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ABSTRACT

In this article, new generalized neutrosophic soft %, open set is introduced in neutrosophic soft bi-topological
structurers (NSBTS) concerning soft points of the space. This new set is produced by making the marriage of soft
semi-open set with soft pre-open set in neutrosophic soft topological structure. An ample of results are investigated
in NSBTS on the basis of this new neutrosophic soft *;, open set. Proper examples are settled for justification of
these results. The non-validity of some results is vindicated with examples.
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1 Introduction

Fuzzy set theory [!] is the most importantly effective way to deal with vagueness and incom-
plete data and it is being developed and used in various fields of science. Fuzzy set (FS), which
is directly an extension of the crisp sets. However, it has a shortcoming, i.e., it only addresses
membership value and is unable to address the non-membership value. Since fuzzy set theory
(FST) was too young at that time and researchers were working actively. Finally, Atanassov [2]
addressed the deficiency in fuzzy set theory in sophisticated way and resulted in bouncing up
a new idea with new wording “intusionistic fuzzy set theory (IFST)”. This approach supposes
membership value and non-membership value.

Molodtsov [3] opened a new window of research and inaugurated the concept of soft set
theory (SST) to address the uncertainty, which links a crisp set with another set of parameters.
Soft set theory has a big hand as an application in many fields like function smoothness, Riemann
integration, measurement theory, game theory, etc. [4]. The second leading cause of cancer death
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among men in most industrialized countries is prostate cancer which depends upon various
factors, such as family history, age, ethnicity, and prostate-specific blood level (PSA).

PSA levels in the blood are an important way of diagnosing patients initially [5-7]. Yuksel
et al. [8] discussed prostate cancer (PSA), prostrate volume (PV) and age factors of patients on
the basis of fuzzy set and soft sets.

Wei et al. [9] leaked out the concept of VSS which is an extension to Huang et al. [10]
deeply studied [9] and pointed out some incorrect results. They verified the incorrect result with
examples and gave some more new definitions. Wang et al. [11] initiated the concept of vague soft
topological structures with title topological structure of vague soft sets. They authors discussed
the basic concepts related to vague soft topological and studied the results in vague soft topology.
The soft set to the hyper soft set was generalized by Smarandache [12]. In addition to this, the
author introduced the hybrids of crisp, fuzzy, intuitionistic fuzzy, neutrosophic, and plithogenic
hyper-soft set. Bera et al. [13] opened the door to a new world of mathematics and inaugurated
the conception of new structure (neutrosophic soft topology) on the basis of neutrosophic soft set
(NSS). He discussed all the fundamentals in polite way and on the basis of these fundamentals
he moved to the fundamentals results and for better understanding suitable examples were put
forwarded. Ozturk et al. [14] are pioneered in new operations on neutrosophic soft sets and
then new approach to neutrosophic soft topology on the basis of these new operations. Ozturk
et al. [15] leaked out concept of neutrosophic soft mapping, neutrosophic soft open mapping
and neutrosophic soft homeomorphism on the basis of operation defined in [14]. Mehmood
et al. [16] generated new open set in NSTS, known as left b star open sets. Neutrosophic soft
separation axioms in NSTS are switched on to different results which are countability theorems,
linking of these theorems with Hausdorff spaces, convergency of sequences, continuity, product
of spaces, Bolzano Weirstrass property, compactness and sequentially compactness, etc. AL-
Nafee [17] introduced new family of NSS. The author defined new operation on neutrosophic
set. These operations are union, intersection etc. On the basis of these new operations the author
defined NSTS. AL-Nafee et al. [18] continued his work and extended the NSTS to NSBTS on the
basis of operations defined in [18]. The authors regenerated all the fundamental results of NSBTS
on these basic operations. Hasan et al. [19] inaugurated NSBTS on the basis of the operations
defined in [13]. The authors introduced pair-wise neutrosophic soft (closed) sets in NSBTS. These
references [13—19] became source of motivation for my new research.

In our study, we worked with the operations given in references [14—16] which are entirely
different from references [13,17]. Then unlike [18,19], neutrosophic soft bi-topological structure is
reconstructed. In Section 2, some basic recipes are inaugurated. In Section 3, Neutrosophic soft
bi-topology (NSBT) is addressed with examples. Some results, union and intersection are also
studied in (NSBT). In Section 4, some main results are addressed. Section 5, more main results

are addressed. In Section 6, some concluding remarks and future work are announced.

2 Related Work

In this section, fundamental concepts are addressed.
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Definition 2.1. [20] A neutrosophic set (NS) symbolized by A on the key set 7 is defined as:
[ T — (07, 17) ]
irm— (07,17),
Fir— (07,17)
07 < T4 (k) +1a4 (k)
+F (k) <3T.

b

Definition 2.2. [3] = be key set, 8 be a set of all parameters, and L£(;r) symbolizes the key
set of . A pair (f,0) is referred to as a soft set (SS) over m, where {f is a mapping given by
f: 0 — L(m).

Definition 2.3. [21,22] Let # be KS and 6 set of parameters. Let £ (;r) signifies power set

A={{k, T ,iqg k), Fqlc): k €m))where,

of all neutrosophic sets on w. Then a neutrosophic soft set (;,9) over w is a set defined by

a set valued function % representing a mapping j: & — £ () where ¥ is called approximate
function of the neutrosophic soft set (f,@). It can be written as a set of ordered pairs: (f,0) =

{1k, Ty 00 B0 By € €] 2 mE D).

Definition 2.4. [13] Let (f,@) be a neutrosophic soft over the key set = then the complement

of (f@) is signified G,G)C and is defined as follows:

~ C
(f,@) ={((n, |[/<,‘l;(n)<v), 1 _if(n)ww]Fﬁn)(K) cken]): neb}. It’s clear that

~ c\ ¢ ~
(o)) = (o).
Definition 2.5. [22] Let (%,9), (p,0) two neutrosophic soft over the key set 7. (11,6) is supposed
to be neutrosophic soft sub-set of (p,6) if 'I;(n)m < -Iﬁ(n)(K)’ if(n)(“ =< iﬁ(n)(")’ Ff(n)(") = Fﬁ(n)m, Yne

O&Y k € m. It is denoted by (?,9) C (p,9). (?,9) is said to be neutrosophic soft equal to (p,6) if
(f,@) is neutrosophic soft sub-set of (0,0) and (p,60) is neutrosophic soft sub-set of G,G). It is

denoted by (f,@) =(p,0).
Definition 2.6. [16] Let (?1,9) , (fz,9> be two neutrosophic soft sub-sets over the key set

so that (%1,9) #* (}2,9). Then their union is denoted by (%1,9)|;|(¥2,9) = (}3,9) and is defined as
(F3,0) = {((n, IIK,7;3(,1)(0,%3(”)(@,F;S(n)m: k en]): neb}. where

T max [‘I T

3 = i Tyt

Yyt = max [‘ﬁ ) Yy
F min [F

f3m®© = f1(m) ) Ffz(n)w )
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Definition 2.7. [16] Let G],G), (?2,9> be two neutrosophic soft sub-sets over key set 7 such
that Gl,@) # (?2,9). Then their intersection is denoted by (f1,9> il GZ,Q) = (?3,9), is defined as

[(;3, ’I’L) = {((’I’L, “[K, -l%(n)(,() ) i¥3(n)(,(> , F%(n)(,() LK € 7T]]) ne 9}] Where,

Tryon =i T 0T

F3(m) (<) Frm > )

where 1, () = Min [% > ) >

F o =max [F Fum® > Fyayter-

Definition 2.8. [14] Neutrosophic soft set (f,@) overkey set 7 is said to be a neutrosophic soft
null set If _If(n)<"> =0, if(n)<"> =0, Ff(n)<"> =1;,Vvneb,Vk em.

It is signified as O ).

Definition 2.9. [14] Neutrosophic soft set (f,@) over key set 7 is an absolute neutrosophic soft
set 1f Tf(n)w = l,if(n)w) = l,IFf(n)<K> =0;,Vne0&Vk em.

It is signified as 1(; ). Clearly, O ) = L(z.n)> Lir.)" = Og.m)-

Definition 2.10. [14] Let neutrosophic soft set (7,0) be the family of all NS soft sets and t C
NSS (,0). Then 7 is said to be a neutrosophic soft topology on 7 if (1). O((x).n), L((x).n) €T, (2).
The union of any number of neutrosophic set soft sets in t € 7,(3). The intersection of a finite
number of neutrosophic soft sets in t € t, then (7, 1,0) is said to be neutrosophic soft topological
space over 7.

