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Abstract. This article’s main aim is to study the concepts of the generalized neighborhood and
generalized quasi-neighborhood in fuzzy bitopological spaces. It also introduces fundamental the-
orems for determining the relationships between them. Additionally, some significant examples
were examined to demonstrate the significance of the interconnections, some theorems were also
introduced to study some main properties of neighborhood structures. Finally, we also studied
the concepts of closure, interior, and each of their critical theories and properties by generalized
neighborhood systems in fuzzy bitopological spaces.
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1. Introduction

In this project, we have prioritized our study on fuzzy bitopology, which derived from
fuzzy topology that was first introduced in 1965 by the scientist Zadeh [8]. Following this,
many researchers applied fundamental ideas on fuzzy settings from general topology and
improved the concept of fuzzy topology. Such as Chang, in 1968 introduced some fuzzy
concepts in fuzzy topology [4]. In addition, in 1989 Kandil introduced fuzzy bitopological
spaces [1]. Also, generalized fuzzy closed groups were established in fuzzy topology in
1997 by Balasubramanian and Sundaram [6]. After that, many scientists applied the
notion of a generalized closed set in fuzzy space and in 2005 El-Shafei introduced some
applications of it [9]. Also, in 2009 Xuzhu Wang et al presented a book that contains all
the basic operations in fuzzy science [12]. As Zahran and El-Maghrabi studied in 2011
some operations on it in fuzzy space [13]. Then in 2017 Benchalli et al studied delta
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generalized beta closed in topological spaces [3]. After one year, Kandil et al defined the
concept of locally pairwise closed sets and studied some of their properties [7]. In 2019
Ramaboopathi and Dharmalingam introduced a new class of generalized closed sets in
bitopological spaces [11], as in the same year Andal and Thiripurasundari introduced a
new concept of fuzzy generalized pi closed in fuzzy bitopological spaces [2]. Finally, in
2021 Das et al introduced the idea of v generalized fuzzy quasi neighborhood of a fuzzy
point [5].

2. Preliminaries

In the following part, we go over important antecedent notions that are essential to
the development of this paper.

Definition 1. [10] Suppose the set X is not empty and the I sign represents the unit
period [0, 1], then the following defined as:

(1) an operator with X domain and I range is known as a fuzzy set E, where E(x) € (0,1]
when x € E, and E(x) =0 in case ¢ ¢ E.

2) a set D is including E indicated via E C D if E(z) < D(x), whenever z € X

4) the intersection of E, D indicated by EAD if (EAD)(x) = min{E(x),D(z)} Vx € X.

(2)
(3) E and D combination indicated by EN D if (EV D)(x) = max{E(x),D(z)} V z € X.
(4)
(5) the completeness of E denoted via E€ as (E(z))"=1—E(z),Vx € X.

The following definitions explain the meaning of fuzzy topology and fuzzy bitopological
spaces.

Definition 2. [10] A fuzzy topology of X is a class of fuzzy groups 6 € I which holds the
coming three conditions:

1. 0 and 1 contained in 0, where 0(z) =0, 1(x) = 1, whenever x € X.
2. Forany E,D e€d, END €.
3. For any (Eicr) € 0, VierE; € 6.

The term ”fuzzy topological space,” or “fts,” refers to the pair (X,J).
The components of 0 are named fuzzy open sets. If F¢ € §, then F is mean as fuzzy closed.
The collection including whole fuzzy closed groups in fuzzy topology & denote by Fs.

Definition 3. [1] A fuzzy bitopological spaces, or fbts for short, (X,01,0d2) since X is not
empty, 01, and d9 are fuzzy topological spaces on X. Quver this dissertation X perform
fuzzy bitopology (X, 01,082), and' Y to (Y,01,02), where i # j,andi,j € {1,2}.

In the section which follows, the definitions of fuzzy set interiors and closings are
covered.
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Definition 4. [10] Closing and internal of any fuzzy set M of (X,9) are indicated also
defined as follows:

(M) = A{F: M < F,F € §}
int(M)=Vv{0:0 < M,O €}, respectively.

