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Abstract

In this paper, we make an interesting connection between the mathematical approaches
to vagueness and the bipolar binary set. The concept of bipolar binary sets over two
universal sets. To eliminate ambiguity in a data set, bipolarity is primarily introduced in
imprecise binary sets. This article's main objective is to familiarize the reader with the
novel concept of a neutrosophic bipolar vague binary set. We also discuss operations like
‘union’, ‘intersection’ and ‘complement’. The concepts of neutrosophic bipolar vague
binary topology, zero, unit, open and closed set, neutrosophic bipolar vague binary ‘b-
open’ and ‘b-closed’ sets are introduced and their properties are also discussed.
Furthermore, the neutrosophic bipolar vague binary ‘b-interior’ and ‘b-closure’ set are
defined. Theorems related to these concepts are stated and proved.
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1. Introduction

The fuzzy set was introduced by Zadeh [24] in 1965 where each element had
a degree of membership. The bifuzzy set on a universe was proposed by K. Atanasov
[15] in 1983, as a generalization of fuzzy set, which discussed both the degree of
membership and the degree of non-membership of each element. The concept of
Neutrosophic set was proposed by F. Smarandache [15] as a generalization of the
intuitionistic fuzzy set, which straight away proved to be very effective in the
domains of decision-making, artificial intelligence, and other areas. The 2020
generalized neutrosophic b-open sets were introduced by Das and Pramanik. 2012
saw the introduction of neutrosophic topological space by Salama and Alblowi [16].
Topological spaces and generalized neutrosophic sets were studied by Salama and
Alblowi [17]. Then Deli et al. [8] proposed a bipolar neutrosophic set as an extension
of neutrosophic sets. A combination of neutrosophic set and vague set is what
Shawkat Alkhazaleh [2] refers to as neutrosophic vague set. The neutrosophic vague
theory can be used to practice dealing with vague, biased, and inaccurate information.
Neutrosophic bipolar vague sets were first introduced by Satham Hussain [18]. In
topological spaces, neutrosophic vague binary sets were presented by
P.B.Remya.and A.Francina Shalinl. [14]. According to their definition, Arokiarani et
al. [3] developed some relationships between the two neutrosophic semi-open
functions. neutrosophic pre-open sets and pre-closed sets were first described by Rao
and Srinivasa [13] in neutrosophic topological spaces. Iswaraya and Bageerathi were
the first to introduce the ideas of neutrosophic semi-closed sets and neutrosophic
semi-open sets [12]. In neutrosophic topological spaces, generalized neutrosophic
closed sets were studied by Dhavaseelan and Jafari [9]. Imranet et al. [10] later
presented the neutrosophic semi-open sets in neutrosophic topological space. Imranet
et al. [11] used neutrosophic topological spaces to define neutrosophic generalized
alpha generalized continuity. Pushpalatha and Nandhini [20] established the concept
of neutrosophic generalized closed sets in neutrosophic topological spaces.
Ebenanjar et al. [21] went on to introduce neutrosophic b-open sets in neutrosophic
topological spaces. C. Maheswari, M. Sathyabama and S. Chandrasekar. [23] were
the first to introduce the concept of neutrosophic simplistic b-closed sets in
neutrosophic topological spaces. Afterward, Das and Pramanik [6] proposed
neutrosophic soft open sets in neutrosophic soft topological spaces. Das and Tripathy
[7] recently pioneered the idea of pairwise neutrosophic-b-open sets in neutrosophic
bitopological spaces. M., Shabir, M., Naz [19] who was the first to identify a bipolar
soft set and its operations, such as union, intersection, and complement. Then,
Karaaslan and Karata's [22] new approximation redefined bipolar soft sets, giving
researchers a chance to examine their topological structures. On two initial universal
sets, Binary soft set theory was proposed by Ackgoz and Tas [1]. Then, S.S.,
Benchalli., [4] related basic properties have appropriate parameters that are defined
over two initial universal sets. The concept of neutrosophic bipolar vague binary
topological space is discussed in the current work along with its investigation. The
basic operation in this paper uses a bipolar binary set. Additionally, this study
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examines neutrosophic bipolar vague binary b-open, b-closed, b-interior, and b-
closure operators in addition to the connections between a number of other operators.

2. Preliminaries

Definition 2.1 [18]

Within the context of discussion S, the word Neutrosophic Bipolar Vague Set
(abbreviated as NBVS) is expressed as Aypys- Anpys =
{< x, TPANBVS (%), FPANBVS (), iPANBVS (), TNANBVS (),

FY yngvs (), IN anpvs(),>; x € S}. Their extension pertains to ‘truth membership’,
‘indeterminacy ~membership’, and ‘falsity membership, {T7 p NBVS(x) =
[(THPE), (THP@ Pansvs@®) = [U)P@), NP FPanprs(x) =
[(FPC, (FOPI,  where TP () =1—-(F)P(x), FH ()= 1-
(TP (x) and giventhat 0 < (TP (x)+{U )P (x) + (F)P(x) < 2.

Also {TNANBVS(JC) = [(THYC), (THN)L; IV anprs() = [N ), AHN(0)];
FN anprs(x) = [(FON (), FHN (01} where (THY) =1-F)H' ),
(FHN(x) =1—(T)N(x)and giventhat 0 = (THN(x)+( )V (x) + (F )V (x) =
2.

