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Abstract

In this study, new classes of continuous mappings in bipolar neutrosophic soft topological space,
namely bipolar neutrosophic soft continuous mappings and bipolar neutrosophic soft generalized
pre-continuous mappings has been introduced. Continuity mappings preserves topological structures
such as closeness, openness, compactness and so on. Here, we have proposed and investigated
various continuous mappings based on bipolar neutrosophic soft sets. Further, we investigated some
of their properties and relations with other mappings with examples.
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1 Introduction

Not all real world problems has exact solutions; in that case, we have to explore most suitable so-
lutions according to the problem nature. Fuzzy sets are one of the kind to compute the solution for
the given problem which contains inconsistent information. The fuzzy sets was originally introduced
by Zadeh® Fuzzy set has numerous applications in almost all mathematical modeling situations.
Cheng® introduced the study of fuzzy topological spaces in 1968. Atanassov® developed some con-
cepts in fuzzy sets and proposed intiutionistic fuzzy sets which is the extension of conventional
Fuzzy sets. Smarandache!*!> developed a new concept called neutrosophic sets which deals with
uncertain information in scientific problems efficiently. Also Smarandache!® extend the soft set to
hyper soft set by generalizing existing soft set in 2018. Since the introduction of neutrosophic sets,
many researchers were proposed various kind of neutrosophic sets by extending/ altering the existing
sets B3

On the other side, topology is the mathematical area which is used in many scientific and en-
gineering problems. A.A.Salama et all’ developed a new concept neutrosophic topology, i.e. the
topology concepts were introduced for neutrosophic sets. Molodtsov! introduced soft set theory in
1999. Many neutrosophic sets were introduced by researchers 718 Norman Levine!®! introduced
generalized closed set and some continuity mappings in point set topology in 1970. In this study,
bipolar neutrosophic soft generalized pre-continuous mappings are proposed.

This paper is organized as follows: Section 2 consists of the required results and definitions
for the proposed mappings. Section 3 has the proposed mapping namely, bipolar neutrosophic soft
continuous mapping and the relationship between the proposed mapping with the conventional map-
pings. In section 4, bipolar neutrosophic soft generalized pre-continuous mapping have been pro-
posed and some of the relation between the proposed mapping and other existing mappings are
discussed. Section 5 concludes the proposed works and outline of the future work.
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2 Preliminaries

Definition 2.1. * Let X be a universe set. For every x € X, the components u(x),v(z) and w(x)
are truth, indeterminate and false degrees of x. Then the Neutrosophic set (NS) over X be defined
as follows.

N ={u(z),v(z),w(z) 1z € X}

Here, u(z), v(z), w(z) ranges in the non-standard interval | ~0, 11| and their sum ~0 < u+v+w <
3. For scientific problems, we prefer standard interval [0, 1] instead of non-standard interval and it
is called single-valued neutrosophic set.

Definition 2.2. 2 For the universe set X and positive member values ™, v, wt : E — [0,1],
negative member values u~,v~,w~ : E — [—1,0], A bipolar neutrosophic set (BNS) is defined
by//

B= {(aj,u+(:c),v*(az),wﬂx),u‘(w),v‘(m),w‘(m)) cx € X}

Definition 2.3. 2 A soft set is a function which maps a parameter set to the power set of X. It is
denoted by (f, E') and is defined by

f:E— P(x)

Each member of X is parameterized with the parameter set £ by the function f.

Definition 2.4. % A bipolar neutrosophic soft set (BNSS) is the fusion of soft set and bipolar neutro-
sophic set and is defined as follws.

BNS = (fa,E) ={(e, fa(z)) :re€ ACE, fa(x) € BNS(X)}

Here fa(z) = {<1‘ U (0@ Vs (0 (2) 0, 0 (2) U, (0 (@) v o (@), W (f”)> reX }
Definition 2.5. % Let B be a BNSS. Then the complement of B is defined as

B¢ = {<67w?(e)7 1-— v?(e),u;{(e), wy (€e), =1 — v;(e)ju;(e)>}.
Definition 2.6. = Let ¢ be a null BN SS and is defined as
op ={ (€;,{%;,0,1,1,0,-1,-1}) : z € X,e € E}
Definition 2.7. “ Let 1 be a complete BN SS and is defined as
1g ={ (e, {2:,1,0,0,—1,0,0}) : 2z € X,e € E}

Definition 2.8. Z Let By and B5 be two BN SSs. Then their union B; U Bs is defined as

BiUB;y = {<e Uif(i)(e)>}.

