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Abstract – In this article, some open-like fuzzy soft sets such as fuzzy soft semi-open set, fuzzy soft pre-

open set, fuzzy soft α-open set and corresponding variants of fuzzy soft continuous functions are 

introduced and discussed. Some other variants of fuzzy soft sets such as fuzzy soft semi-preclosed set, 

fuzzy soft t-set, fuzzy soft α*-set, fuzzy soft regular open set, fuzzy soft B-set, fuzzy soft C-set and fuzzy 

soft D(α)-set are defined and some properties of these sets are studied and investigated. Some continuous-

like functions are introduced and we obtained some decomposition of fuzzy soft continuity. 
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1  Introduction 
 

The notion of continuity is always considered as an important concept in topological 

study and investigations. It is seen from existing literatures that several weak forms of 

continuity were introduced both for general and fuzzy topology to investigate and find 

deep properties of continuity. Each of the weak forms of continuity is strictly weaker 

than continuity. Theoretically, for each weak form of continuity, there is another weak 

form of continuity such that both of them imply continuity. This gives rise to different 

decompositions of continuous function. A classical example towards decomposition of 

continuity is the paper of N. Levine [8]. Inception of concept of soft set of Molodtsov 

[10] opened different directions for subsequent rapid developments, encompassing 

various basic concepts and results of topology for their generalizations to soft settings. 
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In 2011, Shabir and Naz [14] initiated the study of soft topological spaces. In 2001, Maji 

et al. [9], introduced the concept of fuzzy soft set. Analytical part of fuzzy soft set theory 

practically began with the work of B. Tanay et al.[15]. Recently, some researchers have 

worked to find some decompositions of continuity in soft topological spaces. In this 

paper, we proposed to define some open-like fuzzy soft sets and investigate for some 

decompositions of fuzzy soft continuity.  

In section 2, some open-like fuzzy soft sets such as fuzzy soft semi-open set, fuzzy soft 

pre-open set, fuzzy soft α-open set and corresponding variants of fuzzy soft continuous 

functions are introduced and discussed.  

In section 3, we defined fuzzy soft semi-preclosed set, fuzzy soft t-set, fuzzy soft α*-set, 

fuzzy soft regular open set, fuzzy soft B-set, fuzzy soft C-set and fuzzy soft D(α)-set. We 

studied these sets and investigate some properties of these sets.  

In section 4, we defined some continuous-like functions and we obtained some 

decompositions of fuzzy soft continuity. 

 

2  Preliminaries 
 

Definition 2.1. [10]   Let  A E. A pair (F, A) is called a soft set over U if and only if F 

is a mapping given by  F : A   P(U) such that  F(e) =  φ if eA and   F(e) ≠ φ if 

eA, where φ stands for the empty set, U is an initial universe set, E is the set of 

parameters and P(U)  is the set of all subsets of U. Here F is called approximate function 

of the soft set (F, A) and the value  F(e) is a set called e–element of the soft set. In other 

words, the soft set is a parameterized family of subsets of the set U. 

Definition 2.2. [9] Let U be an initial universe set, let E be a set of parameters, let  A 

E. A pair (F, A) is called a fuzzy soft set over U if and only if F is a mapping given 

by  F : A   I
U
  such that    F(e) = 0U if eA and F(e) ≠ 0U if eA, where 0U(u) = 0 

for all uU. Here F is called approximate function of the fuzzy soft set (F, A) and the 

value  F(e) is a fuzzy set called e–element of the fuzzy soft set (F, A). Thus a fuzzy soft 

set  (F, A) over  U can be represented by the set of ordered pairs (F, A) = { (e, F(e)) :  

eA,  F(e)   I
U
 }. In other words, the fuzzy soft set is a parameterized family of fuzzy 

subsets of the set U. 

Definition 2.3. [3,4] A fuzzy soft set  (F, A) over  U is called a null fuzzy soft set, 

denoted by 
E0

~ , if  F(e) = 0U  for all  eAE.  

Remark 2.4. According to the definition of fuzzy soft set, i.e.,  F(e) ≠ 0U  if  eAE,  

0U  does not belong to the co-domain of F. Therefore, the concept of null fuzzy soft set 

can be defined as follows. 

Definition 2.5.  A fuzzy soft set  (F, A) over  U is called a null fuzzy soft set or an empty 

fuzzy soft set, whenever  A = φ.  

Definition 2.6. A fuzzy soft set (F, A) over U is said to be an A–universal fuzzy soft set 

if    F(e) = 1U  if eA, where 1U(u) = 1 for all uU. 
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   An A–universal fuzzy soft set is denoted by 
A1

~ . 

Definition 2.7. [13] A fuzzy soft set  (F, A) over  U is said to be an absolute fuzzy soft 

set  or a universal fuzzy soft set  if    A = E  and F(e) = 1U   for all eE. 

   An absolute fuzzy soft set is denoted by 
E1

~ . 

Definition 2.8. [9] A fuzzy soft set  (F, A) is said to be a fuzzy soft subset of a  fuzzy 

soft set  (G, B) over a common universe U if  AB  and  F(e)   G(e)  for all eA. 

   We redefine fuzzy soft subset as follows. 

Definition 2.9. A fuzzy soft set  (F, A) is said to be a fuzzy soft subset of a  fuzzy soft 

set (G, B) over a common universe U if  either F(e) = 0U  for all eA  or AB  and  

F(e)   G(e) for all eA. 

