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Abstract

In this paper, we introduce and investigate the classes of continuous mappings in bipolar neutrosophic
soft topological spaces such as bipolar neutrosophic soft contra generalized pre-continuous mappings
and bipolar neutrosophic soft contra generalized a-continuous mappings. Further, we investigate
some of its properties via theorems.
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1 Introduction

Zadeh® introduced the concept of fuzzy sets in 1965. Initially, fuzzy sets were used in decision
making problems; but nowadays it is applied in many science and engineering fields. Later, fuzzy
topological spaces was introduced by Cheng? in 1965. Atanassovi! developed some concepts in
fuzzy sets and proposed intiutionistic fuzzy sets which is the extension of conventional Fuzzy sets.
Smarandache!*? introduced a theory of neutrosophic sets as the extension and development of fuzzy
sets which includes three membership degrees namely, truth, indeterminacy and falsify member-
ships. Deli et al’® extended the neutrosophic set and proposed bipolar neutrosophic sets. Later,
many researchers were investigated and proposed various neutrosophic sets *” Molodtsov intro-
duced soft set theory in 1999. A.A.Salama et al'¥' developed a new concept neutrosophic topology,
i.e. the topology concepts were introduced for neutrosophic sets. Norman Levine!“!2 introduced
generalized closed set and some continuity mappings in point set topology in 1970. In this study,
we have proposed bipolar neutrosophic soft contra generalized pre-continuous mapping and bipolar
neutrosophic soft contra generalized a-continuous mappings.

This paper is organized as follows: Section 2 consists the required preliminary definitions for
main concept. Section 3 consists bipolar neutrosophic soft generalized homeomorphism and pre-
homeomorphism. Section 4 consists bipolar neutrosophic soft contra generalized pre-continuous
mapping. Section 5 consists bipolar neutrosophic soft contra generalized a-continuous mapping.
Each section deals with theorems related to the proposed mappings and examples. Section 6 con-
cludes the proposed work.

2 Preliminaries

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

N = {u(x),v(z),w(z) : x € X}

Here, u(x), v(z), w(x) ranges in the non-standard interval |0, 17 [ 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. * For the universe set X and positive member values u*, vt w™ : E — [0,1],
negative member values u~, v~ ,w™ : E — [—1, 0], A bipolar neutrosophic set (BNS) is defined by

5= {0t @00 @0 (@) (@) () @) € X |
Definition 2.3. %' A sot 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 parametrized 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 follows.

BNS = (fa,E) = {{e, fa(x)) :e € AC E, fa(x) € BNS(X)}

Here fa(w) = {<”” a0 0 0 0,87, 0 (0,07 (2): w7 o 0)) 2 € X}'

Definition 2.5. #Let B; and B, be two BN SSs. Then for everyr € X,e € E,
(i). (subset) By C B, if and only if

[uh, (@) < uh, ()] [oh, (0) = o, ()], [, (@) = wi, (@)]
{B1 C By} =
(45, @) = up, @], [v, () < 05, ()], [u5, () < w, (@)]

(i1). (equal) B; = By if and only if B; C Bs and Bs C Bj.

Gi). (complement)
B = {{e,w}(e),1 = v} (), uf (e), wy (e), —1 — vy (e), uy (€))}
(iv). (union) B, U By — {<e,u,- (e } Here
U9t6) ={ trom [ 03@1] i 1 6))] min [ e)2)]
min [u(0)@)] . mas [o7,(6)@)] ma [ (@)}
(v). (interscction) By 1 By — {<e, o0 (e)>}. Here

ﬂf(l { x, min [ }t(e)(az)} , max [’u;{l (e)(az)} , max [w}t(e)(m)} ,
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vi). (null) o ={ (e, {%;,0,1,1,0,—1,-1}) : z € X,e € E}
(vii). (complete) 1p :{ (€;,{r;,1,0,0,—1,0,0}) : x € X, e € E’}

Definition 2.6. A bipolar neutrosophic soft topology (BNST) on X is a collection T of bipolar neu-
trosophic soft sets (BNSS) in X satisfying the following conditions:

1). ¢p,1p € T8
2). Uicn Bi € tp foreach B; € 13
3). B, NB; € 1 for any B;, B; € T

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

Definition 2.7. Let (X, tg) be a BNST and B = {(e,f(x» te € E, f(x) € BNS(X)} be

BNSS in X. Then the bipolar neutrosophic soft interior and bipolar neutrosophic soft closure are
defined by

BNint(B) :U{U : Uisa BNOSinU C B}
BNcl(B) = ﬂ{V : Visa BNCSin B C V}

Remark 2.8. Let Bbe BNS of a BNTS(X, ). Then
1. BNacl(B) = BUBNcd(BNint(BNcl(B)))
2. BNaint(B) = BN BNint(BNcl(BNint(B)))

Remark 2.9. Following relations hold for any BN S set B € (X, T).

