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fuzzy soft open functions, namely fuzzy soft n#n’-continuous functions and fuzzy soft nn’-open functions.
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1. Introduction and preliminaries

In 1999, Molodtsov [1] introduced the soft set theory, which is
completely new approach for modeling uncertainty. He applied his
concept of soft sets in several directions of applications, such that
smoothness of functions, game theory, Riemann integrations and
theory of probability. In 2001, Maji et al. [2,3], introduced the fuzzy
soft set which is a combination of fuzzy set [4] and soft set [1] and
they studied their properties. Later some researchers studied the
concept of fuzzy soft sets [5-7]. Moreover, Shabir and Naz [8] pre-
sented soft topological spaces and defined some concepts based on
soft sets. Tanay and Kandemir [9] initially introduced the concept
of fuzzy soft topological space using fuzzy soft sets, and studied
the basic notions by following Chang’s fuzzy topology [10]. Pazar
and Aygiin [11] defined the fuzzy soft topology in sense of Lowen.
Aygiinoglu et al., [12] defined fuzzy soft topology in Sostak’s
sense [13].

In this paper, we introduce the concept of fuzzy soft
(a, B, 6,6, T)-continuous functions and prove that if «, 8 are op-
erators on the fuzzy soft topological space (X, tg) and 6,0*
are operators on the fuzzy soft topological space (Y,7y) and
Z a fuzzy soft ideal on X, then a function ¢y : (X, ) —
(Y, tg) is fuzzy soft (o, B,6mn6*, 8, I)-continuous if and only
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if ¢y is both of fuzzy soft («,B,6,4.7)-continuous and fuzzy
soft («, B,0*, 6, I)-continuous. Additional results on fuzzy soft
(a, B. 6, 8,79)-continuous functions are given. In Section 3, we in-
troduce new generalized notions that cover many of the general-
ized forms of fuzzy soft continuity and fuzzy soft open functions.
Throughout this paper, X refers to an initial universe, E is the
set of all parameters for X. A fuzzy soft set fr on X is called A-
absolute fuzzy soft set and denoted by E*, if f, = A, for each e ¢
E, for A eI, A(x) = A, for all x € X, (where (E*)¢ =E'-* [=10,1]
and I = (0, 1]) and (/X\/E) is the set of all fuzzy soft sets on X. Also,
The concept of an operation associated with a fuzzy soft topology
T on a set Xasamapa:Ex(/XT/E)xIOe(/X,\/E) such that f, C
a(e, fa, r) for each fy € (X,E),r €Iy and e € E with t.(fs) > r. This
type of maps is called an expansion on X. The above operators, by
allowing the operator o to be defined on (X, E) are called fuzzy
soft operators on (X, Tg). All definitions and properties of fuzzy soft
sets and fuzzy soft topology are found in [5-7,12,14]. In fact, let
(X,7g) and (Y, T¥) be two fuzzy soft topological spaces, o and B
are fuzzy soft operators on (X,tg), 0 and § are fuzzy soft opera-
tors on (Y, 7¥), respectively. Recall that a fuzzy soft ideal Z on X is

a mapping 7 : E — IXE) that satisfies the following conditions for
each e € E;

(1) Ie(cb) = 1sIe(E) = 0, o
(2) Ze(faugp) = Ze(fa) AZLe(gp). for each fy, g5 € (X.E),
(3) if f4 E g, then Ze(fa) = Ze(gp).
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Define the fuzzy soft ideal Z° by,
1, i =
ﬁMh{ ! I

0, otherwise.

The difference of two fuzzy soft setsfs and gg, denoted by (fy #
gp) is defined as;

D, if faEgs.
fangs= {fA ng; otherwise.

2. Fuzzy soft («, B, 0, 8, T)-continuous functions

Definition 2.1. Let ¢: X — Y and ¢: E — K be mappings.
Then, the mapping ¢y @ (X, 1) — (Y, 1) is called fuzzy soft

(a, B, 0,6, T)-continuous if for every gg € (7\/1() relyand e € E,
Teloe(e, @' (8(r (e). 88, 1)). 1) A Ble. @' (O (W (e). g5, 7)), T)]
> Ty ) (8B)-

We can see that, the above definition is generalized of the con-
cept of fuzzy soft continuity [12], when we choose, o = identity
operator, 8 = interior operator, § = identity operator, § = identity
operator and Z = 70,

From the above definition we can present different cases of the
fuzzy soft continuity as follow:

(1) In (2016), Abbas et al., [15] defined the concept of fuzzy soft
semi-continuous mappings: For every gg e (Y,K),relyand ecE
with r )(gB) >, then;

¢, (g8) C cl (e, int: (e, ¢, (g8). 1), T)

Here, o = identity operator, 8 = closure interior operator, § =
identity operator, § = identity operator and Z = Z9.

(2) @y is fuzzy soft precontinuous mapping, iff for every gpe
(T(,\/K), rely and e € E with 'C:/;(e)(gg) >r, then;

¢, (g8) T int (e, cl (e, ¢, (g8). 7). T)

Here, o = identity operator, 8 = interior closure operator, § =
identity operator, § = identity operator and Z = 7°.

