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Abstract. Vague binary soft continuity over a binary universe with a fixed
parameter set is developed in this paper. Pasting Lemma & and some basic theorems
are also discussed

1. Introduction

Two objects are equivalent in topology if they are homeomorphic. Continuity acts
like a backbone to homeomorphism. Molodtsov [9] introduced soft sets in 1999. It was a
novel approach in set theory, which helped a lot to overcome all the existing difficulties
of classical set theory. In 1997, E.L.Atik.A.A [4] studied some types of mappings on
topological spaces. In 2010, Athar Kharal and Ahmad.B [3] gave mappings on soft
classes. In 2012, Banashree Bora redefined the same and reached to the same result of
Kharal et al.,. In 2013, Cigdem Gundur Aras et at., [6] defined soft continuity using
the definition of soft point. In 2009, Ahmad and kharal [1] discussed on fuzzy soft sets
and gave several ideas. In 2012, Fuzzy soft continuity was developed by Banashree Bora
[5]. In 2015, Jeyaraman et al., [7] gave a decomposition of fuzzy continuity. In 2010,
Pyung Ki Lim, So Ra Kim and Kul Hur [10] developed vague continuity. In 2016, Mary
Margaret and Arockiarani.l. [8] studied vague generalized pre-continuous mapping. In
2016, Ahu Acikgoz et. al., [2] developed Binary soft set theory. Remya. P. B and
Francina Shalini. A [11] developed vague binary soft sets in 2018. In this paper authors
further extended their work to continuity of vague binary soft sets.
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2. Preliminaries

In this section, some preliminaries are given.

Definition 2.1. [11] Refined Definition : (Vague Binary Soft Set)

Let (Uy,Usz) be a binary universe with
U]_:{Ul,UQ7——7’U,T,——,Ui},U2:{UT,U;,_ rv_ ) _7}
E = {e1,e2,——, e, ——, ei} be a fixed parameter set with A C E.
Let V(Uy), V(Usy) denote power set of vague sets on Uy, Uy respectively.
A pair (F,A) is said to be a Vague Binary Soft Set (in short, VBSS) over (U, Us)

where F' is a mapping given by, F : A — V(Uy) x V(Uy).

Here, (F, A) = {er €A/ (er, (er))}
where F(e,) = (<M Ve, € AV, €Uy ), <M Ve, € A,Yur € Us))

N (< e Ve, € A,Yu, € U1> v < : e (1T (07) ];Ver € AVur € U2>>

Uy uk

Truth Membership function ¢ F(er)(uT) is a lower bound on the grade of membership

of u, derived for the evidence for u, € U for the parameter e, under the mapping F,
False Membership function fF(eT)(“r) is a lower bound on the grade of membership of

u, derived for the evidence for u, € Uy for the parameter e, under the mapping F
&
Truth Membership function ¢ F(er)(u:) is a lower bound on the grade of membership

of u} derived for the evidence for u) € U, for the parameter e, under the mapping F,
False Membership function fﬁ(er)(“:) is a lower bound on the grade of membership of

uy derived for the evidence for ) € Us for the parameter e, under the mapping F

&
tipgey (Ur)s Fpe,(ur) : Ur = [0,1] e,y () + ey (ur) < 1
L (eT)( ) fF er)( ) Uy — [O 1] tF(eT)( )+fF(eT)( ) <1

The grade of membership of u,, € Uy in the vague binary soft set (F , A) is bounded
to a sub-interval [tp(er)(ur), 1- fF(eT.)(ur)} of [0, 1]

The grade of membership of v} € U, in the vague binary soft set (F , A) is bounded
to a sub-interval {F(e y(ur), 1= [,y (u *)} of [0, 1]

The vague binary soft value Vi, \(ur) = [tp(er)(ur), 1- fp(er)(ur)} indicates that

the exact grade of membership :“F(er)(ur) of u,. € U1 may be unknown, but it is bounded
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by tﬁ(er)(ur) < Nﬁ(er)(ur) <1- fﬁ*(eT)(“r)~

r

The vague binary soft value Vi )(u*) = [ F(er)( 1= fi er)( *)} indicates that
the exact grade of membershlp (e ( *) of u} € Us may be unknown, but it is bounded
by ey (ur) < pjpey (uy) < fF(e)( )

Definition 2.2. [11] Refined Definition : (Null Vague Binary Soft Set)

A Vague Binary Soft Set (F , A) over a binary universe (Uy, Us) with a fixed parameter
set E having A C F is said to be a Null Vague Binary Soft Set (in short, Null — VBSS)
denoted by (@,A) if

i, (ur), 1= fpey(w)]  =10,0]; V ou €Uy, Ve,€A

i WD), 1 fron @] =[0,05 ¥ wcls Ve cA

(8.4) = {(er ((Shs¥er € Avur et (Bive )}
Definition 2.3. [11] Refined Definition : (Absolute Vague Binary Soft Set)

A Vague Binary Soft Set (F, A) over a binary universe (Uy, Us) with a fixed parameter
set E having A C F is said to be an Absolute Vague Binary Soft Set (in short, Absolute-
VBSS) denoted by (U7, 4) if

Cice,y(ur), 1= fpey(w)]  =I[1,1]; V u. €U, V e €A

Cie) W) 1= fpe w)]l =M1V uiels V ecd

(6:8) = { (o (v < v <) e )

Definition 2.4. [11] Refined Definition : (Vague Binary Soft Complement)
Let  (Uy,Us) be a binary universe. E be a fixed set of parameters with A C E.

