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Abstract: In the present study. At first, some properties of r-fuzzy soft p-closed sets are introduced
on fuzzy soft topological spaces based on the paper Aygiinoglu et al. (Hacet. J. Math. Stat. 2014,
43,193-208). Also, we define the closure and interior operators with respect to the classes of r-fuzzy
soft B-closed and r-fuzzy soft B-open sets, and investigate some of their properties. In addition,
the concept of r-fuzzy soft f-connected sets is introduced and characterized with help of fuzzy soft
B-closure operators. Thereafter, some properties of a fuzzy soft -continuity are studied. Furthermore,
we introduce and study the concepts of fuzzy soft almost (weakly) B-continuous functions, which are
weaker forms of a fuzzy soft f-continuity. Also, the relationships between these classes of functions
are specified with the help of some illustrative examples. Finally, we explore new types of fuzzy
soft functions called, fuzzy soft B-irresolute (strongly pB-irresolute, S-irresolute open, B-irresolute
closed and B-irresolute homeomorphism) functions, and discuss some properties of them. Also, we
show that fuzzy soft strongly -irresolute = fuzzy soft -irresolute = fuzzy soft -continuity, but
the converse may not be true.
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1. Introduction

Theory of soft set was pioneered by Molodtsov [1], which is a completely novel approach for
modeling uncertainty and vagueness. He demonstrated some applications of these theory in solving
some practical problems in engineering, economics, and medical science, social science etc. Akdag
and Ozkan [2] initiated and studied the concept of soft a-open sets on soft topological spaces. The
concept of soft B-open sets was studied by the authors of [3,4], and some properties of soft f-continuity
are investigated. Also, the concepts of somewhere dense and Q-sets were defined and studied by the
authors of [5,6]. Al-shami et al. [7] initiated the concept of weakly soft semi-open sets and studied its
main properties. Also, Al-shami et al. [8] defined and studied the concept of weakly soft f-open sets.
Kaur et al. [9] introduced a new approach to studying soft continuous mappings using an induced
mapping based on soft sets. Al Ghour and Al-Mufarrij [10] defined new concepts of mappings over
soft topological spaces: soft somewhat-r-continuity and soft somewhat-r-openness. Ameen et al. [11]
explored more properties of soft somewhere dense continuity.

The notion of fuzzy soft sets was introduced by Maji et al. [12], which combines fuzzy sets [13]
and soft sets [1]. Based on fuzzy topologies in the sense of Sostak [14], the notion of fuzzy soft topology
is defined and some properties such as fuzzy soft continuity, fuzzy soft interior (closure) set and fuzzy
soft subspace is introduced in [15,16]. A new approach to studying separation and regularity axioms
via fuzzy soft sets was introduced by the author of [17,18] based on the paper Aygiinoglu et al. [15].
The notion of r-fuzzy soft regularly open sets was defined and studied by Cetkin and Aygtin [19]. In
addition, the notions of r-fuzzy soft B-open (resp. pre-open) sets were introduced by Taha [20].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The main contribution of this study is arranged as follows:

o In Section 2, we are going to present the notions of fuzzy soft S-closure (B-interior) operators on
fuzzy soft topological space based on the article Aygiinoglu et al. [15], and study some properties of
them. Also, the concept of r-fuzzy soft f-connected sets is defined and studied.

o In Section 3, we investigate some properties of a fuzzy soft f-continuity. Moreover, we explore
and study the notions of fuzzy soft almost (weakly) S-continuous functions, which are weaker forms
of fuzzy soft B-continuous functions. Also, we show that fuzzy soft -continuity = fuzzy soft almost
B-continuity = fuzzy soft weakly B-continuity, but the converse may not be true.

o In Section 4, we introduce the notions of fuzzy soft p-irresolute (resp. strongly B-irresolute,
B-irresolute open, B-irresolute closed and B-irresolute homeomorphism) functions between two
fuzzy soft topological spaces (V, #r) and (U, 7¢), and investigate some properties of these functions.
Additionally, the relationships between these classes of functions are considered with the help of some
examples.

e In the end, we close this study with some conclusions and open a door to suggest some future
papers in Section 5.

In this study, nonempty sets will be denoted by V, U etc. F is the set of all parameters for V and
B C F. The family of all fuzzy sets on V is denoted by 1V (where I, = (0,1], I = [0,1]),and for t € I,
t(v) =t forallv € V.

The following notions and results will be used in the next sections:

Definition 1. [15,21,22] A fuzzy soft set gz on V is a function from F to IV such that gp (k) is a fuzzy
set on V, for each k € B and gp(k) = 0, if k ¢ B. The family of all fuzzy soft sets on V is denoted
by (V, F). In [23], the difference between two fuzzy soft sets ¢ and f4 is a fuzzy soft set defined as
follows, for each k € F:

B - 0, ifgp(k) < fa(k),
(g8 T fa)(k) = { g8 (kK) A (fa(K))S, otherwise.

Definition 2. [24] A fuzzy soft point k,, on V is a fuzzy soft set defined as follows:

) v, if e=k,
k”t(e)_{ 0, if ecF—{k},

where v; is a fuzzy point on V. ky, is said to belong to a fuzzy soft set gg, denoted by ko, €gp, if
t < ¢p(k)(v). The family of all fuzzy soft points on V is denoted by P;(V).

Definition 3. [25] A fuzzy soft point k,, € P;(V) is called a soft quasi-coincident with gz € (V,F),
denoted by ky,q4gs, if t + gp(k)(v) > 1. A fuzzy soft set f, € (ﬁ) is called a soft quasi-coincident
with g € (17,\1/3), denoted by faqgg, if thereis k € Fand v € V such that fa(k)(v) + gp(k)(v) > 1. If
fa is not soft quasi-coincident with g, f4 4g5.
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Definition 4. [15] A function 77 : F — [0,1](""F) is said to be a fuzzy soft topology on V if it satisfies
the following, for each k € F:

(1) (@) = me(F) =1,
@ (g8 M f4) > 1(g8) A i(fa), for each gp, fa € (V, F),

(3) 7e(Usea(88)s) = Aseanie((g8)s), for each (g)s € (V,F),6 € A.

Then, (V,7r) is said to be a fuzzy soft topological space (briefly, FSTS) based on the sense of
Sostak [14].

Definition 5. [15] Let (V,7r) and (U, 7¢) be a FSTSs. A fuzzy soft function ¢y : (V,F) — (U,E)

is said to be a fuzzy soft continuous if, nk((p,zl(gg)) > 1,(gp) for each gg € (U,E), k € F and
(e = y(k)) € E.