(3) @y is fuzzy soft strongly semi-continuous mapping, iff for ev-

ery gg € (Y K), r e lpande € E with t*  (gg) >, then;

v(e)
¢, (g)  int: (e, clr (e, int: (e, ¢, (g8), 1), 1), 1)

Here, o = identity operator, 8 = interior closure interior operator,
8 = identity operator, 8 = identity operator and Z = 7°.

(4) @y is fuzzy soft semi-precontinuous mapping, iff for every gp €
(??/K% rely and e € E with r;/(e) (gg) >, then;

@, (gs) C clz (e, int: (e, clr (e, ¢, (88). 1), 7). T)

Here, @ = identity operator, 8 = closure interior closure operator,
8 = identity operator, 6 = identity operator and Z = Z°.

(5) @y is fuzzy soft weakly continuous mapping, iff for every gp e
(/Y,\/K), relp and e € E with t]};(e) (gg) =, then;

¢, () E intr (e, ¢, (clr- (Y (e). g5.1)).T)

Here, « = identity operator, 8 = interior operator, § = identity op-
erator, 6 = closure operator and Z = 79,
(6) @y is fuzzy soft almost continuous mapping, iff for every gp e

(?T/K% relp and e € E with t:/;(e) (gg) >, then;
@, (gp) Cintz (e, ¢y, (inte- (Y (€). cle- (¥ (€), g. 7). 7). T)

Here, o = identity operator, 8 = interior operator, § = identity op-
erator, 6 = interior closure operator and Z = 70,

(7) @y is fuzzy soft almost weakly continuous mapping, iff for ev-

ery gge (Y,K), rely and e € E with t;;/(e) (gg) >, then;

¢, (8s) C intr (e, cle (€, ¢! (cle- (W (€), g5, 7)), 1), 1)

Here, o = identity operator, 8 = interior operator, § = identity op-
erator, @ = interior closure operator and Z = 70.

(8) ¢y is fuzzy soft perfectly continuous mapping, iff for every
gz (Y.K), relp, and e e E with T/ ¢ (88) = 7. then go;/l (gg) is

r-fuzzy soft clopen set. Here, @ = closure operator, § = interior op-
erator, § = identity operator, 6 = identity operator and Z = 70.

(9) @y is fuzzy soft weak almost continuous mapping, iff for every

g € (/YVK) r e lpande € E with r]’;j(e)(gg) >, then;

¢, (g) C intr(e. ¢, (inte- (1 (e), Kerr- (¥ (e).
cle- (Y (). 8. 1).1).1)). 1)

Here, @ = identity operator, 8 = interior operator, § = identity op-
erator, = interior kernel closure operator and Z = 7°.

(10) @y, is fuzzy soft very weakly continuous mapping, iff for ev-

ery gg e (VVK) r € Iy ande € E with ‘L':;/(e)(gB) >r, then;
@, (88) C int: (e. ¢! (Ker- (Y (e). (clr- (Y (€). g5.7).1)). T)

Here, o = identity operator, 8 = interior operator, § = identity op-
erator, & = kernel closure operator and Z = 70.

(11) ¢y is called fuzzy soft P-continuous iff Te(w,/_,1 (gg)) =
r:/;(e) (gp) for each gg e (Y,K), rely, ecE such that gp satisfying
the property P. Let 6p : K x (Y,K) x Iy — Q/\,E) be an operator in
(Y. 7¢) defined as follows: For each gg e (Y,K), rely, keK:;

gp if 7;(gp) = r and gp satisfies the property P,

01) (kw ng r) = -
K otherwise.

Here, o = identity operator, 8 = interior operator, § = identity op-

erator, § =6 and Z = 7°.

Example 22. let X ={a,b,c}, Y={xy}, ={ej,ep}, and
K ={ky,ky}. Define ACE,BCK, fy={(e;,{0.5,0.5,0.3}), (eq,
{0.4,0.4,02])} € (X.E) and gg = {(k;.{0.5,0.3}), (ks {0.4,0.2})} €
m. Define fuzzy soft topologies 7t¢:E — IXE)  and
i :K— 1K) as follow:

1, if he=®, E,

1, if he = fa, EO*
1, if hg = fanE%4,
2 if he=fuuE®4
0

, otherwise,

Te(he) =

1, if wp=®,K,
T(wp) =13, if wp=g;
0, otherwise,

Consider the maps ¢: X — Y and ¢: E — K defined by

p@ =pb)=x @)=y, ¥(e;) =k and ¥ (ey) = ky. Therefore,
for each e € Ek €K K and 1 € IO, define the fuzzy soft op-

erators «, B: E><(X E) xIp > (X E) and 6,6 : K><(Y Ky x Iy —
(Y, K), as follow:

a(e,wp, 1) =wp, O(k,wp,r) =8k, wp, 1) =wp
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and

ﬁ(e7 WDyr)

E, if wp=E, Vrel,

JfA, if (f5)1 EwpC (fa U€0'4),

E0'4, if EOA CwpC (fA U EOA)’