Definition 2.11. [14] Let neutrosophic soft set (7??0/) be the family of all neutrosophic set over
7, k €7, then NSk, n,.95) 18 NS point, for 0 <pi, 92,93 <1 and is defined as follows:

| J{vm2,03)  if y=«}
K(m1.m.03)®) = 0,0, 1) if y#x)

Definition 2.12. [14] Let neutrosophic soft set (7?,\_9/) be the family of all neutrosophic soft
sets over key set m Then NSS(ky, y,,95))¢ is called a neutrosophic soft point, for every « € 7,0 <
{h1,92,93} < 1,e €0, and is defined as follows:

K¢ ‘@) = <Ul’02an3> @(f €‘=e/\/y,:,(
(91.92.03)° 0,0,1) if e £FeAy#k

Definition 2.13. [14] Let (?,9) be a NSS over key set 7. k%, .y € NSS (%,9) if 01 Ty 00
D2 < ¥ 00> 937 Fy 00+
Definition 2.14. [14] Let (7,7,0) be a NSTS over m. Neutrosophic soft set (;,9) in (w,7,0)

is called a neutrosophic soft neighbourhood of the neutrosophic soft point &, yy.s) € (f,@), if

there exists a neutrosophic soft open set (g 6) such that k™, p,.45) € (3,0).
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3 Neutrosophic Soft Bi-Topology

In this part, the concept of NSBTS is defined. Furthermore, new types of open and closed
sets have been introduced in neutrosophic soft bitopological spaces.

Definition 3.1. [If (7,11,60), (m,13,0) are two NSTS, then (m,T;,T2,0) is called NSBTS.
If (m,t1,72,0) be NSBTS. Neutrosophic soft sub-set (f,0) is said to be open in (w,T(,T2,0) if
there exists a neutrosophic soft open set (f;,0) in T; and neutrosophic soft open set (f3,0) in T
such that (f,0) = (f;,0) U (f2,0).

Example 3.2. Let 7 = {k1,k2,k3}, 0 ={e,e2} and 11 = {O(z.6), L (z.6), (W1,0) , (W2,0)},

T1 = {0(x.0), L(z.0), (£X1,0) , (X2,6)}, where (w1,0),(w2,0),(£1,0) ve (X2,0) being neutrosophic
soft sub-sets as following:

¢ € i 02 03 08 04 04 04 02 04 03\7
w = Ka_a_a_ 7K7_7_7 S TN AN 1
@O D=1V 100107 10/°\* 107 10° 10/ °\** 10° 10" 10/

03 02 06 01 05 05 04 03 04\7
flw.,0) (€2) =

"10°10°10/7\" > 10°10°10/"\ " 10" 10" 10/ |

04 03 06
"10°10° 10

04 05 03
"10°10° 10

03 05 02\]

flw.0) (€1) = '10°10° 10

¢ Vo - =
(.0) (€2) = ’10°10° 10 1010’ 10 "10°10° 10 ]

fi<.0) (€1) =

"10°10°10/°\"* 10" 10" 10/°\"* 10" 10" 10/ |

04 06 03
"10°10° 10

03 07 03
"10°10° 10

05 07 01\]
"10°10° 10/ |

o)

o) )

o) {10 1o 1)

00 10] (= 1010
i) )

o) {10 1 1)

fi<.0) (€2) =

01 02 02\]
’10°10° 10/ |

)
)
)
)
)
|

(0 1 )
(5570 )
(5570 )
< 06 06 02 < 04 06 O1\]
(5570 )
SRS

01 02 O7>

03 03 03
fe €)= {%175:75° To

270°10°10/°

fi4,.0) (€2) =

S
S
S
0w
[
S
e

01 02 07 03 03 03 01 02 02
"10°10°10/°\** 100100 10/°\"> 100 10° 10/ [ |

Then (@1,0) U (@2,0) = (02,0), (01,0) U (£1,0) = (£1,0), (@1,0) U (£2,0) = (02,0), (£1,0) U
(£2,0) = (£1,0), (02,0) U (£2,0) = (02,0) and (01,0) N (@2,0) = (02,0), (w1,0) N K= (X1,0),
(@1,0) N (K2,0) = (@2,0), (K1,0) N (K2,0) = (£1,0), (@2,0) N (K2,0) = (X2,0).

Therefore, t1, 79 are NSBTS on 7 so (mw,T,T2,0) is a NSBTS.
Theorem 3.3. Let (;r, 71, 72,0) be a NSBTS. Then T Nt is a NSBTS on .

Proof: 71 and NST3 are clear. For NST2, let {(w;,0);iel} € 11 N Ty. Then (w;,0) € T4,
(wj,0) € T2. As T, To are Neutrosophic soft topologies on z, then Uj(wj,0) € T1, Uj(w;,0) € Ta.
Therefore U;(w;,0) € T1 N1>.

Remark 3.4. Let (v, Ty, 7T2,0) be a NSBTS, then 1 UT; need not be a NSBTS on 7.
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Example 3'5' Let T = {K1:K25K3}9 0 = {elan} and Tl = {O(nﬁ),1(7-[’9),(0)1,9),(0)2,9),(6()3,9)},
T2 = {0(z,0), L(,0), (£X1,0),(X2,0) where (@1,0),(w2,0),(£1,0) ve (X2,0) being NSSs are as
following:

t e [[e, 02 03 08 04 04 04 02 04 03\
@0 CU=1\"10°10°10/°\"* 10" 10" 10/"\"> 10° 10" 10/ |
f ey [, 0302 06) [ 01 05 05\ / 0403 05]
@O =22 =1\"10°10°10/7\"> 10° 10" 10/"\ " 10" 10" 10/
b ey [, 0403 06) [ 04 05 03) /03 05 02]
@20 V= 11K 75° 70> 10/°\** 10° 10° 10/°\">* 10" 10" 10/ |
b ey [, 304 05\ [ 0206 04) /04 06 03]
@208 =1\¥1 76> 70> 10/°\** 10° 10° 10/ °\">* 10" 10" 10/ |
b ey [, 0504 04) [ 06 06 02) | 0406 0]
@)V =1\"110° 10" 10/°\** 10" 10" 10/ "\*** 10" 10" 10/ |
b ey [ 0406 03) [ 03 07 03\ /05 07 O1)]
@082 =1\¥1 70> 70> 10/°\** 10° 10° 10/°\"** 10" 10" 10/ |
C oo ony <[ 0504 04\ | 0606 02) /04 06 01\
O =1\ 10107 10/°\" 107 10° 10/ 7\ "> 10" 10° 10/ |
C oo on [ 24 06 03) /0307 03) /05 07 01y
o=\ 70°10°10/°\"* 10" 10° 10/°\*** 10" 10° 10/
b oo oy [ 0L 02 07\ /03 03 03| /0L 02 02}
20 U= 1\ 7010 10/ \** 10° 10° 10/°\ > 10° 10° 10/
b o= [ 0L 02 07 03 03 03) / 0L 02 02
202 = 1\ 10" 10" 10/°\"* 10" 10" 10/"\"** 10" 10" 10/ |

Here 1 Uty = {0v,0), 1 (z,0), (@1,0), (@2,0) ,(w3,0),(K1,0),(X2,0)} is not aneutrosophic soft
topology on 7w because (w3,60) U (X3,0) ¢ T1 UTs.

Definition 3.6. Let (7,71, T3,0) be a NSBTS. Then aneutrosophic soft set
(x,0) ={(e, {{«, Tr(e)(k), I e) (), Fic(e) ()} : k €, € € 0}

is called as a pairwise neutrosophic soft open set (PNSOS) if there exist a NSOS (x1,60) in T;
and a NSOS (x»3,0) in T such that for all xe U

— — <X,maX {Tl><(e) (K):TG(C) (K)}, }) . }
(X,0) =(x1,0)U(x2,0) = {(e, {max{I.x(e) (). 16 ()} .min {Fye) (). Foe O ) echy.

Definition 3.7. Let (7,71, T2,0) be a NSBTS. Then a neutrosophic soft set
([X,Q) = {(ea {(KaTM(e) (K) >ID<(C) (K) QFM(S) (K)>}) k€ 7T,e € 9}
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is called as a PNSOS if there exist a NSOS (x1,0) in T; and a NSOS(x,,0) in T such that for
all kenm

_ _ (x,max {Tre) (), TG ()}, max {1 (), IGe) (K)},}> . }
(><,0)—(><1,9)U(b<2,0)—{(e,{ min{F.x(e) (K),FG(e)(K)}) ceeby.

The set of all pairwise neutrosophic open sets in (w,T(,T2,0) is denoted by PNSO
(r,T1,72,0).

Definition 3.8. Let (77, T(,72,0) be a NSBTS. Then a NSS
(D(70) = {(ea {<K9Tl><(€) (K) >ID<(€) (K) 9FD<(6) (X)>}) kK E ﬂ,e € 9}

is called as a pairwise neutrosophic soft closed set (PNSC) if (x,0)¢ is a PNSO. It is clear that
(x,0) is a PNSC set if there exist a NSOC (x1,60) in T; and a NSOC (x»,0) in T, such that for
all k en

_ _ (e, min {x (), TG ()}, min {Ixe) (), IGe) (K)},D, }
(D<,t9)—(><1,9)ﬂ(><2,9)—{(e,{ max | Fye (0)., Fo e (€))) ceef

The set of all PNSC in (i, T1,T2,0) is denoted by PNSC (w,71,72,6).

