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Properties of neutrosophic nano semi open sets
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Abstract

Smarandache [2] introduced and developed the new concept of Neutrosophic set from the Intuitionistic fuzzy
sets. A.A. Salama [1] introduced Neutrosophic topological spaces by using the Neutrosophic crisp sets. M.L.
Thivagar et al. [3,4] developed Nano topological spaces and Neutrosophic nano topological spaces. Aim of this
paper is we introduce and study the properties of Neutrosophic nano semi closed sets in Neutrosophic nano
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1. Introduction

Nano topology investigated by M.L. Thivagar et.al [3]
can be expressed as a collection of nano approximations,

Neutrosophic sets established by F. Smarandache [2].

Neutrosophic set is illustrate by three functions: a
membership, indeterminacy and a nonmembership functions
that are independently related neutrosophic set have wide
range of applications in real life. M.L. Thivagar et al. [4]
developed Neutrosophic nano topological
spaces.Neutrosophic nano semi closed, Neutrosophic nano o
closed, Neutrosophic nano pre closed, Neutrosophic nano

semi pre closed and Neutrosophic nano regular closed are
introduced by M. Parimala et al. [5]. Aim of the present
paper is we studied about properties of Nano semi closure,
Neutrosophic Nano semi interior in Neutrosophic nano
topological spaces.

2. Preliminaries

Definition 2.1. Let U be a non-empty set and R be an
equivalence relation on U. Let M be a neutrosophic set in U
with the membership function Ly, the indeterminancy
function cM and the non- membership function vy. The
neutrosophic nano lower, neutrosophic nano upper
approximation and neutrosophic nano boundary of M in the
approximation (U,R) denoted by N(M), N(M) and By(M)
are respectively defined as follows:

1. N(M) ={<u, ug(Mp;)(u), or(Mp;)(u), Ve(Mp; ) (u) >
/y c [M]R,M S U}.

2. N( ) :{< u, “F(MPI*)(”‘)7 GF(MPf)(M)7Vﬁ(MPI*)(u) >
/y S [M]R, uc U}

3. By(M) = N(M) — N(M),

Definition 2.2. Let U be an universe, R be an equivalence
relation on U and M be a neutrosophic set in U and if the
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collection Ny(t) = {Opy, 1ny, N(M), N(M),Bn(M)} forms
a topology then it is said to be a neutrosophic nano topology.
We call (U,Nn(7)) as the neutrosophic nano topological
space. The elements of Ny(7) are called neutrosophic nano
open sets.

Definition 2.3. Let U be a nonempty set and the neutrosophic
sets M P and M P; in the form

Mpr ={<u: H (“)761"’1:1* (u)’vMPT (u>uecU},
Mp; ={<u: Mty (u), Oy (u), VM (u) >, uecU}
Then the following statements hold:

1. Ony ={<u,0,0,1>:ucU}andly, ={<ul1,1,0>
ueU}.

2. MPI* c MPZX lff {“MPT (u) < ’JMPE« (I/l), GMPI* (I/l)
< Omp, (), VM, (u) > Vi, (u) for allu € U}.
2 1 2

3. MPI* :MPZ* lffMpl* QMPZ* andez* QMPI*
4. M;’f ={< Uy VM (u),1 — M (u), Hnt (u) >:ueU}.

5. MPI* n MPZ* = {”’”Mpl* (M) A .uMPE« (u)’ GMP;‘ (I/l)/\
Oy (u), VM (u) Vv Ve (u) forallu e U}.

6. Mpl* U MPZ* = {M’MMPT (u) v ,LLMP; (u), O-MPI* (u)Vv
Oy (u), VM (u) A VM, (u) forallu e U}.

7. UMpl*j =<u,V,V,A>.
8. mMPl*j =< u,\,\,V >.

Proposition 2.4. For any neutrosophic Nano set Mp: in
(U, Nx(7)) we have

1. NYCI((Mp:)) = (N"Int(Mp: )",
2. N¥Int((Mp:)©) = (NNCL(Mpy ),
3. Mp: C Mp; = NNInt (Mp:) C NNInt (Mp;),
4. Mp: C Mp; = NNCI(Mp:) € NNCL(Mpy),
5. N¥Int(NNnt(Mp;)) = NN Int (Mp:),
6. NYCI(NNCI(Mp;)) = NNCI(Mp:),
7. NNInt(Mp: N\ Mp;)) = NNInt(Mp:) "NV Int (Mp;),
8. NNCI(Mp: UMpy) = NNCI(Mp:) UNNCI(Mpy),
9. NNInt(Oy,) = Oy,
10. NNInt(1y,) = 1y,

