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. Introduction and preliminaries 

In 1999, Molodtsov [1] introduced the soft set theory, which is

ompletely new approach for modeling uncertainty. He applied his

oncept of soft sets in several directions of applications, such that

moothness of functions, game theory, Riemann integrations and

heory of probability. In 2001, Maji et al. [2,3] , introduced the fuzzy

oft set which is a combination of fuzzy set [4] and soft set [1] and

hey studied their properties. Later some researchers studied the

oncept of fuzzy soft sets [5–7] . Moreover, Shabir and Naz [8] pre-

ented soft topological spaces and defined some concepts based on

oft sets. Tanay and Kandemir [9] initially introduced the concept

f fuzzy soft topological space using fuzzy soft sets, and studied

he basic notions by following Chang’s fuzzy topology [10] . Pazar

nd Aygün [11] defined the fuzzy soft topology in sense of Lowen.

ygünoglu et al., [12] defined fuzzy soft topology in Šostak’s

ense [13] . 

In this paper, we introduce the concept of fuzzy soft

(α, β, θ, δ, I) -continuous functions and prove that if α, β are op-

rators on the fuzzy soft topological space ( X , τ E ) and θ , θ ∗

re operators on the fuzzy soft topological space (Y, τ ∗
K 
) and

a fuzzy soft ideal on X , then a function ϕ ψ 

: (X, τE ) →
(Y, τ ∗) is fuzzy soft (α, β, θ � θ ∗, δ, I) -continuous if and only
K 
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is both of fuzzy soft (α, β, θ, δ, I) -continuous and fuzzy

oft (α, β, θ ∗, δ, I) -continuous. Additional results on fuzzy soft

(α, β, θ, δ, I 0 ) -continuous functions are given. In Section 3 , we in-

roduce new generalized notions that cover many of the general-

zed forms of fuzzy soft continuity and fuzzy soft open functions. 

Throughout this paper, X refers to an initial universe, E is the

et of all parameters for X . A fuzzy soft set f E on X is called λ-

bsolute fuzzy soft set and denoted by ˜ E λ, if f e = λ, for each e ∈
 , for λ ∈ I, λ(x ) = λ, for all x ∈ X , (where ( ̃  E λ) c = 

˜ E 1 −λ, I = [0 , 1]

nd I 0 = (0 , 1] ) and 

˜ ( X, E ) is the set of all fuzzy soft sets on X . Also,

he concept of an operation associated with a fuzzy soft topology

on a set X as a map α : E × ˜ ( X, E ) × I 0 → 

˜ ( X, E ) such that f A �
( e , f A , r ) for each f A ∈ 

˜ ( X, E ) , r ∈ I 0 and e ∈ E with τ e ( f A ) ≥ r . This

ype of maps is called an expansion on X . The above operators, by

llowing the operator α to be defined on 

˜ ( X, E ) are called fuzzy

oft operators on ( X , τ E ). All definitions and properties of fuzzy soft

ets and fuzzy soft topology are found in [5–7,12,14] . In fact, let

 X , τ E ) and (Y, τ ∗
K ) be two fuzzy soft topological spaces, α and β

re fuzzy soft operators on ( X , τ E ), θ and δ are fuzzy soft opera-

ors on (Y, τ ∗
K 

), respectively. Recall that a fuzzy soft ideal I on X is

 mapping I : E → I 
˜ ( X,E ) that satisfies the following conditions for

ach e ∈ E ; 

1) I e (�) = 1 , I e ( ̃ E) = 0, 

2) I e ( f A 	 g B ) ≥ I e ( f A ) ∧ I e (g B ) , for each f A , g B ∈ 

˜ ( X, E ) , 

3) if f � g , then I ( f ) ≥ I (g ) . 
A B e A e B 
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Define the fuzzy soft ideal I 0 by, 

I 0 e ( f A ) = 

{
1 , i f f A = �, 

0 , otherwise . 

The difference of two fuzzy soft sets f A and g B , denoted by ( f A �
g B ) is defined as; 

f A � g B = 

{
�, i f f A � g B , 
f A � g c B , otherwise . 

2. Fuzzy soft (α, β, θ, δ, I) -continuous functions 

Definition 2.1. Let ϕ: X → Y and ψ : E → K be mappings.

Then, the mapping ϕ ψ 

: (X, τE ) → (Y, τ ∗
K ) is called fuzzy soft

(α, β, θ, δ, I) -continuous if for every g B ∈ 

˜ ( Y, K ) , r ∈ I 0 and e ∈ E , 

I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r )] 

≥ τ ∗
ψ(e ) (g B ) . 

We can see that, the above definition is generalized of the con-

cept of fuzzy soft continuity [12] , when we choose, α = identity

operator, β = interior operator, δ = identity operator, θ = identity

operator and I = I 0 . 

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 g B ∈ 

˜ ( Y, K ) , r ∈ I 0 and e ∈ E

with τ ∗
ψ(e ) 

(g B ) ≥ r, then; 

ϕ 

−1 
ψ 

(g B ) � cl τ (e, int τ (e, ϕ 

−1 
ψ 

(g B ) , r) , r) 

Here, α = identity operator, β = closure interior operator, δ =
identity operator, θ = identity operator and I = I 0 . 
(2) ϕ ψ 

is fuzzy soft precontinuous mapping, iff for every g B ∈
˜ (Y, K) , r ∈ I 0 and e ∈ E with τ ∗

ψ(e ) 
(g B ) ≥ r, then; 

ϕ 

−1 
ψ 

(g B ) � int τ (e, cl τ (e, ϕ 

−1 
ψ 

(g B ) , r) , r) 

Here, α = identity operator, β = interior closure operator, δ =
identity operator, θ = identity operator and I = I 0 . 
(3) ϕ ψ 

is fuzzy soft strongly semi-continuous mapping, iff for ev-

ery g B ∈ 

˜ ( Y, K ) , r ∈ I 0 and e ∈ E with τ ∗
ψ(e ) 

(g B ) ≥ r, then; 

ϕ 

−1 
ψ 

(g B ) � int τ (e, cl τ (e, int τ (e, ϕ 

−1 
ψ 

(g B ) , r) , r) , r) 

Here, α = identity operator, β = interior closure interior operator,

δ = identity operator, θ = identity operator and I = I 0 . 
(4) ϕ ψ 

is fuzzy soft semi-precontinuous mapping, iff for every g B ∈
˜ ( Y, K ) , r ∈ I 0 and e ∈ E with τ ∗