EXample 3'9' Let o= {Klsz’K?)}a 9 = {61962}: Tl = {O(H,Q)al(ﬂ,g)a(wlae)}) TZ =
{0(x.6)> L(x.6), (W2,0)} where (w1,6), (w2,6) are defined as

f ey [, 02 03 08 04 04 04 02 04 03\7
@) U =1\170°70° 10/ \"> 10" 10° 10/ \*** 10" 10° 10/ |
- )_‘ 03 02 06 01 05 05 04 03 05\7
(60],9) 2) = i Klaloa 10’ 0 s K27 109 10510 s K3a 103 105 O ]
e [, 04 02 06 01 05 05 04 03 05\7
@0 D=1V 702707 10/°\** 10" 10° 10/ \*> 10° 10" 10/
b ey [, 04 03 06 04 05 03 03 05 02\
@0 D=1V 70707 10/°\"* 107 10° 10/ \** 10° 10" 10/

02 02 08 01 04 05 02 03 05 03 02 06
Then (wlae)U(CUZ:Q):{(el,{(Kl, 10° 10> m):(sz 10° 10> m>a<K3a 10° 10> m)})a (625{<K17 10° 10> m>7
01 05 05 03 03 05 :
(Kz,w,m,m>,<K3,m,m,w>})} 1s a PNSOS. Also

b e [, 8 07 02 06 06 06 03 06 02\
@0 =11\"70°10°10/°\"> 10° 10" 10/°\** 10° 10" 10/
b e [ 06 08 03 05 05 01 05 07 04\
(wl,g)c 2 - i Kl) 10’ 10510 ) K2: 10510710 ) K3a 1051()) 10 |
e /06 08 03 05 05 01 03 07 04\
(07,0)¢ \L2) = i K1, 103 105 0 >\ K2, 10510310 s\ K3, 10,10’ O |
e 06 07 04 03 05 04 02 05 03
@0 =11\ " 101010\ > 10° 10° 10\ 10° 10" 10/ | [ -
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Therefore,

(©1.0)° N (02, 0)° = 08 07 02 06 06 06 08 06 07
wl’ wz’ - el’ Kl’ 105 10’ 10 b K2a 10’ 103 10 b K39 10’ 107 10

07 08 04 09 05 05 06 07 01
2\ T 10’ 10/°\"* 10° 10> 10/°\"* 10> 10° 10
is a PNSC.

Theorem 3.10. Let (7,7, T2,60) be a NSBTS. In this case

1. O(ﬂ’g), l(ﬂ’g) € PNSO (77.’,T1,T2,9).
2. If {(x;,0)]iel} CPNSO (7, 71,72,6) then (J;(x;,0) € PNSO (7, 71,72,0).
3. If {(G;,0)]i eI} CPNSC (7,71, T2,6) then mieI(Gi’Q) € PNSC (m,711,12,6).

Proof.

1. Since 0(71,9) UO(T(,Q) :0(7-[’9), 1(71’9) U 1(7-(,9) = 1(7{’9) then 0(7,79), l(mg) are PNSC.

2. Since (x,6) € PNSO (7,71,72,0), there exist (x!,0) € 11, (x!,0) € 1> such that (x;,0) =
(D<i1,9)U(D<i1,9) for all i e I. Then

Uier(%i,0) = Uier (<1, 0) U (x1,0)) = (Ujer (%1, ) U (Ujer (x2,60)).
As Ty, T2 are NST on 7w, Uiel(xil,e) €Ty, Uiel(xfﬁ) €.
Therefore, | J;c;(xi,0) € PNSO (7, 71,72,0).

3. Since (Gj,0) € PNSC (7, 71),712,0), there exist (Gi1,0)° € 11 and (Giz,é?)C € Tp such that
(Gi,0) = (G},0)N(G2,0) for all iel. Then

Nicr(Gi ) = Nicr (G, 6) N (G},0)) = (Micr(G],0) N (N1 (GF, 0)).

Then (;(Gi,0) € PNSC (7,71,12,60) as ((ie1(G1.9)) e 11, (Mier(G2.0)) e 11

Theorem 3.11. Let (7,71,7T2,0) be a NSBTS. Then every neutrosophic soft i-open set is a
PNSOS.

Proof. Let (x,0) e 1 or (x,6) € T2. Since (x,60) = (x,0)U0x ), then (x,0) e PNSO (7).
Theorem 3.12. Let (7,71, T,60) be a NSBTS and (X,60), (w,0) € NSS(;r). Then,

clp> (0(z.6)) =00y and clp™ (1ir.0)) = )

(X,60) CcIySS(X,0)

(X,0) is a PNSCS if cI}sS (4,0) = (X,6)

cI5SS (£,0) € clYS (w,6) if (£,6) € (w,6)

IS8 (4,0) U eSS (0,0) c clFSS ((£,6) U (0,6))

cINSS (c1§5S (/<,9)> = cINSS(<,0), i, cINSS(<,0) is a PNSCS.

S kR L=
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Proof. It is obvious.

Theorem 3.13. Let (7,T1,T2,0) be a NSBTS over m and (w,0) € NSS (). Then, «°x; 9,95 €
K€ (ynpuny) 1S @Y PNSOS con-
tains ke, ny.;) and T12 (kK ny5) is the family of all PNSOS contains &5, Use, |
(X,0) # 0z 0).

Proof. Let «€gy, p,.03) € clll:ISS (w,0) and suppose that there exists Uy yimy) € T12 (X*(1.02.03))

55 (0,0) if and only if for all Ut (g1 nymy) € T12 (K 1n2ny)) Where U

92.93)

such that Upe N (4,68) = Og). Then (£.0) C (U Thus ¥ (<,0) ¢

C
[ .
Kk (01~02»U3))

NS (U - U ¢ which implies cI)SS (w,0)NUS =0 a contradiction
P “ooawz) ) T € (1003) P S gy 0 ’

(91.92.93)

C
Conversely, that €, n,.;) ¢ (:l%ISS (X,6), then k€, n3) € (clgss (/<,0)) € T2 (Xe(m,nz,ns))-
Therefore, by hypothesis, (CIESS (/<,9)> N (X,0) # 0x.6), a contradiction.

4 Main Results

In this section, some new definitions are introduced which are necessary for the up-coming
sections.

Definition 4.1. Let (7, T,72,0) be a NSBTS over «, (},9) be a neutrosophic soft set over .

Then (f,@) is
(1) Neutrosophic soft semi-open if (?,9) C VScl (VSint (},9))
£.0))

(3) Neutrosophic soft =, open if (f@) - VScl(VSint (?,9)) L VSint(VScZ (f@)) and

(2) Neutrosophic soft pre-open if <f,«9> C VSint (VSCZ < 9)

neutrosophic soft *; close if (]?,9) D VScl (VSint (f,@)) n VSint (VSCZ G,@))

Definition 4.2. Let (w,T;,7T2,0) be a NSBTS over =, K1>\<m’n2,n3> * K2>\/<m/,n2/,m/> are neu-
trosophic soft points. If there exist NS%; open sets (%,9)&(;,9) such that K1>\<m702,n3> €
7 N ~ _ N ~ N I _
(f,G),iq i) 1 (8:0) = 0((,;>’9) OT K27 (n1/.ma/m3/) € (§.0) .52 (n1/.02/03/) 1 (f’9> = 0((;}),9>’
Then (,7T1,72,0) is called a NSBxy space.

Definition 4.3. Let (7,7;,7,0) be a NSBTS over m, K1>\<mm,n3) * K2>\/< are

n1/.92/,93/)
neutrosophic soft points. If there exist NS*,-open sets (?9)(;9) such that K1>\(m’n2’n3> €

- . / . / -
(f,@) ’K1>\<Ul,Uz,U3> r (g’e) = 0((&%0) and K2>\ <A1/3A2/~A3/) S (g’: 9) 5K2>\ <U1/=UZ/7U3/> M <fa 9) = O(<7;)’0>>
Then (7, T,T2,0) is called a NSBxp; space.
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Definition 4.4. Let (7,7T|,72,0) be a NSBTS over n’K1>\<U1,U2,U3) *+ K2>\/<m/’02/,n3/) are neu-

trosophic soft points. If there exists NS%;, open set (;,9), such that K1>\<mm,n3> € G,Q),
K2>\/<m/’nz/,n3/) € (9,9) & G,@) m (%9) :0(0?),9)' Then (7, 7T1,T2,0) is called a NSBxp, space.