11. NNCI(Oy,) = Oy,
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12. NNCI(1y,) = 1n,,
13. Mpy © Mp; = (Mpy)© C (Mp; ),
N N, N,
14. NNCI(Mp: "\ Mp;) € NNCI(Mp:) N\NVCI(Mpy),

15. NYInt(Mp: UMp;) 2 N¥Int(Mp:) UN" Int (Mp; ).

3. Neutrosophic Nano Semi-Open Sets in
Neutrosophic Topological Spaces

In this section, the concepts of the Neutrosophic Nano
semi-open set is introduced and also discussed their
characterizations.

Definition 3.1. Let Mp: be NVS of a NNTSU. Then Mp: is

said to be Neutrosophic Nano semi-open [written N (SO)]
set of U if there exists a Neutrosophic Nano open set NN O
such that NNO € Mp: C NVCI(NNO).

Theorem 3.2. A subset Mp: in a NVTSU is NV(SO) set if
and only if Mp: C NNCZ(NNInt(Mpl*)).

Proof. Sufficiency: Let Mp: C NVCI(Int(Mp:)). Then for
NNO = NNInt(Mp; ), we have NVO C Mp: € NVCI(NMO).

Necessity: Let Mp- be NN (S0) setin U. Then NVNO C Mp:
C NNCI(0) for some Neutrosophic Nano open set NVO.
Mpsut NNO C NNInt(Mp:) and thus NVCI(NNO) C
NNCI(Int(Mp:)).  Hence Mp: C NVCI(NNO) € NNCI
(Int(Mp:)). O

Theorem 3.3. Let Mp: be NN(SO) set in the NNTSU and
suppose Mp= C Mpy C NNCI(MPI*). Then Mp; is NN (S0) set
inU.

Proof. There exists a Neutrosophic Nano open set NVO such
that NNO C Mp: C NNCI(NNO). Then NVO C Mp;. But
NNCI(Mp:) € NNCI(0) and thus Mp; € NVCI(NN0). Hence
NNO C Mp; C NVCI(0) and Mpy is N¥(SO) setinU. O

Theorem 3.4. Every Neutrosophic Nano open set in the
NNTSU is NN (SO) setin U.

Proof. Let Mp; be Neutrosophic Nano open set in NVT'SU.
Then Mp: = NVInt(Mp:).  Also NVInt(Mp:) C NVCI
(Int(Mp:)).  This implies that Mp: C NYCI(Int(Mp:)).
Hence by Theorem 3.2, Mp; is NN (SO) setin U. O

Remark 3.5. The converse of the above theorem need not be
true as shown by the following example.

Example 3.6. Let U and Mp: be two non-empty finite sets,
where U is the universe and Mp: the set of attributes U =
{F,F,F, F} are Fruits.

LetU/R={{F\,Fy,F;},{F}} be an equivalence relation.

0gl0
S0,
S5027:

(N
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Mp: = {Proteins, Minerals, Vitamins} are three attributes,

its Neutrosphic values are given below

F]:<<453> <322> (958)>
10°10°10/°\ 10’10’10/ °\ 10 10" 10
r=((&0w) (o) (50m))
10°10° 10 10’107 10 10°10° 10
A=((fo1) (570) (5701))
1071010 10°10° 10 10°10° 10
={(h ) () )
10°10°10/°\ 10’10’10 /°\ 10’10’ 10
N (2) = {Ony T N (M), N (M), Mp;, (M) }

2 4 5 1 1 2 6 5 8
M:<(E’E’E)’(E’E’E)’(E’E’E»
o -((555).(523.2).(55.5))

10°10° 10 10°10° 10 10°10° 10

5 5 3 2 2 2 8 5 8

MP?N(F):<(T0’T0’To)’(E’E’E)’(E’TO’TO»
]V]\](’F)_{0]\/]\,,11\/]\,7
2 4 5 1 1 2 6 5 8
<(E7E7ﬁ>’<ﬁ’ﬁ’ﬁ)’(E’E7E)>’
5 5 3 4 2 2 9 5 8
<(E’ﬁ’ﬁ>’(ﬁ’ﬁ’ﬁ)’(To’ﬁ’ﬁ»’
5 5 3 2 2 2 8 5 8
<<E’E’E>’(ﬁ’ﬁ’ﬁ)’(E’E’E»’
<(iii) (ii 3) (i S i)>}
10°10°10/°\ 10’10’10 /'\ 10’ 10’ 10 ’
Ff<(iii) (ili) (Eii»
S7A\\10°10°10/’\ 10’10’10/’ \ 10’ 10’ 10

Here Fs is NV (SO) sets but are not Neutrosophic Nano open
sets.

