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Abstract
In this paper, we introduced the concepts of Neutrosophic Semi Volterra spaces and some relations of the
Neutrosophic Baire spaces and Neutrosophic Volterra spaces are also studied.
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1. Introduction and Preliminaries
The concept of fuzzy sets and fuzzy set operations were

first introduced by L.A. Zadeh in his classical paper [15] in
the year 1965. Thereafter the paper of C.L. Chang [1] in
1968 paved the way for the subsequent tremendous growth
of the numerous fuzzy topological concepts. The concepts
of Volterra spaces have been studied extensively in classical
topology in [4–7] and [8]. The concept of Volterra spaces
in fuzzy setting was introduced and studied by the authors
in [13]. The concept of Intuitionstic fuzzy Volterra spaces
was introduced and studied by Soundararajan, Rizwan and
Syed Tahir Hussainy [12]. The concepts of Neutrosophy
and Neutrosophic set were introduced by F. Smarandache
[10, 11]. Afterwords, the works of Smarandache inspired A.
A. Salama and S. A. Alblowi [9] to introduce and study the
concepts of Neutrosophic crisp set and Neutrosophic crisp
topological spaces. The Basic definitions and Proposition
related to Neutrosophic topological spaces was introduced
and discussed by Dhavaseelan et al. [2]. The concepts of
Neutrosophic Baire spaces are introduced by R. Dhavaseelan,
S. Jafari, R. Narmada Devi, Md. Hanif Page [3].

Definition 1.1 ([15]). A neutrosophic topology (NT ) on a
nonempty set NX is a family NT of neutrosophic sets in NX

satisfying the following axioms:

1. 0N ,1N ∈ NT ,

2. G1∩G2 ∈ NT for any G1,G2 ∈ NT .

3. ∪Gi for arbitrary family {Gi|i ∈ Λ}.

In this case the ordered pair (NX ,NT ) or simply NX is called
a neutrosophic Topological Space (briefly NTS) and each
Neutrosophic set in NT is called a neutrosophic open set
(briefly NOS). The complement MP∗1

of a NOS MP∗1
in NX is

called a neutrosophic closed set (briefly NCS) in NX .

Definition 1.2 ([15]). Let MP∗1
be a neutrosophic set in a

neutrosophic topological space NX . Then

Nint(MP∗1
) =∪{G|Gvis Neutrosophic open set in NX

and G⊆MP∗1
}

is called the Neutrosophic interior of MP∗1
.

Ncl(MP∗1
) =∩{G|G is Neutrosophic closed set in NX

and G⊇MP∗1
}

is called the Neutrosophic closure of MP∗1
. For any

Neutrosophic set MP∗1
in a Neutrosophic topological space

(NX ,NT ), it is easy to see that

1−Ncl(MP∗1
) =Nint(l−MP∗1

) and 1−Nint(MP∗1
)

=Ncl(l−MP∗1
).
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Definition 1.3 ([15]). A Neutrosophic set MP∗1
in

Neutrosophic topological space (NX ,NT ) is called
Neutrosophic dense if there exists no Neutrosophic closed set
MP∗2

in (NX ,NT ) such that MP∗1
⊂ MP∗2

⊂ 1N . That is
Ncl(MP∗1

) = 1N .

Definition 1.4 ([15]). A Neutrosophic set MP∗1
in

Neutrosophic topological space (NX ,NT ) is called
Neutrosophic nowhere dense if there exists no non-zero
Neutrosophic open set MP∗2

in (NX ,NT ) such that
MP∗2
⊂ Ncl(). That is Nint(Ncl(MP∗1

)) = 0N .

Definition 1.5 ([15]). Let (NX ,NT ) be a Neutrosophic
topological space. A Neutrosophic set MP∗1

in (NX ,NT ) is

called Neutrosophic first category if MP∗1
=

∞⋃
i=1

MP∗1 i
where

MP∗1
′
i
s are Neutrosophic nowhere dense sets in (NX ,NT ). Any

other Neutrosophic set in (NX ,NT ) is said to be of
Neutrosophic second category.

Definition 1.6 ([13]). A Neutrosophic set MP∗1
in a

Neutrosophic topological space (NX ,NT ) is called a

Neutrosophic Gδ -set in (NX ,NT ) if MP∗1
=

∞⋂
i=1

MP∗1 i
where

MP∗1 i
∈ NT , for i ∈ I.