Definition 6. [16,19] In a FSTS (V, 7jr), for each gp € (Y?,VF), k € Fand r € Iy, we define the fuzzy soft
operators Cy and I, : F x (V,F) x I, — (V, F) as follows:

Cyk,gp,r) =T {fa € (V,F):8p E fa, m(fa) =1},

Iy(k,gp,7) = U {fa € (V,F): fa T g, nk(fa) =1}

Definition 7. Let (V,7r) be a FSTS and r € I. A fuzzy soft set g5 € (V,F) is said to be
an r-fuzzy soft B-open [20] (resp. pre-open [20], semi-open [26] and regularly open [19]) if,

g & Cy(k Iy(k,Cy(k,gp,7),7),1) (resp. gp T Iy(k,Cy(k,gs,7),7), 88 & Cy(k, I;(k,gB,7),7) and
gB = I;(k,Cy(k,gB,7),7r)) for each k € F.

Definition 8. [19] Let (V,5r) be a FSTS and r € Ij. A fuzzy soft set gp € ( V,F) is said to be an r-fuzzy
soft regularly closed if, gp = C; (k, Iy (k, gB, ), 7) for each k € F.

Definition 9. [20] From the previous definition, we can summarize the relationships among different
types of fuzzy soft sets as in the next diagram.

regularly open set

4

pre —open set = [ — open set

Definition 10. [26] Let (V,#r) and (U, T¢) be a FSTSs. A fuzzy soft function ¢y : ( 17,73) — (LT,YS) is
said to be a fuzzy soft almost (resp. weakly) continuous if, for each ky, € P;(T/) and each gp € (lj,vE)
with 7,(gp) > r containing ¢y (ky,), there is f4 € (V,F) with 1;(f4) > r containing ky, such that
@yp(fa) E Ix(e,Cr(e, g, 7),7) (resp. ¢y (fa) E Cr(e, g5, 7))
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Definition 11. [26] From Definitions 1.5 and 1.9, we have: Fuzzy soft continuity = fuzzy soft almost
continuity = fuzzy soft weakly continuity.

The basic results and definitions which we need in the next sections are found in [15,16].

2. Some Properties of r-Fuzzy Soft 5-Closed Sets

Here, we introduce the concept of r-fuzzy soft S-closed sets on fuzzy soft topological space
based on the sense of Sostak [14], and investigate some properties of them. Also, we define and
study the concepts of fuzzy soft B-closure (B-interior) operators. Moreover, the concept of r-fuzzy soft
B-connected sets is defined and characterized.

Definition 12. Let (V, np) be a FSTS. A fuzzy soft set ¢ € (VA,JF) is said to be an r-fuzzy soft S-closed
if, I, (k, Cy(k, I;(k,gB,7),7),7) E gp foreach k € Fand r € Iy.

Proposition 1. Let (V,#g) be a FSTS, ¢ € (ﬁ), k € Fand r € Iy. Then, we have
(1) gp is r-fuzzy soft B-closed set iff g} is r-fuzzy soft g-open [20].
(2) Any intersection of r-fuzzy soft S-closed sets is r-fuzzy soft f-closed.

(3) Any union of r-fuzzy soft -open sets is r-fuzzy soft f-open.

Proof. Follows from Definitions 1.7 and 2.1.
O

Proposition 2. Let (V,5r) be a FSTS, g3, fa € (V,F),k € Fandr € I. If gp is r-fuzzy soft pre-open
set such that g © fa T Cy(k, I;(k, g, 7),7), fa is r-fuzzy soft B-open.

Proof. Since gp is r-fuzzy soft pre-open and gg T fa, then gg T Iy(k,Cy(k,gp,7),7)
Iy (k, Cy(k, fa,r),r).Since f4 T Cy (k, In(k,gB,r),r), then f4 & Cy(k, I (k, I (k, Cﬂ(k,fA,r),r),r),r)
Cy(k, Iy (k,Cy(k, fa,1),7),1), 50 fa is r-fuzzy soft B-open.

O

I

Proposition 3. Let (V,5F) be a FSTS, g5, fa € (ﬂ), k € Fand r € Iy. If gp is r-fuzzy soft pre-closed
set such that gg 3 f4 3 I;;(k,Cy(k,g,7),7), fa is r-fuzzy soft B-closed.

Proof. Easily proved by a similar way in Proposition 2.2.
O

Definition 13. In a FSTSﬂ, nE), for each ¢p € (VA,%), k € Fand r € Iy, we define a fuzzy

soft operator BC; : F x (V,F) x I, — (V,F) as follows: BC;,(k,gp,7) = M {fa € (V,F) : gg C
fa, fa is r-fuzzy soft p-closed}.

Theorem 1. In a FSTS (V, #g), for each fa,9p € (\77-’), k € Fand r € Iy, the operator BC; : F X
(V,F) x I, — (V, F) satisfies the following properties:

(1) BC, (k, @, 7) = .
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(2) g8 & BCy(k, gp,7) T Cy(k, g5, 7).

(3) BCy(k,gB,7) E BCy(k, fa,7),if g5 T fa.

(4) BCy(k, BCy(k, g3, 7),7) = BCy (k, B, 7).

(5) BCy(k, g8 U fa,r) 3 BCy(k, g, 1) LI BCy (K, fa, 7).

(6) gp is r-fuzzy soft B-closed iff BC; (k, g, 7) = gB-

(7) ,Bcly(k/ Cr](k/gB, 7’), 7') = C?](k/gB/r)-

Proof. (1), (2), (3) and (6) are easily proved from the definition of fC;.

(4) From (2) and (3), BC; (k, g8, 7) E BCy(k, BCy(k,gB,7),7). Now we show that BC; (k, gp,7) 3
BCy(k, BCy(k,gB,7), 7). Suppose that BC; (k, gg, ) is not contain BCy (k, BC; (k, g, 1), 7). Then, there is
v e Vandt € (0,1) such that BCy (k, g, 7) (k) (v) < t < BCy(k, BCy(k,gB,7),7)(k)(v). (A)

Since BCy(k, g, 7)(k)(v) < t, by the definition of BC;, there is hf is r-fuzzy soft B-closed with
g8 T hr such that BCy(k, gg,7)(k)(v) < hp(k)(v) < t. Since gp T hr, we have BC;(k,gp,7) T hr.
Again, by the definition of BC;, BC; (k, BC;(k,gB,7),7) T hp. Hence BCy (k, BCy(k,gB,7),7)(k)(v) <
hp(k)(v) < t, it is a contradiction for (A). Thus, BCy,(k,gp, ) 2 BCy(k, BCy(k,gB,7),7). Then,
BCy(k, BCy(k, 8B, 1), 1) = PCy(k, 8B, 7).

