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Abstract: Neutrosophic soft set is a parametric set of uncertainty, whereas the neutrosophic soft
point is an exceptional type of it which used highly to explore the separation axioms. In this study,
the impression of neutrosophic soft topological space is stretched to a new topology which contains
neutrosophic soft points as its elements and named as neutro-spot topological space. One more
topology is defined on the complement of neutrosophic soft points which satisfies the condition of
supra topological space and named as neutro-supra spot topological space. Also, defined the
notion of interior and closure, and are approached in a different way, along with the concept of
subspace topology of such topological spaces. Some related properties have been proved and
disproved with counterexamples. Moreover, the approach to separation axioms in such spaces has
been presented with descriptive examples. The current epidemic situation discussed as a real life
application in decision making problem to detect the major impact of COVID-19 and recover them
quickly. The affected people investigated by the doctors according to their symptoms and other
medical issues. The process of solving specified in the algorithm and the estimation formula stated
for calculation. The appropriate treatment is provided for affected people as per the estimated
value.

Keywords: Neutro-spot topological space; neutro-spot absolute interior; neutro-supra spot
topological space; neutro-supra spot absolute closure; neutro-spot subspace topological space;
neutro-supra spot subspace topological space; neutro-spot T;_q; , -spaces and neutro-supra spot

Ti—0.1.2. -spaces; decision making problem on COVID-19.

1. Introduction

The values of three independent membership degrees such as truth, falsity, and indeterminacy,
consigned to each element of a set which characterized to neutrosophic set (NS) as originated by
(1998) Smarandache [16, 17], which is a simplification of a fuzzy set (FS) defined by (1965) Zadeh
[36], and intuitionistic fuzzy set (IFS) created by (1986) Atanassov [34]. It turns out to be a valuable
mathematical utensil to examine formless, faulty, unclear data. In recent years many researchers
have further expanded and developed the theory and application of NSs [1, 10, 12-15]. Also, (2017)
Smarandache [18] originated a new trend set called plithogenic set (PS) and others developed [4, 8,
11].
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A soft set (SS) is a study of parameterization of vagueness introduced by (1999) Molodtsov [32].
Later (2013) Maji [30] pooled two-hybrid sets NS and SS, and urbanized its construction as
neutrosophic soft sets (NSSs). This type of set is extended by different researchers [2, 7, 9] and its
application in decision making (DM) problems [3]. Topology plays a vital role among all these types
of sets such as fuzzy topology (FT), soft topology (ST), fuzzy soft topology (FST), neutrosophic
topology (NT) [31], etc. Likewise, (2017) Bera & Mahapatra [26, 6] created the conception of
neutrosophic soft topological spaces (NSTSs) and others [19, 20, 24]. Neutrosophic soft point (NSP) is
a special type of NSS, which gives rise to the concept of separation axioms on NSTS [23, 25], and
their application to DM was considered in [21, 22, 28]. Mashhour et al. [35] (1983) diminished the
conditions of general topology, termed as supra topological spaces (SpTSs). The real-life application
of SpTS is applied and defined on various sets such as FS [33], SS [29, 27], NS [5], and so on.

The major contribution of this work is to initiate a topology on NSPs, whose open sets defines
the concept of the interior on it. The complement of NSP is defined and named as neutrosophic soft
whole set. Such type of sets obeys the condition of supra topology, and so generated new types of
supra topology, whose open sets defines the concept of closure on it. Some essential definitions and
remarkable properties are studied with appropriate examples. On the other hand, the impact of
separation axioms is examined in both the topologies with suitable examples. The recent
wide-ranging problem extended as a major application to provide appropriate treatment for
COVID-19 patients. Those people are under investigation as stated by its symptoms and other
medical issues. Also, provided the solving procedure and formulae for calculation. The main aim of
this DM problem to recover them speedily via proper treatment.

This study is prearranged as follows. Some important definitions related to the study are
presented in part 2. Part 3 introduces the definition of neutro-spot topology, its interior, its subspace
topology with fundamental properties, and related examples. Part 4 introduces the definition of
neutro-supra spot topology, its closure, its subspace topology with fundamental properties, and
related examples. Part 5 extends this study to separation axioms on both the topologies with
explanatory examples. Part 6 solves the DM problem to detect the impact of COVID-19. The
algorithm and formulae are presented to find the final result and provided proper treatment for
them. At last, concluded with few ideas for upcoming work in part 7.

2. Preliminaries

In this part, some essential definitions connected to this work are pointed.

Definition 2.1 [26] Let V be an initial universe set, E be a set of parameters, and P, Q is any two NSSs

over (V, E). Then a NSS P over V is a set defined by a set-valued function f((E)P) representing a

mapping f((E) P): E — NS(V) where f((E)P) is called the approximate function of the NSS P and
NS(V) is a family of NS over V.

p=f ((E)P)= {e,<v,Tf (@p)0: ()W), Fy(@p) () >V eV): ee E}.

Definition 2.2 [24] A NSS P over (V, E) is said to be null NSS if Tf((e)P)(V) =0, | f((e)P)(V) =0,
Ff((e)P)(V) =1, veeE, VveV.ltisdenoted by, .

A NSS P over (V, E) is said to be absolute NSS if Tf((e)P)(V) =1, 1| f(<e)P)(V) =1, Ff((e)P)(V) =0, VeeE,
wveV . Itis denoted byl, .

Clearly, (4)°=1 and(L)°=4.

Definition 2.3 [25] Let V be a universe and E be a set of parameters. Let K be a NSS over (V, E). Lete
be an element of E and let
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(0,0,), ife'#e
Then K(e') iscalled NSP over (V, E) and K = [JK(e) . Thatis, a NSS is the union of its NSPs.

e'eE

K(e) = f((E)KXe') = {(a,ﬂ,y), e'=e forall e’ €E.

3. Neutro-Spot Topology

This part defines the neutro-spot topology, neutro-spot absolute interior, and its subspace
topology with some properties and examples.

Definition 3.1 Let V be a universe and E be a set of parameters. Let NSP(V, E) be the family of all
NSPs over V. Then 7, < NSP(V, E) is said to be neutro-spot topology (NSPT) over (V, E) if it satisfies
the following conditions

() L €.

(ii)the finite intersection of NSPs in 7, belongs to 7.
The trio (V, 7, E) is said to be neutro-spot topological space (NSPTS) over (V, E). Elements in 7,
are called neutro-spot open sets (NSPOSs).

Example 3.2 A survey is taken based on the characteristics of houses owned by the people living in a
slum area. Let V ={p;, p,, ps} be the set of sample people living in different areas in the slum and

E ={e;,e,,e5,.6,} be the set of parameters of houses, where e, = neat, e,= beautiful, e;= compact,
and e, =large. Let 7, ={4,4,K;,K,, Ks}. According to the survey, the results have proceeded in the
form of NSPs Ky, K,,K; over V as follows:

£(©K, )= < p1,(0,0.1) >,< p,.(0,0,1),< ps,(0,0,1) >}

. £(©K, )= {< p1,(0,0,1) >, < p,.,(0.0,1),< ps,(0.0,1) >}
P (9K, )= {< py(0,00) 3, <y (3.4,.2),< P, (0,01) >

£(©9K, )= {< py(0,0,1) >, < ;. (0,0.1), < s, (0,01) >}

—~—

)= {< p1.(0,0,1) >,< p;.(0,0.1), < s, (0,0.1) >}

)= {< p1.(0.0.1) >,< p,, (0,0,1), < s, (0,0,1) >}
K, )= {< py. (5..2,.6) >,< Py, (0,0.1),< Py, (0,0.1) >}

)= {< p1.(0.0.1) >,< p,, (0,0,1), < s, (0,0,1) >}

={< p,(0,0,1) >,< p,,(0,0,),< ps,(0,0,2) >}
={< p,(0,0,1) >,< p,,(0,0,),< ps,(0,0,2) >}
={< p.(0,0,2) >,< p,,(0,0,2), < s, (-1,.2..3) >}
€K, )= {< Py, (0,0,1) >, < Py, (0,0,1), < P, (0,0,1) >}

—~
D
~
—
w
\_/\_/\—/

Here 4 NKi=¢, ¢NK;=¢, 4 NK3=¢, LNK =K;, L NK; =Ky, L NKz =Kz, K NK; =4,
KiNKz=4¢, K;NKz=4.