The closing, internal, and complements of M of X are indicated by d; —cl(M), 6;—int(M),
and M, respectively, with regard to fuzzy topology 0;. Additionally, we designate the class
of all fuzzy 0;—-closed by the mathematical symbol Fy, .

One of the work’s core tenets is the definition of the fuzzy generalized closed set, which
as following:

Definition 5. [6] Any fuzzy group E of X is termed fuzzy generalised closed when closure
E is subset of W, wherever E is subset of W, W is fuzzy open.

i.e., E is fuzzy generalised closed in case of cl(E) < W, wherever E < W, W is fuzzy
open.

Definition 6. [10]

(1) A fuzzy point xy is claimed that quasi-coincident with E, shown by x) q E if A > E°(x),
or \+ E(x) > 1 and x is claimed does not quasi-coincident with E if \+ E(x) <1
and we write Eqxy.

(2) E is claimed quasi-coincident with C indicated as E qC' if there exists © € X so that
E(z) > C%x) or E(x) +C(x) > 1, and E is claimed does not quasi-coincident with
C if there exists x € X so that E(x) + C(x) <1 and we write EqC.
If EqC (resp, EqC) is true, then E and C are quasi-coincident (resp, not quasi-
coincident) with each other at x.

3. Generalized Neighborhoods Structures at Fuzzy Bitopological Spaces

This section introduces the idea of generalized neighborhoods concepts by using (€)
relationship and quasi coincident concept (¢) in fuzzy bitopological spaces and characterize
it in terms of important theorems and some properties.

Definition 7. A fuzzy subgroup E of fbts (X, 01,02) is known as:

(1) Fuzzy (i,j)—generalized p—closed (in sum, (i,7) — g — closed) if 6; —p —cl(E) < U
where E < U, U € §;, and ¢ including the types (alpha (a), semi (s), pre (p), and
beta (B)).

(2) The supplement of the fuzzy (i,7) — gp — closed set is referred to (i,j7) — gp — open
set in X.

Remark 1. (1) The universal set of all fuzzy (i,7) — gp—open, and (i,7) — gp—-closed

sets of fbts (X, d1,02) is represented by (’)ég;.‘;, .7-"({;%’, and so forth.
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(2) Also, the family of all gp—open,and gp—closed subsets of X pertaining to the fuzzy
topology 6; is indicated (’)ng“o, and ]_—ifgw7 i=1,2.

Proposition 1. A fuzzy group E in fbts (X,01,02) is fuzzy (i,j) — gp-open < F <
d; — ¢ — int(E) wherever F° € ¢6;, F < E.

Proof. Assume FE is fuzzy (i,j) — gp—open, F¢ € ¢;, when F < E. Then E¢ < F*€.
As E¢ is fuzzy (i,7) — gp—closed, thus §; — ¢ — cl(E¢) = (§; — ¢ — int(E))¢ < F¢ that
indicates F' < 0; — ¢ —int(E).
Conversely, assume E is fuzzy set of X, F' € F; so F < 0; — ¢ —int(E), F < E. After
adding the supplement to both sides, we find (§; — ¢ —int(E))¢ < F° so E¢ < F° and
F¢ is fuzzy open in §;, thus E€ is fuzzy (i,7) — gp—closed (Defention7). Hence E is fuzzy

(4,4) — gp—open.
Definition 8. A fuzzy group E in fbts (X, d1,02) is known as:

(1) Fuzzy (i, j)—generalized o —neighborhood (shortly, (i,7)—gp—nbd) of fuzzy singleton
set x, if 3 fuzzy (i,7) — gp — open set C' so xz, € C < E.
The family of all fuzzy (i,7) — gp —nbds of fuzzy singleton set x,, will be denoted by
NZ7 (x).
(@)

(2) Fuzzy (i,7) — generalized p — @ — neighborhood (shortly, (i,j) — gpQ — nbd) of fuzzy
singleton x, if 3 fuzzy (i,7) — gp — open set C so x,qC < E.
The family of all fuzzy (i,7) — gp@ — nbds of fuzzy singleton x,, will be denoted by

Nz )

Remark 2. In general, every fuzzy § — Q—neighborhood of a fuzzy point does not include
the point itself. The coming example show that:

Example 1. Assume zq7 is fuzzy point of X = {a,b,c} and E is fuzzy set of X defined
as E(a) = 0.4, E(b) = 0.5, E(¢c) = 0.3. Let § = {0,1,E} on X. Then E € NZ(x07) but
0.7 £ E(z), and hence xo7 € E but x1_07=03 € E.