Vague Binary Soft Complement of a Vague Binary Soft Set (F ,A) with respect to
Absolute Vague Binary Soft Set (U, A) is a mapping given by F¢: A — V(U,) x V(Us)

Here, (FC,A) {er e A/ (er, (er))}
where Fc(er) = <<M'Ver € A Vu, € U1> <% Ve, € A,Vu} € U2>)

_ << [ Fe(ey )(ur) 1- fFC(P,,‘) } veT cA V’U», c U1> <[tﬁ‘t(cr)(uT)’l*ffc(er)( i };ver c A7vu: c U2>)

tﬁ’c(eT)(Ur) = fﬁ‘(er)(ur); Ve, € A; Vu, € Uy
L= fpeen(ur) =1 =t (u); Ve, € Ay Vu, € Uy

where (2.1)
F‘C(er)( ur) = fie,)(ur); Ve, € A; Vul € U,

— Fie(eny(up) =1—tp (ur); Ve, € A Vul € Us
It is denoted by (F7A) = (F ,A)

Definition 2.5. [11] Refined Definition : (Vague Binary Soft Intersection)
Let (Ui, Us) be a binary universe. E be a fixed set of parameters with A; B C E. Vague
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Binary Soft Intersection of two Vague Binary Soft Sets (F , A) and (G, B) over

(U1, Us) is denoted as, (F, A)\(G, B). Let the output be (K, D), where D = (AU B);
U represents the usual set theoretic union.

Then Ve, € D,
F(er) ;e € B cis Cantor Set Complement operation with respect to D
K(e,) =< G(e,) e € A% cis is Cantor Set Complement operation with respect to D
F(e,)"G(e,) se. € (AN B);Nis Cantor Set Intersection Operation
(2.2)
tﬁ(er)(ur)? Ve, € B¢, VYu, € Uy
Lo () = § Pten (Ur); ver € A% Vur €Uy (2.3)
min {ti'(er)(r)’té(er)<u7')}; Ve, € (ANB), Yu, €l
1-— fﬁ(er)(ur); Ve, € B¢ VYu, € Uy
1= Ficte,y(ur) = L= fée, (ur); Ver € A% Vur €Uy
min {1 — fi(en (ur), 1= fé(er)(“r)} ; Ve, € (ANB), Vu,el;
(2.4)
tF(e,)(u:)7 \V/er S Bc, Vui S UQ
tk(er)(u:) _ t@(eT)(u:); Ve, € A°, Yuy € Uy (2.5)
min {tﬁ(eT)(uj),té(eT)(u:)} Ve, € (ANB), Vu' €U,
1 - fF(eT)(u:)7 ver S BC7 Vu;’f S U2
1~ fieon(ut) =3 1 e (wr); Ver € A% Vup €Uz
min {1 = Ji(en(Ur), 1= fé(e7_)(u:)} Ve, € (ANDB), Vu:eU;
(2.6)

Definition 2.6. [11] Refined Definition : (Vague Binary Soft Union)
Let  (U1,Usz) be a binary universe. E be a fixed set of parameters with A) B C E.

Vague Binary Soft Union of two Vague Binary Soft Sets (F , A) and (G, B) over
(U1, Us) is denoted as, (F, A)U(G, B). Let the output be (H, D), where D = (AU B);
U represents the Cantor set union.

Then Ve, € D,

F(er); e, € B cis Cantor Set Complement operation with respect to D
H(e,) =1 G(e,); e, € A% cis Cantor Set Complement operation with respect to D

F(e,)UG(e,);er € (AN B); Nis Cantor Set Intersection Operation
(2.7)
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tﬁ’(ey,)(“r) ;Ver € BY Vu, € Uy
(o) (ur) = 4 Teen (W) Ve, € A% Yu, € Uy (2.8)
maz {t(.) (")t (ur) | Ver € (ANB), Vu, € Uy
L= Fie, (ur) ;Ver € B Vu, €U
1= fireny(ur) = 1~ faen () Ve, € A% Vu, € Uy
max {1 — fi(en (ur) 1= fé(er)(ur)} ; Ve, € (ANB), Vu,el;
(2.9)
tige,) (Ur) Ve, € B, Vuy e Uy
tﬁ(er) (U:) = tG(e,)(u:) ;Ver S Ac, Vu: S UQ (210)
max {tp(er)(u:),té(er)(uj)} Ve, € (ANDB), Vu: €U
L= fige,)(ur); Ve, € B%  Yul e U,
L= Fipep (ur) = L= fee,(ur); Ve, € A%, Vu, € Up
maz {1 — Figeny (i), 1~ fé(&.)(uf.)} Ve, € (ANB), Yu' €U,
(2.11)

Definition 2.7. [11] Refined Definition : (Vague Binary Soft Subset)
Let (Up,Usz) be a binary universe. E be a fixed set of parameters with A B C E.