Example 4.5. let 7 = {x{,x,}, the set of conditions by 6 = {e,e}. Let us consider neu-

....................

soft pOil’ltS. Then the famlly T = {0((77[%9),1((7;),0)’(?1”0)9(5’9)’ (%99)> (ﬂ,@),(%,@),(%,@),

,0)., (f~8‘9) yeen (frs,@)}, where (f~19) =2°11(0.1,0.4,0.7)> (f~29) = 221(0.2,0.5,0.6)> (f~39) = 2°12(0.3,0.3,0.5)»

= 22040404 (550) = (71.6) U (72.6).(6.0) = (71.6) U (73.6).(f.6) = (.6) U

(75,0) = (72,6) U (73,6) . (7o.6) = (72,6) U (4.6) . (F10,6) = (73,6) U (4.6)., (f11,6) = (f1.6) U

U (73,6), (f12.0) = (71,6) U (72.0) U (72.6) , (f13.6) = (72,6) U (72.6) U (72 6), (f1.6) = (F1.6) U
}

= {()( o) 1( #10)° (f{,e)}NSTS. Thus (7, 71,72, 8) be a NSBTS. Also (r, t1, 72, ) is VSBsx,

structure.

Theorem 4.6. Let (,T),72,0) be a NSBTS. Then (m,T(,72,0) be a NSBxp; structure if and
only if each neutrosophic soft point is a NSxj,-close.

Proof. Let (m,7T|,72,0) be a NSBTS over ”'Kl%(nl,nz,nﬁ be an arbitrary neutrosophic soft

point. We establish "lx(m,nz,w is a neutrosophic soft *;-open set. Let K2>\/<Ul/’nz/,n3/> € K1>\<U]’U27U3).

: N4 N N N N
Then either k2 (917927 .93/) > K17 (91,92,93) OF K2 (v1/.92/.93/) <Kk2 (v1/.92/.93/) Or k2 (917,927 .93/) ==
N N N : N N
K17 (91.02.03) OF K277 (y1/,92/ 03/ ) <= K1" (n1,92.93)" This means that «» (017,027 ,93/) and «i (91.92.p3) are€

two are distinct NS points. Thus k; > k» or k; < ko or X =X or X < X\ or k| >> k2 Or
K] <<k or N =>= X or X << . Since (w,T],T2,0) be a NSxp; structure, 3 a NS%p-open

set (,0) so that 2 (n1/.m2/ w3’y € (4.6) and K1>\(Ul,02,03) n(g.0) = 0((,}%9), Since, K1>\(01»U2,U3) M

= 0) — N > N N :
(3.0) = O(<7~r>,9)4 S0 k2™ (917027 51} € (2:0) C k1™ (9.0005)- ThUS K17, 5,0y IS @ NSkp-open set,
ie., K1>\<U1502,U3> is a NSxp-closed set. Suppose that each neutrosophic soft point K1>\(Ula‘32,03> is a

NS#p-closed. Then (K1>\<m,‘)2’n3))

is a NSxp-open set. Let 17y, 1y, MK2 (01/.02/ 03/} = 0((7;%9).

N N N PN ¢ _
Thus (K2 (m/,nz/,%/)’@) < (Kl <m,nz,n3>) > K1 (Ul,Uz,UﬂH(Kl <n1,nz,n3>) _0((;”’9)' So (7, T1,72,0) be
a NSB-xp space.
Theorem 4.7. Let (m,T(,T2,0) be a NSTBS over the father set # Then (i, 7,60) is NS-%p

space if and only if for distinct neutrosophic soft points K1>\<m7‘)2,n3>, sz/< ) there exists

917,927 93/

a NSxp-open set (f,@) containing but not K2>\/ (01/.02/ .03/ such that sz/ (01/.02/.03/) ¢ (f,@).
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Proof. Let K1>\(m,n2’n3> - K2>\/ (01/.027 037 be two neutrosophic soft points in NSx*j, space. Then

there exists disjoint N.S%, open sets (?,0) ,(2.6) such that 1™y, 1,05 € <¥,9> &y (102! 037} €

~ . / < ~ /
(g,@). Since <K1>\(01502,U3>’9>HK2>\ (917,027 03/) :0(({1),9) and (f,@) M (9,9) :0((7}),9>‘K2>\ (017,027 .03/) ¢

= / = / .
(f,@) = K> (01/.92/ 037 ¢ (f,@). Next suppose that, K1>\(m’02,%> = K™ (01/.02/ 03/} > there exists a

e e N N N4
NS#*, open set (f,@) containing k1™, y,.9;) DUt not «z (01/.92/.93/) such that «» (01/.92/.93/) ¢
—C —C

(f,@) that is (f,@) and (f,@)y are mutually exclusive NS*; open sets supposing K1>\(Ula‘32:‘)3) and

/ .
K2>\ (01792 03/) 1n turn.

Theorem 4.8. Let (r,T1,72,0) be a NSBTS. Then (rw,T1,712,0) is NS%,; space if every neu-
trosophic soft point k1™, y,.45) € (?,9) € (m,7,0). If there exists NSk, open set (,6) such that

K17 010903 € (3.0) € (2,0) C (f,@), Then (7,T1,72,8) a NS%p, space.
/ . .
Proof. Suppose Kﬁmmm) M k™ (0102l 3!y = O((ﬁ),a)‘ Since (mw,T1,T2,0) 1s NS%p space.

/ .
K1>\<U1,nz,nz) and ™ {01/l /) AT€ NSx;, closed sets in (m,Ty,T2,0). Then K1>\(01702503> €

c
(K2>\/(01/,02/,03/)) € (m,71,72,0). Thus there exists a NSk, open set (,0) € (m,T1,72,0) such

C
that K1>\<Ul,02,03) € (g,@) - (g,e) - <K2>\/(01/,Uz/,03/)) - So we have KZX/(Ul/,Uz/,Uz/) € (é,@) and

(2.0)1((2.9))° =O<<7~T>’9>, that is (,T1,T2,0) is a neutrosophic soft %,, space.

Definition 4.9. Let (7, T,72,0) be a NSBTS. (f@) be a NS#p, closed set and le(m,nzm) M
(?,9) = 0(@)’0). If there exists NSkp-open sets (g.0) and (&.6) such that K1>\<m,nz,n3> €

(41,9) . G,@) C (8,0) & k1™ (9, .503) 1(1,0) :0(<7}> 9), then (7, 7Ty, 7,0) is called a NBSx,-regular

space. (mw,T1,T2,0) is said to be NS#p3 space, if it is both a NS regular and NSBx;; space.
Theorem 4.10. Let (7,T1,72,0) be a NSBTS. (,t,0) is soft %3 space if and only if for every

K1>\<m’nz,n3) € (?,9) that is (g,0) € ({wr,71,72,0) such that "1>\<U1,\)2,U3> €(g.0)C(3.0)C (?,9).

Proof. Let (7,71,72,0) is NS%p3 space and fq>\<mm,n3> € <¥,9> € (mw,T1,T2,0). Since
(m,T1,T2,0) is NSx*p3 space for the neutrosophic soft point K1>\<mm,n3> and NSx*; closed set
~ C ~ C
(f,@) , there exists (g;,60) and (g,,6) such that k1™, . 4, € (31.6), (f,@) C ($5.0) and (g;.0)N

(85.6) = 0(@79). Then we have (k1™ .,.05.0) € (§1.0) C (95,0)° C <¥,9>. Since (g5,0)° NSxy,

~

closed set (g,0) C (45,0)°. Conversely, let (K17 191 2m3.0) N (7—1,0) = 0((&)9) and <’ﬁ,9) be
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~ C
a NSx, closed set. K1>\<mm,n3) € (’H,Q) and from the condition of the theorem, we have

N ~ =N -, ¢ N ~ >y = ¢ -
€ ) € (§:0) € (86) € (H.0) . Thus 10 gy, € (8:6). (#.0) € (3.0) and (3.6) N

(Q,G)":O((,}W). So ({m,T1,T2,0) is NSBx*p3 space.

5 More Main Results

In this section, more main results are addressed. The structures in one space can be switched
over to another space through soft functions satisfying some more conditions. These structures
are separation axioms and other separation axioms, compactness and countably compactness.

Theorem 5.1. Let (w,T;,72,0) be NSBTS such that it is NSBx;, Hausdorff space and
((Y),Sl,32,9> be an-other NSBTS. Let (§,6): (w,71,72,0) — ((Y),31,32,9> be an-other

NSBTS be a soft function such that it is soft monotone and continuous. Then ((?),%1,52,9> is
also of characteristic of NSBx; Hausdorffness.

