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Abstract

The main focus of this article is to introduce the notion of rough pentapartitioned
neutrosophic set and rough pentapartitioned neutrosophic topology by using rough
pentapartitioned neutrosophic lower approximation, rough pentapartitioned
neutrosophic upper approximation, and rough pentapartitioned neutrosophic
boundary region. Then, we provide some basic properties, namely operations on
rough pentapartitioned neutrosophic set and rough pentapartitioned neutrosophic
topology. By defining rough pentapartitioned neutrosophic set and topology, we
formulate some results in the form of theorems, propositions, etc. Further, we give
some examples to justify the definitions introduced in this article.
Keywords: Neutrosophic Set; Pentapartitioned Neutrosophic Set; Rough
Pentapartitioned Neutrosophic Set; RPNT-space; RPNO-set.
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1. Introduction

Smarandache [29] grounded the concept of neutrosophic set (in short NS) theory by extending
the notion of fuzzy set (in short FS) [40] and intuitionistic fuzzy set (in short IFS) [1] to deal
with the uncertainty events having indeterminacy. In the year 2010, Wang et al. [39] studied
the notion of single valued neutrosophic set (in short SVNS). Thereafter, Salama and Alblowi
[27] presented the idea of neutrosophic topological spaces via neutrosophic sets by extending
the notion of intuitionistic fuzzy topological spaces. Thereafter, Imran et al. [19] grounded the
neutrosophic generalized alpha generalized continuity via neutrosophic topological space.
Santhi and Udhayarani [28] grounded the idea of Nw-closed set via neutrosophic topological
space. Afterwards, Maheswari and Chandrasekar [20] introduced the concept of neutrosophic
gb-closed set and continuous functions via neutrosophic topological space. In the year 2019,
Pushpalatha and Nandhini [25] presented the idea of generalized closed set via the
neutrosophic topological space. The idea of neutrosophic a*m continuity was introduced and
studied by Dhavanseelan et al. [17]. In the year 2020, Das and Pramanik [9] studied the
generalized neutrosophic b-open set via neutrosophic topological space. Later on, Hanif
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PAGE and Imran [18] studied the neutrosophic generalized homomorphism via neutrosophic
topological space. Das and Pramanik [10] also presented the neutrosophic ¢-open set and
neutrosophic ¢-continuous functions. Recently, Das and Tripathy [15] introduced the notion
of neutrosophic simply b-open set in neutrosophic topological space. Later on, Ozturk and
Ozkan [23] grounded the concept of bi-topological space under the neutrosophic set
environment. Thereafter, Das and Tripathy [14] presented the notion of pairwise neutrosophic
b-open set via neutrosophic bi-topological space. Tripathy and Das [33] grounded the concept
of pairwise neutrosophic b-continuous mappings via neutrosophic bi-topological space. The
idea of neutrosophic multiset topology was grounded by Das and Tripathy [13]. In the year
1982, Pawlak [24] introduced the concept of rough set for the processing of incomplete
information system. Thereafter, Broumi et al. [3] presented the idea of rough neutrosophic set
(in short R-NS) by extending the notion of fuzzy rough set. In the year 2018, Thivagar et al.
[32] grounded the concept of nano topology via neutrosophic sets. Afterwards, Sweety and
Arockiarani [31] studied the topological structures of fuzzy neutrosophic rough sets.
Mukherjee and Das [22] introduced the neutrosophic bipolar vague soft set and proposed a
multi attribute decision making strategy based on it. Smarandache et al. [30] studied the fuzzy
soft topological space, intuitionistic fuzzy soft topological space and neutrosophic soft
topological space. Later on, Riaz et al. [26] notion of neutrosophic soft rough topology and
presented an application to decision making. In the year 2021, Das et al. [6] introduced the
notion of quadripartitioned neutrosophic topological space. Recently, Mallick and Pramanik
[21] introduced the notions of pentapartitioned neutrosophic set (in short P-NS) by splitting
indeterminacy-membership into three independent components namely contradiction,
ignorance and unknown membership. In the year 2021, Das and Tripathy [16] introduced the
notion of pentapartitioned neutrosophic topological space. Recently, Das et al. [5] proposed a
MADM-strategy based on tangent similarity measure under the pentapartitioned neutrosophic
set environment. In the year 2021, Das et al. [7] introduced and studied the concept of
pentapartitioned neutrosophic Q-ideals of Q-algebra.

In this paper, we introduce the notion of rough pentapartitioned neutrosophic set (in short
R-P-NS) and applied the concept of topology to R-P-NS. Then, we establish some basic pro-
perties, operations, and examples of the proposed set and topology.

Research gap: No investigation on rough pentapartitioned neutrosophic set and rough
pentapartitioned neutrosophic topology has been reported in the recent literature.

Motivation: To diminish the research gap, we procure the notion of rough pentapartitioned
neutrosophic set and rough pentapartitioned neutrosophic topology.