ψ(e ) 
(g B ) ≥ r, then; 

ϕ 

−1 
ψ 

(g B ) � cl τ (e, int τ (e, cl τ (e, ϕ 

−1 
ψ 

(g B ) , r) , r) , r) 

Here, α = identity operator, β = closure interior closure operator,

δ = identity operator, θ = identity operator and I = I 0 . 
(5) ϕ ψ 

is fuzzy soft weakly continuous mapping, iff for every g B ∈
˜ ( Y, K ) , r ∈ I 0 and e ∈ E with τ ∗

ψ(e ) 
(g B ) ≥ r, then; 

ϕ 

−1 
ψ 

(g B ) � int τ (e, ϕ 

−1 
ψ 

(cl τ ∗ (ψ(e ) , g B , r)) , r) 

Here, α = identity operator, β = interior operator, δ = identity op-

erator, θ = closure operator and I = I 0 . 
(6) ϕ ψ 

is fuzzy soft almost continuous mapping, iff for every g B ∈
˜ ( Y, K ) , r ∈ I 0 and e ∈ E with τ ∗

ψ(e ) 
(g B ) ≥ r, then; 

ϕ 

−1 
ψ 

(g B ) � int τ (e, ϕ 

−1 
ψ 

(int τ ∗ (ψ(e ) , cl τ ∗ (ψ(e ) , g B , r) , r)) , r) 
ere, α = identity operator, β = interior operator, δ = identity op-

rator, θ = interior closure operator and I = I 0 . 
7) ϕ ψ 

is fuzzy soft almost weakly continuous mapping, iff for ev-

ry g B ∈ 

˜ ( Y, K ) , r ∈ I 0 and e ∈ E with τ ∗
ψ(e ) 

(g B ) ≥ r, then; 

 

−1 
ψ 

(g B ) � int τ (e, cl τ (e, ϕ 

−1 
ψ 

(cl τ ∗ (ψ(e ) , g B , r)) , r) , r) 

ere, α = identity operator, β = interior operator, δ = identity op-

rator, θ = interior closure operator and I = I 0 . 
8) ϕ ψ 

is fuzzy soft perfectly continuous mapping, iff for every

g B ∈ 

˜ ( Y, K ) , r ∈ I 0 , and e ∈ E with τ ∗
ψ(e ) 

(g B ) ≥ r, then ϕ 

−1 
ψ 

(g B ) is

 -fuzzy soft clopen set. Here, α = closure operator, β = interior op-

rator, δ = identity operator, θ = identity operator and I = I 0 . 
9) ϕ ψ 

is fuzzy soft weak almost continuous mapping, iff for every

g B ∈ 

˜ ( Y, K ) , r ∈ I 0 and e ∈ E with τ ∗
ψ(e ) 

(g B ) ≥ r, then; 

 

−1 
ψ 

(g B ) � int τ (e, ϕ 

−1 
ψ 

(int τ ∗ (ψ(e ) , Ker τ ∗ (ψ(e ) , 

cl τ ∗ (ψ(e ) , g B , r) , r) , r)) , r) 

ere, α = identity operator, β = interior operator, δ = identity op-

rator, θ = interior kernel closure operator and I = I 0 . 
10) ϕ ψ 

is fuzzy soft very weakly continuous mapping, iff for ev-

ry g B ∈ 

˜ ( Y, K ) , r ∈ I 0 and e ∈ E with τ ∗
ψ(e ) 

(g B ) ≥ r, then; 

 

−1 
ψ 

(g B ) � int τ (e, ϕ 

−1 
ψ 

(Ker τ ∗ (ψ(e ) , (cl τ ∗ (ψ(e ) , g B , r) , r)) , r) 

ere, α = identity operator, β = interior operator, δ = identity op-

rator, θ = kernel closure operator and I = I 0 . 
11) ϕ ψ 

is called fuzzy soft P -continuous iff τe (ϕ 

−1 
ψ 

(g B )) ≥
∗
ψ(e ) 

(g B ) for each g B ∈ 

˜ ( Y, K ) , r ∈ I 0 , e ∈ E such that g B satisfying

he property P . Let θP : K × ˜ ( Y, K ) × I 0 −→ 

˜ ( Y, K ) be an operator in

(Y, τ ∗
K ) defined as follows: For each g B ∈ 

˜ ( Y, K ) , r ∈ I 0 , k ∈ K;

p (k, g B , r) = 

{ 

g B if τ ∗
k 
(g B ) ≥ r and g B satisfies the property P , 

˜ K otherwise. 

ere, α = identity operator, β = interior operator, δ = identity op-

rator, θ = θp and I = I 0 . 

xample 2.2. Let X = { a, b, c} , Y = { x, y } , E = { e 1 , e 2 } , and

 = { k 1 , k 2 } . Define A ⊆ E, B ⊆ K, f A = { (e 1 , { 0 . 5 , 0 . 5 , 0 . 3 } ) , (e 2 ,

 0 . 4 , 0 . 4 , 0 . 2 } ) } ∈ 

˜ ( X, E ) and g B = { (k 1 , { 0 . 5 , 0 . 3 } ) , (k 2 , { 0 . 4 , 0 . 2 } ) } ∈
˜ ( Y, K ) . Define fuzzy soft topologies τE : E → I 

˜ ( X,E ) and
∗
K 

: K → I 
˜ ( Y,K ) as follow: 

e (h G ) = 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

1 , if h G = �, ˜ E , 

1 
2 
, if h G = f A , ˜ E 0 . 4 

1 
2 
, if h G = f A � 

˜ E 0 . 4 , 

2 
3 
, if h G = f A 	 

˜ E 0 . 4 , 

0 , otherwise, 

∗
k (w D ) = 

⎧ ⎪ ⎨ 

⎪ ⎩ 

1 , if w D = �, ˜ K , 

1 
2 
, if w D = g B , 

0 , otherwise, 

Consider the maps ϕ: X → Y and ψ : E → K defined by

(a ) = ϕ(b) = x, ϕ(c) = y, ψ(e 1 ) = k 1 and ψ(e 2 ) = k 2 . Therefore,

or each e ∈ E , k ∈ K and r ∈ I ◦, define the fuzzy soft op-

rators α, β : E × ˜ ( X, E ) × I 0 → 

˜ ( X, E ) and θ, δ : K × ˜ ( Y, K ) × I 0 →
˜ ( Y, K ) , as follow: 