Example 2.1
If S = {x1,x,,x3} is a set of universes. We define the NBVS Angv as follows.
Anpy =

X, _

{[0.4,0.7]", [0.6,0.6]7,]0.5,0.8]7,[—0.4,—0.7]¥,[-0.5,—0.5]",[-0.6, —0.8]N’
X2

[0.5,0.7]7,]0.5,0.7]%,[0.5,0.7]%, [-0.5, —0.5]", [-0.6, —0.6]",[—0.7, —0.7]N’

X3
[0.4,0.8]7,[0.7,0.5]%,[0.4,0.8]7,[—0.5,—0.7]", [-0.6, —0.7]¥, [-0.5, —0.7]N}

Definition 2.2 [14]
A Neutrosophic vague binary set Mnve (NVBS in short) over a standard universe
S;={x,1<j<nkS;,={m 1<k<p} is an object of the form

TMNVB (xj)' iMNVB (xj)' FMNVB (xj) .

( . ; VXJ € Sl)
Myyp = !
I Tatnns i) Butns Vi) Brtys Vi)
< NVB Nl/;k NVB ;vyk E SZ)
is defined as Trinys (%) = [T7(), T ()] Dty (%) =

[17Ce) 1 ()]; Fangys () = [F~ (), F*(x5)]; x5€S1 and Ty, ) =
[T~ i), T )1 Iy Oi) = U™ 1) I )1 Ertyy s 1) =
[F~ (i), F* i) 15k € S, where
1. T+(xj) =1- F‘(xj); F+(xj) =1- T‘(xj); xi €Spand T (y,) =1~
F~i); F*() =1 =T (yx); Yk €S>
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2. —0<T (x)+1 (x;) +F (x;) < 2%
0T () +I1I (y)+F (y) <2%and
—0 < T*(x;) +I"(x;) + F*(x) < 27;
=0T () + I (i) + F* () < 27
3. T~(x),I"(x;), F~(x;):V(S1) —[0,1] and
T~ ), I” i), F~(i): V(S,) = [0:1]-T+(xj)'1+(xj)’F+(xj): V(s -
[0,1] and T* (i), I (i), F ¥ (vi): V(S2) — [0,1].
Here V (S51),V (S,) represent power set of vague sets on S; S, respectively.

Example 2.2
Let S; = {xy, x5, x3}, S5 = {y1,y,} be the common universe under consideration. Ayygs
is given below:

MN B
F<[0.2,0.3][0.6,0.7][0.7,0.8] [0.3,0.7][0.5,0.6][0.3,0.7] [0.1,0.9][0.4,0.8][0.1,0.9]>\

_ ! X, ’ X5 ’ X3 L
- L ([0.6,0.8][0.5,0.7][0.2,0.4] [0.2,0.7][O.6,0.9][0.3,0.8]> J

)

Y1 Y2

3. Operations on Neutrosophic bipolar vague binary set

Definition 3.1
The bipolar binary set 4y is defined on a conventional universe S; = {x;,1 <j <n};
S, = {¥r, 1 < k < p}is an object of the form

(T4 ta (). Fax)) (T ). 1a ), Fa())

j
<(TA(yk)'IA(Yk)fFA(yk))I;iTA(yk)'IA(yk)'FA(yk))N Vyi € S3)}

14 N
(Ta() 1a(x) Fa(xg)) 281> (011 and  (Ta(), 1a(xy), Faly)) =S5 = [1,0]
provide the truth, indeterminacy and false membership values of the components x; in S;
and  (T4(Vi), La i), Fai))P: Sz = [0,1] and (Ty i), La Vi), Fai)N: S, = [—1,0]
provides the truth, indeterminacy and false membership values of the component y; in
S,.

Definition 3.2
A Neutrosophic Bipolar Vague Binary Set My, (NBVBS for brevity) over a standard
universe {S; = {x;, 1 <j < n}; S, = {y, 1 < k < p}} is conceptual entity that may be
represented as

Mypyp =
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TMNBVB (xj) IMNBVB (xj) FMNBVB (XJ)

= (( x] B Vx]
TMNBVB (yk)l IMNBVB (yk)l FMNBVB (yk) P
e 5,)(( o ) VYK € Sy
U,
~ IS A N
( TMNBVB (xj)’ IMNBVB (x]')’ FMNBVB (xj) Vs
Xj ’ J
vinzrs Vs Tinsws ) Fstngrs 0\
€5S,) (< NBVB NBVB NBVB Yy, € S,)
Vi
is defined as,

