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Abstract

In this paper, the concept of neutrosophic soft filter and its basic properties are introduced. Later, we set up a
neutrosophic soft topology with the help of a neutrosophic soft filter. We also give the notions of the greatest
lower bound and the least upper bound of the family of neutrosophic soft filters, neutrosophic soft filter subbase
and neutrosophic soft filter base and explore some basic properties of them.
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1 Introduction

We can not solve the problems by using mathematical tools generally in the social life since in mathematics,
the concepts are precise and not subjective. To deal with this problem, researchers proposed several methods
such as fuzzy set theory [12], rough set theory [7]] and soft set theory [|6]]. Theories of fuzzy sets and rough sets
can be considered as tools for dealing with vagueness but both of these theories have their own difficulties. The
reason for these difficulties is, possibly, the inadequacy of the parametrization tool of the theory as mentioned
by Molodtsov [6] in 1999. Molodtsov initiated a novel concept of soft set theory which is a completely new
approach for modeling uncertainities and succesfully applied it into several directions such as smoothness of
functions, game theory, Riemann Integration, theory of measurement and so on. The fundamental concepts of
neutrosophic set were introduced by Smarandache [[10]]. This theory is a generalization of classical sets, fuzzy
set theory [[12], intuitionistic fuzzy set theory [1]], etc. Later some researchers [8(9] studied basic concepts and
properties of neutrosophic sets. The notion of neutrosophic soft sets was first defined by Maji [5] and later,
Deli and Broumi [3]] modified it. Bera [2]] introduced the concept of neutrosophic soft topological spaces. Also,
neutrosophic soft point concept and neutrosophic soft 7;-spaces were presented by Giiniiuz Aras et al. [4]].

The main purpose of this paper is to introduce neutrosophic soft filters. Later we study some basic prop-
erties of neutrosophic soft filters and set up a neutrosophic soft topology with the help of a neutrosophic soft
filter. Some new notions in neutrosophic soft filters such as the greatest lower bound and the least upper bound
of the family of neutrosophic soft filters, neutrosophic soft filter subbase and neutrosophic soft filter base were
introduced. Also, we give some basic properties of these concepts.

2 Preliminaries

In this section, we present the basic definitions and results of neutrosophic soft sets and neutrosophic soft
topological spaces that we require in the next sections.

Definition 2.1. [3] Let X be an initial universe set and E be a set of parameters. Let P (X ) denote the set of
all neutrosophic sets of X . Then a neutrosophic soft set (F', E') over X is a set defined by a set value function

F representing a mapping I?' : E — P(X), where F is called the approximate function of the neutrosophic
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soft set (F', E). In other words, the neutrosophic soft set is a parameterized family of some elements of the set
P(X) and therefore it can be written as a set of ordered pairs.

(F,E) = {(e <:1:,T%(e)(z),lﬁ(e)(r),FE(e) (1’)> Lz € X) Lee E} ,
I~ F.

@ T (@) Py :

membership and falsity-membership function of F'(e). Since the supremum of each T', I, F'is 1, the inequality

0< Tf«“ (z) + I;(e)(x) + F;(e) (z) < 3is obvious.

where T% (x) € [0, 1] are respectively called the truth-membership, indeterminacy-

(e)

Definition 2.2. [2] Let (;“, E) be a neutrosophic soft set over the universe set X. The complement of (F', E)
is denoted by (F', E')¢ and is defined by:

(F,E) = {(e, <x,F%(e)(x), 1- Iﬁ(e)(x),T;(e)(x)> tx € X) te € E} .

It is obvious that ((f«“, E)C> — (F,E).