Corollary 1. In fbts (X, 61,02) every fuzzy (i,7) — gp@ — nbd of fuzzy point z, of X is
equivlant to (i,7) — gp — nbd of fuzzy point x1_,.
Theorem 1. (1) Every fuzzy 0; — nbd of fuzzy point x, is fuzzy (i,7) — g — nbd of x,.

)
(2) Every fuzzy (i,7) — g — nbd of fuzzy point x, is fuzzy (i,j) — ga — nbd of x,.
(3) Ewvery fuzzy (i,j) — go —nbd of x, is fuzzy (i,7) — gs —nbd and (i, j) — gp — nbd of x,.
(

(4) Every fuzzy (i,j) — gs —nb or (i,j) — gp — nbd of x, is fuzzy (i,7) — gB — nbd of x,.
Proof.
(1) Suppose that E € Nj(z,), thus 3C € d;, so 2, € C < E. As every 0; — open set is

(i,7) — g — open set, then 3C' is fuzzy (i,j) — g — open set, so z, € C < E, and hence

E e N(qi’j)(a:T).
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(2) Suppose that E € N(%j)(xr), thus 3C is fuzzy (i,5) — g — open set, so z, € C < E,
and since every fuzzy (i,j) — g — open is fuzzy (i,j) — go — open, then 3C' is fuzzy
(i,j) — go — open set, so z, € C < E, and hence E € N(gf;.)(x,,).

(3) Suppose that FE € N(g’i?;)(mT), thus 3C is fuzzy (i,j) — ga — open set, so x, € C < E,
and since every fuzzy (i, j) — ga—open is fuzzy (i, j) —gs—open and (i, j) —gp—open,
then 3C is fuzzy (i,7) — gs — open and (i,j) — gp — open set, so x, € C' < E, and
hence E € N(gij)(mr), and F € N(gfj) ().

(4) Suppose that E € N(gisj)(xr), or E € N(gipj) (@), thus 3C' is fuzzy (i,7) — gs — open or
(i,7) — gp — open set, so x, € C < E, and since every fuzzy (i,j) — gs — open or
(1,7) — gp — open is fuzzy (i,j) — g8 — open, then IC' is fuzzy (i,7) — g8 — open set,

so z, € C < E, and hence E € N(gfj)(xr).

Remark 3. In fbts (X, d1,02) every fuzzy N(q;j) (), and N(gp )( x,) are independents.
The following example show that if X = {a,b,c}, 61 = {0,1,E}, and 62 = {0,1,C, D}.
As Eqpe ={0.7,0.5,0.6}, Cope = {0.5,0.4,0.3}, and Dap. = {0.4,0.3,0.2}, then 3

Sape = {0.5,0.5,0.6} € N(gifj)(xT), but S ¢ N(gif’j)(xr), as B¢ < S, but E€ £ 0y — p —

int(S)=C.

On other hand for the same topologies above if E4p . = {0.3,0.5,0.4}, Cyp . = {0.6,0.8,0.9},

and Dgp . = {0.4,0.3,0.2}, then 3 S, = {0.8,0.6,0.5} € N(gipj)(xT) but S ¢ N(gf] (z),
as B¢ < S, but B¢ £ 6y — s — int(S) = C“.

The following Figure explaining the relation between nbds structures of all cases.

+( e - o 218
Nj(z: T)@;\-j?(a:r)q_mgjj(xr)@;\-g__j)(:rl r) = NI (1) Vi;f( vr) = NP9 (a,) & 1

N7#

(i.9) (Tl 'r) And \QQQ( 'r) r\‘rg_iiQ(,rr) g

(i,7)

Figure 1: Explain the relations between all types of fuzzy N(gi‘p].)(xr) and all types of N(l b Q(z,).