Theorem 3.7. Let (U, Ny(t) be a NNTS. Then union of two
NN (SO) sets is a NN (SO) set in the NNTSU.

Proof. Let Mp: and Mp; are NN (S0) sets in U. Then Mp: C
NNCI(Int(Mp:)) and Mpy C NVCI(Int(Mp;)).

Therefore Mp: UMp; C NYCI(Int(Mp:)) UNVCI(Int(Mp;))
= NYCl(Int(Mp:) UN™Int(Mp;)) € NYCI(Int(Mp: UMp;))
[By Proposition 2.4]. Hence Mp: UMp; is NN(SO) set in
U. O

Example 3.8. Let U and Mp; be two non-empty finite sets,
where U is the universe and Mp* the set of attributes. The
members of U = {P;, P2, P3,P} are pressure patient.

LetU/R={{P,P2,P;},{P}} be an equivalence relation.
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Mp:= {Salt food , cholesterol food} are two attributes.

po((3 24\ (6 25
" A\\10’10'10/°\ 10’10’10 ) /~

P2:<<120 160 170) (10 10’ 1o>>
P3:<<130 160 140> (10 10’ 1o)>
2 5 7\ (525

T <<10101)<0 10’ >>
Ny (t) = {Ony, Ly, N(M),N (M), Mp; (M)}
()_<<120 140 15) <10 i0 20) (160’150’1%»’
¥ =((i515°10) (16°10°10) - (16°10'10))
sy )= ((3535716) - (16°16710) (61010 )

N— —
~ S~ S~ —

=l 5lv 5o 5w

Sl 3w Sle Sfw
Sloe Sloe S| S0

NP2 NG N
/“\/\/\/\

Sl 3 3l 3=
/\ ’5\01 5“” 5‘\0 5‘0\

Slo Slw Slw Slw

~ — N
/u\/\/-\/—\

Sle 3w 3lv 3+
/—\ S|w 5‘“ SR

P 4 4 5 2 7 2 6 5 8

>~ \\10'10"10 10°10° 10 10°10° 10
Here Fs is NN(SO) sets but are not Neutrosophic Nano open
sets.

\/

Theorem 3.9. Let (U, Ny be a NVTS. Then union of two
NN(80) sets is a N¥(SO) set in the NNTSU.

Proof. Let Mp: and Mp; are NN (SO) sets in U. Then
Mp: C NYCI(Int(Mp:)) and Mp; C NVCI(Int(Mpy)).
Therefore

Mp: U Mp; € NNCI(Int(Mp;)) U NNCI(Int(Mp;)) =
NNCI(Int(Mp:) U NNInt(Mp;)) € NNCI(Int(Mp: U Mpy))
[By Proposition 2.4]. Hence Mp: UMp; is NN(80) set in
U. O

Example 3.10. Let U and Mp: be two non-empty finite sets,
where U is the universe and Mp+ the set of attributes.

The members of U = {Py, P2, P3, Py} are pressure patient.
LetU/R = {{P, P2, P5),{P}} be an equivalence relation.
Mp: = {Salt food , Colostrol food} are two attributes

p_((32 34\ (6 25
'=\\10°'10°10/)°\10°10°10 ) /~
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Ny (t) = {Ony, Lvy, N(F),N(F), Mp; , (F)}
N(F)_<<120 150 170> (50 % 50>>
¥ =((1010) - (16-1610))

M”Z"N(F)_<<130 o 140> (50 o 50)>

Ny (7)

e (B (55 3)
((176)- (i5-75%) )
((o1010) - (6-1010))
((&157) (f5156))

is NNTS on U. Now, we define the two NV (SO) sets as
follows:

4.6 4\ (8 3 4

Po={ (= = =) (= = —

> <(10’10’10>’<10’10’10)>a”d
109 2\ (5 7 1

P6: Tn'1in1n 1\ I Tn 10 .
10°10°10)°\10° 10" 10

10 9 2 8 7 4
PsUP, = —
5% <(1o 10’ 10) (0’10’10’)>’

isa NN (SO) setinU.