Definition 1.7 ([13]). A Neutrosophic set MP∗1
in a

Neutrosophic topological space (NX ;NT ) is called a

Neutrosophic Fσ -set in (NX ;NT ) if MP∗1
=

∞⋃
i=1

MP∗1 i
where

1−MP∗1 i
∈ NT , for i ∈ I.

Definition 1.8 ([14]). Let MP∗1
be a Neutrosophic set in a

Neutrosophic topological space NX . Then

NSint(MP∗1
) =∪{G|G is Neutrosophic semi open set in NX

and G⊆MP∗1
}

is called the Neutrosophic interior of MP∗1
.

NScl(MP∗1
) =∩{G|G is Neutrosophic semi closed set in NX

and G⊇MP∗1
}

is called the Neutrosophic closure of MP∗1
.

Result 1.9. Let MP∗1
be a Neutrosophic set in a Neutrosophic

topological space NX . Then

NScl(MP∗1
) = MP∗1

∪Nint(Ncl(MP∗1
))

NSint(MP∗1
) = MP∗1

∩Ncl(Nint(MP∗1
))

Definition 1.10 ([14]). A neutrosophic set MP∗1
in

Neutrosophic topological space (NX ;NT ) is called
Neutrosophic semi dense if there exists no Neutrosophic semi
closed set MP∗2

in (NX ;NT ) such that MP∗1
⊂MP∗2

⊂ 1N . That
is NScl(MP∗1

) = 1N .

Definition 1.11 ([14]). A Neutrosophic set MP∗1
in

Neutrosophic topological space (NX ;NT ) is called
Neutrosophic semi nowhere dense if there exists no non-zero
Neutrosophic semi open set MP∗2

in (NX ;NT ) such that
MP∗2
⊂ NScl(MP∗1

). That is NSint(NScl(MP∗1
)) = 0N .

Definition 1.12 ([14]). Let (NX ,NT ) be a Neutrosophic
topological space. A Neutrosophic set MP∗1

in (NX ,NT ) is

called Neutrosophic semi first category if MP∗1
=

∞⋃
i=1

MP∗1 i

where MP∗1 i
’s are Neutrosophic semi nowhere dense sets in

(NX ,NT ). Any other Neutrosophic set in (NX ,NT ) is said to
be of Neutrosophic semi second category.

Proposition 1.13 ([14]). If MP∗1
is a Neutrosophic semi

closed set in (NX ,NT ) with NSint(MP∗1
) = 0N , then MP∗1

is a
Neutrosophic semi nowhere dense set in (NX ;NT ).

Definition 1.14 ([14]). Let MP∗1
be a Neutrosophic semi first

category set in (NX ,NT ). Then MP∗1
is called a Neutrosophic

semi residual set in (NX ,NT ).

2. Neutrosophic Volterra Spaces

Definition 2.1 ([3]). Let (NX ,NT ) be a Neutrosophic
topological space. Then (NX ,NT ) is called a Neutrosophic

Baire space if Nint(
∞⋃

i=1

(MP∗1 i
)) = 0N , where MP∗1 i

’s are

Neutrosophic nowhere dense sets in (NX ,NT ).

Definition 2.2. A Neutrosophic topological space (NX ,NT ) is

called a Neutrosophic Volterra space if Ncl(
∞⋂

i=1

(MP∗1 i
)) = 1N ,

where MP∗1 i
’s are Neutrosophic dense and Neutrosophic Gδ

sets in (NX ,NT ).

Example 2.3. Let NX = {a,b}. Define the Neutrosophic set
MP∗1

,MP∗2
,MP∗3

,MP∗4
and K on NX as follows:

MP∗1
= {x,〈0.4,0.8,0.9〉,〈0.7,0.5,0.3〉} ,

MP∗2
= {x,〈0.5,0.8,0.6〉,〈0.8,0.4,0.3〉} ,

MP∗3
= {x,〈0.4,0.7,0.9〉,〈0.6,0.4,0.4〉} ,

MP∗4
= {x,〈0.5,0.7,0.5〉,〈0.8,0.4,0.6〉} ,

and

K = {x,〈1,1,0.3〉,〈0.7,0.3,0.6〉}

Then the family

NT = {0N ,1N ,MP∗1
,MP∗2

,MP∗3
,MP∗4

,MP∗1
∪MP∗2

,MP∗1
∩MP∗2

}

is Neutrosophic topology on NX . Thus (NX ,NT ) is a
Neutrosophic topological space. Now Neutrosophic Open
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Sets = {MP∗1
,MP∗2

,MP∗3
,MP∗4

,MP∗1
∪ MP∗2

,MP∗1
∩ MP∗2

} and
Neutrosophic Closed Sets

= {MP∗1
,MP∗2

,MP∗3
,MP∗4

,MP∗1
∪MP∗2

,MP∗1
∩MP∗2

}.

