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1. Introduction
Power and energy are vital to modern society, driving everything from electricity generation totransportation. Efficient management of these resources is essential for economic growth and envi-ronmental sustainability. Readers are encouraged to refer to the Appendix (Table 15) for the abbrevi-ation key used throughout this article. Recent advancements in energy technologies aim to addressglobal challenges and improve energy efficiency. Bharatee et al. [1] (2022) explore hybrid energy stor-age systems in AC/DC microgrids for enhanced grid stability. Ghasemi et al. [2] (2023) propose anintelligent strategy to improve Micro-Grid voltage and frequency control. Bao et al. [3] (2023) focuson optimal planning for hybrid microgrid design, utilizing renewable energy effectively. Karunathilakeet al. [4] (2023) discuss smart farming through advanced energy management in precision agricul-ture. Liu et al. [5] (2023) introduce a collaborative optimization approach for integrated energy sys-tems. Kandpal [6] (2024) emphasizes evaluating energy solutions for global sustainability and climatechange. Yu et al. [7] (2023) highlight advanced optimization techniques for addressing renewableenergy intermittency. Chen et al. [8] (2023) advocate for multi-dimensional evaluations of hybrid en-ergy systems. These studies collectively emphasize the integration of technical expertise with socio-economic considerations for sustainable energy solutions. In short, power and energy are essential tomodern life.

1.1 Motivation of the Proposed Study

Power and energy are the cornerstones of modern civilization, driving innovation and sustainabil-ity. Transitioning from classical to smart and innovative technologies in the power and energy sectorsis essential to optimize efficiency, reduce environmental impacts, and improve quality of life. Invest-ments in smart solutions such as LED street lighting, wave energy extraction, grid technologies, andsustainable energy systems are pivotal for a resilient future.Classical LED street lighting suffers from energy inefficiency, high maintenance costs, and limitedfunctionality. Smart LED lighting (Figure 1) addresses these challenges by offering intelligent lightingand features like 5G/Wi-Fi hotspots, enhancing urban infrastructure and sustainability [9, 10].

Fig. 1. Comparison between Classical and Smart LED Street Lighting in Urban Environments [9, 10]
Similarly, classical wave energy systems face inefficiencies, environmental concerns, and high initialcosts. Smart wave energy extraction (Figure 2) mitigates these issues, offering improved efficiency,environmental benefits, and economic growth opportunities [11, 12].
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Fig. 2. Comparison between Classical and Smart Wave Energy Extraction in Coastal Communities [11,12]
Classical grid technologies, as shown in Figure 3, encounter limitations such as cybersecurity risksand high costs. In contrast, smart grids enable real-time monitoring, improved reliability, and betterintegration of renewable energy and electric vehicles, providing environmental and economic advan-tages [13, 14].

Fig. 3. Comparison between Classical and Smart Grid Technology in Grid Reliability [13, 14]
Innovative sustainable energy systems surpass classical approaches by addressing grid integrationissues and climate resilience. Figure 4 highlights these advancements, showcasing the comprehensivebenefits of innovative technologies in sustainable energy [15, 16].
Fig. 4. Comparison between Classical and Innovative Sustainable Energy in Power and EnergyDomains [15, 16]
With abundant renewable energy options such as solar, wind, hydroelectric power, and biomass,factors like cost, efficiency, and environmental impact must be carefully evaluated. This study em-ploys Multi-Criteria Decision Making (MCDM) approaches to optimize energy systems while integrat-ing Yager’s t-norm and t-conorm operators, power aggregation, and prioritized operators. The Com-plex q-Rung Picture Fuzzy Set (Cq-RPFS) framework further enhances decision-making under uncer-tainty, making it an ideal tool for energy sector transformation.Previous research has highlighted the rationale for using Cq-RPFSs. Fathima et al. [17] investi-gated decision-making in complex q-rung picture fuzzy environments, drawing inspiration from Meta-critic, a platform that aggregates public opinions across a spectrum of preferences, from extreme(positive and negative) to intermediate (mixed), in a two-dimensional format (Dimension 1: Metas-core, Dimension 2: User Score) as shown in Figure 3 [17]. They referenced Rotten Tomatoes (https:

262

https://www.rottentomatoes.com
https://www.rottentomatoes.com


Spectrum of operational researchVolume 2, Issue 1 (2025) 260-299

//www.rottentomatoes.com), which similarly uses a two-dimensional evaluation system (Dimension1: Tomatometer, Dimension 2: Audience Score) as illustrated in Figure 4 [18]. The evaluation methodsof both platforms align closely with the complex q-rung picture fuzzy environment. This leads Fathimaet al. [19, 20] to propose the Complex q-Rung Picture Fuzzy Set (Cq-RPFS) as an ideal model for thesescenarios. Building on this, Petchimuthu et al. explored the use of Cq-RPFSs in addressing challenges inenvironmental and resource management. Their work emphasizes the effectiveness of these modelsin optimizing decision-making processes and developing strategies for complex, real-world problemsunder uncertainty, such as greenhouse gas emission reduction and water resource management.In summary, recognizing the need for efficient power and energy management in developing na-tions, our research focuses on the role of MCDM, Yager’s operators, generalized power prioritizedaggregation, and complex q-rung picture fuzzy sets in transforming the energy sector.
1.2 Literature Review

The traditional framework of set theory struggles to encapsulate the nuances of uncertainty ef-fectively. In a bid to overcome this inherent limitation, Zadeh [21] introduced the concept of fuzzysets (FS) back in 1965, revolutionizing our ability to handle ambiguity. By introducing a membershipvalue (µ) bounded within 0 ⩽ µ ⩽ 1, Zadeh laid the foundation for a more flexible approach toset theory. Building upon this innovation, Atanassov [22] expanded the horizon with intuitionisticfuzzy sets (IFS), enriching the domain with a non-membership value (ξ) alongside the membershipvalue (µ), constrained by 0 ⩽ µ + ξ ⩽ 1. The evolution didn’t stop there. In 2013, Yager [23] pro-pelled the field forward by introducing Pythagorean fuzzy sets (PyFS), relaxing the constraints of IFS to
µ2 + ξ2 ⩽ 1, thus enabling a broader spectrum of representation. This momentum continued in 2016when Yager [24] extended PyFS into the q-rung ortho-pair fuzzy set (q-ROFS), broadening the scopewith µq+ξq ⩽ 1,q ⩾ 1. Concurrently, Cuong et al. [25] innovated with picture fuzzy sets (PFS), intro-ducing a neutral value (ν) to bridge the gap between membership (µ) and non-membership (ξ) values,embodying the principle 0 ⩽ µ+ν+ξ ⩽ 1. This dynamic framework allowed for the nuanced expres-sion of uncertainty, capturing the elusive ”maybe” alongside the binary extremes of ”yes” and ”no”.The journey of innovation persisted. In 2019, Cuong [26] elevated PFS to new heights with Pythagoreanpicture fuzzy sets (PyPFS), expanding the boundaries to µ2 + ν2 + ξ2 ⩽ 1. A year earlier, Li et al. [27]ventured into q-rung picture fuzzy sets (q-RPFS), pushing the envelope further with µq+νq+ξq ⩽ 1,
q ⩾ 1. Yet, despite these remarkable strides, the realm of mathematical modeling yearned for a morecomprehensive portrayal of vague information. Enter Ramot et al. [28] in a blaze of innovation, intro-ducing complex fuzzy sets (CFS) in 2020. By harnessing the complex-valued membership value µei2πα
from the unit disk of the complex plane, Ramot’s framework encapsulated both amplitude (µ) andphase (α) within the range of 0 to 1, thereby transcending the confines of traditional set theory. Theevolution didn’t halt there. In 2012, Alkouri et al. [29] further expanded the horizon with complex in-tuitionistic fuzzy sets (CIFS), delving into the realm of complex-valued non-membership value (ξei2πγ)alongside complex-valued membership value (µei2πα). In 2020, Ullah et al. [30] introduced the com-plex Pythagorean fuzzy set (CPyFS), broadening the spectrum with µ2 + ξ2,α2 + γ2 ⩽ 1. The journeyculminated in 2020 when Liu et al. [31] unveiled the complex q-rung orthopair fuzzy set (Cq-ROFS),pushing the boundaries with µq + ξq, ξq + γq ⩽ 1,q ⩾ 1.Amidst breathtaking advancements in fuzzy logic and its applications, several pivotal innovationshave emerged over the years. Notably, Akram et al. [32] extended CIFS into Complex Picture FuzzySets (CPFS) in 2020 by introducing a complex-valued neutral value (νei2πβ) between complex-valuedmembership (µei2πα) and non-membership (ξei2πγ) values. This framework adhered to the principle
µ + ν + ξ,α + β + γ ⩽ 1, enabling a more comprehensive representation of uncertainty. Laterin 2021, Akram et al. [33] advanced CPFS further into Complex q-Rung Picture Fuzzy Sets (Cq-RPFS),
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incorporating the flexibility of q-parameters with µq + νq + ξq,αq + βq + γq ⩽ 1,q ⩾ 1. Thesedevelopments demonstrated an unwavering pursuit of nuanced uncertainty modeling for real-worldapplications.Fuzzy sets and their extensions have since found widespread applications in various domains. Forinstance, Dager et al. [34] utilized Intuitionistic Fuzzy Sets (IFS) in 2024 for decision-making in electricalpower plants. Mao et al. [35] applied Pythagorean Fuzzy Sets (PyFS) for photovoltaic power stationsite selection in 2024. Similarly, Ünver et al. [36] and Mishra et al. [37] employed q-Rung OrthopairFuzzy Sets (q-ROFS) in 2024 for selecting green technologies and electric vehicle charging station sites,respectively. Senapati et al. [38] demonstrated the application of Picture Fuzzy Sets (PFS) for air-conditioning system selection in 2022, while Dhumras et al. [39] highlighted q-Rung Picture FuzzySets (q-RPFS) in the energy sector in 2024. Complementing these efforts, Hussain et al. [40] utilizedComplex Fuzzy Sets (CFS) for electric car assessments in 2023, and Liu et al. [41] employed ComplexIntuitionistic Fuzzy Sets (CIFS) for green supply chain management in 2023.In terms of Aggregation Operators (AOs), Yager et al. [23] seminal work in 1994 introduced theYager Weighted Aggregation Operator, a cornerstone for integrating data from diverse sources. Thisoperator, including its t-norm variant, has played a crucial role in managing uncertain data. Applica-tions of Yager operators span various fuzzy set environments. For example, Kamal et al. [42] employedYager operators in q-ROFS in 2024, Liu et al. [43] applied them to q-RPFS in 2020, and Javeed et al.[44] implemented them for Complex q-Rung Orthopair Fuzzy Sets (Cq-ROFS) in 2024. Additionally,Wang et al. [45] leveraged geometric and Heronian averages with generalized Intuitionistic Fuzzy Sets(GIFS) in 2024.Building on this, the Power Average (PA) operator, introduced by Yager [46] in 2001, emerged as aneffective method to incorporate interrelationships among inputs, reducing the impact of biased data.Recent advancements include Jana et al. [47] applying PA operators in PyFS for hybrid aggregationin 2023, Ma et al. [48] utilizing power Bonferroni means in PFS in 2024, and Dhankhar et al. [49]employing geometric power aggregation in q-ROFS in 2023. Similarly, Liu et al. [50] applied power-based operators for ordered aggregation in CIFS in 2024.Lastly, Yager [51] prioritized AOs, introduced in 2008, have also seen extensive adoption. Theseoperators consider priority relationships during aggregation. Recent examples include Kumar et al.[52] utilizing them in q-ROFS in 2024, Neelam et al. [53] applying them in Lq-ROFS in 2024, and Garget al. [54] employing them in CIFS in 2023. Additionally, Petchimuthu et al. [18] leveraged priori-tized ordered geometric averaging in Cq-RPFS in 2024. Collectively, these advancements underscorethe adaptability and importance of aggregation techniques in tackling complex decision-making chal-lenges across industries.We have identified the following research gap through a comprehensive literature review (Subsec-tion 1.3).
1.3 Research Gap

MCDM techniques are crucial for solving complex, real-world problems, particularly when deal-ing with uncertain and imprecise information. While advancements in Complex q-Rung Picture FuzzySets (Cq-RPFS) have improved the representation of such information, their integration with sophisti-cated aggregation operators remains underexplored. Specifically, the literature lacks the applicationof advanced aggregation operators, such as Yager’s PA [46] AOs and Yager’s prioritized AOs [51], withinthe Cq-RPFS framework. This gap limits the ability to address complex decision-making scenarios thatinvolve multiple criteria with varying levels of importance and interdependence. Furthermore, thereis a critical absence of studies focusing on the application of these advanced MCDM methodologiesto pressing issues like the challenges faced by India’s Power and Energy Sector in 2024, particularly
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in optimizing energy management, reducing inefficiencies, and supporting sustainable development.Existing approaches often fail to account for the complexity and uncertainties inherent in such multi-faceted decision-making processes.This research seeks to fill these gaps by developing a novel MCDM framework that integratesadvanced aggregation operators within the Cq-RPFS environment, specifically designed to optimizedecision-making in the context of India’s Power and Energy Sector. The framework will leverage in-novative techniques for more robust and comprehensive analysis, addressing the sector’s challengesand improving its sustainability. The main contributions of this study are:
1.4 Key Contributions of the Proposed Study

The primary contributions of the study are outlined below. Please consult Figure 5 for a visualrepresentation of these key contributions.
(1) Introduction of Yeager’s operations, including addition and multiplication between two com-plex q-rung picture fuzzy numbers (Cq-RPFNs) and scalar product and scalar power operationsinvolving complex q-rung picture fuzzy numbers.
(2) Development of two aggregation operators: the Complex q-rung Picture Fuzzy Generalized PowerPrioritized Yager Weighted Average and the Complex q-rung Picture Fuzzy Generalized PowerPrioritized Yager Weighted Geometric, within a complex q-rung picture fuzzy set environment.
(3) Exploration of key properties of the proposed operators, including idempotency, monotonicity,and boundedness.
(4) Establishment of a multi-criteria decision-making method utilizing the aggregation operators:the Complex q-rung Picture Fuzzy Generalized Power Prioritized Yager Weighted Average andthe Complex q-rung Picture Fuzzy Generalized Power Prioritized Yager Weighted Geometric,within a complex q-rung picture fuzzy set environment.
(5) Comparison of the proposed operators with existing alternatives, highlighting the effectivenessand advantages of the newly developed approaches.
(6) Execution of a case study focusing on India’s Power and Energy Sector in 2024.
(7) Demonstration of the efficacy and superiority of the presented approaches through various nu-merical examples, further validating their practical utility.