Proof. Suppose K1>\(01,Uz,03>1’K1>\<01702,U3>2 € (m) such that either K1>\<01’02703)1 . K1>\(Ul,02,03)2
or K1>\<m,‘,2,n3>1 < "1>\(n1,nz,n3>2' Since (75‘,9) is soft monotone. Let us suppose the monoton-

. . . >\ >\ >\ >\ . .
ically increasing case. S0, K17 (301 > K17 (ALALA) 2 OF K17 (o)1 < K17 (nymo,n3), IMplies

that # - F or < respectively. Suppose
(le(nl")z,‘m)l <K1>\('71"12’U3>>2 (Kl (‘11")2"13>>1 <K1>\('71"12’U3>>2
/

N N ¥ N N NG
K27 i/l s/ Y 12 K27 (o1l w3/ )5 € (Y) such that «; (702l 3y 7 K27 (1 mal wsl )y OT K27 (917 95/ 03/ )4
< N SO N > N or N < N

k2 (Ul/,Uz/,\B/)z > K2 (\11/,02/,03/) 1 k2 (Ul/,Uz/,m/)z k2 <U1/"72/»U3/> 1 k2 (Ul/,t)z/,%/)z

. S/ N — i
respectively such that «» (01/.92/ .93/) K2 1 iyl = #lemmzm)z, since,

o #(le(m"?zm))l
(w,T1,T2,0) is NSBx, Hausdorff space so there exists mutually disjoint NSx, open sets
(#1,0) and (#,0) € (71 T1,T2,0) — #((#1,0)) and #((#2,0) ( Y),5,0). We claim that

F({(#1, 0NN, 0)) = O e Otherwise #((#1,0))NF({#2,0)) ;é O .6)" Suppose there exists
K3x//(m// Uz// ‘,3// € #( /&1, NOF((#,0)) = k3™ (n1// 2/ w3ty € f( (#1,0))ic3™ (m//,nz//,ns//)l €
F((#2.,0)), k3™ (01//,02//,\33//)1 € #({(#1,0)),# is soft one-one and there exists K3>\/ {01/ ! m31/) 5 €
(#1,0) such that K3x//(m//,.,2//,n3// = Fk3™/ m// 1,2//,‘,3//> )st//(m//,.,z//,m// € f((#,0)) =
3K3>\//(01//,U2//,U3//)3 € (#,0) such that #x3™/ m//,,,z//,%//)) = flk3™ (m//,nz//,ns//)z)

/]f'(l(3>\// (1 sl 3l1) 5 ). Since, # is soft one-one =>/c3>\//<m// 02/l 03/ ) =K3>\//<m// 02/ 03/1) 3 implies
that "3>\//<m// 0o/l !y, € B, 0)), K3 (m// 0o/ w3/, € $({#2,0)) implies that 3! (1 s/ w3l1) 5 €
F((#1,0 )ﬂqf( (#5,0)). This is contradiction because (#1,60)N (%,,60 )=0(< .6 Therefore, #({#;,0))N
F({#2,0)) = 0.z 0) Finally, «* (ro2m)1 7 Kl <U]=U2:US)2OrK1>\<‘717‘32703>1 = K1>\<Ul,‘)2,\13>2 =
K1>\<U1,n2703)1 7 K1>\(01,\32=03)2 = #(K1>\<U1,02,U3)1) = 75L(K1>\(t)1,\32,*)3>2) or 7Sl(’(1>\(01,02793>1) = 751(K1>\(U1702=U3>2)
= $1™ (1.0205) 1) F B (91 9205)5)- Given a pair of points K2>\/(\11/,02/,U3/)1’K2>\/<Ul/,\)2/,n3/)2 €

~ / / .
(Y) > 1™ (017 0203/) | £ K™ (017 0503/} 5 We are able to find out mutually exclusive NS*; open



CMES, 2022, vol.130, no.3 1577

sets #((£1,0)), #((£2,0)) € (Y),§1.82.0) such that "2%(\31/,02/,03 € $((£1,0)), 2™ (01/,.,2/,03/)2 €
#({#2,0)) this proves that (Y),31,52,0) is NSBx;, Husdorff space.

Theorem 5.2. Let (7,71, 72,0) be NSBTS and ((?),%1,%2,9> be an-other NSBT'S which satis-

fies one more condition of NSBx, Hausdorffness. Let (75‘,9): (7,11, 12,0) —> (<Y>,31,32,9> a soft

function such that it is soft monotone and continuous. Then (7, 71, 72,0) is also of characteristics
of NSBx;, Hausdorffness.

b PN ~ : N N
Proof. Suppose «i (01.02.03) 12 K17 (ni.mansz)p € 7T such that either «; (92,9301 7 K17 (1.02.03)2

x PN DN PN N DN
O K1 (np,ha3)1 = K17 (91,02.03) 2" Let « (1920301 7 K17 (pa3)2 OT K17 (nmans) 1 =< K17 (n1.02.03)2
: : N PN N N :
implies that #(c1™ ;000301 > FE1™ 91,02.03)2) OF FK1™ (0505 1) < FK1 ™ (,.0,m5)2)  TESPEctively.

Suppose K2>\/<Ul/,‘)2/,f)3/>1’K2>\/(Ul/,02/,‘)3/)2 € (Y) such that K2>\/<Ul/’\)2/,f)3/>1 - K2>\/<m/,nz/’n3/>2 or
sz/(m/,nz/,%/)l < sz/(gl/,,,z/,m/)z- So, K2>\/(m/nz/ vi/)p > K2>\/(01/Uz/,n3/>2 or K2>\/(Ul/~02/503/>1
K2>\/<Ul/,02/,n3/>2 respectively such that K2>\ (01/.027 037 15‘((/{1 1 r)2,‘33>)1),/<2>\/<m/’02/,n3/>2
75&(’(1>\<01,U2,U3>2) such  that K1>\<Ul»172a‘33)1 = ¢! (KZ (m/m/,na/)l) and K1>\(Ul,02,03>2
#_I(sz/m/,nz/,%/)z)- Since K2>\/(Ul/,n2/,f)3/>1’K2>\/(m/»02/,\)3/)2 e (Y) but ((¥),51,52.0) is NSBx,
Hausdorff space. So according to definition 2™’ (0102 037} | > ot (91/.02/.95/) 5 OF /Q*/(m/m/m/)l <
K2>\/(Ul/ﬁ)2/»‘)3/>2‘ There definitely exists NS%, open sets (#1,6) and (#,0) € (Y),51,52,0)
such that K2>\/<m/702/503/>1 € (#1,0) and K2>\/<U1/7U2/’U3/>2 € (#,0) and these two NS%, open
sets which are disjoint. Since # '((%1,60)) and # '({(#,0)) are NS*;, open in (7,11, 12,60).
Now, # '((£1,0)0F 1 ((£1.0)) = § ' ((£1,0) N (£2,0)) = (D) —0 =) and (2" (m/,nz/m/))l €
,0) = § (™ (o) als/)1) € B (1,0)) = K17 g1y, € (F1,0)), ™ (/02 m3l), €
(,0) = F (2™ (01! 2l 3/),) € §~ 1((#2,6)) implies that &1y, 4ons, € (£2,0)). ((£1,0)),
K1>\<U1 m.3)2 €5 Y((#,6)). Accordingly, NSBTS is %, Hausdorff space.

Theorem 5.3. Let (77, 7t1,12,0) be NSBTS and ((?),31,32,0> be an-other NSBTS. Let (#,9):

(7,11, 172,0) — ((?),31,32,9> be a soft mapping. Let <(I7),31,32,9) is NSBx; Hausdorff space

then it is guaranteed that {("1X<m,nz,n3>”‘2x/ (m/,nz/,nz/)> (1 1) = 75&("? (m/,nz/,ns/))} is
a NSxp closed sub-set of (7, 711,12,0) X ((Y),gl,gz,e).

Proof. Given that (7,71,72,0) be NSBTS and ((Y),31,32,9> be an-other NSBTS. Let
15‘ ) (7,11, 72,0) —> <(f’),31,32,9) be a soft mapping such that it is continuous mapping
( (Y), 31,3, ) is NSBx; Hausdorff space Then we will prove that {(((Kﬁm]mm))),/<2>\/<,,1/,U2/’U3/>>:

(( 91,02, 93>)) 15‘(/Q>\ (m/,nz/,‘)s/))} is a NSx, closed sub-set of (7,11,12,0) X ((f’),%l,&jﬁ).
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Equavilintly, we will prove that {("1>\<m,nz,ns>”‘2>\(m/ 02/.03/ >) 75&(("1>\<m,nz,n3>)) = <K2>\/<U]/,Uz/,n3/))}c
is NS, open sub-set of (7,11,12,0) —> ((5’),3’1,32,9>- Let ((le(nl,gz,ng))aK2>\/<1)1/,|j2/,r)3/)) €
{("lx(m,nzm)a"2%(01/,1)2/,03/)) with K1>\<Ul,‘)2,\)3)>’(2 (917,027,937} * 75)'(Kl>\(\31,1)2,\33)) >#<K2>\/(U1/,nz/,na/))}c
or (K1>\<Ul,02>‘)3)’K2>\/ (m/ 02/, ns/)> < {(lem] 2 (m/,nz/,na/)) with 17y, 5,y < 627 {01702/ 03/) -