’TMNBVB (xj)P = [T_(xj)'T+(xj)]P; TMNBVB(xj)N = [T_(xj)'T+(xj)]N
iMNBVB(x])P [I_(xj)'1+(xj)]P; iMNBVB(xj)N = [I_(xj)'1+(xj)]N
FMNBVB(x]) F (xj) F+(x} ]P; F'MNBVB(XJ)N F~ (xj) F+(x} ] :
Trtnsrs VO = [T~ W), T 0175 Trngys 0" = [T~ i), T i)Y
Ings D" = 1" T G175 Ty @Y = U~ i) T i)Y
FMNBVB(yk)P [F~ (i), F+()’k)] FMNBVB(yk)N [F~ (), F+(3’k)]
Vx; € S; and Yy, € S,. where, 1. (TH)P(x;) = 1 — (F)P(x;);
(FH(x) =1- (T (x); (THV(x) =1—FDIN(x); FH(x) =1-
(THV(%) and (TH ) = 1= (F )P FHP i) = 1= T Gni)
THYN) =1 = F DI EFHV) =1 = (T (k) Vx; € S;and Vyy € S,.
1. -0 (THP(x) + U (%) + F)HP(x) < 2*
0= (THN(x) + UV (x) + F)N(x) = 27;
2. (THP(x), AP (), FHP(x), (THP(x;), AP (%), FHP(x): V(Sy) = [0,1]
(T~ )N(xj) a- )N(xj) (F~ )N(xj) (T+)N(XJ) (1+)N(xj) (F+)N(x]) V(s = [-1,0]
(T ), U i), FP i), (TH ), AP i), (FHP (11): V(S2) = [0, 1]]

(THY @), AN, FOY i), (THY i), UHY i), FHN (i): V(Sz) = [-1,0
Here V' (S,), V(S,) denotes power set of bipolar set on S;and S, respectively.

Example 3.1

Let S; = {x;,x,,x3}and S, = {y,, y,} be the standard universe under consideration.
A NBVBS is given below:
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MNBVBS
r[0.3,0.6]7,[0.5,0.5]7,[0.4,0.7]%,[-0.3, —0.5]", [-0.4, —0.4]", [-0.5, —0.7]" A
X1 ’
[0.4,0.6]7,[0.4,0.6]7,[0.4,0.6]7,[—0.4, —0.4]", [-0.5,—0.5]", [-0.6, —0.6]" _
X, ’
_ [0.3,0.7]7,[0.6,0.4]7,[0.3,0.7]7,[—0.4, —0.6]", [-0.5, —0.6]", [ 0.4, —0.6]”_ [
X3
[0.6,0.8]%,[0.5,0.7]%,[0.2,0.4]%, [-0.3, —0.6]", [-0.5,—0.7]", [-0.4, —0.7]" _
V1 ’
[0.2,0.7]7,[0.6,0.9]7,[0.3,0.8]%,[-0.5,—0.7]",[-0.3, —0.7]", [-0.3, —0.5]"
\ V1 y,
Definition 3.3

Let Mypygs and Pygygs be two NBVBS ona common universe S; and S, the Mygygs
is included by Pygygps denoted by Mygyes S Pygygs If the below condition is true:
If Vx; €S;and1<j<n

—~ P = P = N = N
1) TMNBVB (xj)P = TPNBVB(XJ'?D and TMNBVB (xjg = TPNBVB('X];\?
(2) IMNBVB(xj)PZ IPNBVB(xj) Pand IMNBVB(xj) NS IPNBVB(xj) N
3) FMNBVB(xj) = FPNBVB(xj) and FMNBVB(xj) = FPNBVB(xj)
andVy, €S,and 1<k <p
(1) TMNBVB (yk)P < TPNBVB(yk)P and TMNBVB (yk)N > TPNBVB(yk)N
(2)’1\MNBVB(yk)P 2 {I\JNBVB(yk)P and I/I\iINBVB(yk)N S II-:\NBVB(yk)N
(3) FMNBVB (yk)P 2 FPNBVB (yk)P and FMNBVB (yk)N S FPNBVB (yk)N

Example 3.2

Let S; = {x;,x,}and S, = {y,} be the standard universe. A NBVBS is given below:
[0.1,0.2]7,[0.6,0.7],[0.8,0.9]7,[-0.1,-0.2]"V,[-0.6,—0.7]" [-0.8,-0.9]"

)

X
[0.2,0.6]”,[0.5,0.6]”,[0.4,0.8]”,[—0.21,—0.6]N,[—0.5,—0.6]”,[—0.4,—0.8]”
Mypygs = xz )
[0.1,0.3]7,[0.6,0.7],[0.7,0.9]7,[-0.1,—0.3]N,[-0.6,—0.7]",[-0.7,—0.9]N"
Y1
Pnpyas
([0.2,0.3]%,[0.5,0.6]%,[0.7,0.8]%,[-0.2, —0.3]", [-0.5, —0.6]",[-0.7, —0.8]" .\
X1 ’
_ [0.3,0.7]%,[0.4,0.5]7,[0.3,0.7]%,[-0.3,—0.7]", [-0.4, —0.5]", [-0.3, —0.7]" .
= - s r
[0.2,0.4]7,[0.5,0.6]7,[0.6,0.8]7,[—0.2, —0.4]",[-0.5,—0.6]", [-0.6, —0.8]" .
\ Y1 J
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Clearly Mygyss < Pypvas-

Definition 3.4
Let Mypygs and Pypyps are two NBVBS
(1) Union of two NBVBS, Mygygs and Pygygs IS a2 NBVBS given as,