Fig. 5. Key Contributions of the Study
The key contributions highlighted above lay a solid foundation for understanding the significanceof this research. These contributions address critical gaps and introduce innovative methods thatenhance the field.

1.5 Significance of the Proposed Study

This study makes significant contributions in the realm of complex fuzzy data processing and decision-making. First, it introduces Yeager’s operations, such as addition, multiplication, scalar product, andscalar power operations involving Cq-RPFNs, expanding the mathematical framework for fuzzy data
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handling. Second, it develops two novel aggregation operators—Complex q-rung Picture Fuzzy Gener-alized Power Prioritized Yager Weighted Average (Cq-RPFGPPYWA) and Complex q-rung Picture FuzzyGeneralized Power Prioritized Yager Weighted Geometric (Cq-RPFGPPYWG)—that offer innovativetools for aggregating fuzzy information. The study also explores critical properties like idempotency,monotonicity, and boundedness, ensuring the reliability and consistency of these operators. Further-more, an MCDM method is established, leveraging these aggregation operators to improve informeddecision-making. The proposed operators are compared with existing methods, demonstrating theirsuperior effectiveness. A case study on India’s Power and Energy Sector provides real-world applica-tion, while numerical examples validate the methods’ practicality and robustness.
1.6 Organization of the Proposed Study

The paper is structured as follows: Section 2 (Methodology) describes the fundamental method-ological components essential for implementing the proposed framework. Section 3 (Results) Thissection examines India’s power and energy sector through a case study, highlighting the framework’sapplication alongside numerical findings, including the MCDM approach, sensitivity analysis, and com-parative analysis. Lastly, Section 4 (Conclusion) summarizes the principal findings, examines theirimplications, notes the study’s limitations, and proposes avenues for future research.
2. Methodology

This section introduces key concepts in FS Theory, with a focus on the Cq-RPFS, and explores Yager’st-norm and t-conorm. We also examine Yager’s Power Average (POA) and Prioritized Average (PRA)operators. Throughout, unless specified, X denotes a non-empty set. This foundational overview es-tablishes the theoretical basis for Cq-RPFS and its real-world applications, setting the stage for furtheranalysis in later sections. An illustration of the concepts is provided in Figure 6.

Fig. 6. Illustration of foundational concepts outlined in the preliminaries.
In a pioneering integration of complex fuzzy set theory [28] and q-rung picture fuzzy set [55] mod-els, Akram et al. [33] (2021) introduced a Complex q-rung Picture Fuzzy Set as follows.

Definition 2.1. [33] A Complex q-Rung Picture Fuzzy Set Y over X is defined as:
Y = {(x,µ(x)ei2πα(x),ν(x)ei2πβ(x), ξ(x)ei2πγ(x)) : x ∈ X }

where µ(x)ei2πα(x), ν(x)ei2πβ(x), and ξ(x)ei2πγ(x) are complex-valued membership, neutral, andnon-membership grade of x ∈ X respectively such that µ(x),α(x),ν(x),β(x), ξ(x),γ(x) ∈ [0, 1].These entities adhere to the q-rung conditions µ(x)q + ν(x)q + ξ(x)q ⩽ 1 and α(x)q + β(x)q +
γ(x)q ⩽ 1, (q ⩾ 1). The Complex q-Rung Picture Fuzzy Number (Cq-RPFN), Y , or its variant Yk
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(k = 1, 2, . . .), is expressed as Y = ⟨(µ,α), (ν,β), (ξ,γ)⟩ or Yk = ⟨(µk,αk), (νk,βk), (ξk,γk)⟩respectively.
Akram et al. [33] introduced a score function for any Cq-RPFN, Y = ⟨(µ,α), (ν,β), (ξ,γ)⟩, de-fined by S(Y ) = (µq − νq − ξq) + ( α2π)q − ( β2π)q − ( γ2π)q), (q ⩾ 1). The resulting value of S(Y )may fall within the interval [−2, 2]. To ensure that S(Y ) lies within the more convenient interval [0, 1]for ease of computation, we have made a slight modification to Akram et al. [33] score function forCq-RPFN as follows.

Definition 2.2. For any Cq-RPFN (q ⩾ 1) denoted by Y = ⟨(µ,α), (ν,β), (ξ,γ)⟩, the score functionis defined as:
S(Y ) =

1
2 +

1
6(µq + αq − νq − βq − ξq − γq) ∈ [0, 1] (2.1)

The definition of the relationship between the score of Cq-RPFN is provided in Definition 2.3.
Definition 2.3. [33] For any two Cq-RPFNs, denoted as Y1 and Y2, the relationship between scores of
Y1 and Y2 is defined as follows:

If S(Y1) < S(Y2) ⇒ Y1 < Y2
If S(Y1) > S(Y2) ⇒ Y1 > Y2
If S(Y1) = S(Y2) ⇒ Y1 = Y2

In the following Definition 2.4, we formulated a distance measure, denoted as D , between twoCq-RPFNs Yi and Yk. This measure considers differences in the components µq, αq, νq, βq, ξq, and
γq weighted equally with a scaling factor of 16 . The distance measure presented in Equation 2.2 drawsinspiration from the Minkowski distance widely used in literature for comparing vectors in multidimen-sional space [56]. However, our formulation is uniquely tailored to the characteristics of Cq-RPFNs,encompassing both state and action components in a cohesive and specialized manner.
Definition2.4. For Cq-RPFNs, Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ and Yk = ⟨(µk,αk), (νk,βk), (ξk,γk)⟩(where i and k are fixed positive integers), the distance measure between Yi and Yk is defined as
D(Yi, Yk) =

1
6(|µi

q−µk
q|+|αi

q−αk
q|+|νi

q−νk
q|+|βi

q−βk
q|+|ξi

q−ξk
q|+|γi

q−γk
q|) (2.2)

In Definition 2.5, Yager’s t-norm (YTN) and t-conorm (YTCN) are defined as binary operations for val-ues in the interval [0, 1], introducing aggregation functions that consider the influence of a parameter
λ in combining inputs. YTN aggregates by taking the minimum, while YTCN combines inputs through1−minimization, both influenced by the λ parameter.
Definition 2.5. [23] The YTN and YTCN for any two x,y ∈ [0, 1], and λ ∈ (0,∞) are defined as follows.

YTN(x,y) = min(1, (xλ + yλ)1/λ)

YTCN(x,y) = 1 − min(1, ((1 − x)λ + (1 − y)λ)1/λ)
The Power Average (PA) operator, introduced by Yager [46], revolutionizes decision-making bymeticulously accounting for data interrelationships, thus fostering objectivity. Its inception has cat-alyzed scholarly exploration in aggregation theory.
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Definition 2.6. [46] Let’s consider a set of criteria Yi for i = 1, 2, . . . ,m. The Power Average (POA)Operator is defined as: POA(Y1, Y2, . . . , Ym) = ⊕m
i=1ΘiYi,

where the Power coefficientsΘi are calculated as:
Θi =

1 + Si∑m
k=1(1 + Sk)

,
and Si =

∑m
k=1
k̸=i

[1 − |Yi − Yk|] for i = 1, 2, . . . ,m.
Yager [51] exploration delves into Prioritized Average (PRA), presenting a systematic method tointegrate priority levels for refined decision-making processes.

Definition 2.7. [51] Let’s consider a set of criteria Yi for i = 1, 2, . . . ,m. The Prioritized Average (PRA)Operator is defined as: PRA(Y1, Y2, . . . , Ym) = ⊕m
i=1ΘiYi,

where the Prioritized coefficientsΘi are calculated as:
Θi =

Ti∑m
k=1 Tk

,
with T1 = 1 and Ti =

∏i−1
k=1 S(Yk) (i = 2, . . . ,m).

2.1 Operations of Yager on Complex q-Rung Picture Fuzzy Numbers

This subsection delves into Yager operations, specifically addition, multiplication, and scalar ma-nipulation, as applied to Cq-RPFNs with the use of YTN and YTCN (Definition 2.5). We present exam-ples demonstrating these operations, concentrating on their main characteristics without includingdetailed proofs.
Definition2.8. The Yager operations⊕ and⊗between two Cq-RPFNs, Y1 = ⟨(µ1,α1), (ν1,β1), (ξ1,γ1)⟩and Y2 = ⟨(µ2,α2), (ν2,β2), (ξ2,γ2)⟩, with ρ > 0, λ ∈ (0,∞), are defined as follows:

Y1 ⊕ Y2 =

〈 ([
1 − min{1, ((1 − µ1q)λ + (1 − µ2q)λ)1/λ}

]1/q,
[

1 − min{1, ((1 − α1q)λ + (1 − α2q)λ)1/λ}
]1/q),([

min{1, (νq1 λ
+ νq2 λ

)1/λ}
]1/q,

[
min{1, (βq1 λ

+ βq2 λ
)1/λ}

]1/q),([
min{1, (ξq1 λ

+ ξq2 λ
)1/λ}

]1/q,
[

min{1, (γq1 λ
+ γq2 λ

)1/λ}
]1/q)

〉
(2.3)

Y1 ⊗ Y2 =

〈 ([
min{1, (µq1 λ

+ µq2 λ
)1/λ}

]1/q,
[

min{1, (αq1 λ
+ αq2 λ

)1/λ}
]1/q),([

1 − min{1, ((1 − ν1q)λ + (1 − ν2q)λ)1/λ}
]1/q,

[
1 − min{1, ((1 − β1q)λ + (1 − β2q)λ)1/λ}

]1/q),([
1 − min{1, ((1 − ξ1q)λ + (1 − ξ2q)λ)1/λ}

]1/q,
[

1 − min{1, ((1 − γ1q)λ + (1 − γ2q)λ)1/λ}
]1/q)

〉
(2.4)

ρY1 =

〈 ([
1 − min{1, (ρ(1 − µ1q)λ)1/λ}

]1/q,
[

1 − min{1, (ρ(1 − α1q)λ)1/λ}
]1/q),([

min{1, (ρνq1 λ
)1/λ}

]1/q,
[

min{1, (ρβq1 λ
)1/λ}

]1/q),([
min{1, (ρξq1 λ

)1/λ}
]1/q,

[
min{1, (ργq1 λ

)1/λ}
]1/q)

〉
(2.5)
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Y ρ1 =

〈 ([
min{1, (ρµq1 λ

)1/λ}
]1/q,

[
min{1, (ραq1 λ

)1/λ}
]1/q),([

1 − min{1, (ρ(1 − ν1q)λ)1/λ}
]1/q,

[
1 − min{1, (ρ(1 − β1q)λ)1/λ}

]1/q),([
1 − min{1, (ρ(1 − ξ1q)λ)1/λ}

]1/q,
[

1 − min{1, (ρ(1 − γ1q)λ)1/λ}
]1/q)

〉
(2.6)

To exemplify Yager’s operations as defined in Equations (2.3), (2.4), (2.5), and (2.6), we examinethe details presented in Example 2.1.
Example 2.1. We consider three Cq-RPFNs given by: Y1 = ⟨(0.9, 0.15), (0.7, 0.2), (0.9, 0.1)⟩, Y2 =
⟨(0.8, 0.3),
(0.9, 0.6), (0.6, 0.1)⟩. Assuming the q-rung criterion as outlined in Definition 2.1 is maintained with
q = 5 and λ = 2, we utilize Yager’s operations, beginning with the operation Y1 ⊕ Y2 as specified inEquation (2.3).The Yager operation ⊕ for the fuzzy sets is computed as follows:

Y1 ⊕ Y2 = ⟨(µ,α), (ν,β), (ξ,γ)⟩ (2.7)

µ =
[1 − min(1, ((1 − µq1 )λ + (1 − µq2 )λ

)1/λ)]1/q

Substituting the values from Y1 and Y2, along with q = 5 and λ = 2, we obtain:
µ = 0.733815.