(e, w D , r) = w D , θ (k, w D , r) = δ(k, w D , r) = w D 
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c  
nd 

(e, w D , r) 

 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

˜ E , if w D = 

˜ E , ∀ r ∈ I ◦, 
f A , if ( f A ) 1 � w D � ( f A 	 

˜ E 0 . 4 ) , 0 < r ≤ 1 
2 
, 

˜ E 0 . 4 , if ˜ E 0 . 4 � w D � ( f A 	 

˜ E 0 . 4 ) , 

w D �� f A 0 < r ≤ 1 
2 
, 

f A 	 

˜ E 0 . 4 , if f A 	 

˜ E 0 . 4 � w D � = 

˜ E , 0 < r ≤ 2 
3 
, 

f A � 

˜ E 0 . 4 , if f A � 

˜ E 0 . 4 � w D � f A 	 

˜ E 0 . 4 , 

f A �� w D , ˜ E 0 . 4 �� w D 0 < r ≤ 1 
2 
, 

�, otherwise, 

hen the map ϕ ψ 

: (X, τE ) → (Y, τ ∗
K ) is fuzzy soft continuous. 

emark 2.3. If I ∗ is a fuzzy soft ideal on Y , then the mapping

 ψ 

: (X, τE ) → (Y, τ ∗
K 
) is said to be fuzzy soft (α, β, θ, δ, I ∗) -open

f for every f A ∈ 

˜ ( X, E ) , r ∈ I 0 and e ∈ E , 

 

∗
ψ(e ) [ α(ψ(e ) , ϕ ψ 

(δ(e, f A , r)) , r) � β(ψ(e ) , ϕ ψ 

(θ (e, f A , r )) , r )] 

≥ τe ( f A ) . 

We can see that the fuzzy soft (α, β, θ, δ, I ∗) -open mapping

s generalized of the concept of fuzzy soft open [12] , when we

hoose, α = identity operator, β = interior operator, δ = iden-

ity operator, θ = identity operator and I ∗ = I ∗0 . Also, from

emark 2.3 we can present some types of fuzzy soft open func-

ions as follow: 

1) In (2016), Abbas et al., [15] defined the concept of fuzzy soft

emi-open mappings: for every f A ∈ 

˜ ( X, E ) , r ∈ I 0 and e ∈ E with

e ( f A ) ≥ r , then; 

 ψ 

( f A ) � cl τ ∗ (ψ(e ) , int τ ∗ (ψ(e ) , ϕ ψ 

( f A ) , r) , r) 

ere, α = identity operator, β = closure interior operator, δ =
dentity operator, θ = identity operator and I ∗ = I ∗0 . 

2) ϕ ψ 

is fuzzy soft pre-open mapping, iff for every f A ∈
˜ ( X, E ) , r ∈ I 0 and e ∈ E with τ e ( f A ) ≥ r , then; 

 ψ 

( f A ) � int τ ∗ (ψ(e ) , cl τ ∗ (ψ(e ) , ϕ ψ 

( f A ) , r) , r) 

ere, α = identity operator, β = interior closure operator, δ =
dentity operator, θ = identity operator and I ∗ = I ∗0 . 

3) ϕ ψ 

is fuzzy soft strongly semi-open mapping, iff for every f A ∈
˜ ( X, E ) , r ∈ I 0 and e ∈ E with τ e ( f A ) ≥ r , then; 

 ψ 

( f A ) � int τ ∗ (ψ(e ) , cl τ ∗ (ψ(e ) , int τ ∗ (ψ(e ) , ϕ ψ 

( f A ) , r) , r) , r) 

ere, α = identity operator, β = interior closure interior operator,

= identity operator, θ = identity operator and I ∗ = I ∗0 . 

4) ϕ ψ 

is fuzzy soft semi-preopen mapping, iff for every f A ∈
˜ ( X, E ) , r ∈ I 0 and e ∈ E with τ e ( f A ) ≥ r , then; 

 ψ 

( f A ) � cl τ ∗ (ψ(e ) , int τ ∗ (ψ(e ) , cl τ ∗ (ψ(e ) , ϕ ψ 

( f A ) , r) , r) , r) 

ere, α = identity operator, β = closure interior closure operator,

= identity operator, θ = identity operator and I ∗ = I ∗0 . 

(5) ϕ ψ 

is fuzzy soft weakly open mapping, iff for every f A ∈
˜ ( X, E ) , r ∈ I 0 and e ∈ E with τ e ( f A ) ≥ r , then; 

 ψ 

( f A ) � int τ ∗ (ψ(e ) , ϕ ψ 

(cl τ (e, f A , r)) , r) 

ere, α = identity operator, β = interior operator, δ = identity op-

rator, θ = closure operator and I ∗ = I ∗0 . 

6) ϕ ψ 

is fuzzy soft almost open mapping, iff for every f A ∈
˜ ( X, E ) , r ∈ I 0 and e ∈ E with τ e ( f A ) ≥ r , then; 

 ψ 

( f A ) � int τ ∗ (ψ(e ) , ϕ ψ 

(int τ (e, cl τ (e, f A , r) , r)) , r) 

ere, α = identity operator, β = interior operator, δ = identity op-

rator, θ = interior closure operator and I ∗ = I ∗0 . 
xample 2.4. Let X = { a, b, c} , Y = { x, y, z} , E = { e 1 , e 2 } , and K =
 k 1 , k 2 } . Define fuzzy soft topologies τE : E → I 

˜ ( X,E ) and τ ∗
K : K →

 

˜ ( Y,K ) as follows: 

e (h G ) = 

⎧ ⎪ ⎨ 

⎪ ⎩ 

1 , if h G = �, ˜ E , 

1 
2 
, if h G = 

˜ E 0 . 3 

0 , otherwise, 

τ ∗
k (w D ) = 

⎧ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎩ 

1 , if w D = �, ˜ K , 

1 
2 
, if w D = 

˜ K 

0 . 3 , 

2 
3 
, if w D = 

˜ K 

0 . 6 , 

0 , otherwise, 

Consider the maps ϕ: X → Y and ψ : E → K defined by ϕ(a ) =
, ϕ(b) = y, ϕ(c) = z, ψ(e i ) = k i , i ∈ { 1 , 2 , 3 } . Therefore, for each

 ∈ E , k ∈ K and r ∈ I ◦, define the fuzzy soft operators α, β , θ
nd δ, as follow: 

