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Abstract: The single valued neutrosophic probabilistic hesitant fuzzy rough Einstein aggregation
operator (SV-NPHFRE-AO) is an extension of the neutrosophic probabilistic hesitant fuzzy rough
set theory. It is a powerful decision-making tool that combines the concepts of neutrosophic logic,
probability theory, hesitant fuzzy sets, rough sets, and Einstein aggregation operators. SV-NPHFRE-
AO can be applied in many fields, including livestock decision making. Making judgments about
a wide range of issues, including feed formulation, breeding program design, disease diagnostics,
and market analysis, is part of the process of managing livestock. By combining data from many
sources, SV-NPHFRE-AO can assist decision-makers in livestock management in integrating and
evaluating diverse criteria, which can result in more informed choices. It also provides a more
accurate and comprehensive representation of decision-making problems by considering the multiple
criteria involved and the relationships between them. The single valued neutrosophic set (SV-
NS) aggregation operators (AOs) based on Einstein properties using hesitant fuzzy sets (HFSs)
and probabilistic hesitant fuzzy sets (PHFSs) with rough sets (RSs) are proposed in this study and
can handle a large volume of data, making them suitable for complex and large-scale livestock
decision-making problems. We first defined SV-neutrosophic probabilistic hesitant fuzzy rough
weighted averaging (SV-NPHFRWA), SV-neutrosophic probabilistic hesitant fuzzy rough weighted
geometric (SV-NPHFRWG), SV-neutrosophic probabilistic hesitant fuzzy rough ordered weighted
averaging (SV-NPHFROWA) and SV-neutrosophic probabilistic hesitant fuzzy rough hybrid weighted
averaging (SV-NPHFRHWA) AOs. Then, based on Einstein properties, we extended these operators
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and developed the single-valued neutrosophic probabilistic hesitant fuzzy rough Einstein weighted
averaging (SV-NPHFREWA) operator. Additionally, an illustrative scenario to show the applicability
of the suggested decision-making approach is provided, along with a sensitivity analysis and
comparison analysis, which demonstrate that its outcomes are realistic and reliable. We also provide
another relation between criteria and alternatives of decision-making using neutrosophic information
with quaternion context. By using such type of operators, livestock managers can make more informed
decisions, leading to better animal health, higher productivity, and increased profitability.

Keywords: neutrosophic information; Einstein aggregation operators; probabilistic hesitant
information; rough sets; multi-criteria decision-making
Mathematics Subject Classification: 03B52, 03E72

1. Introduction

Fuzzy set theory (FST) is a potent tool that can be used to handle difficult decision-making problems
involving numerous criteria [1]. This method is known as multi-criteria decision-making (MCDM).
There are several situations in livestock management where MCDM with FST can be used. It can
be used in feed formulation to choose the best mixture of feed ingredients that meets the nutritional
needs of the animals while lowering the cost. The technique can be used to assess various feed
formulations based on numerous factors such as nutritional value, digestibility, and cost. FST can
also be utilized to reflect the uncertainty and ambiguity in the nutritional requirements of the animals.
In breeding program design, it can also be used to select the best breeding strategy that maximizes
the genetic potential of the animals while minimizing the risk of inbreeding. FST can be used to
model the uncertainty and vagueness in the genetic parameters, and the MCDM strategy can be used to
evaluate different breeding strategies based on multiple criteria such as genetic diversity, productivity,
and genetic risk [2,3].

In disease diagnosis, MCDM can be used to identify the best treatment strategy that maximizes
the chances of recovery while minimizing the risk of side effects. This theory can be used to model
the uncertainty and vagueness in the symptoms and diagnostic test results, and the MCDM method
can be used to evaluate different treatment strategies based on multiple criteria such as effectiveness,
safety, and cost. In market analysis, this type of methodology can be used to identify the best
marketing strategy that maximizes the profitability of the livestock business while minimizing the
risk of losses. Fuzzy set theory can be used to model the uncertainty and vagueness in the market
conditions and customer preferences, and the MCDM technique can be used to evaluate different
marketing strategies based on multiple criteria such as profitability, market share, and customer
satisfaction. By incorporating the principles of fuzzy set theory and MCDM, livestock managers can
make more informed decisions based on multiple criteria and handle the uncertainty and vagueness
that are inherent in many livestock management problems [4,5].

A group of elements (objects) having fuzzy boundaries is represented mathematically as a fuzzy set
(FS), which allows for the possibility of a gradual change in an element’s belongingness to a group,
from fully belonging to not belonging. This concept is put forth in the fuzzy sets theory as a means
of mathematically expressing fuzzy concepts that individuals use to explain, among other things, how
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they view real systems, their preferences, and goals [6,7]. One can select the most effective food loss
and waste drivers to promote sustainability by applying fuzzy decision theory. Systems for reducing
food loss and waste face numerous difficulties that make it difficult to select the appropriate course
of action. When dealing with unstructured scenarios in decision-making situations, classic or crisp
methods may not always be the most effective. In 1965, Zadeh [8] designed fuzzy sets (FS) as a
method to deal with this contradiction. In FSs, Zadeh assigns membership grades in the range [0, 1]
to a set of components. Since many of the set theoretic components of crisp conditions were given for
fuzzy sets, Zadeh’s work on this area is noteworthy [9].

An improved version of the fuzzy set (FS) that contains membership and non-membership degrees
was the intuitionistic fuzzy set (IFS), which was the subject of Atanassov’s [10] research. Over the
past few decades, IFSs have been demonstrated to be helpful and frequently used by academics to
assess uncertainty and instability in data. A single-valued neutrosophic set (SV-NS), which can deal
with inaccurate, ambiguous, and incompatible data issues, was proposed by Wang et al. [11]. SV-NS
has received a lot of attention from academics because it is a potent universal systematic approach. Ye
discussed the correlation and information energy of SV-NSs in [12]. The use of SV-NSs as a decision-
making tool was subsequently investigated by many researchers [13—15]. The idea of a neutrosophic
rough set (RS) has been described [16], as a the generalization of fuzzy rough sets (FRSs).

Despite the fact that these methods effectively capture uncertainty, they are unable to simulate
circumstances where an expert’s refusal to make a conclusion plays a significant role. Consider a
scenario where a panel of six experts is asked to choose the best applicant throughout the hiring
process, but two of them decline to make a choice. The number of decision makers is regarded to
be 4 as opposed to 6, i.e., the refusal-providing professionals are completely disregarded, and the
decision is established using the responses given by the 4 determination-providing experts only, when
analyzing the informative data using the existing methodologies [17]. This leads to a huge loss of
knowledge and might produce subpar outcomes. Zhu and Xu [18] developed probabilistic hesitant
fuzzy sets (PHFSs) to handle such refusal-oriented instances. The review makes it obvious that (i)
the HES is a dynamic support structure with a capacity to reduce subjective randomness, (ii) it also
makes it easier for experts to gain insight into preferences, and (iii) it ignores the likelihood that each
element will occur. Zhou and Xu [19] proposed a generalized structure known as probabilistic hesitant
fuzzy information (PHFI) that assigns an occurrence probability to each element in response to the
claims stated in the systematic review. By doing this, it is possible to determine the confidence of each
element, which serves as potential data for MCDM [20].

When making decisions, especially in MCDM, where several criteria or considerations must be
taken into account, aggregation operators (AOs) are essential. The knowledge or preferences of
decision-makers or stake holders are combined using aggregate operators to get an overall score or
ranking for each alternative under consideration. The ordered weighted averaging (OWA), weighted
product, weighted average, and Choquet integral are some common AOs used in MCDM [21-23].
Depending on the preferences of the decision maker and the characteristics of the choice problem,
these operators have various qualities and are useful for various decision-making scenarios.

The Einstein aggregation operator (EAO) is a powerful and flexible aggregation operator used in
MCDM. It was introduced by C. Carlsson and R. Fuller [24] in 2001 as an extension of the well-known
weighted average operator. One of the unique features of the EAQ is that it allows the decision maker to
specify a set of “aggregation weights” for each criterion, which represent the relative importance of that
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criterion compared to the others. These weights can be different for each alternative being considered,
and can even vary across different levels or dimensions of the criteria. In order to more accurately
represent complex and uncertain decision-making problems, neutrosophic information with quaternion
context and a hybrid model that combines various uncertainty measures and builds a relationship
between alternatives and criteria are also presented. The literature still lacks research on the new
operators for decision-making used in this study. The creation of novel AOs is specifically required
in order to manage the complexity and inherent uncertainty of decision-making situations employing
SV-NPHFRS in a more effective and efficient manner. There is a need for their application to larger
and more sophisticated decision-making situations, as the previous literature has mostly concentrated
on using these AOs to solve small-scale decision-making challenges. The potential of these AOs
in domains other than decision-making, such as forecasting and pattern recognition, also needs to be
investigated. The development of new operators for SV-NPHFRS that can better capture the complexity
and uncertainty of decision-making problems, as well as assessing their efficacy on larger and more
complicated decision-making problems, could thus be the main areas of future research. To fully
explore their potential and limitations, research on the use of these operators in contexts other than
decision-making is also necessary. Based on SV-neutrosophic rough sets (SV-NRSs), in this article,
we propose some new AOs because of the following reasons:

(1) Decision-makers have more discretion as a result of SV-NPHFRE-AQO’s integration of neutrosophic
logic, probability theory, hesitant fuzzy sets, rough sets, and Einstein aggregation operator.

(2) SV-NPHFRE-AO can handle different types of information, such as qualitative and quantitative
data, linguistic terms, and probabilistic information, which gives more flexibility in decision-
making.

(3) SV-NPHFRE-AO can integrate multiple criteria in decision making, allowing decision-makers to
consider multiple factors that are relevant to the decision problem. This is important because
many real-world decisions involve multiple factors that must be considered, and SV-NPHFRE-
AO can help decision-makers to prioritize and weigh these factors appropriately.

(4) For first evaluation, SV-neutrosophic weighted averaging (SV-NWA) and SV-neutrosophic
weighted geometric (SV-NWG) AOs are unable to take into account the familiarity of experts
with the investigated items, while SV-NPHFREWA and SV-NPHFREOWA AOs may.

(5) This article sought to address more complicated and advanced data due to the clarity of the
SV-NPHFREWA and SV-NPHFREOWA AOs and the fact that they cover the decision-making
technique.

(6) We also use the neutrosophic data in quaternion context to find the relationship between the
decision making objectives.

(7) Two types of information are typically needed from evaluation specialists in real-world decision-
making challenges (called Positive and Negative): Performance of the assessment objects and
expertise in the evaluation sectors. All currently used methods only consider positive data and
lack negative information in the experts’ assessments. The proposed work covers the limitation
of all existing drawbacks.
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Consequently, the following are the research’s results:

e To begin, we recognize from the scientific literature the theory of SV-neutrosophic probabilistic
hesitant fuzzy rough sets.

e We undertake the development of new AOs like SV-NPHFREWA and SV-NPHFREOWA AOs.

e An illustrative scenario to show the applicability of the suggested decision-making approach is
provided, along with a sensitivity analysis and comparison analysis, that demonstrate that its
outcomes are realistic and reliable.

2. Preliminaries

Let us through the basics of fuzzy sets, including intuitionistic fuzzy sets, neutrosophic sets, single-
valued neutrosophic sets, and probabilistic fuzzy sets, in this part. Once they have been vetted, these
ideas will be applied here.

