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demand for a novel methodology capable of overcoming these challenges. To
this end, the concept of fuzzy hypersoft matrix (FHSM) is developed. This
paper introduces various principles related to FHSM, including operations
like union, intersection, subsets, equality, complements, empty sets, and
universal sets. It provides numerous apt examples to validate the defined
notions effectively. Additionally, the paper describes the application of FHSM
in creating a system for recognizing objects from vague data across multiple
observers.
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1. Introduction

Making decisions and solving problems is one of the most difficult aspects of our lives. As a result,
we must prioritize the best multiple options. Multi-attribute decision aids us in making a decision in
this case. However, it is possible to gather unreliable information while making a decision. Decisions
involving uncertainty must be communicated at various stages of life in order to overcome real-life
obstacles. Uncertainty, ambiguity, and unreliability in data are the most important factors to consider
when dealing with these issues.

Various mathematical theories have been introduced to address these issues, including
probability theory, fuzzy set theory [1], and rough set theory [2]. Zadeh's introduction of fuzzy set
theory has gained significant popularity in addressing uncertainty concerns. This theory provides an
appropriate framework for describing uncertain notions by allowing for the use of partial
membership functions. Mathematicians and computer scientists have researched and developed
fuzzy sets, leading to the discovery of several practical applications such as fuzzy control systems,
fuzzy automata, fuzzy logic, and fuzzy topology. Molodtsov [3] introduced soft set theory in 1999 as
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a novel technique for representing uncertainty, addressing specific structural challenges of fuzzy set
theory and other theories.

Many researchers have made significant attempts to generalize and extend the concept of soft
sets proposed by Molodtsov [3]. Maji et al. [4] have developed a hybrid structure called the fuzzy soft
cluster structure by combining the fuzzy set and soft set structure. Put simply, while establishing a
fuzzy soft set, a degree is included in the parameterization of fuzzy sets [5]. The fuzzy soft set
structure, which is a synthesis of the soft set structure and fuzzy set structure, has been extensively
employed by researchers, with numerous papers contributing to the existing literature [6-8].

Researchers' great interest in this area has led to significant advancements in the application of
fuzzy soft set structure in decision-making challenges. Unrestricted definition of unreal objects in soft
sets allows researchers to select the desired parameter format, hence streamlining the decision-
making process and enhancing efficiency in situations where some information is absent. Maji & Roy
[9] were the first to utilize soft sets in decision-making problems. Chen [10] explained the process of
simplifying the parameterization of the soft set and examined its use in the decision-making problem.
Cagman & Enginoglu [11-12] examined the concept of soft matrix and uni-int decision-making, which
involved selecting the most favorable elements from a range of possibilities.

This work presents a clear definition of fundamental concepts, including subset, equal set, union,
intersection, complement, null set, and absolute set, as well as the AND and OR operations on the
fuzzy hypersoft set structure [13-14]. In addition, we utilized fuzzy hypersoft sets to address the
decision-making issue. By utilizing Roy & Maji's technique [15], we have formulated a suitable choice
problem for fuzzy hypersoft sets. This paper introduces the fuzzy hypersoft set structure as a
fundamental characteristic. Thus, it plays a crucial part in numerous following investigations [16-17].
Extensive research has been conducted in the literature on decision-making challenges [18], with
numerous researchers investigating this topic [19]. The user's text is incomplete and cannot be
rewritten in a straightforward and precise manner [20-21]. Smarandache [22] introduced a novel
methodology for managing uncertainty. He extended the soft set to a hypersoft set by converting the
functionality into a multi-decision function. Despite being a more recent development, the hypersoft
set theory has garnered significant interest from scholars, as seen by studies conducted by
researchers [23-24].