(5) Since 8B and fA E 8B u fA/ hence bY (3)1 IBCU (k/gB/ 7’) E ﬁcﬂ (krgB |—|fA/ 7’) and ﬁcﬂ (krfA/ 7’) E
ﬁCU(k,gB U fa,r). Thus, ﬁCW(k,gB Ufa,r) 3 ,BCU(k,gB,r) U BCy (k, fa,r).

(7) From (6) and Cy; (k, g, r) is r-fuzzy soft B-closed set, hence BC; (k, C; (k,gB,7),7) = Cy(k, g, 7).
O

Definition 14. Let (V, %) be a FSTS, r € Iy and gg, fa € (\7:7—") Then, we have:

(1) Two fuzzy soft sets gg and f4 are called r-fuzzy soft B-separated iff gg 4 BC;(k, fa,7) and
fa 4 BCy(k,gp,7) for each k € F.

(2) Any fuzzy soft set which cannot be expressed as the union of two r-fuzzy soft S-separated sets
is called an r-fuzzy soft f-connected.

Theorem 2. In a FSTS (V, 5jr), we have: -
(1) If f4 and gp € (V, F) are r-fuzzy soft B-separated and h¢, tp € (V, F) such that h¢c C f4 and
tp C gp, then hc and tp are r-fuzzy soft S-separated.

(2) If f4 4 g and either both are r-fuzzy soft B-open or both r-fuzzy soft B-closed, then f4 and gp
are r-fuzzy soft B-separated.

(3) If f4 and gp are either both r-fuzzy soft f-open or both r-fuzzy soft B-closed, then f4 I g5 and
gp 11 f4 are r-fuzzy soft B-separated.

Proof. (1) and (2) are obvious.
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(3) Let f4 and gp be an r-fuzzy soft B-open. Since f4 M g5 C g5, BCy(k, famgg 1) E g5 and
hence BCy(k, faTg%,7) 4 g8- Then, BC,(k, faT18%.,7) 4 (881 f%)-

Again, since gp M f4 C f9, BCy(k,gpTf9,7) E f4 and hence BC,(k,gpf9,7) 4 fa. Then,
BCy(k, g f5,7) A (faT18%)- Thus, f4 M g5 and g I f4 are r-fuzzy soft -separated. The other case
follows similar lines.

O

Theorem 3. In a FSTS (V,nr), then f4, g € (V,F) are r-fuzzy soft p-separated iff there exist two
r-fuzzy soft B-open sets h¢c and tp such that f4 T h¢e, gp T tp, fa 4 tp and gp 4 he.

Proof. (=) Let f4 and gp € (V,F) be an r-fuzzy soft B-separated, f4 T (BCy(k,gp,7))¢ = hc and
g8 £ (BCy(k,fa, 7)) = tp, where tp and hc are r-fuzzy soft B-open, then tp 4BCy(k, fa,r) and
hc ABCy(k,gB,7). Thus, gp 4 hc and fa 4 tp. Hence, we obtain the required result.

(<) Let hc and tp be an r-fuzzy soft B-open such that gg C fp, fa T he, gg 4 hc and fa 4 tp.
Then, ¢ C h¢ and fa C tf,. Hence, BCy(k, gB,7) T hi and BCy(k, fa, 1) T t5,. Then, BC;(k, g, 7) 4 fa
and BCy(k, fa,r) 4 gB- Thus, gp and f, are r-fuzzy soft -separated. Hence, we obtain the required
result.

O

Theorem 4. In a FSTS (V, ), if gp € (VA,T-“) is r-fuzzy soft B-connected such that gg T f4 T
BCy(k, g, 1), then f, is r-fuzzy soft B-connected.

Proof. Suppose that f, is not r-fuzzy soft f-connected, then there is r-fuzzy soft p-separated sets
h¢ and tf, € (V, F) such that f4 = h Ut} Lethe = gpMh¢ and tp = gp Mt} then gg = tp L.
Since hc C hi and tp C t;,, hence by Theorem 2.2(1), hc and tp are r-fuzzy soft B-separated, it is a
contradiction. Thus, f4 is r-fuzzy soft -connected, as required.

O

Theorem 5. In a FSTSA£V, nE), for each ¢p € (ﬁ), k € Fand r € Iy, we define a fuzzy soft
operator I, : F x (V,F) x I, — (V,F) as follows: BI,;(k,gg,7) = U {fa € (V,F) : fa C
8B, fa is r-fuzzy soft B-open}. Then, for each f4,gp € (V, F), the operator I, satisfies the following
properties:

(1) L, (k,F,r) = F.

() I (k, g, 1) C BI,(k,gB,7) C gB.

(3) ,Blﬂ(kngrT) E ,BII](krfA/r)r lng E fA'

4) Bly (k, Bl (k, gp,7),7) = Bly(k, g5, 7).

(5) By (k,g,7) 11 BLy (K, fa,v) 3 Bly(k, g8 fa,7).

(6) g is r-fuzzy soft -open iff BI, (k,gp,7) = gB.

(7) By (k, 85,7) = (BCy(k, g, 7)) -

Proof. (1), (2), (3) and (6) are easily proved from the definition of BI,,.

(4) and (5) are easily proved by a similar way in Theorem 2.1.
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(7) For each gg € (V,F), k € Fand r € Iy, we have I, (k,g5,7) = U{fa € (V,F) : fa C
8%, fa is r-fuzzy soft B-open} = [M{fq € (V,F) : gp T f4, f4 is r-fuzzy soft p-closed}|® =

(BCy(k,gB,7))"-
O

3. Weaker Forms of Fuzzy Soft f-Continuity

Here, we investigate some properties of fuzzy soft B-continuity. As a weaker form of fuzzy soft
B-continuity, the concepts of fuzzy soft almost (weakly) S-continuous functions are introduced, and
some properties are given. Also, we show that fuzzy soft -continuity = fuzzy soft almost -continuity
= fuzzy soft weakly B-continuity, but the converse may not be true.

Definition 15. Let (V,#r) and (U, 7¢) be a FSTSs. A fuzzy soft function @y : (V,F) — (U,E) is

said to be a fuzzy soft f-continuous if, ¢, 1(gp) is r-fuzzy soft B-closed set for each gp € (U, E) with
T(g5) >r ke F,(e=y(k)) € Eandr € L.