α(k, w D , r) = w D , θ (e, w D , r) = δ(e, w D , r) = w D and 

(k, w D , r) = 

⎧ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎩ 

˜ K , if w D = 

˜ K , ∀ r ∈ I ◦, 

˜ K 

0 . 3 , if ˜ K 

0 . 3 � w D � 

˜ K 

0 . 6 , 0 < r ≤ 1 
2 
, 

˜ K 

0 . 6 , if ˜ K 

0 . 6 � w D � 

˜ K , 0 < r ≤ 2 
3 
, 

�, otherwise. 

hen the map ϕ ψ 

: (X, τE ) → (Y, τ ∗
K 

), is fuzzy soft open. 

efinition 2.5. If β and β∗ are fuzzy soft operators on X , then

he operator β�β∗ is defined by, (β � β∗)(e, f A , r) = β(e, f A , r) �
∗(e, f A , r) for each f A ∈ 

˜ ( X, E ) , e ∈ E and r ∈ I 0 . The fuzzy soft

perators β and β∗ are said to be mutually dual if β�β∗ is the

dentity operator. 

heorem 2.6. Let ( X , τ E ) and (Y, τ ∗
K ) be two fuzzy soft topological

paces and I be a fuzzy soft ideal on X. Let α, β and β∗ be fuzzy

oft operators on X and δ, θ and θ ∗ be fuzzy soft operators on Y . Then

ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is: 

1) fuzzy soft (α, β, (θ � θ ∗) , δ, I) -continuous if and only if it is both

uzzy soft ( α, β , θ , δ, I) -continuous and fuzzy soft (α, β, θ ∗, δ, I) -

ontinuous, provided that β(e, f A � g B , r) = β(e, f A , r) � β(e, g B , r) , 

or each f A , g B ∈ 

˜ ( X, E ) , e ∈ E and r ∈ I 0 . 

2) fuzzy soft (α, (β � β∗) , θ, δ, I) -continuous, if and only if it is both

uzzy soft ( α, β , θ , δ, I) -continuous and fuzzy soft (α, β∗, θ, δ, I) -

ontinuous. 

roof. (1) If ϕ ψ 

is both fuzzy soft (α, β, θ, δ, I) -continuous

nd fuzzy soft (α, β, θ ∗, δ, I) -continuous then for each g B ∈
˜ ( Y, K ) , e ∈ E and r ∈ I 0 we have that, I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) ,

) � β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r )] ≥ τ ∗
ψ(e ) 

(g B ) and I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ 

(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r )) , r )] ≥ τ ∗
ψ(e ) 

(g B ) , then I e
(α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r )) 	 (α(e, 

 

−1 
ψ 

(δ (ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r )) , r ))] ≥ τ ∗
ψ(e ) 

(g B ) . But, (α(e, ϕ 

−1 
ψ 

(δ (ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r)) ,

)) 	 (α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r )) , r )) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

= α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � (β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r ) 

� β(e, ϕ 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r )) , r )) 

= α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r) 

� θ ∗(ψ(e ) , g B , r))) 

= α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) 

� β(e, ϕ 

−1 
ψ 

((θ � θ ∗)(ψ(e ) , g B , r))) . 

hat is I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

((θ � θ ∗)(ψ(e ) ,

 B , r)))] ≥ τ ∗
ψ(e ) 

(g B ) . Hence, ϕ ψ 

is fuzzy soft (α, β, (θ � θ ∗) , δ, I) -

ontinuous. 

Conversely, if ϕ ψ 

is fuzzy soft (α, β, (θ � θ ∗) , δ, I) -

ontinuous, then for each g ∈ 

˜ ( Y, K ) , r ∈ I and e ∈
B 0 
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E , we have I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

((θ �
θ ∗)(ψ(e ) , g B , r)))] ≥ τ ∗

ψ(e ) 
(g B ) . Now, by the above equal-

ities, we get that, I e [(α(e, ϕ 

−1 
ψ 

(δ (ψ(e ) , g B , r)) , r) �
β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r )) 	 (α(e, ϕ 

−1 
ψ 

(δ( ψ(e ) , g B , r )) , r ) �
β(e, ϕ 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r )) , r ))] ≥ τ ∗
ψ(e ) 

(g B ) which implies that

I e [ α(e, ϕ 

−1 
ψ 

(δ (ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r )] ≥
τ ∗
ψ(e ) 

(g B ) and so, I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1
ψ 

(θ ∗(ψ(e ) , g B , r)) , r)] ≥ τ ∗
ψ(e ) 

(g B ) , which means that ϕ ψ 

is both

fuzzy soft (α, β, θ, δ, I) -continuous and fuzzy soft ( α, β , θ ∗, δ, I) -

continuous. 

(2) Similar to the proof in (1). �

Definition 2.7. Let ( X , τ E ) and (Y, τ ∗
K 
) be two fuzzy soft topo-

logical spaces and A be an expansion on Y . Then a mapping

ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is said to be fuzzy soft A -continuous expan-

sion if ϕ 

−1 
ψ 

(g B ) � int τ (e, ϕ 

−1 
ψ 

(A (g B )) , r) for each g B ∈ 

˜ ( Y, K ) , r ∈
I 0 and e ∈ E with τ ∗

ψ(e ) 
(g B ) ≥ r. 

Corollary 2.8. Let ( X , τ E ) and (Y, τ ∗
K 
) be two fuzzy soft topological

spaces and A and B are two mutually dual expansions on Y. Then

a mapping ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is a fuzzy soft continuous if and

only if ϕ ψ 

is fuzzy soft A -continuous expansion and fuzzy soft B-

continuous expansion. 

Proof. Take α = δ = identity operator, β = interior operator, θ =
A , θ ∗ = B and I = I 0 . Then the result is fulfilled directly from

Theorem 2.6 (1). �

Corollary 2.9. Let ( X , τ E ) and (Y, τ ∗
K 
) be two fuzzy soft topolog-

ical spaces. A mapping ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is fuzzy soft contin-

uous if and only if ϕ ψ 

is fuzzy soft almost continuous and fuzzy

soft (id X , int τ , γ , id Y , I 0 ) -continuous, where the operators γ and

int τ ∗ (cl τ ∗ ) are mutually dual operators on Y such that; (γ g B ) = g B 	
(int τ ∗ (ψ(e ) , cl τ ∗ (ψ(e ) , g B , r) , r)) 

c , ∀ g B ∈ 

˜ ( Y, K ) , e ∈ E and r ∈ I 0 . 

