĵ𝑑𝑘  

𝑗𝑦 , Ĉ𝑑𝑘  
𝑘𝑦
⟩ 

4. Ĵ𝑑𝑘  
𝑖𝑦 = ⟨,1 − (1 − Ĵ𝑑𝑘  

𝑗)
𝑦
, 1 − (1 − Ĉ𝑑𝑘  

𝑘)
𝑦
⟩ 

 

5. MCDM Algorithm (MULTIMOORA).  

The Multi-Objective Optimization by Ratio Analysis (MOORA) method was initially developed by 

Brauers et al. [34]. In 2010, Brauers [35] further enhanced the MOORA technique by introducing the 

full multiplicative form, resulting in a more efficient and powerful method known as 

MULTIMOORA. The MULTIMOORA method consists of three stages: the ratio system approach 

(RSA), the reference point approach (RPA), and the full multiplicative form (FMF). These stages are 

utilized to rank the alternatives under consideration. The theory of dominance is then applied to 

determine the final ranking and decision. According to this theory, the alternative with the highest 

presence at the top position across all three ranking lists is selected as the best-ranked alternative.” 

Step 1: Construction of decision matrix.  

Step 2: RSA approach.  

In this approach, the general standing of the alternative ⅈ can be measured as follows: 

𝒴𝑖 = 𝒴𝑖
+ −𝒴𝑖

− 

Where, 

𝒴𝑖
+ = ∑ 𝜔𝑖𝑗∈Ω𝑚𝑎𝑥

𝑟𝑖𝑗  

 

𝒴𝑖
_ = ∑ 𝜔𝑖

𝑗∈Ω𝑚𝑖𝑛

𝑟𝑖𝑗  

 

𝑟𝑖𝑗 =
𝑥𝑖𝑗

∑ 𝑥𝑖𝑗𝑖=1

 

 

where 𝒴𝑖 stands for ⅈ𝑡ℎ position of the alternative on the base of all criteria; 𝒴𝑖
+𝑎𝑛𝑑 𝒴𝑖

−denotes the 

position of the ⅈ𝑡ℎ alternative according to benefit and cost criteria respectively, 𝑟𝑖𝑗  represents the 

normalized ⅈ𝑡ℎ  alternative under  𝑗𝑡ℎ  criteria; 𝑥𝑖𝑗  denotes the ⅈ𝑡ℎ  alternative related to 𝑗𝑡ℎ 

criterion; the sets of benefit criteria are denoted by 𝑚𝑎𝑥 and 𝑚ⅈ𝑛 denotes the cost criteria where 

ⅈ =  1,2,3,…𝑚    𝑎𝑛𝑑    𝑗 =  1,2,3,… , 𝑛. The associated alternatives are positioned depending 

on 𝒴𝑖   in descending order so the alternative having the largest value of 𝒴𝑖  is the best in this 

approach. 

 

Step 3: RPA approach 

Using this approach best alternative selection could be done as below: 
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𝔡𝑖
𝑚𝑎𝑥 = max

𝑗
(𝜔𝑗 |𝑟𝑗

∗ − 𝑟𝑖𝑗|) 

Where 𝔡𝑖
𝑚𝑎𝑥  denotes the extreme distance of the alternative ⅈ with respect to the reference point and 

𝑟𝑗
∗ represents the coordinate 𝑗 of the reference point as follows. 

𝑟𝑗
∗ = {

max
𝑖

 𝑟𝑖𝑗   ,    𝑗 ∈ Ω𝑚𝑎𝑥

min
𝑖

 𝑟𝑖𝑗   ,    𝑗 ∈ Ω𝑚𝑖𝑛
 

The final ranking in this approach is done by using ascending order of 𝔡𝑖
𝑚𝑎𝑥  and accordingly the 

lowest 𝔡𝑖
𝑚𝑎𝑥  value is the best one. 

 

Step 4: FMF approach 

For this form the total efficacy of the alternative could be obtained as follows: 

𝑢𝑖 =
𝑎𝑖
𝑏𝑖

 

Where, 

 

𝑎𝑖 = ∏ 𝜔𝑖𝑟𝑖𝑗
𝑗∈Ω𝑚𝑎𝑥

 

 

𝑏𝑖 = ∏ 𝜔𝑖𝑟𝑖𝑗
𝑗∈Ω𝑚𝑖𝑛

 

 

Here: 𝑢𝑖  means the overall efficacy of the ⅈ𝑡ℎ alternative, a𝑎𝑖  and 𝑏𝑖 indicate the product of the 

weighted performance ratings of the benefit and cost criteria of the ⅈ𝑡ℎ alternative respectively. Like 

RSA, the associated alternatives are graded in descending order based on the value of 𝑢𝑖 and the 

best alternative is selected having maximum value of 𝑢𝑖 . 