The remaining part of this article is designed as follows:

In section 2, we recall some relevant definitions and results to the main results of this article.
Section 3 introduces the notion of R-P-NS and some operations defined on them. In section 4,
we apply the concept of topology to R-P-NSs and introduce rough pentapartitioned
neutrosophic topology (in short RPNT) and its properties. In section 5, we conclude our work
done in this article and state some future scope of research.

2. Preliminaries

In this section, we give some definitions and results on NSs, P-NSs and R-NSs, which are
relevant to the main results of this paper.
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Definition 2.1:[16]. A neutrosophic set V over a fixed set W is defined as follows:

V = {(r, Tu(r), \(r), Fu(r)): reW}, where T, I, F : W—][O0, 1] are the truth, indeterminacy and
falsity membership functions respectively.

Definition 2.2:[11]. Let W be a fixed set. Then, a pentapartitioned neutrosophic set (in short
P-NS) Z over W is defined as follows:

Z = {(r,Tz(r),Cz(r),Gz(r),Uz(r),Fz(r)): reW}, where Tz(r), Cz(r), Gz(r), Uz(r), Fz(r) ([0, 1])
are the truth, contradiction, ignorance, unknown, falsity membership values of each neW. So,
0 < Tz(r)+Cz(rnN+Gz(r+Uz(r)+Fz(r) <5, for all reW.

Definition 2.3:[11]. Let W be a fixed set. Then, the absolute P-NS (1py) and the null P-NS
(Opn) Over W are defined as follows:

(i) 1pn=4{(r,1,1,0,0,0): reW};

(ii) Opn = {(r,0,0,1,1,1): reW}.

The absolute P-NS (1pn) and the null P-NS (Opy) have other seven types of representations.
They are given below:

lpn= {(r,l,l,0,0,l): reW}; Opn = {(r,0,0,l,l,O): reW};
Ipn= {(r,l,l,O,l,O): reW}; OPN = {(r,0,0,l,O,l): reW};
lpn= {(r,l,l,l,0,0): reW}; Opn = {(r,0,0,0,l,l): reW};
lpn= {(r,l,l,O,l,l): reW}; Opn = {(r,0,0,l,0,0): reW};
Ipn= {(r,l,l,l,O,l): reW}; OPN = {(r,0,0,0,l,O): reW};
lpn= {(r,l,l,l,l,O): reW}; Opn = {(r,0,0,0,0,l): reW};
1en={(r,1,1,1,1,1): reW}; Opn = {(r,0,0,0,0,0): reW}.

Remark 2.1: Clearly, Opy < X < 1pn, for every P-NS X over W.

Definition 2.4:[11]. Let M={(r, Tm(r),Cm(r),Gm(r),Um(r),Fm(r)): reW} and N={(r,Tn(r),Cn(r),
Gn(r),Un(r),Fn(r)): reW} be two P-NSs over W. Then, M < N iff Ti(r) < Tn(r), Cu(r) < Cn(r),
Gm(r) = Gn(r), Up(r) = Un(r), Fu(r) = Fy(r), for all rew.

Example 2.1: Consider two P-NSs X={(r,0.3,0.4,0.5,0.7,0.3), (m,0.3,0.6,0.4,0.8,0.4)} and
Y={(r,0.4,0.7,0.1,0.5,0.2), (m,0.8,0.9,0.2,0.1,0.2)} over a fixed set W={r, m}. Then, XCY.
Definition 2.5:[11]. Let M={(r,Tm(r),Cm(r),Gm(r),Um(r),Fm(r)): reW} and N={(r,Tn(r),Cn(r),
Gn(r),Un(r),Fn(n): reW} be two P-NSs over W. Then, the intersection of X and Y is XnY={(r,
min{Tm(r), Tn(r)}, min{Cu(r), Cn(r)}, max{Gm(r), Gn(r)}, max{Um(r), Un(r)}, max{Fm(r),
Fn(D}): reWt.

Example 2.2: Consider two P-NSs X={(r,0.4,0.7,0.4,0.2,0.9), (m,0.5,0.6,0.7,0.8,0.5)} and Y=
{(r,0.9,0.2,0.8,0.7,0.8), (m,0.5,0.8,0.7,0.2,0.9)} over W={r, m}. Then, the intersection of X
and Y is XnY={(r,0.4,0.2,0.8,0.7,0.9), (m,0.5,0.6,0.7,0.8,0.9)}.

Definition 2.6:[11]. Let M={(r,Tm(r),Cm(r),Gm(r),Um(r),Fm(r)): reW} and N={(r,Tn(r),Cn(r),
Gn(r),Un(r),Fn(r)): reW} be two P-NSs over W. Then, the union of X and Y is XuY={(r,
max{Tm(r), Tn(r}max{Cm(r), Cn(r}min{Gm(r), Gn(r}min{Um(r), Un(r)}.min{Fm(r),
Fn(n}): rewt.

Example 2.3: Consider two P-NSs X={(r,0.5,0.4,0.7,0.7,0.5), (m,0.8,0.5,0.9,1.0,0.5)} and
Y={(r,0.6,0.7,0.1,0.5,0.2), (m,1.0,0.9,0.4,0.0,0.1)} over W={r, m}. Then, their union is XuY=
{(r,0.6,0.7,0.1,0.5,0.2), (m,1.0,0.9,0.4,0.0,0.1)}.