MNBVES U PNBVABSZSNBVB:S:
( ((TSNBVBS(Xi)'ISNB\:s(Xi)'FSNBVBs(Xi))P; Vx; € S;) )
j

((TSNBVBS i) Isnpyps V) Fsypyps Vi)
Yk

. ) _ N
<(TSNBVBS(X]'),ISNB\;?S(X]-)IFSNBVBS(Xj)) ;VX] € Sl)

)PVyK € Sy)

T ,i ’?
\<( snpves V) SNB\;is(Yk) SNBVBS(Yk))NVyk € SZ>)

The relationship between the ‘truth-membership, indeterminacy-membership, and
false-membership functions’ of Mygyps and Pygygs IS provided as

TSNBVBS (xj)P
= [max (TMNBVBS_ (xj)' TPNBVBS_ (xj)) »max (TMNBVBS+ (xj)' TPNBVBS+ (xj))]
I~ (XJ)P
= [min (’MNBVBS_ CH N/ — (xj)) U (Tnygyss” (4 Iongyss (x,-))]
Fswaves (XJ)P
= [min (FMNBVBS_ (xj)' FPNBVBS B (x]')> ,min FMNBVBS+ (xj)' FPNBVBS+ (xj))]
TSNBVBS (xj )N
= [min (TMNBVBS ) — (Xj)) U (Tuypyss” (%) Tonsyss (xj))]
Ispyas (xj)N
= [max (1 YR €79 9 P— (Xj)) ,max (1 Musvss (5) IPugyss (xj))]
FSNBVBS (xj)N
= [max (FMNBVBS_ (xj)' Fpypyes (x]')> ymax (FMNBVBS ’ (xj)' FPNBVBS+ (xj))]

Similarly, for vy, € S,.

Example 3.3
From above example 3.2,
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¢ [0.2,0.3],[0.5,0.6][0.7,0.8][—0.1, —0.2][0.6, —0.7][- 0.8, —0.9]

X1 ;
[0.3,0.7][0.4,0.5][0.3,0.7][—0.2, —0.6][—0.5, —0.6][—0.4, —0.8]
Snaves = 1 ( P )
2
[0.2,0.4][0.5,0.6][0.6,0.8][—0.2, —0.4][—-0.5, —0.6][—0.7, —0.9]
\ Vi J

Definition 3.5

Assume Mppygs and Pygygs as two NBVBS
(i) Intersection of two NBVBS, My gy5s and Pygygs isa NBVBS given as,
Mygves N Pypyes=Snavas

( ((TSNBVBS(xj)'iSNBi;B.S(xj)'ﬁSNBVBS(xj))P; Vx; € S;) )
j

T g F
(« sneves VK SNBZ,iS(yk) SNBVBS(yk))vak €5,)

X . A N
((TSNBVBS(x]')’ISNBi;B.S(xj)'FSNBVBS(xj)) ;VXj (S 51)
j

Ts ils K)Fs (629)
L(( NBVBS NBI;B;{S NBVBS )vak € SZ)J
It is given that the ‘truth-membership, indeterminacy-membership and false-membership

function are similar to that of Mygy5s and Pygyps-

TSNBVBS (xj )P
= [min (TMNBVBS ) — (xj)) ,min (TMNBVBS HE) A — (xj))]
Isnpyss (xj)P
= [max (IMNBVBS_ (xj)' Ipypyes (x]')> ymax (IMNBVBS * (xi)' IPNBVBS+ (xj))]
FSNBVBS (xj)P
= [max (FMNBVBS_ (xj)' Fpypyes (x]')> ymax (FMNBVBS ’ (xj)' FPNBVBS+ (xj))]
Tsusyes (xj)N
= [max (TMNBVBS ) — (xj)) ,max (TMNBVBS+ (CT)ly r— (xj))]
iSNBVBS (xj)N
= [min (IMNBVBS_ C N —— (x]-)) ,min (IMNBVBS+ C) N — (xj))]
Fsyavss (xj)N
= [min (FMNBVBS_ (), Fengyas (xj)) ,min (FMNBVBS+ C N — (x,-))]

Similarly, forvy, € S,.
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Example 3.4
From above example 3.2

 [0.1,0.2],[0.6,0.71[0.7,0.8][—0.2, —0.3] [~ 0.6, —0.7][— 0.8, —0.9]
X1 ’
[0.2,0.6][0.5,0.6][0.4,0.8][—0.2, —0.6][—0.4, —0.6][—0.3, —0.7]
Sneves = 4 ( - )
2
[0.1,0.3][0.6,0.7][0.7,0.9][—0.1, —0.3] [ 0.5, —0.6][— 0.6, —0.8]
\ V1 J
Definition 3.6
Let Mygyps© is defined as,
Mygygs© > N
((TMNBVBS(Xi) ’TMNBVBS(Xi) FlVII\lBVBS(Xi) ) _(TMNBVBS(Xj) ’TMNBVBS(Xj) ?MNBVBS(X]') ) VX, € Ul)
— Xj ' Xj :
<(TMNBVBS oK TMNBVBS (Yk)CFMNBVBS (Yk)C)P . (TMNBVBS 0 TMNBVBS (Yk)cﬁMNBVBS(y}()C)N vy, € Uy)
Yk b ' Yk 5 2
~ c _ P
Where TMNBVBs(xJ') = [1 - T+(xj) 1-T (xj) ] ;

oo (5)” = [=1=T*(), =1 = 7~(x)
fMNBVBS(xj); =[1-1*(x), 1-1"(x)]"
Totnsyss (57) = [1-1*(x),~1-1"(x)]"
FMNBVBs(xj); =[1-F*(x), 1-F (x)]"
Pty (%51) =) - () "
TMNBVBS(yk)C =[1-T*(), 1-T () 1%
Tutneres V)° = [=1 =T+, =1 =T~ () 1
Tinevss ) = 1= 1" (), 1= 1" 1%;
Ttnprs)° = [=1 =T, —1 = ") IV
Prtrss 00 = (1= F*(), 1= F~ () 1%;