    If a fuzzy soft set (F, A) is a fuzzy soft subset of a fuzzy soft set (G, B) we write       

(F, A)~ (G, B). 

   (F, A) is said to be a fuzzy soft superset of a fuzzy soft set (G, B) if (G, B) is a fuzzy 

soft subset of (F, A) and we write (F, A) ~  (G, B). 

Definition 2.10. [13] Two fuzzy soft sets (F, A) and (G, B) over a common universe are 

said to be equal, denoted by (F, A) =  (G, B),  if  (F, A) ~  (G, B)  and  (G, B) ~  (F, A). 

That is, if F(e)   G(e) and G(e)   F(e) for all eE. 

Definition 2.11. [1,13] The intersection of two fuzzy soft sets (F, A) and (G, B) over a 

common universe U is the fuzzy soft set (H, C) where C = AB  and   H(e) = 

F(e)G(e) for all eC and we write  (H, C)  = (F, A)~ (G, B). 

   In particular, if  AB = φ or  F(e)G(e)  = 0U  for every  eAB,  then  H(e) = 0U. 

Definition 2.12. [9] The union of two fuzzy soft sets (F, A) and (G, B) over a common 

universe U is the fuzzy soft set  (H, C) where C = AB  and   for all eC,  H(e) = F(e) 

if  e A – B, H(e) = G(e)   if  eB – A,   H(e) = F(e)G(e) if  eAB.  In this case 

we write (H, C)  = (F, A)~ (G, B). 

Definition 2.13. [9] The complement of a fuzzy soft set (F, A), denoted by (F, A)
C
, is 

defined as  (F, A)
C
 = (F

C
, A), where  F

C
 : A   I

U
  is a mapping given by F

C
(e) =  

(F(e))
C
  for all  eA.   

   Alternatively, the complement of a fuzzy soft set can be defined as follows. 

Definition 2.14. [15] The fuzzy soft complement of a fuzzy soft set (F, A), denoted by 

(F, A)
C
, is defined as  (F, A)

C
 = (F

C
, A), where  F

C
(e) = 1 – F(e) for every eA. Clearly, 

((F, A)
C
)
C
 = (F, A) and  (

E1
~ )

C
 = 

E0
~  and (

E0
~ )

C
 = 

E1
~ .  

Proposition 2.15. Let  (F, A)  be a fuzzy soft set over  (U, E). Then    

1. (F, A)~ (F, A) = (F, A), (F, A)~ (F, A) = (F, A) 
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2.  (F, A)~
E0

~  = (F, A), (F, A)~
E0

~  = 
E0

~  

3.  (F, A)~
E1

~  = 
E1

~ , (F, A)~
E1

~  = (F, A) 

4. (F, A)~ (F, A)
C
 = 

E1
~ , (F, A)~ (F, A)

C
 = 

E0
~    

Proposition 2.16. Let (F, A), (G B), (H, C) be fuzzy soft sets over  (U, E). Then    

1. (F, A)~ (G B) = (G, B)~ (F, A), (F, A)~ (G, B) = (G, B)~ (F, A)    

2. ((F, A)~ (G, B))
C
 = (G, B)

C~ (F, A)
C
, ((F, A)~ (G, B))

C
 = (G, B)

C~  (F, A)
C
 

3. ((F, A)~ (G, B))~ (H, C) = (F, A)~ ((G, B)~ (H, C)), ((F, A)~  (G, B))~    

(H, C) =   (F, A) ~ ((G, B)~ (H, C)) 

4. (F, A)~ ((G, B)~ (H, C)) = ((F, A)~ (G B))~ ((F, A)~ (H, C)), (F, A)~     

((G, B))~ (H, C)) = ((F, A) ~ (G, B))~ ((F, A)~ (H, C))  

 

 

3  Fuzzy Soft Pre-open Set, Fuzzy soft α-open Set, Fuzzy Soft semi-open 

Set 

In this section, we defined fuzzy soft pre-open set, fuzzy soft α-open set and we 

mentioned fuzzy soft semi-open set [5]. Then we defined the corresponding weaker 

forms of fuzzy soft continuous functions, namely, fuzzy soft pre-continuous, fuzzy soft 

α-continuous and fuzzy soft semi-continuous functions. 

   Let us recall the following definitions, propositions and theorems. 

Definition 3.1. [13,15]  A fuzzy soft topology   on (U, E) is a family of fuzzy soft sets 

over (U, E), satisfying the following properties:     

1. 
E0

~ , 
E1

~     

2.  If (F, A), (G, B)   then  (F, A)~ (G, B)  . 

3. If (F, A)α  , α   then  





~
(F, A)α  .  

Definition 3.2. [13,15]  If   is a fuzzy soft topology on (U, E), the triple (U, E,  ) is 

said to be a fuzzy soft topological space. Each member of  is called  a fuzzy soft open 

set in  (U, E,  ).  The family of all Fuzzy soft open sets is denoted by FSOS(U, E). 

Definition 3.3. [12]  Let (U, E,  ) be a  fuzzy soft topological space. A  fuzzy soft set is 

called  fuzzy soft closed if its complement is a member of  .  

Proposition 3.4. [12] Let (U, E,  ) be a  fuzzy soft topological space  and let   be the 

collection of all  fuzzy soft closed sets. Then    

1. 
E0

~ , 
E1

~      

2.  If (F, A), (G B)    then  (F, A)~ (G, B)   . 
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3. If (F, A)α   , α   then  





~
(F, A)α   . 