The reversal of the prior relationships in Figure (1) is wrong in fbts (X, d1,d2), as
demonstrated by the instances that follow: Suppose X = {a,b,c}, 6; = {0,1, E}, and
do ={0,1,H, R}.

Example 2. If B, = {0.7,0.5,0.4}, Hyp.={0.7,0.6,0.5}, Rop. = {0.2,0.4,0.3},

Sabe =10.6,0.6,0.5}. The conclusion is S € N(gm)(azr), but never S ¢ Na(x,).

The next example clear that N, (910‘2)( z;) & N (91,2) ().

Example 3. Suppose E, . = {0.5,0.4,0.3}, Hyp . = {0.7,0.5,0.4}, Ry p . = {0.4,0.3,0.2},

Sabe =10.7,0.6,0.8}. The conclusion is S € N(1 2)( r), but never S ¢ N12)( ).

(U)(ﬂ‘l r)

T ,r;ui .
JV(Z.J)(J,

lr)
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In the coming example we show that N, (gls y(@r) # N (910‘2)( r)-

Example 4. Suppose E, . = {0.7,0.5,0.5}, Hyp .= {0.5,0.4,0.3}, Ry p. = {0.4,0.3,0.2},
Sabe =10.5,0.5,0.5}. The conclusion is S € N(1 2)( r), but never S ¢ N1 2)( ).
The following example clear that N, (qu 2) (xy) # N, (91?2) ().

Example 5. Suppose E, ;. = {0.7,0.5,0.4}, Hyp . = {0.6,0.8,0.8}, Ry 5. = {0.4,0.3,0.2},
Sabe =10.8,0.6,0.7}. The conclusion is S € N(1 2)(1'7«) but never S ¢ N1 2)(%«)

The example follow indicates that N(gf 9 # N (915’2) ().

Example 6. Suppose E, ;. = {0.5,0.7,0.6}, Habc ={0.6,0.5,0.4}, R, = {0.4,0.3,0.2},
Sabe =10.5,0.5,0.6}. The conclusion is S € N(1 2)( r), but never S ¢ N12)( r)-

As well, the coming example demonstrates that N, (1’8 9 # N (91’? o) ().

Example 7. Suppose E, . = {0.5,0.7,0.6}, HabC ={0.4,0.6,0.7}, Ry = {0.3,0.4,0.5},
Sabe =10.5,0.5,0.6}. The conclusion is S € N(1 2)( r), but never S ¢ N12)( r).

Definition 9. A fuzzy singleton set x, is named fuzzy (i,j) — generalized o — cluster
point of fuzzy subset E in fbts (X, d1,02) if and only if all H € N{qu? of ., HqE.

The following theorem examines some of the generalized neighborhood characteristics.
Theorem 2. If (X,d1,092) is fbots. Next, we find:
(1) Va, € X, Ng”)(xr) £ .
(2) VHGN(”)( r),xr € H.

(3) whenH,REN(gf)( ), thenH/\REN(W])( )

(4) when H € N(W)(xr) and H < R, then R € N(gi“;.)(xr).

(5) when H € NEWJ)( r), then there exists R € NE‘W)( x,) such that R < H and

ReN(i“’])( n), Vo, € R.

Proof.
From Definition 8 we conclude the prove of (1) and (2).

(3) Assume H,R € N(g;pj)(a:r). Thus 35, T are fuzzy (i,j) — gp—open, so z, € S,z € T,
then
xr € SAT. As S, T are fuzzy (i,j) — gp—open, and hence we find S A T is fuzzy

(i,7) — gp—open, SAT < HA R. As aresult of that, AN B € N(gz“‘;)( ).
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4) Assume H € N7, (x,). So 38 is fuzzy (i,j) — gp—open and z,. € S < H but H < R,
(4,9)

then z, € § < R. As a result of that, R € N(gii.)(xr).

(5) Assume H € Nﬁqu) (xr), so there exists fuzzy (i,j) — gp—open set R, z, € R < H. As
R is fuzzy (i,j) — gp—open, then R € N(g;‘;.)(xr). Since it is an (i,j) — gp — nbd of

each of it is point. As a result of that, B € N(gf;.) (xp), Yz, € B.