But

Theorem 3.11. Let Mp: be N (SO) set in the NNTSU and
suppose Mpr C Mp; C NNCI(MPI*). Then Mp; is NN (S0) set

inU.

Proof. There exists a Neutrosophic Nano openset NV O such
that NNO C Mp: C NNCI(NNO). Then NNO C Mp;. But
NNCI(Mp:) € NVCI(0) and thus Mp; C NNCI(NNO).
Hence NYO C Mp; C NVCI(0) and Mp; is NV(SO) set
inU. 0
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4. Neutrosophic Nano Semi-Closed Sets
in Neutrosophic Topological Spaces

In this section, the Neutrosophic Nano semi-closed set is
introduced and studied their properties.

Definition 4.1. Let Mp- be NVS of a NNTSU. Then Mp: is

said to be Neutrosophic Nano semi-closed [written as N (SC)
] set of U if there exists a neutrosophic nano closed set NV ¢
such that NN Int(NVC) € Mp- € NNC.

Theorem 4.2. A subset Mpy ina NNTSU is NNCS set if and
only ifNNInt(NNCl(MPI*)) < Mp:.

Proof. Sufficiency:

Let NVInt(NNCI(Mp:)) C Mp:. Then for NV¢ =
NN CI(Mp:), we have NNInt(NNC) C Mp: C NNC.
Necessity:

Let Mp: be NN(SC) set in U. Then N¥Int(NNC) C Mp: C
NNC for some Neutrosophic nano closed set NVC. But
NNCI(Mp:) C NYC and thus NNInt(NVCI(Mpy)) C
NNInt(NVC)).  Hence N¥Int(Cl(Mp:)) € NVInt(NVC)
- Mpl* . O

Theorem 4.3. Every Neutrosophic nano closed set in the
NNTSU is NN (SC) set in U.

Proof. Let Mp: be Neutrosophic nano closed set in NVT'SU.
Then Mp: = NNCI(Mp:).  Also NVInt(NVCI(Mp:)) C
NNCI(Mp:). This implies that N¥Int(NNCI(Mp:)) C Mp;.
Hence, Mp: is NV (SC) setin U. O

Remark 4.4. The converse of the above theorem need not be
true as shown by the following example.

Example 4.5. Let U and Mp: be two non-empty finite sets,
where U is the universe and Mp: the set of attributes U =
{P\,P2,Ps, P} are Patients. Let U/R = {{P\,P»,P3},{Ps}}
be an equivalence relation. Mpl* = {Head ache, Temperature,
Cold} are three attributes, its Neutrosphic values are given
below

n((355)(B53).(55)
1010710/ 7\ 10’10’10/ 7\ 10" 10" 10
p((552) (25 0) (539
10°10°10/°\ 1010’10/ '\ 10" 10’ 10
p{(353) (A58 (550)
10°10°10/°\ 1010’10/ ’\ 10’10’ 10
r (384 (B52).(553))
10°10°10/°\ 10’10’10/ °\ 10" 10" 10
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Here Ps is NN(SO) sets but are not Neutrosophic Nano open
sets.

Also E is NN(SC) set but is not Neutrosophic nano closed
set.
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Theorem 4.6. Let (U, Ny be a NYTS. Then intersection of
two NN (SC) sets is a NN (SC) set in the NNTSU.

Proof. Let Mp: and Mp; are NY(SC) sets in U. Then
NNInt(NVNCI(Mp:)) € Mp: and NN Int(NVCI(Mpy)) C Mp;.
Therefore

Mp: N Mpy 2 N¥Int(NVCI(Mp:)) N NV Int (NVCIL(Mp;)) =
NNInt(NVCI(Mp:) N NNCI(Mpy)) D NNInt
(NNCI(Mp: N\ Mp;)). Hence Mp: N Mp; is NV(SC) set in
U. O

Example 4.7. Let U and Mp: be two non-empty finite sets,
where U is the universe and Mp: the set of attributes.

U ={P\,P,,P;, Py} are Patients.

LetU/R ={{P\,Py,P3}, {Ps}} be an equivalence relation.
Mp: = {Temperature} are one attributes

U/R={P}{P,,P3, P}

()

10’10’ 10
0 9 2

(h53)
10 9 2

((93:2)

(60
10°10° 10

{ONN7 INN7 ( )N( )7MP2*N(M)}

P,

Py

Then,
Ny ()=
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S‘O"_\/\/\/\

19 2

) (575%):
105 7

(51010) (161610) )

is NNTS on U. Now, we define the two NV (SC) sets as follows

Slw 3fw
sle 3|~

=l

75 2
P={(=, > =
) <(10 10’ 10>> and

2 0 8
r=((%11))

2 0 8

But PsNPs = is a NV (SC) set in U.