The concepts of linguistic hypersoft set and fuzzy linguistic hypersoft set have been proposed by
[25]. Some more optimization and decision-making approaches have been used to solve optimization
problems [26]. The machine learning tools along with decision-making algorithms have been
employed in many real-world examples [27-28]. Various intricate issues arise from the presence of
ambiguous data in disciplines such as social sciences, economics, medical sciences, engineering, and
other fields. These challenges encountered in life cannot be resolved using conventional
mathematical tools. In classical mathematics, a model is constructed with precision and accuracy [29-
30].

This research improves the robustness, flexibility, and usefulness of multi-criteria decision-making
(MCDM) strategies in traversing the complexities of real-world problems by filling in the gaps in
current methodology and introducing new ideas and tools.

i.  This technique is unique because it combines the structural depth of hypersoft sets with
the elasticity of fuzzy systems. It is designed specifically to handle ambiguous information
and multiple criterion and decision variables. Traditional MCDM techniques encounter
numerous challenges due to the inherent ambiguity of real-world data. The fuzzy
hypersoft matrix (FHSM) provides a method that effectively captures and analyzes the
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inherent uncertainty present in established processes, especially in complex and dynamic
situations.

ii.  This study has significant implications for the realm of decision-making. Firstly, it presents
a consolidated framework that adeptly manages several factors and the lack of clarity in
the data to establish a more precise and dependable basis for decision-making.
Furthermore, it broadens the scope of MCDM approaches, allowing for their application
in a wider range of scenarios, particularly those where imprecise, ambiguous, or missing
information has previously impeded their use. Finally, this study offers relevant
information by bridging the divide between theoretical models and their practical
applications. It accomplishes this by demonstrating the utilization of the Fuzzy hybrid
scatter search method in several settings.

iii.  Although the stated topics have made progress, there is still a significant research gap in
integrating fuzzy logic and MCDM approaches with hypersoft sets. Prior research has
focused on the incorporation of more advanced mathematical prerequisites in HSM or
has investigated the possibility of using fuzzy logic as a separate technique. The lack of
thorough research on the integration of hypersoft matrix (HSM) with other subjects is
evident, and it perpetuates the existing gap in knowledge when examining MCDM. FHSM
is @ methodology that enhances decision-making in various areas that rely on intricate
criteria, ambiguous data, or both. It has the potential for wider application in fields like
engineering, healthcare, environmental management, and policymaking.

The organization of the research paper is structured in the following manner: Section 2 provides
preliminaries. Section 3 presents the definition and operations of hypersoft matrix theory. Section 4
provides the MCDM algorithm. Section 5 gives a case study. Section 6 discusses the results and
compares them with existing studies. Finally, the findings of the study and their implications with
possible future directions are presented in Section 7.

2. Preliminaries

2.1. Soft Sets

Let us consider that E is the attributive set and U is the universal set. The P(U) are expressed
power set, U is the subset. Let A be a subset that is contained with E. A can then be defined as a soft
set by U, which is denoted by the pair (¢, A), where : A - P(U) is a function mapping elements of A
to subsets of the universal set U. For any element e in A, the set {(e) can be interpreted as the set of
approximate elements or elements within the soft set. Therefore, the soft set specified by (¢, A) is
characterized by this mapping:

(¢,A) ={C(e) eP(U):e €E,{(e) = 0ife + A}. (1)
2.2. Fuzzy Soft Sets

Consider U as the universal set and € as the attribute set, with P(U) representing the power set
of U. If we assume that A is a subset of €, then the pair ({, A) defines a fuzzy soft set. This is

characterized by its mapping as follows:

A > P(U). (2)
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2.3. Hypersoft Sets

Let P(u) be the power set of u. Considering y1,y2,y3, ...,y"™ when n > 1 and suppose n be well-
defined attributes whose corresponding attributive elements are the set Y?, Y2, Y3 ... Y”* with Y* n
Y7 = @, where 4 #4 and 4,§€{1,2,3...n}. Then, (£, Y! X Y? X Y3 ...Y") is called a hypersoft set
by u, when:

EYIXY?2xY3..Y" > P(). (3)

In Eq. (3), if we assign values to the attributes in the form of fuzzy (membership) only, then it is
said to be a fuzzy hypersoft set.

