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1. Introduction and Preliminaries

The fuzzy idea has invaded all branches of science as far back as the presentation of fuzzy sets by L.
A. Zadeh [29]. The important concept of fuzzy topological space was offered by C. L. Chang [9] and
from that point forward different ideas in topology have been reached out to fuzzy topological
space. The concept of ”intuitionistic fuzzy set” was first presented by Atanassov [5]. He and his
associates studied this useful concept [6 - 8]. Afterward, this idea was generalized to ”intuitionistic L
— fuzzy sets” by Atanassov and Stoeva [6]. The idea of somewhat fuzzy continuous functions and
somewhat fuzzy open hereditarily irresolvable were introduced and investigated by by G.
Thangaraj and G. Balasubramanian in [25]. The idea of intuitionistic fuzzy nowhere dense set in
intuitionistic fuzzy topological space presented and studied by Dhavaseelan and et al. in [16]. The
concepts of neutrosophy and Neutrosophic set were introduced by F. Smarandache [[22], [23]].
Afterwards, the works of Smarandache inspired A. A. Salama and S. A. Alblowi[21] 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. [17]. The concepts of Neutrosophic Baire spaces are introduced by R.
Dhavaseelan, S. Jafari ,R. Narmada Devi, Md. Hanif Page [16]

Definition 1.1. [22, 23] Let T,I,F be real standard or non standard subsets of ]0~,1*[ , with
supr = tgy, T, infr =ty

Supi = isup; infr = linf

Supr = fow; infr = finf

1 - sup = tsup + dsup + foup

n-inf = tiptimetfins . T, I, F are Neutrosophic components.
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Definition 1.2. [22, 23] Let X is a nonempty fixed set. A Neutrosophic set [briefly Ne.S] K is an object
having the form K = {{x,ux(x),ox(x),yx(x)):x € X} where g (x), o (x)and yx(x) which
represents the degree of membership function (namely pg(x)), the degree of indeterminacy
(namely oy (x)) and the degree of non-membership (namely y,(x) ) respectively of each element
x € X to the set K.
Remark 1.2. [22, 23]
(1) A NeS K ={{x,ux(x),0x(x),yx(x)):x € X} can be identified to an ordered triple
(g, ok, vk) in ]07,1%[ on X.
(2) For the sake of simplicity, we shall use the symbol
K= (ux, ok, vi) for the Ne.S K = {(x, e (x), 0 (x), vk (x)): x € X}
Definition 1.3. [22, 23] Let X be a nonempty set and the Ne.Sets K and L in the form
K = {(x, e (), 0 (%), i (0)): x € X}, L= {{x, . (x), 0, (), ¥,(x)) : x € X}. Then
(@) Kc L iff pg(x) < u(x), ox(x) < o,(x) , yx(x) = y,(x) forall x € X;
) K=Liff KcL andLcK;
(©) K = {{x,y,(x), 0 (x), 4, (x)): x € X}; [Complement of K]

(dKn L= {(x.ux(x) AN () o)A a,(x) ye()V () :x € X};

(@K ul= {(x,ux(x) Vo (x), 05 () V oo (x) vy A v (x):x € X};

() [1K = {{x, e (), 0 (0), 1 = pe (X)) = x € X};
(8) (YK ={{x,1 —yx(x), 0 (x), vk (x)): x € X}

Definition 1.4. [22, 23] Let {K; : i € J} be an arbitrary family of Ne.Sets in X. Then

@ NK; = {{x, A i (x), Ao (%), Vv (0)) : x € X},

(b) UK; = {(x, V ki (x), V 0 (x), Aygi(x)) : x € X},

Since our main purpose is to construct the tools for developing Ne.T.Spaces, we introduce the

Ne.Sets On and 1n in X as follows:

Definition 1.5. [22, 23]
Oy = {(x,0,0,1): x € X}and 15 = {(x,1,1,0) : x € X}
Definition 1.6. [21]
A Neutrosophic topology (Ne.T) on a nonempty set X is a family Nt of Ne.Sets in X satisfying the
following axioms:
(i) Oy,1y €Ny,
(ii) G N G, € Ny forany G;,G, € Ny.
(iif)U G; for arbitrary family {G;|i € A } .
In this case the ordered pair (X, Nt) or simply X is called a Neutrosophic Topological Space
(briefly Ne.T.S) and each Ne.S in Nt is called a Neutrosophic open set (briefly Ne.O.S). The
complement K of a Ne.O.S K in X is called a Neutrosophic closed set (briefly Ne.C.S) in X.
Definition 1.7. [9]
Let Kbe aNe.SinaNe.T.S X. Then
Ne.int(K) = U {G | G is Neutrosophic open setin X and G C K}
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is called the Neutrosophic interior of K;
Ne.cl(K)= n {G | G is Neutrosophic closed setin X and G D K}
is called the Neutrosophic closure of K.
Definition 1.8: [13] A Ne.S K in a Ne.T.S X is said to a Neutrosophic Semi Open set (Ne.5.0.5) if
K < Ne.cl(Ne.int(K)) and Neutrosophic Semi Closed set (Ne.S.C.S) if Ne.int(Ne.cl(K))c K.
Definition 1.9:[13] Let Kbe a Ne.Sina Ne.T.S X. Then
Ne.S.int(K) = U {G | G is Neutrosophic semi open set in X and G C K}
is called the Neutrosophic semi interior of K;
Ne.S.cl(K)= n {G | G is Neutrosophic semi closed set in X and G D K}
is called the Neutrosophic semi closure of K;
Result: 1.9 Let Kbe a Ne.Sina Ne.T.S X. Then
Ne.S.cl(K)= K u Ne.int(Ne.cl(K))
Ne.S.int(K) = K m Ne.cl(Ne.int(K))

2. Neutrosophic Semi-nowhere dense sets

Definition 2.1 A Ne.S K in Ne.T.S (X, N) is called Neutrosophic semi nowhere dense (briefly
Ne.S.N.D) if there exists no non-zero Ne.S.0.S L in (X; Np) such that L < Ne.S.cl(K). That is
Ne.S.int(Ne.S.cl(K))=0~

Example 2.1 Let X = {k, I}. Define the Ne.SK, Land M on X as follows:

(e} o g
el Goaslavas)

Then the families N, ={0, 1,,K,L,K UL,K nL} is Ne.T on X. Thus (X, N1) is a Ne.T.S. Now the sets

K,L, K UL are NeSIN.D set

Proposition 2.1. If Kis a Ne.S.N.D setin (X; Np), then K isaNesS.D setin X, T)

Proposition 2.2. Let K be a set. If Kis a Ne.S.C.Sin (X, Nt) with Ne.S.int(K) = On, then K is a Ne.S.N.D
setin (X; Nr).

Definition 2.2. Let K be a Neutrosophic semi first category set (Ne.S.F.C.) in (X, Nt). Then K is

called a Neutrosophic residual set in (X; Nr).
Proposition 2.3. The complement of a Ne.S.N.D. set in a Ne.T.S (X, Nt) need not be Ne.S.N.D. set.

Proof: For, in example 2.1, K is a Ne.S.N.D. set in (X, Ny) whereas K is not a Ne.S.N.D. set in

(X, Nr).
Proposition 2.4. If K & L are Ne.S.N.D. sets in a Ne.T.S (X, Np), then KU L need not be Ne.S.N.D. set
in

(X, Np).
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Proof: For, in example 2.1, R&[ is Ne.S.N.D. sets in (X, Np). ButRu[ implies that

Ne.S.int(Ne.S.cl( Ku [) # On. Therefore union of Ne.S.N.D. sets need not be Ne.S.N.D. set in (X,

Nrp).

Proposition 2.5: If the Ne.Sets K and L are Ne.S.N.D. sets in a Ne.T.S (X, Nt) then KN L is a
Ne.S.N.D. setin (X, Nr).