Here,
Uf(i)(e) :{(x,max [u;{z(e)(m)} , Min [v]t(e)(ac)} , AN {w; (e)(a:)] ,
min [u}; (e)(w)] ,max [vﬁ(e)(w)] , Max [w;, (e)(x)b}
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Definition 2.9. Z Let B; and B; be two BN S.Ss. Then their intersection By N By is defined as

BiN By = {<e,ﬂLfUNe)>}.

Here,

Definition 2.10. 2 Let B; and B; be two BN SSs. Then Bj is called subset of By (i.e. By C Bs)
only if the following condition hold.
Foreveryxz € X ande € F,

{B1 C By} =

Definition 2.11. 10 Let B be a subset of a topological space (X, T).
1. If int(cl(B)) C B, then B is semi-closed set (SCS)

(
2. If cl(int(B)) C B, then B is pre-closed set (PCS)
(
(

W
[—
—5
<.
S
~

(cl(int(B))) C B, then B is semi pre-closed set (SPCS)

4. If cl(int(cl(B))) C B, then B is a-closed set (aCS)

5. If B = cl(int(B)), then B is regular closed set (RCS).
Definition 2.12. %1 et B be a subset of a topological space (X, T).

1. if cl(B) C U, then B is generalized closed set (g-closed) whenever B C U and U is open in
X.

2. if scl(B) C U, then B is generalized semi closed set (gs-closed) whenever B C U and U is
open in X.

3. if acl(B) C U, then B is generalized a-closed set (ga-closed) whenever B C U and U is
open in X.

4. if pcl(B) C U, then B is generalized pre-closed set (gp-closed) whenever B C U and U is
open in X.

5. if spel(B) C U, then B is generalized semi pre-closed set (gsp-closed) whenever B C U and
U is open in X.

Definition 2.13. "W Let (X, 1) and (Y, o) be any two topological spaces. For every closed set V of
(Y,o),amap f: (X,7t) — (Y, 0) is said to be

1. semi-continuous if f~1(V) is semi-closed set in (X, T).

2. pre-continuous if f~1(V') is pre-closed set in (X, ).
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semi pre-continuous if f~1(V') is semi pre-closed set in (X, T).

a-continuous if f~1(V) is a-closed set in (X, 7).

generalized continuous if f~1(V) is generalized closed set in (X, T).
generalized semi-continuous if f =1 (V') is generalized semi-closed set in (X, T).

generalized pre-continuous if f~!(V) is generalized pre-closed set in (X, T).

® N ok W

generalized semi pre-continuous if f =1 (V') is generalized semi pre-closed set in (X, T).

9. a-generalized continuous if f~1(V') is a-generalized closed set in (X, ).

Definition 2.14. ' A bipolar neutrosophic soft topology (BNST) on X is a collection T of bipolar
neutrosophic soft sets (BNSS) in X satisfying the following conditions:

1). ¢B,1p € T
2). U;enBi € Tp foreach B; € 13
3). B; N Bj € 1p for any B;, ]Bj € TR

The pair (X, tp) is called BNSS-topological space. The members of T are called bipoar neutrosophic
soft open sets (BNOS) and their complements are called bipoar neutrosophic soft closed sets (BNCS).

3 Bipolar neutrosophic soft continuous mapping

Definition 3.1. Let (X, 14, E) and (Y, 13, E’) be two bipolar neutrosophic soft topological spaces.
For every bipolar neutrosophic closed set B of (Y, 13, E'), amap ¢ : (X, 1}, E) — (Y,73, E') is
said to be,

1. Bipolar neutrosophic soft continuous (BNS-continuous) if 1) ~!(B) is bipolar neutrosophic soft
closed set in (X, 15, E).

2. Bipolar neutrosophic soft semi-continuous (BNSS-continuous) if 1/ ~!( B) is bipolar neutrosophic
soft semi-closed set in (X, 135, E).

3. Bipolar neutrosophic soft pre-continuous (BNSP-continuous) if 1 ~! ( B) is bipolar neutrosophic
soft pre-closed set in (X, T}, E).

4. Bipolar neutrosophic soft semi pre-continuous (BNSSP-continuous) if 1) ~!(B) is bipolar neutrosophic

soft semi pre-closed set in (X, T}, E).