Definition 1. For a fixed set 8, a FS [8] J in B is denoted as

3 ={(&.vs &) IE €B),

where each &, € B, the membership grade vy : B — A specifies the degree to which the element &, € 3,
where A = [0, 1] is the interval.

Definition 2. For a fixed set 3, an IFS [10] 3 in B is mathematically described as

3 =&, vs (&) . T3 (N IE €Y

For each &, € B, the membership grade vy : B — A and the non-membership grade t5 :  — A
specify the membership and non-membership of &, to the intuitionistic fuzzy set 3, respectively, where
A = [0, 1] is the unit interval. Moreover, it is required that 0 < vy (&) + 7y (&) < 1, for each &, € .

Definition 3. Let N be a fixed set, and & € N. A neutrosophic set [11] ¢ in N is denoted as

belongingness function vy (&,), an indeterminacy function ts(&,) and a non-belongingness function
Ty (&). vy (&), Ty (&) and Ty (&) are real subsets of 10~17[ and

vy (&),15(&), Ty (&) : N — J0™17]

The representation of neutrosophic set (NS) ¢ is mathematically defined as:

¢ =&, vs (&), 73 (5), Ty (6))) 16 € N},

where
0 <&,vg (&) + 15 (&) + Yy (&) <37

Definition 4. [11,25] Let N be a fixed set and &, € N. A single-valued neutrosophic set (SV-NS) B
in N is defined as truth membership grade vy (&) , an indeterminacy membership grade Ty (&€,) and a
falsity membership grade Vs (§),). vy (&), Ty (&) and Yy (€,) are real subsets of [0, 1], and

vy (&),73(&), Ty (&) : N — [0, 1].
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The representation of single valued neutrosophic set (SV-NS) B is mathematically defined as:

B = {&,v3 (&) ,7135 (&), T3 (6)) & € N},

where
0 <wvyg (&) +713(65) + Ty (6) < 3.

Definition 5. For a fixed set 8, a probabilistic fuzzy set (PFS) [26,27] 3 in B is presented as

I = (& (&) /En) 16 € BY,

where (&,) a subset of [0, 1], and (&,) |2, represents the membership degree of & € B in 3. And E,
represent the possibilities of (&,), with constraint that ), =, = 1.

Definition 6. A quaternion neutrosophic set (QNS) is given by NQ : N — [0, 1] such that
No(&i + 7j + Tk) = min{X(£), Y(7), Z(T)}

for some (&,7,) € Ng and X,Y,Z € %NQ, where %NQ is a quaternion neutrosophic set. For better
understanding X, is called the membership function, Y is called the indeterminacy function, and
Z is called the non membership function. Here the function satisfied the following condition for a
quaternion neutrosophic set (QNS) as

0<é+7+7T<3

and
& 1,7T) — [0,1].

Definition 7. Let 3, = (v /2,7, /@ .Y /¢ ) and 3, = (v,/Z,.7_[w T |@,) be two SV-NPFNs. The
basic operational laws [28, 29] are defined as

U (max(£/E1,6/52), U (min(A /@y, Ay/@3)),
f1ev.Eres, A €Tz eI
€02, ez A €Ty 0y,
1 J,uUb, = 2 . ,
: U (min(o/é1,02/¢2))
0,€T 910,
0,€1).65¢9,
U (min(§1/E1,6/5), U (max(Ai/@y, Ay/@2)),
§1€v1,Erez, A ET| 5T
&Erevy,Encs A €T) e,
2 9, nY, = 2 ,
U (max(o1/é1,02/$2))
0,€T 919,
0,€T) 659,

3 95 ={1./¢.7, /.0, /Z}.

Definition 8. Let 8, = (v1/Z1,71/@1,1/¢1) and B, = (v2/Ey, T2/ @2, T2/ h2)
be two SV-neutrosophic probabilistic hesitant fuzzy numbers (SV-NPHFNs) and n > 0 (€ R). Then,
their operations [30] are presented as:
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U E+&E-6E/EE),
§1evL.6r€
E|€B|,Epe=2
U (A As /@ 1@2),
(1) 81 (&%) 32 = A]E‘r1 ,AZETZ 5

wlewl KopXSio)

U (0102/¢192)

01€Y1,0,€T>
P1€P1,02€02

U (&&/EE),
flevl ,§zev2
2)e8, . 5eE)
U (A1 + Ay — AN Ay 1@2)
(2) 81 ® 52 = A]ETI,AZETZ s
W€EW],WEW?
U (o1 +02—0102/$192)

01 erY’1 9@2 €T2
P1ED1.P2EP2

§1€v Eleg, A €T 5 e 0,€Y 9,01

3) nY, :{ U a-a-&"E&n, U (Aill/wl), U (Q?/¢1)},

) 57:{ U (=), U (Alm), U (1—(1—91>"/¢1>}.

&1€v1,B ez, NET) T iem, 0,€ g ed1

Definition 9. [31,32] For any SV-NPHFN 3 = (U[g /By, Te /@y, Lo,/ </)b) , a score function can defined
as

1 - 1
p(S) = (M_g Zé“:evfh,szesfb (& - :*J)) - (N_s ZA;erfg,w;ewgb (A5 - wl))
1
- (Z ZQ:GTZ;,aﬁ:EWb (0 ¢J))
where My represents the number of elements in v, Ny represents the number of elements in 7, and
Zg represents the number of elements in V¢_.

2.1)

Definition 10. /31] For any SV-NPHFN J = (Ugg /B, Te /@y, Lo/ gbb) , an accuracy function is defined

as
1 =, L .
5(8) — (M_g Zfzewb,sjesgb (‘fA : ‘—‘4)) + (NS ZAJET[;,WJwab (A wi))
1
+ (Z ZQJGnga¢J€¢[b (03 ¢3))
where My represents the number of elements in v, , Ny represents the number of elements in 7,_and
Zg represents the number of elements in (.

Definition 11. Let 3, = (v, /5, .70, /@, T, /9y, ) and B, = (% S0, [, /¢|,2)

be two SV-NPHFNs. Then, by using the above definition, comparison of SV-NPHFNs can be described

as

(1) If p(31) > p(3s), then I, > T,

(2) If p(31) = p(32), and £(By) > £(T,), then 3| > T.

Definition 12. Let 3+ = (vgbT /B, Te, [@y Ve, /¢bT) (T=12,...,p) be any group of
SV-NPHFNs, and I’ = (I'1, 15, ....,F,,)T are the weights of 3+ € [0, 1] with Z’;zl I't = 1. Then, we

have the following.
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(1) The SV-neutrosophic probabilistic hesitant fuzzy weighted averaging (SV-NPHFWA) AO [33] can
be described as SV-NPHFWA

o1 ., (1-&,)' /I Ey,,
STEVg
ESTGEST .

I’ (As )™ /17 :
1908y = | ng Dy, et Be) @ 2.2)

Wy €T

U (03,)" /MY _ s

05+ €Ty
b5+ €P3+

(2) The SV-neutrosophic probabilistic hesitant fuzzy weighted geometric (SV-NPHFWG) AO [33]
can be described as SV-NPHFWG

U °_, (&,)" /II_ Es.,
STEVg T
ESTEEST .
1-11”_ (1-A T oy,
(31,95,...5,) = " =t (1= As ) @ | (23)
Wy €ETY
U 1-T°_ (1-p3,)" /IT_ ¢,
Y
ﬁ:;gi

Definition 13. Ler 3+ = (U[bT [Eb, 7o, [@y,, Ve, /¢bT) (T =12,...., p) be any group of SV-NPHFNs,
I acry be the jih largest in them and T = (T'y, T, ....,T,))" be the weights of 3+ € [0, 1] with o Tr=1
Then, the SV-neutrosophic probabilistic hesitant fuzzy ordered weighted averaging (SV-NPHFOWA)
AO can be described as

SV — NPHFOWA(S,,9,,....3,) (2.4)

|
.
&
Z
S
ﬂ
NS}
&
Z
S
S
S
ﬂ
<
&
>
S

U 1- Hﬁ:l (1 a gfwr) )FT Hi— SEN

o5 Vg A
= (25
Iam  IAm

U Hﬁ:l (ASA(T))

A €T,
Iam  Iam

w €W
Iam  Iam

I+
U Hizl (TSA(T)) /Hizl(ﬁf’/\(r)

T S
I Scf’Am

It

p
/HTzlwsA(T) ’

€
IAm %A(T)

Definition 14. Let 3+ = (vy,_ /5, .70, /@y . Vs, /¢y ) (T = 1,2,......p)

be any group of SV-NHFNs, 3 is the jth largest of Iny = pI'+3+ (T = 1,2,....,p). Then,
the following aggregation operator with aggregation-associated vector T = (['1,Ty,....,T,)’ where
[ e[0,1], X7_, T+ = 1, can be described:
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SV-neutrosophic probabilistic hesitant fuzzy hybrid weighted averaging (SV-NPHFHWA) AO [33]

SV -NHFHWA(3,,3,,..,3),) (2.5)

|
.
2
=
@
=
[38)
(&
=
B
@
@
.
&
=
S

I't —
U 1- Hi:l (1 - éYf‘z\(r)) HizldSA(T)’

E3er) EUS,\(T)
= €=
Sam T 3am

I'r
U Hi:l (A3A<T)) /H{LleA(T)’

A 1S4
Iam  Iam
w €Ew.
Iam IAm

rr
U Hi:l (QSA(T)) /H$=1¢SA(T)

eY
Caem " B

¢5A<T> G%A(T)
3. Construction of single valued neutrosophic probabilistic hesitant fuzzy rough sets

The single valued neutrosophic probabilistic hesitant fuzzy rough set (SV-NPHFRS) is a hybrid
structure of rough set that we present here. We also introduce the SV-NPHFRS’s scoring and accuracy
features, as well as its basic operational rules.