Definition 3.5.[12,15] Let (U, E,  ) be a  fuzzy soft topological space. Let (F, A) be a 

fuzzy soft set over (U, E). Then the fuzzy soft closure of (F, A), denoted by ),( AF , is 

defined as the intersection of all fuzzy soft closed sets which contain (F, A). That is, 

),( AF  = ~ {(G, B)  : (G, B) is fuzzy soft closed and (F, A)~ (G, B)}. Clearly, ),( AF  

is the smallest fuzzy soft closed set over (U, E) which contain (F, A). It is also clear that 

),( AF  is fuzzy soft closed and  (F, A)~  ),( AF .  

Theorem 3.6.[6]  Let (U, E,  ) be a  fuzzy soft topological space. Let (F, A) and  (G, B) 

are fuzzy soft sets over (U, E). Then                

1. 
0
~

E
 = 

E0
~  ,  

1
~

E
 = 

E1
~ .  

2.  (F, A)~  ),( AF . 

3. (F, A) is fuzzy soft closed if and only if   (F, A) = ),( AF . 

4. )),(( AF  = ),( AF . 

5. (F, A)~ (G, B) implies ),( AF ~ ),( BG . 

6. ),(~),( BGAF   =  ),( AF ~ ),( BG . 

7. ),(~),( BGAF   ~  ),( AF ~ ),( BG  

Definition 3.7. [12,15]  Let (U, E,  ) be a  fuzzy soft topological space. Let (F, A) be a 

fuzzy soft set over (U, E). Then the fuzzy soft interior of (F, A), denoted by (F, A)
o
, is 

defined as the union of all fuzzy soft open sets contained in (F, A). That is, (F, A)
o
 =  

~ { (G, B)  : (G, B) is fuzzy soft open and (G, B)~  (F, A) }. Clearly,   (F, A)
o
 is the 

largest fuzzy soft open set  over  (U, E)  contained in (F, A). It is also clear that (F, A)
o
 is 

fuzzy soft open and (F, A)
o~ (F, A). 

Theorem 3.8. [6]  Let (U, E,  ) be a  fuzzy soft topological space. Let (F, A) and (G, B) 

are fuzzy soft sets over (U, E). Then              

1. (
E0

~ )
o
 = 

E0
~  and  (

E1
~ )

o 
 = 

E1
~ . 

2. (F, A)
o~ (F, A). 

3.  ((F, A)
o
)
o
 = (F, A)

o
. 

4. (F, A) is a fuzzy soft open set if and only if (F, A)
o 
= (F, A). 

5. (F, A)~ (G, B) implies (F, A)
o ~ (G, B)

o
. 

6. (F, A)
o~ (G, B)

o  
= ((F, A)~ (G, B))

o
. 

7. (F, A)
o~ (G, B)

o ~ ((F, A)~ (G, B))
o
. 
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      We now define some open-like fuzzy soft sets. 

   Let us denote a family of fuzzy soft sets over (U, E) by FSS(U, E). 

Definition 3.9. [5]  Let (U, E,  ) be a  fuzzy soft topological space. Let  (F, A)   

FSS(U, E). Then (F, A) is said to be fuzzy soft semi-open if (F, A) 
~

 ( , )OF A . The 

family of all fuzzy soft semi-open sets is denoted by FSSOS(U, E).  

Example 3.10.  Let  U = {p, q, r},  E = {e1,  e2, e3, e4}. A = {e1}   E,  B = {e2}   E.  

Let us consider the following fuzzy soft sets over (U, E). 

(F, A) = {F(e1) = { p/0.2, q/0.7, r/0.6}, F(e2) = { p/0, q/0, r/0}, F(e3) = { p/0, q/0,  r/0},   

F(e4) = { p/0, q/0, r/0}}                                                                                    

(G, B) =  {G(e1) = { p/0, q/0, r/0}, G(e2) = { p/0.1, q/0.3, r/0.2}, G(e3) = { p/0, q/0, r/0},  

G(e4) = { p/0, q/0, r/0}}                                  

Let us consider the fuzzy soft topology   = {
E0

~ , 
E1

~ ,  (G, B)} over (U, E). Then (F, A) is 

fuzzy soft semi-open set.          

Definition 3.11.  Let (U, E,  ) be a  fuzzy soft topological space. Let (F, A)   FSS(U, 

E). Then (F, A) is said to be 

1.  Fuzzy soft pre-open if   (F, A) 
~

 ( , )OF A ,  

2.  Fuzzy soft α-open if   (F, A) 
~

 (( , ) )O OF A . 

The family of all Fuzzy soft pre-open (Fuzzy soft α-open) is denoted by FSPOS(U, E) 

(FSαOS(U, E)). 

Remark 3.12  
E0

~  and 
E1

~  are always fuzzy soft pre-open. 

Remark 3.13 
E0

~  and 
E1

~  are always fuzzy soft α-open. 

Remark 3.14 Every fuzzy soft open set is a fuzzy soft pre-open set but not conversely.  

Example 3.15 Let  U = {p, q, r},  E = {e1,  e2, e3, e4}. A = {e1}   E,  B = {e3}   E.  

Let us consider the following fuzzy soft sets over (U, E). 