5. Bipolar neutrosophic soft a-continuous (BNSa-continuous) if ¢y ~1(B) is bipolar neutrosophic
soft a-closed set in (X, T}, E).

6. Bipolar neutrosophic soft regular continuous (BNSR-continuous) if 1y~ ! (B) is bipolar neutrosophic

soft regular closed set in (X, 5, E).
Definition 3.2. Let (X, 1}, E) and (Y, 73, E’) be two bipolar neutrosophic soft topological spaces.
For every bipolar neutrosophic closed set B of (Y, 73, E'), amap ¢ : (X, 15, F) — (Y, 13, E') is
said to be,

1. Bipolar neutrosophic soft generalized continuous (BNSG-continuous) if ¢)~!(B) is bipolar
neutrosophic soft generalized closed set in (X, TIE, E).

2. Bipolar neutrosophic soft generalized semi-continuous (BNSGS-continuous) if 1~ (B) is
bipolar neutrosophic soft generalized semi-closed set in (X, T115%7 E).

3. Bipolar neutrosophic soft generalized a-continuous (BNSGa-continuous) if ¢y~ ( B) is bipolar
neutrosophic soft generalized a-closed set in (X, T4, E).
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4 Bipolar neutrosophic soft generalized pre-continuous mapping

Definition 4.1. A map ¢ : (X, T4, E) — (Y,73, E') is said to be bipolar neutrosophic soft general-
ized pre-continuous (BNSGP-continuous) mapping if ¢/~ (B) is BNSGPCS in (X, T}, E) for every
bipolar neutrosophic soft closed set B of (Y, T3, E').

Example4.2. Let X = {z1,22},Y = {y1,y2} and E = {e1,e2}, E' = {€}, e,}. Alsothe BNSS’s
are

5 _ [ (e1,{21,0.5,04,0.2,-0.5,-0.5,~0.8} , {22,0.3,0.7,0.4, ~0.6, ~0.3, ~0.5}).
Y= (e2, {21,0.4,0.6,0.3,-0.2, —0.3, —0.5}, {2,0.7,0.3,0.2, —0.2, —0.5, —0.5})

Bo

{e1,{21,0.6,0.3,0.1,-0.7,—0.3,—0.5} , {w,0.7,0.4,0.2, —0.7, —0.2, —0.2}) ,
(e2,{21,0.6,0.3,0.3,—0.4, 0.2, —0.3} , {2, 0.8,0.2,0.2, —0.4, —0.2, —0.4})

B _ [ (€1 491,0.4,0.6,0.5,-0.3, ~0.6, ~0.9} , {2,0.2,0.8,0.5, ~0.4, =04, ~0.6}),
57 (eh, {91,0.3,0.7,0.5,—0.1,—0.5, —0.5} , {y2,0.5,0.4,0.3, —0.2, —0.6, —0.6})

Then, t}, = {0p, 1p, B1, B2} and t2 = {0, 1, B3} are BN.ST's on X and Y respectively. Now
define a mapping v : (X, 14, E) — (Y, 73, E) such that 1)(x1) = y1, ¥(z2) = y2 and ¢ (e) = €.
Hence 1 is a BN SGP — continuous mapping.

Theorem 4.3. Let (X,14, E) and (Y, 7%, E') be any two bipolar neutrosophic soft topological
sapces. For a bipolar neutrosophic soft continuous mapping ¢ : (X, 4, E) — (Y,13,E'), we
obtain the following results.

~

. Every BNS-continuous mapping is a BNSG-continuous mapping.

2. Every BNS-continuous mapping is a BNSa-continuous mapping.
Every BNS-continuous mapping is a BNSP-continuous mapping.
Every BNSa-continuous mapping is a BNSP-continuous mapping.
Every BNSR-continuous mapping is a BNS-continuous mapping.
Every BNSP-continuous mapping is a BNSSP-continuous mapping.
Every BNS-continuous mapping is a BNSGP-continuous mapping.

Every BNSG-continuous mapping is a BNSGP-continuous mapping.

X L N S N W

Every BNSP-continuous mapping is a BNSGP-continuous mapping.
10. Every BNSa-continuous mapping is a BNSGP-continuous mapping.
11. Every BNSGa-continuous mapping is a BNSGP-continuous mapping.
12. Every BNSGP-continuous mapping is a BNSSP-continuous mapping.
13. Every BNSGP-continuous mapping is a BNSGSP-continuous mapping.