A Vague Binary Soft Set (F , A) is contained in another Vague Binary Soft Set (G, B)
denoted as (F, A) C (é, B) if
(1) A C B ; C denotes usual set theoretical subset operation

(2)V e.€ A, F(e.) and G(e,) are identical approximations.

In this case, (F, A) is called Vague Binary Soft SubSet of (G, B) (in short, VBSSS)
denoted as (F, A) ) (G, B) and (G, B) is called Vague Binary Soft Superset of (F, A)
denoted as (G, B) > (F7A)

Definition 2.8. Refined Definition : (Vague Binary Soft Equal Operation)
Let (F',A) and (G, B) are two VBSS’s. These sets are said to be vague binary soft

equal if (ﬁ', A) is a vague binary soft subset of (G, B) and (G,B) is a vague binary
soft superset of (F7 A). It is denoted by (F, A) = (G, B)

s (F.4) 3 (6.8) ana (€.8) 3 (.4) = (P,4) = (@ 5)

Definition 2.9. [11]

Refined Definition:(Vague Binary Soft Cartesian Product Operation)

Let (U1,Us) be a binary universe. E be a fixed set of parameters with A, B C E.
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Vague Binary Soft Cartesian Product of (F, A) and (G, B) denoted as (F, A) X (G, B)
is a mapping given by M : A x B — V (U; x Uy) x V (Uy x Us); with

M(up,u?) = F(uy) x Gu®); ¥ (up,ut) € (Ax B)=P.
Let the output is denoted as (M , P).
M(ur,u;) =
< [rin (ti(er o) (s ) s tes(er o) Cor ) maw (1= (e p) (irn) 1= tes(ey o) (urur)) >

(ur, Ur)

(ur, ur)

< [mi" (ti(e,,e;) (U ur) (e, e) (ULMT.)) s maz (1 ~ i (epex) (U ur) s T —ta(o, ox) (u:vu:))] >
(2.12)

Ve, ef) € PV (up,u,) € Uy x Uy iV (er, er) € PV (uf,ul) € Uy x Uy

T 7 T

Definition 2.10. [7] (Fuzzy Continuous Map)
A function f : (X,7) — (Y,0) is said to be fuzzy continuous if f=1 (\) is fuzzy open in
X for each fuzzy open set A in Y.

Definition 2.11. [1,5] (Fuzzy Soft Continuous Map)

Let (U, E,7) and (U*, E*,7*) be fuzzy soft topological spaces. Let p : U — U* and
U : E — E* be mappings and f = (p, V) is said to be fuzzy soft continous if the
inverse image under f = (p, V) of any (G, B) € 7* is a fuzzy soft set (F, A) € 7. ie.,
f~1(G, B) € T whenever (G,B) € 7

Definition 2.12. [3,4,6] (Soft Continuous Map)
Let (U, E,7) and (V, E, 7'/> be two soft topological spaces. A mapping f : (U, E,7) —
(V7 E, T/) is said to be soft continous if for each soft open set (G, E) over Y, f~! (G, E)

is a soft open set over X

Definition 2.13. [8] (Vague Continuous Map)

Let (X, 7) and (Y, v) be any topological spaces. A map f: (X,7) — (Y, v) is said to be
vague continous (V continous in short) if f=1 (V) is vague soft closed set in (X, 7) for
every vague soft closed set V of (Y, v)

Remark 2.14. [3]

(1) Soft classes are collections of soft sets.
(2) Let X be a universe and E a set of attributes. Then the collection of all soft
sets over X with attributes from FE is called a soft class and is denoted as (X, E)

3. Vague Binary Soft Continuity

In this section continuity is developed for vague soft sets. Based on this, continuity
for vague binary soft sets are developed. Before entering to continuity concept some
topological aspects for VBSS’s are furnished.
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Definition 3.1. (Vague Binary Soft Topological Space)

A vague binary soft topology over binary universe (Uy, Us) with a fixed set of parameter
set A C E is a family ¥a of vague binary soft sets in (Uy, Us) satisfying the following
axioms:

(i) (6.4),(0,4) € #a

(ii)(G1, A) " (Ga, A) € 7a for any (G, A), (Ga, A) € Ta

(iii)Use 1 (G4, A) € 74, for any family {(G;, A) /i € I}CFa

In this case the 4-tuple (U1, Ua, E, 7A) 4 is called a vague binary soft topological space
(VBSTS in short) and any vague binary soft set in 7a is known as a vague binary soft
open set (VBSOS in short) in (Uy,Us). Any Vague Binary Soft Compliment of a Vague
Binary Soft Open Set with respect to Absolute Vague Binary SoftSet is known as Vague
Binary Soft Closed Set (in short, VBSCS). Vague Binary Soft Open Subset and Vague
Binary Soft Closed Subset are denoted as VBSOSS, VBSCSS respectively.

Definition 3.2. (Vague Binary Soft Hausdorff Space) A VBSTS (U1,Us, E,7a) 4
over V (Uy) x V (Uz) is said to be a vague binary soft T space or vague binary soft
hausdorff space if for every two distinct VBSP’s in (U1, Us, E, 7a) 4 there exists disjoint
VBSOS containing each of them, where V' (Uy),V (Uz) denotes power set of vague sets
on Uy, Us respectively.