3. Fuzzy Hypersoft Matrix

In this section, we present the definition, operations, laws along with theorem, and proposition
on FHSM.

Let P be a set of parameters and Let Y = {y;,V,, Vs, ... Yo} be a finite set. The power set of Y is
denoted by (Y). Let v1,v2, 43 ...v™ for n > 1 be n well-defined features, whose corresponding
feature values are the sets 51, 52, 3, ... B with Bt N ™ = @ forl # m,[,m = 1,2 ...n, respectively,
and let their relation be v = B X 2 x 3 X ... X B™. Then the pair (¥,v) is called an FHSS over Y,
where W: B X B2 X B3 X .. X B > P(Y) and P (B X B2 X B3 X ..x BY) =¥ (v), where t < n:

S={(v,T7(YW))y e} (4)

Let v = 1 X B2 X B3 X ... X B™ be the relation, and its characteristic function is X,,: (81 X % x
B3 X ...x ™) - P(Y). It is defined as:

x, = { V,T(P))y€eY), } (5)

veE(BIxBExP3x..xB")

IfS;; = Xu(yi,ﬁ}‘), wherei =1,2,..,a,j =12, ...,0,k = 1,2,...,n, then a matrix is defined as:

: : B (6)
Sa1 Saz ‘Sa[i

3.1. Transpose of Square Fuzzy Hypersoft Matrix

Let§ = [S;;] be FHSM of order a X y, where §;; = (.‘T’l-sjk). Then §* is said to be the transpose of
square FHSM if rows and columns of E are Interchange. It is denoted as.

st = [sij]t = [‘T;'Sjk]t = [T;'Sk il = [Tji]- (7)
Proposition 3.5. Let T = [Tij] and U = [‘Ul-j] be two FHSMs, where J;; = (TLJT,() and U;; = (Tl}f( .
For two scalars p, ¢ € [0,1], then:
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i. p&ET) = (PO)T.
i. Ifp <%, thenpTd <%£7T.
ii. T <U,thenpT CpU.

Proof of Proposition 3.5.

- p) = sty | = p{(¢%)] = [(p275)] = pel (7)) = pe|77 ] = @07
i. Since le € [0,1], so pT ik < tiTl]k Now pT = [pT;] = [(pf]}]-Tk | < [(tf];]Tk)] =

[t7;;] = ¢7.
i. TcU=[T]c[uy]= Tk < Tk = pTi < pTig = p|7i;] € p[Uy;] = pT <
pU.

Theorem 3.6. Let T = [ ] be the FHSM of order a X y, where T;; (7}17,() Then:

i. (Pt =pTt wherep € [0,1].
i (TH =

Proof of Theorem 3.6:

i. Here (p7)',pT'€ FHSMyyy, so (p7)t= [(Pf]}ka)]t = [(0Ti)] = p[(Ti:)]
t
p[(TH)] = pT".
t
i Since  TY€ FHSMay, To (T € FHSMayy.  Now, (79 = ([(75)])

(@D =[] =7

3.2. Trace of Fuzzy Hypersoft Matrix

Let T = [17;]] be the square FHSM of order a X y, where J;; = (Z}TR) and ¢ = y. Then, a trace
of FHSM is denoted as tr(7") and is defined as:

tT(T) - Zl 1,k= a[Tuk] (8)

Proposition 3.9. Let 7' = [T ;] be the square FHSM of order @ X y, where J; ; = (T;; T)anda xy.P
be any scalar, then tr(pT) = p tr(T).

