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INTRODUCTION

In real life situation, the problems in Economics, 
Engineering, Social sciences, Medical science etc. 
do not always involve crisp data. So, we cannot 
successfully use the traditional classical methods 
because of various types of uncertainities 
presented in these problems. To exceed these 
uncertainities, some kind of theories were given 
like theory of fuzzy set, intuitionistic fuzzy set, 
rough set, bipolar fuzzy set, i.e. which we can use 
as mathematical tools for dealings with 
uncertainities. But, all these theories have their 
inherent difficulities. The reason for these 
difficulties Molodtsov [1] initiated the concept of 
soft set theory as a new mathematical tool for 
dealing with uncertainities which is free from the 
above difficulties. In [1], Molodtsov successfully 
applied the soft set theory in several directions, 
such as smoothness of functions, game theory, 
operations research, Riemann integration, Perron 
integration, Probability, theory of measurement, 
and so on. After presentation of the operations of 
soft sets [8], the properties and applications of 
soft set theory have been studied increasingily [7, 
2]. Xiao et al [4] and Pei and Miao [5] discussed 
the relationship between soft sets and 
information systems. They showed that soft sets 
are a class of special information systems. In 
recent years, many interesting applications of 
soft set theory have been expanded by 
embedding the ideas of fuzzy sets [2,8,9]. To 

develop soft set theory, the operations of the soft 
sets are redefined and a uni-intdecision making 
method was constructed by using these new 
operations [11]. 

Recently, 2011 Shabir and Naz[3] initiated the 
study of soft topological spaces. They defined soft 
topology on the collection ߬ of soft sets over ܺ. 
Consequently, they defined basic notions of soft 
topological spaces such as open soft and closed 
soft sets, soft subspace, soft closure, soft 
neighborhood of a point, Soft separation axioms, 
Soft regular spaces and soft normal spaces and 
established their several properties. Min 
investigate some properties of these soft 
separation axioms. In [6], Kandil et al. introduced 
the notion of soft semi separation axioms. In 
particular they study the properties of the soft 
semi regular spaces and soft semi normal spaces. 
The notion of soft ideal was initiated for the first 
time by Kandil et al[6]. They also introduced the 
concept of soft local function. These concepts are 
discussed with a view to find new soft topologies 
from the original one, called soft topological 

spaces with soft ideal (ܺ, ,ܧ,߬  ሚ). Applications toܫ
various fields were further investigated by Kandil 
et al. The notion of b-open soft sets was initiated 
for the first time by El-Sheikh and Abd El-latif 
[12]. Maji et al [9] initiated the study involving 
bith fuzzy sets and soft sets.  
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In [8] the notion of fuzzy soft set was introduced 
as a fuzzy generalization of soft sets and some 
basic properties of fuzzy soft sets are discussed in 
detail. Then, many Scientists such X. Yang et al. 
improved the concept of fuzziness of soft sets in 
karl et al. defined the notion of a mapping on 
classes of fuzzy soft sets, which is fundamental 
important in fuzzy soft set theory, to improve this 
work and they studied properties of fuzzy soft 
images and fuzzy soft inverse images of fuzzy soft 
sets.  

Chang introduced the concept of fuzzy topology 
on a set X by axiomatizing a collection ॎ of fuzzy 
subset of X. Danay et al introduce the definition 
of fuzzy soft topology over a subset of the initial 
universe set while Roy and Samanta gave the 
definition of fuzzy soft topology over the initial 
universe set. Some fuzzy soft topological 
properties based on fuzzy pre (resp. semi, ߚ −) 
open soft sets, were introduced in [1, 3,].  

In the present paper, We introduce some new 
concepts in fuzzy soft topological spaces such as 
fuzzy soft ߙ- open sets, soft ߙ-closed sets and 
soft ߙ-continuous functions. We also study 
relationship between fuzzy soft continuity [6], 
fuzzy soft semi-continuity [7], and fuzzy soft ߙ-
continuity of functions defined on fuzzy soft 
topological spaces. With the help of counter 
examples, We show the non-coincidence of these 
various types of mappings. 

PRELIMINARIES 

Definition 1 (see [1]) 

Let X be an initial universe and let E be a set of 
parameters. Let P(X) denote the power set of X 
and let A be a nonempty subset of E. A pair (ܣ,ܨ) 
is called a fuzzy soft set over X, where F is a 
mapping given by ܨ ∶ ܣ → ܲ(ܺ). In other words, 
a fuzzy soft set over X is a parameterized family 
of subsets of the universe X. For (ߝ)ܨ,ܣ ߳ ߝ may 
be considered as the set of ߝ −approximate 
elements of the fuzzy soft set (ܣ,ܨ). 