(F, A) = {F(e1) = { p/0.1, q/0.7, r/0.9}, F(e2) = { p/0, q/0, r/0}, F(e3) = { p/0, q/0,  r/0},   

F(e4) = { p/0, q/0, r/0}}                                                                                    

(G, B) =  {G(e1) = { p/0, q/0, r/0}, G(e2) = { p/0, q/0, r/0}, G(e3) = { p/0.4, q/0.2, r/0.7},  

G(e4) = { p/0, q/0, r/0}}                                 

Let us consider the fuzzy soft topology   = {
E0

~ , 
E1

~ ,  (G, B)} over (U, E). Then (F, A) is 

fuzzy soft pre-open set but (F, A) is not a fuzzy soft open. 

Remark 3.16 Every fuzzy soft open set is a fuzzy soft α-open set but not conversely. 

Example 3.17  Let  U = {p, q, r},  E = {e1,  e2, e3}. A = {e2}   E,  B = {e3}   E.  Let 

us consider the following fuzzy soft sets over (U, E). 

(F, A) = {F(e1) = { p/0, q/0, r/0}, F(e2) = { p/0.7, q/0.6, r/0.5}, F(e3) = { p/0, q/0, r/0}}                                                         
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(G, B) = {G(e1) = { p/0, q/0, r/0}, G(e2) = { p/0, q/0, r/0}, G(e3) = { p/0.1, q/0.3, r/0.2}}  

               

Let us consider the fuzzy soft topology  = {
E0

~ , 
E1

~ ,  (G, B)} over (U, E). Then (F, A) is 

fuzzy soft α-open set but not a fuzzy soft open set.          

Theorem 3.18.  Let (U, E, ) be a  fuzzy soft topological space. Let (F, A) and (G, B) 

are fuzzy soft sets over (U, E). If either (F, A) is a fuzzy soft semi-open set or (G, B) is a 

fuzzy soft semi-open set (( , ) ( , )) (( , )) (( , ))O O OF A G B F A G B     

Definition 3.19. [7] Let FSS(U, E1) and FSS(V, E2) be the families of all fuzzy  soft  sets  

over (U, E1)  and (V, E2)  respectively. Let  u : U V  and p : E1   E2  be two 

functions. Then fpu is called a fuzzy soft mapping from FSS(U, E1)  to FSS(V,  E2), 

denoted by fpu : FSS(U, E1)    FSS(V, E2)  and defined  as follows:   

(1) Let (F, A) be a fuzzy soft set in FSS(U, E1). Then the image of (F, A) under the         

fuzzy soft mapping fpu is the fuzzy soft set over (V, E2) defined by fpu((F, A)),                                                     

where                                                                                                                                 

fpu((F, A))(e2)(y) = 
Aepeyux  


)()(

2

1

1

1
( F(e1))(x)   if   u

-1
(y)  ≠  φ, and                         

      p
-1

(e2)A  ≠  φ.  

                              =   0V          otherwise. 

(2) Let  (G, B)  be  a fuzzy soft set in FSS(V, E2). Then the pre-image (inverse image) of 

(G, B) under the fuzzy soft mapping  fpu  is the fuzzy soft set over (U, E1)  defined by           

f 
-1

pu((G, B)), where 

f 
-1

pu((G, B))(e1)(x)  =   G(p(e1))(u(x))  for    p(e1)   B 

                               =     0U       otherwise.   

Definition 3.20.  If p and u are injective in definition 3.19, then the fuzzy soft mapping 

fpu is said to be injective. If p and u are surjective then the fuzzy soft mapping fpu is said 

to be surjective. If p and u are constant then fpu is called constant.  

Definition 3.21. [2]  Let (U, E1, 1 ) and (V, E2, 2 ) be two fuzzy soft topological spaces. 

A fuzzy soft mapping fpu : (U, E1, 1 ) (V, E2, 2 ) is called fuzzy soft continuous if              

f 
-1

pu((G, B))
1  for all  (G, B)

2 . 

Definition 3.22. Let (U, E1, 1 ) and (V, E2, 2 ) be two fuzzy soft topological spaces. A 

fuzzy soft mapping  fpu : (U, E1, 1 ) (V, E2, 2 ) is called 

1. fuzzy soft pre-continuous if   f 
-1

pu((G, B))   FSPOS(U, E1) for all (G, B)   

FSOS(V, E2),  

2. fuzzy soft α-continuous if   f 
-1

pu((G, B))   FSαOS(U, E1) for all (G, B)   

FSOS(V, E2),  

3. fuzzy soft semi-continuous if   f 
-1

pu((G, B))   FSSOS(U, E1) for all (G, B)   

FSOS(V, E2). 
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Remark 3.23. A fuzzy soft continuous mapping is fuzzy soft pre-continuous but not 

conversely. 

Example 3.24. Let  U = {p, q, r},  E = {e1,  e2, e3, e4}. A = {e1}   E,  B = {e3}   E.  

Let us consider the following fuzzy soft sets over (U, E). 