Definition 3.3. (Vague Binary Soft Normal Space) A VBSTS (U1,Us, E,7A) 4
over V (Uy) x V (Uy) is said to be a vague binary soft normal if for every two

distinct VBSCS’s (C, A) and (b,A) of (U1,Us, E,7A), there exists two disjoint
VBSOS’s (S, A) and (V,A) such that (C, A) c (S‘,A) and (b,A) c (5'714) , where
V (Uy),V (Us) denotes power set of vague sets on Uy, Us respectively.

Remark 3.4.
(1) (a) Let {W} be a common universe with attribute set A C E. Corresponding

X
vague soft class is denoted by (W, A>

(b) vague soft class is a collection of vague soft sets.
(2) (a) Let {W;,Ws2} be a common universe with attribute set A C E.

>
Corresponding vague binary soft class is denoted by (W, A)
(b) Vague binary soft classes are collections of vague binary soft sets.

Definition 3.5. (Vague Soft Continuous Mapping) Let (U,E,7), and
(W, E*,T2) 4. be two vague soft topological spaces. Let ¢ : U — W and ¥ : A — A*
be mappings and h = (¢, V) : (U, A) — (W, A*) be a vague soft mapping, where A C E
and A* C E* be the fixed parameter sets. Then h is said to be vague soft continous if

the inverse image under h of any vague soft open set (G’,A*) € 1o with the mapping
G : A* — V(W) is a vague soft open set (ﬁ', A) e 7 with F: A — V(U); where V(U)
and V(W) denotes set of all vague sets over U and W respectively. i.e., h~1 (CAJ7 A*) €T
whenever (G,A*) €Ty
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Example 3.6. Let (U, E, 1), and (W, E*, 1) 4. be two vague soft topological spaces
with U = {p,q,r} and W = {m,n,d}, A = {e1,es,e3} C E = {e1,e2,e3,€4,€5,€65}
’ ! ’ ’7 ! ’ 7 !’ ’7 >q >4
and A* = {62,63,64} C E* = {61,62,63,64,65,66} and (U, A)and (W, A*) be vague
soft classes over U and W with fixed parameter sets A and A* respectively. Let
¢:U — Wand ¥ : A — A* be mappings defined as {(p) = d,{(q) = m,{(r) = n

and ¥(e;) = e:o,, U(ey) = e;, Tles) = e,
Let m = {(@,A) , (ﬁl,A> , (ﬁg,A) , (ﬁg,A) , (ﬁ;,A) , (ﬁ,A)} be a vague soft
topology.

0207 0607 [0.1,0.8]

0607 0107 [0.3,0.

(Fy, A) = (3.13)

0304 0108 [0.2,0.

0205 0507 [0.1,0.

0507 0106 [0.2,0.

((*5
(o 5
(%5 i
(%5 7
(%5 5
63’<<0204 0106 [0.1,0.3]
(o 7
(> ’
(%5 :
(%5 :
((*5
(%5

(Fy, A) = (3.14)

0305 0509 [0.3,0.

~ 0508 0606 [0.2,0.
(F37A):

(3.15)

0207 0206 [0.1,0.

0307 0609 [0.3,0.

06 08 [0.6, 07 [0.3,0.9]

(Fy, A) = (3.16)

03 07 [0.2, 08 [0.2,0.6]

=)
=)
=)
=)
=)
=)
=)
)
-)
)
=)
-)

)
)
)
)
)
)
)
)
)
)
)
)
(v

Let , = {(EIS,A*) , (@1714*) , (627A*> , (ég,A*> , (647 ) , ,A*)} be a vague
soft topology.
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(6/27(<[0.27;10.7],[06 0.7] [0.1, 08 >>)

Goa) = (e, 0.6,0.7] [0-1,07) [0.3, 05 (3.17)

( ) Eel" Eé [0.3770.4]’ 0.1,0.8 [02, 0 8 ig%
(6,27<<[0.2770.5]’[05 0.7] [0.1, 07 >>)

Goa) = (<) 0.5,0.7] [0.1,06] [0.2 0 5] (3.18)

( ) Ee;’ EE [0.2770.4], 0.1,0.6] [0.1, o 3 ig%
(6,27(<[0.37?0.5],[05 0.9] [0.3, 07 >>)

Gaa) = (< 0.5,0.8] [0.6,06] [0.2 09 (3.19)

( ) Ee;’ EE [0.27?10.7]’ [0.2,0. 6 [0.1, 0 6 i;g
(6,2’(<[0.3T,no.7],[06 0.9] [0.3, 08 >>)

Goa) =1 (<, [0.6,0.8]’ [06 07 0.3, 09 (3.20)

( ) Ee;’ 22[0.370.7], 0.2,0.8 [02, 06 ig%

2 (54) = (1) (F2) ~ (R
(600~ (Fd) o (614) ~ (o)
It is obvious that g = (¢, ¥) : (U, A) —

gt (GQ,A*) = (F5.4).

g (ﬁ,A*) - (17, A).

(W, A*) is vague soft continous.