Then Neutrosophic Gδ -sets are {MP∗1
,MP∗2

,MP∗3
, MP∗1

∩MP∗2
}.

Here MP∗1
∩ MP∗2

∩ MP∗3
∩ (MP∗1

∩ MP∗2
) = MP∗3

and
Ncl(MP∗3

) = 1N . So Neutrosophic topological space
(NX ,NT ) is Neutrosophic Volterra space.

Lemma 2.4. MP∗1
is a Neutrosophic Gδ Neutrosophic

topological space (NX ,NT ) if and only if 1 − MP∗1
is

Neutrosophic Fσ set in (NX ,NT ).

Lemma 2.5. If MP∗1
is a Neutrosophic dense and

Neutrosophic Gδ -set in a Neutrosophic topological space
(NX ,NT ), then 1−MP∗1

is a Neutrosophic first category set in
(NX ,NT ).

Proposition 2.6. If MP∗1
is a Neutrosophic nowhere dense set

and Neutrosophic Fσ -sets in the Neutrosophic topological
space (NX ;NT ), then 1−MP∗1

is a Neutrosophic second
category set in (NX ;NT ).

Proof. Let MP∗1
be a Neutrosophic nowhere dense and

Neutrosophic Fσ -set in (NX ,NT ). Then MP∗1
=

∞⋃
i=1

MP∗1 i
,

where 1 −MP∗1 i
∈ NT and since MP∗1

is a Neutrosophic
nowhere dense set in (NX ,NT ). Then

Nint(Ncl(
∞⋃

i=1

(MP∗1 i
)) = 0N .

But Nint(Ncl(
∞⋃

i=1

(MP∗1 i
))⊆

∞⋃
i=1

(Nint(Ncl(MP∗1 i
)). Here

0N ⊆
∞⋃

i=1

(Nint(Ncl(MP∗1 i
)).

That is
∞⋃

i=1

(Nint(Nc f (MP∗1 i
)) = 0N . Then we have

Nint(Ncl(MP∗1 i
)) = 0N for each where 1−MP∗1 i

∈ NT so
Ncl(MP∗1 i

) = MP∗1 i
which implies that Nint(Ncl(MP∗1 i

))

= Nint(MP∗1 i
) = 0N and hence 1 − Nint(MP∗1 i

) = 1N =

Ncl(1−MP∗1 i
) = 1N . Therefore 1−MP∗1 i

is a Neutrosophic
dense set in (NX ,NT ). Here

1−MP∗1
= 1−

∞⋃
i=1

MP∗1 i
=

∞⋂
i=1

1−MP∗1 i
.

Therefore 1−MP∗1
=

∞⋂
i=1

1−MP∗1 i
where are Neutrosophic

dense sets in (NX ,NT ). Hence 1−MP∗1 i
’s a Neutrosophic

second category set in (NX ,NT ).

Proposition 2.7. If the Neutrosophic second category sets
MP∗2 i

are formed from the Neutrosophic nowhere dense and
Neutrosophic Fσ -sets MP∗1 i

in an Neutrosophic Volterra space

(NX ,NT ), then Ncl(Nint(
N⋂

i=1

MP∗2 i
)) = 1N .

Proof. Let MP∗1 i
’s (i = 1 to N) be Neutrosophic nowhere

dense and Neutrosophic Fσ -sets in a Neutrosophic Volterra

space (NX ,NT ). Then Nint(Ncl(
N⋃

i=1

(MP∗1 i
)) = 0N . Now

1−Nint(Ncl(
N⋃

i=1

(MP∗1 i
)) = 1N

implies that Ncl(Nint(
N⋂

i=1

1−MP∗1 i
)) = 1N . Since MP∗1 i

’s (i =

1 to N) be Neutrosophic nowhere dense and Neutrosophic Fσ -
sets in (NX ,NT ) by Proposition 2.6 ,1−MP∗1 i

’s a Neutrosophic
second category set in (NX ,NT ). Let MP∗2 i

= 1−MP∗1 i
. Hence

Ncl(Nint(
N⋂

i=1

MP∗2 i
)) = 1N , where MP∗2 i

’s are Neutrosophic

second category sets in (NX ,NT ).