Then K;,K, and K; are NSPOSs.

Thus (V, z,, E) is a NSPTS over (V, E).

Proposition 3.3 Let (V, 7, E) and (V, 7y,, E) be two NSPTSs over (V, E). Then (V, 7,7, E) is also
a NSPTS over (V, E).
Proof. Let (V, 7, E) and (V, 7y,, E) be two NSPTSs over (V, E).
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(i)Obviously, ¢,1 €7y Nzip-

(ii)Let Ky, Ky ety Nryy .

Then K;,K,ery; and K, K, ez,.

= K NKyery, and KiNK,er,.

= KiNKy,ery Nty

Thus (V, 74 N7y, E) is a NSPTS over (V, E).

Remark 3.4 Let (V, 7, E) and (V, 7,,, E) be two NSPTSs over (V, E). Then (V, 74Uz, E) is not
NSPTS over (V, E).

Example 3.5 Let V ={0,,9,,95}, E={e,,e;,6;,€,}. Let 7, ={4,4,K} and 7, ={,1,L} where the
NSPs K and L over V are defined as
£(®K )= {< 6,,(0.0,1) >.< g, (0,0,1), < 5,(0,0,1) >}
. £(®)K )= < g,,(0,0) >,< g,.(0,01), < g5, (0,0,1) >}
F(K )= < 93,(0,00) >,< 95.(7,.6,.2),< 93, (0,0,1) >}
£(®K )= < g,,(0,0) >,< g,.(0,01), < g5, (0,0,1) >}

and

£(®L)= < 0,,(0,0.0) >.< 9, (0.0,1), < g.(0,01) >}
£(®)L)= < 9,,(0,01) >,< 5,(0,0), < g3, (0,0,1) >}
£()L)= {< 0,,(0,0,1) >,< 95,(:3..9,.5),< 0.(0,0.1) >}
f((e4)L): (< 91,(0,0,1) > < g5,(0,0,1),< g, (0,0,1) >}

Then 7, Uz, ={4,4,K,L} isnot an NSPTS over (V, E), since KNLgzy Uz,.
Thus (V, 74 U7, E) is not NSPTS over (V, E).

Proposition 3.6 Let K and L be any two NSPs on NSPTS (V, 7, , E) over (V, E). Then
() (KULf =K°NL.
() (KNLf =K UL®.

Proof. Straight forward.

Proposition 3.7 Let (V, 7, , E) be a NSPTS over (V, E) and
7= {K; K, e NPV, B} = e, £(©K): K, < NSPWY, )

where f((E)K): {<v,Tf (@)W T (@r) V) F ((E)K)(V)> veV,ee E}.
Define
T = itrf((e)K)(\/)LeE i/

7z = |l ()] | and
20 ={FyoWE, |

Then 7,,7,, and 7,3 are FSTson (V, E).
Proof. Let (V, 7, E) be a NSPTS over (V, E).
(i) Since &.% ey,
=0,1le74,0le7,,1,0e7,.

(ii)Let Ki, K, ez;. Then KiNK, ez, .
That is,
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KlﬂK2={<min {rf((e)Kl)(V).Tf(<e>K2)(V)LE,min [If((e)Kl)(V)’If(“’Kz)(V)]E max[F ox, (\/), F (o, )(V)L >}€Tt
Thus

fin [T (<e>K1)(\/),Tf((e)K2)(V)LeE fe 7,

imin |.| ©K )(V),I @K (V)_L er, and

{mln[ t(@k, )(V) F £k, )(V)L }G Tt3-
(iii)Let K; ez, where iel .Then JK;ez .

iel
That is,

U Ki= {<math((e)'<i )(V)LE » Max [I f((e)Ki)(V)]eeE ;min [Ff((e)Ki)(V)]eeE>} She

iel iel

Thus

imaxtrf (e)KI (V)LeE}i €Ty,

el

imax[lf (o) (\/)JeeEk e, and

1l

{'THX[Ff ((e)Ki )(V)JEGE }id ETi3-

Hence 7,7, and 7,5 are FSTson (V, E).

Remark 3.8 The following example illustrates that the converse of Proposition 3.7 is not true.

Example 3.9 Let V ={9,0,,05}, E={e,,&,,6;,€,}. Let 7, ={4,%,K;,K,} where the NSPs K, and

K, over V are defined as

H;:
I

= {< 01,(0,0,2) >,< g,,(.7,.6,.2),< g3,(0,0,1) >}

(€K, )= {< 91,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,1) >}

\_/\_/\_/

f ((69 Kl
(

@K, )={<g,,(0,0,1) >,< g,,(0,0,1),< g3,(0,0,2) >}

(@K, )=
. £(©K, )= {< 6,,(0.0,1) >,< 5.(0,01),< g3, (0,0,1) >}
2 (@K, )= {< 95,(0,0) >.< 9.(:3.9,5).< g5, (0,0.1) >}
£(K, )= < 9,,(0,01) >,< 9,.(0,01), < g5.(0,0,1) >}

2
(e2) K

Then
1= {4 (00, ). T 1)) T e ). T )WL
72 = {10 ) V). lf(@l‘)(v), (o)W (o)L, ]
T3 = il_Ff ((e%)(\/), Ff(<e)1[)(V): Ff((e) Kl)(V)1 Ff((e)Kz)(V)_LEEi
are FSTs on (V, E), where
Ty = {(el, (0,0,0),(1,1,1),(0,0,0),(0,0,0)),(e,,(0,0,0), (1,1,1),(0,0,0), (0,0,0)),
(e5,(0,0,0), (1,1,1),(0,.7,0),(0,.3,0)),(e,,(0,0,0), (1,1,1),(0,0,0), (0,0, 0)>}
Thus 7 ={#,L, Ky, K,} is not NSPT over (V, E), since K;NK, ¢7,.

and so on.

Proposition 3.10 Let (V, 7, , E) be a NSPTS over (V, E) and
7, ={K; :K; e NSP(V,E)} = {<e, f((E>K): K, € NSP(V, E)>}
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where f((E)K): {<V,Tf((e)K)(V), | f((e)K)(V)’ F ((e)K)(V)> veV,ee E}.

Define

Tu= itrf((e)K)(\/)LeE i,
Trp = il' f(<e>K)(V)L€Ef and
g = i[Ff((e)K)(v)LeE} as FSTs on (V, E).
Then 7,Uzs; and 7, U7 arenot FSTs on (V, E).

Proposition 3.10 is illustrated by the following example.

Example 3.11 Let V ={g;,9,,95}, E={e,.e,.e5,6,}. Let 7, ={4.4,K;,K,,K;} where the NSPs
K., K,, K3 over V are defined as

F(®K, )= {< 0,,(0.0,1) >< 9,,(0,0.1), < g3,(0,0,1) >}
F(@K, )= < 95,(0,01) >,< 9.(0,01),< g5, (.7..6,.2) >}
F(Ky)= 1< 0,,(0.00) >< 05, (0,0,2). < 95,(0,0) >}
F(@K, )= < 9,,(0,01) >,< 9,.(0,0,1), < g, (0,0.1) >}

7%

I
~—

»)=1{<91,(0,0,2) >,< g,,(0,0,1),< g5,(0,0,1) >}
<0;,(0,0,1) >,< g,,(0,0,1),< g5,(.8,.7,.5) >}
<9;,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,2) >}

<0;,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,2) >}

(&) K

I
~—

(e3) K2
(e4) K

Il
——

f(K,)
K, = f(e,)
f(@K,)
f(Ke)=

I
/—A-—\

(&) K,

(®@Ky)= {< 6,,(0.0,1) >,< 95.(0.0,1),< 6.(0,0.1) >}
(@K, )= {< 9,,(0,0) >,< 9,.(0,01), < g5, (.7..6,.5) >}
(@K, )= < 9,,(0,01) >,< 95.(0,0,1), < g5, (0,0.1) >}
(€K, )= {< 91,(0,0) >,< ,.(0,0.1),< g5, (0,0.1) >}

f
K3=f
f
f

Here 4 NK;=¢, 4NKy;=d, 4 NKs=4, LNK =K;, L NK; =Ky, 1 NK3=K3, K NK; =K3,
KiNKz =Kz, KyNKy=Kj;.
Then K;,K, and K; are NSPOSs.
Thus (V, 7, E) is a NSPTS over (V, E).
Then
Ty = {(el, (0,0,0), (1,1,1), (0,0,0),(0,0,0), (0,0,0)), (e, (0,0,0), (1,1,1),(0,0,.7),(0,0,.8),(0,0,.7)),
(e5,(0,0,0), (1,1,1),(0,0,0),(0,0,0),(0,0,0)), (e, (0,0,0), (1,1,1),(0,0,0),(0,0,0), (0,0, 0)>}

and so on, are FSTs on (V, E).
But, 7y U7s and 7, Urs arenot FSTs on (V, E).