(55075075
Theorem 4.8. Let Mp: be NN(SC) set in the NNTSU and
suppose NNInt(Mpl*) C Mp; C Mpy. Then Mpy is NN(SC) set
inU.

Proof. There exists a neutrosophic nano closed set NVC such
that N¥Int(NVC) C Mp- € NVC. Then Mp; C NVC. But
NNInt(NVC) C N¥Int(Mp;) and thus N¥Int(NNC) C Mp;.
Hence NN Int(NNC) C Mp; C NNC and Mpy is NN (SC) setin
U. O

5. Neutrosophic Nano Semi-Interior in
Neutrosophic Topological Spaces

In this section, we introduce the Neutrosophic Nano
semi-interior operator and their properties in neutrosophic
topological space.

Definition 5.1. Let (U,Ny(t) be a NNTS. Then for a
neutrosophic subset Mpl* of U, the Neutrosophic Nano semi-
interior of Mp; [NNSInt(Mpl*) for short] is the union of all
Neutrosophic Nano semi-open sets of U contained in Mpl*.

That is, NYSInt(Mp;) = U{G : G is a NN(SO) set in U
and G C Mp; 1.

Proposition 5.2. Let (U,Nyt) be a NNTS. Then for any
neutrosophic subsets MP]* and M, P of a NNTSU we have

1. NNSInt(Mp:) C Mp;.
2. Mp: is NN(SO) setinU < NV SIntMp: = Mp:.

3. NNSInt(NNSInt (Mp:)) = N™SInt(Mp; ).
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4. If Mp: C Mp; then N SInt(Mp:) € NNSInt(Mpy ).

Proof. Let Mp: be NN(SO) set in U.
Mp: € NNSInt(Mp:). (1) = Mp: = NV SInt(Mp:).

Conversely, assume Mp: = NN SInt(Mp;). Hence, Mp; is
NN(S0) setin U. Thus (2) is proved.

(2) = NNSInt(NVSInt(Mp:)) = NV SInt(Mp: ). Thus (3)
is proved.

Since Mpl* - Mp;, by using (D),
NNInt(Mp:) C Mp: C Mp;. That is NV SInt (Mp:) C Mp;. By
(3),  NYSInt(NNSInt(Mp:)) C N"SInt(Mpy). Thus
NNSInt(Mp:) C NV SInt(Mp; ). Thus (4) is proved. O

Then

Theorem 5.3. Let (U,Ny(t) be a NNTS. Then for any
neutrosophic subset Mpl* and Mpz* of a NNTS, we have

1. NNSInt (Mp: \Mpy) = NNSInt (Mp:) NNNSInt (Mpy).
2. NNSInt(Mp: UMpy) 2 NVSInt(Mp: ) UNNSInt (Mp; ).

Proof. Mp]* N Mpz* - Mpl* and Mp]* N Mpz* - Mpz* =
NNSInt(Mp: N Mp;) C NNSInt(Mp:) —and  NVSInt
(Mp: "\Mp;) C NNSInt(Mp;). Hence, NNSInt (Mp: N Mpy)
C NV SInt(Mp:) \NNSInt(Mpy).

Now, N¥SInt(Mp:) C Mp: and NV SInt(Mp;) C Mp;. we
get, NVSInt(Mp:) \N™SInt (Mp;) € Mp: N\ Mp; .
= NVSInt((SInt(Mp:) O NVSInt(Mp;)) C  NNSInt
(Mp: N Mpy), which implies, NNSInt (NNSInt(Mpl*))
ANNSInt (NVSInt(Mp;)) € NVSInt (Mp: O\ Mps).

= NVSInt(Mp:) NNV SInt (Mp;) € N™SInt(Mp: 0 Mp;).
Hence,

NNSInt(Mp: \Mp;) = NN SInt(Mp:) ANV SInt (Mpy).

This implies (1).

Since Mp: © Mp: U Mpy and Mp; © Mp: UMpy, we get,
NNSInt(Mp:) C NVSInt(Mp: U Mp;) and N¥SInt(Mp;) C
NNSInt(Mp: U Mp;). = NVSInt(Mp:) UN"SInt(Mp;)
C NNSInt (Mp: UMpy). Hence (2) is proved. O

The following example shows that the equality need not
be hold.