Definition 15. Assume universal set U and let 3 € SV — NPHFRS(U x U) be a SV — NPHF
relation. The pair (U, 3) represents a SV — NPHF approximation space. Assume € be any subset
of SV — NPHS(U) i.e., ¢ € SV — NPHS(U). Then, on the bases of SV — NPHF approximation
space (U, 3), the lower and upper approximations of € are represented as 3(€) and 3(€), given as the
following:

3(6) = {0 V5 (O)/E 0 A5 (0O T 0 T (@), ) | € T,

Q(f) = {(0', Ug(f)(o')/amw Ag(t’)(o-)/w/(a)’ Tg(f)(o')/(baa)ﬂ(?' € U}»

where
Vs @/E = Vieolvs(,D/E,, V us/E,,,
Asp /@, = NeplAs(oD/@,, AAs(D/@,,],
Y500/, = NeolTs(o,0)/@,,, A Ts(D)/P,,];
vso(/E,,, = Aeplvs(o,)/E,,, ANvs(D/E,, ],
As(o) /@, = AeplAs(o,D/m,, AAs(D)/T,,],
Y5/, = VieolYs(o,0/d,,, V Ls()/ ¢, ]
such that
0< Ug([)(O')/E[(J) + Ag(f)((r)/w[m + Tg([)(O')/@w) <3,
and

0< Ug(g)(a')/E[(a) + Ag(g)(a')/w[(g) + Tg(g)(O')/(ﬁ[(w < 3.
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As 3(¢) and 3(¢) are SV — NFS's, so §(€),§(£) : SV -NFS(U) — SV - NFS(U) are upper and
lower approximation operators. So, the pair

{o, <((U§([)(O')/E[(U), Asp(0)/@,,,, TQ(é’)(O')/‘/’mr))) "o et
((Uﬁ(f)(o')/ Eior M50 (0T > T30/ ¢“">))

is called a SV — NPHF rough set. For simplicity, it can be denoted as

Fror/Eior Lo/ P riors oo/ Do) }
e[ Bogys Dttcor) [T s L) [ D)

J(6) = (3(6), () = {

3(0) = (g(), 3(0)) = {

. Vg 1200 Mg, [Ty, Utn By Mg [Ty,
Definition 16. Assume R, = ( % ,;(, 02RO N and R, = 2 ,;(,2” BT ) be two
Ug, /¢[("1) U, /¢[((r2)

SV-NPHFNs. The following are the basic set theoretic operations:

(1) RiUR, = U max (U, 0y), U min (v, v2), U min (4;,4,) ¢,
U1ty | ey 18y ey Ny ey
V28Vt ) Ettry) 2h ey Ty 2oy Bery)

2) RNk, = U min(U;,0y), U max(vi,v), U max(4;,42)¢,
UIEU(‘RI /EZ((TI) VlEA(%] /ml(u'l) ‘“ETf‘Rl/d)l(‘rl)
Uzev(%Z /E[(U.Z) vzeA€%2 /w[(("z) AzET[%Z /¢[<U.2)

(3) %? = {T&Rl /¢[((r|)’ Afy{l /wf((r])’ U&Rl /Ef(o-l)} .

Definition 17. Assume R is the universal set and i C R X R is a (crisp) relation. Then, we have the
following basic crisp sets properties.

(1) #i is reflexive if (O, ©) € #, for each © € R;

(2) his symmetric if YO,a € R, (©, a) € #i, then (a,®) € #;

(3) his transitive if Y ©,a,b € R,(0,a) € R and (a,b) € h — (O, b) € h.

Here, the reflexive, transitive and symmetric properties are same as the crisp sets.

Definition 18. Assume F is the universal set. Then, any subset h € SV — NPHFRS (F X F) is said
to be an SV- neutrosophic probabilistic hesitant fuzzy relation. The pair (F,h) is called a SV-NPHFRS
approximation space. If for any A € SV — NPHFRS (F), then the upper and lower approximations of
A with respect to SV-NPHFRS approximation space (F, 1) are two SV-NPHFRSs, which are denoted
by 3(A) and 3(A) and defined as,

) = {(0.vy, (©)/E, A, O)/Tr, Ve )io e F},

A = (0,1, (©)/Bry Aty (O Ty Ty (©) /ey, ) O € FY,

(©)/¢e.

J(A)

where

v, (©)/Z = \/ [v6©.) \/ ve, 0]/ \/ [20(©.0) \/ Ze,0)]

XEF XeF
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Asy, (O, = F[Afh«a,x) A Aa)]/ AF [@4,©,0) /\ @, (0]
Uto (©)/Zgy = X: v,©.0) /\ ve,(0)]/ K:[th(@,x) A Zat)],
Aty (©) /@y = [A6©.00) \/ Ap, (V)] jv |@,0,0)\/ @, (v)]
Tr., (©)/Z = XEF [76©.0 \/ Te,00)] /X\z 64.0,0)\/ ¢0,0)]
Yiy(©)/Eh, = X: 60,0 N\ Tr,(0)] /Z [66.©.0 \ ¢0.00)].
e e
such that
0 < (max(ve,, (©) + (min(A, (©))) + (min(Tr,, (©))) <
and

0 < (min(vzy, (©)) + (max(Ar, (©))) + (max(Ag,, (©))) < 3

As (3(A), I(A)) are SV — NPHFRS, 3(A),3(A) : SV — NPHFRS(F) — SV — NPHFRS (F) are
upper and lower approximation operators. The pair

h(A) _ (Q(A), g(A)) _ {< |, (Ufg(A)(®)/Efs<A)a Afg(A)(®)/w£’s(A)a Tt’g(/\) (®)/¢55(A)) > > |® c A}

®, (v, (©)/Z, (©)/ @ty Vs, (©)/ 1y, )

J(A) S(A) I(N)

will be called S V-neutrosophic hesitant fuzzy rough set. For simplicity,

A(A) = (C) ( f::(m(@)//E[g(A)a Af:r(A)(G)/?Ht’g(A), ng(A)(®)/¢[§(A)) ,
(v, (@)1 /¢, (©)/@y (©)/¢r;, NIO € A

sy’ 5(/\) 3(A)
is represented as

RSN 8(/\)

and is known as SV-NPHFRSs.

Definition 19. Here, we define the SV-neutrosophic probabilistic hesitant fuzzy rough weighted
averaging (SV-NPHFRWA) AO by using Eq (2.2) as

(31,95,...3,) (3.1
3,.9,,....8)
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Definition 20. The SV-NPHFRWG operator using Eq (2.3) can be described as

|

Definition 21. The SV-NPHFROWA operator can be described as, using Eq (2.4),

AIMS Mathematics

T
/4 T P =
P Ler 1- HT:I (1 - §§T) /HT:I“‘ST
59T
EgTeigT

U 1-1_ (1-& ) /M0 Es

A SV,

Sy, By,

I
P _ T 4 _
U HT:I <AST) /HT:ITDST
AﬁT €75,
Ty, €w§T

T
U Hi:] (AQT) /Hizlw&
Ag. €tg,

@5, €T3y

T,
p _ P

U H:](QgT) /HT:]¢3T

o5, Y5,

5,45,

I
UT 7 _ (0s,) " /M2_ ¢35

03, €la,
CAREAR

(91,92,...,3,)
3,.9,5,...3)

U Hljr:l (élﬁT)rT /le):lai

fg‘revﬁ_r

:'ST E:.BT

I
14 T P =
p LEJU 7, (‘fQT) /HT=1“§T
ITEVI L
By, €2y,

U 1-12 (1-gg ) /T2 45,

(3.2)

(3.3)

(3.4)
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30,5,
(3,95,

500
J,)

=p

= €u_
§gA(T) Sam)

= ex_
Iam  Iam

€
ng(T) UQA(T)

= €=
SAm T 3am

T €,
A é:QA(T)

€
Sam T 3Am

re
Y -1 (1 - %Am) .

U - Hf':l (1 - éYQA(T) )rT /H{?r=

I'+
U (A, ) e,
A e Iam
Iam  IAam
W— -
Iam  Iam
P I P
U HT_I(AS ) P @
= SA(T) T=1
A €T
A 3am
€
REINC N IV
I+
I’ (. I’ ¢
U T=1 IAT / T:1¢
_ €é_
Iam IAm
. €eP_
Iam Iam

't
U H:'ZI (TEMT) ) Hi:l ¢§A(~r)

Definition 22. The SV — NPHFRHWA operator, using Eq (2.5) is as

AIMS Mathematics

9

]

192,00 3,)
I,.03)

3= LTI

3.5
=85
9
=
17351
RING)
’ . (3.6)
BINGS)
RING))
(3.7)

Volume 8, Issue 9, 20612-20653.



20625

I+
Pz
)z,

I

— 117 -

U 1 HT:] (1 gg{\

é:ﬁ cv_ (T
AT Bp

= ex_
Iam  IAm

I'+ —_
U 1- H{')'ZI (1 B éYQA(T)) /H{?r:]:@/\m

€
ng(T) UQA(T)

= €=
SAm T 3am

I+
U (A, ) e,

A er I = 3am

Iam  Iam
wW—

_ A TAm : . (3.8)

U Hi:l (A§A<T) )FT /Hizlw

g

A er =AM
A 3am

w €W,
SAm T 3am

re
U e (QSAm) [T

o- €Y
Iam  Iam
_ ep
Iam  Sam

Iam

I
U 7, (QQMT) ) I ¢§Am

eY
5am = Sam

€
Sam T 3am

(3.9)

Einstein operational laws based on SV-NPHF'Ss

The application of t-norms in FS theory at the intersection of two FSs is widely recognized. T-
conorms are used to model disjunction or union. These are a straightforward explanation of the
conjunction and disjunction in mathematical fuzzy logic syntax, and they are utilized in MCDM to
combine criteria. The Einstein sum (&,) and Einstein product (®) are case studies of t-conorms and
t-norms, respectively, and are stated in the single valued neutrosophic probabilistic hesitant fuzzy (SV-
NPHF) environment as follows.

T+ (1-8)(1-3)

Based on the above Einstein operations, we give the following new operations on SV-NPHF
environment.
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Definition 23. Ler 3, = (v{;bl 5,70, [@, T, /¢b1) and 3, = (Ugbz/Ebz,Tgbz /wbz,‘Y’gbz /¢b2) be two

SV-NPHFEs and n > 0(€ R). Then,

@ 9,89, = Aleszl(/b),AZEbez(/b>

w1 Embl ,wz€w|,2

o1 G‘Y’zbl (1)+0, ET% )
P16y, P26y,

&1 evr, Uy)£2€Ve,, 1)

R

2) 9,09, = Aleféblub)’/\zﬁgbz(zb)
ID']E‘ID'b] ,wzewbz
Ti+7T
U (12 /1)
Ty eftbl (SR ¥ €§€b2 Uy
P1€dy, p2€y,
U ((1‘*‘51)'7—(1—51)"/: )
A+e)T+(1=¢y1 1 =1) >

§1€vzbl ty)-=1ezy,

2A"
3) n3; = U (W/wl)

Al ET[bI (lb).wlewbl
2,91
G/ ¢1)

Qlechl(lb%‘ﬁlE‘pbl (

o /=
- @-&y+@E) =1
flewbl Uy)-E1esy)

(A+ADT=(1=A)"
@w=! U (R - —Am/wl),

A ETibl )@ €@y

€ ET{,}I Uy)d1Pby

4. SV-Neutrosophic probabilistic hesitant fuzzy rough Einstein aggregation operators

bt+& = =
U (f22/2:52),
£1€ve, ,)£2€06,) 1)
=€, ZpeEhy
lASTAY)
U (1+(1—A1>(1—Az)/w1w2)’

0102
U (1+(1—91>(1—g2>/¢1¢2)

&b = =
(1+<1—51><1—§2>/“1“2) ’

Ar+A
U (1+1,;A22/Wlwz),

(o)'=(=0)" _ (1 _ v
((1+91>"+<1—91>" (1-01"/91)

In this section, we develop several new Einstein operators for SV-NPHFRNSs, namely the single
valued neutrosophic probabilistic hesitant fuzzy rough Einstein weighted averaging (SV-NPHFREWA)
operator, the single valued neutrosophic probabilistic hesitant fuzzy rough Einstein ordered weighted

averaging (SV-NPHFREOWA) operator.
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Single-valued neutrosophic probabilistic hesitant fuzzy rough Einstein weighted averaging operator

(UBT I8 lw Y5 ¢BT)

Definition 24. Ler 3+ = {(v 5 ot w6 )
b/ = To /Wb s Ly P,

NPHFRNS.