 

Step 5: The final rank of alternatives established through the MULTIMOORA method. 

 

After the calculating using MULTIMOORA method, three ranking lists are obtained for the 

alternatives under consideration. According to Brauers [34], dominace theory is used and the 

alternative having the first positions in all ordered rankings is the best-ranked alternative. 
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Figure 2. MCDM Algorithm (MULTIMOORA) 

 

5.1 Illustrative Example 

To determine the most efficient and affordable technology for hydrogen production, we conducted a 

case study. The process involved several steps, including selecting various alternatives, establishing 

a criteria system, and gathering relevant data. Within this study, we evaluated eight different 

hydrogen production technologies, focusing on their abstract descriptions. Drawing upon prior 

research in this field, we identified seven criteria that encompassed both cost and benefit aspects. The 

data used in this analysis was collected from diverse hydrogen production technologies available in 

table 1 [34]. 

Table 1. Hydrogen production technologies statistics till 2013. 

Method  CO2  

E.E 

EE CC FOC VOC FDC EAC 

  𝑪𝟏 𝑪𝟐 𝑪𝟑 𝑪𝟒 𝑪𝟓 𝑪𝟔 𝑪𝟕 

𝑨𝟏 SMR  0.080 77.5 172.35 06.48 135.70 128.00 156.02 

𝑨𝟐 CG 0.076 55.8 511.48 25.81 37.550 33.190 104.40 

𝑨𝟑 POX 0.136 67.5 326.60 30.99 191.97 65.320 249.17 

𝑨𝟒 BG 0.020 42.5 262.06 16.71 69.420 44.030 107.16 

𝑨𝟓 PV-EL 0.040 31.2 388.32 16.71 250.66 246.31 298.53 

𝑨𝟔 W-EL 0.005 33.8 388.32 16.71 117.59 112.60 165.46 

𝑨𝟕 H-EL 0.010 52.0 388.32 16.71 92.840 87.970 140.71 

𝑨𝟖 WS-CL 0.012 21.0 857.46 131.67 12.820 11.540 213.29 

The weights are calculated using the entropy method. 𝑤1 =  0.2544 𝑤2 =  0.0453;  

𝑤3 =  0.0620;  𝑤4 =  0.2874;  𝑤5 =  0.1415 𝑤6 =  0.1703 ;  𝑤7 =  0.0391 
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Solution: 

Step 1. Construction of decision matrix and it is same as table 1. 

Step 2. RSA approach.  

Applying the method we get,  

𝒴1  =  − 0.0027401 

𝒴2  =  + 0.0032370 

𝒴3 =  0.00719220 

𝒴4  =  −0.02882 

𝒴5 = −0.099813 

𝒴6 = −0.067408 

𝒴7 = −0.051607 

𝒴8  =  −0.16064 

𝒴3 > 𝒴2  > 𝒴1  > 𝒴4  > 𝒴5  > 𝒴6  > 𝒴7  > 𝒴8 

 

Step 3. RPA approach.  

Using this approach, the alternative orders are. 

𝔡1
𝑚𝑎𝑥 =  0:0376 

𝔡2
𝑚𝑎𝑥 =  0:0403 

𝔡3
𝑚𝑎𝑥 =  0:0279 

𝔡4
𝑚𝑎𝑥 =  0:0779 

𝔡5
𝑚𝑎𝑥 =  0:0645 

𝔡6
𝑚𝑎𝑥 =  0:0879 

𝔡7
𝑚𝑎𝑥 =  0:0846 

𝔡8
𝑚𝑎𝑥 =  0:1375 

𝔡3
𝑚𝑎𝑥 < 𝔡1

𝑚𝑎𝑥 < 𝔡2
𝑚𝑎𝑥 < 𝔡5

𝑚𝑎𝑥 < 𝔡4
𝑚𝑎𝑥 < 𝔡7

𝑚𝑎𝑥 < 𝔡6
𝑚𝑎𝑥 < 𝔡8

𝑚𝑎𝑥  

Step 4. FMF approach.  

Using this approach, the total efficacy of the all the alternatives are obtained. 

𝑢1  =  8015519.718 

𝑢2  =  9907856.161 

𝑢3  =  1132088.766 
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𝑢4  =  2362483.732 

𝑢5  =  40864.3973 

𝑢6  =  47005.1677 

𝑢7  =  273951.5255 

𝑢8  =  277721.2461 

𝑢2  >  𝑢𝑖  >  𝑢4  >  𝑢3  >  𝑢8  >  𝑢7  >  𝑢6  >  𝑢5 

Step 5. Selection of best alternative. 