Definition 2 (see [8]) 

A soft set (ܣ,ܨ) over X is called a fuzzy null soft 
set, denoted by Φ; if ݁ ߳ ܨ,ܣ(݁) =  ∅ 

Definition 3 (see [8]) 

A soft set (ܣ,ܨ) over X is called an fuzzy absolute 

soft set, denoted by ܣሚ; if ݁ ߳ ܨ,ܣ(݁) =  ܺ. 

Definition 4 (see [8]) 

The union of two fuzzy soft sets of (ܣ,ܨ) and 
 over the common universe X is the fuzzy (ܤ,ܩ)
soft set (ܥ,ܪ), where ܥ = ܣ ⊔  and , for all ܤ

݁ ∈ (݁)ܪ ,ܥ =  ቐ
,(݁)ܨ ݂݅ ݁ ∈ ܣ − ,ܤ
,(݁)ܩ ݂݅ ݁ ∈ ܤ − ܣ

(݁)ܨ ⊔ ,(݁)ܩ ݂݅ ݁ ∈ ܣ ⊓ ܤ
 

We write (ܣ,ܨ) ⊔ (ܤ,ܩ) =  .(ܥ,ܪ) 

Definition 5 (see [8]) 

The intersection (ܥ,ܪ) of two fuzzy soft sets 
 ,over a common universe X (ܤ,ܩ) and (ܣ,ܨ)
denoted (ܣ,ܨ) ⊓ ܥ is defined as ,(ܤ,ܩ) = ܣ ⊓  ܤ
and ܪ(݁) = (݁)ܨ ⊓ ∋ ݁ for all (݁)ܩ  .ܥ

Definition 6 (see [8]) 

Let (ܣ,ܨ) and (ܤ,ܩ) be two fuzzy soft sets over a 
common universe X. (ܣ,ܨ) ⊏ ܣ if ,(ܤ,ܩ)  ⊏  ,ܤ
and ܪ(݁) = (݁)ܨ ⊏ ݁ for all ,(݁)ܩ ∈  ܣ

Definition 7 (see [2]) 

Let ߬ be the collection of fuzzy soft sets over X; 
then ߬ is said to be a fuzzy soft topology on X if it 
satisfies the following axioms: 

1) ߮ and തܺ belong to ߬, 
2) The union of any number of fuzzy soft sets in 

߬ belongs to ߬, 
3) The intersection of any two fuzzy soft sets in 

߬ belongs to ߬. 

The triplet (ܺ,  is called a fuzzy soft (ܧ,߬
topological space over X. Let (ܺ,  be a fuzzy (ܧ,߬
soft topological space over X; then the members 
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of ߬  are said to be fuzzy soft sets in X. The relative 
complement of a fuzzy soft set (ܣ,ܨ) is denoted 

by (ܣ,ܨ) and is defined by (ܣ,ܨ) = ܨ)   ,(ܣ,
where ܨ ∶ ܣ → ܲ(ܺ) is a mapping given by 
(݁)ܨ = ܺ − ݁ for all (݁)ܨ ∈ ,ܺ) Let .ܣ  be a (ܧ,߬
fuzzy soft topological space over X. A fuzzy soft 
set (ܧ,ܨ) over X is said to be a fuzzy soft closed 

set in X if its relative complement (ܧ,ܨ) belongs 
to ߬. If (ܺ,  is a fuzzy soft topological space (ܧ,߬

with ߬ =  {Φ, ෨ܺ}, then ߬ is called the fuzzy soft 
indiscrete topology on X and (ܺ,  is said to be (ܧ,߬
a fuzzy soft indiscrete topological space. If 
(ܺ,  is a fuzzy soft topological space with ߬ is (ܧ,߬
the collection of all fuzzy soft sets which can be 
defined over X and (ܺ,  is said to be a fuzzy (ܧ,߬
soft discrete topological space. 

Definition 8  

Let (ܺ,  be a fuzzy soft topological space over (ܧ,߬
X and let (ܧ,ܣ) be a fuzzy soft set over X.  