Proof of Proposition 3.9. tr(s0) = X5 _o[pTi] = 0 L5 kel Tik]= 0 tr().
3.3. Max-Min Product of Fuzzy Hypersoft Matrix
LetT = [Tij] and U = [U]m] be two FHSMs, where T; (TUT,() and Uy, = (J;Zm) Then, if the

dimensions of S and ‘U are equal (the number of columns in S equals the number of rows in A), they
are considered conformable. If T = [Tif]axﬁ and U = [Ujm]ﬁxy, then T @ U = [Sim]axy-
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Theorem 3.11. Let = [7;;], U = [U;;] and R = [R;;] be FHSM where T;; = (7;;), U;; = (73j;) and
= (Tiﬁ).Then:

. TNUBR)=T NnUWBT NR).
i. TAUWNR=TNR)BUNR).
ii. TUCUBR)=T UUWDT UR).
iv. (TOUYUR=T UR)B(UUR).

i. Tn(UBR) = (TT n ( l]k+ ik )l Kmm (721710 waﬂf:«)))l =

(in ), ))) [(min(75, 7)) @[(min(7, 75)] = [(7) 0
(Tl (%) n (ﬂﬁ)] = (T NWS(T NR).

(S5 o 525 -

min(L7) L)) fain 7 ) (min(o 7500 = (670

(Zﬁc)]EB[( Uk) ( l]k)] = ([T NR)S(UNR).

TLT +Tl72 TLU +TLR
i. T U(UBR) = (T, u( L >l Kmax(?jk, L f")>>l=

Kmax< (k) (T )>> [(max (75 i) @[ (max (T 5)] = [(75) v
(7;%()]@[( l]k) ( l]k)] = (TUU)GB(T UfR)

v. (:reau)uﬂe_KM)l (T%,) = Kma < TLT”‘”g") :rfjk>>l=

(Tl._]k+Tl.]k) (Tuk"'Tuk)

(g7, CBB)) | - (5, 75 man (87500 =
[(77) U (:ruk 1®[(TE) v (TF)] = TuR)S(UUR).

Proof of Theorem 3.11.

i. (TOUNR-=

4. Algorithm

For decision-making in uncertain contexts, MCDM algorithms are invaluable tools, especially
when applied to fuzzy hypersoft matrices. These algorithms handle alternatives and uncertainties
present in real-world scenarios by considering several factors and using fuzzy logic to enable more
robust and informed decision-making. Decision-makers obtain an understanding of their practical
utility in a variety of sectors, including engineering, finance, and healthcare, through case studies that
illustrate their applicability. The steps of our algorithm are:

Step 1 — Create an FHSM using Eq. (6).

Step 2 — Create a value matrix for FHSM. Let T = [Tl-j] be the order's FHSM, where T;; = ( ik )-

The value of matrix S is therefore denoted by V(S) with (S)= [Viﬂ of ordera X vy, whereVT iﬁjrk
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Step 3 — Value matrices are used to calculate the score matrix. The score of two FHSM T" = [Tl-j]
and U = [Ul-j] of order @ X y is given as S(7,U) =V(T) + V(U) and S(T,U) = [Sij], where
Sy =V +Vj.

Step 4 — Utilize the score matrix to determine the overall score. The total rating of each item in
the universal set is |Z;'l=15ij|-

Step 5 — To discover the best answer, choose the item with the highest score from the total score
matrix.

Figure 1 presents the proposed algorithm.

Calculate
Value
Matrices

Find the

Compute Compute

score matrix total score optimal
solution

Fig. 1. Proposed Algorithm.

5. Case Study

Let Y = {61,652, 83,8% 6°} be the set of options. Attributes are classified as “performance” (1)
(i.e. to select a performance according to scale={1, 2, 3, 4}), “grades” (82) (with grades as {A, A-, B+,
B}), “research” (B3) (i.e. research score according to educational department as {AAA, BBB, CCC}),
and “institute” (8*) (i.e. government, private, and semi-government). The mapping is defined as
P: (B x B?% x B3 x %) - P(Y). Let us assume:

S =% (3,A—,CCC,gov) = {(6*,(3(0.3),A— (0.4),CCC (0.6), gov (0.4)),(63,(3(0.2),A —
(0.5),ccc (0.8), gov(0.5)),(5°, (3 (0.3),A — (0.4),CCC (0.5), gov (0.2)),(5>,(3 (0.4),A —
(0.6),cCC (0.2), gov(0.5))}. Also:
T =% (3,A—,CCC,gov) = {(6%,(3(0.1),4A — (0.4),CCC (0.4), gov (0.3)),(63,(3(0.2),A —
(0.6),cCC (0.9), gov(0.6)),(5%,(3(0.2),A — (0.7),CCC (0.6), gov (0.5)),(55, (3 (0.6),A —
(0.4),ccc (0.4),gov(0.4)) }.
Then, we apply the algorithm for the calculation of total values:

Step 1 — The above two sets of FHSSs are given as FHSMs:
'3(0.3) A—(0.4) CCC(0.6) gov(0.4)]
3(0.2) A—(0.5) CCC(0.8) 43g(0.5)
3(0.3) A—(0.4) CCC(0.5) gov(0.2)
3(0.4) A—(0.6) €CC(0.2) gov(0.5)]
3(0.1) A-—(0.4) CCC(0.4) gov(0.3)]
3(0.2) A—(0.6) C€CC(0.9) gov(0.6)
3(0.2) A-1(0.7) C€CC(0.6) gov(0.5)[
3(0.6) A—(0.4) €CC(0.4) gov(0.4)]
Step 2 — Now calculate the values matrices of FHSMs as:

[3(0.3) A—(0.4) C€CC(0.6) gov(0.4)]
()] = [3(0.2) A—(05) €CC(0.8) gov(0.5)]

3(0.3) A-1(0.4) CCC(0.5) gov(0.2)f
3(04) A—(0.6) C€CC(0.2) gov(0.5)

~
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3(0.2) A—(0.6) €CC(0.9) gov(0.6)
3(0.2) A-(0.7) C€cCC(0.6) gov(0.5)
3(0.6) A—(0.4) €CC(0.4) gov(0.4)
Step 3 — Compute the score matrix by combining the value matrices as:
[3(0.4) A—(0.8) CCC(1.0) gov(0.7)]
(55, T) = [3(04) A-(1.1) ccc(1.7) gov(1.1) |.
3(0.5) A—-(1.1) ccc(1.1) gov(0.7)
3(1.0) A-(1.0) c€cc(0.6) gov(0.9)
Step 4 — Compute a total score as:

1.2

2.3

4.1

1.9

Step 5 — &2 will be the best choice.

3(0.1) A-(0.4) cCcC(0.4) gov(O.B)l

[v(@)] =

Total Score =

6. Discussion and Comparison

Through the comparative assessment presented in Table 1. Furthermore, in the context of
decision-making, our approach provides a richer informational basis for navigating the uncertainties
inherent in data. Additionally, numerous configurations of FS composite structure are encapsulated
as specific instances within FHSM. Our approach allows for a more precise and empirical
representation of information pertaining to the subject matter, making it an advantageous tool for
integrating imprecise and uncertain data within decision-making frameworks. Consequently, our
method demonstrates effectiveness, adaptability, simplicity, and superiority.

Table 1
The result comparison with existing studies
Set Truthiness Attributive SUb: . Parametrization Advantages
attributive

Zadeh[1] FS v « v N Addr.ess.es uncertaln.ty through the
application of fuzzy intervals

Maji et al. ESM v " v v Addr'ess.es uncertainty tI'!rough the

[9] application of fuzzy soft intervals
Add tainty th h th

Proposed  FHSM v v v ddresses uncertainty through the

application of FHSM

7. Conclusion

This research delves into the essential characteristics, aggregation processes, and foundational
principles of fuzzy set theory, emphasizing their applications and relevance in the context of
hypersoft sets and hypersoft matrices. It further explores the critical aspects and elementary
operations of matrices within this unique set environment. Additionally, the study outlines
prospective pathways for future research, highlighting the potential for creating novel hybrid models
by combining hypersoft sets with other mathematical frameworks such as fuzzy sets, rough sets,
expert sets, and cubic sets. It also proposes the exploration of advanced algebraic constructs,
including the development of hypersoft topological spaces, functional spaces, groups, vector spaces,
rings, and measures. These future directions aim to expand the utility and understanding of hypersoft
sets, offering innovative approaches to complex problem-solving and theoretical advancement in the
field.