~

Definition 2.3. [5] Let (;“, E) and (6’7 E) be two neutrosophic soft sets over the universe set X. (F, F) is

G I <I. (2), F- >
0@ T (@) < Ty (@) F (0 2

FE:( )(a:) Ve € E,Vx € X. Itis denoted by (}N7, E)C (5, E). (Z?7 E) is said to be neutrosophic soft equal to

(CNJ, E)if (F’, E) is a neutrosophic soft subset of (E?, E) and (CNJ, E) is a neutrosophic soft subset of (;7, E) 1t
is denoted by (F, F) = (G, E).

said to be a neutrosophic soft subset of (G, E) if Tfm( )(x) < Ta

Definition 2.4. [4] Let (1;17 E) and (1;2, E) be two neutrosophic soft sets over the universe set X. Then their
union is denoted by (F1, E) U (Fy, E) = (F3, F) and is defined by:

(fg,E) = {(e, <x,T~ )(x),Iig(e)(x),Fiz(e)(x» tx € X) te € E},

Fs(e
where
T, @ = max{Tﬁl(e)(x),Tﬁg(e)(x)},
Ip @ = max{lﬁl(e)(z),fﬁz(e)(x)},
Fo® = mm{Fﬁ(a(x)’Ff%(e)(x)}'

Definition 2.5. [4] Let (ﬁ 1, F) and (1; b, F/) be two neutrosophic soft sets over the universe set X. Then their
intersection is denoted by (F, E) N (Fy, E) = (F3, E) and is defined by:

(F3, E) = {(e <x,T~ (x),fé(e)(x),Fng(e)(x)> Tz € X) ee E}

Fs3(e)
where
ng(e) r) = min {Tﬁ(e)(x)’ sz(e) (:L)} ,
I}%(e)(m) = min {Iﬁ(e)(x), 11;2(6)(96)} ,
I;g(e)(x) = max Fﬁl(e)(a:), FEQ(@) (x)}

Definition 2.6. [4] A neutrosophic soft set (1?, E) over the universe set X is said to be a null neutrosophic

soft set if Tﬁ(e)(x) =0, I%(e) (x) =0, FF(e) (r) = 1;Ve € E, Vo € X. Itis denoted by 0x g).
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Definition 2.7. [4]] A neutrosophic soft set (Z?' E) over the universe set X is said to be an absolute neutrosophic
)

softsetif T~ () =1,1~ (m):l,F~ ( =0;Ve € B, Vo € X. Itis denoted by 1(x k).

F(e) F(e)

Clearly, OfX,E) = 1(x,p) and 1fX,E) = 0(x,m)-

Definition 2.8. [4] Let NSS(X, E) be the family of all neutrosophic soft sets over the universe set X and
7 C NSS(X, E). Then 7 is said to be a neutrosophic soft topology on X if:

1. 0¢x,r) and 1(x ) belong to 7,
2. the union of any number of neutrosophic soft sets in 7 belongs to 7,
3. the intersection of a finite number of neutrosophic soft sets in 7 belongs to 7.

Then (X, 7, E) is said to be a neutrosophic soft topological space over X. Each member of 7 is said to
be a neutrosophic soft open set. A neutrosophic soft set (F', F) is called a neutrosophic soft closed set iff its

complement (F', E)€ is a neutrosophic soft open set.

Definition 2.9. [4] Let NSS(X, E) be the family of all neutrosophic soft sets over the universe set X. Then
neutrosophic soft set a:fa 8.) is called a neutrosophic soft point, foreveryx € X,0 < a, 8,7y < 1,e € F and
is defined as follows:

e / _ (Oé,ﬁ,’}/) ifelzeandy:xv
m(aﬁ”)(e )(y) = { (0,0,1) ife #£eory#uwx.

Definition 2.10. [4] Let (F', E) be a neutrosophic soft set over the universe set X. We say that J:fa 8 €

(1?, E) read as belonging to the neutrosophic soft set (;‘, E) whenever a < T;( )(x), 8 < IF“( )(sc) and

F;(e)(x) <.

Definition 2.11. [4] Let (X, 7, E') be a neutrosophic soft topological space over X. A neutrosophic soft
set (F,E) in (X, 7, E) is called a neutrosophic soft neighborhood of the neutrosophic soft point xfa 8) €

(F, E), if there exists a neutrosophic soft open set (G, E) such that Tlo gy € (G,E) C (F,E).

Theorem 2.12. [4] Let (X, 1, E) be a neutrosophic soft topological space and (F,E) be a neutrosophic
soft set over X. Then (F, E) is a neutrosophic soft open set if and only if (F, E) is a neutrosophic soft
neighborhood of its neutrosophic soft points.

The neighborhood system of a neutrosophic soft point a:fa’ 8.7 denoted by U (mfa 8.4)0 E), is the family
of all its neighborhoods.