Proposition 2.8. If MP∗1 i
’s are the Neutrosophic nowhere

dense sets in a Neutrosophic Volterra space (NX ,NT ), then it
a Neutrosophic Baire Space.

Proof. The sets MP∗1 i
’s are Neutrosophic nowhere dense sets

in (NX ,NT ). This gives 1−MP∗1 i
’s are Neutrosophic dense

and Neutrosophic Gδ sets in (NX ,NT ). Since (NX ,NT ) is
Neutrosophic Volterra space, therefore

Ncl(
∞⋂

j=1

1−MP∗1 i
) = 1N . That is 1−Ncl(

∞⋂
i=1

1−MP∗1 i
) = 0N

implies that Nint(
∞⋃

i=1

MP∗1 i
) = 0N , where MP∗1 i

’s are

Neutrosophic nowhere dense sets in (NX ,NT ). Hence
(NX ,NT ) is a Neutrosophic Baire Space.

Proposition 2.9. If MP∗1
′
i
s (i = 1 to N) are the Neutrosophic

nowhere dense and Neutrosophic Fσ sets in a Neutrosophic
Volterra space (NX ,NT ) if and only if (NX ,NT ) is a
Neutrosophic Baire Space.

Proof. The sets MP∗1
′
i
s are Neutrosophic nowhere dense and

Neutrosophic Fσ sets in (NX ,NT ). Therefore,
Nint(Ncl(MP∗1 i

)) = 0N . But Nint(MP∗1
) ⊆ Nint(Ncl(MP∗1

))

= 0N . Therefore Nint(MP∗1
) = 0N . Since MP∗1 i

’s are Fσ sets

in (NX ,NT ), so MP∗1
=

∞⋃
i=1

MP∗1 i
⊃ Nint(MP∗1

) = Nint

(
⋃

∞
i=1 MP∗1 i

) = 0N . Hence (NX ,NT ) is a Neutrosophic Baire
Space.
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Conversely, let (NX ,NT ) is a Neutrosophic Baire Space

then Nint(
∞⋃

i=1

MP∗1 i
) = 0N where MP∗1 i

’s are Neutrosophic

nowhere dense set in (NX ,NT ). Since MP∗1 i
’s Neutrosophic

Fσ sets, therefore MP∗1
=

∞⋃
i=1

MP∗1 i
⇒ 1 − MP∗1

= 1−⋃
∞
i=1 MP∗1 i

=
⋂

∞
i=1 1 − MP∗1 i

where 1 − MP∗1
′
i
s are

Neutrosophic dense and Neutrosophic Gδ -set in (NX ,NT ).

That is Ncl(
∞⋂

i=1

1 − MP∗1 i
) = 1N . Hence (NX ,NT ) is a

Neutrosophic Volterra space.

Proposition 2.10. Every Neutrosophic Baire space (NX ,NT )
need not to be Neutrosophic Volterra space.

Example 2.11. Let NX = {a,b}. Define the Neutrosophic set
MP∗1

,MP∗2
and MP∗3

on NX as follows:

MP∗1
=

〈
x,
(

a
0.4

,
b

0.6

)
,

(
a

0.6
,

b
0.2

)
,

(
a

0.5
,

b
0.5

)〉
MP∗2

=

〈
x,
(

a
0.3

,
b

0.5

)
,

(
a

0.7
,

b
0.3

)
,

(
a

0.8
,

b
0.1

)〉
Then the family

NT = {0N ,1N ,MP∗1
,MP∗2

,MP∗1
∪MP∗2

,MP∗1
∩MP∗2

}

is Neutrosophic topology on NX . Thus (NX ,NT ) is a
Neutrosophic topological space. Now the Neutrosophic open
sets = {MP∗1

,MP∗2
,MP∗1

∪ MP∗2
,MP∗1

∩ MP∗2
} and the sets

MP∗1
,MP∗2

,MP∗1
∪MP∗2

are Neutrosophic nowhere dense set.
Here MP∗1

∪ MP∗2
∪ MP∗1

∪MP∗2
= MP∗2

and Nint(MP∗2
)

= 0N . So Neutrosophic topological space (NX ,NT ) is a
Neutrosophic Baire Space. But Nscl(MP∗1

∩MP∗2
) 6= 1N ,

where MP∗1
∩MP∗2

is Gδ -set in (NX ,NT ). Hence Neutrosophic
topological space (NX ,NT ) is not a Neutrosophic Volterra
space.