Proposition 3.12 Let (V, 7, , E) be a NSPTS over (V, E). Then
Ttl_{h ©K (V) Kez’tJ}
“t =l (0 )V): K ez ]} and

T ={[Ff V) K en
foreach ecE, deﬁne FTson (V, E).
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Proof. Follows from Proposition 3.7.
Remark 3.13 The following example illustrates that the converse of Proposition 3.12 is not true.

Example 3.14 Consider Example 3.9.
Then

1t = Ty e SV T e T (o SV T e, J OO
mz={If(@)@)(v),lf((q)l()(\/),lf(@)Kl)(\/),lf(m)Kz)(\/)} and
103 = Fy (o0 JV)s Py V) g V) e, V)

are FTs on V, where
®7, ={(0,0,0),(1,11),(0,0,0),(0,0,0)} and so on.

Consequently, {ethl, ®21,,, % z-t3} and {e3 Ty, B Typ, 2 Ttg} are fuzzy tritopologies on V.
Thus 7, ={4,4,K;,K,} isnot NSPT over (V, E), since K;NK, 7.

Definition 3.15 Let (V, 7., E) be a NSPTS over (V, E) and LeNSP(V,E) be any NSP. Then the
neutro-spot absolute interior of L is denoted by L, and defined as

() L = {K:K e NSPOS&K c L} i.e., the union of all neutro-spot open subsets of L.

(i)

L= AT (o0 T P e 1= 18 T o 83 1o i Foon )| oK €7 & £k )< £EL))

Example 3.16 Let V ={g;,9,}, E={e;,&,,6;}. Let 7, = {4,1,K;,K,,K;} where the NSPs K;,K,,Kj

over V are defined as

£k, )= 1< 0,,(0,0.2) > < 9, (0,01}
Ky =1 £(CK, )= {< 0,,(9,4,.2) < 9,, (0,00}
£(K, )= {< 6. (0.0, >, < 9,,(0,0.1)}

=1{< 0,,(0,0,1) >,< 9,,(0,0,2)}
2)={<9:,(0,0.2) ><9,,(00)} and

(@)

(k)

(®K, )= {< 9,,(0.01) > < g,.(6..1.8)}
(k)

()

(

2

= {< 9,,(0,0,) >,< g,,(0,0,2)}
€K, )= 1< 9;,(4,.3,.5) >,< g,,(0,0,1)}
©)Ky)= {< 9,,(0,01) >< 9,,(0,0.)}

Here ¢ NKi=¢, aNK;=¢, aNKs=¢, LNK =K;, L NK; =Ky, L NK3=K;, KK, =¢,
KiNK;=K;, K;NK;=4¢,.

Then K;,K, and K; are NSPOSs.

Thus (V, z;, E) is a NSPTS over (V, E).

Let LeNSP(V,E) be any NSP defined as

F(®L)= < 9,,(0,0,1) >,< 9,,(0,0.1)}
L= (®L)= < 0,,(9.5,1) >,< g,.(0,0)}
#(®)L)= {< 9,,(0,0.0) >,< 95.(0,0.1)}
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Then ¢,K;,K;<L.

Thus L =¢ UK, UK;=K;.

Also,
f((el)K) ((el)K) ((el)K )g (<e1>|_),
f(eaK) ((ez)K) ((EZ)K) ((ez)L) and
L )<

ek ) ((e3)K ((es)L)‘

( Sr(eL) (@) F (m)) {< 61,(0,0,)) >,< g,,(0,0,1) >},
(if((ez)l_) I, o1 (€2L): F, f(ea) ) {< 91,(.9,4,.2) >,< g,,(0,0,1) >} and
(7, (@) (o) Fogfeonn ) {< 6,,(0,0,1) >,< g,,(0,0,1) >} .
Thus {T, (@ Leg(@0) Ef(<e)L)) }

Then

l

_?

Theorem 3.17 Let (V, 7, E) be a NSPTS over (V, E) and L,S € NSP(V,E) be any two NSPs.

Then,
(1) L cLand L, isthe largest NSPOS.

(i) LeS=L cS..
(iii) L, isaNSPOSi.e., L ez,.
(iv) Lis a NSPOSiff L, =L.
w ([C)=C
(vi) (&) =4, and (1) =1..
(i) (£NS) =L NS..
(x) LUS <(CUs).
Proof. Let (V, z,, E) be a NSPTS over (V, E) and L,S € NSP(V,E) be any two NSPs.
(i) Follows from Definition 3.15.
(i) Let LcS.Then LcLcS=L <Sand S, cS.
Since § is the largest NSPOS contained in S, hence I—:O c § .

(iii) Follows from Definition 3.15.
(iv) Let L be a NSPOS. Then L, is the largest NSPOS which contained in L is equal to L.

Hence I: =L.

Conversely, assume that L=L.

By (iii), L, e7.

Then L is a NSPOS.

(v) Let L, =K. Then Ker iff K, =K.

Thus (I: ) = I:

(vi) Since ¢,1 €7, and by (iv), hence (51) =£;7to and (J:) = EI;
(vii) LNS<L and LNScS.

= (Eﬂg) cL and (Eﬂg) cSs

= ([05)0 cL.Ns,.

Also, I:,gLand EQP.

Then I: ﬂgo cLNS.

Since (LNS) cLNS and it is the largest NSPOS, then L, NS, =(CNS).
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Hence (Eﬂg):fﬂg

(vii) LcLUS and ScLUS.

= Eg([Ug) and §g(EU§)
= EOU§OQ(I:US~)O.

Definition 3.18 Let (V,z,, E) be a NSPTS over (V, E) where 7, is a NSPT over (V, E) and
L e NSP(V,E) be any NSP. Then the subspace topology on NSPTS is denoted by 7~ and defined

as 7 {Lﬂ Ki: K e Tt} and ¢,1 er". Thus (V, 7", E) is a neutro-spot subspace topological space
(NSPSTS) of (V, z,, E), where 7" is also a NSPT over (V, E).

Example 3.19 Let V ={0;,9,,95}, E={e,,&,}. Let 7, = {44, K;, Ky, K;} where the NSPs K;,K,, K,
over V are defined as
o £(®K, )= {< 0,.(0.0,1) >,< 95.(0.0,1).< g.(0,01) >}
P (0K, = {< 91,(0.00) >.< 0. (1.4,.5),< g5,(0.0,1) >}

[1(®K,)= < 6,,(0,00) >,< 9,,(0,00),< 65,(0,0,1) >}
T1#(®Ky)= (< 01,0,01) 5, 65, (1.4.8),< g5, (0,01) >}

(eoKZ)) (00002 ><9,,002,<05,00>

{< 91,(0,0,) >,< g,,(4,.7,.8),< 95,(0,0,1) >}

Here 4NK;=¢, 4NKy;=d, 4 NKs=6, LNK =K;, L NK; =Ky, 1 NK3=K3, K NK; =K3,
KiNK;=K;, K, NK;=Kj.

Then K;,K, and K; are NSPOSs.

Thus (V, 7, E) is a NSPTS over (V, E).