Theorem 2.13. [4] The neighborhood system U(xfa By E) at x'(ja 8.7) in a neutrosophic soft topological
space (X, T, E) has the following properties:

1) If (F, E) € Uaf, 5. E). then T € (F,E).
2)If (F,E) € U(«t, ). E) and (F, E) C (H,E) then (H,E) € U(«%, ;_,, E).
3)If (F,E). (G, E) € U(af, 5, E) then (F, E) N (G, E) € U(a{, 5, E).
NHIf(F,E) € ( (a8 E) then there existsa (G, E) € U(J:faﬁm,E) such that (G, E) € U(yf;,ﬁ,ﬁ,),E)

for each y(u,ﬁ,ﬂ/) € (G7 E).

Definition 2.14. Let (X, 7, F) be a neutrosophic soft topological space and G(xfa By’ E) be a family of
some neutrosophic soft neighborhoods of neutrosophic soft point a:f B If, for each neutrosophic soft

neighborhood (G E) of x{, 5 . there exists a (;I,E) €G(x(,,5,,), E) such that z(, 5 € (I},E) C

(e, B:y
(G, E), then we say that Cx(a:(aﬁﬁ), E) is a neutrosophic soft neighborhood base at Lo 8.7)
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Theorem 2.15. If for each neutrosophic soft point xfa_ 8.7) there corresponds a family U (m‘(aa 8.7 E) such
that the properties 1) - 4) in Theorem 2.13 are satisfied, then there is a unique T neutrosophic soft topological
structure over X such that for each xfa 8.4) U (x‘(’ E) is the family of T-neutrosophic soft neighborhoods

. a,B,7)?
Ofx(ocﬁﬁ)’

(
T is a neutrosophic soft topology over X. The family 7 certainly satisfies axioms 2. and 3. in Definition 2.8:
for 3., this follows immediately from 2) in Theorem 2.13 and for 2., from 3) in Theorem 2.13. The axiom
1. in Definition 2.8 is a result of 2) and 3) in Theorem 2.13. It remains to show that, in the neutrosophic
soft topology defined by 7, U (mfa B4)0 E) is the set of T-neutrosophic soft neighborhoods of xfm 8.) for each
xfa’ By It follows from 2) in Theorem 2.13 that every 7-neutrosophic soft neighborhood of xfm 8.9 belongs to

Proof. LetT = {(G,E) e NSS(X,E) : Topy) € (G,F) = (G,E) € U(meaﬁm,E)}. It is clear that,

U(x{, g, £)- Conversely, let (51, E) be a neutrosophic soft set belonging to U (x{,, 5 .. £) and let (672, E)
be the neutrosophic soft set of neutrosophic soft points y(e;, g7y Such that (51, E)eU (y(e;, B A1) E). If we
can show thatz{, ;) € (52, E), (52, E) C (51, E)and (52, E) € 7, then the proof will be complete. Since
for every neutrosophic soft point y(e;/ 54 € (52, E)) belongs to ((5 1, E/) by reason of 1) in Theorem 2.13 and
the hypothesis (G1, E) € U(y(., ...y, E). we obtain (Go, E) C (G1, E). Since (G1,E) € U(x(, 5., E)
and (52, E)C (631, E), we have Tlo b € (52, E). Tt remains to show that (52,E) € 7, 1.e. that (C?g, E) e
U(y(e;/ﬂ,ﬁ,), E) for each y(e;/7ﬁ,7,y,) € (52, E). If y(e;,ﬁ,,,y,) € (52, E) then by 4) in Theorem 2.13 there is a
g g ik E).
Since (G1,E) € U(z(e;:,,yﬁ,,ﬁ,,),E) means that zf;,,’ﬁ,,ﬁ,,) € (Ga, E), it follows that (G3, E) C (Gs, E) and
therefore, by 2) in Theorem 2.13, that (Gs, E) € U( E). O

neutrosophic soft set (G, E') such that for each Z(E;://,/aw ) € (G, E) we have (C;l, E)e U(z(e;/,, s,

e/
Yar gy

3 Neutrosophic soft filters

Definition 3.1. Let X C NSS(X, E), then N is called a neutrosophic soft filter on X if N satisfies the following
properties:

(R1) Ox,m) € R,
(Ro) V(F, E), (G, E) € R = (F,E)n (G, E) € X,
(R3) V(F, E) € Rand (F, E) C (G, E) = (G, E) € .

