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Abstract

This paper aims to introduce various operations in the context of the Rough Single-Valued Pentapartitioned
Neutrosophic Set (RSVPNS) environment. Then, based on Grey Relational Analysis (GRA), we propose a Multi-
Attribute Decision-Making (MADM) technique. Additionally, we present a practical numerical example to
validate the proposed MADM technique in the context of selecting a tourist place for government initiatives aimed
at enhancing its attractiveness to tourists.
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1. Introduction

In 1965, Prof. L.A. Zadeh proposed the concept of a fuzzy set (FS), in which each element has a membership value
ranging from 0 to 1. Later, Prof. K. Atanassov expanded on the concept of FS by introducing Intuitionistic Fuzzy
Set (IFS). In 1998, Smarandache [8] introduced the concept of Neutrosophic Set (NS) theory. After that, Wang et
al. [9] looked into the Single-Valued NS (SVNS) concept. Afterward, many researchers have incorporated the
concept of SVNS and its extensions into their MADM techniques. Deng [4] introduced the concept of the grey
system theory in 1989.

Rough set theory, which Pawlak [6] first proposed in 1982, is a very helpful approach for addressing situations
involving incomplete, ambiguous, or imprecise information. Later, utilizing rough set theory, Pawlak and Sowinski
[7] presented a MADM technique. Wu [10] first suggested the rough sets approximation in the grey information
system in 2010. Rough set theory has recently been successfully applied to FS, IFS, SVNS, and other systems. In
2014, Broumi et al. [1] introduced the idea of rough NS (RNS). In 2020, Mallick and Pramanik [5] proposed the
Single-Valued Pentapartitioned NS (SVPNS) concept, which was likewise a very potent mathematical tool to cope
with data having ignorance, unknown incomplete and uncertain information. Every element in an SVPNS has
membership values based on the degree of truth, contradiction, ignorance, unknown, and falsity. Later, Das et al.
[2] presented the notion of rough SVPNS (RSVPNS) and applied the concept of topology to it.

132
DOI: https://doi.org/10.54216/1]INS.260309



https://doi.org/10.54216/IJNS.260309
mailto:sumandas18842@gmail.com
mailto:rakhaldas95@gmail.com
mailto:poojary.prasanna@manipal.edu
mailto:surapati.math@gmail.com
mailto:vadiraja.bhatta@manipal.edu

International Journal of Neutrosophic Science (IINS) 170l 26, No. 03, PP. 132-142, 2025

The remaining section of this article is structured as follows:

In Section 2, we present some definitions and findings that will be very useful in developing the main findings of
this study. In Section 3, we develop a MADM technique based on GRA for the context of RSVPNS. Section 4
includes a real-world numerical example to validate the proposed MADM technique. Finally, in Section 5, we
outline some future research scope and conclude the paper.

2. Preliminaries & Definitions

For the development of the major results of this paper, we present some existing definitions and findings in this
section.

Single Valued Pentapartitioned Neutrosophic Set (SVPNS)
Let W be a non-empty fixed set. Then, an SVPNS [5] C over W is defined as follows:

C={(& ITc(8), Zc(€), Qc(), ¥c(E), Oc(€)): €W},

where T1:(8), Z¢(8), Qc(8), Y (8), ©c(&) are the degree of truth membership, degree of contradiction membership,
degree of ignorance membership, degree of unknown membership and degree of falsity membership of each &
eW. S0, 0 <TI:(B) + Z¢(8) + Qc(B) + W (B) + Oc(8) <5, for all EcW.

The absolute SVPNS (1w) [5] and the null SVPNS (Ow) over W are defined as follows:
(i) lw={(&1,1,0,0,0): eeW};
(i) ow=9(&0,0,1,1,1): 6eW}.