Proof: Let the fuzzy sets K and L be Ne.S.N.D. sets in (X, Nt). Now Ne.S.int (Ne.S.cl (K N L)) <

Ne.S.int (Ne.S.cl (K)) n Ne.S.int (Ne.S.cl (L)) = On n On (since Ne.S.int (Ne.S.cl (K)) = On and

Ne.S.int( Ne.S.cl(B)) = On). That is, Ne.S.int( Ne.S.cl (Kn L) = On. Hence (KN L) is a Ne.S.N.D. set in
(X, Np ).
Proposition 2.6: If Kis a Ne.S.N.D. setin a Ne.T.S (X, Nt) then Ne. S.int (K) = Ox.
Proof: Let K be a Ne.S.N.D. set in (X, Nt). Then, we have Ne.S.int (Ne.S.cl (K)) = On. Now K <
Ne.S.cl (K) we have Ne.S.int (K) < Ne.S.int (Ne.S.cl (K) )= On. Hence Ne.S.int (K) = On

Proposition 2.7:
If Kis a Ne.S.N.D. setin a Ne.T.S. (X, Nt) then Ne.int (Ne.S.cl (K)) = 0.
Proof: Let K be a Ne.S.N.D. sets in (X, Nt). Then, we have Ne.int( Ne.cl (K)) = On and Ne.int (K) = On.
Now Ne.S.cl (K) =K, since K is fuzzy semi-closed set in (X, N1) implies that Ne.int (Ne.S.cl(K) )
=Ne.int (K) = On. Hence Ne.int (Ne.S.cl (K)) = On.
Proposition 2.8: If K is a Ne.S.N.D. set and L is any Ne.Set in a Ne.T.S. (X, Np), then (KN L) is a
Ne.S.N.D. setin (X, Nr).

Proof: Let Kbe a Ne.S.N.D. set in (X, Nt). Then, Ne.S.int (Ne.S.cl (K)) = 0. Now Ne.S.int (Ne.S.cl

(KN L)) < NeS.int (NeS.cl (K)) N NeS.int (NeS.cl (L)) € On N NeS.nt (Ne.S.cl (L)) =Ox. That is,

Ne.S.int (Ne.S.cl (Kn L) = On. Hence (KN L) is a Ne.S.N.D. set in (X, Nrp).
Definition 2.3 A Ne.S. Kin Ne.T.S. (X; Ny) is called Neutrosophic semi dense(Ne.S5.D.) if there

exists no Ne.S.C.set L in (X; Ng) such that K < L <1, .Thatis Ne.S.cl(K) =1,

Proposition2.9 If Kis a Ne.S.D. and Ne.S.O. setin a Ne.T.S. (X, Ny)and if L € 1-KthenLisa

Ne.S.N.D. setin (X, Nr).

Proof: Let K be a Ne.S.D. set in (X, Np). Then we have Ne.S.cl (K) = In and Ne.S.int (K) = K. Now L
c 1-K implies that Ne.S.cl (L) € Ne.S.cl (1 -K). Then Ne.S.cl (L) € 1- Ne.S.int (K)=1 - K. Hence
Ne.S.cl (L) < (1 - K), which implies that Ne.S.int (Ne.S.cl (L)) € Ne.S.int(1- K) = 1-Ne.S.cl (K) =1

—1=0n. That is, Ne.S.int( Ne.S.cl (L) )= On. Hence L is a Ne.S.N.D. set in (X, Nrp).

Proposition 2.10: If Kis a Ne.S.N.D. setin a Ne.T.S. (X, Nt), then 1 - Kis a Ne.S.D. set in (X, Nr).

Proof: Let Kb e a Ne.S.N.D. set in (X, Np). Then, Ne.S.int (Ne.S.cl(K) = On. Now K < Ne.S.cl (K)

implies that Ne.S.int(K) < Ne.S.int (Ne.S.cl(K) = On. Then Ne.S.int (K) =0n  and Ne.S.cl(1-K)=1-

Ne.S.int(K) =1 — On = 1n and hence 1 - K is a fuzzy semi-dense set in (X, Nr).

Proposition 2.11: If K is a Ne.S.N.D. set in a Ne.T.S. (X, Nt), then Ne.S.cl (K) is also a Ne.S.N.D.

setin (X, Nr).
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Proof: Let Kbe a Ne.S.N.D. set in (X, Nt). Then, Ne.S.int (Ne.S.cl (K) = On. Now Ne.S.cl (Ne.S.cl (K)) =
Ne.S.cl (K). Hence Ne.S.int( Ne.S.cl (Ne.S.cl (K))) = Ne.S.int (Ne.S.cl (K)) = On. Therefore Ne.S.cl (K) is
also a Ne.S.N.D. set in (X, Nq).