(F, A) =  {F(e1) = { p/0.1, q/0.7, r/0.9}, F(e2) = { p/0, q/0, r/0}, F(e3) = { p/0, q/0, r/0},   

F(e4) = { p/0, q/0, r/0}}                                                                                    

(G, B) =  {G(e1) = { p/0, q/0, r/0}, G(e2) = { p/0, q/0, r/0}, G(e3) = { p/0.4, q/0.2, r/0.7},  

G(e4) = { p/0, q/0, r/0}}   

Let us consider the fuzzy soft topology 
1 = {

E0
~ , 

E1
~ ,  (G, B)}, and 

2 = {
E0

~ , 
E1

~ ,   (F, A)}  

over  (U, E). We define the fuzzy soft mapping fpu : (U, E, 
1 )   (U, E, 

2 )  where    

u : U   U   and  p : E E  be a mapping defined as  u(p) = p,  u(q) = q,  u(r) = r  and  

p(e1) = e1,  p(e2) = e2,  p(e3) = e3,  p(e4) = e4.  Now,  f 
-1

pu((F, A)) = (F, A)   (U, E, 
1 )  

but (F, A) is fuzzy soft pre-open set. Thus fpu : (U, E, 
1 )   (U, E, 

2 ) is fuzzy soft 

pre-continuous; but not fuzzy soft continuous. 

Remark 3.25. A fuzzy soft continuous mapping is fuzzy soft α-continuous but not 

conversely. 

 Example 3.26. Let U = {p, q, r}, E = {e1,  e2, e3}. A = {e2}   E,  B = {e3}   E.  Let 

us consider the following fuzzy soft sets over (U, E). 

(F, A) = {F(e1) = { p/0, q/0, r/0}, F(e2) = { p/0.7, q/0.6, r/0.5}, F(e3) = { p/0, q/0,  r/0}}                                                         

                    

(G, B) = {G(e1) = { p/0, q/0, r/0}, G(e2) = { p/0, q/0, r/0}, G(e3) = { p/0.1, q/0.3, r/0.2}}  

               

Let us consider the fuzzy soft topology 
1 = {

E0
~ , 

E1
~ ,  (G, B)}, and 

2 =  {
E0

~ , 
E1

~ , (F, A)} 

over (U, E). We define the fuzzy soft mapping    21 ,,,,:  EUEUfup                       

where UUu :  and EEp :  be a mapping defined as 

            332211 ,,,,, eepeepeeprruqquppu   

Now,      1

1 ,,
~

,, EUAFAFfup   but (F, A) is fuzzy soft α-open set. 

Thus    21 ,,,,:  EUEUfup   is fuzzy soft α-continuous; but not fuzzy soft 

continuous. 

 

4  Fuzzy Soft B-Set, Fuzzy Soft C-Set, Fuzzy Soft D(α)-Set 

In this section, we defined fuzzy soft semi-preclosed set, fuzzy soft t-set, fuzzy soft α*-

set, fuzzy soft regular open set, fuzzy soft B-set, fuzzy soft C-set and fuzzy soft D(α)-set. 

We studied these sets and investigate some properties of these sets. 

Definition 4.1. Let (U, E,  ) be a fuzzy soft topological space. Let (F, A) FSS(U, E). 

Then (F, A) is said to be 
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1.  fuzzy soft semi-preclosed set if  (( , ) )O OF A ~  (F, A),  

2.  fuzzy soft t-set if   (F, A)
o
 = ( , )OF A ,  

3.  fuzzy soft α*-set if  (( , ) )O OF A = (F, A)
o
, 

4.  fuzzy soft regular open [11] if   (F, A) = ( , )OF A . 

Example 4.2. 
E0

~  and 
E1

~  are always fuzzy soft semi pre-closed set, fuzzy soft t-set, fuzzy 

soft α*-set, fuzzy soft regular open set. 

Remark 4.3.  It is clear from definition that in a fuzzy soft topological space  (U, E,  ), 

every fuzzy soft regular open set is fuzzy soft open set, but the converse is not true, 

which follows from the following example. 

Example 4.4. Let U = {a, b, c}, E = {e1,  e2, e3, e4}. A = { e1, e2}   E,  B = { e1,  e2, 

e3}   E.  Let us consider the following fuzzy soft sets over (U, E). 

(F, A) = {F(e1) = { a/0.5, b/0.2, c/0}, F(e2) = { a/0.7, b/0.6, c/0.3}, F(e3) = { a/0, b/0, 

c/0}, F(e4) = { a/0, b/0,  c/0}}                                                                             

(G, B) = {G(e1) = { a/0.5, b/0.3, c/0}, G(e2) = { a/0.7, b/0.8, r/0.5}, G(e3) = { a/0.4, 

b/0.9, c/0.8}, G(e4) = { a/0, b/0, c/0}}                                 

Let us consider the fuzzy soft topology  
1 = {

E0
~ , 

E1
~ ,  (F, A),  (G, B)},  over  (U, E).   

Now,  

(F, A)
C
 = (F

C
, A) =  { F

C
(e1) = { a/0.5, b/0.8, c/1}, F

C
(e2) = { a/0.3, b/0.4, c/0.7}, F

C
(e3) 

= { a/1, b/1, c/1},  F
C
(e4) = { a/1, b/1, c/1}}                  

and   

(G, B)
C
 = (G

C
, B) ={G

C
(e1) ={ a/0.5, b/0.7, c/1}, G

C
(e2) = { a/0.3, b/0.2, c/0.5}, G

C
(e3) =     

{ a/0.6, b/0.1, c/0.2},  G
C
(e4) = { a/1, b/1, c/1}}     

and clearly,  CAF,  and  CBG,  are fuzzy soft closed sets. 

Then the fuzzy soft closure of  AF, , is the intersection of all fuzzy soft closed sets 

containing  AF, .  That is   EAF 1
~

,   

The fuzzy soft interior of  AF, , is the union of all fuzzy soft open sets contained 

in  AF, . 