~ N _
FMNBVBS(yk)C = [_1_F+(YI<)’_1_F (YR) ]N
Vx] € Sl and Vyk € SZ

Example 3.5
Let My gy is defined as in above example. Its complement is given by,
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MNf(Vf[SoCA,OJ] [0.5,0.5][0.3,0.6])"([-0.5,—0.7], [-0.6,—0.6],[-0.3, —0.5DN)
(([0.4,0.6][0.4,0.6] [0.6,0.4])"([—0.;1—0.6], [-0.5,-0.5],[-0.4,—0.4])")
_ ) (([0.3,0.7][0.6,0.4][0.3,0.7])P([—0.:,2—0.6],[—0.4,—0.5],[—0.4,—0.6])N); >
(([0.2,0.4][0.3,0.5] [0.6,0.8])P([—0.:,3—0.7], [-0.3,-0.5],[~0.3,-0.6D")
(([0.3,0.8][0.1,0.4] [0.2,0.7])P([—0.51—0.75], [-0.3,—0.3],[~0.5,—0.7])N)
\ Vo J

Proposition 3.1
Let Aygves Bnsves and Cygyes be NBVBS then
(@) Angves € Bngves and Cypyps & Dnpves = Anpves U Cnpves € Bnpres U
Dypygs and
(b) Aygves N Cnpves & Bnpves N Dypves
(¢) Angves S Bupves and Aygyps S Cnpves = Anpves & Bnpves N Cnpyes
(d) Avgves S Cnpves and Bygyps & Cnpvps = Anpves Y Bysves S Cnpues

(6) Anpves & Bnpyps and Bygyps € Cypyes = Anpves € Cnpvss
Proof:

Proof is clear.
Theorem 3.2
A bipolar neutrosophic vague binary set is the bipolar fuzzy set.
Proof:
Let S is a “bipolar neutrosophic vague binary set.
Then by setting the positive componentiy, (%) Fuysys (%) sV €Sy and
fMNBVB v)F; FMNBVB (vi)PVy, € S, equal to zero as well as the negative component
o N 4 N a ~
IMNBVB (X]) ) FMNBVB (xj) ;ij € Ujand IMNBVB (yk)N; FMNBVB (yk)N;vyk €U, equal to
zero reduces the bipolar neutrosophic vague binary set to bipolar fuzzy set.

4. Neutrosophic Bipolar Vague Binary Set Topology

The present paper deals with Neutrosophic bipolar vague binary topology and provides
definitions and features for key terminology such as unit, zero, interior, course, ‘ b -open,
and b c-closed sets.
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Definition 4.1
A family of ‘neutrosophic bipolar vague binary sets’ in Sy, S, that adhere to the following
criteria constitutes a Neutrosophic bipolar vague binary topology in a same universe with
Sl! SZ

(i) Onsve Wnavs € TA®
(ii) For any Mngve, Pneve€ T2 2"2, Mnsve N Prevs€ T4 2Y 2

i.e., the finite intersection of a collectlon of sets belonging to the NBVB topology,
denoted as T4 8V5, is also an element of T} 5VE.

(iiii) Let {M,pyg; i € 1 Y VBB then U;e, TVEVE < ¢NVEVE

i.e., the arbitrarily union of a set of NBVB sets in 73'3V5 is also belongs to

VB

NBVB

Example 4.1
Consider the sets S; = {xy,x, }, S,= {y,} The topology under consideration is a
“neutrosophic bipolar vague binary topology.

TZVBVB_
00]11][11] [00][ 1,— 1][ 1,— 1] [00][1 1][1 1] [00][ 1,— 1][ 1,— 1 [00[1 1][1 1] [00][ 1,— 1][ 1,— 1]
Ongve = ¢ - ) - ly ¢ " )
[0.2,0.4][0.6,0.8][0.6,0.8][~0.2,—0.4] [~ 0.6,—0.8][—0.6,—0.8], ,[0.3,0.6][0.7,0.8][0.4,0.7][~0.3,—0.6][—0.7,—0.8][~0.4,—0.7]
Mygvg = - ) - )
((06,081(07,051(0.2.04](-06,-08](-07.-09][~02-04],
Y1
[0.6,0.71[0.1,0.9][0.3,0.4][—0.6,—0.7][~0.1,—0.9][~0.3,—0.4], ,[0.7,0.8][0.3,0.71[0.2,0.3][—0.7,~0.8][~0.3,~0.7][~0.2,~0.3]
Pygve = ( - )< - )
<[0.6,0.7][0.2,0.5][0.3,0.4][—0.6,—0.7][—0.2,—0.5][—0.3,—0.4]>
] 1 -
[0.2,0.4][0.6,0.9][0.6,0.8][—0.2,—0.4][—0.6,—0.8][- 0.6,—0.8]
Knpve = Mygyg N Pypyg = ¢ )