3. Neutrosophic Semi Volterra Spaces
Definition 3.1. A Neutrosophic set MP∗1

in a Neutrosophic
topological space (NX ,NT ) is called a Neutrosophic SGδ -set

in (NX ,NT ) if MP∗1
=

∞⋂
i=1

MP∗1 i
where MP∗1 i

’s are Neutrosophic

semi open for i ∈ I.

Definition 3.2. A Neutrosophic set MP∗1
in a Neutrosophic

topological space (NX ,NT ) is called a Neutrosophic SFσ -set

in (NX ,NT ) if MP∗1
=

∞⋃
i=1

MP∗1 i
where MP∗1 i

’s are Neutrosophic

semi closed for i ∈ I.

Definition 3.3. Let (NX ,NT ) be a Neutrosophic topological
space. Then (NX ,NT ) is called a Neutrosophic Semi- Baire

space if N sin t(
∞⋃

i=1

MP∗1 i
) = 0N , where MP∗1 i

’s are

Neutrosophic semi-nowhere dense sets in (NX ,NT ).

Definition 3.4. A Neutrosophic topological space (NX ,NT )
is called a Neutrosophic Semi -Volterra space if

Nscl(
∞⋂

i=1

(MP∗1 i
)) = 1N , where MP∗1 i

’s are Neutrosophic

semi-dense and Neutrosophic SGδ sets in (NX ,NT ).

Example 3.5. Let NX = {a,b}. Define the Neutrosophic set
MP∗1

,MP∗2
,MP∗3

and MP∗4
on NX as follows:

MP∗1 =

〈
x,
(

a
0.6

,
b

0.6
,

c
0.5

)
,

(
a

0.6
,

b
0.6

,
c

0.5

)
,

(
a

0.3
,

b
0.3

,
c

0.3

)〉
MP∗2 =

〈
x,
(

a
0.6

,
b

0.6
,

c
0.5

)
,

(
a

0.6
,

b
0.6

,
c

0.6

)
,

(
a

0.3
,

b
0.3

,
c

0.4

)〉
MP∗3 =

〈
x,
(

a
0.3

,
b

0.3
,

c
0.4

)
,

(
a

0.3
,

b
0.3

,
c

0.4

)
,

(
a

0.7
,

b
0.7

,
c

0.5

)〉
MP∗4 =

〈
x,
(

a
0.3

,
b

0.3
,

c
0.3

)
,

(
a

0.3
,

b
0.3

,
c

0.3

)
,

(
a

0.7
,

b
0.7

,
c

0.7

)〉
Then the families NT = {0N ,1N ,MP∗1

,MP∗2
} is Neutrosophic

topology on NX . Thus (NX ,NT ) is a Neutrosophic topological
space. Now Neutrosophic Semi Open Sets = {MP∗1

,MP∗2
}

and Neutrosophic Semi Closed Sets = {MP∗1
,MP∗2

,MP∗3
,MP∗4

}.
Then MP∗1

is SGδ set in (NX ,NT ) and Nscl(MP∗1
) = 1N . So

Neutrosophic topological space (NX ,NT ) is Neutrosophic
Semi Volterra space.

Example 3.6. Let NX = {a,b}. Define the Neutrosophic set
MP∗1

,MP∗2
and MP∗3

on NX as follows:

MP∗1
=

〈
x,
(

a
0.3

,
b

0.6

)
,

(
a

0.5
,

b
0.2

)
,

(
a

0.4
,

b
0.5

)〉
MP∗2

=

〈
x,
(

a
0.2

,
b

0.5

)
,

(
a

0.6
,

b
0.3

)
,

(
a

0.7
,

b
0.1

)〉
.

Then the families

NT = {0N ,1N ,MP∗1
,MP∗2

,MP∗1
∪MP∗2

,MP∗1
∩MP∗2

}

is neutrosophic topology on NX . Thus (NX ,NT ) is a
Neutrosophic topological space. Now the neutrosophic semi
open sets = {MP∗1

,MP∗2
,MP∗1

∪MP∗2
,MP∗1

∩MP∗2
} and the sets

MP∗1
,MP∗2

,MP∗1
∪MP∗2

are neutrosophic semi nowhere dense
set. Then MP∗1

∩ MP∗2
is SGδ -set in (NX ,NT ), but

Nscl(MP∗1
∩MP∗2

) 6= 1N . So Neutrosophic topological space
(NX ,NT ) is not a Neutrosophic Semi Volterra space.