Define L; € NSP(V,E) as

f((el)Ll) {< 91,(0,0,2) >,< g,,(0,0,2),< g5,(0,0,2) >}
P(L)= {< 0,,(0.00) 5,< 65,(7,.3.6),< 65,(0.0.0) 5}

Then the NSPs L,,L;,L, over V are defined as

10, )= < 6,,(0,0.0) >,< 92,(0,0,0), < g5,(0,0,1) >}
T1(®1,)= (< 0,.0.00) >.< 65.(1..3.6).< g5, (0,0.1) >}

©)14)=1{<9,,(0,0,2) >,< g,,(:4,.3,.8),< 93,(0,0,1) >}

(1) |_4

{ £(®Ly)= {< 9,,(0,0.1) >,< 95.(0,0,1),< g5, (0,0.1) >}
(L)1
_[(en)=t

= <gli(001)><921(001) <93 (001)>}
1 #(€0,)= (< 92.(0,00) >, < g5, (1. 3..8). < g, (0,0,1) >}

Then 7 ={4.%, L, L, Ls,L,} is a NSPST over (V, E).
Thus (V, rt , E)is a NSPSTS of (V, 7, E).
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4. Neutro-Supra Spot Topology

This part defines the neutro-supra spot topology, neutro-supra spot absolute closure, and its

subspace topology with some properties and examples.

Definition 4.1 Let V be a universe and E be a set of parameters. Then the complement of NSP is said
to be neutrosophic soft whole set (NSWS) over (V, E).

Definition 4.2 Let V be a universe and E be a set of parameters. Let NSWS(V, E) be the family of all
neutrosophic soft whole sets (NSWSs) over V. Then (7;)' < NSWS(V,E) is said to be neutro-supra
spot topology (NSSPT) on V if it satisfies the following conditions

0 L ()

(if)the arbitrary union of NSWSsin (z;)" belongsto (z;)".
Then ()" issaid to be a neutro-supra spot topology (NSSPT) over (V, E), and the trio (V, (z;)’, E) is
said to be a neutro-supra spot topological spaces (NSSPTSs) over (V, E). Elements in (r;)" are called
neutro-supra spot open sets (NSSPOSs).

Example 4.3 Consider Example 3.2. Here () = {Q,L,(Kl)c, (K,)S, (K3)°}.
Then NSWSs  (K;),(K,)¢,(K3)¢ over V are defined as

£ (K)®)={< py. (1.1,0) >, < Py, (11,0), < ps. (11,0) >}
£ (Ky)® )= {< Py, (01,0) >, < p,, (11,0),< ps, (11,0) >}
(& (K0 )= f< pr, @L0) >, < Py (2.6.3). < 5, (0L10) >}
F(C0(K)° )= < pu@LO) >,< Py, (L1.0), < s, (11.0) >}

(Kl)c =

) (1,)°)-
©(K,)")
(93)(K2)C)
CI(K,)")=

~—

< p,0LL0)>,< p,,(1,1,0),< ps, (1L,1,0) >}
< pp,(1L,1,0) >,< p,,(1,1,0), < p3, (1,1,0) >}
< p1,(.6,.8,.5) >,< p,,(1,1,0), < ps, (1,1,0) >}
< p,0LL,0)>,< p,,(L,1,0),< ps, (L,1,0) >}

I
—_—

and

I
—_—

fE
(Kp)° = f(
f

—~—

(©)(K5)°)= {< P (11.0) >, < Py, (LLO), < ps, (L2,0) >}
(€ (Kg)? )= {< pr 02.0) >, < Py, (L1.0). < P, (LLO) >}
( )
( )

€)(K,)¢ )= {< py, (LL,0) >,< Py, (1,1,0),< P, (:3,.8,.1) >}
€4 (K3)° )= {< py, (1.1,0) >,< Py, (1,1,0), < ps, (L1, 0) >}

f
f

(K3)© =
¢
f

Here 4 U(K)“=(K)®, 4UK) =(Kp)®, aU(Ky) =(Ks)®, LUK =L, LUK, =L,
L U(Ks)c =1, (Kl)c U(Kz)c =1, (Kl)c U(Ks)c =1, (Kz)c U(Ks)c =l.

Then (K,)%,(K,)® and (K;)®are NSSPOSs.

Thus (V, (z;)', E) is a NSSPTS over (V, E).

Proposition 4.4 Let (V, (zyy)', E) and (V, (715)', E) be two NSSPTSs over (V, E). Then (V,
(1)’ N(z,)', E) is also a NSSPTS over (V, E).

Proof. Let (V, (zy)', E) and (V, (z:,)", E) be two NSSPTSs over (V, E).

(i)Obviously, ¢, € (z1) N (7).
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(ii)Let {K; e NSWS(V,E):iel}e (ry) N(z) -
Then {K;}e(ry) and {K}e(z,) -
= UKje(ry)' and UK e(zy)"

iel iel

= UK e () N(72)' -

iel

Thus (V, (z4)'N(z,)', E) is a NSSPTS over (V, E).

Remark 4.5 Let (V, (ry)', E)and (V, (z,)’, E) be two NSSPTSs over (V, E). Then (V, (zy1)'U(z,), E)
is not NSSPTS over (V, E).

Example 4.6 Consider Example 3.5. Here (7)) = {(A,lt,KC} and 7, = {(A,lt,LC} where the NSWSs
K¢ and L® over Vare defined as

£(®K )= {< 0,,01,0) >.< 0. (LL0), < g3, (1LLO) >}
£k ©)= < 9, (110) >,< 0, (11.0),< g, (LLO) >

K®= and
FEK *)= < 93, (01,0) >,< 95.(2,4,7), < G5, (LL0) >}
£(K ©)= < 9, (110) >,< 0, (11,0),< g, (LL0) >}
£(®L°)= {< 9,,@1,0) >,< 95,@01,0),< g5, (L10) >}
. £(EL8)= < gy, (11,0) >,< 5. (L1,0), < g3, (LLO) >}
£ )= < g,,(0,0) >,< 95.(5.1,3),< 05,(0,01) >}

£(EIL8)= < gy, (110) >,< ;. (L1,0), < g3, (LLO) >}

Then () U(r) = {q,lt, K, LC} is not an NSSPTS over (V, E), since K UL® ¢ (7;)' U(,) -
Thus (V, (z4)'U(7,), E) is not NSSPTS over (V, E).

Proposition 4.7 Let K and L be any two NSWSs on NSSPTS (V, (z;)’, E) over (V, E). Then
() (KULF =K°NLE.
(i) (KNLF =K UL".

Proof. Straight forward.

Proposition 4.8 Let (V, (z;)’, E) be a NSSPTS over (V, E) and
(@) = {K; :K; € NSWS (v, E)} = {<e, F(®K): K, e NSWs(V, E)>}

where f((E)K): {<V’Tf((e)K)(V)’ I f((e)l()(v), F (<9>K)(V)> veV,ee E}.
Define
(rn)' = itrf((e)K)(V)JeeE }/
() = {1 (W], |

(713)' = {lFf((E)K)N)teE }
Then (zy)’, (r1,)" and (z;3)' are FSTson (V, E).
Proof. Let (V, (z;)', E) be a NSSPTS over (V, E).
(i) Since ¢,1 (),

=0,1e(7y),0,1€ (71,), 1,0 € (7;3)".
(ii)Let {K; e NSWS(V,E):ielje(s) .

and
cE
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Then UK, e(zr) .
iel

That is,

UK, = (supl o 2 sl e O] oot By o 00| )} <t

iel iel

Thus
isuptl'f (<5)Ki)(\/)_L€E }iel € () ,

Bupll ()W) .| | € () and

{Suphf (@K, )(V)J:EE }iel € (z3)"-

(iii) Let K, K, e (7).
Then K;NK,e(r) .
That is,

KN = (0 0 Ty 081 o 00 i 0D o F 0. By 0
Thus

i T (i, SV T, ) W] Je ()’
imlnl_ t(©k,) V) (o, (V)Je €(r2) and

{min lFf(<E)K1)(\/), Ff((e)Kz)(\/)LceE }6 (713)"

Hence (zy)',(72)" and (z;3) are FSTs on (V, E).
Remark 4.9 The following example illustrates that the converse of Proposition 4.8 is not true.