Theorem 6. Let (V,7r) and (U, 1) be a FSTSs, and ¢y : (V,F) — (U, E) be a fuzzy soft function.
e=1(k)) € Eandr € L:

The following statements are equivalent for each g5 € (U, E), k € F, (
(1) ¢y is fuzzy soft f-continuous.
(2) For each g3 € (U, E) with 7,(g) > 1, o L(gp) is r-fuzzy soft B-open.
(3) BCy (K, 9" (88),7) E ¢, (Ce(e, g3, 7))
@ ¢, (Ie(e, g5, 7)) C Ly (k, 9y (g8),7).
(5) Iy (k, Cy (k, Iy (k, 9 (88),7),7),7) E 9, (Ce(e, 88, 7))-

Proof. (1) < (2) Follows from Proposition 2.1(1) and (plzl (8%) = ((p;l (gB))".

(1) = (3) Letgp € (lj,vE), hence by (1), q)l;1 (Cc(e,gB, 7)) is r-fuzzy soft B-closed. Then, we obtain
BCy(k 9, (g8),7) E ¢y (Crle, g, 7))-

(3) < (4) Follows from Theorem 2.5(7).

(3) = (5) Let g € (lﬁ), hence by (3), we obtain I(k,Cy(k, I, (k, golzl(gg),r),r),r) C
BCy(k, 9, (88),7) E 9, (Ce(e,g,7))-

5) = (2) Let gg € (L/I,VE) with 7.(¢g) > r, hence by (5), we obtain ((pl;l(gg))c =

3 1k Gyl Iyl gy (85), 1) r)r) = (Cylk Jy(k Cylk 93 (g5),7),r), 7))\ Then,

¢y (88) E Cylk, Iy (K, Cy(k, ¢l;l(g3),r),r),r), SO go;l(gg) is r-fuzzy soft p-open.
O

Lemma 1. Every fuzzy soft continuous function [15] is fuzzy soft B-continuous.

Proof. Follows from Definition 1.5 and Theorem 3.1.
O

Remark 1. The converse of Lemma 3.1 is not true, as shown by Example 3.1.
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Example 1. Let V = {vy,vp,03}, F = {ki,ko} and define gp, hy € (VA,Y-") as follows: gr =
(ke A 0 3D, (ko (5 B 3D e = (kA0 80 ), U {88 & 1)) Define fuzzy

soft topologies i1, Ty : F — [0,1](V"F) as follows: Vk € F,

1, if npe{®F},
mk(np) =935, if np=gr,

0, otherwise,

1, if npe{®,F},
w(np) =9 3%, if np=hg,

0, otherwise.

Then, the identity fuzzy soft function ¢y : (V,np) — (V, 1) is fuzzy soft B-continuous, but it is
not fuzzy soft continuous.

Definition 16. Let (V,7r) and (U, 7¢) be a FSTSs. A fuzzy soft function ¢y : (V,F) —> (U, E) is said

to be a fuzzy soft almost (resp. weakly) p-continuous if, for each ky, € P+(V) and each f4 € (ljﬁ:")
with 7(fa) > r containing ¢y (ky, ), there is gg € (V, F) is r-fuzzy soft f-open set containing ko, such
that @y (gp) C Ir(e,Cc(e, fa,1),7) (resp. ¢y(gB) T Cr(e, fa, 7)), k € F, (e = ¢(k)) € Eandr € L.

Lemma 2. (1) Every fuzzy soft f-continuous function is fuzzy soft almost -continuous.
(2) Every fuzzy soft almost B-continuous function is fuzzy soft weakly B-continuous.

Proof. Follows from Definition 3.2 and Theorem 3.1.
O

Remark 2. The converse of Lemma 3.2 is not true, as shown by Examples 3.2 and 3.3.

Example 2. Let V = {ov,v3,v3}, F = {ky,k2} and define fr, gr, hr € (\ZVF) as follows:

feo= Ak {o5 0% 0%}) (k2 {55 % a5 D} gr = {ku {oh 0% o11) (ke {Gk 0% 03D} e =
{(ky, {38, 82, 83), (ka, { 3L, &2, 82 })}. Define fuzzy soft topologies g, Tr : F — [0,1](V/F) as follows:
Vk € F,

1, if npe{®F},

2 . _

nk(np) = il li " :fF’
7, W Nfp=gr,
0, otherwise,

1, if npe{®F},
2 .
37 if np = f F,
Te(np) = ‘;’ .
37 if ng = hF ’
0, otherwise.
Then, the identity fuzzy soft function ¢y : (V,1r) — (V, 7) is fuzzy soft almost S-continuous,
but it is not fuzzy soft S-continuous.

Example 3. Let V = {vy,vp,v3}, F = {ki,k2} and define gr, hy € (V,F) as follows: gF =

soft topologies i1, Tr : F — [0,1](V/F) as follows: Vk € F,
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1, if npe{®F},
me(np) =<4, if np=gp,
0, otherwise,
1, if npe{®F},
Tw(np) =< %, if np=hp,
0, otherwise.

Then, the identity fuzzy soft function ¢y : (V,5p) — (V, 1) is fuzzy soft weakly B-continuous,
but it is not fuzzy soft almost S-continuous.

Lemma 3. (1) Every fuzzy soft almost continuous function is fuzzy soft almost -continuous.

(2) Every fuzzy soft weakly continuous function is fuzzy soft weakly S-continuous.

Proof. Follows from Definitions 1.9 and 3.2.
O

Remark 3. From the previous definitions and results, we can summarize the relationships among
different types of fuzzy soft continuity as in the next diagram.

continuity = pB-continuity

¢ ¥
almost continuity = almost B-continuity
¢ ¥

weakly continuity = weakly B-continuity

Theorem 7. Let (V,77r) and (U, tg) be a FSTSs, and ¢y : (V,F) — (U,E) bea fuzzy soft function.
e =

The following statements are equivalent for each g € (U,E), k€ F, (e=y(k)) € Eand r € L:

(1) @y is fuzzy soft almost B-continuous.
2) ¢y 1(gp) is r-fuzzy soft B-open, for each gp is r-fuzzy soft regularly open.
©) ¢y 1(gp) is r-fuzzy soft B-closed, for each gp is r-fuzzy soft regularly closed.
(4) BCy (K, <p1;1 (¢B), 1) C golzl(CT(e, g8, 1)), for each gp is r-fuzzy soft p-open.
(5) BCy (K, (pt;l (¢B), 1) C q)&l (Cc(e,gB, 1)), for each gp is r-fuzzy soft semi-open.
(6) BI, (k, q)lzl(IT(e, Cc(e, g, 1),1)),r) 3 gol;1 (¢B), for each gp with 7.(gp) > r.
Proof. (1) = (2) Let ky, € P(V) and gp € (U, E) be an r-fuzzy soft regularly open set containing

¢yp(ky,), hence by (1), thereis f4 € (V, F) is r-fuzzy soft B-open set containing ko, such that ¢y (fa) C
Lt(e,Ce(e, g8, 7). 7).
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Thus, fa C (pl;l(lf(e, Cc(e,gB,7),7)) = ¢1;1(g3) and ko &fy C %1(%). Then,
Koy €Cy (k, Iy (k, Gy (K, ¢l;1(g3),r),r),r) and (Plzl(gB) C Cy(k, Iy (k, Cy (K, qvq_,l(gg),r),r),r). Therefore,
Py L(gp) is r-fuzzy soft B-open set.