Definition 3.7. (Vague Binary Soft Continuous Mapping) Let (U1, Us, E,7a) 4
and (Wy, W, E*,6A) 4+ be two VBSTS’s over binary universe’s (Uy, Uz) and (Wq, Wa)
respectively, where A C E, A* C E*. Let (1 : Uy - W1, (o : Uy - Wy and U: A — A*
be mappings. Then vague binary soft mapping g = ((¢1,¢2),¥) : (U1,Us, E,TaA) 4 —
(W1, Wy, E*,6A) 4. is said to be vague binary soft continous if the inverse image under

g of any vague binary soft open set (ﬁ,A*) € 6a with H : A* — V(W) x V (Wy),
there exists some vague binary soft open set (G, A) €fawithG:A— V(Up)xV (Uz)

Example 3.8. Let (Uy,Us, E,7a) 4, and (W, Wa, E*,5A) 4. be two VBSTS’s.
Let (U = {p,q,r},Us = {x,y}) be a binary universe with a fixed parameter set A C F
where {eg,e4} C {e1,e2,€3,€e4,€5}. Let (W1 = {m,n,d}, Wy = {k,l}) be another binary
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//////

universe with fixed parameter set A* C E* where ell,e,3 C <eq, ey, 63,6y, €5, 66}. Let
¢ :Up — Wy is defined as ¢ (p) = d, (1 (q) =n, G (r) = m, (o : Us — Wy is defined as
Co(x) =1,¢a(y) =k and W : E — E* is defined as U (e3) = ey, U (e4) = €}

Let #a = {(éIS,A) , (Fl,A) , (FQ,A) , (Fg,A) : (F'4,A) , (UA)} be a VBST,

(627 (< [0.3],90.4] | [0.1,q0.5] | [0.6;0.7] > | < [0.3;60.6} | [0.7?,/0.8} >>) | }

(Fy, 4) = 0.1,0.8] [0.2,0.4] [0.1,0.7]\ /[0.2,0.7] [0.5,0.7]
el o)

3 3 )

p q Y

(3.21)

ﬁ%A) ) { (e% << [0.4],70.5]’ [0.1,q0.3]’ [0.2;0.6] > ’ <[0.1a,20.7]7 [0.22;0.9] >>> 7 }

(64, <<[0'1,0-8] [0.2,0.4] [0.1,0.7]>’<[0.2,0.7} [0.5,0.7]

Y Y

p q

b

y
(3.22)

- { (827 (<[0.3;)o.4], [0.1;]0.3], [0.2;0.6]>,<[0.1,x0.6], [0.2;0.8}>>>7 }

(647 (<[0~1,0-6] [0.2,0.3] [0.1,0.6]>’<[0.2,0.6}7[0.5,0.7}

) )

p q

Yy
(3.23)

e, [0.4,0.5] , [0.1,0.5] | [0.6,0.7] | 0.3,07] [0.7,0.9] |
(E’A){( (<[0-1],90-8] [0-2?0-4] [0.4T0.7]> <[0.5ico.7] [0.63,/0.7]>>> }
(c0 (08 0204 B0 (000 00TY))

(3.24)

Let 64 = {(<’1’>,A*) , (GI,A*) : (éz,A*) , (GgA) , (G4,A*) : (UA)} be a VBST,

(él’A*> { <6,1’ <<[0.17;10.7]7 [0.27,10.4]7 [0.1(,10.8]> 7<[0.5;€0.7]7 [0.2,10.7]>)> }

<e;,, <<[o.2,o.6] 0.1,0.3] [0.4,0.5]>7<[0.2,0.9] [0.1,0.7]

)

m n d

k1
(3.25)
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: 0.4,0.6 [02,03] [0.1,06]\ /[06,0.7] [05,06
(éQ’A*>: Ee, Eg[o.go.?] [0.17,10.5] [0.3(,10.4@ 2[0.7?0.8] [0.3f0.6]i§§

i meoor | o (3.26)

. 0.1,0.6 [02,03] [0.1,06]\ /[05,07] [0:2,06
(G3’A*): Ee/ EE[O.;@O.G] [0.1770.3] [0.370.4@ 2[0.2?0.8] [0.1,10.6]i§§

3 m  n ' d ’ k1

(3.27)

<[0.477nO.7]7 [0.2;10.4]7 [0.1(,i0.8]> 7 < [0.6;;0.7]7 [0.5,10.7] >)>
<[0.670.7] [0.1,0.5] [0.470.5]> 7<[0.7];0.9]7 [0.37[0.7]>>

m = n d
(3.28)

AN (Gl,A*> - (FQ,A),
p1 (GQ,A*) - (Fl,A) bl (G‘g,A*) - (Fg,A)
)

A1 (U,A*) - (U,A)

So h is vague binary soft continous mapping.
Definition 3.9. (Vague Binary Soft Open Map) Let (Uy,Us, E,7A), and
(Vi,Va,E,6A) 4« be two VBSTS’s. A vague binary soft map g : (U1,Us, E,7a) 4 —
(V1,Va, E,6A) 4. is called a vague binary soft open map if ¢ (k, A) is vague binary soft

open in (V1, Vs, E,6A) 4. for each vague binary soft open set (K, A) in (U1,Us, E,7A) 4.