The ranking of alternatives using all the approaches has been obtained.  

 

Table 2. Hydrogen production technologies ranking 

Method Alternative Scores ranking 

RSA 𝒴3 > 𝒴2  > 𝒴1  > 𝒴4  > 𝒴5  > 𝒴6  > 𝒴7  > 𝒴8 

RPA 𝔡3
𝑚𝑎𝑥 < 𝔡1

𝑚𝑎𝑥 < 𝔡2
𝑚𝑎𝑥 < 𝔡5

𝑚𝑎𝑥 < 𝔡4
𝑚𝑎𝑥 < 𝔡7

𝑚𝑎𝑥 < 𝔡6
𝑚𝑎𝑥 < 𝔡8

𝑚𝑎𝑥  

FMF 𝑢2  >  𝑢𝑖  >  𝑢4  >  𝑢3  >  𝑢8  >  𝑢7  >  𝑢6  >  𝑢5 

 

According to [34] dominance theory is used and the alternative having the first positions in all 

ordered rankings is the best-ranked alternative. Table 2 shows that 𝑨𝟑 is the best-ranked alternative. 

POX (Partial Oxidation) is recognized as another widely employed technique for hydrogen 

production from fossil fuels. This method involves the conversion of hydrocarbon-based fossil fuels, 

including natural gas, coal, and heavy oil, into hydrogen. Through the POX process, these fuels 

undergo partial oxidation, resulting in the production of hydrogen gas. POX is a well-established 

method utilized to harness the hydrogen potential inherent in fossil fuel resources. 

 

5.2 Result Discussion and Comparison 

 

We have been able to identify complicated linkages inside complex systems by using correlation 

coefficients. We have discovered possible connections that would have otherwise remained buried 

inside the complexity of the system by analyzing the interaction between several factors involved in 

hydrogen creation. This understanding is particularly useful since it provides a greater grasp of the 

fundamental mechanisms at work by illuminating how many elements interact and affect one 

another. Additionally, the MULTIMOORA a MCDM technique's inclusion of the multipolar analysis 

improves our capacity to negotiate this complexity.  

We successfully combined the novel idea of multipolar analysis with correlation coefficients 

using the MULTIMOORA a MCDM method. The evaluation of efficient methods for producing 

hydrogen was the focus of our work. Our thorough investigation and implementation of these 

approaches produced insightful findings about the complex dynamics of the hydrogen generating 

environment. The development of a solid decision-making framework was made possible in large 

part by the identification of probable links and dependencies among various characteristics using the 
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correlation coefficients. The multipolar method using MULTIMOORA was then used to provide a 

full evaluation of the many criteria associated with the hydrogen-generating systems. Using this 

method, we were able to weigh other important aspects in addition to cost efficiency. Consequently, 

we were able to rank and prioritize the various hydrogen generating processes efficiently, 

considering a wide range of factors. The effective use of correlation coefficients and the cutting-edge 

multipolar analysis using MULTIMOORA is an example of the power of this integrated strategy in 

tackling challenging real-world issues like the production of sustainable energy. Our findings 

indicate how this technique may be used in a variety of decision-making contexts, as well as 

providing contributions to the field of hydrogen generation. 

 

6. Conclusion 

The correlation coefficient (CC) and weighted correlation coefficient (WCC) for the m-polar 

interval-valued neutrosophic hypersoft set (m-PIVNHSSs) are presented in this paper, and their 

fundamental features are examined within the context of m-PIVNHSSs. This ground-breaking 

method has enormous promise for addressing difficult decision-making issues in a variety of fields, 

including education, healthcare, engineering, economics, and more. Additionally, the combination of 

the m-polar hypersoft set with other cutting-edge soft computing methods, such as bipolar fuzzy, 

Pythagorean set, and hybrid structures, holds the key to creating extraordinarily intelligent systems 

with improved machine intelligence (IQ). Such connections open new avenues for intelligent 

problem-solving and knowledge representation, offering interesting opportunities for applications 

in image processing, expert systems, and cognitive mapping. 

Our study provides a thorough comparison of the recently suggested cost-effective hydrogen 

generating approaches versus current technologies by integrating correlation coefficients using the 

MULTIMOORA methodology. The correlation coefficients make possible trade-offs and synergies 

between factors visible, allowing for a more thorough review. The multipolar analysis then considers 

several factors, offering a comprehensive evaluation of each technique's performance in terms of 

economic viability, environmental effect, and technical maturity. This integrated methodology 

enables decision-makers to choose the most appropriate hydrogen generation technique while 

considering both novel solutions and tried-and-true methods, eventually directing sustainable 

energy choices and guiding future research paths. 
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