_) wp2fa O<r<3,

fAUEOA, if fAUE:OA cwp #E, O<r=< 2,

famE% if fanE%CcwpC fyuE%4,
fagwp E®4zwp 0<r<j,

®, otherwise,

Then the map ¢y, @ (X, 7p) — (Y, T¢) is fuzzy soft continuous.
Remark 2.3. If Z* is a fuzzy soft ideal on Y, then the mapping
oy (X, ) — (Y, 7¢) is said to be fuzzy soft (e, 8,0, 4, I*)-open
if for every fy e (X,E), rely and e € E,
Iy la( (). @y (8(e, fa.1)). 1) A B (e), gy (B(e, fa. 1)), 1]

> Te(fa)-

We can see that the fuzzy soft («, 8,0, 8, Z*)-open mapping
is generalized of the concept of fuzzy soft open [12], when we
choose, o = identity operator, 8 = interior operator, § = iden-
tity operator, 6 = identity operator and Z* =7*0. Also, from
Remark 2.3 we can present some types of fuzzy soft open func-
tions as follow:

(1) In (2016), Abbas et al., [15] defined the concept of fuzzy soft
semi-open mappings: for every fy € (X,E), rely and e € E with
Te(fy) = 1, then;

@y (fa) E cle- (Y (e), intr- (Y (€). @y (fa). 7). T)

Here, o = identity operator, 8 = closure interior operator, § =
identity operator, § = identity operator and Z* = 7*0,

(2) ¢y is fuzzy soft pre-open mapping, iff for every f;e
(&,\/E), relp and e € E with t(fy) > r, then;

@y (fa) Einte- (Y (e), cle- (Y (e), @y (fa). 1), T)

Here, o = identity operator, 8 = interior closure operator, § =
identity operator, § = identity operator and Z* = 7*0,

(3) @y is fuzzy soft strongly semi-open mapping, iff for every fs e
(XT:"), relp and e € E with t.(fs) > r, then;

@y (fa) E inte- (Y (e), cle- (Y (). intes (Y (e), 9y (fa). 7). 7). T)

Here, o = identity operator, 8 = interior closure interior operator,
8 = identity operator, = identity operator and Z* = 7*0,

(4) @y is fuzzy soft semi-preopen mapping, iff for every f;e
(7(,\/1:'), relp and e € E with t(fy) > r, then;

@y (fa) T cle- (Y (e), inte- (Y (e), cle- (Y (€), 9y (fa), 1), 1), 7)

Here, @ = identity operator, 8 = closure interior closure operator,
8 = identity operator, 6 = identity operator and Z* = 7*0,
(5) @y is fuzzy soft weakly open mapping, iff for every fj e

(7(,\/]:'), rely and e € E with T.(fs) > r, then;

@y (fa) E inte- (Y (e). @y (clr (e, fo.1)). 1)

Here, @ = identity operator, 8 = interior operator, § = identity op-
erator, 6 = closure operator and Z* = 7*0,

(6) ¢y is fuzzy soft almost open mapping, iff for every fse
(7(75), rely and e € E with t.(fy) > r, then;

@y (fa) T inte- (Y (e), gy (int; (e, clr (e, fa, 1), 1)), T)

Here, o = identity operator, 8 = interior operator, § = identity op-
erator, @ = interior closure operator and Z* = 7*0.

Example 24. Let X ={a,b,c}, Y={x,y,z}, E={e1,ex}, and K=

{’fl,/kz}~ Define fuzzy soft topologies 7 : E — I*E) and 7} : K —
1K) a5 follows:

L ith — o E 1, ifwp=®,K,
, 1 =®, L, -
T s ifwp =R,
Te(hG) =15, if hG =E” T (WD) = N
2 ‘ 2, if wp = KOS
0, otherwise, 3 PR
0, otherwise,

Consider the maps ¢: X — Y and : E — K defined by ¢(a) =
x, p(b) =y, ¢(c) =2z, ¥(e;) =k;, ie{1,2,3}). Therefore, for each
e cE k e Kand r ¢ I,, define the fuzzy soft operators «, 8,6
and §, as follow:

a(k,wp, 1) =wp, 6(e,wp,r) =6(e,wp, 1) =wp and

R, if wp=K, Vrel,

KO3, if K3 cwpc K6, 0<r<l,
Bk.wp.r) =1 o 2

KOs, if K cwp,c K, 0<r<3,

[OR otherwise.
Then the map ¢ : (X, 1) — (Y, 73), is fuzzy soft open.

Definition 2.5. If 8 and B* are fuzzy soft operators on X, then
the operator Smp* is defined by, (B8nB*)(e, fa.1) = B(e, fa,r) M
B*(e, fa,r) for each fy, e (7(\/1:') ecE and rely. The fuzzy soft
operators 8 and B* are said to be mutually dual if gripg* is the
identity operator.

Theorem 2.6. Let (X, t) and (Y, t¥) be two fuzzy soft topological
spaces and T be a fuzzy soft ideal on X. Let «, B and B* be fuzzy
soft operators on X and 8, 6 and 0* be fuzzy soft operators on Y. Then

0y (X.E) — (V.K) is:

(1) fuzzy soft («, B, (6 n6*), 8, I)-continuous if and only if it is both
fuzzy soft («, B, 6, 8, I)-continuous and fuzzy soft («, B,60*,6,7)-
continuous, provided that B(e, fangg, 1) = B(e, fo, 1) B(e,gp, 1),
for each fy,gp € (X,E), ecE and relj.