Definition 2.7:[11]. Let M={(r,Tm(r),Cm(r),Gm(r),Um(r),Fm(r)): reW} be a P-NS over a fixed
set W. Then, M ={(r,Fu(r),Um(r),1-Gu(r),Cm(r), Tm(r)): reW}.

Example 2.4: Let M={(r,0.4,0.5,0.9,0.7,0.8), (m,0.7,0.1,0.5,0.7,0.1)} be a P-NS over W={r,
m}. Then, M*={(r,0.8,0.5,0.1,0.7,0.4), (m,0.1,0.7,0.5,0.1,0.7)}.
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Definition 2.8:[2]. Let p be an equivalence relation on W. Let Q={(r,Tq(r),lo(r),Fo(r)): reW}
be a NS over W. Then, the lower approximation (N(Q)) and the upper approximation (N(Q))
of Q in the approximation space (W, p) are defined as follows:
NQ)={(r.Ty o) (). In()(N).Fno)(1)): pe[r]y, reW};

NQ)={(r.T5g) (N[5 ) (N Fr)(N): PE[r],, reW},

where TE(Q) = Npelr], TQ(p)’ Iﬁ(Q) = Vpelrl, IQ(p)’ FN(Q) :Vpe[r]p FQ(p)! TN(Q) :\/pe[r]p TQ(p)'
IN(Q):/\pe[r]plQ(p): FN(Q):/\pe[r]pFQ(p)-

S0, 0 < Ty(g)(r) + In(o)(r) + Fu(g)(r) 3 and 0 < T (1) + Iy (1) + Fr(r) < 3.

Clearly, the lower approximation [N(Q)] and the upper approximation [N(Q)] are the NSs
over W. The pair (N(Q), N(Q)) is said to be a rough neutrosophic set (in short R-NS) in the
approximation space (W, p).

3. Rough Pentapartitioned Neutrosophic Set

The notion of rough pentapartitioned neutrosophic set (in short R-P-NS) and its properties are
defined as follows:

Definition 3.1: Suppose that p be an equivalence relation on a fixed set W. Assume that Q =
{<r,Ty(r),Co(r),Go(r),Ug(r),Fo(r)>: reW} be a P-NS over W. Then, the lower approximation
set [N(Q)] and the upper approximation set [N(Q)] of Q in the approximation space (W, p) are
defined as follows:

N(Q) ={<r.Tw()(N.Cn()(N:Gn(0)(N:Un()(N:Fn()(N> : PE[r],, reW},

N(Q) ={<r,Tx.y(1).Crg)(N. Gy (N U0y (N Fr(gy (N> : pe[r],, reW},

where Ty(q)=Apeirl, TN, Cni@)=Apelrl, Calh): Guie)=Apeiry, Galn): Unie)=Apeiri, Ualh),
Fne) = Aperr1, Fol), Trg) = Vperrl, Taln), Crg) = Vperrl, Calr), Gxg) = Vperry, Gall),
UN(Q):Vpe[r]pUQ(r), FN(Q)vae[r]pFQ(I’).

S0, 0= Ty (o) (N*Chn (o) (N*Gn (o) (N+Un (o) (N+n (o) (1) <5,

and 0 < Ty (N+Cr0)(N*Gr(0) (N Uy (NFFR () (1) < 5.

Here, the operators “v” and “A” means “max” or “join” and “min” or “meet” operators
respectively. Clearly, N(Q) and N(Q) are two P-NSs over W. The pair (N(Q), N(Q)) is called
the rough pentapartitioned neutrosophic set (in short R-P-NS) in (W, p).

Example 3.1: Let W = {ry, ry, I3, I'4, I's} be a fixed set. Let p be an equivalence relation, where
its partition of W is given by Whp = {(ri, r3), (r2,15), (rs)}. Suppose that Q =
{<r;,0.5,0.4,0.2,0.3,0.6>, <r,,0.8,0.2,0.6,0.6,0.4>, <r3,0.2,0.3,0.4,0.7,0.6>, <r4,0.9,0.8,0.7,0.1,
0.8>, <r5,0.6,0.3,0.7,0.2,0.5>} be a P-NS over W. Then, the lower approximation set of the P-
NS Q is N(Q)={<r1,0.2,0.3,0.2,0.3,0.6 >, <1,,0.6,0.2,0.6,0.2,0.4 >, < r3,0.2,0.3,0.2,0.3, 0.6 >,
<140.9,0.8,0.7,0.1,0.8 >, < r5,0.6,0.2,0.6,0.2,0.4 >}, and