Proof.. Fuzzy soft almost continuous equivalents a fuzzy soft

(id X , int τ , int τ ∗ (cl τ ∗ ) , id Y , I 0 ) -continuous. But the operators γ and

int τ ∗ (cl τ ∗ ) are mutually dual operators on Y . Hence, from Theorem

2.6 , we get the required proof. �

Let 
 be the set of all fuzzy soft operators on X and α, β ∈

 . Then a partial order relation could be given as; α ≤ β if and

only if α( e , f A , r ) � β( e , f A , r ). Also, an operator α on X is called

monotone if f A � g B for each f A , g B ∈ 

˜ ( X, E ) , e ∈ E and r ∈ I 0 then,

α( e , f A , r ) � α( e , g B , r ), 

Theorem 2.10. Let ( X , τ E ) and (Y, τ ∗
K 
) be two fuzzy soft topological

spaces, I be a fuzzy soft ideal on X and let α, α∗, β and β∗ be fuzzy

soft operators on X , θ , θ ∗ and δ be fuzzy soft operators on Y and ϕ ψ 

:

˜ ( X, E ) −→ 

˜ ( Y, K ) be a function. Then: 

(1) If β is a monotone, θ ≤ θ ∗ and ϕ ψ 

is a fuzzy soft

(α, β, θ, δ, I) -continuous function, then ϕ ψ 

is fuzzy soft

(α, β, θ ∗, δ, I) -continuous. 

(2) If α∗ ≤ α and ϕ ψ 

is a fuzzy soft (α, β, θ, δ, I) -continuous

function, then ϕ ψ 

is fuzzy soft (α∗, β, θ, δ, I) -continuous. 

(3) If β ≤ β∗ and ϕ ψ 

is a fuzzy soft (α, β, θ, δ, I) -continuous

function, then ϕ ψ 

is fuzzy soft (α, β∗, θ, δ, I) -continuous. 

Proof. (1) Let ϕ ψ 

be fuzzy soft (α, β, θ, δ, I) -continuous,

then for each g B ∈ 

˜ ( Y, K ) , e ∈ E and r ∈ I 0 , we have that

I e [ α(e, ϕ 

−1 
ψ 

(δ (ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r )] ≥
τ ∗
ψ(e ) 

(g B ) . Now we know that θ ≤ θ ∗, then θ ( ψ( e ),

g B , r ) � θ ∗( ψ( e ), g B , r ), thus ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r)) �
 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r)) and β(e, ϕ 

−1 
ψ 

(θ (ψ (e ) , g B , r)) , r) �
(e, ϕ 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r )) , r ) , then [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r )) , r ) �
(e , ϕ 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r )) , r )] � [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r )) , r ) �
(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) .r )] Therefore, I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r )) ,

(e, ϕ 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r )) , r )] ≥ I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r )) , r ) �
(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r )] which means that, I e [ α(e, ϕ 

−1
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ ∗(ψ(e ) , g B , r )) , r )] ≥ τ ∗
ψ(e ) 

(g B ) . 

ence, ϕ ψ 

is fuzzy soft (α, β, θ ∗, δ, I) -continuous. 

(2) and (3) Similarly. �

efinition 2.11. An operator β on the fuzzy soft topological space

 X , τ E ) induces another fuzzy soft operator ( int τ β) defined as fol-

ows; 

(int τ β)(e, f A , r) = int τ (e, β(e, f A , r ) , r ) . Note that, int τ β ≤ β . 

efinition 2.12. A function ϕ ψ 

: (X, τE ) → (Y, τ ∗
K ) satisfies the

uzzy soft openness condition with respect to the fuzzy soft op-

rator β on X if for every g B ∈ 

˜ ( Y, K ) , e ∈ E r ∈ I 0 , we get that: 

(e, ϕ 

−1 
ψ 

(g B ) , r) � β(e, ϕ 

−1 
ψ 

(int τ ∗ (ψ(e ) , g B , r )) , r ) . 

henever β = int τ , then the definition will be equivalent to that

sual one of fuzzy soft open mapping. 

heorem 2.13. Let (X , τ E ) and (Y, τ ∗
K ) be two fuzzy soft topo-

ogical spaces. If ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is fuzzy soft (α, β, θ, δ, I) -

ontinuous and satisfies the openness condition with respect to the

uzzy soft operator β , then ϕ ψ 

is fuzzy soft (α, β, (int τ ∗ θ ) , δ, I) -

ontinuous. 

roof. Let g B ∈ 

˜ ( Y, K ) , e ∈ E and r ∈ I 0 . Since ϕ ψ 

s fuzzy soft (α, β, θ, δ, I) -continuous, we have,

I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r )] ≥
∗
ψ(e ) 

(g B ) . But ϕ ψ 

satisfies the openness condi-

ion with respect to the fuzzy soft operator β , then

β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , g B , r )) , r ) � β(e, ϕ 

−1 
ψ 

((int τ ∗ θ )(ψ(e ) , g B , r )) , r ) . 

ence, I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B , r)) , r) � β(e, ϕ 

−1 
ψ 

((int τ ∗ θ )(ψ(e ) ,

 B , r)) , r)] ≥ I e [ α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , g B )) , r) � β(e, ϕ 

−1 
ψ 

(θ (ψ(e ) ,

 B , r)) , r)] ≥ τ ∗
ψ(e ) 

(g B ) . Thus, ϕ ψ 

is fuzzy soft (α, β, (int τ ∗ θ ) , δ, I)

continuous. �

orollary 2.14. Let (X , τ E ) and (Y, τ ∗
K ) be two fuzzy soft topological

paces. If ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is fuzzy soft weakly continuous and

uzzy soft open mapping, then ϕ ψ 

is a fuzzy soft almost continuous. 

roof. Let α = identity operator, β = interior operator, δ = iden-

ity operator, θ = closure operator and I = I 0 . Since ϕ ψ 

satis-

es the openness condition, by Theorem 2.11, we have ϕ ψ 

is

uzzy soft (α, β, (int τ ∗ θ ) , δ, I) -continuous, then ϕ ψ 

is fuzzy soft

(id X , int τ , (int τ ∗ cl τ ∗ ) , id Y , I 0 ) -continuous. Hence, ϕ ψ 

is fuzzy soft

lmost continuous. �

orollary 2.15. Let (X , τ E ) and (Y, τ ∗
K ) be two fuzzy soft topological

paces. If ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is fuzzy soft very weakly continuous

nd fuzzy soft open mapping, then ϕ ψ 

is a fuzzy soft weak almost

ontinuous. 

roof. Let α = identity operator, β = interior operator, δ = iden-

ity operator, θ = Kernel closure operator and I = I 0 . Then the

roof of this result comes easily from Theorem 2.13 , and as sim-

lar to Corollary 2.14 . �

efinition 2.16. Let ( X , τ E ) be a fuzzy soft topological

pace. Then X is called fuzzy soft θ-compact space if for

ach family { ( f ) ∈ 

˜ ( X, E ) | τe (( f ) ) ≥ r, r ∈ I , i ∈ �, e ∈
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} with 

⊔ 

i ∈ �( f A ) i = 

˜ E , there exists a finite subset �◦ of �

uch that 
⊔ 

i ∈ �◦ θ (e, ( f A ) i , r) = 

˜ E . 