Example 5.4. Let U and Mp; be two non-empty finite sets,
where U is the universe and Mp; the set of attributes.

U ={81,52,53, S4} are Higher secondary student for wait
for NEET entrance exam

Mp: = { Physics, Chemistry, Biology }

are three attributes are Exam subjects its Neutrosphic values
are given below. The members of U = {S1, Sa, S3,54}.
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LetU/R={{S1},{S2, S3, Sa}} be an equivalence relation

s ((&2 T 5 62\ (973
'=\\10°10°10/°\10°10°10 )"\ 10" 10" 10

o‘“

g ((A 6 L\ (7T 7T 2\ (9 51
2= \\10’10’10/)°\ 10’10’10 )’ \ 10’ 10" 10
oo ((2 T L\ (7T 7T 2\ (271
3= \\10°10°10 )\ 10’10’10 )’ \ 10" 10" 10
go((2 6 LY (5 6 2\ /(%53
4=\\10’10°10/°\10°10°10 /' \ 10" 10" 10
NN(T):{ONN7 INN'/N(M)aN( )7MP2*N(M)}
4 6 1 5 6 2 9 5 3
NEY =( =, 2> — ), (> > =) (2,2 =2
N(F) <<10’10’10)’(10’10’10)’(10’10’10>>
— 4 7 1 77 2 9 7 1
N(F)7<(E7E/E)7(E7E7E)(Evﬁvﬁ)>
1 4 4 2 45 359
M (=2 2y (2 22 (2 2 2
Py (F) <(1o’10’10)’(10’10’10)’(10’10'10)>
NN (‘L’) = {ONNalNN
4 6 1N (5 6 2\ (9 5 3
10°10°10)°\ 10’10’10/’ \ 10’ 10’ 10
4 7 1 7 7 2 9 7 1
10°10°10 /)’ \10°10°10 /)’ \ 10’ 10’ 10
1 4 4 2 45 359
10°10°10 ) \ 10’10’10/ \ 10’ 10" 10
4 6 1 S5 62 953
10’1010/ \10°10° 10/’ \ 10’ 10’ 10
g ((T 6 LN (7T 6 1)\ (9 5 1
S7\\10°10°10 )\ 10’10’10/’ \ 10’ 10" 10
6 5 7 2 1

; )
se—((X 6 L\ (5 7 2)\ (107 1
¢=\\10°10"10/) ' \10° 10" 10 )"\ 10" 10" 10

1
Then (U, Ny(t) is a NNTS. It follows that NN SInt(SsU
Seygnns Int (SsyUNNS Int(Se).

6. Neutrosophic Nano Semi-Closure in
Neutrosophic Topological Spaces

In this section, we introduce the concept of Neutrosophic
Nano semi-closure operators in a NVT'S.

Definition 6.1. Let (U, Ny(t) be a NYTS. Neutrosophic
Nano semi-closure of Mp: [NN(S)CI(MPT) for short] is,
NN(S)CI(Mp:) = N{K : K is a NV(SC) set in U and
K 2 Mp:}.

Proposition 6.2. Let (U,Ny be a NNTS. Then for any
neutrosophic nano subsets M, P of U,

1. (NNSInt(Mp:)* = NN(S)CI((Mp:)°),

2. (NN(S)CI(Mp:)) = NNSInt ((Mp; )°).
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Proof. By Definition, NV SInt(Mp:) =
setin U and G C Mpl*}.

Taking complement on both
(NNSInt(Mp:))* = (U{G : G is a NY(SO) set in U and
G C Mp:}) = N{(G)* : (G)* is a NN(SC) set in U and
(Mp)° C (G)°).

Replacing (G)° by K, we get (NVSInt(Mp:))* = N{K : K
is a N (SC) setin U and K 2 (Mp;)°}. By Definition, (NS
Int (Mp:))* = NV(S)CI((Mp:)€) . This proves (1).

(1=

U{G:GisaNM(50)

(NVSIne((M:)))° = NY(S)CU(M5)° = N (S)CUM).