Example 4.10 Consider Example 3.9. Here (r;)' = {(A,],(,(Kl)c, (K,) C} where the NSWSs (K;)¢ and

(K,)¢ over V are defined as

£(®(Ky) )= {< 02.@01,0) >,< 95, (L10), < 05, 11,0) >}
£ () )= < 0,,01.0) >,< 9,,(110). < 95, AL 0) >}
£ (K ®)= < 91, 0.1.0) >,< 95.(2.4,.7),< 93, (LL0) >}
£ (Ky) ¢ )= f< 01, (L1.0) >,< 9,110, < 05,LLO) >}

(Kl) ‘=

©)(K,)°)={< 9;,(11,0) >,< g,,(1,1,0),< g3, (1,1,0) >}
@) (K,))={< g,,1,1,0) >,< 9,,(5..1.3),< g5, (1,1,0) >}

) (K,) )= {< 9, (110) >,< 92, (11,0),< 95, (11,0) >}
€D (K,) ¢ )= {< 0, (LLO) >,< 0, (LLO), < g3, (11,0) >}

fE
(Kp)© = f(
f

Then

(Ttl)' = itrf ((9)¢( )(V)va ((9)1‘)(V)1Tf ((9)(K1)C)(V)1Tf ((S)(KZ)C)(V)'LEE }

(72) = {10 )V g2, JOD: 040y ) D V(1) V)] | and

Chinnadurai V and Sindhu M P, A Novel Approach: Neutro-Spot Topology and Its Supra Topology With Separation
Axioms



Neutrosophic Sets and Systems,Vol.38,2020 201

(710) = {F (00 )V): e 01, ), Fi (0 ey )V Fi (0 o) V)| are FSTs on (V, E),
where

(Ttl)l = {<e.|.7 (01 07 O)v (11111)1 (11171)1 (l,l,l)>, <e21 (0, 01 0)7 (17111)1 (11111)1 (11171)>:

nd so on.
(€5,(0,0,0), 11D, (1..2,1), (1,5,2)), (e, (0,0,0), (11D, (11D, (L)}

Thus (7) = .1, (K) %, (K,) | is not NSSPT over (V, E), since (K;)'N(Ky) ¢ (z,) -

Proposition 4.11 Let (V, (z;)’, E) be a NSSPTS over (V, E) and

(@) = {K; :K; € NSWS (v, E)} = {<e, £(®K): K, e NSWs(V, E)>}
Where

f ((E)K>: {<V,Tf ((G)K)(V)’ | f((e)K)(V)’ F ((e)K)(V)> veV,ee E}.
Define

()= [Ty

(7o) = i[l ox)V)] . f and

() = {Fi (o (v)t are FSTs on (V, E).
Then (z,) U(Tts) and (7,)'U(z3)" are not FSTs on (V, E).

Proposition 4.11 is illustrated by the following example.

Example 4.12 Consider Example 3.11. Here () = {Q’L’(Kﬂc, (K,) c (Ka)c} where the NSWSs
(K ©,(Ky) €, (Kg) ¢ over V are defined as

£(®(Ky) )= {< 02,01,0) >,< 95, (L10), < 05, 11,0) >}
f((e2>(K )c) {< 91,(L10) >,< 95,(LL,0),< g5,(:2,.4,.7) >}

(K€ = ©)
(9 (k) ©)= {< 00, (L1.0) 5. < 6,010, < g5, (10) 5
£(©)(K)) €)= < 01, (LL0) >,< 05, (LL0), < g, (LLO) >}
£ (Kp)¢)= f< 01,@10) >,< 0,010, < 03,(11,0) >}
(K,)° = £(®) (K,) ¢ )= {< 01, (110) >,< 05, (L1,0), < 53, (5,.3,.8) >} oy
£ (K,) ¢)= < 93, 01.0) >,< 95,@0.1,0),< g, (1L10) >}
£ (K,) )= {< 01, (11,0) >,< 95, (11,0),< g5, (11,0) >}
£ (Ky) €)= < 01, (1L0) >,< g5, (L10), < g3, (LLO) >}
) = £ (K) ©) = < 01, (11.0) >,< 0, (L10),< 05,(5,4,.7) >}
3 £(®) (Ky) )= {< 01,0 1,0) >,< 0, (LL0), < g5,(11,0) >}
£(®)(Kq) ©)= < 93, @1,0) >,< g5,@01,0),< g, (1L10) >}

Here ¢ U(K;)“=(K)®, UK =(Kp)® ¢ UK =(K3)®, LUK =L, LUK, =1,
L U(Ks)c =1, (Kl)c U(Kz)c :(Ka)c/ (Kl)c U(Ka)c :(Ks)cr (Kz)c U(K3)c :(K3)c-

Then (K,)%, (K,)® and (K;)®are NSSPOSs.

Thus (V, (z;)’, E) is a NSSPTS over (V, E).

Then
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(t) = {(el,(O, 0,0),(1,11),(1L11), (1,11), (1L11)),(e,,(0,0,0),(1,11),(1,1,.2), (1.1,.5), (1,1,.5)),
@@wﬂﬁ%@Lu@Lnamnﬂﬁﬁ)@m@ﬁﬁ)@Lu@Lnainﬂﬁgﬂ

and so on, are FSTs on (V, E).
But, (74)' U(73) and (zy,)'U(z3)" arenot FSTs on (V, E).

Proposition 4.13 Let (V, (z;)', E) be a NSSPTS over (V, E). Then
Cra) =T (o) K@,
Crie) =l o) : K @] and

Cr) = [F (o)) K e @)
for each eeE, define FTs on (V, E).
Proof. Follows from Proposition 4.8.

Remark 4.14 The following example illustrates that the converse of Proposition 4.13 is not true.

Example 4.15 Consider Example 4.10.
Then

(7)© = {rf((q)ﬂ)(V)an((el)l{)(V)va((q)(Kl)c)(V),Tf((el)(Kz)c)(V)} ,
(ethz)c={|f((q)¢[)(\/),|f((q)L)(\/):|f((q)(Kl)c)(V)"f(<e1)(K2)c)(V)} and

(r3) ¢ = {Ff ((q)%)(\/), Ff((enl()(\/): F ((eo(Kl)c)(V): F ((el)(Kz)c)(V)} are FTsonV,
where
(*70)' =1(0,0,0),(L11),(1,11),(L11)} and so on.

Consequently, {(EZ 71) %, (%2 75) (2 1yg) C} and {(e3 70) (B 112) ¢, (P 1y3) C} are fuzzy tritopologies on V.

Thus () = {q,l(,(Kl) ‘ (KZ)C} is not NSSPT over (V, E), since (K;)'N(K,) & (z,)".

Definition 4.16 Let (V, (r;)', E) be a NSSPTS over (V, E) and L eNSWS(V,E) be any NSWS. Then

the neutro- supra spot absolute closure of L is denoted by L and defined as

() L = {K:K e NSSPOS&K c L} i.e., the intersection of all neutro-supra spot open subsets of L.

(i)

L = {(Tff((e)L), I,f((e)L),F,f(@L))eEE}: {(minin((e)Ki),mini If((e)Ki),maxi Ff((”Ki))eEE K e(r) & f(eKi)g f(eL)}.

Example 4.17 Consider Example 3.16. Here (7;)' = {q,; (K % (Ky) 6L (Ky) C} where the NSWSs
(KD €, (Ky) ¢, (K3) ¢ over V are defined as

f((en(Kl) c): {<91,(LL0) >, < g, (LL0)}

(K)© =1 1((K) %)= {< 0,,(2.6,9) >, < 0,,0LO)}
(@ k)°)= < 0,010 > < 0, 1.2.0))
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@ (K,)°)= {< 0,.@01,0) >,< g,,11,0)}
(K2)® =1 £ (Ky) )= {< 0,,110) >, < g,,01L0)}  and
£ (K,) ¢)= {< 0,,(L1,0) >,< 9,,(8,9,.6)}

£(©)(Kq) )= {< 01, 01,0) >, < g5, (11, 0)}
(Ka)® =4 £((Kg)®)={< 01, (5.7,.4) >, < 05, 0. 1,0)}
£ (Kg)®)= {< 03, 0. 1,0) >,< 0. (11, 0)}

Here g U(K)“=(K)®, aUK) =(Ky), aUK:) =(K3)®, LUKD =L, LUK, =1,
L U(Ks)c =1, (Kl)c U(Kz)c =1, (Kl)c U(Ka)c :(K3)cr (Kz)c U(Ks)c =l.

Then (K;)° (K,)° and (K;)®are NSSPOSs.