Proof. 1. Lety: (X, 14, E) — (Y, 73, E') be BNS-continuous mapping. Suppose B be BNSCS
in Y. Then ¢y~ (B) is BNSCS in X. Since every BNSCS is BNSGCS, ¢~ !(B) is BNSGCS
in X. Hence 1) is BNSG-continuous mapping.

2. Lety : (X, 14, E) — (Y, 73, E') be BNS-continuous mapping. Suppose B be BNSCS in Y.
Then ¢y~ (B) is BNSCS in X. Since every BNSCS is BNSaCS, ¢~ (B) is BNSaCS in X.
Hence 1 is BNS«a-continuous mapping.

Remaining proofs are similar. O
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Remark 4.4. The converse of theorem 4.3 not necessarily be true as shown in the following exam-
ples.

Example 4.5. Let X = {z1,22,23},Y = {y1,y2,y3} and E' = {e1, e2}, B = {e}, €5 }.

{e1,{x1,0.6,0.3,0.1, 0.7, —0.3, —0.5} , {z2,0.7,0.4,0.2, —0.7, —0.2, —0.2} ,
{23,0.5,0.4,0.4, —0.6, —0.3, —0.6}), (€2, {1, 0.6,0.3,0.3,—0.4, —0.2, —0.3} ,
{25,0.8,0.2,0.2, —0.4, —0.2, —0.4} , {z5,0.3,0.5,0.7, 0.3, —0.5, —0.6})

By

{e1,{x1,0.5,0.4,0.2,—0.5, —0.5, —0.8} , {z2,0.3,0.7,0.4,—0.6, —0.3, —0.5} ,
By ={ {x3,0.5,0.4,0.4, —0.6, —0.3, —0.6}), (€2, {z1,0.4,0.6,0.3, 0.2, —0.3, 0.5} ,
{24,0.7,0.3,0.2,-0.2, —0.5,—0.5} , {z3,0.6,0.3,0.2, —0.4, —0.5, —0.7})

(¢h,{y1,0.4,0.6,0.5,—0.3,—0.6, —0.9} , {y2,0.2,0.8,0.5, —0.4, —0.4, —0.6} ,
Bs =< {y3,0.6,0.2,0.4,—0.2,—0.2, —0.8}), (¢}, {y1,0.3,0.7,0.5,—0.1, —0.5, —0.5} ,
{y,0.5,0.4,0.3,—0.2, —0.6, —0.6} , {y3,0.5,0.4, 0.4, —0.6, —0.3, —0.6})

Then, T}B = {0p, 1, B1, B2} and T?B = {0p, 1, B3} are BNST'son X and Y respectively. Now

define a mapping ¢ : (X, 15, E) — (Y,73, E’) such that ¢(z1) = y1, ¥(22) = v2, ¥(z3) = y3
and ¢(e) = €. Then 1) is a BNSG-continuous mapping, but not BNS-continuous mapping. Because,

(¢}, {y1,0.5,0.4,0.4,-0.9, —0.4, —0.3} , {y2,0.5,0.2,0.2, —0.6, —0.6, —0.4} ,
B ={ {y3,0.4,0.8,0.6,—0.8, —0.8, —0.2}), (e}, {y1,0.5,0.3,0.3, —0.5, —0.5, —0.5} ,
{y2,0.3,0.6,0.5,—0.6, —0.4, —0.2} , {y3,0.4,0.6,0.5, —0.6, —0.7, —0.6})

is BNSCS in Y, but 1y~ 1(B¢) is not BNSCS in X.
Example 4.6. Let X = {z1,22},Y = {y1,y2} and E = {e1,e2}, E' = {€], €, }.