That is ( , )OF A = (
E1

~ )O  = 
E1

~  

 Hence,  AF,  is open but not a fuzzy soft regular open set. 

 

Remark 4.5.  A fuzzy soft t-set and fuzzy soft α*-set may not be fuzzy soft regular open 

set, which follows from the following example. 

Example 4.6.  Let  baU , ,  21,eeE  ,  

Let us consider the following fuzzy soft sets over  EU , . 

         2.0/,1.0/,1.0/,1.0/, 21 baeFbaeFEF   

         2.0/,1.0/,2.0/,2.0/, 21 baeGbaeGEG   

         7.0/,2.0/,7.0/,2.0/, 21 baeHbaeHEH   
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         7.0/,7.0/,9.0/,9.0/, 21 baeIbaeIEI   

         9.0/,7.0/,1/,9.0/, 21 baeJbaeJEJ   

Let us consider the fuzzy soft topology           EJEIEHEGEFEE ,,,,,,,,,,1
~
,0

~
  

over (U, E). 

Now,          8.0/,9.0/,9.0/,9.0/, 21 baeFbaeFFE CCC
  

         8.0/,9.0/,8.0/,8.0/, 21 baeGbaeGEG CCC
   

         3.0/,8.0/,3.0/,8.0/, 21 baeHbaeHEH CCC
  

         3.0/,3.0/,1.0/,1.0/, 21 baeIbaeIEI CCC
  

         1.0/,3.0/,0/,1.0/, 21 baeJbaeJEJ CCC
  

Clearly,        CCCC
EIEHEGEF ,,,,,,,  and  CEJ ,  are fuzzy soft closed sets. 

Obviously,        EIEHEGEF ,,,,,,,  are fuzzy soft α*-sets and also fuzzy soft regular 

open sets. 

Let us consider the fuzzy soft set  EK,  over  EU ,  defined as  

          4.0/,3.0/,5.0/,4.0/, 21 baeKbaeKEK  . Then  EK,  is a fuzzy soft t-

set and also fuzzy soft α*-set but not a fuzzy soft regular open set. 

Definition 4.7.  Let (U, E,  ) be a fuzzy soft topological space. Let (F, A)FSS(U, E). 

Then (F, A) is said to be 

1. fuzzy soft B-set if (F, A) = (G, B)~  (H, C), where (G, B)   and (H, C) is a 

fuzzy soft t-set, 

2. fuzzy soft C-set if (F, A) = (G, B)~ (H, C), where (G, B)   and (H, C) is a 

fuzzy soft α*-set, 

3. fuzzy soft D(α)-set if  (F, A)
o
 = (F, A)~  (( , ) )O OF A . 

Remark 4.8. 
E0

~  and 
E1

~  are always fuzzy soft B-set, fuzzy soft C-set, fuzzy soft  D(α)-

set.  

Theorem 4.9. Let (U, E,  ) be a  fuzzy soft topological space. Then the following 

statements are equivalent: 

1. (F, A) is fuzzy soft α*-set. 

2. (F, A) is fuzzy soft semi-preclosed set. 

3. (F, A) is fuzzy soft regular open set. 

Proof: Straight forward.  

Theorem 4.10. Let (U, E,  ) be a  fuzzy soft topological space. Then we have the 

following results: 

1. A fuzzy soft semi-open set (F, A) is fuzzy soft t-set if and only if (F, A) is fuzzy 

soft α*-set. 
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2. A fuzzy soft α-open set (F, A) is fuzzy soft α*-set if and only if (F, A) is fuzzy 

soft regular open set. 

Proof: (1) Let (F, A) be fuzzy soft semi-open and fuzzy soft t-set. Since (F, A) is a fuzzy 

soft semi-open set, ( , )OF A =  AF, . Then (F, A)
o
 = ( , )OF A = (( , ) )O OF A . Hence       

(F, A) is fuzzy soft α*-set.  

Conversely, let (F, A) be fuzzy soft semi-open and fuzzy soft α*-set. Since (F, A) is a 

fuzzy soft semi-open set,  ( , )OF A  =  AF, . Then ( , )OF A = (( , ) )O OF A  =  (F, A)
o
. 

Hence   (F, A) is fuzzy soft t-set.   

(2) Let (F, A) be fuzzy soft α-open and fuzzy soft α*-set. Then by theorem 3.1,  (F, A) is 

fuzzy soft semi-preclosed. Since (F, A) is fuzzy soft α-open, we have (( , ) )O OF A =     

(F, A) and so ( , )OF A  = (( , ) )O OF A  = (F, A). Hence (F, A) is fuzzy soft regular open 

set.  

Conversely, proof is obvious. 

Theorem 4.11. Let (U, E,  ) be a  fuzzy soft topological space. If (F, A) is fuzzy soft    

t-set, then (F, A) is fuzzy soft α*-set. 

Proof: (1) Let (F, A) is fuzzy soft t-set. Then (F, A)
o
 = ( , )OF A . We have (( , ) )O OF A =  

( , )OF A  = (F, A)
o
. Hence is (F, A) is fuzzy soft α*-set. 

Theorem 4.12. Let (U, E,  ) be a  fuzzy soft topological space. Then 

(1) Every fuzzy soft α*-set is fuzzy soft C-set. 

(2) Every fuzzy soft open set is fuzzy soft C-set. 