Theorem 3.10. Let (Uy,Us, E,7A) 4 and (V1,Va2, E,5A) 4« be two VBSTSs.

g (U1,Us, E,7a) 4 = (Vi,Va,E,6A) 4« be a mapping. Then the following conditions
are equivalent:

(1) g: (Uy,Us, E,TA) 4 = (V1,Va, E,GA) 4. is a vague binary soft continous mapping
(2) g~ (H,A) is VBSCS in (Uy,Us, E, #a) , whenever (H,A) is VBSCS in

(Vla Vv27Ea&A)A*

Proof (1) Let g be a vague binary soft continous mapping. (ﬁ,A) be any VBSCS of

(Vi,Va, E,6A) g« Then <H7A> is VBSOS in (V1,Va, E,6A) . Since g is vague binary

soft continous, g~ (ﬁ,A)C is VBSOS in (Uy,Us, E,7a) 4. Therefore g=* (H,A) is
VBSCS in (U17U2,E77.;A)A
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(2) Let <H,A) be a VBSCS of (V1,Va, E,6a) . Then using assumption g~ (H,A) is
VBSCS in (Uy, Uz, E,7a) 4. Therefore g is vague binary soft continous mapping.

Theorem 3.11. A vague binary soft mapping g : (U1, Uz, E,7a) 4 — (V1,V2, E,6A) g is

vague binary soft continous if and only if g (H, A) Cyg (ﬁ, A) for every (ﬁ, A) C(U1,Uz, E,7A) 4

. >
Proof Let g be a vague binary soft continous and (H, A) be any VBSSS of <U, A> . Let

g (#,4) = (K, 4). Therefore (¥, 4) & (?,A). But (N, A) is VBSCS of ((D;,A) N

g_lg(ﬁ,A) is a VBSCS of (E{A) = g_lg(ﬁ,A)ig_lg<ﬁ,A).

Nowg (H,A) Qm: (H,A) Eglg (H,A) - (H,A) Eg-lg (ﬁ,A)ig_lg (H,A) -

g(ﬁ, A)Qg (H,A) Conversely, let g : (U1,Us, E,7a) 4 — (V1,Va, E,6A) 4 s vague

binary soft mapping with g (ﬂ) Cyg (H, A) for any VBSS (H, A) of (E,A).

Theorem 3.12. Let (Uy,Us, E,7a) 4 & (V1,Va, E,6A) 4 be VBSTS’s. f: (Uy,Us, E,Ta) 4 —
(Vi,Va,E,6A) 4. Then the following are equivalent:
(i) f is vague binary soft continous

(ii) For every VBSSS (J7 A) of (U1,Uz, E,7A) 4- f(J, A)Cf (J, A)

(iii) For every VBSCS (T, A) of (V1,Va, E,GA) 4, the VBSS f~1 (T,A) 18
VBSCS in (Ul,UQ,E,’fA)A

(iv) For each F, e <i7, A) and each vbs nbd (T, A) of f (Fe> there is a vbs nbd (J, A)

of F. such that f (J, A) C (T7 A). In this case f is vague binary soft continous at the

. >
point F, € (U,A

Proof Method of proof is (i) = (ii)=— (i) and (i)=— (iv)=— (i).
From definition 3.9 and Theorem 3.10, ()= (ii) and (iii)=> (i)are clear. To prove

(ii)= (%ii). Let (J, A) be VBSCS in (?,A) and let (T, A) =f-1 (J7A> To prove

(T, A) is VBSCS (E,A). By elementary set theory, f (T, A) =f (f_l (J, A)) C

(V,A). Hence if F. € (T,A), f (Fe) € f(T,A)Cf (T,A)C(j, A)i (J,A) There-
fore B, € 1 (J A) = (T A). Thus (T,A)é (T A) and (T A) C(T,A). Com-

bining (T, 4)= (T, 4) = (T, 4) is VBSCS in (E,A) = ;7 (J.A) is vBSCs
n (?,A) as required. To prove (i)= (i), let F, e (?, A) and (T, A) be a

ubs nbd of f (Fe) Then the set (j,A) =y (T, A) is a vbs nbd of F. such that
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! (J,A) c (T, A). To prove (iv) = (i), let (T, A) be a VBSOS of (V,A). Let F,
be a VBSP of f~! (T,A) = f(Fe) € (T7 A). Therefore by hypotheses there ezists a

vbs nbd (R, A) of F, such that f(R,A) C (T,A) . It follows that f~! (T, A) can be
written as the vague binary soft union of VBSOS’s , hence it is VBSOS = f is a vague
binary soft continuous mapping.

Theorem 3.13. Let (Uy,Us, E,7a), and (Vi,Va, E,54), and (Wl,WQ,E,iéA)A be
three VBSTS’s. If g : (U1,Us, E,7A) = (V1, Vo, E,6A) 4, and h: (V1,Va, E,GA) 4
— (Wl,Wg,E,{gA)A are both wvague binary soft continous then their composition

hog: (Uy,Us, B, 7n) 4 — (Wh W, E,{?A)A are both vague binary soft continuous
Proof Let (V, A) be a VBSS in <i7,A>. Then (ho g)~" (V,4) 29~ (h= (V,4)).
Since g is vague binary soft continous g~ (h—l (VA)) is VBSOS in (Uy,Us, B, 7a) ,
Theorem 3.14. A vague binary soft mapping k : (U1, Uz, E,7a) 4 — (V1,Va, B, 6a) 4 is
vague binary soft continuous if and only if k=1 [ués int (P,A) Ewbs int [k—l (P A)}
for every (B, A) & (f’?, A)

Proof Let (P, A) be a VBSS in (i’f', A) and also let k be vague soft continuous mapping.
Clearly vbs int (P, A) is VBSOS of (?,A).