1. BNcl(B¢) = (BNint(B))¢ and BNint(B¢) = (BNcl(B))°.

2. BNcl(B)isa BNCS and BNint(B)isa BNOS in X.

3. Bis BNCS in X if and only if BN¢l(B) = B.

4. Bis BNOS in X if and only if BNint(B) = B.

Definition 2.10. A BN Sset B in BN ST'S(X, 1) is said to be

1). Bipolar neutrosophic soft semi closed set (BNSCS) if BNint(BNcl(B)) C B,

2). Bipolar neutrosophic soft pre-closed set (BNPCS) if BNcl(BNint(B)) C B,

3). Bipolar neutrosophic soft a-closed set (BNaCS) if BNcl(BNint(BNcl(B))) C B,
4). Bipolar neutrosophic soft regular closed set (BNRCS) if B = BNcl(BNint(B))

Definition 2.11. Let (X, T4, E) and (Y, T3, 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 1y~ ( B) is bipolar neutrosophic
soft semi-closed set in (X, T35, E).
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3. Bipolar neutrosophic soft pre-continuous (BNSP-continuous) if 1 ~! ( B) is bipolar neutrosophic
soft pre-closed set in (X, Ti, E).

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

5. Bipolar neutrosophic soft regular continuous (BNSR-continuous) if 1)~ ! (B) is bipolar neutrosophic
soft regular closed set in (X, Tﬁ, E).

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

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

8. Bipolar neutrosophic soft generalized a-continuous (BNSa-continuous) if 1/ ~!(B) is bipolar
neutrosophic soft generalized a-closed set in (X, T3, E).

Definition 2.12. A map ¢ : ((X,7},E) — (Y, 73, E') is said to be bipolar neutrosophic soft
generalized pre irresolute (BNSGP-irresolute) mapping if ¢ ~!(B) is a BNSGPCS in (X, 13, E) for
every BNSGPCS B in (Y, 73, E).

Definition 2.13. Let (X, tp, E) be a BNSGT. The bipolar neutrosophic soft generalized pre closure
(BNSGPcl(B)) for any BNS B is defined as follows.

BNSGPcl(B) =N{K| Kisa BNSGPCSin X and B € K}.

If B is BNSGPCS, then BNSGPcl(B) = B.

Definition 2.14. Let (X, 1) and (Y, T2) be any two topological spaces. A map f : (X,T1) —
(Y, T2) is said to be contra continuous if f~!(V') is closed set in (X,T) for every open set V in
(Y, Tg).

Definition 2.15. Let f be a bijective mapping from a topological space (X, T) into a topologi-
cal space (Y, To). Then f is said to be generalized homeomorphism if f and f~! are generalized
continuous mappings.

Definition 2.16. A map [ : (X, T;) — (Y, 7T2) is said to be generalized pre closed if f(V) is
generalized pre closed set in (Y, T2) for every closed set V' in (X, Ty).

3 Bipolar neutrosophic soft generalized homeomorphism and pre home-
omorphism in topological spaces

Definition 3.1. Let 1) be a bijective mapping from a BNST (X, 11, £) into a BNST (Y, 12, E'). Then
1) is said to be

1. Bipolar neutrosophic soft homeomorphism (BNS-homeomorphism) if ¢ and ¢~! are BNS-
continuous mapping.

2. Bipolar neutrosophic soft pre homeomorphism (BNSP-homeomorphism) if 1 and 1 ~! are
BNSP-continuous mapping.

3. Bipolar neutrosophic soft generalized homeomorphism (BNSG-homeomorphism) if ¢ and
)~! are BNSG-continuous mapping.

Definition 3.2. A map ¢ : (X, 711, E) — (Y, To, F) is said to be Bipolar neutrosophic soft general-
ized pre closed if ¢)(V) is bipolar neutrosophic soft generalized pre closed set in (Y, To, F) for every
BNS-closed set V in (X, 11, F).
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Definition 3.3. A bijection mapping ¢ : (X,T1,E) — (Y, 79, E) is called a Bipolar neutro-
sophic soft generalized pre-homeomorphism (BNSGP-homeomorphism) if 1/ and 1)~ are BNSGP-
continuous mapping.

Example 34. Let X = {a,b},Y = {u,v}, F = {e1,ez}. Then

<61, {{z1, 0.5,0.6,0.8,—1,0,0) , (x3, 0.5,0.2,0.4, —0.5, —0.4, —o.3>}>,
B =
<e2, {{z1, 0.4,0.6,0.3,—0.4, —0.7, —0.2) , (x, 0.7,0.2,0.1, —0.3, —0.5, —0.7>}>

<e1, {{z1, 0.3,0.1,0.7,-0.5, —0.6, —0.3) , (3, 0,1,1,—0.7,0, —1>}>,
By =
<e2, {{z1, 0.2,0.5,0.7,—1,0,—0.2) , (x2, 0.9,0.1,0.3,—0.1, —0.6, —0.3>}>

Then t; = {0, B, 1} and T2 = {0, By, 1} are BNSTs on X and Y respectively. Now we define
a bijective mapping ¢ : (X, 711, F) — (Y, 72, F) by ¥(a) = w and ¢(b) = v with . Then ¥ is
a BNSGP-continuous mapping and ¢! is also a BNSGP-continuous mapping. Therefore 1) is a
BNSGP homeomorphism.

Theorem 3.5. Every BNS-homeomorphism is a BNSGP-homeomorphism but not conversely.