5 _ J {e1,{21,0.6,0.3,0.1,-0.7, ~0.3,-0.5} , {22,0.7,0.4,0.2, ~0.7,-0.2, ~0.2} ,),
Y7 (e2,{21,0.6,0.3,0.3,-0.4, —0.2, —0.3} , {z2,0.8,0.2,0.2,—0.4, —0.2, —0.4} , )

5 J {e1,{21,0.5,04,0.2,-0.5, -0.5,-0.8} , {22,0.3,0.7,0.4, ~0.6,-0.3, 0.5} , ),
2 (e2, {21,0.4,0.6,0.3,—-0.2, —0.3,—0.5} , {z2,0.7,0.3,0.2,—0.2, —0.5, —0.5} , )

5 | (€1 {41,0.4,0.6,05, 0.3, -0.6,~0.9} , {112, 0.2,0.8,0.5, ~0.4, —0.4, 0.6} ,),
57 (€ {11,0.3,0.7,0.5,-0.1, —0.5, —0.5} , {y2,0.5,0.4,0.3,—0.2, —0.6, —0.6} , )

Then, TI%B = {0Op, 1p, B1, B2} and T%B = {0p, 1, B3} are BNST's on X and Y respectively.
Now define a mapping ¢ : (X,t4, E) — (Y,73, E') such that (x1) = y1, ¥(z2) = y2 and
1 (e) = €. Then v is a BNSa-continuous mapping, but not BNS-continuous mapping. Because,

pe _ | (€1, {51,0.5,0.4,04, 0.9, -0.4, ~0.3} , {12, 0.5,0.2,0.2, ~0.6, ~0.6, =04} , ),
37 (), {11,0.5,0.3,0.3,-0.5,—0.5, —0.5} , {y2,0.3,0.6,0.5, —0.6, —0.4, —0.2})

is BNSCS in Y, but 1y~ 1(B¢) is not BNSCS in X.
Example 4.7. Let X = {x1, 22,23} ,Y = {y1,92,y3} and E = {e1,e2}, E' = {€], e} }.

{e1,{x1,0.5,0.4,0.2,—0.5, —0.5, —0.8} , {22,0.3,0.7,0.4,—0.6, —0.3, —0.5} ,
By =<{ {23,0.7,0.1,0.3,—0.6, —0.2, —0.6}), (€2, {x1,0.4,0.6,0.3, 0.2, —0.3, 0.5} ,
{22,0.7,0.3,0.2,-0.2, —0.5, —0.5} , {z3,0.6,0.3,0.2, 0.7, —0.2, —0.5})

(¢",{y1,0.4,0.6,0.5,—0.3,—0.6, —0.9} , {y2,0.2,0.8,0.5, —0.4, —0.4, —0.6} ,
By ={ {y3,0.6,0.2,0.4,—0.2,—0.2, —0.8}), (e}, {y1,0.3,0.7,0.5, —0.1,—0.5, 0.5} ,
{y2,0.5,0.4,0.3,-0.2, —0.6, —0.6} , {y3,0.5,0.4,0.4, —0.6, —0.3, —0.6})
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Then, t}, = {Op, 1, B1} and 13 = {Op, 1p, Ba} are BNST's on X and Y respectively. Now
define a mapping ¢ : (X, 1, E) — (Y, 73, E') such that ¢(z1) = y1, ¥(z2) = y2, ¥(z3) = y3 and
(e) = €'. Then 1) is a BNSP-continuous mapping, but not BNSa-continuous mapping. Because,

(¢}, {y1,0.5,0.4,0.4,-0.9,—0.4, —0.3} , {y2,0.5,0.2,0.2, —0.6, —0.6, —0.4} ,
BS={ {y3,0.4,0.8,0.6,—0.8,—0.8,—0.2}), (e}, {y1,0.5,0.3,0.3, —0.5, —0.5, —0.5} ,
{2,0.3,0.6,0.5,—0.6, —0.4, —0.2} , {y3,0.4,0.6,0.5, —0.6, —0.7, —0.6})

is BNSCS in Y, but 9y ~1(B$) is not BNSCS and BNSaCS in X.
Example 4.8. Let X = {x1,22,23},Y = {y1,92,y3} and E = {e1,e2}, E' = {€], e} }.

{e1,{x1,0.5,0.4,0.2,—0.5, —0.5, —0.8} , {z2,0.3,0.7,0.4,—0.6, —0.3, —0.5} ,
By =<{ {x3,0.7,0.1,0.3,—0.6, —0.2, —0.6}), (€2, {x1,0.4,0.6,0.3, 0.2, —0.3, 0.5} ,
{22,0.7,0.3,0.2,-0.2, —0.5, —0.5} , {z3,0.6,0.3,0.2, 0.7, —0.2, —0.5})