(2) fuzzy soft («, (B B*), 0,8, I)-continuous, if and only if it is both
fuzzy soft («, B, 0, 8, T)-continuous and fuzzy soft («, f*,6,8,7)-
continuous.

Proof. (1) If ¢, is both fuzzy soft («,B,0,d,T)-continuous
a/nsl/fuzzy soft («, B,0*, 8, 7)-continuous then for each gpe
(Y,K), ecE and r eIy we have that, Z,[a(e, @&l(g(l/f(e),gg,l’)),
NABe. 0, O (©).g5.1). N = T, () and Zela(e, ;' (G(¥
().85.1)).1) A Ble. @' (07 (¥ (e).85.7)). )] = T, ) (g5). then Zo
[(er(e. 0! (5 (e).85.1)). 1) A Ble. o, (O (Y (e). g5.1)). 1)) Ll (er(e.
901,’,1 (6 (Y (e),gp. 1)), 1) A Be, <p],j1 (0 (P (e). g8, 1)), TN = T,
(gp)- But, (a(e, %] (8 (Y(e).gg.1)1)ABe, </),/‘,1 Oy (e), gg, 1)),
r)u(ale, </>,,’,1 (B(¥(e), gg. 1)), 1) A Ble, %1 (0" (Y (e), g, 1)), 1))

=ale ¢, (8(Y(e).gs.1)). 1) A (Ble. g, (O(W(e).gs.T)).T)
nB(e. ¢, (O (V¥ (e). gs. 7). 1))

=a(e @, (8 (e).gs.1).1) A Ble. ¢, (O(Y(e). gs. 1)
no*(y(e). gs. 1))

=a(e @, (Y (e).gs.1)). 1)
AB(e. gy, (O NO*)(Yr(e).8s.1))).

That is Ze[a(e. ¢, (5(¥ (e).86.1)). 1) A Ble. @, (B M) (¥ (e).

gg.MN))] > ‘L':Z(e)(gg). Hence, ¢y, is fuzzy soft («, B, (6 n6*),4,1)-

continuous.
Conversely,

if @y s fuzzy soft (a,fB,(0n6*),8,1)-

continuous, then for each ggem, relp and e €
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E. we have Zefa(e ¢, (8(¥(e).gs.1)).1) A Ble.gy! (O
0*) (Y (e).g8. )] = 7, (gp). Now, by the above equal-
ities, we get that, Ze[(c(e, n 16 (¥(e),gs 1), NA
Ble. 07 O ©.80.1). b e, g O Y@ )07
B (e, ‘/’1/71 O*(¥r(e), gg, 1)), 1))] > L (gg) which implies that
Tela(e. 0y (6 (W(e).g.1).1) R Be g, (0P (). g5.7)). D) 2
Te(@) and so,  Zla(e.g, (S(We) gs.1).1ABe.py
(0¥ (e).gg.1)). 1] = T, (). wh1ch means that ¢, is both
fuzzy soft («, 8,0, 8, I)-continuous and fuzzy soft («, B, 6*,6,7)-
continuous.
(2) Similar to the proof in (1). O

Definition 2.7. Let (X, 7g) and (Y, 'L’K) be two fuzzy soft topo-
loglcal spaces and A be an expansion on Y. Then a mapping
Wy (X E) — (Y K) is said to be fuzzy soft .4-continuous expan-

sion if <p]/;1 (gp) T int; (e, (,01//1 (A(gp)). 1) for each gge (Y.K), re
Ip and e € E with T17/(e) (gg) >r.

Corollary 2.8. Let (X, Tg) and (Y, T¥) be two fuzzy soft topological
spaces and A and B are two mutually dual expansions on Y. Then
a mapping Py - (X E) — (Y K) is a fuzzy soft continuous if and
only if ¢y is fuzzy soft A-continuous expansion and fuzzy soft B-
continuous expansion.

Proof. Take « = § = identity operator, 8 = interior operator, 6 =
A, 6* =B and 7 =70. Then the result is fulfilled directly from
Theorem 2.6(1). O

Corollary 2.9. Let (X, Tg) and (Y,ty) be two fuzzy soft topolog-
ical spaces. A mapping ¢y : (/X\/E) — (/Y\/K) is fuzzy soft contin-
uous if and only if ¢y, is fuzzy soft almost continuous and fuzzy
soft (idy, int;, y, idy, Z°)-continuous, where the operators y and
intz« (cly«) are mutually dual operators on Y such that; (ygg) = gg U

(intr« (Y (e), cly« (Y (e), g, 1), 1)), Yggpe (Y,K),ecE and r € I.