Proof. Let ¢ : (X,11,E) — (Y, To, E) be a BNS-homeomorphism. Then v and 1)~! are BNS-
continuous mapping. This gives, ¢ and 1)~! are BNSGP-continuous mapping. Therefore, 1 is a
BNSGP-homeomorphism. O

Example 3.6. Let X = {a,b},Y = {u,v},E = {e1,e2}. Then

<61, {{z1, 0.5,0.6,0.8,—1,0,0) , (x5, 0.5,0.2,0.4, —0.5, —0.4, —0.3)}>,
B =
<62, {{z1, 0.4,0.6,0.3,—0.4,—0.7,-0.2) , (x5, 0.7,0.2,0.1, —0.3, —0.5, —0.7>}>

<61, {{z1, 0.3,0.1,0.7,-0.5, —0.6, —0.3) , (x5, 0,1,1,—0.7,0, —1>}>,
B, =
<62, {{z1, 0.2,0.5,0.7,—1,0,—0.2) , (x2, 0.9,0.1,0.3,—0.1, —0.6, —0.3>}>

Then t; = {0, B, 1} and T3 = {0, B2, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 11, E) — (Y, 712, E) by ¢(a) = uw and ¢(b) = v. Then v is a BNSGP-
homeomorphism but not BNS-homeomorphism sincet) and 1) ~! are not BNS-continuous mapping.

Theorem 3.7. Every BNSP-homeomorphism is a BNSGP-homeomorphism but not conversely.

Proof. Let® : (X, 11, E) — (Y, T2, E) be a BNSP-homeomorphism. Then ¢ and ¢)~! are BNSP-
continuous mapping. This gives, ¢ and 1)~! are BNSGP-continuous mapping. Therefore, 1 is a
BNSGP-homeomorphism. O

Example 3.8. Let X = {a,b},Y = {u,v},E = {e1,e2}. Then
<61, {{z1, 0.5,0.6,0.8,—1,0,0), (z2, 0.5,0.2,0.4, —0.5, —0.4, —0.3)}>,

B =
<e2, {{z1, 0.4,0.6,0.3,—0.4, —0.7, —0.2) , (x, 0.7,0.2,0.1, —0.3, —0.5, —0.7>}>
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<61, {{z1, 0.3,0.1,0.7,—0.5, 0.6, —0.3) , (zs, 0, 1,1, —0.7,0, —1>}>,
By =
<62, {{z1, 0.2,0.5,0.7,—1,0, —0.2), (x5, 0.9,0.1,0.3, —0.1, —0.6, —0.3>}>

Then t; = {0, B1, 1} and T3 = {0, B2, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 11, E) — (Y, 72, E) by ¢(a) = uw and ¢(b) = v. Then v is a BNSGP-
homeomorphism but not BNSP-homeomorphism since ¢ and 1)~ are not BNSP-continuous map-
ping.

Theorem 3.9. Let v : (X, 11, E) — (Y, T2, E) be a bijective mapping. If ¢ is a BNSGP continuous
mapping, then the following statements are equivalent.

1. Y is a BNSGP closed mapping.
2. Y is a BNSGP open mapping.
3. v is a BNSGP homeomorphism.

Proof. (1) — (2): Let ¢ : (X, 11, E) — (Y, T2, E) be a bijective mapping and let ) be a BNSGP-
closed mapping. This gives, 1) ~! : (Y, T2, E) — (X, 71, E) is a BNSGP-continuous mapping. This
means, every BNOS in X is a BNSGPOS in Y. Hence v is a BNSGP-open mapping.

(2) = (3): Lety : (X, 11, E) — (Y, T2, E) be a bijective mapping and let 1) be a BNSGP-open
mapping. This gives, ! : (Y, T2, E) — (X, 71, E) is a BNSGP-continuous mapping. Hence )
and ¢)~! are BNSGP-homeomorphism.

(3) = (1): Let 1) is a BNSGP homeomorphism. This means, v and 1)~ are BNSGP continuous
mapping. Since every BNCS in X isa BNSGPCS in Y, then ¢ is a BNSGP-closed mapping. [

Remark 3.10. The composition of two BNSGP homeomorphism need not be a BNSGP homeomor-
phism in general.

Example 3.11. Let X = {a,b},Y = {u,v},Z = {p,q},E = {e1,e2}. Then

<61, {{z1, 1,0,1,—1,0,0), (2, 0.5,0.2,0.4, 0.5, —0.4, —0.3)}>,

o= <€2,{<$1, 0.4,0.6,0.3,—0.4, —0.7, —0.2) , (x5, 0.7,0.2,0.1, —0.3, —0.5, —0.7>}>
( )
<61, {(z1, 0.3,0.1,0.7,—0.5,—0.6, —0.3) , (x5, 0,1,1,—0.7,0, —1>}>,
"= <62,{<x1, 0.2,0.5,0.7,—1,0,-0.2) , (x5, 0.9,0.1,0.3, —0.1, —0.6, —0.3>}>
\ )
<61, {(z1, 1,0,0.7,—-1,0,0), (2, 0.5,0.2,0.4, —0.7, 0, —0.3>}>,
B <62,{<:L’1, 0.4,0.5,0.3,—1,0,—0.2) , (x5, 0.9,0.1,0.1, —0.3, —0.5, —0.3>}>