107



Spectrum of Engineering and Management Sciences
Volume 2, Issue 1 (2024) 100-109

References

(1]
(2]

3]

(4]
(5]

(6]
(7]

(8]
(9]

(10]
(11]
(12]

[13]

(14]
(15]

[16]

(17]
(18]
[19]
[20]

(21]

[22]

(23]

(24]

[25]

[26]

Zadeh, L.A. (1965). Fuzzy sets. Information and Control, 8(3), 338-353. https://doi.org/10.2307/2272014.

Pawlak, Z. (1982). Rough sets. International Journal of Computer and Information Sciences, 11(5), 341-356.
https://doi.org/10.1007/BF01001956.

Molodtsov, D. (1999). Soft set theory-first results. Computers and Mathematics with Applications, 37(45), 19-31.
https://doi.org/10.1016/50898-1221(99)00056-5.

Maji, P.K., Biswas, R., & Roy, A.R. (2001). Fuzzy soft sets. The Journal of Fuzzy Mathematics, 9, 589-602.

Feng, F., Jun, Y. B., & Zhao, X. (2008). Soft semirings. Computers & Mathematics with Applications, 56(10), 2621-
2628. https://doi.org/10.1016/j.camwa.2008.05.011.

Jiang, Y., Tang, Y., Chen, Q., Wang, J. and Tang, S., (2010). Extending soft sets with description logics. Computers
and Mathematics with Applications, 59(6), 2087-2096. https://doi.org/10.1016/j.camwa.2009.12.014.

Yang, X,, Lin, T.Y,, Yang, J., Li, Y., & Yu, D. (2009). Combination of interval-valued fuzzy set and soft set. Computers
and Mathematics with Applications, 58(3), 521-527. https://doi.org/10.1016/j.camwa.2009.04.019.

Ahmad, B., & Kharal, A. (2009). On fuzzy soft sets. Advances in fuzzy systems.

Maji, P.K., & Roy, A.R. (2002). An application of soft sets in a decision making problem. Computers & Mathematics
with Applications, 44(8-9), 1077-1083.

Chen, D. (2005). The parameterization reduction of soft sets and its applications. Computers and Mathematics with
Applications, 49(5-6), 757-763. https://doi.org/10.1016/j.camwa.2004.10.036.

Cagman, N., & Enginoglu, S. (2010). Soft matrix theory and its decision making. Computers and Mathematics with
Applications, 59(10), 3308-3314. https://doi.org/10.1016/j.camwa.2010.03.015.

Cagman, N., & Enginoglu, S. (2010). Soft set theory and uni-int decision making. European Journal of Operational
Research, 207(2), 848-855. https://doi.org/10.1016/j.ejor.2010.05.004.

Xie, N., Wen, G., & Li, Z. (2014). A method for fuzzy soft sets in decision making based on grey relational analysis
and DS theory of evidence: application to medical diagnosis. Computational and Mathematical Methods in
Medicine.

Celik, Y., & Yamak, S. (2013). Fuzzy soft set theory applied to medical diagnosis using fuzzy arithmetic operations.
Journal of Inequalities and Applications, 2013(1), 82. https://doi.org/10.1186/1029-242X-2013-82.

Roy, A.R., & Maji, P.K. (2007). A fuzzy soft set theoretic approach to decision making problems. Journal of
Computational and Applied Mathematics, 203(2), 412-418. https://doi.org/10.1016/j.cam.2006.04.008.

Kwun, Y.C., Park, J.H., Koo, J.H., & Lee, Y.K. (2012). An application of generalized interval-valued intuitionistic fuzzy
soft sets in a decision making problem. In Mechanical Engineering and Technology (pp. 193-198). Springer, Berlin,
Heidelberg.