I' = T4,I5, ....,FP)T are the weights of 3+ € [0, 1] with Z’;Zl I't = 1. Then, SV-NPHFREWA:
SV-NPHFRN?” —SV-NPHFRN such that

55 5 (M) (013, ) @
SV - NPHFREWA { Eﬁl’ 52’ SP; } = (F2.852) (Fz.ggz) Dy ... D
J,9,,...8 AW
I s
is called the single valued neutrosophic probabilistic hesitant fuzzy rough Einstein weighted averaging
operator.

v [ T Jor T

Theorem 1. Ler 3+ = ( “T/_bT "T/ b bT/%T) (T = 1,2,....., p) be a collection of SV-
(v, /27, S0 .0, 1)

NPHFRNS .

Then, we can achieve the following:

(81,95,...3))
SV — NPHFREWA (4.1a)
3,.9,....9,)
U
_é:TJTEzﬁT
. .:‘gTEC‘ST -
Hf}r:l(l+%-r)lj7n¢=1(17%‘r)lf/ P ==
(g, ) T (1, ) T ,
U
£9, €V,
r :‘QTELQT r
0 (vt ) T-10_ (1-£&5.) " =
; l( 7T)I'T ; ]( 7T)1_T /H{)F:I':QT
It 1(1+f°‘ ) +HT:](17§§T)
U
A57€T§T
WSII_E‘ID'ST
o (ag,)”
I’ ws
_ : i —/I_ @5 , 4.1b
T T i
T
2H¢=|(A§T) - /HP Ty
As Ers, 0 (-As, ) o0 (ag )T
WQTEWQT
Y5, €65,
%FE%T
2“’;=1(T§T) ! P
/L b5
(=g, ) T (g ) T
U
Ty, €5,
b3, €dg,
a?_ (vg, ) »
N - It Tp I /HT=1¢§T
HT:l(Z_TQT) +HT:1(T§T)
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where I' = (I'y, I, ...., Fp)T are the weights of 3+ with 't € [0, 1] with Z’;:l I'r=1.
We will demonstrate the theorem by mathematical induction. For p = 2.

_ (3,9, | _ (Fl-sgl)(rl-sg )@s
SV NPHFREWA{ (gi’gz) } B { (Fz.ggz) (1“2.8122) .
(F31) (108, ) @ }is

Since both (I'y..5) (I'1..3,) and (T..3,) (I2..3,) is also a SV-NPHFRN, { (12..5) (2.3,)

Proof.

a SV-NPHFRN.

I Iy
(H%l) _(1_651) /2
'y 't =g,
é:ﬁlaﬁl (H‘%l) +(1_$51)
.2516:‘51 ,
(]+§51)r1_(1 fgl)rl =
Iy 1"1/ A
¢y, vy (1+$51) +(1_§31)
_216531
I
2(1s))
U T T /Wg]
Aﬁlerﬁl (Z—Agl) +A§l
— ID'SIE‘ZUSI ,
2(A§1 )1'1 /
r O I3
AJIETgl (2—/\51) +(/\§1)
w‘glew':yl
I
g Al
r, I 17y,
‘Y‘gl 6551 (2_T§ ) +HTg )
1 1
#5,<05,
r
2(ry,)
11 T /¢§1
Ty, &by, (2-Ty, ) '+(Ty,)
#3, €43,
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EQZEEQZ
I
2| As
U ( S’2) /
As eTg 2 B 3
5,675, (2-As | “+(As
2l 9 9
1U§2€”ZU§
b
2
2(A§2) /ZD'
r, ) 9,
Ag, €T3, (2_/\22) +(A52)
13526’(332
)
21 T=
( 1:‘2) /¢7
I 1 17Y,
T3, €65, (2-‘1{"3 ) +(‘r§ )
2 2
C

. n/%

Then

SV -NPHFR

Ty, €€, (2_T§2 ) ? +(T§2)
¢3,€¢3,

(3,,9,) } _
EWA =
Lo {

(1 *+é3, )rl _(1_»521 )

(F1..9))(r1.9,) e, }

(12.69,) (123,

Iy
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Egl EEQI

2(A§1 )F1
w;l EID’QI

ry,)"

¢3, €3,

I §1€vy, (l+§51)rl+(l_§5|)

Ag, €y, (2_A§| )1“1 +(A§] )

Ty, &3, (2_Y§1 )rl +(T§1 )

ry /Egl s

Iy /w§1 s

) /¢§1
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(1+§§2 )Fz _(l_fﬁz)

I

A
T, T, / =5
ot (1[5

&evg, (Hf&z )r2+(1_§§2) —

Egz €E§2 EQZ 6522
2(Ag, )2 2(Ag, )2
( rZZ) T, / 9, ( 52) T, /wgz s
A§2€T§2 (2—/\32) +(A32) AQZGTQZ (2—1\22) +(A§2)
wﬁzewﬁz w;zewb
)
2(r5,) 2ry,)"”
5 s5/és, || U W/‘pﬁz
5,65, (2 ‘I‘gz) +(T§2) Ty, €y, (2-13,) *+(73,)
¢§Ze¢§2 ¢3,€¢3,
Iy ' ) )
S N
T T T T
T I I o
L:J = ee | fioes ) ! (1 2 (e )2 /_‘31‘_‘32
§1€v81,r§1€:§1 1+ (+§81)r ( Ul)r . +§§2)r ( ‘5, .
£ ng’—gze—gz (H_fg ) 1+(1_£§ ) ! (]+§‘§ ) 2+(1—£§ ) 2 s
| 1r]_1_ lr] . I22_1_ I22
(+‘$§1 )1_ ( 3 )1_ +( +§§2)r ( scﬁz)
U (H‘fﬁl) 1+(17‘f§1) 1 (l+§§2) 2*(17‘522) ’ /g B
T T T T/ —
S ) G s U
£y, Sy, <Ey, 1+y F1+(l—§§ )Fl (1+§52)F2+(1 fgz)rz
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é"lElIgl ,Egl EE;I 1+{(l+£51)
(13,

bs)”
2| 2| Ag
[( " re l"22 T2
2-Ax | HAs 2-A< | TH{As
31) ( 51) ( 52) ( 32) -
A e ,U, o T 7/ @s5,@s,
NI s o 1- s,
5,'9,"75,73, T N r, )
(-15,) (s, (-15,) s, ;
)" ] [ )" ]
r Iy r I
U (-ag,) +(rs, ) (-2g,) *+(rs,) |os @
A (A )rl 2(/\ )r2 5,95,
A§1 egﬁl’w&fwgl 1 3 — | 1- Iy -
To @
BT (2_A§1> +’\Ql) 1 (2_/\5 )r2+</\§2) ’

Tgl efﬁl ’¢§1 e¢§1

ng eggz ,%2 €¢§2 1 +[1 - (
2-Y-

Ty, €3,.93, €43,

T3,%3, 3,3,
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(1+'§:§l )F1 _‘E(H»fiz )Fz _(1_’{21 )F] ‘5(1_@2)

(1+§§l )r _ 8(1+§32)r2_(1_€31 )rl 's(l_gﬁz)rz /:7 _—
& Evgz ,Egz 5552

I

U

flevgl ,321 EEQI
§2€U§2 ,:gz G.:gz

(1+§§1 )rl_'s(Hsz)

I

I

+(1_§§1) '5(1_522)

Iy I
2(r5,) (A3,)
r T I I / gl 52
As €15 o5 €@g (2-a- ) ' (2-Aas ) Z4(A A
557975, 575, (2-Ag, | (2-Ag, | HAg,) lAs,
— Agz E‘rﬁz ,maz Emgz ,
't )
2(Ag,) '(As,) | @
r r I ¥ 5,ws,
Ag, € € 2-Ag. ) 'o(2-Ag,) 2+(A A
9, €73,,73, €Wy, ( - 21) '8( - 22) +( 21) '8( 9,

A§2 GTQZ ,wgz Ewgz

ors) (r5)°

Tgl Egﬁl ’%1 e¢§1 (2_T§

ng E532 ,¢§2 3,

Tt

21s,)" (v5,)"

I

v5) {rs) (s

ng &3,43,<3,

Thus, the result holds for p = 2.
Assume that the results holds for p = y
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Ty, by, by, by, (2-T3,) ' o(2-

Iy

Ty, )Fz +(Y§1 ) 'S(Tiz)

T / ¢§1 ¢§2

= /99,93,
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SV - NPHFREWA

(§1,§2, vee
(;11»;12’--07

U

f‘reUgT

- EgTEEgT
X T o
HT:1(1+%T) _HT:1 1_‘—%1—

¥ (1+$ )FT+HX (1—&)
T=1 °3r T=1 >3

U

§T€U§T

;QTELQT

ey

1S

R

It

= /11

=
T=1"9+

e (es,) () oy o

I, (v, ) I (1=, ) T=1

Ag_r ETST
ng E‘lﬂg_r

It
24
ZHT: 1 (Ag_r )

X o
HT:I (2—A§T) +HT= 1 (AﬁT )

U

Ay €T3,
ﬁjQTEGjQT

o (s,

lTYr:l (Z_AQT )rT +H:'= 1 (Ag‘r )

Tg_r E%T
5, 05,

I'r
AT, (TﬁT )

X T
HT:I(Z_TﬁT) +HT:1(T§T)

X —
It l_Lr:l(pf]T

TQTeng
P35, €05,
X It
2“T= 1 (TQT )

/TE_, s
H)'(F:l (2_T§T )FT +H/‘YF:I (TET )rT ! ¢7T

Now we will prove for p = y + 1

SV — NPHFREWA{(31, 32, ... 3,103}, 5y, o 3., D)

= SV—NPHFREWA{ 5
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(31,9, ...

O os e

i

s

9,

—X

} e {(r)(+l -ag)(+l) (F)(-H €

3

=x+1

)
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Hﬁ:l(HE@)FT*HLI(F%T)IT/HX =
T T =1"
= H)-(rzl(l"'fﬁT) T+H)§*l(l_£37)-r T=1"9-
9
¥ It rr
HT:1(1+E§T)F (1 &’T)r JTE_ =g
T T LS
ar_ (A= )"
e
5, €75, T (2-A5,) T+ (A5
cwy
9
2w B
HT:II'(AQT) It /H/}/I'ZIWST
oy, T (o-ha, ) (ra,) :

@y E‘wg_r

STE It H)'(le(z_TﬁT )FT +H)'(F:1(T§T)

Ty, €y, T (Z_TQT )FT +IT, (TQT)

o (1)

X -
I HT:1¢ST

ot (10, )

It /H/YF:lgbgT

I I
x+1 x+1
T

/T
)FXH =Ty

U r,\/+l
geevs,,, (1+6s,,,) " H{1-6s,.,

':'5,\/+1 e':'g,\ﬂrl

T T
x+1 x+1
(1+§§X+1 ) _(1_§2X+] )

/':
)FX+1 =3

r,y+l
Sl Vg, (1+§s)(+1) +(1_§§)(+1

:‘Q)(+l E:‘Q)(+l

1")(+1
U 2(/\%1 )

T Ty /WSX+1
Ag,  ETgx41 (2—/\3 )“ +(Ag
@y ewy x+1 x+1
x+1 x+1
r
x+1
2(A5X+1)
/@3
Tyt y+1

Iyt
Ag, . €T+ (2—/\3)(+1))(+ +(Ag)(+1
ng+leng+l
I
x+1
s,..)
Fy+1
TS)(+IE§S)(+1 (Z—Tg )X+ +(T5 )
¢ ) x+1 x+1
5X+I SX+I
T
x+1
3,