(¢}, {y1,0.5,0.4,0.2,-0.5, —0.5, —0.8} , {y2,0.3,0.7,0.4, —0.6, —0.3, —0.5} ,
By =< {y3,0.7,0.1,0.3,-0.6,—0.2, —0.6}), (e}, {y1,0.4,0.6,0.3, —0.2, —0.3, 0.5} ,
{42,0.7,0.3,0.2,-0.2, —0.5, —0.5} , {y3,0.6,0.3,0.2, —0.7, —0.2, —0.5})

Then, t}, = {Op, 1, B1} and 13 = {Op, 1p, B2} are BNST's on X and Y respectively. Now
define a mapping ¢ : (X, g, E) — (Y, 73, E') such that ¢(x1) = y1, ¥(z2) = y2, ¥(23) = y3
and v)(e) = ¢’. Then ¢ is a BNS-continuous mapping, but not BNSR-continuous mapping. Because,

(€}, {y1,0.2,0.6,0.5,—0.8, —0.5, —0.5} , {y2,0.4,0.3,0.3, —0.5, 0.7, —0.6} ,
BS =< {y3,0.3,0.9,0.7, —0.6,—0.8, —0.6}), (¢}, {y1,0.3,0.4,0.4, —0.5, —0.7, —0.2} ,
{42,0.2,0.7,0.3,-0.5,—0.5, —0.8} , {y3,0.2,0.7,0.6, —0.5, —0.8, —0.7})

is BNSCS in Y, but 9y ~1(BS) is not BNSRCS and in X.

The remaining Examples would be similar.

Theorem 4.9. A mapping ¢ : (X,14,E) — (Y,73,E') is BNSGP-continuous if and only if
the inverse image of each BNSOS(Bipolar neutrosophic soft open set) in Y is BNSGPOS(Bipolar
neutrosophic soft generalized pre-open set) in X.

Proof. Let B be BNSOS in Y. So B¢ is BNSCS in Y. Since ¢ is BNSGP-continuous mapping,
Y~ 1(B¢) is BNSGPCS in X. Also since, ¢y~ 1(B¢) = (¢1(B))¢, v ~1(B) is BNSGPOS in X.
Converse part is straight forward from the definition of BNSGP-continuous map. g

Theorem 4.10. Let ¢y : (X,t4, E) — (Y,73, E') be BNSGP-continuous mapping and s :
(Y,73, E') — (Z, 73, E") be bipolar neutrosophic soft continuous mapping, then 1105 : (X, 15, E) —
(Z,73, E") is a BNSGP-continuous mapping.

Proof. Let B be BNSCS in Z. Then wz_l(B) is BNSCS, by the hypothesis. Since 17 is BNSGP-
continuous mapping, ¥, * (1, *(B)) is BNSGPCS in X. Hence v; o 15 is BNSGP-continuous map-
ping. O

Definition 4.11. Let (X, tg, E') be a BNST. The bipolar neutrosophic soft generalized pre-closure
(BNSgpcl) and bipolar neutrosophic soft generalized pre-interior (BNSgpint) for any BN SS B is
defined by,

BN Sgpint(B) =U{U|U isa BNSGPOS in X and U C B}
BNSgpcl(B) =n{V|Visa BNSGPCSin X and BCV}

If Bis BNSGPCS, then BN Sgpcl(B) = B.
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Theorem 4.12. Let ¢ : (X, 7t1, F) — (Y, T2, E') be BNSGP-continuous mapping. Then the follow-
ing conditions are hold.

i). W(BNSgpcl(B)) € BNScl(y(B)), for every BNSS B in X.
ii). BNSgpcl(vy~*(B)) C ¢~Y(BNScl(B)), for every BNSSBin Y.

Proof. i) Since BN Scl((B))is BNSCS in Y and ) is BNSGP-continuous mapping, then ¢~ (BN Scl((B)))
is BNSGPCS in X. So BN Sgpcl(B) C ¢~ (BN Scl((B))). Therefore 1)( BN Sgpcl(B)) C
BNScl(y(B)) for every BNSS B in X.

ii) Replace B by 1 ~!(B) in i), we have w(BNSgpcl( Y(B))) € BNSdc(¢(p~1(B))) C
BNScl(B). Therefore BN Sgpel(v~1(B)) C v~ (BNScl(B)), for every BNSS Bin Y.
O

The relation between the proposed bipolar neutrosophic soft generalized pre continuity with var-
ious continuity mappings are expressed as a chart below.