/
(1™ (91.2.00)) < 751( {01702/ 03/ ))} Then, £ (k17 (y,.5.07) >75l<"2X <Ul/aUZ/aU3/>> or < (1™ (y,.2.03))
< 15‘( (01/.02/ 03/ >> accordingly. Since, ((Y),%l,gz,é) is *;, Hausdorff space. Certainly,

£k <n1,02,n3))’#<"2 /(m/,nz/,ns/)> are points of (( )3’1,32,0>, there exists NS, open

sets (G.0), (£0) € ((1),51,52.6) such that $((k1 o)) € (Go0) F(1™ ) €

(£,0) provided (G,0)N(£0) = 0%;_0/) . Since, (£,6) is soft continuous, #1((G.0) &
Y)y

#‘1((/’&,9) are NSx; open sets in (7,71,73,0) supposing Kﬁ<01,nz,03> and ’Qﬂ(m/,nz/ﬁ)s/)
respectively and so # 1((G,0) x # 1((H,0) is basic NSk, open set in (7,71,72,0) —>

((?),31,32,9> containing ((K1>\<m,02’n3>),K2>\/<m/,n2/’n3/>>. Since (G,0) N (£,6) =0y, it is clear
by the definition of { (€™ p,.mm) 42 o/ a/anry ) F1 t0rmm00) = (2™ (/) )| that
s {#71(G.0) &7 ((£,6)} N {((Kﬁ(m,mm))wz%/ (m/,nz/,nz/)) L F (%) =15‘<K2 (m/,nz/,ns/)>} = 0z.),
that is #7'((G,0) x #~' ((£,0) € {(Kl <Ul,Uz,U3)’K2>\/(01/,\)2/,03/)) 3#(K1%<m,gz,n3>)=75‘(K2%/<m/,\,2/,‘,3/)>}c~
Hence, {(K1>\<01702,03>’K2>\/ (m/,nz/,ns/)> : #(le(manz,na)) = f(K2>\/(Ul/,Uz/,U3/))}C implies  that
{<K1>\(U1’Uz,n3>,K2>\/(U]/,Uz/’m/)) L (17 (0y.0905)) =75‘<K2>\/ (01/702/’030)} is NSx, closed.

Theorem 5.4. Let (7,71,7,6) be NSBTS and ((¥),51,52,6) be an-other NSBTS. Let
(#.0): (7. 11,12.0) — ((?),31,32,9> be a NSx, open mapping such that it is onto. If the

/ / .
soft set {(K1>\<U1,U2,03)’K2>\ (01/,\32/,03/)) : 75L((’(1>\(t)1,\32,t)3>)) :#((sz (m/,nz/,m/)))} is NS#) closed
in (7, 11,72,0) X ((?),31,32,0), then (7, 11, 12,6) will behave as NSBx; Hausdorff space.

Proof. Suppose #(x1™ f K2>\/ J /0y ] DE two points of (Y) such that either
(n1,92.93) (n1/.927,037)

N N N N N
(<17 102m)) > #(K2 (m/,nz/,na/)> or < £ (k1™ y;.npm3)) < #(’Q (m/,nz/,na/)>' Then (k1™ (y;.95.03)
N pN : N N4 . N
k2 (Ul/,ﬂz/,\n/)) ¢ {(KZ (m/,oz/,m/)) with €17 () ) n3) > (KZ (Ul/,nz/,%/)) : 75L(Kl (Ul,nz»rm) >~
N N N N . N N .
751('(2 (Ul/m/,ns/))} or (/q (n1.92.p3)> K2 (m/,nz/,m/)) ¢ {Kl Winanz) WIth K17 ) 5 0y < K2 (017,927,037} -

N N : N N PN
#(Kl (01,U2,03))'<7§'<K2 (01/,\)2/,03/))}’ that is <K1 (91.02,03)> K2 (m/,nz/,m/)) < {(Kl (91,92,03) »
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K2>\/(Ul/=f)2/:‘)3/>> with K1>\(01,Uz,03> = K2>\/<U]/J)2/:U3/>: 75&("1%@1,02,03)) >~ 75L('{2>\/(\Jl/,nz/a‘B/))}C of
(K1>\<‘31702»U3)’K2>\/<Ul/,f)2/,‘)3/>> € {<K1>\<01»02503)’K2>\/(01/,\)2/,03/)) with 17 5.0 <"2>\/(m/,nz/,na/)‘
75&("1>\<m,nz,na)) <#(K2>\/<Ul/,02/»03/))}c‘ Since, <K1>\(01,Uz,03>"{2>\/<Ul/=Uz/7U3/)) < {(K1>\<Ul,\)2,\)3> >
K2>\/(Ul/302/,03/)) with K1>\<01,U2303) >K2>\ (017027 03/ )+ #(Kl <n1,nz,n3)) >#(K2>\/(t)1/,\)2/,03/))}c o1
(Kl%m],nz,na)a’@x/(m/,nz/,m/)) € {("lx(m,nz,nz%"Zx/(m/,nz/,m/)) with K1>\(Ula‘)2»03><K2>\/(Ul/,02/,‘)3/>:
# (k17 (91.0003)) <15‘(/c2>\/<m/’m/m/>)}c is soft set in (7,71, 72,0) x ((f’),%l,&ﬁ), then there exists
NSxj, open sets (G,0) and (£,0) in (7,71,72,0) such that (K1X<n1,n2,n3>”‘2>\/(m/,nz/,na/)> €(G,0) x
(#0) € {((K1>\<Ul,nz,n3>)’K2>\/(U1/,02/,U3/)> with K1>\<m,02,\33) >K2>\/(U1/,Uz/,n3/): f((’(1>\<‘71,02,f)3))) .
#<K2>\/ (mﬂmﬂnﬂ))}c or (le(m 92, 03)’K2>\/(n1/,nz/,\33/)) €(G.0) x (k,0) € {((K1>\<01,02,U3)) ’K2>\/(\31/J)2/,03/))
with K1>\(01,U2,U3> <K2 (Ul ,UZ/aU3> #(K1>\<Ul,02a03>) <#(K2>\/<Ul/,‘)2/,‘)3/>>}c' Then, since f 1S NS>I<[7

open, #({G,0)) and #({#,6)) are NS, open sets in ((Y),31,32,0> containing #(K1>\<m’nz,n3)) and

#(sz/ o /,nz/,m/)) respectively, and £((G.6)) N#((4 0)) :0@;;) otherwise #((G,0)) x#((£6))

N : PN NG . N pN
N {((Kl (01,02,03>) ’) with (Kl (01702703)) = K27 {1/ 90/ 93/ ) - ﬁ((’q <m,oz,n3>)) = #(Kz (m/,nz/,ns/))} or
PN N N N N .
(((Kl (01,02,03)) K2 (Ul/,nz/,n3/))>¢ {<(K1 (01502»03)) K2 (Ul/,nz/,m/)) with (Kl {91.92, U3>)<K2 (917,927 937} -
/ o _ ‘
(17 t1.02.03))) <#<"2% (m/,nz/,m/))} = 0((:%),9)' It follows that <<Y>’§1’§2’9> is NSBx; Haus-

dorff space.
Theorem 5.5. Let (7, 11,72,0) be a NSB second countable space and let (75‘,0) be NS uncount-
able sub set of (7,71,72,0). Then, at least one point of (f,0) is a soft limit point of (£,6).
Proof. Let 20 = (B,B,,B3,B4,...8,: neN) for (7,11, 12,0) .
Let, if possible, no point of (#,6) be a soft limit point of (#,6). Then, for each k1™, 4,45 €

(#,0) there exists NSx, open set (,0,9)< ) such that k1™, v, 0, € (,0,9)( ) and

>
K17 (v .02.03)
e
K1>\
(91.92.03)

) Therefore Bn( N )ﬁ(#ﬁ) S

K17 (v1.92.03)

N
K17 (n1.02.03)

) A (£.60) = { (k1™ (9,000 ) }- Since 2 is soft base there exists Bn<

K1

(p,Q)(

(91.92.93)

>\ (o=
such that (K1 (gl,m,m)) € Bn("lx(nl,nzm)) S <'0’9>("1X<n1,n2.n3)
<'0’9>(K N )ﬂ<15‘,<9>= {0617 1.92.039) }- More-over, if i1 o, gy p3)1 and €17y, gy ), be any two

1" (v1.92.03)
NS points such that /q 01003 ] 7 K1 (91,02,03), Which means either K1 X e Kﬁmlmm)z

or /<1>\<m,,32’,)3)1 < K (01,02,03)2 then there exists Bn( and Bn< in 20

~
1 (nl.nzm))z

) ﬁ<757—>0) = {(K1>\(01,02»U3>)2}‘

“ (‘?1’“2~‘)3>)1
such that B,/
(/c (v1.92:93) /5

1 031-‘)2,1)3))10(#,9): {(Kl <Ulyn2 03) } and B (K1>\

Now, ("1>\<m,nz,n3>)1 # ("1>\<m,nz,n3>)2 which guarantees that {(K1>\(01,Uz,f)3>)1} # {(K1>\<Ulsf)2,‘)3))2}
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~

which implies that Bn( .