Ty+l
Tg)(+leé:§x+l (Z—Tg )X +(Yg
¢ ) Zx+1 “x+1
2,\/+l gX‘Fl

Tys1 /¢SX+1

1")("'1 /¢§)(+1
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Thus
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(o [Tt ) e
e T o

E.g.r EEST

e 1ves, )
frevy, T (145, )FT

S35, €Eg,

g6, )
(e, )

2 (Ag )

x+1
- /I
Ag, €5, H)f:ll(Z—AgT) +IKE ‘,(Ag )
W§TGW§T

2 (Ag,)

Ag ers, T (2-Ag ) T+ (Ag, )

D3 €T3,

_ /H)(+1

ZHXH (TﬂT )FT

U

+1 +1
s eg  MEL(2-r5 ) T (vg)
x+1 x+1
5,.1%, .

oy, )

s, w@w)wm»
€¢3

=/ HX+
Ts

Zy+l

)(+1

SV — NPHFREWA {(51,52,

X+l =
M =y

T= 1‘”3

—
-

= /T b5

S99,

ot T 0ot
erevg, M\ (1+65 ) T+l (165, ) T TS =
EST EEﬁT
L (L A (=
Srevg, HQ:I(H{QT )rT +H{;:1(1_§§T)FT =T
EQT EEQT
21 (Ag.) "
U T=1\" "5 /HP o=
: = /o)
Ag ers, T0_(2-Ag ) T+I0_(Ag,) T
w'gT Eng
21_lflr:l (AQT )FT 4
ML @y
AngTgT W oong, ) e (g T
2 (v, ) "

U T=1\"J+ - 17:1 ¢§
T5_ets. e (rg ) e (g ) T T
¢35, 45,

U 20 12,) /M2 _ s

T N
Ty, ey, (2t ) e (g, )
b3, €bg,

gp)(gp gz’ SR g,,)}

O
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There are some properties which are fulfilled by the SV-NPHFREWA as follows:

v /& 1 Jor Y o
Theorem 2. Let I+ = ( br/_bT W /¢bT)
(UPT /.:‘QT > Thy /whr ? TET / ¢QT
be a collection of SV-NPHFRNs, I' = (I'}, T,
p
T=1

I+ = 1; then we have the following:

,T,)" are the weights of 3+ with T'+ € [0, 1] with
(1) Boundary:

[(37)(9)} < SV - NPHFREWA { (31,92, 3

ST @)

where

(mmlgsp mlngﬂTewDT fST/:‘bl‘:bz" .:bp)
2
(max1<T<p MaXgy cv, QﬁT/Eb| E, .....gbp)
_ (maxlgsp maxy, o, Ag. /wblwbz )
(3)@) = T ,
(mlnlgsp Minp - er, AST/gblgbz ..... @, )
T T p
(maxlgsP maxy, g, Ts./éy b, )
T

(m1n1<T<p mlnIgTEerT IST /hb1 bbz

P

{(?) (3)} = (minlsvgp ming - =

ez, N+ /@y, @, wbp)

MaXi<r<p MaXy  er A
T

(mln 1 STSP 1’1111’1?5_r eEl’b
T+

(maxlgs p MAXr, ca,
T

— v (BT o T [fr
(2) Monotonicity: Let (STQ*T) = ( "T/_bT bT/ br? by /¢bT) (T=12,....,p)
(v, / 7, f@ T %)
be a collection of SV-NPHFRNS. If (§T, J T) < (5:, J fr) , while the probabilities are same, then

SV - NPHFEWA(3,,9,,...,3,) < SV - NPHFEWA(3}, 35, ..., 3%).
Proof. Let f(¢) = {3, € [0, 1]. Then, f'(¢) = 7+

p

T < 0, so f(¢) is a decreasing function.
Let{ max (EsT) } ) (mamgsp maxg, e, (fsT))

and
max (a : : )
Xy minj <<, mlnﬁsTebe (QST
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mingming (£
b

| max1<T<” Ma%aq ey, (QST))

{ (mm §5 s (EST) < max (EST) forall T =1,2,..... ,p) }
S

{ )

(Qs ) < min (QST) forall T =1,2,..... ,p)

(5,) < f(min (&) forall T =1,2,.....p
f(mln as (as ) < f(max (QST)) forall T =1,2,.....,p
1 —max(éy.) _ 1-(6y,) 1o mi“@sT))

1+max(§ST - 1+(§5T) ~ l+min(&y. )

1 —min ag (‘IST) < l—max(gsT)
1+m1n O’ST - 1+(a3T) - 1+max(aST))

Since I' = (I', Iy, ...., FP)T are the weights of (gT,QT) with I'+ € [0, 1] with Zﬁzl I't = 1, we have

1-max(&y., ) —ng < 1- mm(EJT T
1+max(§-‘5T 1+§3T - 1+mm(§5
—min 1- Qg 1-max ag FT ’

1+min ag 1+‘13T 1+max ag

ﬁ 1- max(g5 FT < ﬁ (1 557) < ﬁ (1 -min(£g, )
T=1 1+Inax(.§5_r - T=1 I+&g, T=1 1+m1n($g_r

1 —min ag T 1-max ag ’
T=] T=] l+max (ZS

T (1minGEy) T I
1+max($3T = \ 1+min(£y,)
o, I'r 1-max(ag_ ) LA
@y, 1+max(g5T)
1Fg, )FT - (l—mm@%))
1+&g. = \ 1+min(£g., )
l—ggT I'r < l—max(gsT)
1+25T - 1+max(gsT)

P 1_5 Iy
2 3 2
— =  1<1+ 20T <|l—
((nmm@m) <t 11(52) = (i)
I'r
2 l_ng < 2
((l+min(as_r)) =1 @ ) - (1+min(a/5_r))

1+min(Z5_) 1 l+max(&y., )
P
1+ 1 )

1—min ag

IA

1-
1+

(=] < () <
(2 <
{(t

1+m1n ag T=1 (

((—:zzzéiz:%

)
(E=

1+max(gg_r)

—
I
o

IA
p—
+
I~
—_—
—
Q
(&4
S

= T=1\1*¢g
1+max(ggT) < 1 < 1+min(gsT)
2 - Po(l-ag 't = 2
1+TH1( |+05T )
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[(um(égg) < : - S(1+maX(EST))]

((1 + max(gST)) < — 1%937 )rT < (1 + min (QST))]

e

2 _ .

11048, =11 0-5,)"
ﬁl(nfsT) 05"
( (2s.) (e, )7 11 (105, )7
max @y ) < 5 — -
T (e ) T T (1meg )

< max (EST)

(min (&5,) < -

< min (QST)

Thus,

. — ﬁ(1+§57) _H(I_EST)
min <I
o, & i (10, 11 (160 )"

< max EST]

Ti(ras ) A0 )T
maxay < 3 - =
=J7

Consider g(y) = =2,y € (0, 1]. Then, g’(y) = =2, i.e., g(y) is a decreasing function on (0, 1].

Let
max(Ag,, Ay ) = {

(mln mlIle erq,

=
=
—_
>
[&]
>
(&4
3
~
Il
—_—
—
=
)
2
IA |
_|
IA
=
=
)
bel
[>
&
“n
S‘
|> >I
& 4
: S~ —
——

g (min (XST)) forall T=1,2, .....,p)
g(max (A )) forall T = 1,2,.....,p)

(Z—max(AgT) < 2— (Ag_r) 2— min(AgT))
max(AgT) N (A T) min(AgT)
(Z—Inin(AsT) < 2— (AS ) < 2— max(AgT))

min(AgT) - (AgT) - max(AgT)
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2 f1(Ra)”
(z—XsT>”+ M1 (Rsr)

FT
) 2 (As )
minAg_ < S — <maxAgy_
(z_éﬂ‘r) +TEI1(A3T)

— <minAg,

[maxsT A<

i

T=

I~

T=1

Consider g(y) = =2,y € (0, 1]. Then, g’(y) = —; i.e.,g(y) is a decreasing function on (0, 1].
Let maxTy, = maxlggp maXyg ez, Ty, and mln‘Y’ng—mlnlggprnmy%E&b

— (max1<T< pmaxy . Ty
_ = g+ €& T
maX(TSTa IST) - . b ’
(mln]ST<p l‘rllll'y'U Ef[ . _ST)
Ry (minlgsp minTS - TST)
min ('Y'gT, IST) = =0y ,
(maX1<TSp maxy, e 1lg )

(mln( ) < (TgT) < max (TgT) forall T=1,2,....,p

(max( ) < (TST) < mln( ) foral T=1,2,....,p
Eg
8

Ty.)

max(‘Y’g )) g(T )<g(min
Ts.)

min (‘Y’ )) g(‘Y’ ) < g(max
(2 IndX(TgT) 2- (TST) 2— min(?gT))

foral T=1,2,....p
forall T=1,2,....p

max(To) = (Tor) = min(Ts,)
(e < e < )

—max(Ty_ )\ T T —min(Tg. )\ T
N
() = ()= (s )

[ sz::zé:if <) < f () )
[ () 1 () < 1 (i) )
( 2-max(Ts, Tr < IL’I 2Ty | < (2zmin(Ts,) Z'%FT)
( zm:(wrgz) )ZT_I - szl (2“::; )FT (zmr:;i’g:) )Z£=1 -
((W) <1(w) < (G )

()= ) =()

(o) = fr ) = ()
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max(?g_r) < 1 min(?g_r)
2 - p (2-Tg It = 2
1+ (? T)
T=1 NS
min(Ty, ) _ 1 max(s )
2 - P2y It = 2
+Tl_:ll( Ty, )
— ) -
max (TsT) < W < min (TgT)
1+ el
T=1 (Tﬁ‘r)
. 2
[mln (IST) < AT < max (I:;T)]
]+TI;[1( IST )
P — It
2 f1 (7))

T=1

2 11 (s )"
[min (IST) < ﬁ(z_TTHIEETjTI:(T T < max (Ig )
Toh T o 0T
Ev 2TﬁIl(TgT)r-r B
(maXST e 110-To) T+ 1 (Tsr) "~ o TST]
2 fifrs)”
[mm oo = (-2, )7+ 11 (05, )f = med ]

5. Multi-attribute decision-making methodology

We present an approach for dealing with unpredictability in multi-attribute group decision-
making (MAGDM) with single valued neutrosophic probabilistic hesitant fuzzy rough (SV-NPHFR)
information. Consider a decision-making (DM) issue with a collection of variables {®, @, ...... ,0,}
of n substitutes and a set of » attributes {C’l, Cy,.nn, C’n} with (W, w, ....., w,)T the weights, that is, w; €
[0, 1], &7_,w; = 1. Also, consider a probabilistic terms =, ,@, and ¢, such that &7 =, = 1,87 @, = 1
and & ¢, = 1 with the property that 0 < E,, ¢, @, < 1. To test the validity of k™ substitute ©; under
the the attribute Cs, let {D ,D 5, ....,D -} be a set of decision makers (DMs), and (o7, 02, ....,0,)" be
DMs weights such that oy € [0,1], &]_,0 = 1. The decision professional information of a certain
decision support problem is given as follows:

u = [y

mxn
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[ (3A.3A) (3. 3(AR) - (I IA) |
(3A2). 3(A2)  (F(A). I(Am)) - (I(As)), I(As)
= | (3. 3(A3)) (3(Ax). T(Ax)) -+ (3(A3). T(A3)) |
| (TA. IA)  (T(An), TA)) -+ (T(Ay, B(A)) |
where B
S(Ajj )= {<®’ U‘)S(A)(@)/ Efﬁm)’ Afﬁ(/\)(@)/ wfﬁ(/\)’ Tfﬁ(/\)(®)/ E[§<A>> © € Q}
and

3(A) = (0,04, (©)/Etyyr Aty (©)/ Wty Ty (©)/Ey )10 € Q)

such that 0 < (max(vr,, (©))) + (min(Ar,, (©))) + (min(Ty; (®))) < 3 and 0 < (min(vy, (©)) +

(max(Aq,, (©))) + (max(Tr,, (©))) < 3 are the SV-NPHF rough values. The algorithm steps are
described as follows for decision making:

Step-1. Construct the assessment matrices for the experts as follows:

[ (S am) (3. o) o (SA7).am) |
(SA5.8A3)  (3(AL).8A%)) ~+ (3(A7).a(A3)
B = | (JAL.8A])) (SARLEAL)) - (AL, 6AL))
| (3A.8A0)  (FARLEAY) - (SA)).aA) |

where T shows the expert numbers.