The upper approximation set of the P-NS Q is N (Q)={<ry,0.5,0.4,0.4,0.7,0.6>,
<r,,0.8,0.3,0.7,0.6,0.5>, <r3,0.5,0.4,0.4,0.7,0.6>, <r4,0.9,0.8,0.7,0.1,0.8>, <r5,0.8,0.3,0.7,0.6,
0.5>}. Therefore, (N (Q), N (Q)) = ({<r.,0.2,0.3,0.2,0.3,0.6>, <r,,0.6,0.2,0.6,0.2,0.4>,
<r3,0.2,0.3,0.2,0.3,0.6>, <r4,0.9,0.8,0.7,0.1,0.8>, <r5,0.6,0.2,0.6,0.2,0.4>}, {<r;,0.5,0.4,0.4,
0.7,0.6>, <r,,0.8,0.3,0.7,0.6,0.5>, <r3,0.5,0.4,0.4,0.7,0.6>, < r4,0.9,0.8,0.7,0.1, 0.8>, <rs,0.8,
0.3,0.7,0.6,0.5>}) is a R-P-NS in (W, p).

Definition 3.2: Assume that N(Q) = (N (Q), N(Q)) = ({<r, Tno) (N, Cu(o) (), Gy (M),

Un)().Fn)(N> : pe[r],, reW}, {<r,Tﬁ(Q)(r),CN(Q)(r),GN(Q)(r),UN(Q)(r),FN(Q)(r)> . pe
[r],, reW}) be a R-P-NS in the approximation space (W, p). Then, [<Ty)(r),Cng)(N),
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Gu) (N, Un(o) (N Fn oy (>, <Txo) (N, Cxo) (D, Gre) (N Ux(o) (r),FN(Q) (r)>] is called a
single valued rough pentapartitioned neutrosophic number (in short SVRPNN) for all reW.
Example 3.2: Let N(Q) = (N(Q), N(Q)) be a R-P-NS in the approximation space (W, p) as it
is shown in Example 3.1. Then, [<0.5,0.4, 0.4,0.7,0.6>, <0.5,0.4,0.4,0.7,0.6>] is a SVRPNN
in the approximation space (W, p).

Definition 3.3: Let N(Q) = (N(Q), N(Q)) be a R-P-NS in the approximation space (W, p).

Then, the complement of N(Q) = (N(Q), N(Q)) is defined as follows:

N(Q)° = (N(Q)°, N(Q)°), where N(Q)° = {<r,Fy()(N).Un(0)(N:1-Gn()(1),Cn () ("), T (o) (r)> :
pe[r],, reW} and N(Q)° = {<r Fr) (N, Uz (N, 1-G 0y (N, Cr () (N, Ty (N> : Pe[r]y,
rewt.

Example 3.3: Let N(Q) = (N(Q), N(Q)) be a R-P-NS in the approximation space (W, p) as it
is shown in Example 3.1. Then, the complement of N(Q) is N(Q)° = (N(Q), N(Q)°),

where, N(Q)° = {<r,0.6,0.3,0.8,0.3,0.2>, <r,,0.4,0.2,0.4,0.2,0.6>, <r3,0.6,0.3,0.8,0.3,0.2>, <1y,
0.8,0.1,0.3,0.8,0.9>, <r5,0.4,0.2,0.4,0.2,0.6>} and N(Q) = {<r.,0.6,0.7,0.6,0.4,0.5>, <r,,0.5,
0.6,0.3,0.3,0.8>, <r3,0.6,0.7,0.6,0.4,0.5>, <r4,0.8,0.1,0.3,0.8,0.9>, <r4,0.5,0.6,0.3,0.3,0.8>}.
Definition 3.4: Let N(Q) = (N(Q), N(Q)) and N(V) = (N(V), N(V)) be two R-P-NSs in the
approximation space (W, p). Then, N(Q)=N(V) if and only if N(Q)=N(V) and N(Q)c N(V),
Le., Ty(o)(N) < Ty V), Cy@(N) < Cn V), Guo)(N 2 Gy (V) Uni)(1) 2 Un o)), Fivo)(r)
2 Fn) (V) T (N < Ty (), Cry (N < Cran (V) Gy (N 2 Gran V), Ugan (1) 2 Ug,) (V)
Fan(r) 2 Fra(v), forall rew.

Example 3.4: Let N(Q) = ({<r1,0.3,0.5,0.2,0.3,0.6>, <r»,0.3,0.3,0.6,0.2,0.4>, <r5,0.2,0.3,0.2,
0.3,0.6>, <r4,0.9,0.8,0.7,0.1,0.8>, <r5,0.6,0.2,0.6,0.2,0.4>}, {<r1,0.5,0.4,0.4,0.7,0.6>, <r,,0.8,
0.3,0.7,0.6,0.5>, <r3,0.5,0.4,0.4,0.7,0.6>, <r4,0.9,0.8,0.7,0.1,0.8>, <r5,0.8,0.3,0.7,0.6,0.5>})
and N(V) = ({<r1,0.3,0.5,0.1,0.2,0.5>, <r,,0.7,0.2,0.4,0.0,0.3>, <r3,0.5,0.3,0.0,0.0,0.1>, <rs,
0.9,0.9,0.5,0.0,0.3>, <rs5,0.8,0.3,0.2,0.0,0.2>}, {<r;,0.5,0.5,0.3,0.3,0.6>, <r,,0.8,0.3,0.5,0.1,
0.3>, <r3,0.5,0.4,0.0,0.1,0.2>, <r4,1.0,0.9,0.6,0.0,0.4>, <r5,0.8,0.3,0.4,0.1,0.3>}) be two R-P-
NSs in (W, p). Clearly, N(Q)cN(V).