Let 11 = {0, By, 1}, 72 = {0, B2, 1} and 13 = {0, B3, 1} are BNSTs on X, Y and Z respectively.
Now we define a bijective mapping ¢ : (X,11,F) — (Y, T2, E) by ¢¥0(a) = w and ¥(b) = v
and ¢ : (Y,72,E) — (Z,73,E) by ¢(x) = p and ¢(y) = ¢. Then ¢ and 1p~' are BNSGP-
continuous mappings, also ¢ and ¢~ ! are BNSGP-continuous mappings. Hence v and ¢ are BNSGP-
homeomorphism. But the mapping ¢o¢ : (X, 11, E) — (Z, T3, E) is not a BNSGP-homeomorphism
since v o ¢ is not a BNSGP-continuous mapping.
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4 Bipolar neutrosophic soft contra generalized pre continuous map-
pings

Definition 4.1. A map ¢ : (X, 11, F) — (Y, T2, E) is said to be a Bipolar neutrosophic soft contra
generalized pre-continuous (BNSCGP-continuous) mapping if 1/~ (B) is a BNSGPCS in (X, 11, )
for every BNOS B in (Y, 19, E).

Example 4.2. Let X = {a,b},Y = {u,v}, E = {e1,e2}. Then

<61, {{z1, 0.5,0.6,0.8,—1,0,0) , (x5, 0.5,0.2,0.4, —0.5, —0.4, —0.3)}>,
By =
<62, {{z1, 0.4,0.6,0.3,—0.4, —0.7, —0.2) , (x5, 0.7,0.2,0.1, —0.3, —0.5, —0.7>}>

<e1, {{z1, 0.3,0.1,0.7,—0.5, —0.6, —0.3) , (x, 0,1,1,—0.7,0, —1>}>,
By =
<62, {{z1, 0.2,0.5,0.7,—1,0,—0.2) , (x2, 0.9,0.1,0.3,—0.1, —0.6, —0.3>}>

Then t; = {0, B, 1} and T3 = {0, B2, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 1, F) — (Y, T2, E) by ¢(a) = w and 1(b) = v. Then v is a BNSCGP-
continuous mapping.

Theorem 4.3. Every BNSC-continuous mapping is a BNSCGP-continuous mapping but not con-
versely.

Proof. Letvy : (X,711,E) — (Y, 712, E) be a BNSC-continuous mapping. Let B be a BNOS in Y.
Then ¢~ 1(B) is a BNCS in X. Since every BNCS is a BNSGPCS, ¢~ !(B) is a BNSGPCS in X.
Hence, v is a BNSCGP continuous mapping. 0

Example 4.4. Let X = {a,b},Y = {u,v},E = {e1,e2}. Then

<61, {{x1, 0.5,0.6,0.8,—1,0,0) , (x2, 0.5,0.2,0.4, —0.5, —0.4, —0.3>}>,
By =
<e2, {{z1, 0.4,0.6,0.3,—0.4, —0.7, —0.2) , (z, 0.7,0.2,0.1, —0.3, —0.5, —0.7>}>

<61, {{z1, 0.3,0.1,0.7,—0.5, 0.6, —0.3) , (z, 0,1, 1, —0.7,0, —1>}>,
By =
<62, {{z1, 0.2,0.5,0.7,—1,0, —0.2), (x5, 0.9,0.1,0.3, —0.1, —0.6, —0.3>}>

Then t; = {0, B, 1} and T2 = {0, B2, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 1, E) — (Y, T2, E) by ¢(a) = w and 1»(b) = v. Then ¢ is a BNSCGP-
continuous mapping but not a BNSC-continuous mapping.

Theorem 4.5. Every BNSCa-continuous mapping is a BNSCGP continuous mapping but not con-
versely.

Proof. Let ) : (X, 711, E) — (Y, T2, E) be a BNSCa-continuous mapping. Let B be a BNOS in Y.
Then ¢~ (B) is a BNSaCS in X. Since every BNSaCS is a BNGPCS, ¢~ !(B) is a BNGPCS in
X. Hence, v is a BNSCGP-continuous mapping. O
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Example 4.6. Let X = {a,b},Y = {u,v},E = {e1,e2}. Then

<61, {{z1, 0.5,0.6,0.8,—1,0,0), (2, 0.5,0.2,0.4, —0.5, —0.4, —o.3>}>,
B =
<62, {{z1, 0.4,0.6,0.3,—0.4,—0.7,—0.2) , (x5, 0.7,0.2,0.1, —0.3, —0.5, —0.7>}>

<61, {{z1, 0.3,0.1,0.7, 0.5, 0.6, —0.3) , (x5, 0,1,1,—0.7,0, —1>}>,
By =
<62, {{z1, 0.2,0.5,0.7,—1,0,—0.2) , (2, 0.9,0.1,0.3, —0.1, —0.6, —0.3>}>

Then t; = {0, B1,1} and 13 = {0, B2, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 11, E) — (Y, T2, F) by ¢(a) = w and ¢(b) = v. Then ¢ is a BNSCGP-
continuous mapping but not a BNSCa-continuous mapping.

Theorem 4.7. Every BNSCP-continuous mapping is a BNSCGP continuous mapping but not con-
versely.