Step-2. Conduct an analysis on the normalized version of the experts” matrices (N)", as follows:

a7 = S(A;:,):(Q(A;j) .3(Ay)) if For benefit
L (3y) = ((6(Ay)) (T (Ay))) if  For cost

Step-3. Use novel list of algebraic AOs to determined the collected decision making expert
information.

Step-4. For each option under consideration, compute the aggregated SV-NPHFRNs by evaluating
them to the given set of criteria and characteristics.

Step-S. Calculate the relative importances of various options using a scoring formula.

Step-6. In decreasing order, place all of the alternate ratings. When it comes to alternatives, a bigger
value indicates superiority.

The algorithm steps for multi-attribute decision making are given in Figure 1:
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Step 2 is used for

benefit or cost
= — Decision Maker's Information

Normalize the Decision Maker's
|
¥

Apply Einstein Agpregation Operator o

Step3 and4are

b pertinent steps

(=) (=1

| | /
— Apply Score Function Apply score Function

|

| | .
Finally Result Step 5 is substitute
step

ﬂ m [Steps]

Figure 1. Algorithm flow chart.

6. Case study

Sensor and data technologies: The social, economic, and political spheres are becoming rapidly
digitalized. Agriculture, particularly livestock production, is one of the sectors of development
that calls for the use of emerging technologies as the world enters various streams of technological
progress. However, knowledge and skills are generally lacking, especially in underdeveloped nations.
Therefore, it is essential to close this knowledge gap by gathering data and disseminating it to a broad
audience in order to spur additional research in the area. It is vital to think about the potential use
of these technologies in the period following the introduction of sensors for broader applications,
such as the assessment of rangeland condition and animal production. The application of precision
agricultural procedures for livestock, including individual animal behavior, grazing conditions, health
conditions, and feed intakes, benefits more from technological advancements. It is crucial to evaluate
the state of both rangeland resource conditions and livestock grazing behavior for grazing cattle. All
around the world, rangeland resources are crucial to the production of cattle. Due to changes in the
environment and management practices, forages and pastures are dynamic in terms of quantity, species
composition, and chemical composition. For improved management and exploitation, the rangeland
resources need to be evaluated and tracked. Traditional evaluations that involve mechanical or manual
counting, identification, and chemical composition are time-consuming and labor-intensive. Under
field conditions, sensors can be used to monitor the quality of grazing grounds, but they can also be
used to better manage grazing stock by gaining an understanding of how animals graze. It is essential
to comprehend current technology, such as sensors or bio sensors, in order to supplement or replace old
procedures. The goal of this research article is to raise awareness of the technologies that are currently
available and their applicability to rangeland resources, particularly in tropical rangelands. In most
situations, GPS devices are used in the tropics to evaluate solely the status of the rangeland without
taking the grazing cattle into account. The assessment further clarifies the significance of sensor
technology for quickly and easily detecting changes in cattle health and movement at the field level.
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Sensors (bio sensors), like any other technology, have limitations, such as measurement accuracy and
repetitive data complaints. However, the assessment clarifies the usage of sensor technology, which
saves time and energy in animal production that would otherwise require a lot of it.

Numerical example

The applications of the suggested methodologies in this research are illustrated and their viability
and efficacy are shown using an example concerning investment possibilities for a MADM problem
that has been adapted from experts. In Figure 2, some views of cattle farms are shown.

Assume that a standard MADM problem Cattle farm evaluation of developing technology
commercialization—needs to be resolved. ®;, ®,, ®; and ®, on a panel represent four potential
developing technology such as, Sensor and data technologies, robots, temperature and moisture
sensors, aerial images, and GPS technology respectively. Four factors must be taken into account while
making a decision: ) Technological development; (C,) Risk premium and prospective markets; (o))
Environment for production, human resources and financial circumstances; and (C4) Opportunities for
employment.

Figure 2. Views of cattle farming using technology.

Step-1. The information of professionals are given in Table 1(a)—(d) in the form of SV-NPHFRS.
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Table 1(a). Expert details.

¢ &
(0.5/0.5,0.2/0.5), (0.3/1.0),
(0.6/0.6,0.3/0.4), (0.9/1.0),
o, (0.3/1.0) (0.1/0.3,0.7/0.7)
(0.9/1.0), (0.4/1.0),
(0.6/0.8,0.5/0.2) 0.2/1),
(0.2/0.3,0.5/0.7) (0.7/1.0)
(0.4/0.1,0.6/0.9), (0.8/1.0),
(0.7/1.0), (0.2/0.5,0.5/0.5),
o, (0.8/0.4,0.9/0.6) (0.9/1.0)
(0.3/0.2,0.5/0.8), (0.6/0.3,0.7/0.7),
(0.1/0.5,0.6/0.5) (0.2/1.0),
(0.8/1.0) (0.5/1.0)
Table 1(b). Expert details.
C; Cy
(0.4/0.8,0.5/0.2), (0.2/1.0),
(0.6/1.0), (0.3/1.0),
o, (0.4/1.0) (0.2/0.4,0.3/0.6)
(0.9/1.0), (0.9/1.0),
(0.6/1.0), (0.6/0.4,0.3/0.6),
(0.1/1.0) (0.3/1.0)
(0.2/1.0), (0.9/1.0),
(0.6/0.7,0.3/0.3), 0.4/1.0),
o, (0.4/1.0) (0.4/1.0)
(0.2/1.0), (0.5/1.0),
(0.8/1.0), (0.3/0.6,0.4/0.4),
(0.2/0.2,0.5/0.8) (0.4/1.0)

AIMS Mathematics

Volume 8, Issue 9, 20612-20653.



20645

Table 1(c). Expert details.

C ¢,
(0.5/1.0), (0.5/0.7,0.2/0.2,0.9/0.1),
(0.6/0.6,0.3/0.4), |- (0.3/1.0),
o, (0.3/0.7,0.4/0.3 (0.3/0.2,0.4/0.8)
(0.5/0.5,0.2/0.5), (0.7/0.3,0.3/0.7),
(0.3/1.0), (0.3/1.0),
(0.8/0.2,0.9/0.8) (0.3/0.6,0.4/0.4)
(0.2/1.0), (0.2/1.0),
(0.8/1.0), |- (0.6/0.4,0.4/0.4,0.3/0.2),
o, (0.4/1.0) (0.4/1.0)
(0.2/0.4,0.5/0.6), (0.9/1.0),
(0.3/0.6,0.3/0.4), (0.3/1.0),
(0.1/1.0) (0.7/0.2,0.1/0.8)

Table 1(d). Expert details.

Cs Cy
(0.9/1.0), (0.5/1.0),
H 0.4/1.0), ]], [[ (0.3/1.0), ]]
0 (0.1/1.0) (0.4/1.0)
: (0.2/1.0), (0.5/1.0),
[[ (0.9/0.7,0.3/0.3), ]] [[ (0.2/0.6,0.4/0.4), ]]
(0.3/1.0) (0.4/1.0)
(0.2/1.0), (0.2/0.8,0.5/0.1,0.2/0.1),
[[ (0.1/1.0), J , [[ (0.6/1.0), ]] ,
0 (0.5/0.3,0.3/0.2,0.4/0.5) (0.1/1.0)
N (0.8/1.0), (0.5/0.6,0.2/0.4),
[[ (0.7/0.6,0.4/0.4), ]] [[ (0.6/1.0), ]]
(0.4/1.0) (0.3/0.2,0.4/0.8)
Step-2. Expert opinion is of the beneficiary type. As a result, we don’t need to normalize the SV-
NPHFRN:Ss in this context.

Step-3. In this problem, just one professional is evaluated for the collection of questionable data. As a
result, we are not obligated to detect the information gained.

Step-4. The SV-NPHFRWA operator is used to evaluate the alternatives’ aggregation details under the
given list of attributes:
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I = (0.34, 0.55, 0.11)7, we obtain the overall preference values 0, of the alternative L, (y =
1,2,3,4) by utilizing the suggested SV-NPHFRWA operator.

For illustration,

SV—NPHFREWA{ (31,92, 3)) }

(146, ) -1 (1-&, )" /TP 5,
I (1465, ) T+ (16 ) 71 =10

U

ABT €75,

Uﬁ_rewg_r
T
w0
» o, Tr T:lw.fiT
_ nTzl(z—AgT) +HT:](A§T) )
U
AQTETQT

Wy €Wy
oA (As. )T
el oy
HT:] (Z_AQT ) +HT:1 (AéT )
U
TST S5l
b5, €5,
21_[?:1 (TgT )l_T p
p o, I'r T=1 ¢§T
., (2—T§T) +IP_, (TgT)
U
TﬁT Efﬁ‘_r
bor oy
21_[{)r:] (TéT )FT

P
T /H — ¢(5
W (2o, ) T+ (1)

After obtain the overall preference values ®, of the alternative L,(y = 1,2,3,4)

(7 Sy, - P+ |
(ML@ Zh;eng,,;:eﬁ[g (h; - ~:))

§O,) = % NLOIZg;ealg,wjemg (0 @) |+
(N_@ Zgzeaeg,wje% (03 - W:))
(i 2iRez, ey, (03 ¢:)) +
(% 2iRsezq, duede, (O3 ¢J))
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Step-S. Score values of all alternatives under developed aggregation operator are presented using
Table 1. The Score values are presented in Table 2.

Table 2. Score values.
Operator s(0y) 5(®,) s(®3) s(®4)
SV-NPHFREWA 0.1517 0.1248 0.1402 0.1419

Step-6. Categorize the alternatives. ®,(y = 1,2, ....,4) are listed in Table 3.

Table 3. Ranking of the alternatives.
Score Most Effective Alternative
5(01) > 5(04) > 5(03) > 5(0;) O

Operator
S V-NPHFREWA

We determined from the preceding mathematical formulation that choice @, is the best option
among the rest, and it is therefore strongly recommended.