(1) If θ = closure operator we get the fuzzy soft almost com-

pact space. 

(2) If θ = interior closure operator we get the fuzzy soft nearly

compact space. 

heorem 2.17. Let (X , τ E ) and (Y, τ ∗
K ) be two fuzzy soft topological

paces, α be an operator on ( X , τ E ), θ and δ be operators on (Y, τ ∗
K 
) 

nd f A � α( e , f A , r ), for each f A ∈ 

˜ ( X, E ) If ϕ ψ 

: ˜ ( X, E ) → 

˜ ( Y, K ) is

uzzy soft (α, int τ , θ, δ, I 0 ) -continuous and X is fuzzy soft compact,

hen Y is fuzzy soft θ-compact. 

roof. For each family { (g B ) i ∈ 

˜ ( Y, K ) : τ ∗
ψ(e ) 

((g B ) i ) ≥ r, r ∈ I 0 , i ∈
, e ∈ E} with 

⊔ 

i ∈ �(g B ) i = 

˜ K . By fuzzy soft (α, int τ , θ, δ, I 0 ) -
ontinuous, for each i ∈ � there exists (h C ) i ∈ 

˜ ( X, E ) with

e (( h C ) i ) ≥ r such that α(e, ϕ 

−1 
ψ 

(δ(ψ(e ) , (g B ) i , r )) , r ) � (h C ) i �
 

−1 
ψ 

(θ (ψ(e ) , (g B ) i , r)) . Also, since ϕ 

−1 
ψ 

(δ(ψ(e ) , (g B ) i , r)) �
(e, ϕ 

−1 
ψ 

(θ (ψ(e ) , (g B ) i , r )) , r ) for every i ∈ �, we

ave that 
⊔ 

i ∈ �(h C ) i � 

⊔ 

i ∈ � ϕ 

−1 
ψ 

(θ (ψ(e ) , (g B ) i , r)) �
 

−1 
ψ 

( 
⊔ 

i ∈ � θ(ψ(e ) , (g B ) i , r)) and 

⊔ 

i ∈ �(h C ) i = 

˜ E By fuzzy

oft compactness of X there exists a finite subset �◦ of

with 

⊔ 

i ∈ �◦ (h C ) i = 

˜ E . Then 

⊔ 

i ∈ �◦ ϕ ψ 

((h C ) i ) = 

˜ K . Thus,⊔ 

i ∈ �◦ θ (ψ(e ) , (g B ) i , r)= 

˜ K which means that Y is fuzzy soft

-compact. �

orollary 2.18. Let ( X , τ E ) and (Y, τ ∗
K 
) be two fuzzy soft topologi-

al spaces, If ϕ ψ 

: ˜ ( X, E ) → 

˜ ( Y, K ) is a fuzzy soft weakly continuous

ap and X is fuzzy soft compact, then Y is fuzzy soft almost compact

pace. 

roof. Let α = identity operator on X , β = interior operator, θ =
losure operator on Y , δ = identity operator and I = I 0 . �

orollary 2.19. Let ( X , τ E ) and (Y, τ ∗
K ) be two fuzzy soft topologi-

al spaces, If ϕ ψ 

: ˜ ( X, E ) → 

˜ ( Y, K ) is a fuzzy soft almost continuous

ap and X is fuzzy soft compact, then Y is fuzzy soft nearly compact

pace. 

roof. Let α = identity operator on X , β = interior operator, θ =
nterior closure operator on Y , δ = identity operator and I =
 

0 . �

. Fuzzy soft ηη′ -continuous functions 

Let X and Y be nonempty sets, E and K be parameters sets

or X and Y respectively, η : E −→ I 
˜ ( X,E ) and η′ : K −→ I 

˜ ( Y,K ) . 

efinition 3.1. A function ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is said to be: 

(1) fuzzy soft ηη′ -continuous if ηe (ϕ 

−1 
ψ 

(g B )) ≥ η′ 
ψ(e ) 

(g B ) , ∀ g B ∈
˜ ( Y, K ) . 

(2) fuzzy soft ηη′ -open if η′ 
ψ(e ) 

(ϕ ψ 

( f A )) ≥ ηe ( f A ) , ∀ f A ∈
˜ ( X, E ) . 

efinition 3.2. A mapping τ : E → I 
˜ ( X,E ) is called a supra fuzzy

oft topology on X if it satisfies the following conditions for each

 ∈ E ; 

(S1) τ e ( �) = τ e ( ̃ E) = 1, 

(S2) τe ( 
⊔ 

i ∈ �( f A ) i ) ≥
∧ 

i ∈ � τe (( f A ) i ) , for all ( f A ) i ∈ 

˜ ( X, E ) , i ∈ �.

efinition 3.3. A mapping m X : E → I 
˜ ( X,E ) is said to have a fuzzy

oft minimal structure on X if (m ) e (�) = (m ) e ( ̃  E ) = 1 . And m 
X X X 
s said to have the property U if for ( m X ) e (( f A ) j ) ≥ r , r ∈ I 0 , j ∈ J ; 

(m X ) e ( 
⊔ 

j∈ J 
( f A ) j ) ≥

∧ 

j∈ J 
(m X ) e (( f A ) j ) . 

bserve that if in Definition 3.1 , η and η′ are exactly the supra

uzzy soft topologies on X and Y , respectively, then we obtain

he notions of supra fuzzy soft ηη′ -continuous function and supra

uzzy soft ηη′ -open function. 