K1

) N(#.0) # Bn( N ) N(#,6) which implies Bn<

(v1-92:3) ) (v1m2:93) )5 (01")2’93))1
Thus, there exists a one to one soft correspondence of (#,0) on to

K1 K1

Bn<

~
“1 (‘71,02’03))2

{Bn("lxm ., %)): (K17 (91 2.3)) € (7529)} . Now, (#,6) being NS uncountable, it follows that
{ B, (le(m ., 03)): (K17 (o1 mpm3)) € (75‘,9)} is NS uncountable. But, this is purely a contradiction.

Theorem 5.6. Let (7,71,12,0) and <(f’),3’1,$2,9> be two NSBTS and suppose (f,0) be a NS

continuous function such that (f,0): (7,t1,72,0) — ((?),31,32,9) 1s NS continuous function
and let (L,0) € (7,11, 12,0) supposes the B.V.P. then safely §({L,6)) has the B.V.P.

Proof: Suppose (L£,0) be an infinite NS sub-set of (f,0), so that (£, 6) contains an enumerable
NS set ((le(mm,ns))n :ne€N) then there exists enumerable NS set <<K2>\/ (m/,nz/,m/))n : neN> S
(L,0) s.t. f((Kz (m/,nz/,ns/)),) = (k1™ iooms)), - (£,6) has B.V.P implies that every infinite
soft subset of (L,0) supposes soft accumulation point belonging to (L,0) this implies that
<<K2N(m/,nz/,n3/))n:”€N> has soft neutrosophic limit poit, say, (K2>\/(m/,02/,03/)>0 e (L,0)
. . .. S/ ) . N
implies that the limit of soft sequence <<K2 (01/,02/,03/)>n'”€N> 1S </<2 (m/,nz/,m/))o €

N / . . . .

(L,0) = (Kz <U1/502/,U3/>)n — </<2 (m/,nz/m/))() € (L£,0). f is soft continuous implies

that it is soft continuous. Furthermore (I{2>\/<m/02/ Ua/)) — <K2>\/<m/02/ m/>>0 € (L,0) =
02/, " 027,03

f(((KZX/OJl/Uz/ 03/ ))n>) - f(((KZN(Ul/J)z/,Ua/D )) € J(£.,0) = (K1>\(U1,Uz,n3>)n -
f((/cz (017 2/ 3/ )0> € f({L£,0)) implies that limit of a soft sequence <(K1>\<U1,U2,U3>)n :neN) is
)

f((Kz (01027 3/ )0 € f((£,0)) implies that limit of a soft sequence ((k1™(,.,05),: 7€ N)
is f((n1/,92/,03’) € (1,0) ((L£,0)). Finally we have shown that there exists infinite soft subset
<(K1>\<UI»UZ>U3>)H ‘n GN) of f({L,6)) containing a limit point f(( (017027 037 ) ) €f({L,0)). This
guarantees that {((L,6)) has B.V.P.

/\_/

Theorem 5.7. Let (7,11,72,0) NSBTS and let <( K1 (123)) > be a NS sequence in (77,11, 72,6)

such that it converges to a point (k1™ v,15)), then the soft set (g,6) consisting of the points
N _ .
(k1 (‘117‘327“3>)no and (k™ i), 1=1,2,3,...) is soft NSB compact.

Proof. Given (7,11,72,0) NSBTS and let <(K1>\<m,m,n3>)n> be a NS sequence in (7, 11,12,6)

P

such that it converges to a point (K1>\(01702’03>)n0 that is (k1™ (y,.00.05)),, — (K1>\<m702,n3>)n0 e 7.
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/—\_//'\_//-\_/

Klx(Ulﬁvz,Ua);(\’flj\(m,*12703))2’( 1" (91,02, n3>)3
("1@2,\39)4’ ("lfo\agzm))s’

(K1>\(01,\32,U3>)6’(K1>\(m,0m3>)
covering of (g,0) so that (g,0) € U{(&,0),: @ € A}, (k1™ (n,.0505) )n0 (¢,0) implies that there

Let (g,0) = . Let {(&,0),:aeA} be NSx, open

exists g € A such that (K1>\<U1,U2,U3))n0 € (6,0),,. According to the definition of soft con-
vergence, (K1>\<m’n2,n3))n0 € (6,0)4, € (7,71,72,0) implies thatthere exists ng € Ns.t.n > nyg and

>\ . . . >\ >\
(k1 (01702,U3>)n € (6,0)q,- Evidently, (8,6),, contains the points (1 (01,02,‘)3>)no’(’(1 (01702,U3>)n0+1’

PN N PN N
(k1 <Ul»U2’U3>)n0+2’ (k1 (UlsUZaU3>)n0+3’(K1 o)) - (K1 <01J)2,U3))n0+n"” Look carefully at the

: . ) N N 5 N
points and train them in a way as, (Kl (01,02,03>)1 , (/q <m,nzﬁns>)2 , (/q <m,nz,n3>)3’ (/q 1, U2,03>)4’ ...
(K1 91.92.03)),, - - - - generating a finite soft set. Let 1 <no_1. Then (k1™ n,)); € (¢0). For this

i, (k1 o, 2, 03) (g, ). Hence there exists o; € A such that (k1™ p,. 03)); € (8.6),,. Evidently

( )C U”O ! . This shows that {(G,Q)ai : 0§n0_1} is NSx;, open cover of (g,@). Thus
an arbitrary NS*b open cover {(6,60),: a €A} of (9,9) is reducible to a finite NS cub-cover
{(6,0)4;:i=0,1,2,3,...n9_1}, it follows that (g,6) is soft NSBx, compact.

Theorem 5.8. If (7,11, 12,0) NSBTS such that it has the characteristics of NS*; sequentially
compactness. Then (7,11, 12,60) is safely NSBx;, countably compact.

Proof. Let (7,71,72,0) NSBTS and let {p,0) be finite soft sub-set of (m,71,72,0). Let

(K1>\(01,Uz,03>) 1° ("1>\<m,nz,na>)z> (K1>\<UI’02,U3>)3’

P S g

PN PN i
(Kl (nl,nz,m))m("l <U1,02,U3))5’ be a soft sequence of soft points of (p,6). Then,

(K1>\<01702=U3>)6’ (K1>\(01=\12703>)7’ e

(0,0) being finite, at least one of the elements in {(p,0) say (K1>\<U1,92,U3))0 must be duplicated an
>\/_\_/ >\/_\_/
/_\(/Kl (01,02,03)1(1’\(/’(1 (Ul,Uz,m)Ly\/
~ N PN
(Kl (1,92, 03))0’ ( K17 (01,02, Us))oﬂ( 1 (Ul,Uz,'B))O’
~
(Kl <m,nz,ns>)o’ (Kl <n1,nz,nz))oa X

in-finite number of times in the NS sequence. Hence,

P

is soft sub-sequence of <(K1>\<m,nz,n3))n> such that it is soft constant sequence and repeatedly

constructed by single soft number ("1>\<m 02, m))o and we know that a soft constant sequence

P

converges on its self. So it converges to (k1™ n,.s)), Which belongs to (p,6). Hence, (p,6) is
soft sequentially NSBx;, compact.

Theorem 5.9. Let (7,11, 172,0) NSBTS and ((Y),31,$2,9> be another NSBTS. Let (75&,9) be a
soft continuous mapping of a soft neutrosophic sequentially compact NS, space (7, 11, 72,6) into
((?),31,52,9> , then (#,9)(ﬁ,11,r2,9) is NSBx; sequentially compact.
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Proof. Given (7,1),72,0) NSBTS and ((?},31,32,9) be another NSBTS. Let (£,6) be a

soft continuous mapping of a NSB sequentially compact space (7,1, 12,0) into ((i/),gl,gz,e)

then we have to prove (#,9)(ﬁ,r1,t2,9) NS sequentially. For this we proceed as. Let

PN N/
<K2 (01/,02/,\13/)> v (KZ (Ul/,Uz/,Us/))z’
N N be a soft sequence of neutrosophic soft points
< ’ (IQ (Ul/,nz/»03/))5’ (K2 (Ul/,Uz/,m/))é’ > 4 P P

>\/ >\/
_</<2 (nl/,nz/,g3/)>7, e <K2 (m/,gz/,m/))n, _
in ($,6)(7,71,72,0), Then for each n€ N there exists