Let us consider two SVPNSs C = {(&, T1¢(€), (&), Qc(8), Pc(8), Oc(8)): éeW}and Q = {(&, I1y(€), (), Qq(8),
Wq(8), ©q(8)): éeW} over W. Then, C < Q [5] if and only if IT¢ (&) <T1y(8), Z¢(8) < Zq(8), Qc(8) = Qq(8), Yc(8)
Let us consider two SVPNSs C = {(&, I1¢(€), Zc(&), Qc (&), P (8), Oc(8)): éeW} and E = {(&, TT (&), Zg(€), Qg (8),

Y (8), Op(8)): EeW} over W. Then, the intersection [5] of C and E is CE = {(&, min{I1.(&), [Tg(é)}, min{Z.(é),
Zg(8)}, max{Qc(€), Qe(€)}, max{'¥c(€), Ve (&)}, max{Oc(€), Ox(€)}): éeW}.

Assume that C = {(&, TI:(8), Zc(8), Qc(8), Yc(8), O¢(B)): éeW} and E = {(&, T15(8), Zx(8), Qg (8), Yk (8), Ox(8)):
8eW} be two SVPNSs over W. Then, the union [5] of C and E is CUE = {(&, max{I1(&), ITg(8)}, max{Z.(é),
Ze(E)}, min{Qc(€), Qe(€)}, min{¥c(€), Ye(8)}, min{Oc(€), Ox(£)}): €W}

Suppose that C = {(&, T1:(8), Zc(8), Qc(8), W(8), Oc(€)): EeW} be an SVPNS over a universal set W. Then, the
complement [5] of C i.e., C°= {(&, O¢(8), WY¢(8), 1-Qc(8), Zc(8), T1:(8)): EcW}.

Hamming Distance between SVPNSs

Let us consider two SVPNSs C = {(&, T1:(8), Z¢(8), Qc (&), W(8), Oc(8)): EeW} and A= {(&, TTa(8), Za(€), Qa(8),
Ya(€), Oa(8)): EeW} over W. Let |W| = n, where |W| denotes the cardinality of W. Then, the Hamming distance
(Ha) [3] between C and A is defined by:

Ha(C, A) = Yscw (ITIc(8) —TA(E)| + |Zc(8) —Zp(@)] + [Qc(&) —Qa(8)] + [Pc(&) — Yal®)] + [0¢(8) —
CNOI (1)

where 0 < Hg(C, A) <5n.

Normalized Hamming Distance between SVPNSs

Let us consider two SVPNSs C = {(&, T1:(8), Z¢(8), Qc(8), Yc(8), Oc(8)): EeW} and A = {(&, TTa(&), Za(&), Qa(8),
Ya(B), Oa(B)): EeW} over W. Assume that |W| = n, where |W| denotes the cardinality of the fixed set W. Then,
the normalized Hamming distance (N-Hg) [3] between C and A is defined by:

N-H4(C, A) = 5—22@ (I (&) = MA@ +12c(&) = Za(®] +1Qc(&) — Qa(E)] + [Wc(&) — Wa(&)] + O (&) —
CAONE @)
where 0 < N-Hq(C, A) < 1.
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Rough Single-Valued Pentapartitioned Neutrosophic Set (RSVPNS)

Let W be a fixed set, and p is an equivalence relation defined over it. Let C = {(&, T1¢(&), Zc(8), Q¢ (), (&),
Oc(8)): EeW} be an SVPNS over W. In the approximation space (W, p), the lower approximation set [ T(C)] and
the upper approximation set [T(C)] of C are then defined as follows:

T(C) ={(& Mr)(8), Z1c)(8), Qr(cy(8), Y (c)(B), Or(c)(8)): Ce[€],, éeW}
and T(C) = {(&, M (€), Z1¢) (&), Q) (€), Wiy (8), Oy (8)): Ce[€], €€ W3,

where Tlr(cy=Aceqe), He(€) Zrcy=Acerel, Zc(€). Q) =Acerel, 2 (€), Yroy=Acere), Ve, Ore)=Acefs),Oc(€),
cy=Veers), He(®), Z5c)=Veers, 2c(€), Qxiey=Veere), 2 (€), Yacy=Veere, Ye(€), OFcy=Vees, Oc(€).