Proof. Let ) : (X, 711, E) — (Y, T2, E) be a BNSCP-continuous mapping. Let B be a BNOS in Y.
Then ¢p~!(B) is a BNSPCS in X. Since every BNSPCS is a BNSGPCS, ©~!(B) is a BNSGPCS in
X. Hence, 1 is a BNSCGP-continuous mapping. g

Example 4.8. Let X = {a,b},Y = {u,v},E = {e1,e2}. Then

<61, {{z1, 0.5,0.6,0.8,—1,0,0), (2, 0.5,0.2,0.4, —0.5, —0.4, 0.3)}>,
By =
<eg, {{z1, 0.4,0.6,0.3,—0.4,—0.7,—0.2) , (x5, 0.7,0.2,0.1, —0.3, —0.5, —0.7>}>

<el, {{z1, 0.3,0.1,0.7,—0.5, 0.6, —0.3) , (z3, 0, 1,1, —0.7,0, —1>}>,
By =
<eg, {{z1, 0.2,0.5,0.7,—1,0, —0.2), (x5, 0.9,0.1,0.3, —0.1, —0.6, —0.3>}>

Then t; = {0, B1,1} and T3 = {0, B2, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 11, E) — (Y, T2, E) by ¢¥(a) = w and 1)(b) = v. Then ¢ is a BNSCGP-
continuous mapping but not a BNSCP-continuous mapping.

Theorem 4.9. Let ¢ : (X, 711, E) — (Y, T2, E) be a mapping. Then the following statements are
equivalent.

1. v is a BNSCGP continuous mapping.
2. ¢~ 1(B) is a BNSGPOS in X for every BNCSBinY.

Proof. (1) — (2): Let B be a BNCS in Y. Then B¢ is a BNOS in Y. By statement, 1) ~!(B¢) is a
BNSGPCS in X. Hence ¢~ !(B) is a BNSGPOS in X.

(2) — (1): Let B be a BNOS in Y. Then B¢ is a BNCS in Y. By statement, 1)~ !(B¢)
is a BNSGPOS in X. Hence 1~!(B) is a BNSGPCS in X. Thus v is a BNSCGP-continuous
mapping. O

Theorem 4.10. Let ¢ : (X, 711, E) — (Y, T, E) be a mapping. If one of the following properties
hold:

1. Y(BNSPcl(A)) C BNSint(y(A)) for each A in X.
2. BNSPcl(v~1(B)) C Y=Y (BNSint(B)) for each B inY.
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3. v Y (BNScl(B)) C BNSPint(y"1(B)) foreach BinY.
Then v is a BNSCGP-continuous mapping.

Proof. (1) — (2): Let B be a BNS in Y. Then v~ !(B) is a BNS in X. By statement, we have
Y(BNSPcl(yp~(B))) € BNSint((yp~"(B))) € BNSint(B). Now BNSPcl(y~'(B)) C
G LW(BNSPl(1(B)))) € v (BN Sint(B)).

(2) — (1): By taking the complement in (2). Suppose that (3) holds. Let B be a BNCS in Y.
Then BN¢cl(B) = B. By the assumption, 90~ (B) = ¢y~}(BN¢cl(B)) € BNSPint(y)~!(B)). But
BNSPint(yp~Y(B)) C v (B), hence BNSPint(x»"1(B)) = ¢~1(B). This implies v~!(B)
is a BNSPOS in X and hence ¢~ !(B) is a BNSGPOS in X. Thus 1 is a BNSCGP-continuous
mapping. O

Theorem 4.11. Let ¢ : (X, 11, FE) — (Y, 712, E) be a bijective mapping. If one of the following
properties hold:

1. "Y(BNcl(B)) C BNint(BNSPcl(y " (B))) for each Bin Y.
2. BNcl(BNSPint(y~1(B))) C v~ Y(BNint(B)) for each BinY.
3. Y(BNcl(BNSPint(A))) C BNint(y(A)) for each A in X.
4. Y(BNcl(A)) C BNint(y(A)) for each BNPOS A in X.

Then 1 is a BNSCGP-continuous mapping.

Proof. (1) — (2): It is obvious, by taking the complement in (1).

(2) — (3): Let Abe a BNSin X. Put B = 9(A) in Y. This implies A = ¢~ (¢p(4)) =
¢~ 1(B) in X. Now BNcl(BNSPint(A)) = BNcl(BNSPint(y"1(B))) C ¢~ (BNint(B)
by the hypothesis. Therefore, 1)(BNcl(BN SPint(A))) C (¢~ (BNint(B))) = BNint(B) =
BNint(y(A)).

(3) — (4): Let A be a BNSPOS in X. Then BN SPint(A) = A. By hypothesis,
Y(BNcl(BNSPint(A))) € BNint(y(A)).
Therefore, ) (BNcl(A)) = (BNcl(BNSPint(A))) C BNint(¢(A)).