But vbs int (P,A) & (P A) — ! [(157,4)} &kl (P,A)

— vbs int [k—l {ués int (P,A)” =ubs int [k—l (P A)} gl (15, A). Conversely,
let (P, A) be an arbitrary VBSOS in V. A) so that vbs int (B, 4)=(P,4). By
hypothesis, k=1 [v’bs int (P, A)} Evbs int [k—l (P A)}

— k1 (PA) cvbsint [k (P A)]. But wbsint [kt (Poa)] ekt (P A)
abways = vbs int [k~ (P, A)] 2k (P, 4) = k=" (B, ) is VBSOS of ((D?,A>
—s. k is a vague binary soft continuous mapping

Theorem 3.15. If f and g are vague binary soft continuous functions on a VBSTS

(U1,Ua, E,7A) 4 with values in a vague binary soft hausdorff space (Vi,Va, E,6A) 4 then

{G € (U1, Uz, B,7a) 4« f (G) —g (G)} is a VBSCS
Proof Let T = {Ge € (U, U, E,ip) g0 f (Ge) =g (Ge> } To prove T is vague binary
soft closed, it is enough to prove that T¢ = {Ge € (U, U, E,7a) 40 f (Ge) #+yg (Ge>}

is VBSOS. Let R. be a VBSP of T¢. Then f(Re) ” g(Re> with f(Re),
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g(Re) € (Vi,Vo,E,6A) . Since (V1,Va, E,6A), is vague binary soft hausdorff,
there exists VBSOS’s (M,A) and (N,A) € (Vi,Vo,E,6A), such that f(Re) IS
(M,A) g (Re) c (N,A) and (MA) A (N,A) = (q'S,A). Since f and g are vague
binary soft continuous, f~',g~' are VBSOS’s in (Uy,Us, E,7a), such that R, €
I (M,A) and R, € ¢! (N,A) and so R. € (M,A)h(N,A)é(f,A) also.
To prove that (f, A) C T¢. Assume (f, A) ¢ Tc°. Then there exists at least one
point in (I A), say Do such that D, # T° with respect to (Vi,Va, E,6a) . Now if
D, e (i,A) — D, e ! (M,A) and D, € g~ (N,A) — f(De) c (M,A)
and g(D.) € (N,A). Also D, ¢ T = D, € T = f(D.)=g (De) 50 f(De) €
(]\ZLA) N (N,A) is a contradiction. Thus D. € (I, A) ETe. Since D, is taken as
arbitrary T contains a vbs nbd of each of its points. Therefore T¢ is VBSOS = T is
VBSCS — { G € (U1, Uz, B.7a) 4+ £ (Ge) = g (Ge) } is vBSCS.

Theorem 3.16. (Pasting Theorem in VBSTS’s) Let (Uy,Us,E,7a), and
(V1,Va,E,6A) 4 be two VBSTS’s with (E’,A) = (F,A) U (G‘,A) where (F,A) and

(GEA) are VBSCS in (E}A). Let f (F7A) — (V1,Va, E,6A) 4 and g : (GﬂA) —

(Vi,Va,E,6A) 4 be vague binary soft continous. If f (Np> =g (Ne> for every
N, € (N,A) N (G’,A) then f and g combine to give a vague binary soft continous
function h : (Uy,Us, E,7A) 4 = (V1, Vo, E,6A) 4 defined by setting h (Fe) =f (Ne) if
B e (A andn (%) = () i . € (6,4)

Proof Let (C, A) be a VBSCS in (V1,Va, E,6A) 4, f is vague binary soft continuous =
f! (C, A) is VBSCS in (F, A) in turn which is VBSCS in (Tbj', A>, g is vague binary
soft continuous = g~ ! (C’,A) is VBSCS (G, A), in turn which is VBSCS in ((Dj7 A).

Hence their vague binary soft union f~! <C,A) Ug! (CZA) is VBSCS in (U, A). Let
(G A) 271 (CA) U9t (CLA) = b (U U )y = (Vi Vo, Bo6a) o is
vague binary soft continuous.

Theorem 3.17. If (ﬁ, A) is a VBSCSS of a VBSTS (Uy,Us, E,7a) 4 and if any vague

binary soft continuous extension k : (D, A) — [—1,1] has a vague binary soft continuous
extension to (Uy,Us, E,7a) 4 then (Ui, Us, E,7A) 4 is vague binary soft normal space
Proof Let (R, A) and (T, A) be disjoint VBSCS’s in a VBSTS (Ui,Us, E,TA) 4.
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Then (R A) (T A) is a VBSCS in (U1,Us, E,7A) 4. Define a vague binary soft

continous function k : (R A) (T A) [-1,1] by k (M) =1if M, e (T A)
By hypothesis, k has a vague binary soft extension h : (U1,Us, E,7A), — [—1,1].
Since k is a vague binary soft continuous, [-1, 0) and (0, 1]. Also ( ) ( , )
—1].