Proposition 2.12: If Kis a Ne.S.N.D. setin a Ne.T.S. (X, Nt), then 1 — Ne.S.cl (K) is a Ne.S.D. set in
(X, Ni).

Proof: Let Kbe a Ne.S.N.D. setin (X, N1). Then, by proposition 2.11, Ne.S.cl (K) is a Ne.S.N.D. set
in (X, T). Also by proposition 2.10, 1 — Ne.S.cl (K) is a Ne.S.D. set in (X, Nf).

Proposition 2.13: Let K be a Ne.S.D. set in a Ne.T.S. (X, Ny). If L is any Ne. set in (X, Nt), then Lis a
Ne.SN.D. setin (X, Nr)ifand onlyif KNL isa Ne.S.N.D. setin (X, Nr).

Proof: Let L be a Ne.S.N.D. setin (X, Nt). Then, Ne.S.int (Ne.S.cl (L) = On. Now Ne.S.int (Ne.S.cl

(Kn L)) < Ne.S.int (Ne.S.cl (K) n Ne.S.int (Ne.S.cl (L)) < Ne.S.int (Ne.S.cl (K)) n On=0n. That is,

Ne.S.int( Ne.S.cl (Kn L)) = On. Hence (KN L) is a Ne.S.N.D. set in (X, Nt). Conversely, let (KN L) be a
Ne.S.N.D. set in (X, Np). Then Ne.S.int Ne.S.cl (Kn L) = On. Then, Ne.S.int ( Ne.S.cl (K)) N Ne.S.int(

Ne.S.cl(L)) = On. Since K is a Ne.S.D. set in (X, Np), Ne.S.cl (K) = In. Then, Ne.S.int (In) N Ne.S.int

(Ne.S.cl (L) )= On. That is, (In) N Ne.S.int (Ne.S.cl (L)) = On. Hence Ne.S.int (Ne.S.cl (L)) = On, which

means that L is a Ne.S.N.D. set in (X, Nt).

3. Neutrosophic Semi Baire Spaces
Definition 3.1. Let (X, N1) be a Ne.T.5. A Ne. Set K in (X, N¢) is called Neutrosophic semi first

category(Ne.S.F.C.) if A = 0 A, where Ai’s are Ne.S.N.D. sets in (X, Nr). Any other Ne. set in (X,

i=1

Nr) is said to be of Neutrosophic semi second category(Ne.S.S5.C.).

Example 3.1: Let X ={k, I}. Define the Ne. set K, L ,M and N on X as follows:

Then the families N,= {ON,lN,K,L} is Ne.T. on X. Thus (X, Nt) is a Ne.T.S5.. Now the sets

K,L,M, N are Ne.S.N.D. set and [R ULUM U N]= Lis Ne.S.E.C. setin (X, Ny)
Definition 3.2: Let K be a Ne.S.F.C. set in a Ne..5. (X, Nt). Then 1 - K is called a Neutrosophic
semi-residual (Ne.S.R.) setin (X, Nt).

Proposition 3.1: If K is a Ne.S.F.C. setin a Ne.T.S. (X, Nt), then 1-K =ﬁ K, where Ne.S.cl(Li) = 1In.

i=1
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Proof: Let K be a Ne.S.F.C. set in (X, Np). Then we have K = 0 K, ), where K, 's are Ne.SN.D. in

i=1

(X, Np). Now 1- K = ﬁKi .Let L,=1- K;. Then 1-K = ﬁ'—a' Since K, 's are Ne.S.N.D. sets in

i=1 i=1

(X, Nt), by proposition 2.10, we have 1-K ‘s are Ne.S.D. sets in (X, N1). Hence Ne.S.cl ( Li ) = Ne.S.cl

(1- K,) =1n. Therefore we have 1-K = ﬁ L, where NeS.cl(L;)=1~.

i=1
Definition 3.3: A Ne.T.S. (X, Ny) is called a Ne.S.F.C. space if the Ne. set 1nis a Ne.S.F.C. set in (X,

©

Nt). That is, In = U K, where Ki's are Ne.S.N.D. sets in (X, Nt). Otherwise (X, Np) will be called a

i=1l
Ne.S.S.C. space.
Proposition 3.2: If K is a Ne.S.C. setin a Ne.T.S. (X, Nt) and if Ne.S.int (K) = O, then K is a NeS.N.D.
setin (X, Nr).
Proof: Let K be a Ne.S.C. set in (X, Nt). Then we have Ne.S.cl (K) = K. Now Ne.S.int (Ne.S.cl (K) =
Ne.S.int (K) and Ne.S.int(K) = On, implies that Ne.S.int(Ne.S.cl(K))= On. Hence K is a Ne.S.N.D. set in
(X, Nyp).