By the notion of fuzzy soft minimal structures, if in

efinition 3.1 , η = m X and η′ = m Y are fuzzy soft minimal struc-

ures on X and Y , respectively, then we obtain the notion of fuzzy

oft ( m X , m Y )-continuous function and fuzzy soft ( m X , m Y )-open

unction. For η : E −→ I 
˜ ( X,E ) , determine in a natural form an oper-

tor θη : E × ˜ ( X, E ) × I 0 −→ 

˜ ( X, E ) , e ∈ E, r ∈ I 0 and f A ∈ 

˜ ( X, E ) : 

θη(e, f A , r) = 

{ 

f A if η( f A ) ≥ r, 

˜ E in other case. 

n the case that η is a supra fuzzy soft topology on X we obtain

ther operations that are important for their applications: 

 η(e, f A , r) = �{ g B | f A � g B , ηe (g c B ) ≥ r} 

 η(e, f A , r) = 	{ g B | g B � f A , ηe (g B ) ≥ r} 
Note that, usually, I η� id X � θη . Similarly, in the case of a fuzzy

oft minimal structure m X on X , we have; 

l m X 
(e, f A , r) = �{ g B | f A � g B , (m X ) e (g c B ) ≥ r} 

nt m X 
(e, f A , r) = 	{ g B | g B � f A , (m X ) e (g B ) ≥ r} 

ote that, int m X 
� id X � θη. Also, int m X 

(e, f A , r) = f A if ( m X ) e ( f A ) ≥
 , while (m X ) e (int m X 

(e, f A , r)) ≥ r, whenever m X is a fuzzy soft

inimal structure with the property U . 

The following results give the relationship between fuzzy soft

η′ -continuity and fuzzy soft (α, β, θ, δ, I) -continuity. 

heorem 3.4. Let ϕ: X → Y , ψ : E → K , η : E → I 
˜ ( X,E ) with

ηe ( ̃  E ) = 1 and η′ : K → I 
˜ ( Y,K ) be functions. Then ϕ ψ 

: ˜ ( X, E ) −→
˜ ( Y, K ) is a fuzzy soft ηη′ -continuous if and only if ϕ ψ 

is fuzzy

oft (θη, id X , θη′ , id Y , I 0 ) -continuous. 

roof. Sufficiency . Suppose that ϕ ψ 

: ˜ ( X, E ) → 

˜ ( Y, K )

s a fuzzy soft ηη′ -continuous. Let g B ∈ 

˜ ( Y, K ) , r ∈
 0 we have two cases: (Case 1). If η′ 


(e ) 
(g B ) ≥

then θη′ (ψ(e ) , g B , r) = g B and θη(e, ϕ 

−1 
ψ 

(g B ) , r) =
 

−1 
ψ 

(g B ) . Hence, θη(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r)) , r) =
 

−1 
ψ 

(g B ) = id X (e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )), r ). Consequently,

θη(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) � id X (e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )) , r ) . 

(Case 2) . If η′ 
ψ(e ) 

(g B ) �≥ r then we have that, θη′ (ψ(e ) , g B , r) =
˜ 
 and θη(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r ) ) , r ) � 

˜ E = ϕ 

−1 
ψ 

( ̃  K ) =
d X (e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )) , r ) . So, θη(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) �

d X (e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )) , r ) = � for all g B ∈ 

˜ ( Y, K ) . Thus ϕ ψ 

is

uzzy soft (θη, id X , θη′ , id Y , I 0 ) -continuous. 

Necessity . Suppose that ηe (ϕ 

−1 
ψ 

(g B )) �≥ η′ 
ψ(e ) 

(g B ) ; ∀ g B ∈
˜ ( Y, K ) , e ∈ E then there exists r ∈ I 0 such that, ηe (ϕ 

−1 
ψ 

(g B )) <

 ≤ η′ 
ψ(e ) 

(g B ) . Since ϕ ψ 

is a fuzzy soft (θη, id X , θη′ , id Y , I 0 ) -
ontinuous, that is, I 0 e [ θη(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) � id X 

(e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )) , r )] ≥ η′ 
ψ(e ) 

(g B ) . Then we have that; 
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θη(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) � id X (e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )) , r ) =
�, which means that, θη(e, ϕ 

−1 
ψ 

(g B ) , r) � ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r)) . 

This follows that, if for some h C such that η′ 
ψ(e ) 

(h C ) ≥ r and

ηe (ϕ 

−1 
ψ 

(h C )) < r, then we obtain that ˜ E � ϕ 

−1 
ψ 

(h C ) and so

ϕ 

−1 
ψ 

(h C ) = 

˜ E . Now, our hypothesis implies that ηe (ϕ 

−1 
ψ 

(h C )) ≥ r, 

it is a contradiction. Hence, ηe (ϕ 

−1 
ψ 

(g B )) ≥ η′ 
ψ(e ) 

(g B ) , and more-

over ϕ ψ 

is fuzzy soft ηη′ -continuous. �

Theorem 3.5. Let ϕ: X → Y , ψ : E → K , and η′ : K → I 
˜ ( Y,K ) be func-

tions and let η be a fuzzy soft supra topology on X . Then ϕ ψ 

:

˜ ( X, E ) −→ 

˜ ( Y, K ) is a fuzzy soft ηη′ -continuous if and only if ϕ ψ 

is

fuzzy soft (id X , I η, θη′ , id Y , I 0 ) -continuous. 

Proof. Sufficiency . Suppose that ϕ ψ 

is a fuzzy soft ηη′ -
continuous. Let g B ∈ 

˜ ( Y, K ) , r ∈ I 0 . Then we consider two

cases: (Case 1). If η′ 

(e ) 

(g B ) ≥ r then θη′ (ψ(e ) , g B , r) = g B 

and id X (e, ϕ 

−1 
ψ 

(g B ) , r) = I η(e, ϕ 

−1 
ψ 

(g B ) , r) = ϕ 

−1 
ψ 

(g B ) . Hence,

id X (e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) = ϕ 

−1 
ψ 

(g B ) = I η(e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B ,

r )), r ). Consequently, id X (e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) �
I η(e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )) , r ) . 

(Case 2) . If η′ 

(e ) 

(g B ) �≥ r then we have that, θη′ (ψ(e ) , g B , r) =
˜ K and so, id X (e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) � 

˜ E = ϕ 

−1 
ψ 

( ̃  K ) = I η(e, ϕ 

−1
ψ 

(θη′ (ψ(e ) , g B , r )), r ). Hence, id X (e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) �

I η(e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )) , r ) = � for all g B ∈ 

˜ ( Y, K ) . Thus ϕ ψ 

is

fuzzy soft (id X , I η, θη′ , id Y , I 0 ) -continuous. 