(2) = (3) Let gp be an r-fuzzy soft regularly closed set, hence by (2), ¢, L(gs) = (py Y(gp))©is
r-fuzzy soft p-open set. Then, ¢, L(gp) is r-fuzzy soft B-closed set.

(3) = (4) Let gp be an r-fuzzy soft B-open set. Since Cr (e, ¢p, 1) is r-fuzzy soft regularly closed set,
hence by (3), ¢y, L(Cz (e, gB, 7)) is r-fuzzy soft B-closed set. Since on Ygp) C Py Y(C¢(e,gB,7)), then we

have BCy (k, ¢, (88),7) E ¢, (Cx(e, g8,7)).
(4) = (5) This is obvious from every r-fuzzy soft semi-open set is r-fuzzy soft f-open set.

(5) = (3) Let gp be an r-fuzzy soft regularly closed set, hence gp is r-fuzzy soft semi-open set.

Then by (5), BCy (k, ¢¥1(g3),r) C (plf(CT(e,gB,r)) = go;l(gg). Therefore, 9"1;1(33) is r-fuzzy soft
B-closed set.

3) = (6) Let gg € (UE) with ©(gg) > r and kvté¢1;1(g3), then we have
kvté(pl;l(lr(e, Cc(e, g, 7),7)). Since [I:(e,Cr(e,gB,7),1)]¢ is r-fuzzy soft regularly closed set, hence
by (3), (plzl([lf(e, Cc(e, g, 7),1)]°) is r-fuzzy soft B-closed set. Thus, go;l(IT(e, Cc(e, g, 7),1))
is r-fuzzy soft B-open set and kvtélBIW(k,(p&l(IT(e,CT(e,gB,r),r)),r). Then, q)lf(gg) C
BLy(k, ¢y (Ir(e, Ce(e, g5, 7),1)), 7).

(6) = (1) Let ky, € P(V) and gB € (U, E) with T(gB) > r containing ¢y (ky,), hence by (6),
¢y (g8) E Bly(k, 9" (Ir(e, Cr (e, g5, 1), 7)), 7).

Since kv,é¢l;1(g3), then we obtain k, €I, (k, qo@l(IT(e, Cc(e,gB,7),7)),7) = fa (say). Hence,

there is f4 € (V,F) is r-fuzzy soft B-open set containing ko, such that ¢y (fa) C Ir(e,Cc(e, g, 7), 7).
Therefore, ¢y is fuzzy soft almost B-continuous.
O

In a similar way, we can prove the following theorem.

Theorem 8. Let (V,#r) and (U, 1¢) be a FSTSs, and ¢y : (V,F) — (U, E) be a fuzzy soft function.
e =

The following statements are equivalent for each g5 € (U, E), k € F, (e = (k) € Eand r € L

(1) @y is fuzzy soft weakly B-continuous.
(2) Cy(k, Iy (k, Cy (k, ¢, (Ce(e,g8,7)), 1), 7),7) T 9 (g8), if Te(gp) = 7.
(3) Iy (k, Cy (k, Iy (k, ¢ (I (e, 88,7)), 1), 7),7) € @ (88), if Te(g5) > 7.
(@) BCy (k, 9 (I (e, g5,7)), 1) C 9y (), if Te(g) > .

(5) BC, (k, 9 (16, Ce(e,85,7), 7)), ) € 9 (Cele, g5, ).

(6) BIy (k, @y (Cr(e, Ir(e, g5, 7),7)),7) 3 @y (Ix(e, gb,7))-

(7) 9 (88) C BIy(k, ¢y (Ce(e, 8B, 7)), 1), if Te(gp) > 7
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~ LetPand Q: F x (KA,E-") X Iy — (\/Aj-") be operators on (VA,Y-"), and Rand S: E x (Lfl,\é) X Io —
(U, E) be operators on (U, E).

Definition 17. [26] Let (V, #r) and (U, 7¢) be a FSTSs. ¢y : (V,F) — (U,E) is said to be a fuzzy soft
(P, Q,R,S)-continuous function if, Pk, (pl;1 (S(e, g, 1)), 1] T1 Qlk, (pl;1 (R(e,gp,7)),t] = ® for each

gp € (U, E) with 7.(gp) > r, k € Fand (e = y(k)) € E.

In (2014), Aygiinoglu et al. [15] defined the notion of fuzzy soft continuous functions:
iyk(q)lf(fA)) > 1,(fa), foreach f4 € (U,E), k € Fand (e = ¢(k)) € E. We can see that Definition 3.3
generalizes the concept of fuzzy soft continuous functions, when we choose P = identity operator, Q =
interior operator, R = identity operator and S = identity operator.

A historical justification of Definition 3.3:

(1) In Section 3, we introduced the notion of fuzzy soft -continuous functions: ¢, lgp) C

Cy(k, Iy (k, Cy (K, (plf(gg), r),r),r), for each gp € (ﬁ) with 7.(gg) > r. Here, P = identity operator,
Q = closure interior closure operator, R = identity operator and S = identity operator.

(2) In Section 3, we introduced the notion of fuzzy soft almost f-continuous functions: ¢,, L(gp) C

Bl (k, (pl;l(IT(e, Ce(e,g8,7),7)),7), for each g5 € (U, E) with 7,(gz) > r. Here, P = identity operator,
Q = B-interior operator, R = interior closure operator and S = identity operator.

(3) In Section 3, we introduced the notion of fuzzy soft weakly p-continuous functions: ¢, Ygp) C

BI, (k, (plzl(CT(e, gp,7)),1), for each gp € (U, E) with 7,(gz) > r. Here, P = identity operator, Q =
B-interior operator, R = closure operator and S = identity operator.