Definition 3.4: Let (X, Ny) be a NeT.S.. Then (X, Nr) is called a Neutrosophic semi-Baire
space(Ne.S.B.) if Ne.S.int[U K;1=0n, where K;'sare Ne.S.N.D. setsin (X, Np).
i=1

Example 3.2: Let X ={k I}. Define the Ne.setk, L , M and N on X as follows:

Then the families N,= {ON,lN,K,L} is Ne.T. on X. Thus (X, N;) is a Ne.T.S.. Now the sets

K,L,M, N are Ne.S.N.D. set and [R u[ UM uUN ]=Ne.S.int ([ ) = O~ is Ne.S.B. space.

Example 3.3: Let X ={k I}. Define the Ne.Sets K,Land M on X as follows:

SACLCRIEE)
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Then the families N, = {ON 1., K,LKUL KN L} is Ne.T on X. Thus (X, Nt) is a Ne.T.S. Now the sets

K,LLKULare NeSN.D set and Ne.S.int(K UL U(KUL))= NeS.int(K L) =0, . Hence the

Ne.T.S. (X, Nt) is not Ne.S.B. space.

Proposition 3.3:" If Ne.S.int (U K, ), = On, where Ne.S.int (Ki) = On and Ki 's are Ne.S.C. sets in a

i1

Ne.T.S. (X, Nt), then (X, Nt) is a Ne.S.B. space.

Proof: Let Ki 's be Ne.S.C. sets in (X, Nr). Since Ne.S.int (Ki) = On, by proposition 3.2, the Ki 's are

Ne.S.N.D. sets in (X, Nt). Therefore we have Ne.S.int ( O(K') ) = On, where Ki 's are fuzzy

i=1

semi-nowhere dense sets in (X, Nt). Hence (X, N) is a Ne.S.B. space.

Proposition 3.4:

If Ne.S.cl(ﬁ(Ki )) = In, where Ki's are Ne.S.D. and Ne.S.O. sets in a Ne.T.S. (X, Nt), then (X, Nt) is a
i=1

Ne.S.B. space.

Proof:

o

Now Ne.S.cl (ﬂ(Ki) ) =1n implies that 1-Ne.S.cl (ﬁ(K-)) = On. Then we have

i=1 i=1

Ne.S.int (1—ﬁ K, ) = On,which implies that Ne.S.int (Ol_ K,)= On. Since Ki's are Ne.S.D. sets in (X, N ),
i=1

i=1
Ne.S.cl (Ki) =1nand Ne.S.int(1- Ki) = 1-Ne.S.cl (Ki) = 1-1~x = On. Hence we have Ne.S.int (O 1-K,))=
i=1
On, where Ne.S.int (1- Ki) =0 and (1- Ki)'s are Ne.S.C. sets in (X, Nt). Then, by proposition 3.3, (X, Nt)
is a Ne.S.B. space.

Proposition 3.5: Let (X, Nt) be a Ne.T.S. The CJ K, n the following are equivalent:

i1
(1). (X, Np)is a Ne.S.B. space.

(2). Ne.S.int (K) = On for everyone.S.F.C. set Kin (X, Nr).
(3). Ne.S.cl (L) = 1n for every Ne.S.R. set in (X, Nr).

Proof: (1) — (2). Let Kbe a Ne.S.F.C. setin (X, Np). Then K =O K,/ where Ki's are Ne.S.N.D. sets in
i=1

(X, Nt). Now Ne.S.int (K) = Ne.S.int (O K, ) =On (since (X, Nt)is a Ne.S.B. space). Therefore

i=1
Ne.S.int (K) = On.
(2) — (3). Let L be a Ne.S.R. set in (X, Nt). Then 1-L is a Ne.S.F.C set in (X, Nt). By hypothesis,
Ne.S.int (1-L) = On which implies that 1- Ne.S.cl (L) = On.
Hence we have Ne.S.cl (L) = 1.