Taking complement on both sides, we get NV SInt((Mp:)) =
(NN(S)CI(Mpy))°. This proves (2). O

Proposition 6.3. Let (U,Ny(t) be a NNTS. Then for any
neutrosophic subsets M, Pr and M, P of a NNTSU we have

1. Mp: C NV(S)Cl(Mp:).

2. Mp: is NN (SC) set in U < NN (S)Cl(Mp:) = Mp:.
3. NN (S)CUNN(S)CL(Mp ) = NY (S)CL(Mp; ).

4. If Mp: C Mp; then NV (S)Cl(Mp:) C N (S)Cl(Mpy).

Proof. (1) Proof is obvious.
Let Mp: be NV(SC) set in U. By Definition, (Mp:)“

NN(S0) set in U. Now, NVSInt((Mp:)) = (Mp:)*
(NN(S)CIU(Mp: ) = (Mp:)© < NN(S)CI(Mp:) = Mp-. Thus
proved (2).

(2) = NN(S)CU(NN(S)CI(Mp:)) = NY(S)Cl(Mp:).  Thus
proved (3).

Since Mpr C Mp;,(Mp;)" C (Mp:)© we  get, NNSInt

((Mpy)°) € NNSInt((MPI*)"). Taking complement on both
sides, (NNSInt((MICJZ*)C D (NVSInt((Mp:))). = NN(S)Cl
(Mp:) C NN(S)CZ(MPZ*). This proves (4). O

Proposition 6.4. Let Mp: be a neutrosophic nano set in a
NNTSU. Then
NNInt(Mp:)  C NNSInt(Mp:) c NN(S)cI
(Mp+) € NVCI(Mp:).

C Mp:

Proof. 1t follows from the definitions of corresponding
operators. U

Proposition 6.5. Let (U,Ny(t) be a NNTS. Then for a
neutrosophic subset Mp; and Mp; of a NNTSU, we have

1. NN(S)CI(Mp; U Mp;) = NV
(Mpy) and

(S)Cl(Mp:) U NN(S)CI

2. N¥(S)Cl(Mp: N Mpy) € NV(S)CL(Mp:) N NN(S)Cl
(Mpy).

1857

sides,

Proof. Since

NN(S)Cl(Mp: UMpy) = NV(S)CI(C(C(Mp: UMp; we have,
NN(S)CL(Mp: U Mp;) = (NVSInt((Mp: U Mp;)€))C =
(NNSInt((Mp:)© 0 (Mp;)€))C. = NN(S)Cl(Mp: U Mpy)
= (NNSInt ((MPI*)C)C ONNSInt— (Mp;)©)) =
(NNSInt((Mp:)€) UNNSInt (Mp;)©))C. = NY(S)Cl
(Mp  UMp;) = NNS)CI(Mp)©))¢ UNV(S)CI
(M, ) _ N (S)CIl(Mp:) UNN(S)CI(Mp; ). Thus proved
(D.

Since Mp: "Mp; € Mp: and Mp: "Mp; € Mp; we have,
NN(S)Cl(Mp: N Mp;) © NN(S)CI(Mp:) and NM(S)CI
(Mp: N Mp;) C NN (S)CU(Mp;). = NN(S)CI (Mp: N Mpy)
C NN(S)Cl(Mp:) NANN (S)CI(Mp; ). Thus proved (2). O

The following example shows that the equality need not
be hold.

Example 6.6. Let U and Mp; be two non-empty finite sets,
where U is the universe and Mpl* the set of attributes U =
{P\, Py, P3, P4} are sugar patient.

Let U/R = {{P\,P2,P3},{Ps}} be an equivalence relation
Mpl* = {Thirsty, Urinal, wait lose} are three attributes its
Neutrosphic values are given below

P1:<(i E.L) (E 7 L) <2 k] £)>
1010’10/ °\10°10° 10/ "\ 10’ 10" 10
Pz:<(i 3 3) (E L] i) (2 7 i)>
101010 /°\ 10’10’10 )\ 10’ 10" 10
p3:<<i i_i) (E 5 i) (2 El i)>
10°10°10/°\ 10’10’10/ \ 10" 10’ 10
P4:<<i L] L) (E 7 L) <2 7 £>>
1010’10/ °\10°10° 10/ "\ 10’ 10" 10
NN(T):{ONNv 1NN7M7N( )’MPZ*N(M)}
(A 52).(5.5 3) (25 2
— 10710710 /7\ 10°10° 10/ "\ 10710’ 10
(i) ) ()
1010’10/ °\10°10° 10/ "\ 10" 10" 10
g e=((34 4), (34 6Y (35 3
N 10°10°10/°\10°10° 10/ "\ 10’ 10" 10
Ny (1) = {ONN-, Ly
4 5 2 6 6 3 9 5 3
() (mm) ()
5 5 1 8 7 1 9 7 2
(535 7) (Goto1) (351615) )
2 4 4 3 4 6 35 9
(1518) (5 11) (55))
5 6 1 8§ 7 1 9 7 2
((1510)- (5 150) - (57510),) )
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Then (U,Ny(7) is a NNTS. Consider the NV Ss are
po((L 23\ (23 7\ (3310 d
>~\\10°10°10/)°\10°10°10 )" \10° 10’10 ) / "
po((2 4 A (L2 8 (259
= \\10°10°10/’\ 10’10’10 )"\ 10’ 10" 10 ) /~