Thus (V, (z;)', E) is a NSSPTS over (V, E).

Let LeNSWS(V,E) be any NSWS defined as

((eJL) {<91,110) >,< g,,(LL0)}
L=1f(®L)={< 0,,(1.5.9) >.< g,.010)}

#(®)L)= {< 6,,@1,0) >, < g5, @ 1,0)}

Then 1,(K;)% (K3)¢ oL.
Thus L =1 U(Ky)*U(Ks)® = (Ky)°.
Also,

f ((81)(K1) C) f ((el)(Kz) C) f ((91)(K3) C)Q f ((81)|_),
f((ez)(Kl) C) f ((ez)(Kz) C) f ((ez)(KS) C)Q f ((ez)L) and

f((e3)(K1)°) f((e3)(K3)°);> f((e3)L).

Then

(f_f(<e1)L), () E_f((mL)): {< 01, (LLO) >,< g, (LLO) >},

(-F_f((ezn_) I (L), F (e ))z {< 91,(:2,6,.9) >,< g,,(1,1,0) >} and

(f_f((%)L), |_f((93)L), E_f((eg)L))= (< 91,(11,0) >,< g,,(1,1,0) >} .

Thus {(T (@) ((e),_) F ((e),_))eEE}= (K)°©.

Theorem 4.18 Let (V, (z;)’, E) be aNSSPTS over (V, E) and L,S € NSWS(V,E) be any two NSWSs.
Then,
(i) Lc L and L_ is the smallest NSSPOS.

() LcS=L cS_.
(iii) L isaNSSPOSie., L e(z)°.
(iv)Lisa NSSPOS iff L =L.

w (£) =L
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i) (&) =4 and (i) =7_.
(vii) (CUS) =L US..
@) (CNS) <L NS._.
Proof. Let (V, (z;)', E) be a NSSPTS over (V, E) and L,S e NSWS(V,E) be any two NSWSs.
(i) Follows from Definition 4.16.
(ii)Let LcS.Then LcL. and PcS. = LcSc
Since L _ is the smallest NSSPOS containing L, hence

§, = Lc §7.
L cS..
(iii) Follows from Definition 4.16.
(iv) Let L be a NSSPOS. Then L_ is the smallest NSSPOS which containing L is equal to L.
Hence L =L.
Conversely, assume that L =L.
By (iii), L_e ().
Then L is a NSSPOS.
(v)Let L_=K.Then Ke(r)® iff K_=K.
Thus (E_ )_ = E_.
(vi) Since ¢,L €(z;)¢ and by (iv), hence (éﬁ;f)ﬁ = éﬁ;f and (17 )7 = -ZIL.
(vii) LcLUS and S<LUS.
= L g(EUg)_ and §, g(l:Ug)_.
= E,Ug, g(EUg)_.
Also, Lc L and S c Si.
Then LUScL US..
Since LUS ¢ (E U S )_ and it is the smallest NSSPOS, then (E U S )_ c Eﬁ U §7 .
Hence (EUg)_ =L US._.
(vii) LNS<cL and LNScS.
= (Eﬂg)_ c L and (I:ﬂg)_ c §7.
= (CnS). <L ns..

Definition 4.19 Let (V, (z;)’, E) be a NSSPTS over (V, E) where (z;)' is a NSSPT over (V, E) and
L e NSWS(V,E) be any NSWS. Then the subspace topology on NSSPTS is denoted by (z-)' and
defined as (rtL)':{Lﬂ K;: K; e(rt)’} and ¢, €(z") . Thus (V, (z-), E) is a neutro-supra spot
subspace topological space (NSSPSTS) of (V, (z;)’, E), where (rt")' is also a NSSPT over (V, E).

Example 4.20 Consider Example 3.19. Here () = {qﬁ‘,l( (KD ©(Ky) L (Kg) C} where the NSWSs
(K ¢, (Ky) €, (K3) ¢ over V are defined as

K© < {f(@(Kl)CF < 01, (L10) >,< 9,(LL10),< g3, LL0) >}
)¢ =
£(©)(Ky) )= {< 93, (11,0) >,< 85.(5,.6..1), < 03, (1.1,0) >}
(KZ) c z{f(zj))(KZ) CC)Z {< gl,(l,l,O) >, < gz,(l,l,O),< g3’(11110) >} and
f( 2 (KZ) ): {< gl,(l,l,O) >,< gZ’('81'3!'4)l< 931(11110) >}
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Y z{f((el’(K3)°)= (000105 < 9,110, 5,110) >}
£(©)(Kq) )= {< 01, 01,0) >, < gy, (8,.6.1), < g5, (1.1,0) >
Here g U(K) =(K)®, 4UK) =(K;), aUK:) =(K3)®, LUKD =L, LUK, =1,
L U(Ks)c =1, (Kl)c U(Kz)c :(Ka)c/ (Kl)c U(Ka)c :(Ka)cr (Kz)c U(Kz)c :(Ks)c~
Then (K,)%,(K,)® and (K;)¢are NSSPOSs.
Thus (V, (z,)', E) is a NSSPTS over (V, E).
Define L, e NSWS(V,E) as

L £(@L, )= < 0,,(11.0) < g, (1L1,0), < g5, (1LLO) >} |
YL H(®L)= < 0,,01,0) >,< 95.(6,7,.7), < g5, (1LL0) >}

Thus we denote LiNg =d¢, LNL=L, LNK) =L, LNK,) =L, LN(K;)° =L,.
Then the NSWSs L,,L;, L, over Vis defined as

L f((el)Lz)z {< 9,,(1.1,0) >,< g,,(1,1,0),< g5,(1,1,0) >}
2 (@1, )= < 00, (11,0) 5, < 9,.(5,.6,.7),< 05, (11,0) >}

{f((el)L3): {< 9:,(1,1,0)>,< g,,(1,1,0),< g,(1,1,0) >} nd

L, =
P ()= < 01, (01.0) >, < 0,,(6,3,.7).< 05, (1L1,0) >
L, -

f((el)L4): {<91,010) >,<g,,(110),< g3, (1,10) >}
£(EL, )= < 01, 01,0) >, < 0. (6,.6,.7), < g3, 1L.1,0) >}

Then (7t) ={#.L, L, Ly, L, Ly} is a NSSPST over (V, E).
Thus (V, (z), E) is a NSSPSTS of (V, (z,)', E).

5. Separation Axioms

This part is split into two parts as separation axioms on NSPTS and NSSPTS are defined
with examples.

5.1. Separation Axioms on NSPTS

Definition 5.1.1 Let (V, 7, , E) be a NSPTS over (V, E) where 7, isa NSPT over (V, E). Let p and g be
any distinct NSPs. If there exists NSPOSs R and S such that

peR and pNS=¢ or
geS and qNR=4¢,

Then (V, 7, E) is said to be a neutro-spot T, -space.

Definition 5.1.2 Let (V, 7, , E) be a NSPTS over (V, E) where 7, isa NSPT over (V, E). Let p and g be
any distinct NSPs. If there exists NSPOSs R and S such that

peR and pNS=4 and
qeS and qR=¢,

Chinnadurai V and Sindhu M P, A Novel Approach: Neutro-Spot Topology and Its Supra Topology With Separation
Axioms



Neutrosophic Sets and Systems,Vol.38,2020 206

Then (V, z,, E) is said to be a neutro-spot T, -space.

Definition 5.1.3 Let (V, 7, , E) be a NSPTS over (V, E) where 7, isa NSPT over (V, E). Let p and g be
any distinct NSPs. If there exists NSPOSs R and S such that

peR, qeS and RNS=¢,
Then (V, z,, E) is said to be a neutro-spot T,-space.

Theorem 5.1.4 Let (V, 7, E) be a NSPTS over (V, E). Every neutro-spot T, -space is also a neutro-spot
T, -space and every neutro-spot T, -space is also a neutro-spot T, -space.
Proof. Follows from Definitions 5.1.1, 5.1.2, and 5.1.3.