Proof.. Fuzzy soft almost continuous equivalents a fuzzy soft
(idy, inty, intz= (cly+), idy, Z9)-continuous. But the operators ¥ and
int,« (cly+) are mutually dual operators on Y. Hence, from Theorem
2.6, we get the required proof. O

Let W be the set of all fuzzy soft operators on X and «,8 €
W. Then a partial order relation could be given as; « < 8 if and
only if af(e, fa, r)©f(e, fa, r). Also, an operator @ on X is called
monotone if fycgp for each fA,gB IS (j(vE) ecE and r el then,
(e, fa rEa(e, g, 1),

Theorem 2.10. Let (X, t¢) and (Y, ) be two fuzzy soft topological
spaces, T be a fuzzy soft ideal on X and let o, a*, B and B* be fuzzy
soft operators on X, 6, 0* and § be fuzzy soft operators on Y and ¢y, :

(7(,\/}:‘) — (7\/10 be a function. Then:

(1) If B is a monotone, 6 < 6* and @ is a fuzzy soft
(@, B,0,8,T)-continuous function, then ¢, is fuzzy soft
(a, B, 0%, 8, T)-continuous.

() If a* < a and @y, is a fuzzy soft («, B, 0,8, I)-continuous
function, then @, is fuzzy soft (a*, 8,0, 8, T)-continuous.

(3)If B < B* and ¢y is a fuzzy soft (@, B, 0,8, I)-continuous
function, then @, is fuzzy soft («, B*,0, 8, T)-continuous.

Proof. (1) Let ¢, be soft(«, B, 6, 8, T)-continuous,

then for each gpe (T/VK) ecEand r e Iy, we have that
Tela(e. ¢, (6 (W(e).g5.1)). 1) A B9y (O (W (e).g5.1)). D)2
T;Z‘(e) (gg). Now we know that 6 < 6* then 6(y(e),

g nEO(Yle) g 1), thus @ 1O (e).g. 1)) E

fuzzy

0, 0" (Y(e).gg.r))  and  Ble.g ' OW  (e).85.7).1)E
Ble.py! O"(F@.gp.1).0). then (e, gy OV (€).89.1).1) 7
Be 1(9 (V(e). gg. 1), NI E [ale. ¢, 18y (e).gg.1)). 1) A
Ble.gy! (9(¢<e),g3, 7). Therefore, T, 0, (6P (e).g5.7).
Ble.w (0" (V¥ (e).gs.7).1)] = Ie[a(e,wl,j1(8(x0(e),gs,r)),r)K
,B(e,wlzl(e(l//(e),gg,r)),r)] which means that, Ie[oe(e,(o]/;1
(B (e).gg.1).T) A Ble. g, (0% (Y (e). 85.1)). )] = T ) (8B)-

Hence, ¢, is fuzzy soft (@, B.6*, 8, T)-continuous.
(2) and (3) Similarly. O

-

Definition 2.11. An operator S on the fuzzy soft topological space
(X, Tg) induces another fuzzy soft operator (int; 8) defined as fol-
lows;

(int: B)(e. fa. 1)

Definition 2.12. A function ¢y, : (X, 1) — (Y, 7¢) satisfies the
fuzzy soft openness condition with respect to the fuzzy soft op-
erator B on X if for every gg € (Y,K), e cE r € Iy, we get that:

Ble.¢,'(gs).1) C Ble. @, (intr- (Y (€). 5. 7). 7).

Whenever S = int;, then the definition will be equivalent to that
usual one of fuzzy soft open mapping.

=int; (e, B(e, fa,r),r). Note that, int; 8 < .

Theorem 2.13. Let (X, rE) and (Y, rK) be two fuzzy soft topo-
logical spaces. If ¢y, : (X E)y — (Y K) is fuzzy soft («, B,6,6,I)-
continuous and satisfies the openness condition with respect to the
fuzzy soft operator B, then ¢y, is fuzzy soft(a, B, (intr« 0),6,T)-
continuous.

Proof. let gpe (YT() ecE and r e Ip. Since gy
is fuzzy soft (a, B, 0,6, T)-continuous, we have,
Tla(e. ¢, (5(1r(e).85.1)). 1) A (e ' (O (W (e).gg.1)).T)] =
T:f/(e) (gs). But ¢y satisfies  the  openness  condi-
tion with respect to the fuzzy soft operator S, then
Ble.w, (O (e).g5.7)).1) E Ble. g, ((intre 0)(Yr(e).8p.1)).1).
Hence, Tela(e, ¢, (5(¥(€), g5, 7). 1) 7 Ble, @ (inte O)(¥ (),
g8 1), 1] = Ze[or(e. @' (3(1(e). 8p)). r)Aﬁ(e @, O (),
88.7).N] = T, (gs). Thus, @y, is fuzzy soft(a. B. (intr+ 6).8.1)
-continuous. O

Corollary 2.14. Let (X ‘L'E) and (Y, t¢) be two fuzzy soft topological

spaces. If @y, : (X E) — (Y K) is fuzzy soft weakly continuous and
fuzzy soft open mapping, then ¢, is a fuzzy soft almost continuous.