Similarly, the remaining parameters α,ν,β, ξ,γ using Equation (2.7) are calculated in a similarmanner, yielding the final result for Y1 ⊕ Y2:
Y1 ⊕ Y2 = ⟨(0.7338155, 0), (0.9135759, 0.6000095), (0.9015487, 0.1071773)⟩

We also compute the Yager operation Y1 ⊗ Y2 in Equation (2.4):
Y1 ⊗ Y2 = ⟨(0.9244885, 0.3000293), (0.6693109, 0), (0, 0)⟩

Finally, the score function (2.1) is applied to both Y1 ⊕ Y2 and Y1 ⊗ Y2, resulting in evaluationscores:
Score for Y1 ⊕ Y2 = 0.416345841, Score for Y1 ⊗ Y2 = 0.884607857

These scores represent the evaluation of the on Yager’s operations.
Let’s consider the fundamental properties of the Yager operations ⊕ and ⊗, alongside scalar multipli-cation and scalar power, as delineated in Theorem 2.1.
Theorem 2.1. Let Y1 and Y2 denote two Cq-RPFNs, where Y1 = ⟨(µ1,α1), (ν1,β1), (ξ1,γ1)⟩ and Y2 =
⟨(µ2,α2), (ν2,β2), (ξ2,γ2)⟩. For any ρ1, ρ2 > 0, the following conditions hold.
(1) Y1 ⊕ Y2 = Y2 ⊕ Y1.
(2) Y1 ⊗ Y2 = Y2 ⊗ Y1.
(3) ρ1(Y1 ⊕ Y2) = ρ1Y1 ⊕ ρ1Y2.
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(4) (ρ1 + ρ2)Y1 = ρ1Y1 ⊕ ρ2Y1.
(5) (Y1 ⊗ Y2)ρ1 = Y ρ11 ⊗ Y ρ12 .
(6) Y ρ11 ⊗ Y ρ21 = Y1ρ1+ρ2 .
Proof. The proof is easily shown by applying Definition 2.8.
2.2 The Complex q-rung Picture FuzzyGeneralized Power Prioritized YagerWeighted
Average and Geometric Aggregation Operators and Its Distinctive Features

This segment presents two innovative aggregation operators, namely the Cq-RPFGPPYWA and theCq-RPFGPPYWG, designed specifically for aggregating Cq-RPFNs. Additionally, we delve into theirfundamental properties. Let Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ represent the Cq-RPFNs, with i =1, 2, . . . ,m, and let ρ = [ρ1, ρ2, . . . , ρm] be the weight vector associated with the Cq-RPFNs Yi, where
ρi > 0 and ∑m

i=1 ρi = 1 unless stated otherwise. To elucidate the aggregation operators, Cq-RPFGPPYWA and Cq-RPFGPPYWG, we initially define the power, prioritized, and generalized powerprioritized weighting coefficients as outlined in Definitions 2.9, 2.10, and 2.11, respectively.
Definition 2.9. The power weighting coefficients, represented by Si, are defined for Cq-RPFN, de-noted as Yi (i = 1, 2, . . . ,m), in the following manner.

Si =

m∑
k=1
k̸=i

[1 − D(Yi, Yk)] , (2.8)

where D(Yi, Yk) is the distance measure between Yi and Yk as defined in Equation (2.2).
Definition 2.10. The prioritized weighting coefficients, represented by Ti, are defined for Cq-RPFN,denoted as Yi (i = 1, 2, . . . ,m), in the following manner.

T1 = 1, (2.9)
Ti =

i−1∏
k=1

S(Yk), i = 2, . . . ,m. (2.10)
where S(Yk) is the score function as defined in Equation (2.1).
Definition 2.11. The Generalized Power Prioritized Weighting Coefficients, represented byΘi, are de-fined for Cq-RPFN, denoted as Yi (i = 1, 2, . . . ,m), in the following manner.

Θi =
ρi [u(1 + Si) + vTi]∑m

k=1 ρk [u(1 + Sk) + vTk]
(2.11)

In this context, the parameters u and v, which range from 0 to 1, can be customized according toparticular needs. In the article, unless stated otherwise, the power, prioritized, and generalized powerprioritized weighting coefficients, denoted by Si, Ti, and Θi respectively (where i = 1, 2, . . . ,m),remain constant.
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2.2.1 Investigating the Complex q-rung Picture Fuzzy Generalized Power Prioritized
Yager Weighted Average Operator and Its Essential Attributes

This subsection introduces the AOs, Cq-RPFGPPYWA, and a relevant Example, examining their keycharacteristics like idempotency, boundedness, and monotonicity, along with straightforward proofsto support these properties.
Definition 2.12. The Complex q-rung Picture Fuzzy Generalized Power Prioritized Yager Weighted Av-erage (Cq-RPFGPPYWA) Aggregation Operator is defined as:

Cq-RPFGPPYWA(Y1, Y2, . . . , Ym) = ⊕m
i=1ΘiYi,

whereΘi is defined according to Equation (2.11).
When setting u = 1 and v = 0 in Equation (2.11), the transformed equation, denoted as Equa-tion (2.12), takes the form of the Complex q-rung Picture Fuzzy Power Yager Weighted Average (Cq-RPFPOYWA) Aggregation Operator, as defined in Definition 2.13.

Definition 2.13. The Cq-RPFPOYWA Aggregation Operator is defined as:
Cq-RPFPOYWA(Y1, Y2, . . . , Ym) = ⊕m

i=1ΩiYi,
where the power weighting coefficientsΩi are determined by:

Ωi =
ρi(1 + Si)∑m

k=1 ρk(1 + Sk)
(2.12)

When substituting u = 0 and v = 1 into Equation (2.11), the resulting equation, referred to asEquation (2.13), adopts the structure of the Complex q-rung Picture Fuzzy Prioritized Yager WeightedAverage (Cq-RPFPRYWA) Aggregation Operator, as defined in Definition 2.14. However, our main focusin this section is exclusively on the Complex q-rung Picture Fuzzy Generalized Power Prioritized YagerWeighted Average (Cq-RPFGPPYWA) Aggregation Operator.
Definition 2.14. The Cq-RPFPRYWA Aggregation Operator is defined as:

Cq-RPFPRYWA(Y1, Y2, . . . , Ym) = ⊕m
i=1ΨiYi,

where the prioritized weighting coefficients Ψi are computed as:
Ψi =

ρiTi∑m
k=1 ρkTk

(2.13)
In Theorem 2.2, we establish that the aggregation of Complex q-rung Picture Fuzzy Numbers (Cq-RPFNs), denoted as Yi for i = 1, 2, . . . ,m, using the Cq-RPFGPPYWA operator, results in anotherCq-RPFN.

Theorem2.2. The aggregation value of Cq-RPFNs, Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ for i = 1, 2, . . . ,m,when applying the Cq-RPFGPPYWA operator, is again a Cq-RPFN. The aggregation is derived as follows:
Cq-RPFGPPYWA(Y1, Y2, . . . , Ym) = ⊕m

i=1ΘiYi
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=

〈 ([1 − min{1, (∑m
i=1Θi(1 − µi

q)λ)1/λ}]1/q , [1 − min{1, (∑m
i=1Θi(1 − αi

q)λ)1/λ}]1/q) ,([min{1, (∑m
i=1Θiν

q
i
λ
)1/λ}

]1/q , [min{1, (∑m
i=1Θiβ

q
i
λ
)1/λ}

]1/q) ,([min{1, (∑m
i=1Θiξ

q
i
λ
)1/λ}

]1/q , [min{1, (∑m
i=1Θiγ

q
i
λ
)1/λ}

]1/q)
〉

(2.14)
Proof. Mathematical induction provides a reliable method for verifying the correctness of a proof.
Case 1. Let’s assume m = 2, and represent the value Θ1Y1 as ⟨(µ̄1, ᾱ1), (ν̄1, β̄1), (ξ̄1, γ̄1)⟩, and Θ2Y2as ⟨(µ̄2, ᾱ2), (ν̄2, β̄2), (ξ̄2, γ̄2)⟩. Utilizing Equation (2.3), we can then express the subsequentrelationship: Cq-RPFGPPYWA(Y1, Y2) = ⊕2

i=1ΘiYi

=

〈 ([1 − min{1, ((1 − µ̄1q)λ + (1 − µ̄2q)λ)1/λ}]1/q , [1 − min{1, ((1 − ᾱ1q)λ + (1 − ᾱ2q)λ)1/λ}]1/q) ,([min{1, ((ν̄1q)λ + (ν̄2q)λ)1/λ}]1/q , [min{1, ((β̄1q)λ + (β̄2q)λ)1/λ}]1/q) ,([min{1, ((ξ̄1q)λ + (ξ̄2q)λ)1/λ}]1/q , [min{1, ((γ̄1q)λ + (γ̄2q)λ)1/λ}]1/q)
〉

(2.15)It is clear that for every i = 1, 2, according to Equation (2.5), the following relationships arevalid.
R̄i =

[
1 − min{1, (Θi(1 − Rq

i )
λ)1/λ}

]1/q for all R = µ,α

R̄i =

[
min{1, (Θi(R

q
i )

λ)1/λ}
]1/q for all R = ν,β, ξ,γ

By substituting these expressions into Equation 2.15, we derive the modified form of Equation2.15.
Cq-RPFGPPYWA(Y1, Y2) = ⊕2

i=1ΘiYi

=

〈 ([1 − min{1, (∑2
i=1Θi(1 − µi

q)λ)1/λ}]1/q , [1 − min{1, (∑2
i=1Θi(1 − αi

q)λ)1/λ}]1/q) ,([min{1, (∑2
i=1Θiν

q
i
λ
)1/λ}

]1/q , [min{1, (∑2
i=1Θiβ

q
i
λ
)1/λ}

]1/q) ,([min{1, (∑2
i=1Θiξ

q
i
λ
)1/λ}

]1/q , [min{1, (∑2
i=1Θiγ

q
i
λ
)1/λ}

]1/q)
〉

Case 2. If the result holds form = p, then we demonstrate form = p+ 1. Let’s assume ⊕p
i=1ΘiYi =

⟨(µ̄∆, ᾱ∆), (ν̄∆, β̄∆), (ξ̄∆, γ̄∆)⟩, andΘp+1Yp+1 = ⟨(µ̄p+1, ᾱp+1), (ν̄p+1, β̄p+1), (ξ̄p+1, γ̄p+1)⟩.Consequently, utilizing Equation (2.3) yields:
Cq-RPFGPPYWA(Y1, Y2, . . . , Yp, Yp+1) = ⊕p

i=1ΘiYi ⊕Θp+1Yp+1

=

〈 ([1 − min{1, ((1 − µ̄q
∆)

λ + (1 − µ̄q
p+1)λ)1/λ}]1/q , [1 − min{1, ((1 − ᾱq

∆)
λ + (1 − ᾱq

p+1)λ)1/λ}]1/q) ,([min{1, ((ν̄q∆)λ + (ν̄qp+1)λ)1/λ}]1/q , [min{1, ((β̄q
∆)

λ + (β̄q
p+1)λ)1/λ}]1/q) ,([min{1, ((ξ̄q∆)λ + (ξ̄qp+1)λ)1/λ}]1/q , [min{1, ((γ̄q

∆)
λ + (γ̄q

p+1)λ)1/λ}]1/q)
〉

(2.16)
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From the assumption, it is evident that we have the following.
R̄∆ =

[
1 − min{1, ( p∑

i=1
Θi(1 − Rq

i )
λ)1/λ}

]1/q for all R = µ,α

R̄∆ =

[
min{1, ( p∑

i=1
Θi(R

q
i )

λ)1/λ}
]1/q for all R = ν,β, ξ,γ

Once more, referring to Equation (2.5), we obtain the following.
R̄p+1 =

[
1 − min{1, (Θp+1(1 − Rq

p+1)λ)1/λ}
]1/q for all R = µ,α

R̄p+1 =
[

min{1, (Θp+1(Rq
p+1)λ)1/λ}

]1/q for all R = ν,β, ξ,γ
If we substitute these values into Equation 2.16, then Equation 2.16 becomes as follows.