Then NN (S)CI(Ps) NN (S)CI(Ps) € NN(S)CI(PsN Pg).

Theorem 6.7. IfMpi« and Mp; are NNSs of NNTSs U and V
respectively, then
N N
1. N (S)Cl(Mpl*) X N (S)Cl(Mpz*)
(Mpr x Mpy),

> NN(s)CI

2. N¥SInt(Mpy) x NN SInt(Mp;) € NN Int(Mp: x Mp;).
Proof. (1) Since Mp: C NV(S)CI(Mp:) and Mp; C
NN(S)CI(Mp;), hence Mp: x Mp; C NN(S)CI (Mp:)x
NN(S)CL (Mp;).
= NN(S)Cl(Mp: x Mp;) C NY(S)CILN(S)CL(Mpr)
xNN(S)CI(Mp;)) and NN (S)CI(Mp: x Mp;) C NN(S)CI
(Mp+) x NN (S)CL(Mp;).

(2) follows from (1) and the fact that NVSInt (MPI*)C
= (NV(S)Cl(Mp:))“. O

Lemma 6.8. For NNSSMPI*Z,’S and MPZ*]_ s of NNTSsU and V

respectively, we have

1. ﬂ{Mpl*i,Mpz*j} :min(ﬂMPri, mMPz*j);
U{Mpl*i, Mpz*j} = max(UMpikﬂ UMPZ*],).

2. ({Mp: , Iny } = (NMpz ) X 1y
U{Mpl*i, INN} = (UMPI*i) X 1NN'

3. ﬁ{lNN XMpz*j} = Iy, X (ﬁMpz*j),‘
U{]NN X Mpz*j} =lp, X (UMpz*j).

Proof. Obvious. O

Theorem 6.9. Let Ny (t) be a NNTS. Then for a neutrosophic
subset Mpl* and Mpz* of U we have,

1. NN(S)CI(Mp:) 2 Mpr UNN (S)CL(N™ SInt (Mp-)),
2. N¥Sint(Mp+) € Mp: NNV SIntNY (S)CL(Mp:)),
3. N¥Int (NN (S)Cl(Mp:)) € NN Int (NVCL(Mp:)),

4. NNInt(NV(S)Cl(Mp:)) € NNInt(NV(S)CL(NNSInt
Mpy)).

Proof. Mp: € N™(S)CI(Mp:) = NNSInt(Mp:) C Mp:. Then
NN(S)CI(NNSInt(Mp:)) € NV (S)CL(Mp:) From the above,

Mpr UNN (S)CUN" SInt (Mp:)) € NY(S)Cl(Mpy).

1858

Thus proved (1).

Now, N¥SInt(Mp-) € Mp: = Mp: € NV(S)CI(Mp:). Then
NNSInt(Mp:) C NN SInt(NV (S)Cl(Mp: )) From the above, we
have NV SInt(Mp:) C Mp: \N"SInt (N¥ (S)CI(Mp;)). Thus
proved (2).

Since NN(S)CI(MPI*) - NNCl(Mpl*) We get,

NYInt (NN (S)CL(Mp:)) € NV Int (NVCL(Mp:)).

Thus proved (3).
(1) = NN(S)CI(Mp:) 2 Mp: UN"(S)CL(NN SInt (Mp)).
We have NNImt(NN(S)Cl(Mp:) 2 NVInt(Mp: U NV
(S)CL(N" SInt (Mp:))).
Since, NV Int (Mp: UMp;) 2 NV Int(Mp:) UNNInt (Mpy ),

"
2

NNInt(NV(S)Cl(Mp:) 2 NVInt(Mp: U NVInt(NV(S)
CUNNSInt(Mp:))) 2 NVInt(NN(S)CI(NNSInt(Mp:))).
Thus proved (4). O
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