Proposition 3.7. In a Neutrosophic topological space
(NX ,NT ), a Neutrosophic set MP∗1

is Neutrosophic semi
nowhere dense if and only if 1−MP∗1

is a Neutrosophic semi
dense in (NX ,NT ).
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Proof. Let MP∗1
be a Neutrosophic nowhere dense set in

(NX ,NT ), then NSint(NScl(MP∗1
)) = 0N . That is, 1−NSint

(NScl(MP∗1
)) = 1N . That is, NScl(NSint(1−MP∗1

)) = 1N .
Here 1 − MP∗1

is open, since MP∗1
is closed. So that

NScl(1−MP∗1
)) = 1N . Hence, 1−MP∗1

is a Neutrosophic
dense set in (NX ,NT ).

Proposition 3.8. If MP∗1
=

N⋂
i=1

MP∗1 i
where MP∗1 i

’s are

Neutrosophic semi dense and Neutrosophic SGδ -sets in a
Neutrosophic Semi Volterra space (NX ,NT ), then MP∗1

is not
a Neutrosophic semi closed set.

Proof. Let MP∗1
=

N⋂
i=1

MP∗1 i
where MP∗1 i

’s are Neutrosophic

semi dense and Neutrosophic SGδ -sets in (NX ,NT ). Since
(NX ,NT ) is a Neutrosophic Semi Volterra space, we have

NScl(
N⋂

i=1

(MP∗1 i
)) = 1N . That is, NScl(MP∗1

) = 1N . This

implies that NScl(MP∗1
) 6= MP∗1

. Hence, MP∗1
is not a

Neutrosophic semi closed set in (NX ,NT ).

Proposition 3.9. If MP∗2
=

N⋃
i=1

MP∗2 i
where MP∗2 i

’s are

Neutrosophic semi nowhere dense and Neutrosophic SFσ -sets
in a Neutrosophic Semi Volterra space (NX ,NT ), then MP∗2

is
not a Neutrosophic semi open set.

Proof. Let MP∗2
=

N⋃
i=1

MP∗2 i
where MP∗2 i

’s are Neutrosophic

semi dense and Neutrosophic SFσ -sets in (NX ,NT ). Since
(NX ,NT ) is a Neutrosophic Semi Volterra space, we have

NScl(
N⋂

i=1

(1−MP∗2 i
)) = 1N . Since, MP∗2 i

’s are Neutrosophic

nowhere dense sets, which implies 1 − MP∗2 i
’s are

Neutrosophic dense sets. Since

1−MP∗2
= 1−

N⋃
i=1

MP∗2 i
=

N⋂
i=1

(1−MP∗2 i
)

we have, NScl(1 − MP∗2
) = 1N . This implies that

NSint(MP∗2
) = 0N . That is NSint(MP∗2

) 6= MP∗2
. Hence, MP∗1

is not a Neutrosophic semi open set in (NX ,NT ).

Proposition 3.10. Let (NX ,NT ) be a Neutrosophic
topological space. A Neutrosophic set MP∗1

is a Neutrosophic
semi dense and Neutrosophic semi open set in (NX ,NT ), then
1 − MP∗1

is a Neutrosophic semi nowhere dense set in
(NX ,NT ).

Proof. Since, MP∗1
is a Neutrosophic semi dense set in

(NX ,NT ). We have NScl(MP∗1
) = 1N . Also, since MP∗1

is a

Neutrosophic semi open set, we have Nsint(MP∗1
) = MP∗1

.
Now,

NSint(NScl(1−MP∗1
) = 1−NScl((NSint(MP∗1

))

= 1−Nscl((MP∗1
)

= 1−1
= 0

Hence, 1−MP∗1
is an Neutrosophic semi nowhere dense set

in (NX ,NT ).

Proposition 3.11. Every Neutrosophic semi Baire space is
a Neutrosophic semi Volterra space only ifthe complement
ofNeutrosophic semi dense SGδ -sets is Neutrosophic semi
nowhere dense SFσ -set in (NX ,NT ).