Proof: The proof of (1) and (2) are obvious since 
E1

~  is both fuzzy soft open and fuzzy 

soft α*-set.  

Theorem 4.13. Every fuzzy soft t-set in a fuzzy soft topological space (U, E,  ) is fuzzy 

soft B-set. 

Proof: Let a fuzzy soft set (F, A) in a fuzzy soft topological space (U, E,  ) be fuzzy 

soft t-set Let (G, B) = 
E1

~  . Then (F, A) = (G, B)~ (F, A) and hence (F, A) is fuzzy 

soft B-set. 

Theorem 4.14. Every fuzzy soft t-set in a fuzzy soft topological space (U, E,  ) is fuzzy 

soft C-set. 

Proof: Let a fuzzy soft set (F, A) in a fuzzy soft topological space (U, E,  ) be fuzzy 

soft t-set. Then by theorem 3.5, (F, A) is fuzzy soft B-set. As (F, A) is fuzzy soft B-set, 

(F, A) = (G, B)~ (H, C), where (G, B)   and (H, C) is a fuzzy soft t-set.  Then  (H, 

C)
o
 = ( , )OH C ~  (( , ) )O OH C ~  (H, C)

o
. Hence (H, C)

o
 = (( , ) )O OH C . Therefore, 

(F, A) is fuzzy soft C-set.  

Remark 4.15. Converse of the theorem 3.6 is not always true. 
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Example  4.16. Let  U = {p, q, r},  E = {e1,  e2, e3, e4}. A = {e1}   E,  B = {e3}   E 

and C = { e4}  E.  Let us consider the following fuzzy soft sets over (U, E). 

(F, A) =  {F(e1) = { p/0.3, q/0.4, r/0.4}, F(e2) = { p/0, q/0, r/0}, F(e3) = { p/0, q/0, r/0}, 

F(e4) = { p/0, q/0, r/0}}                                                                             

(G, B) =  {G(e1) = { p/0, q/0, r/0}, G(e2) = { p/0, q/0, r/0}, G(e3) = { p/0.4, q/0.5, r/0.5}, 

G(e4) = { p/0, q/0, r/0}}  

(H, C) =  {H(e1) = { p/0, q/0, r/0}, H(e2) = { p/0, q/0, r/0}, H(e3) = { p/0, q/0, r/0}, H(e4) 

= { p/0.7, q/0.6, r/0.6}}                 

Let us consider the fuzzy soft topology  = {
E0

~ , 
E1

~ , (F, A), (G, B)} over (U, E). Then      

(H, C) is fuzzy soft C-set but not fuzzy soft t-set.          

Theorem 4.17. Let (U, E,  ) be a  fuzzy soft topological space. Then (F, A) is fuzzy 

soft open set if and only if it is both fuzzy soft α-open and fuzzy soft C-set. 

Proof: If (F, A) is fuzzy soft open set then clearly (F, A) is fuzzy soft α-open as well as 

fuzzy soft C-set. 

Conversely, let (F, A) be both fuzzy soft α-open and fuzzy soft C-set. Since (F, A) is 

fuzzy soft C-set, there exist  (G, B)   and a fuzzy soft α*-set (H, C) such that       (F, 

A) = (G, B)~  (H, C). Since (F, A) is fuzzy soft α-open, we get (F, A) 
~

 (( , ) )O OF A  

= ((( , ) ( , )) )O OG B H C  = ( , )OG B ~ (( , ) )O OH C  = ( , )OG B ~  (H, C)
o
. 

Therefore, (F, A) = (G, B)~  (H, C) 
~

(G, B)~  [( , )OG B ~ (H, C)
o
] = (G, B))~  (H, 

C)
o

 
~

(F, A). Consequently, (F, A) = (G, B)~  (H, C)
o
. Hence (F, A) is fuzzy soft open 

set.  

Theorem 4.18. Let (U, E,  ) be a  fuzzy soft topological space. Then (F, A) is fuzzy 

soft open set if and only if it is both fuzzy soft pre-open and fuzzy soft B-set. 

Proof:  If (F, A) is fuzzy soft open set then clearly (F, A) is fuzzy soft pre-open as well 

as fuzzy soft B-set. 

Conversely, let (F, A) be both fuzzy soft pre-open and fuzzy soft B-set. Since    (F, A) is 

fuzzy soft B-set, there exist (G, B)   and a fuzzy soft t-set (H, C) such that (F, A) = 

(G, B)~  (H, C). Since (F, A) is fuzzy soft pre-open, we get (F, A)~  ( , )OF A = 

(( , ) ( , ))OG B H C = ( , )OG B ~ ( , )OH C = ( , )OG B ~  (H, C)
o
. Therefore,  

(F, A) = (G, B)~  (H, C) 
~

(G, B)~  [( , )OG B ~ (H, C)
o
] = (G, B))~  (H, C)

o

 
~

   

(F, A).  As a consequence, (F, A)  . 

Theorem 4.19. Let (U, E,  ) be a  fuzzy soft topological space. Then (F, A) is fuzzy 

soft open set if and only if it is both fuzzy soft α-open and fuzzy soft D(α)-set.        