Suppose (4) holds: Let Abe aBNOS in Y. Then)~1(A)isaBNOS in X and BN S Pint (1)1 (A))
is a BNSPOS in X. Hence, by hypothesis,
Y(BNcl(BNSPint(v~1(A)))) € BNint(y(BNSPint(~1(A)))) € BNint(y(¢v~1(A))) =
BNint(A) C A.
Therefore BNcl(BNSPint(yp~1(A))) = =1 (¢(BNcl(BN SPint(vp~1(A))))) C ¥ ~(A). Now,
BNcl(BNint(y~(A))) € BNcl(BNSPint(1)~1(A))) C ¢~1(A). This implies 1»~1(A) is a
BNSPCS in X and hence a BNSGPCS in X. Thus 1) is a BNSCGP-continuous mapping. O

Theorem 4.12. Let o) : (X, 711, FE) — (Y, 72, E) be a bijective mapping. Then 1) is a BNSCGP
continuous mapping if BN cl(y(A)) C y(BNSPint(A)) for every BNS Ain X.

Proof. Let A be a BNCS in Y. Then BNcl(A) = A and ¢~ 1(A) is a BNS in X. By hypothe-
sis, BNcl(v(1p~1(A))) C ¥(BNSPint(y~*(A))). Since 9 is onto, 1(xp~1(A)) = A. Therefore
A= BNcl(A) = BNcl(y(psi—1(A))) C »(BNSPint(vy~1(A))).

Now 11 (A) C =L ((BNSPint(»"1(A)))) = BNSPint(p~1(A)) C ¢~ 1(A). Hence p~1(A)
is a BNSPOS in X and hence BNSGPOS in X. Thus v is a BNSCGP-continuous mapping. O
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Theorem 4.13. 1. If ¢ : (X,11,E) — (Y, 72, E) is a BNSCGP-continuous mapping and ¢ :
(Y, 12, E) — (Z, 73, E) is a continuous mapping, then g o : (X, 11, E) — (Z,73,E) isa
BNSCGP-continuous mapping.

2. Ify : (X,1, E) — (Y, 712, E) is a BNSCGP-continuous mapping and ¢ : (Y, 79, E) —
(Z,73, E) is a BNSC-continuous mapping, then o) : (X, 71, E) — (Z, 13, E) is a BNSGP-
continuous mapping.

3. Ify - (X,11,E) — (Y,712,E) is a BNSGP-irresolute mapping and ¢ : (Y,72,E) —
(Z,73, E) is a BNSCGP-continuous mapping, then ¢ o : (X, 11, E) — (Z,713,FE) is a
BNSCGP-continuous mapping.

is a BNOS in Y, by hypothesis. Since v is

Proof. 1. Let A be BNOS in Z. Then ¢~ 1(A)
(A)) is a BNSGPCS in X. Hence ¢ o ¢ is a

a BNSCGP-continuous mapping, ¢~ !(¢~!
BNSCGP-continuous mapping.

2. Let Abe BNOS in Z. Then ¢~ !(A) is a BNCS in Y, by hypothesis. Since v is a BNSCGP-
continuous mapping, 1! (¢~1(A)) is a BNSGPOS in X. Hence ¢o1) is a BNSGP-continuous

mapping.

3. Let A be BNOS in Z. Then ¢~ !(A) is a BNSGPCS in Y, by hypothesis. Since 1 is a
BNSGP-continuous mapping, 1! (¢! (A)) isa BNSGPCS in X. Hence ¢ o is a BNSCGP-

continuous mapping.
O

Theorem 4.14. A mapping ¢ : (X,11,E) — (Y, 72, E) is a BNSCGP-continuous mapping if
Y~ Y (BNSPcl(B)) C BNint(¢y~Y(B)) for every BNS Bin Y.

Proof. Let B be a BNCS in Y. Then BNcl(B) = B. Since every BNCS is a BNSPCS, this
implies BNSPcl(B) = B. By hypothesis, *(B) = ¥~ (BNSPcl(B)) C BNint(y~}(B)) C
¥~1(B). This implies 1y ~!(B) is a BNOS in X. Therefore 1/ is a BNSC-continuous mapping, since
every BNSC-continuous mapping is a BNSCGP-continuous mapping, 1 is a BNSCGP-continuous
mapping. O

Theorem 4.15. A BNS-continuous mapping, 1 : (X, 11, E) — (Y, T2, E) is a BNSCGP continuous
mapping if BNSGPO(X) = BNSGPC(X).

Proof. Let B be a BNOS in Y. By hypothesis, 1»~!(B) is a BNOS in X and hence is a BNSGPOS
in X. Since BNSGPO(X)=BNSGPC(X), w_l(B) is a BNSGPCS in X. Therefore, 1) is a BNSCGP-
continuous mapping. O

S Bipolar neutrosophic soft contra generalized a-continuous mapping

in this section we introduce bipolar neutrosophic soft contra generalized a-continuous mapping and
investigate some of its properties.

Definition 5.1. A bipolar neutrosophic soft set B in (X, T, F) is said to be a bipolar neutrosophic
soft generalized a-closed set (BNSGaCS) if BNacl(B) C U whenever B C U is a BNaOS in
(X, T, E).