Proof. Let o = identity operator, § = interior operator, § = iden-
tity operator, § = closure operator and Z = Z°. Since ¢y satis-
fies the openness condition, by Theorem 2.11, we have ¢ is
fuzzy soft (e, B, (intr+ 0), 8, 7)-continuous, then ¢, is fuzzy soft
(idy, inty, (inty« cly+), idy, Z°)-continuous. Hence, @y s fuzzy soft
almost continuous. O

Corollary 2.15. Let (X, tg) and (Y, T¢) be two fuzzy soft topological
spaces. If @y, : (7(\/1:') — (7\/10 is fuzzy soft very weakly continuous
and fuzzy soft open mapping, then @, is a fuzzy soft weak almost
continuous.

Proof. Let o = identity operator, 8 = interior operator, § = iden-
tity operator, & = Kernel closure operator and Z = Z°. Then the
proof of this result comes easily from Theorem 2.13, and as sim-
ilar to Corollary 2.14. O

Definition 2.16. Let (X, 7g) be a fuzzy soft topological
space. Then X is called fuzzy soft 6-compact space if for

each  family  {(fa)ie X.E) | we((f)) =1, rely, icT, ec
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E} with |_|,-61—(fA),-:I::, there exists a finite subset I', of T
such that | Ji.r 6(e, (fa)i. 1) =E

(1) If € = closure operator we get the fuzzy soft almost com-
pact space.

(2) If 6 = interior closure operator we get the fuzzy soft nearly
compact space.

Theorem 2.17. Let (X, tg) and (Y, t}) be two fuzzy soft topological
spaces, o« be an operator on (X, 'L’E) 6 and § be operators on (Y, 'L’K)

and faCale, fy, 1),for each f, e (X E) If ¢y : (X E) — (Y K) is
fuzzy soft («,int;, 0,8, 1%-continuous and X is fuzzy soft compact,
then Y is fuzzy soft 0-compact.

Proof. For each family {(gp); € (YT() : 'L';Z(e)((gg)i) >r, rely, ic
T, ecE} with |;.(gs)i=K. By fuzzy soft (a,int;,8,8,1°)-
continuous, for each i e I' there exists (hc),-e(S(,x/E) with
Te((he)) = r such that a(e.¢,'(8((e). (g8)i.1)).1) E (he)i E
%] (B(y(e), (gp)i,1)).  Also, wlj,l (8 (e), (gp)isT)) E
o(e, n L@ (e), (gg)i, 1)), 1) for every i e T, we
have that Lier (ho)i € Llier @5 YO (e). (gp)i1)) E
(ﬂlzl(Uier Oy (e), (gp)i-1)) and UieI‘(hC)le By fuzzy
soft compactness of X there exists a finite subset I', of
I with |l (he)i=E. Then |lir @y ((ho);) =K. Thus,
Uier, 0 (¥ (e). (gp)i. 1=K

K which means that Y is fuzzy soft
@-compact. O

since

Corollary 2.18. Let (X, Tg) and (Y, tf) be two fuzzy soft topologi-

cal spaces, If @y, : (X,E) — (Y,K) is a fuzzy soft weakly continuous
map and X is fuzzy soft compact, then Y is fuzzy soft almost compact
space.

Proof. Let o = identity operator on X, B = interior operator, 6 =
closure operator on Y, 8 = identity operator and Z =270, 0O
Corollary 2.19. Let (X, Tg) and (Y, t¢) be two fuzzy soft topologi-

cal spaces, If ¢y @ (X,E) — (Y,K) is a fuzzy soft almost continuous
map and X is fuzzy soft compact, then Y is fuzzy soft nearly compact
space.

Proof. Let o = identity operator on X, 8 = interior operator, 6 =
interior closure operator on Y, & = identity operator and 7 =
7% O

3. Fuzzy soft 57’-continuous functions

Let X and Y be nonempty sets, E and K be parameters sets
for X and Y respectively, 1 :E — IXE) and n:K— V),

Definition 3.1. A function ¢y : (/X\/E) — (YT{) is said to be:

(1) fuzzy soft nn’-continuous if 7, (gol;1 (g)) > nf/j(e) (g), Vgp €
(v K).

(2) fuzzy soft nn’-open if
(X.E).

My o) Py (Fa)) = ne(fa). ¥ fa €

Definition 3.2. A mapping 7 : E — I*E) s called a supra fuzzy
soft topology on X if it satisfies the following conditions for each
e € E; B

(S1) Te(P) = Te(E) = 1,

(52) Te(Ulicr (D) = Aier Te((f2)p), forall (fy); e (X.E), ieT.

Definition 3.3. A mapping my : E — IXE) js said to have a fuzzy
soft minimal structure on X if (my)e(®P) = (my)e(E) = 1. And my

is said to have the property U if for (my)e((fa);) = .7 € Ip,j € J;
(mx)e (| (fa)) = A\ mx)e((fa)))-

jel je
Observe that if in Definition 3.1, n and n’ are exactly the supra
fuzzy soft topologies on X and Y, respectively, then we obtain
the notions of supra fuzzy soft nn’-continuous function and supra
fuzzy soft nn’-open function.