S0,0< HI(C)(é) + ZI(C)(é) + QI(C)(é) + \PI(C)(é) + ®I(C)(é) <5, forall éeW;

Here, the operators “v” and “A” denote “max” and “min” operators respectively. Clearly, T(C) and T(C) are two
SVPNSs over W. The pair (T(C),T(C)) is called the RSVPNS [2] in the approximation space (W, p).

Let T(C) = (T(C),T(C)) = ({(&, Mr()(8), Z1(cy(®), C1c)(€), Y1) (8), Oy (8)): Ce[€], WD, {(E, Ty (8),
50 (€), Q) (€), Yy (6), ®T(C)(é)): Celé],, éeW}) be a RSVPNS in the approximation space (W, p). Then,

[(TIr(c)(€), Zr(c)(€), Qrcy(€), Yr(c)(€), Orcy(€)), (I (€), Ty (€): Ly (), Wiy (€), Oy (€))] is called a
Rough Single-Valued Pentapartitioned Neutrosophic Number (RSVPNN) [2] for all EeW.

Assume that T(A) = (T(A),T(A)) be a RSVPNS in the approximation space (W, p). Then, the complement [2] of
T(A) = (T(A), T(A)) is defined by:

T(A)° = (T(A),T(A)),
where I(A)C = {(e, @I(A)(e), \I]I(A)(e)' 1-QI(A)(9), ZI(A)(e), HI(A)(e)) Ae[e]p, EEW}
and T(AY°= {(&, Oru) (8), Wray (©), 1- Qi (©), Trny (@), Tay (6): Ac[e], W,

Suppose that T(C) = (T(C),T(C)) and T(A) = (T(A),T(A)) be two RSVPNSs [2] in (W, p). Then, T(C) < T(A) if
and only if T(C) = T(A) and T(C) < T(A) i.e., Ircy(8) < Mreay(®), Zrcy(®) < Zray(€), Qr(ey(€) = Qpeay (8),
W) (€) > Pr(a)(8), Or(c) () > Oy (), Ty (€) < T (€), 27 (€) < Zia) (€), Ry (€) = Qi (), W (€)
2 W(a)(€), Of(c)(€) 2 O, (€), for all € W.

Assume that T(C) = (T(C),T(C)) and T(E) = (T(E),T(E)) be two RSVPNSs in the approximation space (W, p).
Then, T(C) = T(E) [2] if and only if T(C) = T(E) and T(C) = T(E) i.e., [Tyc)(€) = Tycey(®), Zrcey(®) = Ty ©),
Q1((:) (8) = QI(E)(é)v lI"I(C)(é) = \{II(E) (8, ®I(C)(é) = ®I(E) (8), HT(C)(é) = HT(E)(é): ZT(C)(é) = ZT(E)(é): Qf(c)(é)
= Q1) (©), Yoy (®) = P15, (6), Oy (§) = O, (8), Tor all e W.

Let T(C) = (T(C),T(C)) and T(E) = (T(E),T(E)) be two RSVPNSs in (W, p). Then, the union and intersection [2]
of T(C) and T(E) are defined as follows:

T(CNE) = (T(CNE),T(CNE)) and T(CUE) = (T(CUE), T(CUE)),

where T(CNE) = {(&, Ir(c)(€) A M) (8), Zr(cy (€) A Z1g) (8), Qr(c)(8) v Qrey (8), Yy () v (e (), Or(c)(8)
v Or) (B): Ce[€],, eeW};

T(CNE) = {(&, Iy (&) A Ty 8), Ty ®) A ey €): Qo) (8) v Oy (€), Wiy (®) v Wiy (8), Oy (8) v
O (€)): Ce[€],, € eW},;

T(CUE) = {(&, I1(c)(8) v M1)(€), Zry(8) Vv Z1eg)(8), Qr(c)(8) A Qree)(€), Y1y (€) A W) (8), Op(c)(8) A
®I(E)(é)): Ce[é]p, 8 EW};

and T(CUE) = {(&, Mz, (&) v Mgy (8), Ty (®) v Eriy (6), Qiiey () A ey (8). Piey (8) A Wiy (B), Oy (B) A
O7ey (8)): Cel[é],, eeW}.
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3. GRA-Based MADM Strategy under RSVPNS Environment:

Any decision maker (DM) faces a difficult problem when selecting an option from a family of potential alternatives
against a set of certain attributes. In order to quickly make the right judgement, the DM must plan a MADM
technique. Assume that L = {Q1, Qo, ..., Qp} is the group of p alternatives and that S = {P1, P», ..., Pg} is the family
of g attributes. According to RSVPNNs, the DM offers evaluation data for each alternative Qx(k=1, 2, ..., p)based
on the attribute P, (n =1, 2, ..., ). A decision matrix can thus express all of the evaluation information for all
alternatives.

The steps of the proposed MADM strategy under the RSVPNS environment are presented as follows:
Step-1: Construction of RSVPNN Based Decision Matrix

We generate the new decision matrix using the decision maker's evaluation data as follows:

Table 1: The new decision matrix using the decision maker's evaluation data

DM P, P, Py
Q1 (s11, S11) (s12, S12) (S19 S1q)
Q: (s21, S21) (522, 522) (s2q, S29)
Qp (Sp1, Sp1) (Sp2, Sp2) (Spas Spa)

Here, the RSVPNN used by the decision-maker to evaluate the alternative Qx (k = 1, 2, ..., p) in relation to the
attribute Ph (n=1, 2, ..., Q) iS <skn, Skn> (k=1, 2,...,p;n=1, 2, ..., q).

Step-2: Determination of the AGO

In this step, we apply the AGO to RSVPNNs (shown in Table-1) to convert the evaluation information into the
SVPNN. The following is the definition of the AGO:

Skn = Skn([Tkn, Zkn, Qen, P, Okn) = Sk ([ken Tken) %, (Zkn. Zhen) %, (Qkn- k)2, (P Pien)°, (Okn. Okn)*%) 3)

Now, the single-valued pentapartitioned neutrosophic decision matrix is transformed in the form of SVPNNs as
follows:

Table 2: The single-valued pentapartitioned neutrosophic decision matrix is transformed in the form of SVPNNs

DM Py P, . Pq
Ql S11 S12 .. S1q
Qz S21 S22 .. S2q

Step-3: Determination of the Weights of the Attribute

DMs frequently run against partially known or unknowable attribute weights while making decisions. Therefore,
determining attribute weight is essential for sound decision-making. In that instance, the DM can assess the
attribute weights using the CF.

The CF is defined as follows:

€,= Xher 3+ Min(Q Pn) + Zyn(Quc Pn) = Q4n(Qus Pr) = Wien (Qis Pr) = O (Qus Pr))/5 (4)
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Then, the weight of the n'" attribute is defined by w, = Zqé“é (5)
n=1°-n

Here, ¥0_, w,=1.
Step-4: Determination of the IRSVPNERS and IRSVPNEURS for the Decision Matrix
The IRSVPNERS for the decision matrix is presented as follows:

R* =[(ITf, 21,07, ¥71,07), (I3, 23,93, %7, 03), ..., (Ilg, =g, Qg, g, 03)], (6)

where IT}= max {I1,,(Qx, Pr): k=1, 2,3, ..., p}, ZF=max {Z,(Qx, Pn): k=1, 2, 3, ..., p}, &' = min {Q,(Qx
Po):k=1,2,3,...,p}, ¥r=min {¥,(Qx Pr): k=1,2,3, ..., p} and @} = min {O,,(Q«, Pr): k=1,2,3, ..., p}.

The IRSVPNEURS for the decision matrix is presented as follows:
R™=[(IT}, 27, Q7, ¥7,01), (117,27, Q7,¥3,03), ..., (113, =4, Qq, Y5, 7)1, (7)

where TT;= min {IT,, (L, Sn): k=1, 2,3, ..., p}, ZF=min {Zy,(Lk, Sn): k=1,2, 3, ..., p}, Q= max {Qyn (L, Sn):
k=1,2,3,...,p}, ¥i= max {¥yn(Lk Sn): k=1,2, 3, ..., p} and O = max {Oy, (L, Sn): k=1, 2,3, ..., p}.