4. Fuzzy Soft S-Irresoluteness

Here, we introduce the concepts of fuzzy soft B-irresolute (resp. strongly B-irresolute, B-irresolute
open, B-irresolute closed and B-irresolute homeomorphism) functions between two fuzzy soft
topological spaces (V,7nr) and (U, 1¢), and study some of its features. Also, we show that fuzzy
soft strongly B-irresolute = fuzzy soft p-irresolute = fuzzy soft f-continuity, but the converse may
not be true.

Definition 18. Let (V,#r) and (U, 7¢) be a FSTSs. A fuzzy soft function @y, : (V,F) — (U,E) is
said to be a fuzzy soft p-irresolute (resp. strongly p-irresolute) if, ¢, 1(gp) is r-fuzzy soft B-open (resp.

semi-open) set for each gp € (L’Ij?) is r-fuzzy soft f-open setand r € I,.

Lemma 4. (1) Every fuzzy soft strongly B-irresolute function is fuzzy soft -irresolute.
(2) Every fuzzy soft B-irresolute function is fuzzy soft -continuous.

Proof. Follows from Definition 4.1 and Theorem 3.1.
O

Remark 4. The converse of Lemma 4.1 is not true, as shown by Examples 4.1 and 4.2.
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Example 4. Let V = {vy,03,v3}, F = {ki,k2} and define fr,gr € (\7,73) as follows: fr =
(ki L 0 1), k(85 83 8D g = (06 A2 S0 830 ke (3 3 31} Define fuzzy
soft topologies 1, Tr : F — [0, 1](‘7'7:) as follows: Vk € F,

1, if npe{®F},

me(np) =<3, if np=gr,
0, otherwise,
1, if npe{®,F},
3, if np=fp,
0, otherwise.

T(np) =

Then, the identity fuzzy soft function ¢y : (V,7r) — (V, 1f) is fuzzy soft p-irresolute, but it is
not fuzzy soft strongly B-irresolute.
Example 5 Let V = {vl,vz, vs}, F = {ki,ky} and define fr,gr G (ﬁ) as follows: fr =
{(k, {55 0%, 03}, (k2 {55, 0%, 03 1)} ¢r = (k{08 03 }) (ko {Gl 0% 0% 1)} Define fuzzy
soft topologies 1, Tr : F — [0, 1](V ’F) as follows: Vk € F,
1, if npe{®F},
if np=fr,
if np=gr,
otherwise,
if np e {®F},
if nr=fr,
otherwise.

~

nk(ng) =

~

= O NI= W
N

~

T (np) =

O W=
<

~

Then, the identity fuzzy soft function ¢y : (V,np) — (V, 1) is fuzzy soft B-continuous, but it is
not fuzzy soft B-irresolute.

Remark 5. From the previous results, we have: Fuzzy soft strongly B-irresolute = fuzzy soft
B-irresolute = fuzzy soft B-continuity.

Theorem 9. Let (V, ) and (U, 1) be a FSTSs, and Py : ( (V,F) — ( E) be a fuzzy soft function.
The following statements are equivalent for each g € (U E), ke F,(e=y(k)) € Eandr € L:

(1) ¢y is fuzzy soft B-irresolute.
(2) For each gp is r-fuzzy soft B-closed, Py 1(gp) is r-fuzzy soft B-closed.
3) BCy (k, 93 (85),7) E 0" (BC<(e,g5,7))-
9y (BIc(e,g8,7)) E Bly(k ¢, (g8),7)-
) Iy (k, Cy &, Iy, 95 (85),7),7),7) € 9 (BCx (e, g, ).
Proof. (1) < (2) Follows from Proposition 2.1(1) and ¢, (gB) (4’1/; (¢B))°.

(2)=(3) Letgp € (U, E), hence by (2), ¢ L(BC+ (e, B, 7)) is r-fuzzy soft B-closed. Then, we obtain
BCy(k, 5" (88),7) E ¢y (BCx(e, 8B, 7))
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(3) & (4) Follows from Theorem 2.5(7).

B) = (5) Let gp € (L,I:JE), hence by (3), we obtain Iﬂ(k,C,i(k, Iq(k, ?Jl(gg),r),r),r)
BCy(k, 9, (88),7) C 9, (BCr(e,88,7)).

111

(5) = (1) Let gp € (U,E) be an r-fuzzy soft B-open, hence by (5), we obtain ((pl;l(gg))c =

0y (85) 2 Lk Cyk Iy(k @y (85).7),7),r) = (Cylk Iy(k,Cylk, 9 (g8),7),7),7))".  Then,

qo;l(gg) C Cy(k, I (k, Cy (K, golzl(gg),r),r),r), so qol/jl(gB) is r-fuzzy soft B-open. Hence, ¢y is fuzzy
soft B-irresolute.
O

Theorem 10. Let (V,#r) and (U, 7¢) be a FSTSs, and ¢y : (V,F) — (U,E) bea fuzzy soft function.

The following statements are equivalent for each g € (U,E),k € F, (e = ¢(k)) € Eand r € I:
(1) ¢y is fuzzy soft strongly B-irresolute.

(2) For each gp is r-fuzzy soft f-closed, ¢, L(gp) is r-fuzzy soft semi-closed.

@) 1y (k,Cy (k 9 (85),7),7) 9 (BCx (e, ga, 7).
Proof. (1) & (2) Follows from Proposition 2.1(1) and (pl;l (8%) = (qo&l (gB))".

(2) = (B) Letgp € (LT,?:"), hence by (2), o 1( BCx(e, gB, 7)) is r-fuzzy soft semi-closed. Then, we
obtain I; (k, C; (k, go;l(gg), r),r) C (plzl(,BCT(e, gB,1))-

B) = (1) Let gg € (L/Iﬁ:") be an r-fuzzy soft B-open, hence by (3), we obtain
(95" (88))° = 93" (85) 2 Iy(k, Cy(k, 9, (85),7),7) = (Cy(k, Iy (k, 5" (g8), 7),7))". Then, ¢, (g5) C
Cy (k, Iy (k, @y Y(gp),7),7), so on !(gp) is r-fuzzy soft semi-open. Hence, ¢y is fuzzy soft strongly
B-irresolute.

O

Proposition 4. Let (V,7r), (U, 7¢) and (W,vH) be a FSTSs, and ¢y : (V,F) — (U,E), Py

(Lfljl/E) — (Vﬁi) be two fuzzy soft functions. Then, the composition ¢y © ¢y is fuzzy soft p-irresolute
(resp. strongly B-irresolute and B-continuous) if, ¢y is fuzzy soft p-irresolute (resp. strongly p-irresolute
and p-irresolute) and ¢y is fuzzy soft p-irresolute (resp. p-irresolute and f-continuous).