Example 515 Let V={v,v,} , E={e,e} . Let 7, ={4,4 R,R,,Ry,R,} where the NSPs
R;.Ry,R3,R, over V are defined as

[ #(®R,)= <, (0,0, >, < v;,(0,0,0))
T HER,)= e i, (7,.4,.2) 5, <v5,0,0,1)}

|
|

Here 4NRi=d, 4NR=d, dANRs=d, ANRi=g, LNR =R, LNR, =R,, L NRs =Ry,
LNR =Ry, RINRy=R3, RINR3=R3, RINR; =k, RyMMR3=Rs, RyNR;=¢4, RsMR; =64 .
Then R;,R,,R; and R,are NSPOSs.

Thus (V, 7, E) is a NSPTS over (V, E).

Let p and g be any distinct NSPs which are defined as

IR, )= {< v, (0,0.1) > <V,,(0,0.1)}
IR, )= {< Vi (3, 5,.6) > <y, (0,0,1)}

IR, )= {< vy, (:3.4,.6) >, < v, (0,0,1)}

R, )={<v;,(0,0,1) >,<V,,(0,0,2)}

R2=

R3=

R, = .

T E(CIR, )= e vy, (0,0,0) 5, < v, (8,4, 5)
4 1 2

f

f

f((e1>R3) {<,(0,0,2) >,<V,,(0,0,1)}
f

f(®r,)

f

{f((e“ ) v 00D > <v,, 00}

(€ p)= <y, (1.4,.7) >, <5, (0,0.1)}

[#(®)={< v, (0,0,1) >, <5, (0,0,1)}

1 #(2q)= < v, 0,00 >, < v, (2.1, 5)}
Hence (V, z; , E) is a neutro-spot T, -space, also a neutro-spot T, -space and a neutro-spot T, -space.

t P 2-Sp P 17Sp p 0~Sp

5.2. Separation Axioms on NSSPTS

Definition 5.2.1 Let (V, (z;)’, E) be a NSSPTS over (V, E) where (z;)" is a NSSPT over (V, E). Letp
and g be any distinct NSPs. If there exists NSSPOSs R and S such that

peR and p=¢, or
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geS and qNR=¢,
Then (V, (z;)', E) is said to be a neutro-supra spot T, -space.

Definition 5.2.2 Let (V, (z,)’, E) be a NSSPTS over (V, E) where (z;)" is a NSSPT over (V, E). Let p
and g be any distinct NSPs. If there exists NSSPOSs R and S such that

peR and pNS=z¢ and

geS and qNR=¢,
Then (V, (z;)', E) is said to be a neutro-supra spot T, -space.

Definition 5.2.3 Let (V, (z;)’, E) be a NSSPTS over (V, E) where (z,)" is a NSSPT over (V, E). Letp
and g be any distinct NSPs. If there exists NSSPOSs R and S such that

peR, qeS and RNS=z=4¢,
Then (V, (z;)’, E) is said to be a neutro-supra spot T,-space.

Theorem 5.2.4 Let (V, (z;)’, E) be a NSSPTS over (V, E). Every neutro-supra spot T, -space is also a
neutro-supra spot T, -space and every neutro-supra spot T, -space is also a neutro-supra spot
T, -space.

Proof. Follows from Definitions 5.2.1, 5.2.2, and 5.2.3.

Example 5.2.5 Consider Example 5.1.5. Here (z;)' = {¢} 1L, (R)C(R) S (R)C(Ry) C} where the NSWSs
(R) % (R, (Ry) %, (Ry) ¢ over Vis defined as

. £ (R) )= v, 01,0) 5, < v, (11,0)}

(e R) )= (v (2.6.7) 51< v,,01,0))
©)(R,) ¢ )={<v;,(1,1,0) >,<V,,(1,1,0)}
={<v;,(.6,.5,.3) >, < V,, (1,1,0)}

) {<v1,(1,1,0) >, <Vv,,(1,1,0)}

©)(Ry) )= {< vy, (6,.6,.3) >, < V5, (LL0)}

(el)(R4)°) f< vy, (L1 0) >, < vy, (1,1,0)}
0°)={< v, (11,0)>,<v,.(5,.6,8)}

Here 4UR)“=(R)°, aUR) =(R)°, dUR) =(R)°, 4URY =Ry, LUR) =1,
L U(Rz)c =L, % U(Rs)c =L, L U(R4)c =L, (Rl)c U(Rz)c :(Ra)c ’ (Rl)c U(Rs)c :(Rz)c
(Rl)c U(R4)c =L, (Rz)c U(Rs)c :(Rs)cz (Rz)c U(R4)c =1, (Ra)c U(R4)C =1.

Then (R, (R,)°, (Ry)¢ and (R,)°are NSSPOSs.

Thus (V, (z;)', E) is a NSSPTS over (V, E).

Let p and g be any distinct NSPs which are defined as

. { #(@)p)={< 1, (0,0.0) >, <v,,(0,0.1)}

and
£ p)= {< v, (001,.002,.987) >, < v, (0,0, 1)}

Chinnadurai V and Sindhu M P, A Novel Approach: Neutro-Spot Topology and Its Supra Topology With Separation
Axioms



Neutrosophic Sets and Systems,Vol.38,2020 208

L (®)g)={< . (0,0, >, < v,,(0,0,1)}
£(eg)= {<v;,(0,0,1) >, <v,, (.002,.001,.998)}

Hence (V, (z;)’, E) is a neutro-supra spot T, -space, also a neutro-supra spot T, -space and a

neutro-supra spot T, -space.

6. DM Problem to Detect the Impact on COVID-19

In this part, the DM problem explains the COVID-19 situation and detected its impact on
corona virus patients to undergoing exact treatment for them according to their medical report. The

process of evaluation is pointed out in the algorithm and formula defined for computing the result.
Definition 6.1 Let (V, 7, E1) and (V, 7,, E2) be two NSPTSs over (V, E1) and (V, E2), respectively
where V is the set of risk factors and E1, E2 are two different parametric sets of medical issues. Let M

be a corona virus patient, were =M ez, and 5*M er,, are two NSPs.

Then for each veV , the Risk State Value (RSV) of M (v) is given as:

RSV[M (V)(El,EZ)]:‘[A;Zij(l—%j , (6.1.1)

where

A= ng((Si)M)(V) + %Tf((rj)M)(V) ’
Bzglf((si)M)(V)+%If[(mMJ(V),
Czia':f(@im)(")*%Ff(unM)(V)

and forall s;€ElL, r; eE2.
Then VveV, the Total Risk State Value (TRSV) of M is given as:

TRSV (M) = ¥ (RsV M (v,) -2 |, 612)

Algorithm

Step 1: List the set of risk factors veV .

Step 2: List two different parametric sets, say E1 and E2, where E1 represents the symptoms of
COVID-19 and E2 represents the pre-medical issues.

Step 3: Pick out the people affected by COVID-19, say M.

Step 4: Go through the medical status of each patients.

Step 5: Test their corona virus symptoms (E1) and categories its risk factors (V).

Step 6: Collect those data in the form of NSPs.

Step 7: Define a NSPT 7, and so (V, zy, E1) is a NSPTS over (V, E1).

Step 8: Check the pre-medical issues of each patient (E2) and categories its risk factors (V).

Step 9: Collect those data in the form of NSPs, which satisfies the condition of NSPT z;,.

Step 10: Define a NSPTS (V, 7y,, E2) over (V, E2).

Step 11: Use the formula 6.1.1 to calculate the RSV of M (v), for each veV , and tabulate it.

Step 12: Use the formula 6.1.2 to calculate the TRSV of M, for all veV , and tabulate it.
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Step 13: (i) If TRSV(M) is greater than 2.5, then M undergoes ventilation treatment.
(if) If TRSV(M) lies between 1.5 and 2.5, then M needs to be hospitalized.
(iii) If TRSV(M) is less than 1.5, then M should be self-isolated at home.
Step 14: Step 13 is also concluded according to the risk factor V.
Step 15: If two or more patients have the same TRSV, then each patient required the same treatment.

Problem 6.2 The survey on COVID-19 patients tested in a particular area. Its low-level risk scenarios
are talking to someone face to face, walking, jogging, cycling, etc., The medium level risk scenarios
are grocery shopping. The high-level risk scenarios are restaurants, public bathrooms, indoor spaces,
and common areas. The very high-level risk scenarios are schools, colleges, parties, weddings,
cinemas, and workplaces. The people who are affected by COVID-19 are tested by the doctors
according to their symptoms and are under investigation. Also, considered other medical issues.
They are categorized with some risk factors. Our problem is to recover them quickly by giving
appropriate treatment for those affected people.