Proof. Let MP∗1 i
’s (i = 1 to ∞) be Neutrosophic semi dense

and Neutrosophic SGδ -set in (NX ,NT ). Consider the

Neutrosophic set NScl(
N⋂

i=1

(MP∗1 i
)). Now,

1−NScl(
N⋂

i=1

(MP∗1 i
)) = NSint(1−

N⋂
i=1

(MP∗1 i
))

= NSint(
N⋃

i=1

(1−MP∗1 i
)).

But

NSint(
N⋃

i=1

(1−MP∗1 i
))≤ NSint(

∞⋃
i=1

(1−MP∗1 i
)).

By the hypothesis 1−MP∗1
′
i
s are Neutrosophic semi nowhere

dense sets in (NX ,NT ). Also since (NX ,NT ) is a
Neutrosophic semi Baire space

NSint(
⋃

∞
i=1(1 − MP∗1 i

)) = 0N Hence, NSint

(
⋃N

i=1(1−MP∗1 i
)) = 0N . Then Nsint(1−

N⋂
i=1

(MP∗1 i
)) = 0N

implies that 1 − NScl(
N⋂

i=1

(MP∗1 i
)) = 0N . Then we have

NScl(
N⋂

i=1

(MP∗1 i
)) = 1N . Hence (NX , ·NT ) is a Neutrosophic

semi Volterra space.

References
[1] C. L. Chang, Fuzzy topological spaces, J. Math. Anal.

Appl., 24(1968), 182–190.
[2] R. Dhavaseelan and S. Jafari, Generalized Neutrosophic

closed sets, In New Trends in Neutrosophic Theory and
Application; Smarandache, F., Pramanik, S., Eds.; Pons
Editions: Brussels, Belgium, 2(2018), 261–274.

1816



Neutrosophic semi Volterra spaces — 1817/1817

[3] R.Dhavaseelan, S.Jafari, R.Narmada Devi, Md. Hanif
Page, Neutrosophic Baire Spaces, Neutrosophic Sets and
Systems, 16(2017).

[4] D. B. Gauld and Z. Piotrowski, On Volterra spaces, Far
East J. Math. Sci., 1(2)(1993), 209–214.

[5] David Gauld, Sina Greenwood and Zbigniew Piotrowski,
On Volterra spaces –II, Papers on General Topology and
its Applications, Ann. New York Acad. Sci., 806(1996),
169–173.

[6] David Gauld, Sina Greenwood and Zbigniew Piotrowski,
On Volterra spaces–III, Topological operations.
Proceedings of the 1998 Topology and Dynamics
Conference (Fairfax, VA). Topology Proc, 23(1998),
167–182.

[7] G. Gruenhage and D. Lutzer, Baire and Volterra paces,
Proc. Amer. Soc., 128(2000), 3115–3124.

[8] Jiling Cao and David Gauld, Volterra spaces revisited, J.
Aust. Math. Soc, 79(1)(2005), 61–76.

[9] D. Jayanthi,Generalized Closed Sets in Neutrosophic
α Topological Spaces, International Journal of
Mathematics Trends and Technology, (2018), 88-91.

[10] F. Smarandache, Neutrosophy and Neutrosophic
Logic, First International Conference on Neutrosophy,
Neutrosophic Logic, Set, Probability, and Statistics
University of New Mexico, Gallup, NM 87301, USA
(2002).

[11] F. Smarandache. A Unifying Field in Logics:
Neutrosophic Logic. Neutrosophy, Neutrosophic
Set, Neutrosophic Probability. American Research Press,
Rehoboth, NM, 1999.

[12] Soundararajan, S. Rizwan, U and Syed Tahir Hussainy,
On Intuitionistic Fuzzy Volterra Spaces, International
Journal of Science and Humanities, 1(2), (2015), 727–
738.

[13] G. Thangaraj and S. Soundararajan, On fuzzy Volterra
spaces, J. Fuzzy Math., 21(4), (2013), 895–904.

[14] R. Vijayalakshmi, A. Savitha Mary and S. Anjalmose,
Neutrosophic Semi-Baire Spaces, Neutrosophic Sets and
Systems, 30(2019), 132–142.

[15] L. A. Zadeh, Fuzzy sets, Information and Control,
8(1965), 338–353.

?????????
ISSN(P):2319−3786

Malaya Journal of Matematik
ISSN(O):2321−5666

?????????

1817

http://www.malayajournal.org

	Introduction and Preliminaries
	Neutrosophic Volterra Spaces 
	Neutrosophic Semi Volterra Spaces
	References