The following theorem examines some of the generalized Q-neighborhood properties.
Theorem 3. When (X, 01,0d2) is fbts. Then we have:

(1) Yayqor € X, Néﬁ?(a:r) # ¢.

(2) VE € N# 3 (@), 2, g E.

(3) when E,T € N(gi“;.c)’?(w), then ENT € N(g;‘;c)’?(:m).

(4) when E € Ni7§(x,), and E < T, then T € NIF%(x,).

(5) when E € N(gl.‘gc)’?(:cT), then 3T € Né“;?(x,_) soT<E,andT € Nz.“;?(wh)Vxh erT.

Proof. 1t resembles the earlier Theorem 2 proof.

Using the above-mentioned novel notion of fuzzy neighbourhood and quasi-neighborhood
structure, we introduced the study of the degree of affiliation of a fuzzy element to fuzzy
generalised closure in the subsequent theorem.

Theorem 4. If E is fuzzy set and x, is fuzzy point of fots (X, d1,02), then the following
propositions are correct:

(1) @, € (i,) — gp — cl(E) <= VT € N#*(x,), T qE.

(2) zp € (i,j) —gp—cl(E) < VT € N(g”)

(3) If E is fuzzy (1,7) — gp—closed, and hence 6; — cl(z,) g E holds ¥V x, q0; — ¢ — cl(E).

(xl_r),TqE.

Proof.
(1)
Let x, € (i,j) —gp — cl(E) < VFis fuzzy(i,j) — gp — closed, E < F,r < F(x)
< Vs fuzzy (i,j) — gp — open, F¢ < B¢ F(z) <1—r
< VTis fuzzy (i,

) —
»J
j)—gp—open, T < E¢T(x)<1-—r
< VTis fuzzy (i,7) —gp —open, 1 —r <T(x) =T £ E°
< VTis fuzzy (i,j) — gp — open, x, qT,T qE

),

SVT e N(‘WQ(JJT TqE.
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2) From (1) we have z, € (i,j) —gp — cl(F) & VT € NIPY zr), T'qE. So, we need to
(4:9)

show that T € N(W])(xl_r) &Te N(g;‘;?( ). Assume T € N(gfj) (x1-r). After that,
3 fuzzy (i,j) — gp —open set V so 1, € V < T, then z,qV < T. As a result of
that, T € N9°9(z,).

(4,5)
In the opposite direction, assume T € N (’;5‘;?(:@) Thus 3 fuzzy (i, 5) — gp — open set

V sox,qV <T, and hence x1_, € V < T. As a result of that, T € N(gfj)(ml_T).

(3) Assume E be fuzzy (4, j) — gp—closed. Suppose there 3 fuzzy point x, so z, ¢6; — ¢ —
c(E), but §; —cl(z,)gE. Thus E < (§; — cl(z,))". As E is fuzzy (4, j) — gp—closed,
thus
dj —p—cl(E) < (6 — cl(xr))", hence §; —p — cl(E) qd; — cl(xr). As x, € 0; —cl(z,),
thus 2, q0; — ¢ — cl(F) that is a contradiction. As a result of that, §; — cl(x,) ¢ E
holds YV, q0; — ¢ — cl(F).

Corollary 2. If E is fuzzy (i,]) — gp—closed, and x, is fuzzy point in fbts (X, d1,02), then
0 —cl(xy) ¢ E holds YV, qd; — B — cl(E).

In the theory that follows, we studied the most fundamental generalized closure char-
acteristics and demonstrated them using new neighborhood structure notions.

Theorem 5. If E, and T are fuzzy subsets of fbts (X, 01, d2), thus the following arguments
are correct:

(1) 0, and 1 are fuzzy (i,7) — gp — closed.

2) when E <T, then (i,j) — gp — cl(E) < (i,5) — gp — cl(T).

(2)
(3) E<(i,§) — gp — cl(E), V fuzzy set E € IX.
(4)

4) when E is fuzzy (i,j) — gp —closed, then (i,j) —gp—cl(E) = E. The converse is false,
as the intersection of fuzzy (i, j)—gp—closed sets need not be fuzzy (i, j)—ge—-closed.