Remark 3.2. It follows from (X;) and (X2) that every finite intersections of neutrosophic soft sets of X are
not 0( X,E)-

Proposition 3.3. The condition (Ry) is equivalent to the following two conditions:

(Ng,) The intersection of two members of X belongs to N.
(R2p) 1(x,p) belongs to N.

Example 3.4. The family X = {1x p)} is a neutrosophic soft filter over X.

~ ~ ~

Theorem 3.5. Let 0 x gy # (%,E) € NSS(X, E). Then thefamilyN(; 5= {(G,E) :(F,E)C(G,E)e NSS(X,E)

is a neutrosophic soft filter over X.

Proof. Since 1(x.z) € Nand Ox.p) ¢ N, 0 # X # NSS(X,E). Suppose (Hy,E), (Hy, E) € R
then (F,B) C (Hy,E). (F.E) € (Ha,E). Thus Ty, (2) < min {Tﬁl(e)(x),Tﬁz(e)(a:)}, Ig(j)(x)

(e)(x),FﬁQ(e)(a:)} forall z € X. So (F,E)

min {I~ (), I ~
Hl(e) HQ(E)

(H,, E) N (Ha, E) and hence (H,, E) N (Ha, E) € X,

(x)} and F;(e)(x) < ]rnax{Fﬁ1

N

O

}
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Theorem 3.6. Let (X, 1, E) be a neutrosophic soft topological space over X. The neighborhood system
U(xfa By E) is a neutrosophic soft filter for every neutrosophic soft point xfa Biy) Also, it is called neutro-

sophic soft neighborhoods filter of the neutrosophic soft point 3:‘(3&7 8.9)"

~

Proof. (X1) By 1) in Theorem 2.13, since x (G, E), we obtain

Ocx,m) & Uz p,)0 B)-
(N2) This is clearly seen by 3) in Theorem 2.13.
(N3) This is clearly seen by 2) in Theorem 2.13. O

e
(a,8:7) €

Now, we set up a neutrosophic soft topology with the help of a neutrosophic soft filter.

Theorem 3.7. If, for every T{, g there exists a neutrosophic soft filter N(:cfa P 'y))

=U (xfa 8.9) E) which satisfies the following two properties, then there exists a unique neutrosophic soft
topology T such that N(m?a P ,y)) consists of the T-neutrosophic soft neighborhoods of the neutrosophic soft
point xfaﬁﬁ).

(1) Every neutrosophic soft set in the neutrosophic soft filter R(xf, ;) contains the neutrosophic soft
point xfa 8.9

(2) For every (a,E) € N(xfa 3 7)) there exists a (H, E) € N(xfa s v)) such that for every yE’;, P
(H’ E)’ (G7E) 6 N(y(e(;/7ﬁ/77/)).

~

) €

Proof. Since the axioms (X1), (Rg), (N3), (1) and (2) are equivalent to the neighborhood axioms 1) — 4), by
Theorem 2.15, there exists a neutrosophic soft topology 7 such that N(xf 0B ’v)) consists of the 7-neutrosophic
soft neighborhoods of the neutrosophic soft point xfa By O

Example 3.8. Let (X, 7, E) be a neutrosophic soft topological space and mf @.B.7) be a neutrosophic soft
point over X. Since ((N}’, E) cannot be an element of G(z{, 5 ., E) for every (I:f, E) €G(z{, 4., F) and

(H,E) C (G, E), then the neutrosophic soft neighborhood base G(az:fa~ By E) is not a neutrosophic soft
filter over X. '

4 Comparison of neutrosophic soft filters

Definition 4.1. Let 8; and N5 be neutrosophic soft filters over X. If X; C N,, then Rs is said to be finer that
N; or Ny coarser than 5.

If also N; # No, then Ny is strictly finer than X or N is strictly coarser than N,. If either 8y C Ny or
Ny C Ny, then N, is comparable with N,.