—_~

PN N
(1 Q@m))p("l %tn))z’
N N
o (1 (UlanUS)L{i_(fl (01.02.0)) 57 such that
N N o
(1 00203 72+ (K1 0102.05) ) o - -+ € (T2 71, 72,6)
— — <K2 (01/ 027,93/ ))1 (KZ (Ul/ 027,93/ ))
N PN
(Kl (01,02,03))1’('(1 (01,02,‘)3))2’ < . /) K2>\/ sl )
01 02/93/) ) 2 Ul 027,03
N = 3
(#.6) (K17 1.02.03)) 35 < > Thus
- - K2 ( / 9o/ /) > | K2 < / 9y/ /) 5
~ ~ < v1/,927,93 ) ( 917,927,03
(Kl (01,\32,\)3))7""(’(1 (01,02,03))n""‘ Lo 7
NS
“(KZ (01/,02/,\13/)> ’
u n |

— —_—

(K1>\(01702=U3))1’ (Kl
(

(K1x<m,nz,n3>)5 ) ("1

b
<m,nz,n3>)2v

>

<m,nz,ns>)3> (K1>\<Uls02,03>)4’

we obtain a soft sequence in (7,11,72,0). But (7,11, 172,0)

N
(01,92,03))6’

-(Kﬁ(‘h,nz,%))w e (K1>\<01,Uza03))n’ R

being soft sequentially NSBx;, compact, there is a NS sub-sequence <(K1*(m,‘,2,n3))ni> of

<(K1>\<Uls‘)2,‘33))n> such that <(K1>\(Ula‘327‘)3>)n[> — (K1 yy0pmp) € (T.71.72,0). So, by NS,

contiuity of <75L’9)’<(K1>\(01702,U3>)n;> —> (K1 (9,.p.5)0) implies that (£,6) <<(K1>\(01702,U3>)n;>> -

—_—~—

<f,9>(<(m*;:§;n3>)n>> € ($.6)(%,71,12,6). Thus, <75€9><<(K2”<m/,n2/,n3/>)n,>> is a soft
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>\/ >\/
<K2 (n17.02/.n37) )1’(K2 {017.02/.037) ) 5>

N N
(KZ 01/\)2/03 >3’ k2 01/02/03 )5

N

sub-sequence of <
VA
<K2 (17927 .03/) )5’ k2 Ul/nz/ n3/)

> converges to ((£,6)) (k1) in (#,60)
6

N, N
_(KZ (017,927 03/ ))7"“<K2 (Ul/,Uz/,m/))n’

(m,71,72,0) . Hence, (#,9>(ﬁ,r1,r2,9) is NSx; sequentially compact.

Theorem 5.10. Let (7,71, 72,6) NSBTS and suppose (f,6),(g,0) be two NS continuous function
on a NS BTS (7,71,72.6) in to NSBTS <<i/>,31,32,9> which is NSBs, Hausdorff. Then, soft set
{(K1>\<Ul 92, 03)) €T (f) ((K1>\ {n1, Uzm))) = (g’)((’qx (1,92, U3>))} is NS closed of (7,71,12,6).

Proof: Let If {(Kl (192, 03)) €T (f) ((K1>\ (01,92,93) )) - (g)((xl (192, 03)))} is a NS set of func-
tion. If { (k1™ y.003)) €75 (B) (k1™ (91 9005) ) = (g)(:q)} =, it is clearly NS, open and there-
fore, {(k1™tym5m5) €72 (B) (K1 (910005 ) = @D (K17 (9,000 )} 18 *p closed, that is nothing is
proved in this case. Let us consider the case when {(k1™u, nmm) €72 (§) (k1™ m0mm)) =
(g’)(('(1 (1,92, Uz)))}é a (Kl (1,92, Uz)) and let p € {(K1>\<01,U2>U3)) €T (#) ((K1>\(01,Uz,03>)) =
(@) (k1™ <n1,nz,n3>))} Then p does not belong { (k1™ (y,.ny05) €71 (8) (K179, 05.05)) = (@ D)}
Result in (£) (o) # (¢) (p). Now, (( Y),%1,%0,0 > being NSBx, Hausdorff space so there exists

NSx; open sets (g,6), (9,0) of (§)(p) and (g)(p) respectively such that (g,6) and (%,6) such
that these NS sets such that the possibility of one rules out the possibility of other. By soft

continuity of (£,6),(g6), (15”',9>_1 as well as (g,0>_1 is NSk, open nhd of p and therefore,
50 is <75L’0>_1 ﬁ<g”9>_l is contained in {(K1>\(01,02,03>) SEC (#) ((K1>\<01’02,03>)) = (g’)((’qx(m,nz,m)))}’
for, (K1>\<Ul,‘)2,03>) € ((75&’9)_] ﬁ<g*’9>_l) = (#) (("1>\<m,nz,n3>)) < (g*’9> and (g’)((#) ((K1>\<Ul,02,n3>)) #
(@ (k17 (9,.00.03))) because (g,0) and ($,0) are mutually exclusive. This implies that &
does not belong to {(K1>\(01,02,03))€7~T: (#) ((K1>\(01332m3>))=(g’)((’<1>\(01,‘32,\)3>))}' Therefore, p €

—1 ~ —1 ~ g .
#~ (26)0 (@) ((9-6) € 1™ iy €71 (8) (1™ 1.02.09) = (9) (17 (1.02.09) - This shows
that {/q wrmns) €75 (B) (K1 1000 ) = (8) (K1 191.0003)) | is neighborhood of each of its points.

So, { K17 (91.02.m3) € T (#) (K1%<m,nz,nz>) = (g’) (K1>\<01,02,U3))}CNS*17 open and hence {"1>\<m,nz,ns> en
(#) (Kl (01,02,03>) = (g“)("1>\<m,nz,n3>)} is NSk, closed.

Theorem 5.11. Let (7,11, 12,0) NSBTS such that it is NSBx;, Hausdorff space and let (#) be

soft continuous function of (7,1, 172,60) into itself. Then, the NS set of fixed points under (#) is
a NSBx; closed set.

Proof. Let § = {(15‘) (K1 t1.909))) = (K1 1.905)) - IF 8¢ = &, Then is NSx, open

and therefore {( ) ( (n1,92,93) )):(K1>\<U1,02,03))}Ns*b closed. So, let {(#) ((K1>\<01,U2303))) =
, / ,

(K1>\(1)1,\327U3>)}c # & and let i* (/. ws/) € {(#) ((K1>\<U]a‘)27‘73>)) = (K1>\<01702,U3>)}C' Then,
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N N — N N
K2 (/o /) dOES DOt belong to {(#) (K17 (91.09.93)) =K1 (010005} @nd therefore (£) (K2 <m/’02/,n3/>)

” K2>\/(n1/,nz/,n3/)‘ Now, ’QX/(m/,Uz/m/)’ (%) <K2>\/(m/,f)2/,\33/)> being two distinct points of the
NSBx, Hausdorff space (7,11,12,0), so there exists NSx, open sets (g,@), ($,0) such that
KZN(m/,nz/,%/) € (2.9).(§) (sz(m/,nz/,na/)) € (9,0) and (g,0),(9,0) are disjoint. Also, by
the NS continuity of (15‘), (#)_1(<H,0) is NSx;, open set containing ¢ We pretend that
(96)0(B) " ((9,0) € ((A) (K1 ty1.m0.09))) = (617 (.09 Y- Since 1€ (g,0) A (#) ™ (9,0) => p e

(g.0), € (B = 1 e(g.0), () () € (9,0) => 1 # () (). As (¢,6)7(5,0) =& implies that
p does not belong to {(f) (K1>\(U1,\32,U3>) = (K1>\<01,02,03>)} = < {(6) (K1>\<m,02,f)3>) = K1>\<01302,U3>}C'
Therefore, K2>\/<Ul/=02/703/) < (g,,9>ﬁ(7§)_1(<5§,9)) € {(75)') (K1>\(\31,U2,U3)) = (K1>\<Ul,\72,\)3))}c‘ Thus,
{(#) (1™ y100))) = (K1 oy 9o )}¢ is the NS neighbourhood of each of its points. So,

{(f) (1™ 9y.02.9))) = (K17 51,92,02))) i NSy open and hence {(#) (k17 5,.05.05))) = (K17 (51,02,5)))
1s NSBxp closed.

6 Conclusion

Neutrosophic soft topology (NST) is extension of vague soft topology (VST). Vague soft
topology gives two types of information. One is true and the second one is false. It does not give
information about the indeterminacy (doubtful) case. Neutrosophic soft topology is dominant over
vague soft topology because it supposes all the information that is true, false and indeterminacy
at the same time. Neutrosophic soft topology has a narrow domain as compared to neutrosophic
soft bi-topology (NSBT). In our work, we regenerated some structures in neutrosophic soft bi-
topological spaces with a new definition that is %, open sets concerning soft points. We worked
with the operations given in references [14—16] which are entirely different from those in refer-
ences [13,17]. Then unlike [18,19], neutrosophic soft bi-topological structure is reconstructed. In
future, we would try to see the validity of the given structures in neutrosophic soft tri-topological
structures.
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