() (4,3) = 99 = cl((i, ) = g — cl(E)) = (i, 7) — gp — cl(E).
(6) when v is (i,j) — gp — open, then vqE <= vq(i,j) — gp — cl(E).

(1) (,5) =g = cl(E) V (i, 5) = g — l(T) < (i,5) — g — l(EVT).
Proof. By using Definition 7 and Theorem 4 we can easily proved (1), (2), (3), and (4).

(5) Assume x, is fuzzy point with z, & (i,j) — gp — cl(E). After that, IV € NEW]?( r)

so z,qV,VqFE, then U is fuzzy (i,j) — gp — open so x, qU <V and UqE. Thus
from

(6)Uq(i,5) —gp—cl(F). As U is fuzzy (i,7) — gp —open so x, qU and U q (i, j) —
gp — cl(E). Then x, & (i,7) — gp — cl((i,7) — gp — cl(E)), after that

(,7) — g — cl((i, j) — g — cl(E)) < (i, ) — gp — cl(E). But

(i,j) —gp — cl(E) < (i,7) — gp — cl((i,7) — gp — cl(E)). As a result of that,

(i,9) — gp — cl(E) = (i,7) — g — cl((4,]) — g — cl(E)).
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(6) Sufficiency, assume V ¢ E. After that, E < V¢ V¢ is fuzzy (i, j) — gp — closed, then by
applying (i, j) — gp — clouser for all sides and from (5) we find V' G (¢, 7) — g — cl(E).
As a result of that, VqFE <= Vq(i,j) — gp — cl(E).

(7) AsE<(EVT),and T < (EVT), then
(1,7) — 9 — cl(E) V (i,§) — g — cl(T) < (i,j) —gp — cl(EVT).
From the relationship between closure, interior, complement, and Theorem 5 we con-

clude the following;:

Theorem 6. If E and T are fuzzy subsets of fbts (X, d1,02), then the coming statements
are correct:

(1) 0, and 1 are fuzzy (i,7) — gp — open.

(2) when E <T, then (i,5) — gp —int(E) < (i,7) — gp — int(T).

(3) (3,§) — gp —int(E) < E, V fuzzy set E € I,

(4) when E is fuzzy (i,j) — gp — open, then (i,j) — gp — int(E) = E. The converse is

false, as the combination of fuzzy (i,7) — gp — open sets not necessary to be fuzzy
(4,7) — go — open.

(5) (i,4) — gp — int((i, j) — gp — int(E)) = (i, ) — gp — int(E).

(6) when v is (i,7) — gp — closed, then vgE <= vq(i,j) — gp —int(E).

(7) (i,5) —go —imt(ENT) < (i, ) — gp — int(E) A (1, 5) — g — int(T).

Theorem 7. If z, is fuzzy point, and E is fuzzy subset of fbts (X, d1,02), then

y € (i,7) — gp —int(F) < 3 fuzzy (i,7) — gp — open set G, so x, € G < E.

Theorem 8. Suppose E is fuzzy set in fbts (X,01,02). If E is fuzzy (i,j) — gp — open,

then E € N(gfj) (z,) for each x, € E.

Theorem 9. If (X, 01,02) is fbts, E is fuzzy (i, j)—gp—closed, and E < T < 0j—p—cl(E),
then T is fuzzy (i,7) — gp — closed.

Proof. Assume T' < U, and U is fuzzy open of §;. As F < T, thus E < U, after that
dj — @ —cl(E) =9; — ¢ —cl(T), which implies 0; — ¢ — cl(T') < U. As a result of that,
T is fuzzy (i,5) — gp — closed.

From the above we conclude the following;:

Corollary 3. Assume (X, 01,092) is fots, E is fuzzy (i,7) — gp — closed, and
E<T <6 —p—clE). Then T is fuzzy (i,7) — gp — closed.

Corollary 4. Assume (X,01,092) is fots, E is fuzzy (i,7) — gp — open, and
dj—p—int(E) <T < E. Then T is fuzzy (i,j) — gp — open.
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Corollary 5. Assume (X, d1,02) is fbts, E is fuzzy (i,7) — gp — open, and
dj —B—int(E) <T < E. Then T is fuzzy (i,7) — g — open.