6.1. Discussion and comparative studies

The viability of the proposed process, the adaptability of its aggregation to handle certain inputs and
outputs, the influence of score functions, sensitivity analysis, superiority, and, finally, the comparison
of the proposed methodology with existing methodologies are all covered in this part. Also present
the relationship strategy between alternatives and crossposting criteria using quaternion relationship
function are presented. The suggested approach was exact and appropriate for all types of input data.
The framework that was developed worked well for handling uncertainties. Using Einstein AOs,
it contained the PHFS, RS, and NS spaces. We may effectively employ our model in a number of
scenarios by extending the gap between the pleasure and displeasure classes by altering the practical
significance of particular parameters. We faced a variety of elements and input parameters under the
appropriate conditions in various MCDM problems. The suggested approaches are straightforward,
easy to comprehend, and easily adaptable to a wide range of options and attributes. It should be
highlighted that none of these theories provide a comprehensive explanation of how to handle a
scenario in which the attributes are intertwined. The effectiveness of the aforementioned MADM
tactics was further confirmed through this comparative analysis and relationship function with other
approaches.

Example: We take into account four records of the cattle-forums that are cited in Table 4 data.

Table 4. Quaternion neutrosophic fuzzy relation S (cattle-farm— Alternatives).

S 0, 0, 03 ON
Forum-1 | (0.8,0.3,0.6) (0.4,0.6,0.9) (0.9,0.8,0.6) (0.5,0.5,0.8)
Forum-2 | (0.3,0.4,0.8) (0.5,0.3,0.6) (0.7,0.9,0.9) (0.8,0.9,0.3)
Forum-3 | (0.3,0.2,0.2) (0.1,0.6,0.8) (0.9,0.3,0.4) (0.3,0.6,0.9)
Forum-4 | (0.6,0.4,0.8) (0.3,0.4,0.1) (0.2,0.6,0.1) (0.8,0.3,0.9)
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We take into account four entries that are cited in Table 5 data.

Table 5. Quaternion neutrosophic fuzzy relation T (Alternatives—Criteria).

T

Ci

&)

G

Cy

0,
0,
OF
S

(0.3,0.5,0.9) (0.7,0.8,0.9)
(0.6,0.7,0.7) (0.8,0.3,0.4)

(0.9,0.6,0.3) (0.7,0.8,0.3)
(0.8,0.3,0.7) (0.9,0.3,0.4)

(0.6,0.7,0.8)  (0.9,0.3,0.5)
(0.7,0.3,04)  (0.5,0.6,0.7)
(0.0.8,0.3,0.1) (0.8,0.6,0.2)
(0.7,0.3,0.2)  (0.6,0.4,0.5)

The Table 6 shows the relationship between Table 4 and Table 5.

Table 6. Quaternion neutrosophic fuzzy relation R (cattle-farm—Ceriteria).

R

C

&)

Cs Cy

Forum-1
Forum-2
Forum-3
Forum-4

(0.9,0.5,0.6) (0.7,0.5,0.6) (0.8,0.4,0.6) (0.8,0.3,0.6)
(0.8,0.5,0.5) (0.7,0.3,0.4) (0.7,0.3,0.5) (0.7,0.4,0.5)
(0.9,0.5,04) (0.7,0.6,0.4) (0.8,0.3,0.4) (0.8,0.3,0.3)
(0.8,0.6,0.3) (0.8,0.6,0.3) (0.7,0.3,0.3) (0.6,0.3,0.4)

In the Table 7, We find the results of relationship function. The results are found using the following
formulas on quaternion neutrosophic numbers:

(P Fi) = \/[r(P, T) |\ &(T, Fi)

seS

17 (P F) = \[rr(Pi T) \/ (T, Fy)]

seS

Tr(Py, F) = \[T7(Pi T) \/ Tr(T, Fl.

seS

After getting the information relationship of (cattle-farm—Criteria), we apply the following formula
on the neutrosophic quaternion numbers to obtained the Table 7. Sz = & — Jz.Or by following the
rule of the quaternion numbers, ij = k, jk = i,ki = j.

Table 7. Results of relationship.

C G

C3

Gy

Forum-1
Forum-2
Forum-3
Forum-4

06 04
0.55 0.58
0.7 046
0.58 0.62

0.56
0.55
0.68
0.61

0.62
0.5
0.71
0.48

In this Table 7 we can find that, form cattle-farm-2 and cattle-farm-4, the best criteria is C,. For
cattle-farm-1, 64 is best, and for cattle-farm-3 the best option is 64.

In particular, the comparison study was based on the same example situation, where the weight of
the traits was the same as above. Table 8 below shows the results utilizing multiple approaches and
complete weight data. We apply the single-valued neutrosophic probabilistic hesitant fuzzy Dombi
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weighted averaging and geometric (SV-NPHFDWA and SV-NPHFDWG) AOs [34], single-valued
neutrosophic probabilistic hesitant fuzzy weighted averaging and geometric (SV-NPHFWA and SV-
NPHFWG) AOs [35], and single-valued neutrosophic probabilistic hesitant fuzzy rough weighted
averaging and geometric (SV-NPHFRWA and SV-NPHFRWG) AOs [36].

Table 8. Comparison analysis.

Operators Score Most Effective Alternative
SV-NPHFDWA Undefined No Outcome
SV-NPHFDWG Undefined No Outcome

SV-NPHFWA Undefined No Outcome
SV-NPHFWG Undefined No Outcome
SV-NHFROWA (Defined) Undefined No Outcome
SV-NHFRHWA (Defined) Undefined No Outcome
SV-NHFRHWG (Defined) Undefined No Outcome
SV-NPHFRWA $(01) > 5(03) > 5(0,) > 5(0Q,) 5(0)
SV-NPHFRWG 5(Q4) > s(0) > s(O3) > s(O,) 5(04)
SV-NPHFREWA (Proposed) | s(©;) > s(Q4) > s(03) > s(0,) s(®7)
SV-NPHFRWG (Defined) | s(®;) > s(03) > s(Q4) > s(0,) 5(0r)

The desirable alternative is therefore s(®,) when the SV-NPHFREWA operator is employed. If
another types of procedures is used, the best option is s(®;). For all of the compared methods, the
worst alternative is always s(®,). The other operators failed to give output because our information
had rough data that cannot be handled by other operators. The results show the effectiveness and
viability of the SV-NPHFREWA and SV-NPHFREWG operators utilizing the compared methods and
the suggested method in this paper for the identical single-valued neutrosophic hesitant fuzzy rough
information.

6.2. Limitations of the present work

The SV-NPHFRE-AQO) has a number of benefits for decision-making, but there are also certain
drawbacks and concerns to take into account:

e SV-NPHFRE-AO is a complex method that requires a deep understanding of the underlying
concepts and mathematical operations. This can make it challenging to apply in practice,
particularly for decision-makers who are not familiar with advanced mathematical methods.

e SV-NPHFRE-AO requires a significant amount of data to be effective. This can be a limitation in
decision-making situations where data is scarce or difficult to obtain.

e There is currently no standard approach to using SV-NPHFRE-AO in decision making, which can
make it difficult to compare results across different studies or applications.

e SV-NPHFRE-AO is a subjective method that relies on human judgment to some extent. This
can introduce bias and inconsistencies into the decision-making process, particularly if there are
differences in opinion among decision-makers.

e SV-NPHFRE-AO can be difficult to interpret, particularly for non-experts. This can make it
challenging to communicate the results of the decision-making process to stakeholders or other
decision-makers.
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e SV-NPHFRE-AO may not be scalable to large decision-making problems due to the complexity
of the method and the amount of data required.

The limitations and issues of SV-NPHFREA in decision making should be carefully considered
before applying the method. Decision-makers should ensure that they have the necessary expertise and
data to use SV-NPHFREA effectively, and that they are aware of the limitations and potential biases
inherent in the method.

7. Conclusions

We deal with significant and technical data every day. To work more efficiently and compute full
information, we developed methodologies and tools for this type of data. Aggregation entails inherent
costs to reduce the volume of data to a single value. For situations where each item has a range of
probable values specified by MD, indeterminacy, and non-MD, the SV-NPHFRE-AO was created as
a potent fusion of an SV-N, PHFS, and RS. More information about these techniques’ advantages is
provided below.

(1) First, we’ve established some SV-NPHFRS operational standards based on Einstein operations.

(2) Due to the significance of operating procedures, the weighted averaging and geometric Einstein
aggregation operators have also been designed to deal with SV-NHFR data, including SV-NHFRA
and SV-NHFRG aggregation data in decision-making issues.

(3) Then, we designed the the weighted averaging Einstein aggregation operators to deal with SV-
NPHFR data, including sv-neutrosophic probabilistic hesitant fuzzy rough Einstein weighted
averaging (SV-NPHFREWA) aggregation operator.

(4) A number of helpful characteristics have been demonstrated for them.

(5) The MCDM techniques proposed in this paper are also capable of recognizing more correlation
between attributes and alternatives, demonstrating that they have a higher accuracy and a larger
setpoint than the existing methodologies, which are unable to take into account the inter-
relationships of attributes in practical uses. This shows that by using the MCDM methodologies
outlined in this paper, even additional links between features may be discovered.

(6) Proposed AOs could be used in studies of two-sided matching decisions with multi-granular and
incomplete criterion weight information, as well as studies of consensus reaching with non-
cooperative behavior management. This analysis of the constraints imposed by proposed AOs
does not take into account the degrees of participation, abstention, or non-membership. Over here,
the intended AOs are being implemented with a novel hybrid structure of prioritized, interactive
AOs.

(7) Future work will use state-of-the-art decision-making methods like TOPSIS, VIKOR, TODAM,
GRA, and EDAS to examine the theoretical basis of SV-NPHFSs for Einstein operations. We
will also talk about the ways in which these techniques are used in other areas, including soft
computing, robotics, horticulture, intelligent systems, the social sciences, economics, and human
resource management.

AIMS Mathematics Volume 8, Issue 9, 20612-20653.



20651

Use of AI tools declaration

The authors declare they have not used Artificial Intelligence (Al) tools in the creation of this article.

Acknowledgments

Contributions from each author are distributed equally.
The authors extend their appreciation to the Deanship of Scientific Research at King Khalid

University for funding this work through Small Groups Project under grant number (R.G.P.1/109/44).

Conflicts of interest

There are no conflicting interests declared by the authors.

References

1.