Cq-RPFGPPYWA(Y1, Y2, . . . , Yp+1) = ⊕p+1
i=1ΘiYi

=

〈 ([1 − min{1, (∑p+1
i=1 Θi(1 − µi

q)λ)1/λ}]1/q , [1 − min{1, (∑p+1
i=1 Θi(1 − αi

q)λ)1/λ}]1/q) ,([min{1, (∑p+1
i=1 Θiν

q
i
λ
)1/λ}

]1/q , [min{1, (∑p+1
i=1 Θiβ

q
i
λ
)1/λ}

]1/q) ,([min{1, (∑p+1
i=1 Θiξ

q
i
λ
)1/λ}

]1/q , [min{1, (∑p+1
i=1 Θiγ

q
i
λ
)1/λ}

]1/q)
〉

Therefore, the result remains valid for all values ofm.

Example 2.2 focuses on the aggregation process of three Cq-RPFNs by utilizing the AO, Cq-RPFGPPYWAdefined in Equation (2.14) (Theorem 2.2).
Example 2.2. We consider three Cq-RPFNs given by:

Y1 = ⟨(0.8, 0.4), (0.6, 0.3), (0.9, 0.5)⟩ (2.17)
Y2 = ⟨(0.7, 0.2), (0.9, 0.7), (0.5, 0.1)⟩ (2.18)
Y3 = ⟨(0.6, 0.3), (0.7, 0.5), (0.4, 0.2)⟩ (2.19)

The criteria weights are ρ1 = 0.2, ρ2 = 0.1, and ρ3 = 0.7. According to the q-rung conditions specifiedin Definition 2.1, the q-value for the Cq-RPFNs, Y1, Y2, and Y3, is determined as q = 5.We proceed to aggregate the Cq-RPFNs (q = 5), Y1, Y2, and Y3, employing the AOs, Cq-RPFGPPYWA(λ = 2, u = 0.8, v = 0.2) as defined in Equation (2.14) (Theorem 2.2). To begin with, we calculatethe power weighting coefficient factors Si (i = 1, 2, 3), as defined in Equation (2.8). Setting i = 1 and
m = 3 in Equation (2.8), we have:

S1 =
3∑

k=1
k̸=1

[1 − D(Y1, Yk)] = [1 − D(Y1, Y2)] + [1 − D(Y1, Y3)] (2.20)
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Here, the distance measure D(Y1, Y2) is computed using Equation (2.2):
D(Y1, Y2) = 1

6(|µq1 − µq2 |+ |αq1 − αq2 |+ |νq1 − νq2 |+ |βq1 − βq2 |+ |ξq1 − ξq2 |+ |γq1 − γq2 |) (2.21)
By substituting µ1 = 0.8, α1 = 0.4, ν1 = 0.6, β1 = 0.3, ξ1 = 0.9, and γ1 = 0.5 from Equation(2.17), along with the corresponding values of µ2, α2, ν2, β2, ξ2, and γ2 from Equation (2.18), and theparameterq = 5 into Equation (2.21), we obtain the distance measure D(Y1, Y2) = 0.23973. Similarly,we find the distance measure D(Y1, Y3) = 0.1646733. Substituting these distance measures intoEquation (2.20), we determine S1 = 1.595596667. Employing the same procedure, we compute S2 =1.6481067 and S3 = 1.7231633. Next, we proceed to calculate the prioritized weighting coefficientfactors Ti (i = 1, 2, 3), as outlined in Equation (2.9) and (2.10). We determine T1 = 1 directly fromEquation (2.9). Subsequently, for i = 2, 3, we compute Ti according to the procedure described inEquation (2.10):

T2 =
1∏

k=1
S(Yk) = S(Y1) (2.22)

T3 =
2∏

k=1
S(Yk) = S(Y1)S(Y2) (2.23)

Here, we calculate the score value S(Y1) using Equation (2.2):
S(Y1) = 1

2 +
1
6(µq1 + αq1 − νq1 − βq1 − ξq1 − γq1 ) (2.24)

By substituting µ1 = 0.8, α1 = 0.4, ν1 = 0.6, β1 = 0.3, ξ1 = 0.9, γ1 = 0.5 from Equation (2.17),along with the parameter q = 5, into Equation (2.24), we obtain the score value S(Y1) = 0.4393317.Similarly, we compute the score value S(Y2) = 0.396428. Substituting these score values into Equa-tions (2.22) and (2.23), we derive T2 = 0.4393317 and T3 = 0.1741635. Next, we proceed to computethe generalized power prioritized weighting coefficients Θi (i = 1, 2, 3), as defined in Equation (2.11).Substituting i = 1 andm = 3 into Equation (2.11), we obtain:
Θ1 = ρ1 [u(1 + S1) + vT1]∑3

k=1 ρk [u(1 + Sk) + vTk]
, (2.25)

Here, the expressionρ1 [u(1 + S1) + vT1] = (0.2) [(0.8)(1 + 1.5955967) + (0.2)(1)] = 0.4552954667.Similarly, we determineρ2 [u(1 + S2) + vT2] = 0.2206351667 andρ3 [u(1 + S3) + vT3] = 1.549354.Substituting these values into Equation (2.25), we calculate Θ1 = 0.2046010. Similarly, we obtain
Θ2 = 0.0991492 and Θ3 = 0.6962499. Finally, we can aggregate Y1, Y2, and Y3 using the AO, Cq-RPFGPPYWA (Equation (2.14)) as shown below:

Cq-RPFGPPYWA(Y1, Y2, Y3) = ⊕3
i=1ΘiYi = ⟨(µ,α), (ν,β), (ξ,γ)⟩ (2.26)

Here, the value of µ is calculated using Equation (2.14) as follows:
µ =

[
1 − min{1, (Θ1(1 − µq1 )λ +Θ2(1 − µq2 )λ +Θ3(1 − µq3 )λ)1/λ}

]1/q (2.27)
Substituting µ1 = 0.8, µ2 = 0.7, and µ3 = 0.6 from Equation (2.17), (2.18), and (2.19) respectively, Θi

(i = 1, 2, 3) from the above calculation, along with the parameters q = 5 and λ = 2, into Equation2.27, we find µ = 0.6670648. Similarly, we compute the parameters α, ν, β, ξ, and γ in Equation(2.26) using Equation (2.14) in conjunction with the provided data. Therefore, from Equation (2.26),we obtain the aggregation of Cq-RPFNs, Y1, Y2, and Y3 as follows:
Cq-RPFGPPYWA(Y1, Y2, Y3) = ⟨(0.6670, 0.3282), (0.7488, 0.5677), (0.7681, 0.4266)⟩
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Theorem 2.3 explores the Idempotency Property of the Cq-RPFGPPYWA aggregation operator withinCq-RPFS.
Theorem 2.3. (Idempotency Property) If Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ for i = 1, 2, . . . ,m suchthat Yi = Y , where Y = ⟨(µ,α), (ν,β), (ξ,γ)⟩, then the aggregation operator Cq-RPFGPPYWA,when applied to Y1, Y2, . . . , Ym, results in Y .
Proof. Given that Ri = R for all R = µ,α,ν,β, ξ,γ, Equation (2.14) becomes

Cq-RPFGPPYWA(Y1, Y2, . . . , Ym) = ⊕m
i=1ΘiYi

=

〈 ([1 − min{1, (∑m
i=1Θi(1 − µq)λ)1/λ}]1/q , [1 − min{1, (∑m

i=1Θi(1 − αq)λ)1/λ}]1/q) ,([min{1, (∑m
i=1Θiν

qλ)1/λ}]1/q , [min{1, (∑m
i=1Θiβ

qλ)1/λ}]1/q) ,([min{1, (∑m
i=1Θiξ

qλ)1/λ}]1/q , [min{1, (∑m
i=1Θiγ

qλ)1/λ}]1/q)
〉

(2.28)

Because of the condition∑m
i=1Θi = 1, the expression in Equation (2.28) becomes ⟨(µ,α), (ν,β), (ξ,γ)⟩.Thus,

Cq-RPFGPPYWA(Y1, Y2, . . . , Ym) = Y .

Theorem 2.4 explores the Boundedness Property of the Cq-RPFGPPYWG aggregation operatorwithin Cq-RPFS.
Theorem 2.4. (Boundedness Property) Let Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ (i = 1, 2, . . . ,m) repre-sent the Cq-RPFNs. Assume that

Y − = ⟨(min
i
{µi}, min

i
{αi}), (max

i
{νi}, max

i
{βi}), (max

i
{ξi}, max

i
{γi})⟩,

Y + = ⟨(max
i

{µi}, max
i

{αi}), (min
i
{νi}, min

i
{βi}), (min

i
{ξi}, min

i
{γi})⟩.

We establish the inequality as follows Y − ⩽ Cq-RPFGPPYWA(Y1, Y2, . . . , Ym) ⩽ Y +.
Proof. For each index i = 1, 2, . . . ,m, the subsequent inequalities are valid

min
i

Ri ⩽ Ri ⩽ max
i

Ri for R = µ,α,
max

i
Ri ⩾ Ri ⩾ min

i
Ri for R = ν,β, ξ,γ.

Consequently, we obtain the following
min
i

R ⩽
[1 − min{1, (∑m

i=1Θi(1 − Ri
q)λ)1/λ}]1/q

⩽ max
i

Ri for R = µ,α,
max

i
R ⩾

[min{1, (∑m
i=1Θi(Ri

q)λ)1/λ}]1/q
⩾ min

i
Ri for R = ν,β, ξ,γ

This implies that
S(Y −) ⩽ S(Cq-RPFGPPYWA(Y1, Y2, . . . , Ym)) ⩽ S(Y +)

by Equation (2.1) and Equation (2.14). Thus, the proof is concluded according to Definition 2.3.
Theorem 2.5, explores the Monotonicity Property of the Cq-RPFGPPYWG aggregation operatorwithin Cq-RPFS.
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Theorem 2.5. (Monotonicity Property) Let Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ for i = 1, 2, . . . ,mand Y
′

i = ⟨(µ ′

i,α ′

i), (ν ′

i,β ′

i), (ξ ′

i,γ ′

i)⟩ for i = 1, 2, . . . ,m be the Cq-RPFNs. If Yi ⩽ Y
′

i for all
i = 1, 2, . . . ,m, then Cq-RPFGPPYWA(Y1, Y2, . . . , Ym) ⩽ Cq-RPFGPPYWA(Y ′1 , Y ′2 , . . . , Y ′

m).
Proof. Assuming Yi ⩽ Y

′

i for all i = 1, 2, . . . ,m, as per Definition 2.3, we have
S(Yi) ⩽ S(Y

′

i ) for i = 1, 2, . . . ,m.
Using this, we establish the following inequalities:

Ri ⩽ R
′

i for R = µ,α,
Ri ⩾ R

′

i for R = ν,β, ξ,γ.
Consequently, we obtain:[1 − min{1, (∑m

i=1Θi(1 − Ri
q)λ)1/λ}]1/q

⩽[1 − min{1, (∑m
i=1Θi(1 − R

′

i

q
)λ)1/λ}

]1/q for R = µ,α,[min{1, (∑m
i=1Θi(Ri

q)λ)1/λ}]1/q
⩾

[min{1, (∑m
i=1Θi(Ri

q)λ)1/λ}]1/q for R = ν,β, ξ,γ.
This implies that

S(Cq-RPFGPPYWA(Y1, Y2, . . . , Ym)) ⩽ S(Cq-RPFGPPYWA(Y ′1 , Y ′2 , . . . , Y ′
m ))

by Equation (2.1) and Equation (2.14). Thus, the proof is concluded by Definition 2.3.
2.2.2 Investigating the novel Complex q-rung Picture Fuzzy Generalized Power Prior-
itized Yager Weighted Geometric Aggregation Operator and Its Distinctive Features

This subsection introduces the AOs, Cq-RPFGPPYWG, and a relevant Example, examining their keycharacteristics like idempotency, boundedness, and monotonicity, along with straightforward proofsto support these properties.
Definition 2.15. The Complex q-rung Picture Fuzzy Generalized Power Prioritized Yager Weighted Ge-ometric (Cq-RPFGPPYWG) Aggregation Operator is defined as:

Cq-RPFGPPYWG(Y1, Y2, . . . , Ym) = ⊗m
i=1ΘiYi,

whereΘi is defined according to Equation (2.11).
When setting u = 1 and v = 0 in Equation (2.11), the transformed equation, denoted as Equation(2.12), takes the form of the Complex q-rung Picture Fuzzy Power Yager Weighted Geometric (Cq-RPFPOYWG) Aggregation Operator, as defined in Definition 2.16.