(1) [3] The fuzzy soft interior of (ܧ,ܣ) is the 
fuzzy soft set 

int(ܧ,ܣ) =
 ⊔

൜
 ݀݊ܽ ݊݁ ݐ݂ݏ ݕݖݖݑ݂ ݏ݅ ℎ݅ܿℎݓ (ܧ,ܱ) :(ܧ,ܱ)

(ܧ,ܱ) ⊏ (ܧ,ܣ)  ൠ. 

(2) [2] The fuzzy soft closure of (ܧ,ܣ) is the fuzzy 
soft set 
cl(ܧ,ܣ) =
 ⊓

൜
݀݊ܽ ݀݁ݏ݈ܿ ݐ݂ݏ ݕݖݖݑ݂ ݏ݅ ℎ݅ܿℎݓ (ܧ,ܨ) :(ܧ,ܨ)

(ܧ,ܣ)  ⊏ (ܧ,ܨ)  ൠ. 

Clearly cl(ܧ,ܣ) is the smallest soft closed set over 
X which contains (ܧ,ܣ) and int(ܧ,ܣ) is the 
largest fuzzy soft open set over X which is 
contained in (ܧ,ܣ) 

Throughout the paper, the spaces X and Y 

൫or (ܺ, ,ܻ) and (ܧ,߬  ൯ stand for fuzzy soft(ܭ,߭

topological spaces assumed unless otherwise 
stated. 

 

FUZZY SOFT ࢻ-OPEN SETS 

In this section we introduce fuzzy soft ߙ-open set, 
properties of fuzzy soft ߙ-open set and relation 
between them 

Definition 9 

A fuzzy soft set (ܧ,ܣ) of a fuzzy soft topological 
space (ܺ,  open set if-ߙ is called fuzzy soft (ܧ,߬

(ܧ,ܣ) ⊏ ݐ݊݅ ቀ݈ܿ൫݅݊(ܧ,ܣ)ݐ൯ቁ. The complement of 

fuzzy soft ߙ-open set is called fuzzy soft ߙ-closed 
set. 

Definition 10 

A fuzzy soft set (ܧ,ܣ) is called fuzzy soft preopen 
set [9] (resp., fuzzy soft semi-open [5]) in a fuzzy 

soft topological space X if (ܧ,ܣ) ⊏  ൯(ܧ,ܣ)൫݈ܿݐ݊݅

ቀresp. , (ܧ,ܣ) ⊏ ݈ܿ൫݅݊(ܧ,ܣ)ݐ൯ቁ. 

We will denote the family of all fuzzy soft ߙ-open 

set ൬ݏ݁ݎ. ߙ, − closed set and fuzzy soft 
preopen sets ൰ of a 

fuzzy soft topological space (ܺ,  by (ܧ,߬
ܵఈܱܵ(ܺ,  (ܧ,߬
൫ݏ݁ݎ. , ܵఈܵܥ(ܺ, ,ܺ)and SPO (ܧ,߬   .൯(ܧ,߬

 Fuzzy Soft open set 

                           Fuzzy Soft semiopen set 

 Fuzzy Soft ߙ-open set 

                          Fuzzy Soft preopen set 

Proposition 11  

(1) Arbitrary union of fuzzy soft ߙ-open sets is a 
fuzzy soft ߙ-open sets. 

(2) Arbitrary intersection of fuzzy soft ߙ-closed 
sets is a fuzzy soft ߙ-closed sets. 

Proof 

(1) Let {(ܣ :(ܧ, ݅ ∈ Λ} be a collection of fuzzy soft 
݅ open sets. Then, for each-ߙ ∈ Λ, 
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ܣ) (ܧ, ⊏ ݐ݊݅  ቀ݈ܿ൫݅݊ܣ)ݐ  ൯ቁ. Now(ܧ,

⊔ ܣ) (ܧ, ⊏⊔ ݐ݊݅  ቀ݈ܿ൫݅݊ܣ)ݐ   ൯ቁ(ܧ,

⊏ ⊔ ݐ݊݅   ݈ܿ൫݅݊ܣ)ݐ  ൯(ܧ,

= ቀ݈ܿ൫⊔ ݐ݊݅ ܣ) ݐ݊݅   ൯ቁ(ܧ,

⊏ ݐ݊݅  ቀ݈ܿ൫݅݊ݐ ⊔ ܣ)    .൯ቁ(ܧ,

Hence ⊔ ܣ)  .open set-ߙ is a fuzzy soft (ܧ,

(2) Follows immediately from (1) by taking 
complements. 