Guleria, A., & Bajaj, R.K. (2018). Pythagorean Fuzzy-Norm Information Measure for Multicriteria Decision-Making
Problem. Advances in Fuzzy Systems, 2018, 1-11. https://doi.org/10.1155/2018/8023013.

Guleria, A., & Bajaj, R.K. (2019). Technique for reducing dimensionality of data in decision-making utilizing
neutrosophic soft matrices. Neutrosophic Sets and Systems, 29(1), 129-141.

Guleria, A., Srivastava, S., & Bajaj, R.K. (2019). On parametric divergence measure of neutrosophic sets with its
application in decision-making models. Neutrosophic Sets and Systems, 29(1), 101-120.

Guleria, A., & Bajaj, R.K. (2019). Eigen Spherical Fuzzy Set and its Application in Decision Making Problem. Scientia
Iranica.

Chakraborty, A., Banik, B., Mondal, S.P., & Alam, S. (2020). Arithmetic and Geometric Operators of Pentagonal
Neutrosophic Number and its Application in Mobile Communication Service Based MCGDM Problem. Neutrosophic
Sets and Systems, 32(1), 6.

Smarandache, F. (2018). Extension of Soft Set to Hypersoft Set, and then to Plithogenic Hypersoft Set. Neutrosophic
Sets and System, 22, 168-170.

Saglain, M., Jafar, N., Moin, S., Saeed, M., & Broumi, S. (2020). Single and Multi-valued Neutrosophic Hypersoft set
and Tangent Similarity Measure of Single valued Neutrosophic Hypersoft Sets. Neutrosophic Sets and Systems, 32,
317-329.

Gayen, S., Smarandache, F., Jha, S., Singh, M. K., Broumi, S., & Kumar, R. (2020). Introduction to plithogenic
hypersoft subgroup. Neutrosophic Sets and Systems, 33(1), 14.

Saglain, M., Garg, H., Kumam, P., & Kumam, W. (2023). Uncertainty and decision-making with multi-polar interval-
valued neutrosophic hypersoft set: A distance, similarity measure, and machine learning approach. Alexandria
Engineering Journal, 84, 323-332. https://doi.org/10.1016/].aej.2023.11.001.

Saglain, M., Kumam, P., Kumam, W., & Phiangsungnoen, S. (2023). Proportional Distribution Based Pythagorean
Fuzzy Fairly Aggregation Operators with Multi-Criteria Decision-Making. IEEE Access, 11, 72209-72226.
https://doi.org/10.1109/ACCESS.2023.3292273.

108



Spectrum of Engineering and Management Sciences
Volume 2, Issue 1 (2024) 100-109

[27]

(28]

[29]

(30]

Saglain, M. (2023). Sustainable Hydrogen Production: A Decision-Making Approach Using VIKOR and Intuitionistic
Hypersoft Sets. Journal of Intelligent Management Decision, 2(3), 130-138. https://doi.org/10.56578/jimd020303.
Smarandache, F. (2023). New Types of Soft Sets “HyperSoft Set, IndetermSoft Set, Indeterm HyperSoft Set, and
TreeSoft Set”: An Improved Version. Neutrosophic Systems with  Applications, 8, 35-41.
https://doi.org/10.61356/j.nswa.2023.41.

Ramya G, & Francina Shalini A. (2023). Trigonometric Similarity Measures of Pythagorean Neutrosophic Hypersoft
Sets. Neutrosophic Systems with Applications, 9, 91-100. https://doi.org/10.61356/j.nswa.2023.53.

Haque, T.S., Alam, S., & Chakraborty, A. (2022). Selection of most effective COVID-19 virus protector using a novel
MCGDM technique under linguistic generalized spherical fuzzy environment. Computational and Applied
Mathematics, 41(2), 84. https://doi.org/10.1007/s40314-022-01776-8.

109