Definition 3.5: Let N(Q) = (N(Q), N(Q)) and N(V) = (N(V), N(V)) be two R-P-NSs in the
approximation space (W, p). Then, N(Q) = N(V) if and only if N(Q) = N(V) and N(Q) = N(V),
Le., Two)(N) = T (V) Cn)(N = Cnio)(V): Gr)(F) = Guo)(V): Un)(N) = Uno)(V), Fivo)(F)
= Fno) (V) Ty (1) = Txan (W), Cran (N = Cxan V), Gray (1) = Gran(V), Ugan () = U, (V).
Fian (1) = Fran(v), forall rew.

Example 3.5: Let N(Q) = ({<r1,0.2,0.3,0.2,0.3,0.6>, <r,0.6,0.2,0.6,0.2,0.4>, <r3,0.2,0.3,0.2,
0.3,0.6>, <r4,0.9,0.8,0.7,0.1,0.8>, <r5,0.6,0.2,0.6,0.2,0.4>}, {<r1,0.5,0.4,0.4,0.7,0.6>, <r,,0.8,
0.3,0.7,0.6,0.5>, <r3,0.5,0.4,0.4,0.7,0.6>, <r,4,0.9,0.8,0.7,0.1,0.8>, <r5,0.8,0.3,0.7,0.6,0.5 >})
and N(V) = ({<r4,0.2,0.3,0.2,0.3,0.6>, <r,,0.6,0.2,0.6,0.2,0.4>, <r3,0.2,0.3,0.2,0.3,0.6>, <ry,
0.9,0.8,0.7,0.1,0.8>, <rs,0.6,0.2,0.6,0.2,0.4>}, {<r;,0.5,0.4,0.4,0.7,0.6>, <r,,0.8,0.3,0.7,0.6,
0.5>, <r3,0.5,0.4,0.4,0.7,0.6>, <r,,0.9,0.8,0.7,0.1,0.8>, <r50.8,0.3,0.7,0.6,0.5>}) be two
SVRPNS in the approximation space (W, p). Clearly, N(Q) = N(V).

Definition 3.6: Let N(Q)=(N(Q), N(Q)) and N(V)=(N(V), N(V)) be two R-P-NSs in the
approximation space (W, p). Then, the intersection and union of the R-P-NSs N(Q) and N(V)
are defined as follows:

N(QNV) = (N(QnV), N(QnV)) and N(QUV) = (N(QUV), N(QUV)),
where,
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NQAV) = L=, Tu) (A Tww) (1), Cu@ (NACu) (1), Cui@) NV Exn) (1), Unio) NV Unaw) (1)
Fyo)(NVFy) ()>:pe[r],, reW};

N(QV) = {<r, Ty (DATxw (0, Criigy (DA Cry (0 Gy (DY Gy (1), Uiy (DV Ui (1),
Fxo) (NDVFRay (> pelr],, reWl;

NQWV) = {=<n Tv@ (M Tyw (1), En@ NV Cyw (N): Gn@ (NAGrw) (N): Un@ (DA Una) (1),
Fyo)(NAFyarH(r)>:pelr],, reW};

and

N(QWV) = {<1, Ty (NVTxan (1D, Cricoy OV Cran (0 Gy (NAGT 1A (1), Uiy (DAUz (1),
Fo)(DAFay) (N> pelr],, reW}.

Example 3.6: Let N(Q)=(N(Q), N(Q)) and N(V)=(N(V), N(V)) be two R-P-NSs in (W, p) as
they are given in Example 3.4. Then,

N(QAV) = (N (QnV), N (QnV)) = ({<r,0.2,0.2,0.2,0.3,0.6>, <r,,0.5,0.2,0.6,0.2,0.4>,
<r3,0.2,0.3,0.2,0.3,0.6>, <r40.9,0.2,0.7,0.1,0.8>, <r5,0.5,0.2,0.6,0.2,0.4>}, {<r.,0.5,0.2,0.4,

0.7,0.6>, <r,,0.8,0.3,0.7,0.6,0.5>, <r3,0.5,0.4,0.4,0.7,0.6>, <r4,0.9,0.8, 0.7,0.1,0.8>, <rs,0.8,
0.3,0.7,0.6,0.5>}),

and N(QUV) = (N (QUV), N(QUV)) = ({<r1,0.3,0.3,0.1,0.2,0.5>, <r,0.6,0.2,0.4,0.0,0.3>,
<r3,0.5,0.3,0.0,0.0,0.1>, <r,,0.9,0.8,0.5,0.0,0.3>, <r50.6,0.2,0.2,0.0,0.2>}, {<r;,0.5,0.4,0.3,
0.3,0.6>, <r,0.8,0.3,0.5,0.1,0.3>, <r3,0.5,0.4,0.0,0.1,0.2>, <r4,1.0,0.9,0.6,0.0,0.4>, <r5,0.8,0.3,
0.4,0.1,0.3>}).