Step-5: Determination of the RSVPNGRC of Each Alternative from IRSVPNERS & IRSVPNEURS

The RSVPNGRC of each alternative from IRSVPNERS is presented as follows:

: A +
min min A . max max
1R MU Akn +y k 18 Akn

Afy = , (8)

kf{'n +y. max max }‘;n
k n

where Af,= Ha((TTE, =5, F, 1, 08, Mk Zkns Quens Prns Okn))s k=1,2, ....p;n=1,2, ..., q, and ye[O0, 1].
The RSVPNGRC of each alternative from IRSVPNEURS is given below:

min min AkntV- kmax max Akn

Ain = ; )

Akn + Y. maxmax Ay
kn yk 1aX Akn

where An= Ha(((kn, Zxns Qens Yy Okn)s ([, 20, Qo Yo, On)), k=1, 2, ..., p; n=1, 2, ..., q, and y€[0, 1].

Here, the identification coefficients A5, and A5, are employed to modify the comparison environment's range and
regulate the intensity of relation coefficient differences. When y=1 and y=0, the comparison environment doesn't
change and vanishes, respectively. The range of the grey relationship coefficient will get much larger if the
identification coefficient is less. Typically, y=0.5 is taken into account in decision-making situations.

Step-6: Determine the RSVPNGRC
The RSVPNGRC of each alternative from IRSVPNERS and IRSVPNEURS are defined as follows:

Gi¥=Xn_1 WnAkn, (10)
wherek=1,2,....,p,
and Gic= Yot WnAins D

where k=1,2, ..., p.
Step-7: Determination of the RSVPNRRD
The RSVPNRRD of each alternative can be defined as follows:

G+
Ry = —X
K Gif +Gi

(12)

where k=1, 2, ..., p.
Step-8: Ranking of the alternatives

The RSVPNRRD:s of the alternatives can be arranged in ascending order to establish the order in which they should
be ranked. The best alternative is the one with the highest RSVPNRRD value.

Step-9: End
The flowchart of the proposed MADM strategy is given below:
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4. Validation of the Proposed MADM Technique:

This section includes a numerical example from the actual world to demonstrate the value and efficacy of the
suggested MADM technique.

Example 4.1. “Selection of a Tourist Place by Government Initiative to Make It Attractive for Tourists”.

To encourage tourism in the country, it is critical to make it appealing in a variety of ways. International tourism,
as we all know, is critical to every country's economic, cultural, and social development. The country's architecture
and wealth of heritage treasures are among the most appealing aspects of Indian ecotourism. In addition, other
historic sites are in poor condition. It would be a fantastic idea to outsource the maintenance and external
illumination of cultural structures to corporate behemoths in exchange for some marketing exposure at the
monuments. For example, tour guides, children's entertainment, gourmet excursions, and tourist connections with
local culture could all be included. It would be completely incorrect to simply say, "Make important connections."
This is a broad assertion. Such a tourist destination, however, requires appropriate roadways and approach spaces.
Although they may not appear ideal, packaged rail travel, convenient bus connections, and secure car rental
services with qualified employees, combined with excellent roads and motorways, are critical components of an
excellent tourist experience. Many people seem to have difficulty-eroticizing India for the West, but it will happen
at some point. Although we are no longer portraying India as a land of snakes and charmers, the tourism ministry
should certainly pursue aggressive web and other marketing strategies to promote India as a must-see destination.
Whether it is airing "Incredible India" advertisements in other countries, organizing tourism seminars, or providing
Indian locations with facilities to support international film productions, India's government is doing everything it
can to promote the country. Vigorous marketing is required to effectively be seen and heard. India can now profit
from providing personalized experiences, rare animal sanctuaries, religious pilgrimage trips, and extreme
Himalayan adventures. With so many points of differentiation, Indian tourism should focus on what it has to offer
that makes it appealing in every way. Despite the fact that the government has started to make significant progress
in this area, there is still a long way to go before tourism can generate significant revenue for the country. We must
promote India as a vacation destination where the regal Bengal tiger, a common worker, a few billionaires,
religious dichotomies, and unique gastronomic delights can be found. When deciding where to go, how to go,
when to go, and what to bring with us, there are a few other factors to consider. For example, when we want to
know where to go, how to get there, when to go, what to bring, and when to go, we need complete information or
a suitable package that fits within our budget. More importantly, we want to know about the location; what kinds
of views are available, and whether or not essential amenities are available. The tourism industry should prioritize
factors that attract visitors. The most prevalent concerns to which the government must pay attention are:

(i) Communication facility of such tourist place, (ii) Accommodation, (iii) Basic health facility, (iv) Online
booking facilities for different services, and (v) Safety.

So, the selection of tourist places by the Government can be considered as a MADM problem. After initializing,
the decision maker selects four major alternatives, namely Q1, Q2, Qs, and Qa. For the selection of a suitable
alternative, the decision maker selects seven attributes such as

P1: Communication facility of such tourist place,
P2: Accommodation,
P3: Basic health facility,
P4: Online booking facilities for different services,
Ps: Safety.
The following is the presentation of the current MADM problem:

We construct a rough single-valued pentapartitioned neutrosophic decision matrix as follows, using the evaluation
data for each alternative against the attributes provided by the DM:
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Table 3: Rough single-valued pentapartitioned neutrosophic decision matrix

P1

P,

P3

P4

Ps

[N

[(0.9,0.3,0.1,0.1,0.0

)
(1.0,0.4,0.1,0.0,0.0)
]

[(0.7,0.2,0.1,0.1,0.1

),
(0.9,0.4,0.0,0.0,0.1)
]

[(0.8,0.2,0.3,0.2,0.2

)
(1.0,0.4,0.1,0.2,0.0)
1

[(1.0,0.2,0.2,0.1,0.1

),
(1.0,0.4,0.1,0.1,0.0)
]

[(0.6,0.4,0.1,0.0,0.2

),
(0.8,0.5,0.0,0.0,0.1)
]

N

[(0.8,0.1,0.2,0.2,0.1
)

(0.9,0.3,0.1,0.1,0.0)
1

[(0.8,0.2,0.2,0.2,0.1
)

(0.8,0.3,0.1,0.1,0.0)
1

[(0.8,0.1,0.4,0.2,0.1
)

(0.9,0.4,0.1,0.1,0.1)
1

[(0.9,0.5,0.3,0.2,0.1
):

(1.0,0.6,0.1,0.1,0.1)
1

[(0.8,0.1,0.0,0.2,0.0
):

(1.0,0.4,0.0,0.1,0.0)
1

w

[(0.8,0.2,0.2,0.3,0.3
)y

(1.0,0.4,0.0,0.1,0.2)
]

[(0.8,0.0,0.1,0.1,0.2
)Y

(1.0,0.2,0.1,0.0,0.1)
]

[(0.7,0.2,0.2,0.1,0.2
)l

(0.9,0.3,0.1,0.1,0.1)
1

[(0.8,0.1,0.2,0.1,0.1
)l

(0.9,0.4,0.1,0.0,0.1)
1

[(0.7,0.2,0.2,0.1,0.2

)l
(0.9,0.4,0.1,0.0,0.1)

]

I

[(0.9,0.3,0.1,0.1,0.2
)

[(0.7,0.2,0.3,0.2,0.1
),

[(0.9,0.1,0.1,0.1,0.1
),

[(0.6,0.2,0.3,0.2,0.1
),

[(0.8,0.1,0.1,0.2,0.1
),

By using the eq. (3), we form the single-valued pentapartitioned neutrosophic decision matrix as follows:

Table 4: The single-valued pentapartitioned neutrosophic decision matrix

P1 P2 P3 P4 Ps
Q | (0.949,0.346,0.1,0.0 | (0.794,0.283,0.0,0.0 | (0.894,0.283,0.173, | (1.0,0.283,0.141,0.1 | (0.693,0.447,0.0,0.0
. |,00) 0.1) 0.2,0.0) 0.0) 0.141)
Q | (0.848,0.173,0.141, | (0.8,0.245,0.141,0.1 | (0.848,0.2,0.2,0.141 | (0.949,0.548,0.173, | (0.894,0.2,0.0,0.141
, | 0.141,0.0) 41,0.0) 0.1) 0.141,0.1) 0.0)
Q | (0.894,0.283,0.0,0.1 | (0.894,0.0,0.1,0.0,0. | (0.794,0.2450.141, | (0.848,0.2,0.141,0.0 | (0.794,0.283,0.141,
s | 73,0.245) 141) 0.1,0.141) 0.1) 0.0,0.141)
Q | (0.9,0.387,0.0,0.1,0. | (0.837,0.283,0.245, | (0.949,0.2,0.0,0.0,0. | (0.693,0.283,0.173, | (0.894,0.224,0.0,0.2
s |0) 0.141,0.0) 1) 0.141,0.1) 0.1)

Now, by using eqg. (4) & eq. (5), we find the weight vector as follows:
(Wi, W2, W3, Wa, Ws) = (0.2057448, 0.1959888, 0.1958592, 0.2007437, 0.2016636)

The IRSVPNERS (R*) and IRSVPNEURS (R") for the decision matrix are presented as follows:

Table 5: The IRSVPNERS (R*) and IRSVPNEURS (R") for the decision matrix

DOIL: https:

doi.org/10.54216/1]NS.260309

P1 P2 P3 Pa Ps
Q | (0.949,0.346,0.1,0.0 | (0.794,0.283,0.0,0.0 | (0.894,0.283,0.173,0 | (1.0,0.283,0.141,0. | (0.693,0.447,0.0,0.0
. |,00) 0.1) 2,0.0) 1,0.0) 0.141)
Q | (0.848,0.173,0.141, | (0.8,0.245,0.141,0.1 | (0.848,0.2,0.2,0.141, | (0.949,0.548,0.173, | (0.894,0.2,0.0,0.141
. | 0.141,0.0) 41,0.0) 0.1) 0.141,0.1) 0.0)
Q | (0.894,0.283,0.0,0.1 | (0.894,0.0,0.1,0.0,0. | (0.794,0.245,0.141,0 | (0.848,0.2,0.141,0. | (0.794,0.283,0.141,
s | 73,0.245) 141) 1,0.141) 0,0.1) 0.0,0.141)
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Q | (0.9,0.387,0.0,0.1,0. | (0.837,0.283,0.245, | (0.949,0.2,0.0,0.0,0. | (0.693,0.283,0.173, | (0.894,0.224,0.0,0.2
s | 0) 0.141,0.0) 1) 0.141,0.1) 0.1)

R | (0.949,0.387,0.0,0.0 | (0.894,0.283,0.0,0.0 | (0.949,0.283,0.0,0.0, | (1.0,0.548,0.141,0. | (0.894,0.447,0.0,0.0
+ 1,00 0.0) 0.0) 0,0.0) 0.0)

R | (0.848,0.173,0.141, | (0.794,0.0,0.245,0.1 | (0.794,0.2,0.2,0.2,0. | (0.693,0.2,0.173,0. | (0.693,0.2,0.141,0.2
- | 0.173,0.245) 41,0.141) 141) 141,0.1) 0.141)

The RSVPNGRC of each alternative from IRSVPNERS and IRSVPNEURS is presented in the Table-6, Table-

7, Table-8 and Table-9, respectively.