X1
([0.3,0.6][0.7,0.8][0.4,0.7][—0.7,—0.8][—0.3,—0.7][—0.2,—0.3]> ([0.6,0.7][0.7,0.9][0.3,0.4][—0.6,—0.8][—0.2,—0.5][—0.2,—0.4])

X2 Y1
[0.6,0.7][0.1,0.8][0.3,0.4-][—0.2,—0.4][—0.6,—0.9][—0.6,—0.8]>

X1
([0.7,0.8][0.3,0.7][0.2,0.3][—0.3,—0.6][—0.7,—0.8][—0.4,—0.7]> <[0.6,0.8][0.2,0.5][0.2,0.4][—0.6,—0.7][—0.7,—0.9][—0.3,—0.4])

X2 Y1
[1,1][0,0],[0,0][-1,—1],[0,0],[ 00])<11][00][00][ 1,—1],[0,0], OO]> <11[00][00][ 1,- 1][00][00]>

X1 X2 Y1

Hygvg = Mygyg U Pygyvg = ¢

Ungve = (

Definition 4.2
Neutrosophic bipolar vague binary open set is defined as an element of neutrosophic
bipolar vague binary topology.

Example 4.2
Oneve:WNBVE, MNBVB, Prneve, Kneve, Hneve are as a NBVBOS.

Definition 4.3
A NBVBCS is the complement of an NBVBoS.

Example 4.3
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oo[ 1,— 1][00][00])
00[ 1 —-1],[0,0],[0,0]
ONBVB —[< ) = UNBYEB

00[ 1 1][00][00])

0 4,0.7][0.2,0.3][0.3,0.6][— 0.4,—0.7][—0.2,—0.3][—0.3,—0.6]>
X2

0 2,0.4][0.1,0.3][0.6,0.8][— 0.2,—0.4-][—0.1,—0.3][—0.6,—0.8]>}
Y1

0 6,0.8][0.2,0.4][0.2,0.4][-0.6,—0.8][— 0.2,—0.4][—0.2,—0.4])
X1
MNBVB

[0.3,0.4][0.1,0.9][0.6,0.7][-0.3,—0.3][-0.1,—0.9][-0.6,—0.7]
< X1 >]

[0.2,0.3][0.3,0.7][0.7,0.8][—0.2,—0.3][—0.3,—0.7][—0.7,— 0.8]
PNBVB ( )

X2
< [0.3,0.4][0.5,0.8][0.6,0.7][— 0.3,—0.4][—0.5,—0.8][—0.6,—0.7]>

Y1

(<[0,0][1,1][1,1],[0,0][—1,—1][—1,—1])

X1
[0,0][1,1][1,1],[0,0][-1,—-1][-1,—1]
Ypvs =4 ( % ) ¢ = Onbvs
[0,0][1,1][1,1],[0,0][-1,—1][-1,—1]
( )
Y1
Definition 4.4

The triple (Sy, S5, TA BV5) is known as a NBVB topological space where 7 2¥? isa NBVB
topology.

Example 4.4
If S;={x1,x,} and S, = {y1} TN ?VE= {Onpve.WNrvE, MNeve, Pnave, Kneve, Hneve} then
the triplet (S, S,, TV EVB) is clearly a NBVBTS.

Definition 4.5
LetS; = {x;,<j <n},S, = {y, 1 < k < p} be the two universes under study.
Over this common universe, a zero NBVBS is represented as Yygyp and is given by

<(‘{[1 11[0,0][0,013" X{[-1, —1][0,0][0,013")

” Vx] € S1)
Ynpye = p ]— - N
(11110011001 ><§E€ L0000 oy

31



Neutrosophic bipolar vague binary topological space

Definition 4.6
consider S; ={x;,1<j<n},S, ={yr, 1 <k <p} as the two universes. Over this
common universe, a Unit NBVBS defined as @ygyg IS given by

ij € Sl>
Xj
1) —
YEVE T (10,01(1,21[1,1137 {[0,0][- 1, —1][-1, —1]}")
( Vy € S3)
Yk
Definition 4.7
Let (51, S, TABYE) be a NBVBTS and also let

Mngve=

((TMNBVB(xj)’iMNBJIC/;?(xj)'ﬁMNBVB(xj))P;ij c Sl> ((TMNBVB(Yk)riMNB;If(Yk)rﬁMNBVB(yk))pvyk € 52>
((TMNBVB(xj)'iMNB;:f(xj)'ﬁMNBVB(xj))N; VX] € Sl> ((TMNBVB(yk):iMNB;:(yk):ﬁMNBVB(yk))NVyk € SZ)
A NBVBS defined over a common universe S;,S, based on definition 3.2. The
neutrosophic bipolar vague binary interior (designated as M3z, 5) and closure (designated
asa Mygyp ) are then defined as follows:
MR pv=V {Mipyg;i € \M§pyp is a NBVBOS over Sy,S, with Migys S Mypys; Vi}
Mysys=n {M}gyg; i € \M}gyp is a NBVBCS over Sy,S, with Mygys S Migyp; Vi}