Proof. Follows from Definition 4.1 and Theorem 3.1.
O

Proposition 5. Let (V,7r), (U, 7¢) and (W,vH) be a FSTSs, and ¢y : (V,F) — (U,E), P

(Lﬁ) — (VV,?—I) be two fuzzy soft functions. Then, the composition ¢;. o ¢y is fuzzy soft almost
p-continuous if, ¢y is fuzzy soft f-continuous (resp. p-irresolute and p-continuous) and ¢y, is fuzzy
soft almost continuous (resp. almost B-continuous and continuous).

Proof. Follows from the above definitions. [

Definition 19. Let (V,#r) and (U, 7¢) be a FSTSs and r € I,. A fuzzy soft function ¢y : (‘7,7—") —
(U, E) is said to be a fuzzy soft B-irresolute open (resp. closed) if, ¢y (fa) is r-fuzzy soft f-open (resp.
B-closed) set for each f4 € (V,F) is r-fuzzy soft B-open (resp. B-closed) set.
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Theorem 11. Let (V,#5r) and (U, t¢) be a FSTSs, and Py - ( (V,F) — (LT/E) be a fuzzy soft function.

The following statements are equivalent for each f4 € (V F),gp € (U E), k€ F,(e=1y(k)) € Eand
r e Io.

(1) ¢y is fuzzy soft B-irresolute open.
2) oy (Bly(k, fa 1)) E Ble(e, py(fa),r)-
®) Bly (k, 93" (8).7) C 9y (Bl (e, g5, 7).

(4) For each gp and each f, is r-fuzzy soft p-closed with ¢ Y(gp) C fa, thereis hc € (L’I,VE) is
r-fuzzy soft p-closed with gg T hc such that ¢ Lhe) T fa.

Proof. (1) = (2) Since ¢y (B, (k, fa,7)) E ¢y(fa), henceby (1), @y (BI;(k, fa, 1)) is r-fuzzy soft B-open.
Hence, ¢y (Bl;(k, fa, 7)) E Ble(e, 9y(fa), 7).

(2) = (3) Put fa = ¢, (gs), hence by (), ¢y (Bly(k, ¢, (g8),7)) T Blc(e, py(w, (g8)),7)
PIL:(e, g5, 7). Then, B, (k, ¢, (g8),7) C ¢y (Ble(e,85,7)).

1M

(B) = (4) Let g € (L/I,VE) and fq € (VAj-") be an r-fuzzy soft B-closed with (plzl(gg)
fa Since f§ T gp'(g5), f5 = Bly(kfor) T BlLkg,'(g5) ). Hence by (3), f5
Bly(k 9, (5),1) C 93! (Blele.gh ). Thus, fa 3 (9 (BLe(e,gho)) = @5 (BCele.gn ).
Hence, there is BCr(e, g, 7) € (U,E) is r-fuzzy soft B-closed with gg T BCc(e, gp,r) such that
¢y (BCr(e,88,7)) C fa-

C
C

(4) = (1) Let wp € (17,7-") be an r-fuzzy soft p-open. Put gp = (py(wp))® and f4 = wf),
Q”z;l(gB) = ¢¥1((¢¢(wp))c) C fa. Hence by (4), there is hc € (U, E) is r-fuzzy soft p-closed with
¢ C hc such that q)*l(hc) C fa = wp. Thus, ¢y(wp) C (]plp((pl;l(hC )) E he. On the other hand,

since gp C hc, (pl/,(wD) 85 3 h¢. Thus, gy (wp) = h, so ¢y(wp) is r-fuzzy soft p-open. Then, ¢y is
fuzzy soft B-irresolute open. D

In a similar way, we can prove the following theorem.

Theorem 12. Let (V,#r) and (U, 7¢) be a FSTSs, and ¢y : (V,F) — (U, E) be a bijective fuzzy
soft function. The following statements are equivalent for each f4 € (V,F), gg € (U,E), k € F,

(e=y(k)) € Eandr € L:
(1) ¢y is fuzzy soft B-irresolute closed.
(2) BCx(e, py(fa), 1) C @yp(BCy(k, fa,1)).
(3) @' (BC<(e,g8,7)) C BCy (K, 9" (88),7)-
(4) For each gp and each fy is r-fuzzy soft f-open with ¢, Y(gg) C fa, thereis he € (U, E) is

r-fuzzy soft p-open with gg C hc such that ¢, Yhe) C fa.

Proposition 6. Let (V,7r) and (U, 1) be a FSTSs, and gy : ( V,F) — (U, E) be a bijective fuzzy soft
function. ¢y is fuzzy soft p-irresolute closed iff ¢y is fuzzy soft B-irresolute open.
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Proof. It is easily proved from;
03" (BC-(e,85,7)) = BCy (K, 9 (5),7)

= ¢, (Bl(e,85,7)) 2 Bly(k, ¢, (85),7)-
O

Definition 20. Let (V,#r) and (U, 7¢) be a FSTSs. A fuzzy soft function @y : (V,F) — (U,E) is
said to be a fuzzy soft p-irresolute homeomorphism if, ¢y is bijective, and both of ¢y and ¢, Lare
B-irresolute.

From the above theorems, we obtain the following corollary.

Corollary 1. Let (V,#nr) and (U, 7¢) be a FSTSs, and ¢y : (VAj-") — (LT,TE) be a bijective fuzzy
soft function. The following statements are equivalent for each f4 € (V,F), 8B € (U,E), k € F,
(e=y(k)) € Eandr € L:

(1) @y is fuzzy soft B-irresolute homeomorphism.

(2) ¢y is fuzzy soft B-irresolute and fuzzy soft p-irresolute open.
(3) ¢y is fuzzy soft B-irresolute and fuzzy soft B-irresolute closed.
@) @y(Bly(k, fa, 1)) = Bl(e, 9y(fa), 7).

(5) @y (BCy (K, fa, 7)) = BCr(e, py(fa), 7).

©6) Bly(k, 9, (g8),7) = 9, (Bl (e, 88, 7))-

(7) BCy (K, ¢1;1(8B)r7) = ?Jl(ﬁCT(ergB/T’))-

5. Conclusions and Future Work

This manuscript is lay out as follows:

(1) In Section 2, fuzzy soft p-closure (B-interior) operators are introduced and studied on fuzzy
soft topological space based on the article Aygtinoglu et al. [15]. Moreover, the concept of r-fuzzy soft
B-connected sets is defined and characterized.