Definition 3.7: Let N(Q) = (N(Q), N(Q)) be a R-P-NSs in the approximation space (W, p).
Then, the boundary region of the R-P-NSs N(Q) is denoted by Ng(Q) and defined as follows:

Ne(Q) = N(Q) - N(Q), where N(Q) - N(Q) = N(Q) N N(Q)°.

Theorem 3.1: Let N(Q)=(N(Q), N(Q)) and N(V)=(N(V), N(V)) be two R-P-NSs in the
approximation space (W, p). Then, the following holds:

(i) N(QNV)° = N(Q)"UN(V)%;

(i) N(QUV)*= N(Q)'N(V)*.

Proof. Let N(Q) = (N(Q), N(Q)) = ({<rTn(g)(N: Cw() (N Gu(o) (N, Un(o) (N Fn(o) (N>
pe[r], reW}, {<r,Tﬁ(Q)(r),CN(Q)(r),GN(Q)(r),UN(Q)(r),FN(Q)(r)> . pe[r],, reW}), and N(V)
= (N(V), N(V)) = ({<r, Tyw) (), Cyy (), Gy (), Un ) (), Eny (N)> & pe[r],, reW},
{<r,Tﬁ(V)(r), Cran (D), Gran (), Uz (1) ,Fﬁ(v)(r)> . pe[r],, reW}) be two R-P-NS in the
approximation space (W, p).

Then, N(QNV) = (N(QNV), N(QN\V))

= ({<n Ty (NATn ) (1), Cn o) (NACN ) (1), Gy (NVEnw) (1), Uno) (NVUn ) (N, Fc) (N
Fyan (> pelr],, reW}, {<r, Tx ) (NATxwy (1), Cxoy(DACT (), Gro)(NV Gxpy (D),

This implies,

N(QAV)*=({<r, Fy) (NV Fyw) (1), Uncoy NV Uney (1), 1-(Gacoy (NV Gyay (1), Cucgy (DA
Cv (), Tn (DTN (N> 2 pelr]y, reW}, {<r, F o) (NVFxw,) (N, Ugg) MV Uz, (1), 1-

(G o) (MVGx ) (1), Crio)(DACx (), Txg) (NATx (N> pe[r],, reW}).
Also, we have

N(Q)C:({<I’, FQ(Q)(r)' UM(Q)(r)’ 1'Gﬂ(Q)(r)’ Cﬂ(Q)“)! TE(Q)(r)> . pE[T‘]p, reW}, {<r, FN(Q)(r)’
Ugio)(N): 1-Gy0)(1), Ciq) (N, Ty (N> : pe[r],, reW})

2635



Das et al. Iragi Journal of Science, 2022, Vol. 63, No. 6, pp: 2630-2640

and N(V)‘=({<r, Fyay (), Uyan (1), 1-Gyany (1), Cyen (1), Tnan (N> 1 pelr],, reW}, {<r,
Fyay (D), Ugan (), 1-Gx) (1), Cray (1), Ty (N> pelr],, reWw).

Now, N(Q)°u N(V)°

= N(Q°LVY)

= (N(QWVY), N(Q"LVY))

= ({<r, Fy@)(NVEy @) (1), Un@) (Y Unn (1), (1-Gy o) (MNAL-Gr ) (1), Cuo) (DA Cyn (1),
T (DA Tyw) (N> 1 per],, reW}, {<r, Fgq) (NVFgu, (1), Ugg) (DV Uz, (1), (-
Gy ) MNAL-Gr (M), Croy(DACx A (), Ty (NAT Ry (N> pe(r],, reW})

= ({<r, Fu) (v Fyan (1), Unig) (O Un) (1), 1-(Guo) (NV Guy (N): Cuio) (DA Cuary (1),
Tni) (A Ty (N> 2 perl,, reW}, {<r, Fg) (NV Fryy (1), Uge) (NV Ugg, (1), 1-
(Gx o) (NVGRH ), Cxgy (DA Cry (), Ty (DA Ty (N> pe[r],, reW})

= N(QNV)".

Hence, N(QNV)° = N(Q)° LU N(V)".

(i) Similarly, it can be established that N(QUV)*=N(Q)° N N(V)".

4. Rough Pentapartitioned Neutrosophic Topology
In this section, we introduce the idea of rough pentapartitioned neutrosophic topology and
study some of its properties.

Definition 4.1: Let N(Q)=(N(Q), N(Q)) be a R-P-NS in the approximation space (W, p). Then,

Tprns(P) ={1pn, Opn, N(Q), N(Q), Na(Q)} is called a rough pentapartitioned neutrosophic
topology (RPNT) which guarantees the following postulates:

(i) 1pn and Opy belongs to trpnT(0);

(i) Arbitrary union of members of Tgpnt(p) belongs to TrpnT(0);

(iii) Finite intersection of members of TgpnT () belongs to Trpnt(P)-

Then, (W, trpnt(p)) is called a rough pentapartitioned neutrosophic topological space (in
short RPNT-space), if trpnT(p) IS a rough pentapartitioned neutrosophic topology (in short
RPNT).