Definition 5.2. A mapping ¢ : (X, 11, F) — (Y, T2, E) is said to be a bipolar neutrosophic soft
contra generalized a-continuous (BNSCGa-continuous) if 1 ~!(B) is a bipolar neutrosophic soft
generalized a-closed set in (z, 11, F) for every bipolar neutrosophic soft open set B in (Y, T2, F).
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Definition 5.3. A mapping ¢ : (X, 11, E) — (Y, 79, E) is said to be a bipolar neutrosophic soft
strongly generalized a-continuous (BNSSGa-continuous) if 1/~!(B) is a bipolar neutrosophic soft
open set in (x, Ty, E) for every bipolar neutrosophic soft generalized a-open set B in (Y, T2, F).

Definition 5.4. A mapping ¢ : (X, 11, E) — (Y, 79, E) is said to be a bipolar neutrosophic soft
contra strongly generalized a-continuous (BNSCSGa-continuous) if ) ~!(B) is a bipolar neutro-
sophic soft closed set in (x, T1, E) for every bipolar neutrosophic soft generalized c-open set B in
(Y, T, E ) .

Definition 5.5. A mapping ¢ : (X, 11, E) — (Y, T2, E) is said to be a bipolar neutrosophic soft
contra generalized a-irresolute if ¢y ~!(B) is a bipolar neutrosophic soft generalized a-closed set in
(z, 71, ) for every bipolar neutrosophic soft generalized c-open set B in (Y, T2, F).

Theorem 5.6. Every BNSC-continuous mapping is a BNSCGa-continuous mapping but converse
not true.

Proof. Let ¢ : (X,11,E) — (Y, T2, E) be a BNSC-continuous mapping and let B be BNOS in
Y. Then 1~!(B) is a BNCS in X. Since every BNCS is a BNSGaCS, ¢~ (B) is a BNSGaCS in
(X, 11, E). Hence 1 is a BNSGa-continuous mapping. O
Example 5.7. Let X = {a,b},Y = {u,v},E = {e1,e2}. Then

,

<61, {(z1, 0.6,0.6,0.6,—0.5, —0.4, —0.6) , (x5, 0.4,0.4,0.4, —0.2, —0.4, —0.3>}>,
By =
<62, {{z1, 0.7,0.5,0.4,—0.6, —0.7, —0.2) , (x5, 0.6,0.2,0.5, —0.3, —0.5, —0.5>}>
<el,{<$1, 0.2,0.2,0.3,—0.4, 0.2, —0.6) , (z, 0.6,0.4,0.6, —0.7, —0.4, —0.3)} },
By =
<62, {{z1, 0.7,0.7,0.8,—0.4,—0.5,—0.2) , (x5, 0.6,0.7,0.3, —0.4, —0.3, —0.2>}>

Then t; = {0, By, 1} and 13 = {0, By, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 11, E) — (Y, T2, E) by ¥(a) = w and ¢(b) = v. Then ¢ is a BNSCGa-
continuous mapping but not a BNSC-continuous mapping.

Theorem 5.8. Every BNSCa-continuous mapping is a BNSGa-continuous mapping but converse not
true.

Proof. Letv : (X, 11, E) — (Y, T2, E) be a BNSCa-continuous mapping and let B be BNOS in Y.
Then ¢»~1(B) is a BNaCS in X. Since every BNaCS is a BNSGaCS, ¢~ 1(B) is a BNSGaCS in
(X, 71, E). Hence v is a BNSGa-continuous mapping. O

Example 5.9. Let X = {a,b},Y = {u,v},E = {e1,e2}. Then

<e1, {{z1, 0.5,0.5,0.5,—0.4, —0.4, —0.4) , (x5, 0.4,0.4,0.4, —0.5, —0.5, —0.5>}>,
By =
<62, {{z1, 0.4,0.4,0.4,—0.5, 0.5, —0.5) , (x, 0.5,0.5,0.5, —0.4, —0.4, —o.4>}>
<61,{<x1, 0.6,0.6,0.6,—0.4, —0.4, —0.4) , (x5, 0.4,0.4,0.4, —0.6, —0.6, —0.6)} },
By =
<62, {{z1, 0.4,0.4,0.4,—0.6, —0.6, —0.6) , (x, 0.6,0.6,0.6, —0.4, —0.4, —o.4>}>

Then 11 = {0, By,1} and T3 = {0, By, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 11, F) — (Y, T2, E) by ¥(a) = w and ¢(b) = v. Then v is a BNSGa-
continuous mapping but not a BNSCa-continuous mapping.
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Theorem 5.10. Every BNSCSGa-continuous mapping is a BNSCGa-continuous mapping but con-
verse not true.

Proof. Let v : (X, 711, E) — (Y, 712, F) be a BNSCSGa-continuous mapping and let B be BNOS
in Y. Since every BNOS is a BNSGaOS, B is a BNSGaOS in Y. Also, since v is a BNSCSGa-
continuous mapping, ) ~!(B) is a BNCS in X. Since every BNCS is a BNSGaCS, 1~ 1(B) is a
BNSGaCS in (X, 1, E). Hence v is a BNSGa-continuous mapping. O

Example 5.11. Let X = {a,b},Y = {u,v}, F = {e1,ea}. Then

<61, {(z1, 0.3,0.3,0.3,-0.4,—0.4,—0.4) , (x5, 0.4,0.4,0.4, —0.5, —0.5, —0.5>}>,
By =
<e2, {{z1, 0.2,0.2,0.4,-0.3,—0.3, —0.5) , (x5, 0.3,0.3,0.3, —0.4, —0.4, —0.5>}>
<61,{<x1, 0.8,0.8,0.7,—0.3,—0.3, —0.4) , (z, 0.6,0.6,0.4, —0.7, 0.7, —0.4)} },
By =
<62, {{z1, 0.4,0.4,0.4,—0.6,—0.6, —0.6) , (3, 0.6,0.6,0.6, —0.4, —0.4, —0.4>}>

\
Then t; = {0, B, 1} and 13 = {0, By, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 11, E) — (Y, T2, E) by ¥(a) = uw and ¢(b) = v. Then ¢ is a BNSCGa-
continuous mapping but not a BNSCSGa-continuous mapping.