The following important study demonstrates when equivalence between the types of
generalized closed sets in fuzzy bitopology and types of fuzzy sets from one topology is
attained.

Theorem 10. In fbts (X, d1,02) the following statements are equivalents:

: f
(Z) 62 g J_..(;ééj)

(73) All fuzzy groups of X are fuzzy (i,7) — gp — closed.
Proof.
(i) — (i1) Assume F is fuzzy subset of X, so E < U € §;. Then from (i) we find

Ue f(f;ééj)7 after that §; — ¢ — cl(E) < U. As a result of that, E is fuzzy

(1,7) — gp — closed.
(17) — (i) Let E be fuzzy (i,j)—gp—closed, E € §;. Since E < E, then 6;—p—cl(FE) < F,

thus E is fuzzy 0; — ¢ — closed. Therefore §; C ]_—(f)?éj).

From the above and the complenent relation we conclude the following:
Corollary 6. In fbts (X, d1,02) the following statements are equivalents:
(1) Fs, < (9{;5]_)

(2) All fuzzy subset of X is fuzzy (i,7) — gp — open.
Corollary 7. Assume E, and T are fuzzy (i,7) — gp — closed sets in fbts (X, 1, 02) with
EVo;—int(T) =TV 6 —int(E) =1, then ENT is fuzzy (i,5) — gp — closed.

4. Conclusion

In this study, we introduced and studied the definition of some types of generalized
neighborhood and generalized quasi-neighborhood ideas fuzzy bitopology space, and we
prove some relations and inclusion relation between them by listing some examples, then
applied them to, closure, interior, and studied some key properties of them.

Acknowledgements

The authors would like to thank the referee(s) for their valuable comments.



REFERENCES 1990

1]

[2]

[10]
[11]

[12]

[13]

References

A. Kandil, Biproximities and fuzzy bitopological spaces. Simon Stevin, (1989), pp.
45-66.

Andal, M., and Thiripurasundari, V. Fuzzy Generalized © Closed Set in Fuzzy Topo-
logical Spaces. Journal of Information and Computational Science, (2019), pp. 1548—
7741.

Benchalli, S. S., Patil, P. G., Toranagatti, J. B., and Vighneshi, S. R. A New Class of
Generalized Closed Sets in Topological Spaces. Global Journal of Pure and Applied
Mathematics, (2017), pp. 331-345.

C. Chang, Fuzzy topological spaces. J. Math. Anal Appl, (1968), pp. 182-190.

Das, B., Bhattacharya, B., Chakraborty, J., and Tripathy, B. C. Generalized fuzzy
closed sets in a fuzzy bitopological space via vy-open sets. Afrika Matematika, (2021),
pp. 333-345.

G. Balasubramanian and P. Sundaram, On some generalizations of fuzzy continuous
functions. Fuzzy Sets and Systems, (1997), pp. 93—-100.

Kandil, A., Tantawy, O., El-Sheikh, S., and Shalaby, E. Generalized Locally Pair-
wise Closed Sets on Bitopological Spaces and Some of Its Properties. Journal of the
Egyptian Mathematical Society, (2018), 116-126.

L. Zadeh, Fuzzy sets, Information and Control, (1965), pp. 338-353.

M. El-Shafei, Some applications of generalized closed sets in fuzzy topological space.
Kyngpook Math, (2005), pp. 13-19.

N. Palaniappan, Fuzzy topology. Alpha Science International Ltd, (2002), pp. 1-177.

Ramaboopathi, M., and Dharmalingam, K. M. On (1,2)*-"g-closed sets in bitopo-
logical spaces. Malaya Journal of Matematik, (2019), pp. 463-467.

Xuzhu Wang, Da Ruan, and Etienn E. Kerre. Mathematics of Fuzziness-Basic Issues.
Springer Nature, (2009).

Zahran, A. M and El-Maghrabi, A. I. Generalized-Operations on Fuzzy Topological
Spaces. Abstract and Applied Analysis, Hindawi, (2011), pp. 1-12.