Definition 4.2: Let (W, gpnt(p)) be a RPNT-space. Then, the members of tgpnT(p0) are
called rough pentapartitioned neutrosophic open set (in short RPNO-set). A R-P-NS is said to
be a rough pentapartitioned neutrosophic closed set (in short RPNC-set) if its complement
belongs to TrpnT(P)-

Proposition 4.3: Let (W, gpnT(p)) be a RPNT-space. Then,

(i) Both 1py and Opy are NSR-closed sets;

(ii) Arbitrary intersection of RPN-closed sets is also a RPN-closed set;

(iii) Finite union of RPN-closed sets is also a RPN-closed set.

Definition 4.3: Let (W, tgpnt(p)) be @ RNPT-space such that tgpnt(0)={1pn, Opn}. Then,
Trpnt(P) IS called a RPN-indiscrete topology on W w.r.t p and corresponding space is said to
be a RPN-indiscrete topological space.

Definition 4.4: Let (W, tgpnt(p)) be a RPNT-space and A be a rough pentapartitioned
neutrosophic set over W. Then, the collection trpnT(A) = { Bi N A : Bi € Tgpnt(p), 1 EN } s
also a rough pentapartitioned neutrosophic topology on W. Then, (A, Tgrpnt(p)) is called a
rough pentapartitioned neutrosophic topological subspace (in short RPNT-subspace) of (W,

TrenT(0))-
Definition 4.5: Let (W, tgpnr(p)) and (W, tgpnt(p)) be two RPNT-spaces. Then, (W,

Tl/aPNT(P)) is finer than (W, tgpnt(p)) if and only if TgpnT(P) 2 TrReNT(P)-
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Definition 4.6: Let (W, tgpnt(p)) be a RPNT-space w.r.t p and K be an arbitrary rough
pentapartitioned neutrosophic subset of W. Then, the RPN-interior (in short Intrpy) Of K is
union of all rough pentapartitioned neutrosophic open (in short RPN-O) subsets of K.

Clearly, Intgpn(K) is the largest RPN-O set contained in K.

Theorem 4.1: Let (W, Tgpnt(p)) be a RPNT-space w.r.t p. Let M and N be two RPN-sets
over W. Then,

(I) ITltRpN(ON) =0y and IntRpN(lN) =1n.

(i) Intrpn(M) € M.

(iii) M is RPN-O set if and only if Intgpn(M) = M.

(iv) Intren(Intren(M)) = Intren(M).

(v) M <€ N implies Intgen(M) S Intrpn(N).

(VI) ITltRpN(M) U ITltRpN(N) c IntRpN(MUN).

(VII) IntRpN(M) N IntRpN(N) = ITltRpN(MﬂN).

Proof. (i) By Definition 4.6., Intgpn(A) < A. If we put A=0py in Intgpn(A) < A, We have
ITltRpN(OpN)g Opn. Further, it is known that Opy IntRpN(OPN). Therefore, IntRpN(OpN): Opn.
Similarly, it can be shown that Intgren(1pn)=1pn.

(i) By Definition 4.6., Intgen(M) is the largest RPN-O set which is contained in M. Hence,
ITltRpN(M)EM.

(iii) For any RPN-set M. we have, Intgpn(M)SM. Since, M is a RPN-O set, so it is the largest
RPN-O set contained in M. Therefore, Intgpn(M)=M.

(iv) For any RPN-set M, we have Intgpn(M)SEM. Now, Intgen(M) is the largest RPN-O set
contained in M, and Intren(Intren(M))SIntren(M). Hence, by using the third part of this
theorem ITltRpN(ITltRpN(M)):ITltRpN(M).

(v) Let M and N be two RPN-sets over W such that MSN. Therefore, Intgen(M)EM and
ITltRpN(N)gN. Now, ITltRpN(M) € M < N. This implieS, IntRpN(M)QN. Therefore, IntRpN(M)
is a RPN-O set contained in N. Again, Intrpn(N) be the largest RPN-O set contained in N.
Hence, IntRpN(M)gITltRpN(N).

(vi) For any two RPN-sets M and N, we have M €MUN and N €SMUN.

By using the above results we have, Intgrpn(M)SIntren(MUN) and Intgrpn(N)SIntrpn(MUN).
This implies, ITltRpN(M)UlntRpN(N)antRpN(MUN) (1)
It is known that IntRpN(M)gI\/I and IntRpN(N)gN. This imp“eS, IntRpN(M)ulntRpN(N)gMuN.
Since, the union of two RPN-O sets is again a RPN-O set in (W, tgpnt(p) ), SO
Intgpn(M)ulntren(N) is @ RPN-O set. Therefore, Intgpn(M)ulntrpn(N) is @ RPN-O set
contained in MUN. But we know that Intrpn(MUN) is the largest RPN-O set contained in
MUN. Therefore, IntRpN(MUN)Q[ntRpN(M)UlTLtRpN(N) (2)
From eq. (1) and eq. (2), we have Intgrpn(MUN)=Intgpn(M)Uintren(N).