Example 4.5 In example 4.1,

([0.6,0.7][0.1,0.8] [0.3,0.4][-0.2,—0.4][-0.6,—0.9] [—0.6,—0.8]>
X1

<[0.7,0.8] [0.3,0.7][0.2,0.3][—0.3,—0.6][—0.7,—0.8][—0.4,—0.7])
X2

([0.6,0.8][0.2,0.5] [0.2,0.4][-0.6,—0.7][-0.7,—0.9] [—0.3,—0.4]>
V1

0o _ —
Hygyg= =Hypvs

From example 4.1,
([0.6,0.8][0.2,0.4][0.2,0.4][—0.6,—0.8][—0.2,—0.4][—0.2,—0.4])
X1
([0.4-,0.7][0.2,0.3][0.3,0.6][—0.4,—0.7][—0.2,—0.3][—0.3,—0.6])
X2
([0.2,0.4][0.1,0.3][0.6,0.8][—0.2,—0.4][—0.1,—0.3][—0.6,—0.8])

Y1
and Sy. Further,
1. MNBVB |S a NBVBCS (=4 MNBVB = MNBVB
2. MNBVB |S a NBVBOS (=4 M](\)IBVB = MNBVB

C —MC
Mypve= =Mypvp

Definition 4.8

Let A Y2 be NBVBT and My, is defined as

(i) “Neutrosophic a@ — open set[N,0] iff Mygyp S MY svsMypvsMYsvs (Mysrs)
(ii) ‘Neutrosophic semi open set[NSO] iff My, € MygvsMysrs(Mysys)
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(iii) ‘Neutrosophic pre open set[NPO] iff Mygyp S M3 5y5Mysrs (Mypyvs)

Definition 4.9
In an NBVBT 7458, an NBVB My gy is said to be,
(1) Neutrosophic Bipolar Vague Binary ‘b -Open (NBVBDO) set is defined if and only if

MNBVB c MI(\)IBVB(MNBVB) U MNBVB(MI(\)IBVB)
(i1) Neutrosophic bipolar vague binary’b -closed (NBVBDC) set is defined if and only if

Mypvp 2 MI(\)IBVB (Mygve) N Mypys (MI(\)IBVB)

It is obvious that (NBVBPO U NBVBS0O) €NBVBbO. Inequalities cannot be substituted
for the inclusion.

For an NBVBS Mygyg in a NBVBT 74 5V5

(i) Mygyg is an NBVBDO set iff Mygy,p isan NBVBDOC set.

(if) Mygyp is an NBVBDC set iff My g5 isan NBVBDO set.

Proof: evident from the definition.

Definition 4.10
Let (S1,S,, 7422 ) be a NBVBTS and Mngeve be NBVBS over Sy, Sy,

(i) Briefly [M2%,5],Neutro b — interior of Mysve is the set of all union of “neutrosophic
bipolar vague binary ‘b — open sets that occur in Mneve. (i€), M5%,z=U
{Mlgyp;i € \M}gyp is a NBVbOS over Sy, S, with Mizyp S Mygys; Vi}

(i) Briefly [Mpg, 5], Neutro b -closure of Mysve is the set of all intersection of

neutrosophic bipolar vague ‘b -closed set of S, S, that occur in Mygyg. (ie),
Ml pys =N {Migyg;i € I\M}gyp isa NBVBbCS Sy, S, with Mygys S Mipyp; Vi)
It is evident that the complement of the set M5, is the smallest ‘b -closed neutrosophic
bipolar vague binary set over S; and S, that includes Mngvs-. Additionally, M2%, is the

largest ‘b -open neutrosophic bipolar vague binary set over S; and S, that is contained
inside Mygy5.

Theorem 4.1

Let Mngvs neutrosophic bipolar vague binary set in a NBVBT 74 V% then
. b
() (MII\JI%VB)C:MIfIBVB )
(i) (MR sy5 )=Mfpyp ?

Proof:
Let Mnsve be a NBVBS in NBVBT.
Now M24,5° = [U {'D; D is a NBVBbO setin S;, S, and D € Mygys'}]¢
=N {'D¢; D¢ is a NBVBbC set in C Mg,z S D'}
Replacing D¢ by ‘M’, we get,
(M5%,5)¢ =N {'M; M is a NBVBbC setin S;,S, and M 2 MSz,5' }

b
(MI{)I(I)?VB)C = MI(\:IBVB .
This shows how (i) equivalent (ii) can be shown.
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Theorem 4.2

In the topological space T™BVE every neutrosophic bipolar vague binary set of
neutrosophic bipolar vague binary pre-opens is equivalent to a set of neutrosophic bipolar
vague binary b -opens”.
Proof:

Assuming 'Mygyg' as a ‘neutrosophic bipolar vague binary pre-open set’ in an
NBVBTS tVBVE then

Mypyve € (Mfgys) (Mypys)
Mypyve € (Mfgys)(Mypys) U (Mysy5)
C (MYsy5)Mypys(Mygys) U Mypys(Mygys)

C (MRsvs) [Mysys(Mygys)] U Mygys[Mygys (Mygys)]
This Mygyg isa NBVBDO set.