1. Let V ={v;,v,,v3,V,} be the set of risk factors, where v;— low risk, v,— medium risk, v;— high
risk and v, — very high risk.

2. Let El1={s,s,,s3,5,} and E2={n,r,,r;,rn} be two different parametric sets. The set El
represents the symptoms of COVID-19 such as s,— fever, s,— dry cough, s;— chest pain, and s, -
shortness of breath. The set E2 represents pre-medical issues such as r,— diabetes, r, — blood
pressure, I;— cardiac diseases, and r, — respiratory diseases.

3.Let My, M,, M3 and M, be the people affected by COVID-19.

4. Go through the medical status of each patient.

5. First test their corona virus symptoms (E1) and categories its risk factors (V).
6. Those data are collected in the form of NSPs, are as follows:

F(EIM, )= fe v, 0,0,1) >, <5, (0,0,1), < V3, (0,0,1) >, < vy, (0,0,1) >}
£(C2M, )= < vy, (0,0,1) >, <V, (0,0,1), < V5, (0,0,1) >, <, 0,0,1) >}
f1©3)M, )= {<v;,(0,0,1) >,<V,,(0,0,2), < v3,(0,0,1) >,<v,,(0,0,1) >}

El
M 1 om, )
£(COM, )= {< v, (0,0,0) >, <V, (0,0,1), <V, (0,0,1) < v, (6, 5,.2) >}

)= (< V1, 0,0,1) >, <V, (5..2,.6), < V3, (0,0,1) >, <., 0,0,1) >}

)= (<v1, (0,0,1) >, < v;,(0,0,1), < V5, (0,0,1) >, < v, (0,0,1) >}
(M, )= {< V4. (0,0,1) >, < vy, (0,0,1), < Vs, (0,0,1) <V, (0,0,1) >}

)= (v, (0,0,1) >, <v;,(0,0,1),, < V4, (0,0,1) >< vy, (0,0,1) >}

(DM, )= {< 3, (0,0.2) >, <5, (0,0,1), < V5, 0,0,1) >, < v, (0,0,1) >}
(C20M )= {< 1. (3,.2,.8) 5, < V5, (0,0,1), < V5, (0,0,1) <V, (0,0.1) >}

)M, )= {<v;,(0,0,1) >,<V,,(0,0,1), < v3,(0,0,1) >,<V,,(0,0,1) >}
CM; )= {<v;,(0,0,2) >,<V,,(0,0,1),,<3,(0,0,1) ><,,(0,0,1) >}

f
ElM, = f
f
f

£(E9M, )= (< (0,0.2) < v;,(0,0,1), < V5, (0,0,1) >,< v, (0,0,1) >}
ciy, - f(<52>|\/|4) {<v;,(0,0,1) >, < vy, (0,0,1), < V3, (0,0,1) >, < v, (0,0,1) >}

f( )= {<V1,(0,0,2) >,<V,,(0,0,1), < v3,(0,0,1) >, < v,,(8,.6,.3) >}

f(<54>|v|4):{< v, (0,0,1) >, <V, (0,0,1),,< Vs, (0,0,1) >< v, (0,0,1) >}

7.Then 7, ={F'My, EM,, &3, EM, | is a NSPT.
Thus (V, 7, E1) is a NSPTS over (V, E1).
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8. Then, check the pre-medical issues of each patients (E2) and categories its risk factors (V).
9. Those data are collected in the form of NSPs, are as follows:

F(WM, )= {< v,, (0,0,1) >, <5, (0,0,1), < V4, (0,0,1) >, < v, (0,0,1) >}
£(2M, )= (< vy, (6..7,.4) >, < V5, (0,0,1), < V5, (0,0,1) >, < v, (0,0,1) >}

E2
M, =
P (M, )= {< vy, (0,0,0) < v, (0,0,1), < vy, 0,0,1) >, < v, (0,0,1) >}
£(OM, )= {< . (0,0,1) >, < V5, (0,0,1),,< V3, (0,0,1) >< v, (0,0,1) >}
F(M,)= {< vy, (0,0,1) >, <V, (4, 3,4), < Vg, (0,0,1) >, < v, (0,0,1) >}
ey £(2M, )= {< vy, 0,0,1) >, < v, (0,0,1), < V3, (0,0,1) >,< v, (0,0,1) >}
2] (IM,)= {< vy, (0,0.1) >, < v, (0,0,1), < V5, (0,0,) >, <, (0,0,1) >}
£(OM, )= {< vy, 0,0,1) >, < v, (0,0,1), ,< V5, (0,0,1) >< v, (0,0,1) >}
F(WMy)= {< vy, 0,0,1) >, < v, (0,0,1), < V3, (0,0,1) >, < v, (0,0,1) >}
2y, £(2M, )= (<, (0,0.2) < v;,(0,0,1), < V5, (0,0,1) >, < v,.,(0,0,1) >} .
= an
’ f("3>|v|3)= <Vy,(4,.4,.2) >,<V,,(0,0,1), < v5,(0,0,2) >, < v,,(0,0,1) >}
f((f4>|v|3)= <v;,(0,0,1) >,<V,,(0,0,2),,< V3,(0,0,2) >< v,,(0,0,1) >}
£(WM, )= {< v, (0,0,1) >, <5, (0,0,1), < Vs, (0,0,1) >, < v, (0,0,1) >}
ey £(2M, )= {< vy, 0,0,1) 5, < v, (0,0,2), < V5, (0,0,1) >, < v, (0,0,1) >}
) f(('3’|v|4)= {<v1,(0,0,1) >,<V,,(0,0,2), < v3,(0,0,1) >,<v,,(0,0,1) >}
£(OM, )= {< vy, 0,0,1) 5, < v, (0,0,1), < Vs, (7,.5,.3) < v, (0,0,1) >}
10. Then 7y, ={¥My, BM,, 52M,, ©2M,, | is a NSPT,
Thus (V, 7;,, E2) is a NSPTS over (V, E2).
11. By using the formula 6.1.1, the RSV of M (v) are calculated, for each veV .
These values are tabulated in the following table.
Table 6.2.1. RSV Table
Vi V2 V3 V4
M, 1.755 0 0 1.43
M, 0 1.75 0 0
M, 1.625 0 0 0
M, 0 0 1.59 1.855
12. By using the formula 6.1.2, the TRSV of M are calculated, for all veV .
These values are tabulated in the following table.
Table 6.2.2. TRSV Table
Vi V2 V3 A/ TRSV
M, 1.755 0 0 1.43 3.185
M, 0 1.75 0 0 1.75
Mj 1.625 0 0 0 1.625
M, 0 0 1.59 1.855 3.445

13. Here TRSV(M; ) =3.185 and TRSV(M, ) = 3.445, which are greater than 2.5.
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Thus they both are at a very high-risk stage.
So, they each should be treated in ventilation for quick recovery.
Next, TRSV(M,) =1.75 and TRSV(M;) = 1.625, which are greater than 1.5.

Here M, isunder medium risk stage, and so need to be hospitalized.
Even though the TRSV of Mj lies between 1.5 and 2.5, M; is under the low-risk stage.
So, Mj; should be self-isolated at home itself.

7. Conclusions

In this paper, NSPTS and NSSPTS are introduced and defined a subspace topology on them.
Along with its absolute interior of NSPT and absolute closure of NSSPT are also defined. Few
properties are examined with illustrative examples. This study extended to introduce a concept of
separation axioms of NSPTS and NSSPTS are defined as neutro-spot Ti_,;, -spaces and

neutro-supra spot T_g; , -Spaces respectively with related examples. Additionally, the DM problem

explains the COVID-19 situation and detected its impact on corona virus patients to undergoing
exact treatment for them according to their medical report. The process of evaluation is pointed out
in the algorithm and formula defined for computing the result. The appropriate treatment is
provided for affected people as per the estimated value. Some more practical applications of such
types of topologies can be explored for future work. Many more sets like open sets, closed sets,
rough sets, crisp sets, etc., can be developed on NSPTS and NSSPTS. Later these concepts will step
ahead on multi-criteria DM problems by upcoming researchers.
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