Theorem 4.2. Let (X;);cr be a family of neutrosophic soft filters over X. Then X = .ﬂINi is a neutrosophic
1€
soft filter over X.

In fact N is the greatest lower bound of the family (X;);¢;.
Proof. (1) Since O(x ) ¢ ¥; foreach i € I, then 0(x, ) does not belong to X = iQINi.

(Ry) Let (F, E), (G,E) € X = [0 Ni. Then (F,E), (G, E) € X, foreachi € I. Since (F, E)N(G, E) €
R, for each ¢ € I, so we obtain (;', E)n (CN¥7 E)eX= iQ}Ni.

(Ry) Let (F,E) € R = N and (F,E) C (G, E). Since (F,E) € X, foreach i € I and (F,E) C
(5‘, E), we get (5‘, E) e X, foreach i € I. Hence (5‘, E)eXN= 72}?\% O

Now, we investigate the least upper bound of the family of neutrosophic soft filters over X.

Theorem 4.3. Let S C NSS(X, E). Then there exists a neutrosophic soft filter X which contains the family

”»

S, if S has the following property: "The all finite intersections of neutrosophic soft sets of S are not 0(x g ”.
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Proof. Let S = {(I*N),E) Vi e J (Jis finite), QJ(Z;“E) + O(X’E)}. Then we give the family which

~

consists of finite intersections of elements of S; 5 = {(5, E):Vie J(Jis finite), (F;, E) € S and (5, E)

~

Then the family R(S) = {(H, E): (CN¥, E) e Band (CNL E)C (H, E)} is a neutrosophic soft filter over
X.

(Ng )O(XE) € g, forevery (H E) e R(S5), (H E) # 0(x,p) and so O(XE) ¢ N(9).

(Ng) Let (H1,E) (HQ,E) € N(S) There exist neutrosophic soft sets (Gl, E), (Gg, E) € j such that
(G1,E) C (Hl,E) and (G, E) C (Hy, E). From the definition of 8, 0(x.p) # (G1, E) N (Ga, E) € B.
Since (G1, E) N (Ga, E) C (Hy, E) N (Ha, E), we obtain (Hy, E) N (Ha, E) € X(S).

(N3) Let (Hl,E) € X(S) and (Hl,E) C (Hg, E). Then there exists a neutrosophic soft set (G E)yep
such that (G, E) C (Hy, E). Since (Hy, E) C (Ha, E), we obtain (Ha, E) € R(S). O

Remark 4.4. The neutrosophic soft filter X(.S) in Theorem 4.3 is said to be generated by S and S is said to be
neutrosophic soft filter subbase of RX(.S). It is clear that S C X(S).

Theorem 4.5. The neutrosophic soft filter X(S) which is generated by S is the coarsest neutrosophic soft filter
which contains S.

Proof. Suppose that S C ;. By Theorem 4.3, S C 3 C N;. By Remark 4.4, for every (H E) € X(S) there
exists a (G E) € [ such that (G E)C (H E). Since 8 C Ny, then (G E) € ®y. Since ¥ is a neutrosophic

soft filter, (H E) € ¥ by (N3) in Definition 3.1. Hence we obtain R(S) C N;. O
Theorem 4.6. The family (X;);c1 of neutrosophic soft filters over X has a least upper bound if and only if for
all finite subfamilies (N;)1<i<n of (N;)ier and all (G,,E) eN; (1 <i<n), (Gl, E)N (Gn,E) +
O(x,B)

Proof. = If there exists a least upper bound of the family (X;);cz, by (¥1) and (X2) in Definition 3.1, for
all finite subfamilies (X;)1<i<n of (X;);er and all (C?Z, E) € X; (1 <i < n), the intersection ((31, E)yn..nN
(§n7 E) # 0(x,p)-

= Let (G1,E) N ... N (Gn,E) # Ox.p for all finite subfamilies (X;)1<i<n of (R;)ic; and all
(GNi, E) € X; (1 < < n). Then the neutrosophic soft filter X(S) generated by

S=Ur = {(;“,E) (Fiel)(F,E)e Ni}
K3
is the least upper bound of the family (X;);c; by Theorem 4.5. O

Definition 4.7. Let 8 C NSS(X, E), then 3 is said to be a neutrosophic soft filter base on X if
(B1) B # Dand O x gy & B.