Proof: If (F, A) is fuzzy soft open set then clearly (F, A) is fuzzy soft α-open as well as 

fuzzy soft D(α)-set. Conversely, let (F, A) be both fuzzy soft α-open and fuzzy soft 

D(α)-set. Since (F, A) is fuzzy soft D(α)-set,  (F, A)
o
 = (F, A)~  (( , ) )O OF A . Since (F, 
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A) is fuzzy soft α-open, we have (F, A) 
~

 (( , ) )O OF A . Then (F, A)~ (F, A) = (F, A) 

~  (( , ) )O OF A ~ (F, A). Hence (F, A) 
~

 (F, A)
o
. As a consequence,  (F, A) . 

 

5   Decomposition of Fuzzy Soft Continuity 

In this section, we obtained some decomposition of fuzzy soft continuity.  

Definition 5.1. Let (U, E1, 1 )  and (V, E2, 2 ) be two fuzzy soft topological spaces. A 

fuzzy soft mapping  fpu : (U, E1, 1 ) (V, E2, 2 ) is called 

1. fuzzy soft C-continuous if   f 
-1

pu((G, B)) is fuzzy soft C-set for all (G, B) 
2 , 

2. fuzzy soft B-continuous if   f 
-1

pu((G, B)) is fuzzy soft B-set for all (G, B) 
2 , 

3. fuzzy soft D(α)-continuous if   f 
-1

pu((G, B)) is fuzzy soft D(α)-set for all (G, B) 


2 . 

Theorem 5.2. Let (U, E1, 1 )  and (V, E2, 2 ) be two fuzzy soft topological spaces. A 

fuzzy soft mapping  fpu : (U, E1, 1 ) (V, E2, 2 ) is fuzzy soft continuous function if 

and only if it is both fuzzy soft α-continuous and fuzzy soft C-continuous. 

Proof: The proof follows from theorem 4.17. 

Theorem 5.3. Let (U, E1, 1 )  and (V, E2, 2 ) be two fuzzy soft topological spaces. A 

fuzzy soft mapping  fpu : (U, E1, 1 ) (V, E2, 2 ) is fuzzy soft continuous function if 

and only if it is both fuzzy soft pre-continuous and fuzzy soft B-continuous. 

Proof: The proof follows from theorem 4.18. 

Theorem 5.4. Let (U, E1, 1 )  and (V, E2, 2 ) be two fuzzy soft topological spaces. A 

fuzzy soft mapping  fpu : (U, E1, 1 ) (V, E2, 2 ) is fuzzy soft continuous function if 

and only if it is both fuzzy soft α-continuous and fuzzy soft D(α)-continuous. 

Proof: The proof follows from theorem 4.19. 

 

References  
 

[1] B. Ahmad and A. Kharal, On fuzzy soft sets, Advances in Fuzzy Systems, 2009 

(2009), pp. 1-6. 

[2] Serkan Atmaca and Idris Zorlutuna, On fuzzy soft topological spaces, Annals of 

Fuzzy Mathematics and Informatics, 5 (2013), pp. 377- 386. 

[3] N. Cagman, S. Enginoglu and F. Citak, Fuzzy soft set theory and its applications, 

Iranian Journal of Fuzzy Systems, 8(3) (2011), pp. 137-147. 



Journal of New Theory 4 (2015) 39-52                                                                                                       52 
 

[4] D. Chen, E. C. C. Tsang, D. S. Yeung  and  X. Wang, The parameterization 

reduction of soft sets and its applications, Comput. Math. Appl., 49 (2005), pp. 

757-763. 

[5] Pradip  Kumar Gain,  Ramkrishna  Prasad Chakraborty,  Madhumangal  Pal, On 

compact and semicompact fuzzy soft topological spaces, Journal of Mathematical 

and Computational Science, 4(2) (2014),  pp. 425-445. 

[6] Pradip Kumar Gain,  Prakash  Mukherjee,  Ramkrishna   Prasad  Chakraborty, 

Madhumangal Pal, On some structural properties of fuzzy soft topological 

spaces, International Journal of Fuzzy Mathematical Archive,  1 (2013), pp. 1-

15. 

[7] A. Kharal and B. Ahmad, Mapping  on fuzzy soft classes. Advances in Fuzzy 

Systems, 2009 (2009).  

[8] N. Levine; A  decomposition of  continuity  in  topological spaces, Amer  Math. 

Monthly, 68 (1961), pp. 44-46. 

[9] P. K. Maji, R. Biswas and A. R. Roy, Fuzzy soft sets, J. Fuzzy Math., 9(3) 

(2001), pp. 589-602. 

[10] D. Molodtsov, Soft set theory-First results, Computers and Mathematics with 

Applications, 37(4/5) (1999), pp. 19-31. 

[11] Prakash Mukherjee,  R. P. Chakraborty, C. Park,   A note on fuzzy soft δ-open set 

and fuzzy soft δ-continuity (communicated)  

[12] Tridiv Jyoti Neog, Dusmanta Kumar Sut, G. C. Hazarika,  fuzzy soft topological 

spaces, int. J Latest Trend Math., 2(1) (2012), pp. 54-67. 

[13] S. Roy and T. K. Samanta, A note on fuzzy soft topological spaces, Annals of 

Fuzzy Mathematics and Informatics, 3(2) (2012), pp. 305-311. 

[14] M. Shabir and M. Naz, On soft topological spaces, Comput. Math. Appl., 61 

(2011), pp. 1786-1799. 

[15] B. Tanay and M. B. Kandemir, Topological structure of fuzzy soft sets, Computer 

and Mathematics with Applications, 61 (2011), pp. 2952-2957. 

 

      

 