A. Mardani, R. E. Hooker, S. Ozkul, S. Yifan, M. Nilashi, H. Z. Sabzi, et al., Application of
decision making and fuzzy sets theory to evaluate the healthcare and medical problems: A review
of three decades of research with recent developments, Expert Syst. Appl., 137 (2019), 202-231.
https://doi.org/10.1016/j.eswa.2019.07.002

Z. Bashir, A. Wahab, T. Rashid, Three-way decision with conflict analysis approach in the
framework of fuzzy set theory, Soft Comput., 26 (2022), 309-326. https://doi.org/10.1007/s00500-
021-06509-3

X. Gou, Z. Xu, H. Liao, Hesitant fuzzy linguistic entropy and cross-entropy measures and
alternative queuing method for multiple criteria decision making, Inform. Sci., 388 (2017), 225—
246. https://doi.org/10.1016/j.ins.2017.01.033

X. Fu, Y. Zhang, Y. G. Zhang, Y. L. Yin, S. C. Yan, Y. Z. Zhao, et al., Research and application
of a new multilevel fuzzy comprehensive evaluation method for cold stress in dairy cows, J. Dairy
Sci., 105 (2022), 9137-9161. https://doi.org/10.3168/jds.2022-21828

L. P. Maziero, M. G. M. Chacur, C. P. Cremasco, F. F. Putti, L. R. A. G. Filho, Fuzzy system
for assessing bovine fertility according to semen characteristics, Livest. Sci., 256 (2022), 104821.
https://doi.org/10.1016/j.1ivsci.2022.104821

R. Zhang, Z. Xu, X. Gou, ELECTRE II method based on the cosine similarity to evaluate the
performance of financial logistics enterprises under double hierarchy hesitant fuzzy linguistic
environment, Fuzzy Optim. Decis. Ma., 22 (2023), 23—49. https://doi.org/10.1007/s10700-022-
09382-3

R. Bosma, U. Kaymak, J. V. Berg, H. Udo, J. Verreth, Using fuzzy logic modelling to simulate
farmers’ decision-making on diversification and integration in the Mekong Delta, Vietnam, Soft
Comput., 15 (2011), 295-310. https://doi.org/10.1007/s00500-010-0618-7

L. A. Zadeh, Fuzzy sets, Inform. Control, 8 (1965), 338-353. https://doi.org/10.1016/S0019-
9958(65)90241-X

AIMS Mathematics Volume 8, Issue 9, 20612-20653.


http://dx.doi.org/https://doi.org/10.1016/j.eswa.2019.07.002
http://dx.doi.org/https://doi.org/10.1007/s00500-021-06509-3
http://dx.doi.org/https://doi.org/10.1007/s00500-021-06509-3
http://dx.doi.org/https://doi.org/10.1016/j.ins.2017.01.033
http://dx.doi.org/https://doi.org/10.3168/jds.2022-21828
http://dx.doi.org/https://doi.org/10.1016/j.livsci.2022.104821
http://dx.doi.org/https://doi.org/10.1007/s10700-022-09382-3
http://dx.doi.org/https://doi.org/10.1007/s10700-022-09382-3
http://dx.doi.org/https://doi.org/10.1007/s00500-010-0618-7
http://dx.doi.org/https://doi.org/10.1016/S0019-9958(65)90241-X
http://dx.doi.org/https://doi.org/10.1016/S0019-9958(65)90241-X

20652

9.
10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

D. J. Dubois, Fuzzy sets and systems: Theory and applications, Academic press, 144 (1980).

. K. T. Atanassov, Intuitionistic fuzzy sets, in Intuitionistic fuzzy sets, Physica, Heidelberg, 1999,
1-137. https://doi.org/10.1007/978-3-7908-1870-3_1

H. Wang, F. Smarandache, Y. Zhang, R. Sunderraman, Single valued neutrosophic sets, Infin.
Study, 2010.

J. Ye, Multicriteria decision-making method using the correlation coefficient under
single-valued neutrosophic environment, [Int. J. Gen. Syst, 42 (2013), 386-394.
https://doi.org/10.1080/03081079.2012.761609

R. Sahin, Multi-criteria neutrosophic decision making method based on score and accuracy
functions under neutrosophic, Comput. Sci., 2014. https://doi.org/10.5281/zenodo.22994

Y. Jin, M. Kamran, N. Salamat, S. Zeng, R. H. Khan, Novel distance measures for single-valued
neutrosophic fuzzy sets and their applications to multicriteria group decision-making problem, J.
Func. Space., 2022.

M. Riaz, M. R. Hashmi, D. Pamucar, Y. M. Chu, Spherical linear Diophantine fuzzy sets
with modeling uncertainties in MCDM, Comput. Model. Eng. Sci., 126 (2021), 1125-1164.
https://doi.org/10.32604/cmes.2021.013699

S. Broumi, F. Smarandache, M. Dhar, Rough neutrosophic sets, Infin. Study, 2014.
https://doi.org/10.5281/zenodo.30310

R. Krishankumaar, A. R. Mishra, X. Gou, K. S. Ravichandran, New ranking model with evidence
theory under probabilistic hesitant fuzzy context and unknown weights, Neural Comput. Appl.,
2022, 1-15. https://doi.org/10.1007/s00521-021-06653-9

Z. Hao, Z. Xu, H. Zhao, Z. Su, Probabilistic dual hesitant fuzzy set and its application in risk
evaluation, Knowl.-Based Syst., 127 (2017), 16-28. https://doi.org/10.1016/j.knosys.2017.02.033

W. Zhou, Z. Xu, Group consistency and group decision making under uncertain
probabilistic hesitant fuzzy preference environment, Inform. Sci., 414 (2017), 276-288.
https://doi.org/10.1016/].ins.2017.06.004

X. Gou, Z. Xu, H. Liao, F. Herrera, Probabilistic double hierarchy linguistic term set and its use
in designing an improved VIKOR method: The application in smart healthcare, J. Oper. Res. Soc.,
72 (2021), 2611-2630. https://doi.org/10.1080/01605682.2020.1806741

M. Rasheed, E. Tag-Eldin, N. A. Ghamry, M. A. Hashmi, M. Kamran, U. Rana, Decision-making
algorithm based on Pythagorean fuzzy environment with probabilistic hesitant fuzzy set and
Choquet integral, AIMS Math., 8 (2023), 12422—-12455. https://doi.org/10.3934/math.2023624

H. Garg, A novel trigonometric operation-based q-rung orthopair fuzzy aggregation
operator and its fundamental properties, Neural Comput. Appl., 32 (2020), 15077-15099.
https://doi.org/10.1007/s00521-020-04859-x

K. Ullah, T. Mahmood, H. Garg, Evaluation of the performance of search and rescue robots
using T-spherical fuzzy Hamacher aggregation operators, Int. J. Fuzzy Syst., 22 (2020), 570-582.
https://doi.org/10.1007/s40815-020-00803-2

C. Carlsson, R. Fullér, Fuzzy reasoning in decision making and optimization, Springer Science &
Business Media, 82 (2001).

AIMS Mathematics Volume 8, Issue 9, 20612-20653.


http://dx.doi.org/https://doi.org/10.1007/978-3-7908-1870-3_1 
http://dx.doi.org/https://doi.org/10.1080/03081079.2012.761609 
http://dx.doi.org/https://doi.org/10.5281/zenodo.22994
http://dx.doi.org/https://doi.org/10.32604/cmes.2021.013699
http://dx.doi.org/https://doi.org/10.5281/zenodo.30310
http://dx.doi.org/https://doi.org/10.1007/s00521-021-06653-9
http://dx.doi.org/https://doi.org/10.1016/j.knosys.2017.02.033
http://dx.doi.org/https://doi.org/10.1016/j.ins.2017.06.004
http://dx.doi.org/https://doi.org/10.1080/01605682.2020.1806741 
http://dx.doi.org/https://doi.org/10.3934/math.2023624
http://dx.doi.org/https://doi.org/10.1007/s00521-020-04859-x
http://dx.doi.org/https://doi.org/10.1007/s40815-020-00803-2

20653

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

N. Gonul Bilgin, D. Pamucar, M. Riaz, Fermatean neutrosophic topological spaces
and an spplication of neutrosophic Kano method, Symmetry, 14 (2022), 2442,
https://doi.org/10.3390/sym14112442

Z. Xu, W. Zhou, Consensus building with a group of decision makers under the
hesitant probabilistic fuzzy environment, Fuzzy Optim. Deci. Ma., 16 (2017), 481-503.
https://doi.org/10.1007/s10700-016-9257-5

S. Shao, X. Zhang, Y. Li, C. Bo, Probabilistic single-valued (interval) neutrosophic hesitant
fuzzy set and its application in multi-attribute decision making, Symmetry, 10 (2018), 419.
https://doi.org/10.3390/sym 10090419

R. M. Zulgarnain, A. lampan, I. Siddique, H. Abd, E. W. Khalifa, Some fundamental operations for
multi-polar interval-valued neutrosophic soft set and a decision-making approach to solve MCDM
problem, Neutrosophic Sets Sy., 51 (2022), 205-220.

R. M. Zulgarnain, X. L. Xin, M. Saqglain, M. Saeed, F. Smarandache, M. I. Ahamad, Some
fundamental operations on interval valued neutrosophic hypersoft set with their properties,
Neutrosophic Sets Sy., 40 (2021), 134-148. https://doi.org/10.5281/zenodo0.4549352

M. Kamran, S. Ashraf, M. Naeem, A promising approach for decision modeling with single-
valued neutrosophic probabilistic hesitant fuzzy Dombi operators, Yugoslav J. Oper. Res., 2023.
http://dx.doi.org/10.2298/YJOR230115007S

R. Sahin, F. Altun, Decision making with MABAC method under probabilistic single-valued
neutrosophic hesitant fuzzy environment, J. Amb. Intel. Hum. Comp., 11 (2020), 4195-4212.
https://doi.org/10.1007/s12652-020-01699-4

M. Riaz, Y. Almalki, S. Batool, S. Tanveer, Topological structure of single-valued neutrosophic
hesitant fuzzy sets and data analysis for uncertain supply chains, Symmetry, 14 (2022), 1382.
https://doi.org/10.3390/sym14071382

C. F Liu, Y. S. Luo, New aggregation operators of single-valued neutrosophic hesitant fuzzy set
and their application in multi-attribute decision making, Pattern Anal. Appl., 22 (2019), 417-427.
https://doi.org/10.1007/s10044-017-0635-6

M. Kamran, S. Ashraf, M. Naeem, A promising approach for decision modeling with single-valued
neutrosophic probabilistic hesitant fuzzy Dombi operators, Jugoslav J. Oper. Res., 2023.

G. Kaur, H. Garg, A novel algorithm for autonomous parking vehicles using adjustable
probabilistic neutrosophic hesitant fuzzy set features, Expert Syst. Appl., 2023, 120101.
https://doi.org/10.1016/j.eswa.2023.120101

M. Kamran, R. Ismail, E. H. A. Al-Sabri, N. Salamat, M. Farman, S. Ashraf, An
optimization strategy for MADM framework with confidence level aggregation operators

under probabilistic neutrosophic hesitant fuzzy rough environment, Symmetry, 15 (2023), 578.
https://doi.org/10.3390/sym 15030578

©2023 the Author(s), licensee AIMS Press. This

@ AIMS Press

is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 8, Issue 9, 20612-20653.


http://dx.doi.org/https://doi.org/10.3390/sym14112442
http://dx.doi.org/https://doi.org/10.1007/s10700-016-9257-5
http://dx.doi.org/https://doi.org/10.3390/sym10090419
http://dx.doi.org/https://doi.org/10.5281/zenodo.4549352
http://dx.doi.org/http://dx.doi.org/10.2298/YJOR230115007S
http://dx.doi.org/https://doi.org/10.1007/s12652-020-01699-4
http://dx.doi.org/https://doi.org/10.3390/sym14071382
http://dx.doi.org/https://doi.org/10.1007/s10044-017-0635-6
http://dx.doi.org/https://doi.org/10.1016/j.eswa.2023.120101
http://dx.doi.org/https://doi.org/10.3390/sym15030578
http://creativecommons.org/licenses/by/4.0

	Introduction
	Preliminaries
	Construction of single valued neutrosophic probabilistic hesitant fuzzy rough sets
	SV-Neutrosophic probabilistic hesitant fuzzy rough Einstein aggregation operators
	Multi-attribute decision-making methodology
	Case study
	Discussion and comparative studies
	Limitations of the present work

	Conclusions