By the notion of fuzzy soft minimal structures, if in
Definition 3.1, n = my and n’ =my are fuzzy soft minimal struc-
tures on X and Y, respectively, then we obtain the notion of fuzzy
soft (my, my)-continuous function and fuzzy soft (my, my)-open

function. For n:E— IXE), _determine in a natural form an N oper-
ator 6, :E x (X E) xIg — (X E), ecE, relp and fAe(X E):

fa it n(fa) =,

E in other case.

9;7(6, fA' r) = {

In the case that n is a supra fuzzy soft topology on X we obtain
other operations that are important for their applications:

Cie.fary=n{gs | fa=gs. 7Melgp) =1}

Iye, far)=u{gs | 88T fa.  Me(gs) =71}

Note that, usually, I,Cidx=6,. Similarly, in the case of a fuzzy
soft minimal structure my on X, we have;

clng (e, fa,r)=n{gs | faCgs (Mx)e(gs) =71}

intm, (e, fa,7) =u{gs | g88C fa. (Mx)e(gp) =71}

Note that, intm, C idx C 0;. Also, intm, (e, fa. 1) = fa if (mx)e(fa) >
r, while  (my)e(intm, (e, fo,7)) =1, whenever my is a fuzzy soft
minimal structure with the property U.

The following results give the relationship between fuzzy soft
nn’-continuity and fuzzy soft («, 8, 6, §, T)-continuity.
Theorem 34. Let ¢: X — Y, ¥: E — K, n:E— IXE) with
ne(E)=1 and n' :K — I¥5 be functions. Then Py - (X.E) —
(YT() is a fuzzy soft nn'-continuous if and only if @, is fuzzy
soft (6y, idx., 0, idy, I°)-continuous.

—

9yt (X.E) > (Y.K)
nn'-continuous. Let gpe &VK) re
cases: (Case 1). If ’7(1/(@ (gp) =
Oy(W(e).gs.r)=gs and  Oyle.0,'(gp).1) =
0y (g)- Hence, Oy (e. ¢, (idy (Y (€). g5, 1). 7) =
¢, (gp) =idx(e.0)' (0, (¥(e).gs. 1) 7). Consequently,
On (e, 0, (idy (¥ (€). 85, 7)), 7) E idx (e, @, (B, (¥ (e). g5, 7). 7).

(Case 2). If n;b(e) (gp) # r then we have that, 0,/ (Y (e),gp.7) =
K and  Oy(e.p) (idy(Y(e).gg.r)  ).NEE=9, (K)=
idy (e, @, (6, (¥ (e).5.7)).7). S0, B (e. 0, (idy ( (). g5.1)). ) 7
idy (e, golzl (9n/(1//(e),g3, r),r)=® forall gge (VVK) Thus ¢, is
fuzzy soft (6y, idy, 0, idy, 79)-continuous.

Necessity. ~ Suppose that ne(wl,;l (88)) Z 1y () (88): Y 8B €
(7,7(), e € E then there exists r € Iy such that, nf_,(go]/‘/1 (gp)) <

Proof. Sufficiency. Suppose that

is a fuzzy soft
Ip we have two

r then

r< n;,,(e) (gp). Since ¢y is a fuzzy soft (6y, idy,6, . idy,1°)-
7206, (e, ¢ (idy (¥ (€), g. 1)), 1) A idy
(e, 90]/*/1 Oy (Y (e).gp. 1)), 1) = niﬂe) (gg)- Then we have that;

continuous, that s,
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Oy (e. 901/71 (idy (¥ (e), gg. 1)), 1) A idx (e, <PE;1 Oy (Y (e),gp. 1)), 1) =
®, which means that, 6, (p; (gs),1) E (p; (O (P (e),gp,1)).
This follows that, if for some hc such that 7). (hc) =1 and
ne(q)vj1 (hc)) <r, then we obtain that EC ‘/’1/71 (h¢) and so
(,0121 (h¢) = E. Now, our hypothesis implies that ne(<p]/;1 (ho)) =,
it is a contradiction. Hence, ne(godjl (gg)) = n:p(e) (gg), and more-
over @, is fuzzy soft nn’-continuous. O

Theorem 3.5. Let ¢: X — Y, ¥: E — K.and 1’ : K — IV5) be func-
tions and let n be a fuzzy soft supra topology on X. Then ¢y, :

(X.E) —
fuzzy soft (idyx, I,

&T/K) is a fuzzy soft nn’-continuous if and only if ¢y is
6, idy, Z°)-continuous.

Proof. Sufficiency. Suppose that ¢, is a fuzzy soft nn'-

continuous. Let gge (Y,K), relyp. Then we consider two
cases: (Case 1). If n(y(e)(gB) >r then Gn,(ijf(e),gg,r) =gp
and idy(e.¢,' (gp).1) =Iy(e. ¢, (g5).7) = ¢, ' (gs).  Hence,
idx (e, @, (idy (Y (e). g5. 1)), 1) = w,,jl (gp) =1In(e, <p,,jl (O, (Y (e), g3,
), r). Consequently, idy (e, gol‘pl (idy (Y (e), g, 1)), 1) C
Iy (e, %l Oy (¥ (e), 8p, 1)), 7).