BNSR-C BNS-C

~~

>
¥

BNSa-C ’ ‘ BNSG-C ’ ‘ BNSP-C

BNSaG-C W BNSGP-C /f’/_‘ BNSSP-C

"
¥

BNSS-C

BNSGS-C / BNSGSP-C

/
7 7

Here, the arrow ”—” between A and B means, A implies B but converse not true.

Definition 4.13. A map ¢ : (X, 7}, E) — (Y, 73, E') is said to be bipolar neutrosophic soft gener-
alized pre-irresolute (BNSGP-irresolute) mapping if ¢~ (B) is BNSGPCS in (X, T4, F) for every
bipolar neutrosophic soft generalized pre closed set B of (Y, 73, E').

Example 4.14. Let X = {z1,22},Y = {y1,y2} and E = {e1,ea},E' = {€},¢e,}. Also the
BNSSs are

5 _ J (e, {21,0.5,04,0.2,-0.5, -0.5,-0.8} , {22,0.3,0.7,0.4, ~0.6,-0.3, 0.5},
Y7 (e2, {21,0.4,0.6,0.3,—0.2,—0.3, —0.5} , {22,0.7,0.3,0.2, —0.2, —0.5, —0.5})
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B, — | (e1,{21,0.6,03,0.1,-0.7, ~0.3, ~0.5} , {22,0.7,0.4,0.2, ~0.7, ~0.2, =0.2}),
27 (e, {%1,0.6,0.3,0.3,—0.4, —0.2, —0.3} , {22,0.8,0.2,0.2, —0.4, —0.2, —0.4})

B _ [ (€1 491,0.4,0.6,0.5,-0.3, ~0.6, ~0.9} , {2,0.2,0.8,0.5, ~0.4, 0.4, ~0.6}),
57 (eh, {91,0.3,0.7,0.5,—0.1,—0.5, —0.5} , {y2,0.5,0.4,0.3, —0.2, —0.6, —0.6})

Then, 5, = {Op, 1p, B1, B2} and 13 = {Op, 1, B3} are BN.ST's on X and Y respectively. Now
define a mapping ¥ : (X, T4, E) — (Y, 73, E') such that ¢(z1) = y1, 1 (z2) = y2 and ¥(e) = €.
Hence 1 is a BN SGP — irresolute mapping.

Theorem 4.15. Let v : (X,t},E) — (Y,13,E') be a BNSGP-irresolute mapping, then v is
BNSGP-continuous mapping but not conversely.

Proof. Let ¢y be BNSGP-irresolute mapping and let B ba a BNSCS in Y. Since every BNSCS is
BNSGPCS, B is BNSGPCS in Y. Also, 1 is BNSGP-irresolute mapping. Therefore, by definition,
¥~1(B) is BNSGPCS in X. So v is BNSGP-continuous mapping. O

Theorem 4.16. A mapping ¢ : (X, 5, E) — (Y, 13, E') is BNSGP-irresolute mapping if and only
if the inverse image of every BNSGPOS in'Y is BNSGPOS in X.

Proof. Let Bbe BNSGPOS in Y. So B¢is BNSGPCS in Y. Since 1) is BNSGP-irresolute mapping,
Y~ 1(B¢) is BNSGPCS in X. Since ¢ ~1(B¢) = (¢»"1(B))¢, ¥~ 1(B) is BNSGPOS in X. The
converse proof is straight forward. O

Theorem 4.17. Let ¢y : (X, 15, E) — (Y, 13, E') and 2 : (Y,73,E') — (Z,73, E") be BNSGP-
irresolute mapping, where X, Y, Z are BNSGTS, then 11 o vy is a BNSGP-irresolute mapping.

Proof. Let B be BNSGPCS in Z. Since 11 is BNSGP-irresolute mapping, 15 1(B) is BNSGPCS
in Y. Since ¢; is BNSGP-irresolute mapping, 1, ' (15 ' (B)) is BNSGPCS in X. Hence (¢/1 o
¥2)~1(B) is BNSGPCS in X. Hence 1)1 o 1) is BNSGP-irresolute mapping. O

5 Conclusion

In this paper, we have introduced bipolar neutrosophic soft generalized pre-continuous mapping.
Many results in this paper shows that how the various type of continuities preserve the topological
structures such as closeness and openness of sets. Our future work will include some applications of
the proposed mapping in topology.
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