(3)— (1). Let Kbe a Ne.S.F.C.setin (X, Np). Then K = O k. Where Ki's are Ne.S.N.D.sets in (X, Nr). 1-
i=1

Kis a Ne.S.R. setin (X, Nt). Since K is a Ne.S.F.C. set in (X, N), By hypothesis, we have Ne.S.cl (1-
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K) = In. Then 1-Ne.S.int (K) = 1n, which implies that Ne.S.int (K) = On. Hence Ne.S.int (O K )=0n
i=1

where Ki's are Ne.S.N.D. sets in (X, Nt). Hence (X, Nt) is a Ne.S.B. space.

Proposition 3.6: If a fuzzy topological space (X, Nt) is a Ne.S.B. space, then (X, Nr) is a
Ne.5.5.C.space.

Proof: Let (X, N1) be a Ne.S.B. space. Then Ne.S.int (O K, ) = On where Ki's are Ne.S.N.D. sets in (X,

i=1
Nt). Then U K, #1n.(Suppose, O K, =1Ix implies that Ne.S.int (O K, ) = Ne.S.int(1n) which implies
i=1 i=1 i=1
that Ox = 1n, a contradiction). Hence (X, Nt)is a Ne.5.5.C. space.
Remarks 3.6: The converse of the above proposition need not be true. A Ne.5.5.C. space need not be
Ne.S.B. space.
Example 3.4: Let X={k I}. Define the Ne.Sets Kand L on X as follows:

(s Soa i)
G E)

Then the families N, ={0, 1,,K,L,KUL,KnL} is Ne.T on X. Thus (X, N) is a Ne.T.S. Now the sets

K,LLKUL are NeSN.D set and (KULU(KUL))=(KNL)#1, &NeS.int(K "L)=0, .

Hence the Ne.S.S.C. space need not be Ne.S.B.space.

Proposition 3.7: If a Ne.T.S. (X, Nt) is a Ne.S.B. space, then no non-zero Ne.S.O. set in (X, Nt) is a

fuzzy semi-first category set in (X, Nr).

Proof: Suppose that K is a non-zero Ne.S.O. set in (X, N1) such that K = OK' , where Ki 's are
i=1
Ne.S.N.D. sets in (X, Np). Then we have Ne.S.int (K) = Ne.S.int (O K, ). Since K is a non-zero Ne.S.O.
i=1

set in (X, Np) Ne.S.int(K) = K. Then Ne.S.int (O k ) =K #0. But this is a contradiction to (X, Nr)

i=1

being a Ne.S.B. space, in which Ne.S.int (CJ k ) =0, where Ki's are Ne.S.N.D. sets in (X, Nr). Hence
i=1

we must have A # (O K )-

i=1
Therefore no non-zero Ne.S.O. set in (X, Nrt)is a Ne.S.F.C. setin (X, Ny).

Proposition 3.8: A Ne.S.B. space is a Ne.B. space. For consider the following example:

Example 3.5: Let X ={k, I}. Define the Ne. setK, L ,M and N on X as follows:
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Then the families N; ={0N,1N,K, L} is Ne.T. on X. Thus (X, Nt) is a Ne.T.S. Now the sets

K,L,M,N are Ne.S.N.D. set and Ne.S.int [RUEU MU NJ= Ne.S.int( L )= Ox  Hence the Ne.T.S.
(X, N1) is Ne.S.B. space.
Here the sets K,L,M, N are Ne.N.D. set and Ne.int [RUEU M UN ]= Ne.int([ )= On .Hence

Ne.S.B. space is a Ne.B. space

Conclusions

Many different forms of closed sets have been introduced over the years. Various interesting
problems arise when one considers openness. Its importance is significant in various areas of
mathematics and related sciences, : In this paper, we introduced the concept of Neutrosophic Semi
Baire spaces in Neutrosophic Topological Spaces. Also we define Neutrosophic Semi-nowhere
dense, Neutrosophic Semi-first category and Neutrosophic Semi-second category sets. Some of its
characterizations of Neutrosophic Semi-Baire spaces are also studied. This shall be extended in the

future Research with some applications
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