(Case 2). If n(y(e) (gp) # r then we have that, 6,/ (¥ (e),gp,7) =
K and so, idy (e, oy T(idy (W (e),gp. 7). 1) CE = oy LRy = Iy (e, <p1/‘/1
Oy (Y (e). 88, r)), r). Hence, idy(e.¢} (ldY(‘//(e)sngr))’r)K
Iy (e, ‘P,],] 0, (Y(e).gg, 1), 1) = forall gge (?T() Thus ¢y, is
fuzzy soft (idx, I, 6,, idy, Z°)-continuous.

Necessity. ~ Suppose  that ne(®' (88)) 2 11} o) (85).
for each gpe (?\/K) ecE then there
such that, ey, (85)) <1 < 1), (8p)-
fuzzy  soft (idX,I,,,G,,,,idy,IO)-continuous that is, for
ge (Y.K), eckE, T2[idx (e, Py Y(idy (¥ (e). g. 7). 1) A
In(e. @, (O (W(e).85.1)). )] = 1}y, (gp).  Then, idy(e. ¢,
(idy (W (), g5, 7)), 1) A Iy (e, @ (B (¥ (€). g5, 7)), 7) = @, which
means  that 1(g,;;) c Iy (e, 2 (9 (Y (e),gp,1)),1). This
follows that, if for some hc such that nw(e)(hc)zr and

exists r € I
Since ¢, is a

each

TIe(‘ﬂ]],] (hc) <1, we obtain ‘%1 (he) T Iy (e, g%l (he,7), and so
‘/’1]1 (he) = Iy (e, <p]/‘,1 (he, 1), implies that 77‘3(901;1 (h¢) = 1, and there
is a contradiction. Consequently, n.(¢ 1/*/1 (gg)) = '7:#( 0 (gp). Hence,
¢y is fuzzy soft nn’-continuous. O

Corollary 36. Let ¢: X — Y, w E — K and my : K —
IVK) be functions and let @y (X.E) > (Y.K) be a fuzzy soft
(idx, intmy , O, , idy, 79)-continuous with my has the property U,
then @y, is fuzzy soft (my, my)-continuous.

Theorem 3.7. A function ¢y, : (/X\/E) — (YT() is fuzzy soft nn’-
open function if and only if ¢y is fuzzy soft (In,ln,l,]/,idy,lo)-
continuous.

Proof. Sufficiency. Let f, ¢ (/X\/E) rely, gg =9y (fa) and @y
be fuzzy soft 7177/‘0133“- then ﬂ(p(e)(%p (fa)) = 77(1,(8) (gs) =,
and I (Y (e).gp.1) = gg. Since, faT ;' (¢y(fa)). we have,

In(e. fa.1) € Iy(e. @y (@y (fa). 1) = Iy(e. 0, (85).1) E 9, (85) =
¢1;1(1n/(1//(e),g3,r)), then we have the relation I,](e,go]/‘,1
(idy (W (€). g5.1).1) & Iy (€. ¢! (I (¥ (€). g5. 7). 7). which
Iy (e, 9017,1 (idy (¥ (e), gg. 1)), T) Ay (e, 901;] Iy (P (e),
Hence, 701, (e, govjl (idy (¥ (e), g5. 1)). 1) A
@y s fuzzy

means that,
gp.7)).1) =

In(e. @' Iy (Y (e). g5.1)). 1)1 = 1)), (g5).  Thus,
soft (Iy, Iy, Ly, idy, 7°)-continuous.

Necessity. ~ Suppose that /. (¢y (fa)) # Ne(fa); fa €
(&,\/E) and ecE, then there  exists r € I such
that, — ny, o (@y (fa)) <1 <ne(fy).  Since o is a
fuzzy  soft (I, Iy, Ly, idy, 7%)-continuous,  that is, for

each gs < (V.K), e e E.T2[Iy(e. ¢y (idy (¥ (e). 85.7)). T) A

In(e. @, Iy (W (€). 85.1)). 1] = 1} (8)- Then,
In(e. ¢ (idy (V (€). g5.1)).1) Ay (e. ¢! (I (W (€). g5.1)). 1) =
P, which means that, Iy (e, <,0]/;1 (gp). 1)

Iy(e.¢y! Iy (¥ (e).gg.1)).1). Assume that 7e(fa) = r and
g =@y (fa), then we obtain that fy=1Iy(e fa,1) E

In(e. @, (9y (fa)).1) E Iy(e. @y (y (Y (€). ¢y (fa). 7). 1)E
(pv‘ll(ln/(W(e),(pw(fA),r)). This  follows  that, ¢y (fa) E
Ly (g (@), oy (fa). 1), then  ml  (@y (fa)) =1, it is a contra-
diction. Consequently, ﬂ:/,(e)(<ﬂ¢(fA))Zﬂe(fA)~ Hence, ¢, is
fuzzy soft nn’-open function. O

Corollary 38. Let ¢: X — Y, ¥: E — K, be functions. If
Oy - (7(\/5) — (7\/1() is a fuzzy soft (intm,intm,, intm,, idy, 7°)-
continuous with my has the property U, then ¢y, is fuzzy soft (my,
my)-open function.
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