Theorem 5.12. Every BNSCSGa-continuous mapping is a BNSC-continuous mapping but converse
not true.

Proof. Let¢ : (X, 11, E) — (Y, T2, F) be a BNSCSGa-continuous mapping and let B be BNOS
in Y. Since every BNOS is a BNSGaOS, B is a BNSGaOS in Y. Also, since ¢ is a BNSCSGa-
continuous mapping, ¢»~(B) is a BNCS in X. Hence 1/ is a BNSC-continuous mapping. O

Example 5.13. Let X = {a,b},Y = {u,v},E = {e1,e2}. Then

<61, {{z1, 0.3,0.3,0.3,—0.4, —0.4, —0.4) , (x5, 0.4,0.4,0.4, —0.5, —0.5, —o.5>}>,
By =

<62, {{z1, 0.2,0.2,0.4,-0.3,—0.3,—0.5) , (x5, 0.3,0.3,0.3, —0.4, —0.4, —0.5>}>

<61,{<x1, 0.8,0.8,0.7,—0.3,—0.3, —0.4) , (x3, 0.6,0.6,0.4, —0.7, —0.7, —0.4)} },
By =

<e2, {{z1, 0.4,0.4,0.4, 0.6, —0.6, —0.6) , (x, 0.6,0.6,0.6, —0.4, —0.4, —o.4>}>

Then t; = {0, B, 1} and 13 = {0, B2, 1} are BNSTs on X and Y respectively. Now we define a
bijective mapping ¢ : (X, 11, F) — (Y, T2, E) by ¥(a) = u and ¥(b) = v. Then v is a BNSC-
continuous mapping but not a BNSCSGa-continuous mapping.

Theorem 5.14. 1. If ¢ : (X, 71, E) — (Y, T2, E) is a BNSCGa-continuous mapping and ¢ :
(Y, 12, E) = (Z,73, E) is a BNS-continuous mapping, then ¢ o : (X, 71, E) — (Z,13, E)
is a BNSCGa-continuous mapping.

2. If¢Y (X 1, E) — (Y,712, E) is a BNSCGa-continuous mapping and ¢ : (Y, 72, E) —
(Z, 73, E) is a BNSCa-continuous mapping, then ¢pov) : (X, 11, F) — (Z, 73, E) is a BNSGa-
continuous mapping.

3. If¢Y - (X,1,E) — (Y,712,FE) is a BNSCGa-irresolute mapping and ¢ : (Y, T2, E) —
(Z,73, F) is a BNSCGa-continuous mapping, then ¢ o : (X, 11, E) — (Z,7t3,E) is a
BNSGa-continuous mapping.
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4. If ¢ : (X,11,E) — (Y,72,E) is a BNSGa-irresolute mapping and ¢ : (Y, 12, E) —
(Z,73, E) is a BNSCGa-continuous mapping, then ¢ o ¢ : (X,11,E) — (Z,73,EF) is a
BNSCGa-continuous mapping.

Proof. 1. Let Bbe aBNOS in Z. Since ¢ is a BNS-continuous mapping, ¢~ *(B) is BNOS in Y.
Since 1) is a BNSCa-continuous mapping, 1) ~!(¢~1(B)) is a BNSGaCS in X. Hence, ¢ o 9
is a BNSCGa-continuous mapping.

2. Let Bbe aBNOS in Z. Since ¢ is a BNSC-continuous mapping, ¢~ !(B) is BNCS in Y. Since
1) is a BNSCGa-continuous mapping, 1! (¢~1(B)) is a BNSGaOS in X. Hence, ¢ o v is a
BNSGa-continuous mapping.

3. Let B be a BNOS in Z. Since ¢ is a BNSCGa-continuous mapping, ¢~ *(B) is BNSGaCS
in Y. Since v is a BNSCGa-irresolute mapping, 1~ (¢~1(B)) is a BNSGaOS in X. Hence,
¢ o 1 is a BNSGa-continuous mapping.

4. Let B be a BNOS in Z. Since ¢ is a BNSCGa-continuous mapping, ¢~ (B) is BNSGaCS
in Y. Since 9 is a BNSGa-irresolute mapping, 1~ (¢~!(B)) is a BNSGaCS in X. Hence,
¢ o ¢ is a BNSCGa-continuous mapping.

O

6 Conclusion

In this paper, we have introduced bipolar neutrosophic soft contra generalized pre-continuous map-
ping and bipolar neutrosophic soft contra generalized a-continuous mapping. Results are in this
paper shows that preservation of topological structures such as closeness and openness by various
continuity mappings.
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