Table 6: The RSVPNGRC of each alternative from IRSVPNERS and IRSVPNEURS (a)

P, P, P, P, P; MiNpAmn | MAXyAn
A, 0.141 0.586 0.611 0.48 0.342 0.141 0.611
Aan 0.597 0.414 0.625 0.327 0.388 0.327 0.625
Ain 0.577 0.524 0.575 0.6 0.546 0.524 0.6
Min 0.149 0.443 0.183 0.845 0.523 0.149 0.845
min,ming s, 0.141
MAX,,MAXy M, 0.845

Table 7: The RSVPNGRC of each alternative from IRSVPNERS and IRSVPNEURS (b)

P P, P, P, Ps minpAmn | Max,Agmn
Mn 0.733 0.755 0.351 0.563 0.588 0.351 0.755
Aan 0.277 0.496 0.154 0.604 0.542 0.154 0.604
A3n 0.297 0.386 0.204 0.325 0.384 0.204 0.386
Aan 0.725 0.467 0.596 0.083 0.407 0.083 0.725
min,, ming Amn 0.083
max,, max, Amn
0.755

Table 8: The RSVPNGRC of each alternative from IRSVPNERS and IRSVPNEURS (c)

A Py P, P; P, P
Q1 1 0.55875 0.545235 0.624377 0.737083
Q: 0.552722 0.67364 0.537947 0.751835 0.69525
Qs 0.563782 0.595351 0.564912 0.5511 0.581828
Qs 0.986002 0.651069 0.930636 0.444576 0.595981
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Table 9: The RSVPNGRC of each alternative from IRSVPNERS and IRSVPNEURS (d)

A P, P, P, P, Py
Q 0.414678 0.406623 0.632121 0.489633 0.476955
Q 0.703591 0.527189 0.866416 0.46918 0.500816
Qs 0.682728 0.603143 0.791917 0.655516 0.604728
Qs 0.417687 0.545293 0.473035 1 0.586998

The RSVPNGRCs G} and G, of each alternative (Qm, m=1, 2, 3, 4) from IRSVPNERS and IRSVPNEURS
respectively are presented in Table-10.

Table 10: The RSVPNGRCs G, and G,, of each alternative (Qm, m=1, 2, 3, 4) from IRSVPNERS and

IRSVPNEURS
G} G
Qs 0.696025 | 0.483293
Q2 0.64224 | 0.61296
Qs 0.571284 | 0.667324
Qa4 0.722174 | 0.604576

The RSVPNRRD (Rm) of each alternative Qm (M = 1, 2, 3, 4) is presented in Table-11.
Table 11: The RSVPNRRD (Rnm) of each alternative Qm (m=1, 2, 3, 4)

Pim = G&Gf G
Q 0.590193
Q2 0.511663
Qs 0.461231
Qa 0.544318

From Table-11, it is clear that R3<R2<R4<Ri. Therefore, Q1 is the most appropriate alternative i.e., Tourist Place,
to choose for making it attractive for tourists.

5. Conclusion

In this paper, we have developed a MADM technique based on grey relational analysis for the RSVPNS
environment. In addition, we have solved a real-world numerical example to validate our suggested MADM
method. The proposed MADM technique is also intended to be able to address other real-world issues, such as flat
selection, weaver selection, Ph.D. guide selection, teacher selection and medical diagnostic.
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For the sake of presenting clarity, the following abbreviations are used throughout this article.

Short Terms

Neutrosophic Set NS
Single-Valued NS SVNS
Rough NS RNS
Single-Valued Pentapartitioned NS SVPNS
Rough SVPNS RSVPNS
Grey Relational Analysis GRA
Multi-Attribute Decision-Making MADM
Accumulated Geometric Operator AGO
Compromise Function CF

Ideal Rough Single-Valued Pentapartitioned Neutrosophic Estimates | IRSVPNERS
Reliability Solution

Ideal Rough Single-Valued Pentapartitioned Neutrosophic Estimates | IRSVPNEURS
Unreliability Solution

Rough Single-Valued Pentapartitioned Neutrosophic Grey Relational | RSVPNGRC
Coefficient

Rough Single-Valued Pentapartitioned Neutrosophic Relative Relational | RSVPNRRD
Degree
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