(2) In Section 3, some properties of a fuzzy soft p-continuity are investigated. As a weaker
forms of the notion of fuzzy soft -continuous functions, the notions of fuzzy soft almost (weakly)
B-continuous functions are introduced, and some properties are obtained. Also, we show that fuzzy
soft B-continuity = fuzzy soft almost S-continuity = fuzzy soft weakly B-continuity, but the converse
may not be true. Furthermore, we have the following results:

e Fuzzy soft (idy, Cy(1,(Cy)), idy, id)-continuous function is fuzzy soft f-continuous.
e Fuzzy soft (idy, BI, I (Cr), idy )-continuous function is fuzzy soft almost -continuous.
e Fuzzy soft (idy, Bl;, Cr, idyr)-continuous function is fuzzy soft weakly B-continuous.

(3) In Section 4, the notions of fuzzy soft p-irresolute (resp. strongly B-irresolute, B-irresolute open,
-irresolute closed and B-irresolute homeomorphism) functions are introduced between two fuzz
p y

doi:10.20944/preprints202401.1551.v1
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soft topological spaces (V, n¢) and (U, ¢), and some properties of these functions are investigated.
Additionally, we shown that fuzzy soft strongly B-irresolute = fuzzy soft p-irresolute = fuzzy soft
B-continuity, but the converse may not be true.

In upcoming manuscripts, we shall investigate the notions given here in the frames of fuzzy soft
r-minimal structures [20]. Also, we will use the fuzzy soft B-closure operator to introduce some new
separation axioms on fuzzy soft topological space based on the article Aygtinoglu et al. [15].

Data Availability Statement: No data were used to support this study.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

References

1.  Molodtsov, D. Soft set theory-first results. Comput. Math. Appl. 1999, 37, 19-31.

22. Akdag, M.; Ozkan, A. Soft x-open sets and soft a-continuous functions. Abst. Appl. Anal. 2014, 2014, 891341.

22. Akdag, M.; Ozkan, A. On soft B-open sets and soft -continuous functions. Sci. World J. 2014, 2014, 843456.

22. El-Sheikh, S.A.; Hosny, R.A.; Abd El-latif, A.M. Characterizations of B-soft separation axioms in soft
topological spaces. Inf. Sci. Lett. 2015, 4(3), 125-133.

22.  Al-shami, T. M. Soft somewhere dense sets on soft topological spaces. Commun. Korean Math. Soc. 2018, 33,
1341-1356.

22.  Al-Ghour, S. Boolean algebra of soft Q-Sets in soft topological spaces. Appl. Comput. Intell. Soft Comput. 2022,
2022, 5200590.

22.  Al-shami, TM.; Mhemdi, A.; Abu-Gdairid, R. A novel framework for generalizations of soft open sets and
its applications via soft topologies. Mathematics 2023, 11, 840.

22.  Al-shami, TM.; Arar, M.; Abu-Gdairi, R.; Ameen, Z.A. On weakly soft f-open sets and weakly soft
B-continuity. J. Inte. Fuzzy Syst. 2023, 45, 6351-6363.

18.  Kaur, S.; Al-shami, T.M.; Ozkan, A.; Hosny, M. A new approach to soft continuity. Mathematics 2023, 11, 3164.

17. Al Ghour, S.; Al-Mufarrij, J. Between soft complete continuity and soft somewhat-continuity. Symmetry 2023,
15, 1-14.

17.  Ameen, Z.A.; Abu-Gdairi, R.; Al-shami, T.M.; Asaad, B.A.; Arar, M. Further properties of soft somewhere
dense continuous functions and soft Baire spaces. |. Math. Computer Sci. 2024, 32, 54-63.

12.  Maji, PK; Biswas, R.; Roy, A.R. Fuzzy soft sets. J. Fuzzy Math. 2001, 9(3), 589-602.

13.  Zadeh, L.A. Fuzzy Sets. Inform. Control 1965, 8, 338-353.

26. Sostak, A.P. On a fuzzy topological structure. In: Proceedings of the 13th winter school on abstract analysis,
Section of topology, Palermo: Circolo Matematico di Palermo 1985, 89-103.

26. Aygunoglu, A.; Cetkin, V,; Aygiin, H. An introduction to fuzzy soft topological spaces. Hacet. |. Math. Stat.
2014, 43, 193-208.

26. Cetkin, V.,; Aygiinoglu, A.; Aygiin, H. On soft fuzzy closure and interior operators. Util. Math. 2016, 99,
341-367.

17.  Taha, LM. A new approach to separation and regularity axioms via fuzzy soft sets. Ann. Fuzzy Math. Inform.
2020, 20(2), 115-123.

18. Taha, LM. Some new separation axioms in fuzzy soft topological spaces. Filomat 2021, 35(6), 1775-1783.

26. Cetkin, V.; Aygiin, H. Fuzzy soft semiregularization spaces. Ann. Fuzzy Math. Inform. 2014, 7, 687-697.

26. Taha, LM. Compactness on fuzzy soft r-minimal spaces. Int. |. Fuzzy Logic Intell. Syst. 2021, 21(3), 251-258.

21. Ahmad, B.; Kharal, A. On fuzzy soft sets. Adv. Fuzzy Syst. 2009, 2009, 586507.

22. Cagman, N.; Enginoglu, S.; Citak, F. Fuzzy soft set theory and its applications. Iran. J. Fuzzy Syst. 2011, 8,
137-147.

26. Taha, LM. Some new results on fuzzy soft r-minimal spaces. AIMS Math. 2022, 7(7), 12458-12470.

26. Mishra, S.; Srivastava, R. Hausdorff fuzzy soft topological spaces. Ann. Fuzzy Math. Inform. 2015, 9(2),
247-260.

26. Atmaca, S.; Zorlutuna, I. On fuzzy soft topological spaces. Ann. Fuzzy Math. Inform. 2013, 5(2), 377-386.


https://doi.org/10.20944/preprints202401.1551.v1

Preprints.org (Www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2024 doi:10.20944/preprints202401.1551.v1

17 of 17

26. Alshammari, I.; Algahtani M. H.; Taha, I. M. On r-fuzzy soft §-open sets and applications via fuzzy soft
topologies. Preprints 2023, 2023121240.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and /or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202401.1551.v1

	Introduction
	 Some Properties of r-Fuzzy Soft -Closed Sets
	Weaker Forms of Fuzzy Soft -Continuity
	Fuzzy Soft -Irresoluteness
	Conclusions and Future Work
	References