Necessity . Suppose that ηe (ϕ 

−1 
ψ 

(g B )) �≥ η′ 
ψ(e ) 

(g B ) , 

for each g B ∈ 

˜ ( Y, K ) , e ∈ E then there exists r ∈ I 0 
such that, ηe (ϕ 

−1 
ψ 

(g B )) < r ≤ η′ 
ψ(e ) 

(g B ) . Since ϕ ψ 

is a

fuzzy soft (id X , I η, θη′ , id Y , I 0 ) -continuous, that is, for

each g B ∈ 

˜ ( Y, K ) , e ∈ E, I 0 e [ id X (e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) �
I η(e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )) , r )] ≥ η′ 
ψ(e ) 

(g B ) . Then, id X (e, ϕ 

−1
ψ 

(id Y (ψ(e ) , g B , r)) , r) � I η(e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r )) , r ) = �, which

means that ϕ 

−1 
ψ 

(g B ) � I η(e, ϕ 

−1 
ψ 

(θη′ (ψ(e ) , g B , r)) , r) . This

follows that, if for some h C such that η′ 
ψ(e ) 

(h C ) ≥ r and

ηe (ϕ 

−1 
ψ 

(h C ) < r, we obtain ϕ 

−1 
ψ 

(h C ) � I η(e, ϕ 

−1 
ψ 

(h C , r) , and so

ϕ 

−1 
ψ 

(h C ) = I η(e, ϕ 

−1 
ψ 

(h C , r) , implies that ηe (ϕ 

−1 
ψ 

(h C ) ≥ r, and there

is a contradiction. Consequently, ηe (ϕ 

−1 
ψ 

(g B )) ≥ η′ 
ψ(e ) 

(g B ) . Hence,

ϕ ψ 

is fuzzy soft ηη′ -continuous. �

Corollary 3.6. Let ϕ: X → Y , ψ : E → K and m Y : K →
I 

˜ ( Y,K ) be functions and let ϕ ψ 

: ˜ ( X, E ) → 

˜ ( Y, K ) be a fuzzy soft

(id X , int m X 
, θm Y 

, id Y , I 0 ) -continuous with m X has the property U ,

then ϕ ψ 

is fuzzy soft ( m X , m Y ) -continuous. 

Theorem 3.7. A function ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is fuzzy soft ηη′ -
open function if and only if ϕ ψ 

is fuzzy soft (I η, I η, I η′ , id Y , I 0 ) -
continuous. 

Proof. Sufficiency . Let f A ∈ 

˜ ( X, E ) , r ∈ I 0 , g B = ϕ ψ 

( f A ) and ϕ ψ 

be fuzzy soft ηη′ -open, then η′ 

(e ) 

(ϕ ψ 

( f A )) = η′ 

(e ) 

(g B ) ≥ r,

and I η′ (ψ(e ) , g B , r) = g B . Since, f A � ϕ 

−1 
ψ 

(ϕ ψ 

( f A )) , we have,
I η(e, f A , r) � I η(e, ϕ 

−1 
ψ 

(ϕ ψ 

( f A )) , r) = I η(e, ϕ 

−1 
ψ 

(g B ) , r) � ϕ 

−1 
ψ 

(g B ) = 

 

−1 
ψ 

(I η′ (ψ(e ) , g B , r)) , then we have the relation I η(e, ϕ 

−1
ψ 

(id Y (ψ(e ) , g B , r) , r) � I η(e, ϕ 

−1 
ψ 

(I η′ (ψ(e ) , g B , r )) , r ) , which

eans that, I η(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) � I η(e, ϕ 

−1 
ψ 

(I η′ (ψ(e ) ,

 B , r)) , r) = �. Hence, I 0 e [ I η(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) �
 η(e, ϕ 

−1 
ψ 

(I η′ (ψ(e ) , g B , r )) , r )] ≥ η′ 
ψ(e ) 

(g B ) . Thus, ϕ ψ 

is fuzzy

oft (I η, I η, I η′ , id Y , I 0 ) -continuous. 

Necessity . Suppose that η′ 
ψ(e ) 

(ϕ ψ 

( f A )) �≥ ηe ( f A ) ; f A ∈
˜ ( X, E ) and e ∈ E, then there exists r ∈ I 0 such

hat, η′ 
ψ(e ) 

(ϕ ψ 

( f A )) < r ≤ ηe ( f A ) . Since ϕ ψ 

is a

uzzy soft (I η, I η, I η′ , id Y , I 0 ) -continuous, that is, for

ach g B ∈ 

˜ ( Y, K ) , e ∈ E, I 0 e [ I η(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) �
 η(e, ϕ 

−1 
ψ 

(I η′ (ψ(e ) , g B , r )) , r )] ≥ η′ 
ψ(e ) 

(g B ) . Then,

I η(e, ϕ 

−1 
ψ 

(id Y (ψ(e ) , g B , r )) , r ) � I η(e, ϕ 

−1 
ψ 

(I η′ (ψ(e ) , g B , r )) , r ) = 

, which means that, I η(e, ϕ 

−1 
ψ 

(g B ) , r) �
 η(e, ϕ 

−1 
ψ 

(I η′ (ψ(e ) , g B , r )) , r ) . Assume that ηe ( f A ) ≥ r and

g B = ϕ ψ 

( f A ) , then we obtain that, f A = I η(e, f A , r) �
 η(e, ϕ 

−1 
ψ 

(ϕ ψ 

( f A )) , r) � I η(e, ϕ 

−1 
ψ 

(I η′ (ψ(e ) , ϕ ψ 

( f A ) , r )) , r ) � 

 

−1 
ψ 

(I η′ (ψ(e ) , ϕ ψ 

( f A ) , r)) . This follows that, ϕ ψ 

( f A ) �
 η′ (ψ(e ) , ϕ ψ 

( f A ) , r) , then η′ 
ψ(e ) 

(ϕ ψ 

( f A )) ≥ r, it is a contra-

iction. Consequently, η′ 
ψ(e ) 

(ϕ ψ 

( f A )) ≥ ηe ( f A ) . Hence, ϕ ψ 

is

uzzy soft ηη′ -open function. �

orollary 3.8. Let ϕ: X → Y , ψ : E → K , be functions. If

ϕ ψ 

: ˜ ( X, E ) −→ 

˜ ( Y, K ) is a fuzzy soft (int m X 
, int m X 

, int m Y 
, id Y , I 0 ) -

ontinuous with m Y has the property U , then ϕ ψ 

is fuzzy soft ( m X ,

 Y ) -open function. 
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