(ili)  Let Mypyp be a NBVBO setin a NBVBT tV5VE then
MNBVB c MNBVBMleBVB(MNBVB)

Mysvs S MygysMysvs(Mygys) U My sys(Mygys)

MNBVB c MNBVBMlgBVB(MNBVB) U MI%BVBMNBVB(MNBVB)
My gy is therefore an NBVBbO set.

Theorem 4.3

Assuming Mygyp is an NBVBO set in a NBVBT V8B then
() Mp sy = Mygys N MII\),BVB

i 0 _ g0 p 0
(ii) Mpgyg = Mygyg U Mygyp

Proof:
(i) Given that M5, is an open NBVB b set
There is a Mpsys 2 MigyeMysvs[MEsys] 0 Mypve Mygve(Mygys) 2

(0] (0]
Mygyp[Mypye ] N Mygys (Mygys)
b 0] 0 _ 14
And also My g,z 2 Mygyg U MygypMygyg N Mygys Mypgys = Mygyg N My,
The inclusion in reverse is evident.
b _ 14
HenCe, MNBVB - __IfIBVB n MNBVB
In the same way, (ii) can be shown

Theorem 4.4
If Mypyp isan NBVB set contained in an NBVTS 7VBVE then
(i) Mygys = MNBOVB U MygysMypys and
MIfIBVB = MNBVB N MNBVB MI%)BVB

e D _ T 0
(ii) My gys = Mygve U Mygys Mypyp
o

p — 0
MNBVB - MNBVB n MNBVBMNBVB
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Proof:

S 0 S 0 Sv
MNBVB = MNBVBMNBVB MNBVB = MNBVBMNBVB

— O _—
Mypvs U Mypyp = Mypys 2 Mypyp U MygveMypys
0
S0 Mygyp U MygysMygve S Mygyp----------- 1)
Also Mygyp S Mygyp,

0 0 S S
MygvsMygve S MygysMygve Mypye S Mygyp

MNBVB U MSBVBMNBVB c MIf/BVB V) MNBVB c MIf/BVB ----------- (2)
From (1) and (2) we get,

My gvs = Mygyp U MygysMygyp
MIfIBVBO = MNBVB N MNBVB MIC\?BVB

The hypothesis can be illustrated by using the complement of M3,z = Mygys U MQgy5
This shows that (i)

The evidence for (ii) is similar.

Theorem 4.5
If Mygyg isan NBVB set ina NBVTS tV8VBthen
(i) sz/BVBQ/IIfIBVBO = MI%BVBO U M{gysMypyve Misys
(ii) Mygys Mygys = Mygyp N Mypyp MIC\?BVBMNBVB
Proof:

We have MIfIBVBMI\qIBVBO = MI%BVBO U MleBVBMNBVB (MIfIBVBO)
= Mygys. Y Mysys(Mygve ) [Mysve N Mygys Mipys]
c MIfIBVBO U MI(\?BVB [MNBVB N MNBVB (Ml(\?BVB)]
=Mypve’ U Mygys[Mysve (Mysys)]
In order to establish the converse inclusion, it is observed that,
MIfIBVB(MIfIBVBO) = MIfIBVBO U MleBVBMNBVB (MI%BVBO) =2 MIfIBVBO U
MlgBVBMNBVB (MlgBVB)
We have MIfIBVB (MIfIBVBO):MIfIBVBO U MNBVB Ml(\?BVB
This provides evidence for (i)
The proof for (ii) can be considered equivalent.

Theorem4.6
If Mypyp is an NBVB set in a NBVTS tV8V5then
. o o -
(I) MII\)/BVBMII\)/BVB = MIZ\QIBVB U MNBVB MI?BVB

.. o 0 P
(i) MII\)IBVB MIZ\JIBVB = MII\)IBVB N MygysMypys
Proof:
D p _ b O 0 p O
We have My oMypye = Mygyg U Mypyp MNBVB(MNBVB )
—_ \pb CE Y A 7 U 0 1\ — aP Iy o 7 20
= Mygyg U (MNBVB Mygpyp [MN_BVB ﬂ MN!S’V_BMNBVB DD =Mygyg U Mygyg [Mygys]
In order to establish the converse inclusion, it is observed that,
s 0\ __ 0 1) Y 0 0
MIfIBVB(MIfIBVB )_MIfIBVB U MygysMypys (Mygys ) 2 Mypyp U
0 0
MygysMygys (MNgys)

o
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Therefore, we have My gy s Misys’ = Mipys” U MigysMypve Misys
This provides evidence for (i)
The proof for (ii) can be considered equivalent.

5. Conclusions

In this paper, we have proposed the idea of neutrosophic bipolar vague binary

topological spaces with suitable examples. Also, we have discussed neutrosophic bipolar
vague binary b -open and b -closed set and neutrosophic bipolar vague binary interior and
closure with respect to neutrosophic theory and we have given their properties also. In
future, we will investigate the relationship between NBVBPOS and NBVBS separation
theorem.
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