VBSO0S’s in [—1,1]. Therefore (S,A) = k7[~1,0) and (J A) ~1o, Also

(R A) (S A) (T A) ¢ (J A), (S A) 2 (J A) = (¢, A). Hence (Uy,Us, B, #a) 4

is vague binary soft normal space.

Theorem 3.18. Homeomorphic image of a vague binary soft normal space is vague

binary soft normal space
Proof Let (Uy,Us, E,7a), and (V1i,Va,E,6A), be two VBSTS’s and also let f :
(U1,U2,E,7A) 4 — (Vi,Vo,E,6A) 4 be a vague binary soft homeomorphism. Let

(U1,Us,E,7A) 4 be wague binary soft normal space. Let (E,A) and (F,A) be

any pair of disjoint VBSCS’s in (Vi,Va,E,6a) 4. f7! (E,A) and f~! (F,A)
are VBSCS’s in (Uy,Us, E, %A)A using wvague binary soft continuity of f.  Now

o (Ea)er (o T e )
=f1 (g.b.,A) = (qb,A) Since (Uy,Us, E,7a) 4 is vague binary soft normal space, there
exists VBSOS'’s (G A) and (H A) such that =1 <E7A) Q(G, A),

FUE, A)E (H,A) and (G A) A (H A) (¢, ) Thus f [f—l (F A)} e (é,A),
f [f—l (F,A)} cf (H,A) and f [(G,A) a (H,A)] = (¢,A) Using vague binary soft
homeomorphism, f is vague binary soft open mapping — f (é,A) and f (H, A) are
VBSOS’s in (Vi,Va, E,54) . Therefore there exists disjoint VBSOS’s f (G,A) and
f (H,A) such that (E A) Ef (G‘,A) , (F,A) e (H,A). Hence (Vi,Va,E,64) , is

vague binary soft normal space.

Theorem 3.19. Let h: (Uy,Us, E,7a) 4 — (Vi,Va, E,6A) 4 be a one-one, vague binary
soft continous mapping with (Vi,Va, E,G5A) 4 is a vague binary soft hausdorff space and
then (U1, Us, E,TaA) 4 is also a vague binary soft hausdorff space

Proof Let B. and K. be two distinct VBSP’s of (U1,Ua, E,7A) 4. Since h is one-

one, h(ée) = T. and h(f(e) = P, with T, #+ b.. Using vague binary soft
hausdorff property of (Vi,Va, E,5) 4 there exists disjoint VBSOS'’s (G,A) and (H, A)
such that T, € (é,A) and P. € (H,A), Therefore B, € h™! (G’,A),Ke €

Bt (H,A), Also (é,A) A (H,A) = (&,A) — 7 KG’,A)h(H,A)] £ (qs A) —

h(@,A) Nh (ﬁ,A) = ((b, A). Therefore there exists distinct VBSP’s Be and Ke
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contained in disjoint VBSOS’s (G,A) and (ﬂ,A) in (U1,Us, E,7A) .  Hence
(U1,Us, E,7A) 4 is also vague binary soft hausdorff space.

Theorem 3.20. The property of being a vague binary soft hausdorff space is preserved
by bijective, vague binary soft open mappings and hence is a vague binary soft topological
property

Proof Let k : (Uy,Us, E,7a) 4, — (V1,Va, E,6A), be a bijective, vague binary soft
open mapping where (Uy,Us, E,Ta), s a vague binary soft hausdorff space. It will
be established that (Vi,Va, E,6A), is also a vague binary soft hausdorff space. Let
P, P., € (U1,Us, E,7A) 4 are two VBSP’s with P,, # P.,. Using vague binary

soft hausdorff property of (Uy,Us, E,7a) , there eists disjoint VBSOS’s (151714) and
(PQ,A> with B., € (Pl,A> and B, € (PQ,A). Now using bijectiveness of k there
cxists VBSP’s To, and T,, such that k (Pel) — T, ek (Pl,A> and k (1562) T, e
k (PQ,A). Also (Pl,A) A (PQ,A> = (qS A) — k[(ﬁl,A> A (PQ,A)]ik [(&,A)} —
k [(151, A) N (JBQ,AH = (&,A) . Since k is vague binary soft open mapping, k (]51, A)
and k (F“)Q,A) are VBSOS'’s. Therefore k (]51,A> and k (}52,14) are disjoint VBSOS'’s

in (Vi,Va,E,6a), containing Tel and T€2 respectively, with Tel % Tez. Hence
(Vi,Va,E,6A) 4 1s a vague binary soft hausdorff space. So property of being a vague
binary soft hausdorff space is preserved under bijective, vague binary soft open mapping
= it is also preserved under vague binary soft homeomorphism =—> vague binary soft
hausdorff property is a vague binary soft topological property.

4. Main Results

Vague Binary Soft Continuity
Vague Soft Continuity

Pasting Theorem

5. Conclusion

Vague binary soft continuity is developed in this paper. Some of it properties are
verified. Pasting Theorem holds hood for vague binary soft sets also. Topological
properties for vague binary soft sets are found invariant under vague binary soft
homeomorphisms in vague binary soft hausdorff spaces. Vague binary soft continuity
can be further extended to find more useful results.
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