(82) The intersection of two members of 3 contain a member of 3.
Remark 4.8. 3 which is in Theorem 4.3 is a neutrosophic soft filter base.
Remark 4.9. It is clear that, every neutrosophic soft filter is a neutrosophic soft filter base.

Example 4.10. Let (X, 7, E') be a soft topological space and :Ufa’ 8. be a neutrosophic soft point over X.
The neutrosophic soft neighborhood base Cr( (0B E) is a neutrosophic soft filter base over X.

~

(B1) Clearly, G(z(,, 5 .y, E) # (). For every (H,E) €G(@(y, 5,0y E): ¥4 5,4) € (H, E). Then (H, E) #
O¢x,E)- Hence we obtain 0(x, ) ¢G(2{,, 5., E)-

(B2) Let (G, E), (H,E) €G(x{, 5., E). Since (G,E), (H,E) € U(x{, 5, ). we get (G, E)
(H.E) € Ulaf

). By Definition 2.14, there exists a (IN(,E) eG(z¢ E) such that (IN(, E) C

N Tla,B7) Tla,8,7)
(G,E)N (H E). Hence we get G(z(,, 5 ., E) is a neutrosophic soft filter base of neutrosophic soft neigh-

borhoods filter U(zf,, 5 ., E) by Definition 4.7.
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Theorem 4.11. Let X be a neutrosophic soft filter over X and 8 C N. Then 3 is a base of X if and only if
every member of N contains a member of [3.

Proof. Tt is obvious from Theorem 4.3. O

Definition 4.12. Two neutrosophic soft filter bases $; and (5 over X are equivalent if and only if every
member of 5, contains a member of 5 and every member of 35 contains a member of /7.

Remark 4.13. Two equivalent neutrosophic soft filter bases generate the same neutrosophic soft filter.

Theorem 4.14. Let (X, 7, E) be a soft topological space and xfa 87) be a neutrosophic soft point over X.
If Gi(z Tl B.y) E) and Go(x Lo pr) E) are different neutrosophic soft neighborhood bases of Ty, 5. then
G1(2{, 5. E) and Ga(x(, 5 .y, E) are two equivalent neutrosophic soft filter bases.

Proof. Foreach (Z*:l,E) €G1({, 5., £), by Example 4.10, (F17 E) e U(a(, 5, 7),E) Also, since Ga(f, 5 ), F) C
U(x(ea 5.y F) there exists a (FNQ,E) €G2({, 5., £) such that (FQ,E) - (Fl,E). Similarly, for each

(F27 E) €Go(zf (a ) E),by Example 4.10, (F», E) € U(xfa’ﬁ_ﬁ),E) Since Gl( (0.5, 7),E) - U(xfa’ﬁﬁ),E),

there exists a (Fl, E) €G1(x{, g+ E) such that (ﬁh E) C (}4:2, E). Hence we obtain G ( E) and
Gg( (a8)? E) are equivalent by Definition 4.12. O

e
Z(a,B8,7)

Theorem 4.15. Let 31, B2 be neutrosophic soft filter bases and N1, Ry be neutrosophic soft filters over X such
that 81 C Ry and By C No. Then Xy C Ry if and only if every member of Bo contains a member of (3.

Proof. =: Let Ny C Ny and (52,E) € . Since 85 C Ny C Ny, then (52,E) € Ny. Since 81 C Ny, there
exists a (G1, E) € B; such that (G1, E) C (G2, E) by Theorem 34.

<=: Let (F3, E) € N;. From Theorem 34, there exists a (52,E) such that (527E) (Z; E).
hypothesis, there exists a (G1, E) € £ such that (G1, E) C (Ga, E). Then we obtain (Gl, E) C (Fy, )
Since 81 C Wy, (Fy, E) € Ry by Definition 30. Hence we obtain Xo C Nj. O

5 Conclusion

In the present study, we have introduced neutrosophic soft filters which are defined over an initial universe
with a fixed set of parameters. We set up a neutrosophic soft topology with the help of a neutrosophic soft
filter. We further investigate some essential features and basic concepts of neutrosophic soft filters. We expect
that results in this paper will be helpfull for future studies in neutrosophic soft sets.
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