Definition 2.16. The Cq-RPFPOYWG Aggregation Operator is defined as:
Cq-RPFPOYWG(Y1, Y2, . . . , Ym) = ⊗m

i=1ΩiYi,
whereΩi is defined according to Equation (2.12)

When substituting u = 0 and v = 1 into Equation (2.11), the resulting equation, referred to asEquation (2.12), adopts the structure of the Complex q-rung Picture Fuzzy Prioritized Yager WeightedGeometric (Cq-RPFPRYWG) Aggregation Operator, as defined in Definition 2.17. However, our mainfocus in this section is exclusively on the Complex q-rung Picture Fuzzy Generalized Power PrioritizedYager Weighted Geometric (Cq-RPFGPPYWG) Aggregation Operator.
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Definition2.17. The Complex q-rung Picture Fuzzy Prioritized Yager Weighted Geometric (Cq-RPFPRYWG)Aggregation Operator is defined as:
Cq-RPFPRYWG(Y1, Y2, . . . , Ym) = ⊗m

i=1ΨiYi,
where Ψi is defined according to Equation (2.13)

In Theorem 2.6, we establish that the aggregation of Complex q-rung Picture Fuzzy Numbers (Cq-RPFNs), denoted as Yi for i = 1, 2, . . . ,m, using the Cq-RPFGPPYWG operator, results in anotherCq-RPFN.
Theorem2.6. The aggregation value of Cq-RPFNs, Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ for i = 1, 2, . . . ,m,when applying the Cq-RPFGPPYWG operator, is again a Cq-RPFN. The aggregation is derived as follows:

Cq-RPFGPPYWG(Y1, Y2, . . . , Ym) = ⊗m
i=1ΘiYi

=

〈 ([min{1, (∑m
i=1Θiµ

q
i
λ
)1/λ}

]1/q , [min{1, (∑m
i=1Θiα

q
i
λ
)1/λ}

]1/q) ,([1 − min{1, (∑m
i=1Θi(1 − νiq)λ)1/λ}]1/q , [1 − min{1, (∑m

i=1Θi(1 − βi
q)λ)1/λ}]1/q) ,([1 − min{1, (∑m

i=1Θi(1 − ξiq)λ)1/λ}]1/q , [1 − min{1, (∑m
i=1Θi(1 − γi

q)λ)1/λ}]1/q)
〉

(2.29)
Proof. We can establish and verify this result by employing a proof methodology similar to the oneutilized in Theorem 2.2.

Example 2.3 focuses on the aggregation process of three Cq-RPFNs by utilizing the AO, Cq-RPFGPPYWGdefined in Equation (2.29) (Theorem 2.6).
Example 2.3. Consider the dataset from Example 2.2. We now calculate the aggregation using theCq-RPFGPPYWG operator:

Cq-RPFGPPYWG(Y1, Y2, Y3) = ⊗3
i=1ΘiYi = ⟨(µ,α), (ν,β), (ξ,γ)⟩ (2.30)

Here, the value of µ is determined using the provided data and Equation (2.29):
µ =

[
min{1, ((Θ1(µq1 )λ +Θ2(µq2 )λ +Θ3(µq3 )λ)1/λ}

]1/q

=

[
min{1, ((0.20460(0.85)2 + 0.09914(0.75)2 + 0.69624(0.65)2)1/2}

]1/5

= 0.7328485.
Similarly, we compute the parameters α, ν, β, ξ, and γ in Equation (2.30) using Equation (2.29) inconjunction with the provided data. Therefore, from Equation (2.30), we obtain the aggregation ofCq-RPFNs, Y1, Y2, and Y3 as follows:

Cq-RPFGPPYWG(Y1, Y2, Y3) = ⟨(0.7328485, 0.70953, 0.7199066, 0.4819637, 0.6341494, 0.5400834)⟩
Theorem 2.7 explores the Idempotency Property of the Cq-RPFGPPYWG aggregation operator withinCq-RPFS.

277



Spectrum of operational researchVolume 2, Issue 1 (2025) 260-299

Theorem 2.7. (Idempotency Property) If Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ for i = 1, 2, . . . ,m suchthat Yi = Y , where Y = ⟨(µ,α), (ν,β), (ξ,γ)⟩, then the aggregation operator Cq-RPFGPPYWG,when applied to Y1, Y2, . . . , Ym, results in Y .
Proof. We can establish and verify this result by employing a proof methodology similar to the oneutilized in Theorem 2.3.

Theorem 2.8 explores the Boundedness Property of the Cq-RPFGPPYWG aggregation operatorwithin Cq-RPFS.
Theorem 2.8. (Boundedness Property) Let Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ (i = 1, 2, . . . ,m) repre-sent the Cq-RPFNs. Assume that

Y − = ⟨(min
i
{µi}, min

i
{αi}), (max

i
{νi}, max

i
{βi}), (max

i
{ξi}, max

i
{γi})⟩,

Y + = ⟨(max
i

{µi}, max
i

{αi}), (min
i
{νi}, min

i
{βi}), (min

i
{ξi}, min

i
{γi})⟩.

We establish the inequality as follows Y − ⩽ Cq-RPFGPPYWG(Y1, Y2, . . . , Ym) ⩽ Y +.
Proof. We can establish and verify this result by employing a proof methodology similar to the oneutilized in Theorem 2.4.

Theorem 2.9, explores the Monotonicity Property of the Cq-RPFGPPYWG aggregation operatorwithin Cq-RPFS.
Theorem 2.9. (Monotonicity Property) Let Yi = ⟨(µi,αi), (νi,βi), (ξi,γi)⟩ for i = 1, 2, . . . ,mand Y

′

i = ⟨(µ ′

i,α ′

i), (ν ′

i,β ′

i), (ξ ′

i,γ ′

i)⟩ for i = 1, 2, . . . ,m be the Cq-RPFNs. If Yi ⩽ Y
′

i for all
i = 1, 2, . . . ,m, then Cq-RPFGPPYWG(Y1, Y2, . . . , Ym) ⩽ Cq-RPFGPPYWG(Y ′1 , Y ′2 , . . . , Y ′

m).
Proof. We can establish and verify this result by employing a proof methodology similar to the oneutilized in Theorem 2.5.
2.3 Methodology forMulti-CriteriaDecisionMaking in Complex q-RungPicture Fuzzy
Environments and Its Practical Application

We devise a MCDM approach that encompasses identifying alternatives and criteria, assigningweights to each criterion, and employing Cq-RPFNs to assess criteria against alternatives. Subse-quently, the method calculates Power and Prioritized Coefficients, along with Generalized Power Pri-oritized Weighting Coefficient Factors. These coefficients and factors are then amalgamated into gen-eralized power prioritized weighting coefficients, which are employed to consolidate Cq-RPFNs. Toconsolidate Cq-RPFNs, the MCDM utilizes the proposed AOs, Cq-RPFGPPYWA, and Cq-RPFGPPYWG.The final stage entails determining the score value for the amalgamated information to ascertain theranking of alternatives. The decision-making process for the MCDM method is illustrated in Figure 7.
Step 1: Identifying Alternatives and Criteria: Let’s examine a collection of alternatives, denoted as

E1, E2, . . . , En, and a set of criteria represented by τ1, τ2, . . . , τm.
Step 2: Allocation of weights to individual criteria: Let ρi denote the weight assigned to criterion τi,where ρi > 0 for i = 1, 2, . . . ,m, and ∑m

i=1 ρi = 1.
Step 3: Evaluating Criteria against Alternatives with Cq-RPFNs: Each criterion τi (i = 1, 2, . . . ,m)is evaluated against every alternative Yj (j = 1, 2, . . . ,n) using Cq-RPFNs. This evaluation isdenoted as Yij = ⟨(µij,αij), (νij,βij), (ξij,γij)⟩ for i = 1, 2, . . . ,m and j = 1, 2, . . . ,n.
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Step 4: Determine the Power Weighting Coefficients: The power weighting coefficients Sij (Equa-tion (2.8)) for each Cq-RPFN Yij, where i = 1, 2, . . . ,m and j = 1, 2, . . . ,n, are determined asfollows.
Sij =

m∑
k=1
k̸=i

[1 − D(Yij, Ykj)] (2.31)
Here, the distance measure between Yij and Ykj is determined using the following compu-tation.

D(Yij, Ykj) =
1
6
(
|µqij − µ

q
kj|+ |αq

ij − α
q
kj|+ |νqij − ν

q
kj|+ |βq

ij − β
q
kj|+ |ξqij − ξ

q
kj|+ |γqij − γ

q
kj|

)
Step 5: Determine the PrioritizedWeighting Coefficients: The prioritized weighting coefficients T1j (Equation (2.9)) and

Tij (Equation (2.10)) are computed for each Cq-RPFN Yij, where i = 1, 2, . . . ,m and j = 2, . . . ,n.
T1j = 1, (2.32)

Tij =

i−1∏
k=1

S(Ykj) (2.33)
Here, the score function of Ykj is determined using the following computation.

S(Ykj) =
1
2 +

1
6 (µqkj + αq

kj − ν
q
kj − β

q
kj − ξ

q
kj − γ

q
kj)

Step 6: Calculate the Generalized Power Prioritized Weighting Coefficient Factors: Express the generalized power pri-oritized weighting coefficient factors ψ(i, j) by incorporating the criteria weights ρi (where i ranges from 1 to
m), along with the parameters u and v constrained to the interval [0, 1]. This formulation involves the powerweighting coefficients Sij and the prioritized weighting coefficients Tij.

ψ(i, j) = ρi [u(1 + Sij) + vTij] (2.34)
Step 7: Find the Generalized Power Prioritized Weighting Coefficients: The generalized power prioritized weightingcoefficientsΘij (Equation (2.11)) using Equation (2.34) are computed for each Cq-RPFN Yij, where i = 1, 2, . . . ,mand j = 1, 2, . . . ,n.

Θij =
ψ(i, j)∑m
k=1ψ(i, j) (2.35)

Step 8: Aggregate Fuzzy Numbers: Combine all Cq-RPFN values Y1j, Y2j, . . . , Ymj (j = 1, 2, . . . ,n) by employing eitherthe AO, Cq-RPFGPPYWA (Equation 2.14), or Cq-RPFGPPYWG (Equation 2.29).
Cq-RPFGPPYWA(Y1j, Y2j, . . . , Ymj) = ⊕m

i=1ΘijYij

=

〈 ([1 − min{1, (∑m
i=1Θij(1 − µijq)λ)1/λ}]1/q , [1 − min{1, (∑m

i=1Θij(1 − αij
q)λ)1/λ}]1/q) ,([min{1, (∑m

i=1Θijν
q
ij
λ
)1/λ}

]1/q , [min{1, (∑m
i=1Θijβ

q
ij
λ
)1/λ}

]1/q) ,([min{1, (∑m
i=1Θijξ

q
ij
λ
)1/λ}

]1/q , [min{1, (∑m
i=1Θijγ

q
ij
λ
)1/λ}

]1/q)

〉
(2.36)

(or)
Cq-RPFGPPYWG(Y1j, Y2j, . . . , Ymj) = ⊗m

i=1ΘijYij

=

〈 ([min{1, (∑m
i=1Θijµ

q
ij
λ
)1/λ}

]1/q , [min{1, (∑m
i=1Θijα

q
ij
λ
)1/λ}

]1/q) ,([1 − min{1, (∑m
i=1Θij(1 − νijq)λ)1/λ}]1/q , [1 − min{1, (∑m

i=1Θij(1 − βij
q)λ)1/λ}]1/q) ,([1 − min{1, (∑m

i=1Θij(1 − ξijq)λ)1/λ}]1/q , [1 − min{1, (∑m
i=1Θij(1 − γijq)λ)1/λ}]1/q)

〉
(2.37)
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Step 9: Calculate the Score Value: The score value for the aggregated information in Step 8 (Equation (2.36) or Equation(2.37)) is calculated by utilizing Equation (2.1).
Step 10: Obtain the Rank of Alternatives: The ranking of alternatives Ej (j = 1, 2, . . . ,n) is obtained based on the scorevalue calculated in Step 9.

mcdm (1).jpg

Fig. 7. Flowchart illustrating the decision-making process of the proposed MCDM method
3. Results

3.1 Case Study

This section delves into innovative approaches to power and energy in India, highlighting key ini-tiatives such as Solar Energy, Wind Energy, Hydroelectric Power, and Biomass Energy.
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3.1.1 Solar Energy:

India’s solar energy sector has experienced significant growth, reaching an installed capacity of97.86 GW by December 2024 [57]. With over 300 sunny days annually, India is ideal for solar powergeneration [58]. States like Rajasthan, Gujarat, and Tamil Nadu have set up large-scale solar parks,with Bhadla Solar Park in Rajasthan being one of the world’s largest, with a capacity of 2,255 MW [58].The government’s efforts are further highlighted by the creation of the International Solar Alliance(ISA), aiming to promote solar energy globally [57]. However, challenges like land acquisition andgrid integration remain key hurdles in sustaining this growth [58]. Further technological and policyinnovation is needed to overcome these issues [57]. Addressing these challenges will be crucial forcontinuing India’s solar energy progress [58].
3.1.2 Wind Energy:

India’s wind energy capacity reached 48.16 GW by 2024, positioning the country as one of the topglobal leaders in wind energy [57]. With plans to reach 60 GW by 2030, India’s wind energy sectorholds significant untapped potential [59]. Combining wind and solar power offers a unique opportu-nity to address intermittency, as solar power peaks during the day and wind energy during the night[59]. The Indian government is investing in energy storage and grid modernization to address thesechallenges [57]. However, land acquisition for wind farms and infrastructure remains a bottleneck [59].Efficient integration of wind power into the national grid is a critical next step for India’s renewableenergy growth [59]. Moreover, ongoing policy support and investment in storage solutions will beneeded to overcome these barriers [57].
3.1.3 Hydroelectric Power:

India’s hydroelectric potential exceeds 148 GW, with 46 GW still untapped, mostly in the Himalayanand northeastern regions [60]. Small hydropower plants, under 25 MW, present a significant oppor-tunity for sustainable energy generation [57]. These plants contribute to the renewable energy mix byutilizing river streams for power production [60]. However, large-scale hydroelectric projects face en-vironmental concerns and displacement issues [60]. The government is encouraging small and microhydropower projects through policy incentives [57]. Yet, further investment and planning are neededfor hydroelectric energy to reach its full potential [60]. Effective regulation and stakeholder engage-ment are crucial for balancing development with environmental preservation [60].
3.1.4 Biomass Energy:

Biomass energy in India contributes 10.72 GW, with the majority coming from bagasse-based co-generation [61]. Biomass provides an opportunity for renewable energy, utilizing agricultural residuesand organic waste materials [61]. This not only generates electricity but also helps manage agricul-tural waste, reducing the need for open burning and mitigating air pollution [61]. The governmenthas provided incentives to promote biomass energy projects, and new technologies have made theseplants more energy-efficient [57]. However, challenges such as feedstock availability and competitionwith other biomass uses remain [61]. Addressing these challenges requires further development ofefficient biomass collection systems and clearer policies [61]. In the future, biomass energy could playa significant role in India’s renewable energy strategy [57].India’s renewable energy sector has made significant strides, with ambitious goals to achieve 500GW of renewable energy capacity by 2030 [62]. However, challenges such as land acquisition, en-
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vironmental concerns, and waste disposal from renewable technologies continue to hinder progress[62]. Resolving these issues requires a balanced approach, integrating environmental, social, and eco-nomic considerations [62]. Additionally, developing proper waste recycling strategies for solar panelsand EV batteries will be essential for sustainable growth in the renewable sector [63]. Managing theenvironmental impact of renewable energy technologies remains a key challenge moving forward [63].Nonetheless, India’s renewable energy experience offers valuable lessons for other developing nationstransitioning toward a sustainable energy future [62].This section presents the numerical results derived from the application of the proposed MCDMapproach to assess and rank power and energy strategies in India. It includes sensitivity and compara-tive analyses of the identified alternatives, followed by a discussion on their implications and possiblelimitations.
3.2 Application of MCDM

In this subsection, we apply the MCDM methodology described in the Section to evaluate and rankenergy and power strategies for India. To illustrate the effectiveness of the approach, we focus on fourkey strategies highlighted in the Case Study (Section 3.1), aligning with the primary goal of this paperto demonstrate the applicability of the MCDM framework in energy planning.
Step 1: Identifying Alternatives and Criteria: The options labeled as E1, E2, E3, and E4 correspond toSolar Energy, Wind Energy, Hydroelectric Power, and Biomass Energy respectively. The criteria

τ1, τ2, τ3, and τ4 (Refer Table 1) serve as assessment parameters for energy solutions, specif-ically addressing resource availability, environmental impact, cost-effectiveness, and energyefficiency, respectively.
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Table 1Description and Significance of Key Evaluation Criteria for Renewable Energy Resources
Criteria Description Importance
Resource Availability [64] Assessing the availability andabundance of the energy re-source is essential to deter-mine its long-term sustain-ability and reliability.

Ensures the long-term sus-tainability and reliability ofenergy solutions.

Environmental Impact[65] Evaluating the environmen-tal impact involves consider-ing factors such as carbonemissions, land use, waterconsumption, and potentialecosystem disruption.

Helps select environmentallysustainable solutions, mini-mizing harm to ecosystemsand public health.

Cost-effectiveness [66] Analyzing the cost-effectiveness includesassessing factors such asinitial investment costs,operational expenses, andthe potential for economicreturns or cost savings.

Impacts the economic viabil-ity of energy solutions, ensur-ing optimal resource alloca-tion.

Energy Efficiency [67] Evaluating energy efficiencyinvolves assessing the con-version efficiency of the en-ergy resource and its abilityto maximize energy outputrelative to input.

Affects the overall perfor-mance and sustainability ofenergy solutions, althoughto a slightly lesser extentcompared to other criteria.

Step 2: Allocation ofweights to individual criteria for identification: Assume that ρ1 = 0.3, ρ2 = 0.4,
ρ3 = 0.1, and ρ4 = 0.2 denote the weights assigned to criteria ρ1, ρ2, ρ3, and ρ4, respectively.It’s essential to clarify that these weights are hypothetical and solely utilized for illustrativepurposes within the framework of the proposed MCDM method (see Section 2.3).

Step 3: Evaluating Criteria Alternatives with Cq-RPFNs: Each criterion ρi (i = 1, 2, . . . , 4) is evaluatedagainst each alternative Ej (j = 1, 2, . . . , 4) using the Cq-RPFN representation with q = 5,denoted as ρij = ⟨(µij,αij), (νij,βij), (ξij,γij)⟩ for i = 1, 2, . . . , 4 and j = 1, 2, . . . , 4. Thetabular representation of Cq-RPFN is provided in Table 2. It’s crucial to highlight that the valuesillustrated in Table 2 are hypothetical and are employed for explanatory purposes within theframework of the proposed MCDM method (see Section 2.3).
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Table 2Tabular Representation of Cq-RPFNs (q = 5)
(τ/E ) E1 E2 E3 E4
τ1

〈
(0.7, 0.3), (0.3, 0.2), (0.4, 0.2)〉 〈

(0.7, 0.6), (0, 0.3), (0.2, 0.1)〉 〈
(0.3, 0.4), (0.5, 0.4), (0.4, 0.5)〉 〈

(0.5, 0.4), (0.6, 0.7), (0.6, 0.2)〉
τ2

〈
(0.5, 0.2), (0.2, 0.1), (0.4, 0.2)〉 〈

(0.4, 0.2), (0.1, 0.3), (0.2, 0)〉 〈
(0.1, 0.2), (0.4, 0.6), (0.5, 0.7)〉 〈

(0.3, 0.2), (0.2, 0.3), (0.5, 0.4)〉
τ3

〈
(0.6, 0.4), (0.6, 0.5), (0.5, 0.1)〉 〈

(0.5, 0.4), (0.3, 0.5), (0.1, 0.2)〉 〈
(0.3, 0.4), (0.6, 0.7), (0.4, 0.5)〉 〈

(0.3, 0.3), (0.6, 0.5), (0, 0.2)〉
τ4

〈
(0.5, 0.4), (0.3, 0.2), (0.4, 0.1)〉 〈

(0.6, 0.3), (0.4, 0.2), (0.3, 0.2)〉 〈
(0.4, 0.3), (0.5, 0.6), (0.6, 0.8)〉 〈

(0.7, 0.4), (0.5, 0.3), (0.2, 0.3)〉

Step 4: Determine the Power Weighting Coefficients: The power weighting coefficients, denoted as
Sij, are calculated for each Cq-RPFN Yij (Table 2), where (i = 1, 2, . . . 4,) and (j = 1, 2, . . . , 4).Specifically, we focus on the calculation of S11, and the remaining coefficients can be deter-mined in a similar fashion. Referring to Equation 2.31, we obtain:

S11 = [1 − D(Y11, Y21)] + [1 − D(Y11, Y31)] + [1 − D(Y11, Y41)] (3.1)
In this scenario, the computation of the distance between Y11 and Yi1 (i = 1, 2, 3, 4) as follows.
D(Y11, Y21) = 1

6 (|µq11 − µq21|+ |αq11 − αq21|+ |νq11 − νq21|+ |βq11 − βq21|+ |ξq11 − ξq21|+ |γq11 − γq21|)(3.2)Substituting the values of µi1, αi1, νi1, βi1, ξi1, and γi1 (where i = 1, 2) from Table 2, alongwith q = 5, into Equation (3.2), yields D(Y11, Y21) = 0.0235583. Similarly, calculating thedistances results in D(Y11, Y31) = 0.0376167, and, D(Y11, Y41) = 0.0241567. By substitutingthese values into Equation (3.1), we find S11 = 2.9146683. Similarly, the values for Sij canbe computed for (i = 2, . . . , 4) and (j = 2, . . . , 4) using the same methodology. The resultingpower weighting coefficients Sij for each Cq-RPFN Yij are summarized in Table 3.
Table 3Power Weighting Coefficients Sij for Table 2

(τ/E ) E1 E2 E3 E4
τ1 2.9146683 2.8913483 2.8483117 2.8303367
τ2 2.9432617 2.9362517 2.862305 2.87783
τ3 2.9023483 2.9342517 2.8252117 2.89134
τ4 2.9447717 2.9399517 2.7995083 2.84584

Step 5: Compute the Prioritized Weighting Coefficients: The prioritized weighting coefficients, de-noted as Tij, are computed for each Cq-RPFN Yij (Table 2), where i = 1, 2, . . . , 4 and j =1, 2, . . . , 4. Specifically, we focus on the computation of T11, T21, T31, and the remaining coef-ficients can be determined similarly. From the equation labeled as Equation 2.32, we obtain
V11 = 1

By referring to Equation 2.33, it follows that
T21 = S(Y11) = 1

2 +
1
6(µq11 + αq11 − νq11 − βq11 − ξq11 − γq11) (3.3)
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T31 = S(Y11)S(Y21) = (
1
2+

1
6(µq11+αq11−νq11−βq11−ξq11−γq11))(

1
2+

1
6(µq21+αq21−νq21−βq21−ξq21−γq21))(3.4)Substituting the values of µi1, αi1, νi1, βi1, ξi1 and γi1 where i = 1, 2 from Table 2, alongside

q = 5, into Equation (3.3) and Equation (3.4), we obtain T21 = 0.526198 and T31 = 0.284416.Similarly, the remaining values of Tij can be computed by using the same methodology. Theresulting prioritized weighting coefficients factors Tij for each Cq-RPFN Yij are detailed inTable 4.
Table 4Prioritized Weighting Coefficients T1j for Table 2

(τ/E ) E1 E2 E3 E4
τ1 1 1 1 1
τ2 0.5261983 0.5405117 0.4882817 0.45293
τ3 0.2649128 0.2709585 0.2207855 0.223333
τ4 0.1301486 0.135817 0.1002863 0.1077779

Step 6: Calculate the Generalized Power PrioritizedWeighting Coefficient Factors: Assuming the pa-rameters u = 0.8 and v = 0.2 in the interval [0, 1], the generalized power prioritized weight-ing coefficient factors, denoted as ψij, are computed for each Cq-RPFN Yij (Table 2), where(i = 1, 2, . . . , 4) and (j = 1, 2, . . . , 4). Specifically, we focus on the computation of ψ11, andthe remaining coefficients can be determined similarly. From referencing Equation 2.34, wederive:
ψ11 = ρ1 [u(1 + S11) + vT11] (3.5)

Replace ρ1 with the weights of criteria obtained in Step 2, S11 with the corresponding valuefrom Table 3, and T11 with the respective value from Table 4 in Equation 3.5. This yields
ψ11 = 0.8546403. Similarly, for (i = 2, . . . , 4) and (j = 2, . . . , 4), ψij values can be com-puted following the same procedure. The resulting generalized power prioritized weightingcoefficient factors ψij for each Cq-RPFN Yij are presented in detail in Table 5.