(vii) For any two RPN sets M and N we have, MNNEM and MNNEN.

By using the above results we have, Intrpn(MNN)SIntren(M) and Intgpn(MNN) S Intgen(N).
This implieS, I?’LtRpN(Mf\N)glntRpN(M)ﬁlntRpN(N) (3)
It is known that Intrpn(M)<M and Intgpn(N)<N. This implies, Intrpn(M)NIntrpn(N)MNN.
Since, the intersection of two RPN-O sets is also a RPN-O set, so Intrpn(M)NIntgen(N) is a
RPN-O set. It is known that Intgpn(MNN) is the largest RPN-O set which is contained in
MNN. Therefore, I‘ntRpN(M)ﬂ IntRpN(N)gIntRpN(MmN) (4)
From (3) and (4), we have IntRpN(M)ﬂ IntRpN(N)gIntRpN(MmN).

Definition 4.7: Let (W, trpnt(p)) be @ RPNT-space. Suppose that K be a RPN-subset of W.
Then, RPN-closure (Clgrpy) Of K is the intersection of all RPN-C supersets of K.

Theorem 4.2: Let (W, tgpnt(0)) be a RPNT-space over W. Suppose that M and N be two
RPN-subsets of W. Then, the following holds:

(1) Clren(Opn)=0pn and Clrpn(1pn)=1pn;
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(ii) MSClrpen(M);
(iii) M is RPN-C set if and only if M=Clgpn(M);
(iv) Clren(Clrpn(M))=Clrpn(M);
(v) MSN implies Clrpen(M)EClrpn(N);
(VI) ClRpN(MUN):CIRPN(M)UCZRPN(N);
(vii) Clren(MNIN)ECIrpn(M)NClrpn(N).
Proof. (i) By definition of RPNT, Opy and 1py are the smallest and largest RPN-O set as well
as RPN-C set. Therefore, Clgrpn(0Opn)=0pn and Clgren(1pn)=1pn.
(ii) It is known that Clrpn(M) is the smallest RPN-C set containing M, for any RPN-set M.
Therefore, MSClrpn(M).
(iii) Since, the smallest RPN-C set which contains M is Clgpn(M). Again, M is closed. So, the
only possible case is M=Clrpn(M).
Conversely, let M=Clrpn(M). Since, Clrpn(M) is the RPN-C set, so M is a RPN-C set.
(iv) For any RPN-set M, Clgpn(M) is the smallest RPN-C set which contains M. Again,
ClRpN(M):M, for any RPN-C set M. Hence, ClRpN(ClRpN(M)):ClRpN(M).
(v) Assume that M and N be two RPN-subsets of a RPNT-space (W, tgpnt(0)) such that
McN.
Now Clrpn(M) = N{Z: Z is a RPN-C set in (W, tgpnt(p)) and McZ}

c n{Z: Zisa RPN-C setin (W, tgpnt(0)) and NcZ} [since M < N]

= Clrpn(N)

This implies, Clrpn(M) < Clrpn(N).
Hence, M < N = Clrpn(M) < Clrpn(N).
(vi) Let M and N be two RPN-subsets of a RPNT-space (W, tgpnT(p)). Clearly, MEMUN and
NEMUN. It is known that Clrpn(M)SClren(MUN) and Clgen(N)SClren(MUN). This implies,
ClRpN(M)UClRpN(N)QClRpN(MUN) (5)
It is also known that, MQCZRPN(M) and NgClRpN(N) This implies, MUNgClRpN(M)UClRpN(N)
Since, the union of two RPN-C sets is again a RPN-C set in (W, tgpnt(p) ), SO
Clrpn(M)UCIRen(N) is @ RPN-C set. Therefore, Clgpn(M)UClgen(N) is @ RPN-C set which
contains MUN. But we know that Clgen(MUN) is the smallest RPN-C set which contains
MON. Therefore, ClRPN(MUN)gClRpN(M)UClRPN(N). (6)
From (5) and (6), we have Clrpn(MUN)Clrpn(M)UCTRenN(N).
(vii) Let M and N be two RPN-subsets of a RPNT-space (W, tgpnt(p)). It is known that
MANEM and MNNEN. By a known result, we have Clgrpn(MNN)EClrpn(M) and
ClRpN(MﬂN)QClRpN(N). This implies, ClRpN(MmN)Q ClRpN(M)nClRpN(N).
5. Conclusions
In this article, we have established the concept of R-P-NS and studied several operations on
them. Further, we have applied the concept of topology on R-P-NSs and introduced the
notions of RPNT-space, and studied its basic properties, operations. In the future, we hope
that based on the concept of RPNT, researchers can solve many complicated problems
involving truth, contradiction, ignorance, unknown and falsity membership functions and
many multi attribute decision making strategy can be formed.
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