Table 5The value ofψij for the data in Table 3 and Table 4
(τ/E ) E1 E2 E3 E4
τ1 0.3237229 0.3222321 0.3274097 0.3256688
τ2 0.3983363 0.3989061 0.3980879 0.3961999
τ3 0.0937057 0.0945744 0.0934608 0.0949108
τ4 0.1842351 0.1842874 0.1810415 0.1832205

Step 7: Find the Generalized Power Prioritized Weighting Coefficients: The generalized power pri-oritized weighting coefficientsΘij, are calculated individually for each Cq-RPFN Yij (Table 2),where i = 1, 2, . . . , 4 and j = 1, 2, . . . , 4. Specifically, our focus is on determining the value of
Θ11, with the remaining coefficients following a similar process. Referring to Equation (2.35),

285



Spectrum of operational researchVolume 2, Issue 1 (2025) 260-299

we derive:
Θ11 = ψ11∑4

i=1ψi1
(3.6)

Insert the value of ψi1 (i = 1, 2, . . . , 4) from Table 5 into Equation (3.6). Upon calculation,Equation (3.6) produces Θ11 = 0.3237229. Similarly, the values of Θij can be computed for
i = 2, . . . , 4 and j = 2, . . . , 4, following the same methodology. The resulting generalizedpower prioritized weighting coefficientsΘij for each Cq-RPFN Yij are detailed in Table 6.

Table 6The value ofΘij for the data provided in Table 5
(τ/E ) E1 E2 E3 E4
τ1 0.8546403 0.8504427 0.8426961 0.8394606
τ2 1.0516225 1.0528027 1.0246095 1.0212652
τ3 0.2473865 0.249603 0.240552 0.244647
τ4 0.4863875 0.4863759 0.4659696 0.4722786

Step 8: Aggregate Fuzzy Numbers: Aggregate each Cq-RPFN Y1j, Y2j, . . . , Y4j (j = 1, 2, . . . , 4) in Ta-ble 2 by using either the AO, Cq-RPFGPPYWA (Equation (2.36)) or Cq-RPFGPPYWG (Equation(2.37)). In particular, our attention is directed towards aggregating the Cq-RPFN Y11, Y21, . . . , Y41
(j = 1, 2, . . . , 4) with respect to the AO, Cq-RPFGPPYWA (q = 5), in the following manner.

Cq-RPFGPPYWA(Y11, Y21, Y31, Y41) = ⊕4
i=1Θi1Yi1

=

〈 ([1 − min{1, (∑m
i=1Θi1(1 − µi1q)λ)1/λ}]1/q , [1 − min{1, (∑m

i=1Θi1(1 − αi1q)λ)1/λ}]1/q) ,([min{1, (∑m
i=1Θi1νqi1λ)1/λ}

]1/q , [min{1, (∑m
i=1Θi1βq

i1λ)1/λ}
]1/q) ,([min{1, (∑m

i=1Θi1ξqi1λ)1/λ}
]1/q , [min{1, (∑m

i=1Θi1γq
i1λ)1/λ}

]1/q)

〉
(3.7)

Substitute the values ofΘi1 (i = 1, 2, . . . , 4) from Table 6, and the values ofµi1,αi1,νi1,βi1, ξi1,
γi1 (i = 1, 2, . . . , 4) from Table 2 into Equation (3.7). After computation, Equation (3.7) yieldsCq-RPFGPPYWA(Y11, Y21, . . . , Y41) = ⟨(0.5968, 0.3270), (0.5123, 0.4269), (0.4354, 0.1957)⟩.Similarly, aggregation of Cq-RPFNs, Y1j, Y2j, . . . , Y4j for (j = 2, . . . , 4) can be performed. Like-wise, aggregation of Cq-RPFNs, Y1j, Y2j, . . . , Y4j (j = 1, 2, . . . , 4), as provided in Table 2, canbe conducted using the AO, Cq-RPFGPPYWG (Equation (2.37)). The resulting aggregation val-ues are displayed in Table 7.
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Table 7Aggregation values for Cq-RPFNs in Table 2 with respect to proposed operators
Alternative Cq-RPFGPPYWA Operator

E1 ⟨(0.5968586, 0.3270764), (0.5123976, 0.4269935), (0.4354127, 0.195705)⟩
E2 ⟨(0.5884891, 0.4794238), (0.3575122, 0.4273581), (0.268171, 0.1836779)⟩
E3 ⟨(0.3100965, 0.3445454), (0.5229851, 0.6170809), (0.5403394, 0.7264006)⟩
E4 ⟨(0.5210838, 0.3538229), (0.5673901, 0.6496371), (0.5595902, 0.3762128)⟩

Alternative Cq-RPFGPPYWG Operator

E2 ⟨(0.6510061, 0.3676534), (0.3822399, 0.3131903), (0.4140621, 0.1878348)⟩
E3 ⟨(0.651574, 0.556394), (0.2915224, 0.3422095), (0.232462, 0.1560164)⟩
E4 ⟨(0.357655, 0.37772), (0.4851063, 0.573261), (0.4967184, 0.6611549)⟩
E1 ⟨(0.6255934, 0.3824497), (0.5179436, 0.5559278), (0.5166194, 0.3410723)⟩

Step 9: Calculate the Score Value:
The score value for the aggregated information in Table 7 (Step 8) is calculated by utilizingEquation (2.1). The computed score values are displayed in Table 8.

Table 8Score values for aggregated information provided in Table 7
Proposed Operator E1 E2 E3 E4

Cq-RPFGPPYWA 0.5023395 0.5123697 0.438469 0.4678409
Cq-RPFGPPYWG 0.5166782 0.5271989 0.4613659 0.4953688

Step 10: Obtain the Rank of Alternatives: The ranking of alternatives Ej (j = 1, 2, . . . ,n) is determinedbased on the score value calculated in Table 8 (Step 9). Table 9 presents the ranking of alter-natives based on the proposed AOs, Cq-RPFGPPYWA and Cq-RPFGPPYWG (q = 5).
Table 9Ranking the Alternatives with respect to the Proposed AOs.

Proposed AOs Ranking

Cq-RPFGPPYWA E2 ≻ E1 ≻ E4 ≻ E3
Cq-RPFGPPYWG E2 ≻ E1 ≻ E4 ≻ E3

3.3 Exploring Sensitivity Analysis in Proposed Aggregation Operators

This section includes two subsections: Subsection 3.3.1 presents a sensitivity analysis of the pro-posed AOs, Cq-RPFGPPYWA and Cq-RPFGPPYWG, across λ, u, and v, with q fixed. Subsection 3.3.2analyzes the sensitivity across q, u, and v, while keeping λ fixed.
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3.3.1 Sensitivity Analysis Across Parameters λ, u, and v, with q fixed

This section examines the sensitivity of the AOs Cq-RPFGPPYWA and Cq-RPFGPPYWG to variationsin λ, u, and v, with q fixed at 5. As shown in Table 10, the ranking remains consistent despite changesin λ, u, and v, highlighting that lower values of q have minimal impact on the ranking. For λ = 30, 90,the scores increase with decreasing u and increasing v, while for λ = 180, 200, the scores fluctuatebut the ranking is unaffected. This suggests that the ranking is stable across a range of λ and u, vvalues. Figure 8 visualizes the stability of alternative scores as λ varies, with q fixed at 5.
Table 10Sensitivity analysis of proposed AOs across λ, u, and v, with q fixed at 5

q u v λ Proposed Operator
Score Values

Ranking
E1 E2 E3 E4

5

1 0 30 Cq-RPFGPPYWA 0.4866102 0.5009157 0.3992426 0.45025
E2 ≻ E1 ≻ E4 ≻ E3Cq-RPFGPPYWG 0.525389 0.5382061 0.4781912 0.5169239

0.7 0.6 90 Cq-RPFGPPYWA 0.4838642 0.4971503 0.3948513 0.4473996
E2 ≻ E1 ≻ E4 ≻ E3Cq-RPFGPPYWG 0.5268228 0.5395811 0.4867564 0.5232137

0.6 0.9 180 Cq-RPFGPPYWA 0.4830658 0.4980449 0.3935412 0.4480642
E2 ≻ E1 ≻ E4 ≻ E3Cq-RPFGPPYWG 0.5255737 0.5400139 0.486386 0.5241349

0 1 200 Cq-RPFGPPYWA 0.4831936 0.498155 0.3941433 0.4481078
E2 ≻ E1 ≻ E4 ≻ E3Cq-RPFGPPYWG 0.5257675 0.540294 0.4875491 0.5229972

Fig. 8. Scores variation with changing u, v, and λ at fixed q = 5 for Cq-RPFGPPYWA andCq-RPFGPPYWG operators
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3.3.2 Sensitivity Analysis Across Parameters q, u, and v, with λ Fixed

This section analyzes the sensitivity of the AOs, Cq-RPFGPPYWA and Cq-RPFGPPYWG, across pa-rameters q, u, and v, while fixing λ at 5. As shown in Table 11, the ranking remains stable despitevariations in q, u, and v, especially at lower values of λ. The analysis indicates that changes in u (from1 to 0.5) and v (from 0 to 0.8) do not affect the ranking for q = 10, 15, 20. However, when q = 70,
u = 0, and v = 1, the scores for all alternatives become identical, suggesting that high values of q,such as q = 70, should be avoided. This finding allows decision-makers to select lower values of qwhile maintaining a consistent ranking with a fixed lower value of λ. Figure 9 visually demonstratesthe stability of scores as q changes, with λ fixed at 5.

Table 11Sensitivity analysis of proposed AOs across q, u, and v, with λ fixed at 5
λ u v q Proposed Operator

Score Values
Ranking

E1 E2 E3 E4

5

1 0 10 Cq-RPFGPPYWA 0.5007234 0.5017702 0.4827104 0.495613
E2 ≻ E1 ≻ E4 ≻ E3Cq-RPFGPPYWG 0.5035649 0.5044706 0.4934935 0.5012497

0.6 0.7 15 Cq-RPFGPPYWA 0.5002178 0.5003 0.4952511 0.4993775
E2 ≻ E1 ≻ E4 ≻ E3Cq-RPFGPPYWG 0.5006272 0.5006978 0.4985504 0.5002352

0.5 0.8 20 Cq-RPFGPPYWA 0.5000424 0.5000488 0.4985585 0.4999054
E2 ≻ E1 ≻ E4 ≻ E3Cq-RPFGPPYWG 0.5001069 0.5001124 0.4996059 0.500043

0 1 70 Cq-RPFGPPYWA 0.5 0.5 0.5 0.5
E2 = E1 = E4 = E3Cq-RPFGPPYWG 0.5 0.5 0.5 0.5

Fig. 9. Scores variation with changing u, v, and q at fixed λ = 5 for Cq-RPFGPPYWA andCq-RPFGPPYWG operators
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3.4 Comparative Analysis of Proposed Aggregation Operators with Existing Coun-
terparts

In this section, we delve into two subsections: firstly, in subsection 3.4.1, we undertake a com-parative examination of the proposed AOs, namely Cq-RPFGPPYWA and Cq-RPFGPPYWG, against theexisting AOs within the Cq-RPFS framework. Additionally, in subsection 3.4.2, we conduct a compara-tive analysis of the proposed AOs, Cq-RPFGPPYWA and Cq-RPFGPPYWG, with the established AOs inCq-ROFS, q-RPFS, PFS, and q-ROFS.
3.4.1 Comparison with Existing Aggregation Operators in Cq-RPFS Environments

Table 12 compares existing AOs in Cq-RPFS environments with the proposed AOs. In the ”Descrip-tive Example,” Cq-RPFEWA [33] ranks E5 above E3, followed by E2, E4, and E1. The proposed AOs,Cq-RPFGPPYWA and Cq-RPFGPPYWG, introduce new rankings favoring different entities, demonstrat-ing their versatility. In ”Table 8” [17], Cq-RPFFWA and Cq-RPFFWG rank E4 above E5, E3, E1, and E2,while the proposed AOs maintain this order, showing consistency. Similarly, in ”Example 5.1” [18], Cq-RPFAAPOWA and Cq-RPFAAPOWG rank E4 above E3, E5, E1, and E2, with the proposed AOs preservingthis ranking. This comparison highlights the robustness and adaptability of the proposed AOs acrossvarious scenarios, as shown in Figure 10.
Table 12Comparison with Existing Aggregation Operators in Cq-RPFS Environments

Problem and Existing AOs Ranking Proposed AOs(q=4, λ=3, u=0.3, v=0.1) Ranking

Example, Cq-RPFEWA [33] E5 ≻ E3 ≻ E2 ≻ E4 ≻ E1 Cq-RPFGPPYWA, E5 ≻ E2 ≻ E4 ≻ E1 ≻ E3
Cq-RPFGPPYWG E5 ≻ E2 ≻ E4 ≻ E3 ≻ E1

Table 8, Cq-RPFFWA, Cq-RPFFWG (q=10, λ = 4) [17] E4 ≻ E5 ≻ E3 ≻ E1 ≻ E2 Cq-RPFGPPYWA,Cq-RPFGPPYWG E4 ≻ E5 ≻ E3 ≻ E1 ≻ E2

Example 5.1, Cq-RPFAAPOWA, Cq-RPFAAPOWG [18] E5 ≻ E1 ≻ E2 ≻ E4 ≻ E3 Cq-RPFGPPYWA,Cq-RPFGPPYWG E4 ≻ E3 ≻ E5 ≻ E1 ≻ E2

Fig. 10. Comparative Analysis of Existing and Proposed AOs in Cq-RPFS Environments
3.4.2 Comparison with Existing AOs in Cq-ROFS, q-RPFS, PFS, and q-ROFS Environ-
ments

Table 13 compares structure representations within the Cq-RPFN model, highlighting various struc-tures, conditions, and representations. The Cq-ROFN structure is represented as a tuple with mem-
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bership and non-membership functions under specific conditions. The q-RPFN structure introducesthree parameters with similar conditions to Cq-ROFN, but with additional constraints. The PFN struc-ture also includes three parameters but imposes stricter conditions on membership functions. Theq-ROFN structure simplifies the representation by excluding the non-membership function parame-ter. This analysis clarifies the diverse representations in Cq-RPFN structures, aiding in the selection ofthe appropriate structure for specific fuzzy logic applications. It also compares existing aggregationoperators in Cq-ROFS, q-RPFS, PFS, and q-ROFS with the proposed AOs in Cq-RPFN.
Table 13Comparison of Structure Representations in the Cq-RPFN Model

Structure Structure Representation Condition Cq-RPFN Representation

Cq-ROFN ⟨(µt,αt), (ξt,γt)⟩ µq
t + 0q

t + ξqt ⩽ 1, αq
t + 0q

t + γq
t ⩽ 1 (q ⩾ 1) ⟨(µt,αt), (0, 0), (ct,γt)⟩

q-RPFN ⟨µt,νt, ξt⟩ µq
t + νqt + ξqt ⩽ 1, 0q

t + 0q
t + 0q

t ⩽ 1 (q ⩾ 1) ⟨(µt, 0), (νt, 0), (ξt, 0)⟩
PFN ⟨µt,νt, ξt⟩ µq

t + νqt + ξqt ⩽ 1, 0q
t + 0q

t + 0q
t ⩽ 1 (q = 1) ⟨(µt, 0), (νt, 0), (ξt, 0)⟩

q-ROFN ⟨µt, ξt⟩ µq
t + 0q

t + ξqt ⩽ 1, 0q
t + 0q

t + 0q
t ⩽ 1 (q ⩾ 1) ⟨(µt, 0), (0, 0), (ξt, 0)⟩

Table 14 compares existing AOs in Cq-ROFS, q-RPFS, PFS, and q-ROFS environments with the pro-posed ones, highlighting their performance through ranked assessments. In Example 3, Cq-ROPWDSM[68], the proposed Cq-RPFGPPYWA and Cq-RPFGPPYWG, with parameters q = 4, λ = 3, u = 0.3,and v = 0.1, consistently rank E2 ≻ E1 ≻ E4 ≻ E3. In Example 1, Cq-ROFFWA [69], the proposedCq-RPFGPPYWA maintains the ranking E5 ≻ E1 ≻ E2 ≻ E4 ≻ E3, while Cq-ROFFWG [69] ranks
E5 ≻ E2 ≻ E1 ≻ E4 ≻ E3 with the same parameters. Table 1, focusing on q-RPFYWA [43], sets a ref-erence ranking of E1 ≻ E2 ≻ E4 ≻ E3, with the proposed AOs, Cq-RPFGPPYWA and Cq-RPFGPPYWG,confirming this order for parameters q = 3, λ = 2, u = 1, and v = 1. In Table 1, PFAAWA [70], theranking E5 ≻ E2 ≻ E4 ≻ E1 ≻ E3 aligns with the proposed Cq-RPFGPPYWA, configured with q = 1,
λ = 2, u = 1, and v = 1. Example 5.1, q-ROFDWA (κ = 0.5) [71], shows the proposed Cq-RPFGPPYWA(q = 3, λ = 0.5, u = 0.1, v = 0.7) aligns with the ranking E1 ≻ E4 ≻ E3 ≻ E2 ≻ E5. Lastly, Table3, covering q-ROFWNA and q-ROFHNA [72], demonstrates that Cq-RPFGPPYWA and Cq-RPFGPPYWG,both with q = 9, λ = 1, u = 1, and v = 1, align with the ranking E5 ≻ E2 ≻ E3 ≻ E4 ≻ E1. Thiscomparison highlights the versatility and effectiveness of the proposed AOs in various decision-makingcontexts, as shown in Figure 11.
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Table 14Comparison with Existing AOs in Cq-ROFS, q-RPFS, PFS, and q-ROFS Environments
Problem and Existing AOs Ranking Proposed AOs Ranking

Example 3, Cq-ROPWDSM [68] E2 ≻ E1 ≻ E4 ≻ E3 Cq-RPFGPPYWA, Cq-RPFGPPYWG(q=4, λ=3, u=0.3, v=0.1) E2 ≻ E1 ≻ E4 ≻ E3

Example 1, Cq-ROFFWA [69] E5 ≻ E2 ≻ E1 ≻ E4 ≻ E3 Cq-RPFGPPYWA(q=1.5, λ=3, u=0.3, v=0.1) E5 ≻ E1 ≻ E2 ≻ E4 ≻ E3

Example 1, Cq-ROFFWG [69] E5 ≻ E1 ≻ E2 ≻ E4 ≻ E3 Cq-RPFGPPYWG(q=1.5, λ=3, u=0.3, v=0.1) E5 ≻ E2 ≻ E1 ≻ E4 ≻ E3

Table 1, q-RPFYWA, (υ = 1) [43] E1 ≻ E2 ≻ E4 ≻ E3 Cq-RPFGPPYWA, Cq-RPFGPPYWG(q=3, λ=2, u=1, v=1) E1 ≻ E2 ≻ E4 ≻ E3

Table 1, PFAAWA [70] E5 ≻ E2 ≻ E4 ≻ E1 ≻ E3 Cq-RPFGPPYWA(q=1, λ=2, u=1, v=1) E5 ≻ E1 ≻ E4 ≻ E2 ≻ E3

Example 5.1, q-ROFDWA (κ = 0.5) [71] E1 ≻ E4 ≻ E3 ≻ E2 ≻ E5 Cq-RPFGPPYWA(q=3, λ=0.5, u=0.1, v=0.7) E1 ≻ E4 ≻ E3 ≻ E2 ≻ E5

Table 3, q-ROFWNA, q-ROFHNA [72] E5 ≻ E3 ≻ E2 ≻ E4 ≻ E1 Cq-RPFGPPYWA, Cq-RPFGPPYWG(q=4, λ=3, u=1, v=1) E5 ≻ E3 ≻ E2 ≻ E4 ≻ E1

Fig. 11. Comparative Analysis of Existing and Proposed AOs in Cq-ROFS, q-RPFS, PFS, and q-ROFS

4. Conclusion
This study introduces novel operations and aggregation techniques within Cq-RPFNs, expandingfuzzy set theory with Yeager’s operations, including addition, multiplication, scalar product, and scalarpower operations. We developed two AOs—the Cq-RPFGPPYWA and the Cq-RPFGPPYWG—designedfor aggregating fuzzy data in complex decision-making scenarios. Through the exploration of key prop-erties like idempotency, monotonicity, and boundedness, we confirmed their robustness. Addition-ally, the proposed MCDM method, demonstrated through a case study in India’s Power and EnergySector, provides a systematic approach for handling uncertainty. Our comparative analysis with ex-isting methods highlights the superiority of our approach, which offers significant practical value inaddressing complex decision-making challenges across various domains.
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4.1 Implementation of the Proposed Study

The implementation of the proposed study involves translating the theoretical methodologies intopractical applications. Key steps include developing software or algorithms to integrate the introducedoperations, aggregation operators, and decision-making methods, using programming languages likePython, MATLAB, or R. Real-world data will be represented through Cq-RPFNs where applicable, withalgorithms incorporated into existing systems or decision support tools. Thorough testing and vali-dation using both synthetic and real-world datasets will ensure the accuracy and robustness of themethods. The implemented techniques will then be applied to real-world case studies, such as India’sPower and Energy Sector in 2024, and compared with existing approaches. Documentation of the im-plementation process, including software details, datasets, and results, will be disseminated throughresearch papers and presentations. Feedback from stakeholders and practitioners will be gathered torefine and improve the methods iteratively, ensuring they address real-world challenges effectively.
4.2 Limitations of the Proposed Study

While the study provides valuable insights, there are several limitations. First, the scope of thestudy may limit its generalizability, as it focuses on specific aspects of complex q-rung picture fuzzysets or certain application domains. Assumptions and simplifications may have oversimplified real-world complexities. The effectiveness of the proposed methodologies depends on the availabilityand quality of data, which could be limited. The introduced algorithms may also pose challenges interms of computational complexity and resource requirements. The evaluation metrics used mightnot capture all relevant decision-making aspects, and effective application may require specializedexpertise, which could hinder adoption. Additionally, the findings may have limited external validity,as they are based on specific contexts or datasets. The study may lack comprehensive comparisonswith alternative methods, affecting understanding of relative advantages. Future uncertainties andethical considerations may not have been fully addressed, potentially impacting the relevance andsocietal implications of the proposed techniques.
4.3 Future Research Directions

Future research can expand on the current study in several ways. First, extending Yager’s op-erations to other fuzzy numbers and sets, and evaluating their applications in various fields, wouldshowcase their versatility. Refining aggregation operators to handle more criteria, improve efficiency,and integrate frameworks like hesitant or interval-valued fuzzy sets could further enhance their util-ity. Additionally, expanding the proposed multi-criteria decision-making approach to dynamic envi-ronments, real-time data, and uncertainty handling, along with machine learning integration, wouldimprove decision-making accuracy. Broader case studies across sectors such as healthcare, finance,and environmental management will strengthen the global applicability of these methods. Develop-ing user-friendly software tools will ease adoption, while interdisciplinary collaborations can providefresh insights, fostering innovative applications and improving the practical impact of the proposedmethods.
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Appendix
Table 15

Abbreviations
Abbreviation Full Form

AO Aggregation Operator
CIFS Complex Intuitionistic Fuzzy Sets
CFS Complex Fuzzy Sets
CPFS Complex Picture Fuzzy Sets
CPyFS Complex Pythagorean Fuzzy Set
Cq-RPFNs Complex q-rung Picture Fuzzy Numbers
Cq-RoFS Complex q-rung ortho-pair fuzzy set
Cq-RPFGPPYWA Complex q-rung Picture Fuzzy Generalized Power Prioritized Yager Weighted Average
Cq-RPFGPPYWG Complex q-rung Picture Fuzzy Generalized Power Prioritized Yager Weighted Geometric
Cq-RPFPOYWA Complex q-rung Picture Fuzzy Power Yager Weighted Average
Cq-RPFPOYWG Complex q-rung Picture Fuzzy Power Yager Weighted Geometric
Cq-RPFPRYWA Complex q-rung Picture Fuzzy Prioritized Yager Weighted Average
Cq-RPFPRYWG Complex q-rung Picture Fuzzy Prioritized Yager Weighted Geometric
Cq-RPFS Complex q-rung Picture Fuzzy Set
Cq-ROFFWA Complex q-Rung Orthopair Fuzzy Frank Weighted Average
Cq-ROFFWG Complex q-Rung Orthopair Fuzzy Frank Weighted Geometric
Cq-ROPWDSM Complex q-Rung Orthopair Weighted Dice Similarity Measures
Cq-RPFAAPOWA Complex q-rung Picture Fuzzy Aczel–Alsina Prioritized Ordered Weighted Average
Cq-RPFAAPOWG Complex q-rung Picture Fuzzy Aczel–Alsina Prioritized Ordered Weighted Geometric
Cq-RPFEWA Complex q-Rung Picture Fuzzy Einstein Weighted Average
Cq-RPFFWG Complex q-rung Picture Fuzzy Frank Weighted Geometric
Cq-RPFFWA Complex q-rung Picture Fuzzy Frank Weighted Average
FS Fuzzy Set
IFS Intuitionistic Fuzzy Sets
MCDM Multi-Criteria Decision-Making
NAPCC National Action Plan on Climate Change
PFAAWA Picture Fuzzy Aczel-Alsina Weighted Average
PFS Picture Fuzzy Sets
POA Power Average
PRA Prioritized Average
PyFS Pythagorean Fuzzy Sets
PyPFS Pythagorean Picture Fuzzy Sets
q-ROFDWA q-Rung Orthopair Fuzzy Dombi Weighted Average
q-ROFWNA q-Rung Orthopair Fuzzy Weighted Neutral Average
q-ROFHNA q-Rung Orthopair Fuzzy Hybrid Neutral Average
q-RPFYWA q-Rung Picture Fuzzy Yager Weighted Average
q-ROFS q-Rung Ortho-pair Fuzzy Set
q-RPFS q-Rung Picture Fuzzy Sets
YTCN Yager’s t-conorm
YTN Yager’s t-norm
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