Remark 12 

It is obvious that every soft open 
.ݏ݁ݎ) -ߙ set is a fuzzy soft (݀݁ݏ݈ܿ ݐ݂ݏ ݕݖݖݑ݂,
open set(ݏ݁ݎ. , ߙ ݐ݂ݏ ݕݖݖݑ݂ − closed set). 
Similarly, every fuzzy soft ߙ-open set is fuzzy soft 
semiopen and fuzzy soft pre-open. Thus we have 
implications as shown in figure 1.  

The examples given below show that the 
converses of these implications are not true. 

Example 13 

Let ܺ = {ܽ, ܾ, ܦ,{ܿ = {݁ଵ, ݁ଶ,݁ଷ}, 

ܥ,ܤ,ܣ  ⊑ ܣ where ܦ = {݁ଵ, ݁ଶ},ܤ =
{݁ଶ,݁ଷ},ܥ = {݁ଵ,݁ଷ} and Let 

ॎ = ൛1෨ , 0෨ , ଵ݂ , ଶ݂, ଷ݂ൟ, where ݂ ଵ, ଶ݂ , ଷ݂  are 

fuzzy soft sets over ܺ defined as follows: 

భಲߤ
భ = {ܽ.ଶ, ܾ.଼, ܿ.ହ}, భಲߤ

మ =  {ܽ., ܾ, ܿ.}, 

మಳߤ
భ = {ܽ.଼,ܾ.ଵ, ܿଵ}, 

మಳߤ 
య = {ܽ.,ܾ.ଵ, ܿ.ଵ}, 

యߤ
మ = {ܽ., ܾ.ହ, ܿ.ଶ}. 

Then, ॎ defines a fuzzy soft topology on ܺ. Then 
the fuzzy soft set ݇  where 

ವߤ
భ = {ܽ.ଶ,ܾ., ܿ.ହ}, ವߤ 

మ = {ܽ., ܾ.ଵ, ܿ.ଽ}, 

ವߤ
భ = {ܽ.,ܾ.ହ, ܿ.ଵ}, is a fuzzy ߙ-open set of 

(ܺ,ॎ,ܧ), but is not a fuzzy soft open set. 

Definition 14 

Let (ܺ,  be a fuzzy soft topological space and (ܧ,߬
let (ܧ,ܣ) be a fuzzy soft set over X. 

(1) Fuzzy soft ߙ-closure of a soft set (ܧ,ܣ) in X is 
denoted by 

ܵఈ݈ܿ൫(ܧ,ܣ)൯ =
 ⊓ ߙ ݐ݂ݏ ݕݖݖݑ݂ ܽ ݏ݅ ℎ݅ܿℎݓ (ܧ,ܨ) :(ܧ,ܨ)} −
closed set and (ܧ,ܣ) ⊏  .{(ܧ,ܨ)

(2) Fuzzy soft ߙ-interior of a fuzzy soft set (ܧ,ܣ) 
in X is denoted by 

ܵఈ݅݊ݐ൫(ܧ,ܣ)൯ =
 ⊔ ߙ ݐ݂ݏ ݕݖݖݑ݂ ܽ ݏ݅ ℎ݅ܿℎݓ (ܧ,ܱ) :(ܧ,ܱ)} −
open set and (ܱ,ܧ) ⊏  .{(ܧ,ܣ)

 Clearly ܵ ఈ݈ܿ൫(ܧ,ܣ)൯ is the smallest fuzzy soft ߙ-

closed set over X which contains (ܧ,ܣ) and 

ܵఈ݅݊ݐ൫(ܧ,ܣ)൯ is the largest fuzzy soft ߙ-open set 

over X which is contained in (ܧ,ܣ). 

Proposition 15 

Let (ܺ,  be a fuzzy soft topological space and (ܧ,߬
let (ܧ,ܣ) be a fuzzy soft set over X; then 

(ܧ,ܣ) (1) ∈ ܵఈܵܥ(ܺ, (ܧ,߬  ⇔ (ܧ,ܣ)  =
 ܵఈ݈ܿ(ܧ,ܣ); 

(ܧ,ܣ) (2) ∈ ܵఈܱܵ(ܺ, (ܧ,߬  ⇔ (ܧ,ܣ)  =
 ܵఈ݅݊(ܧ,ܣ)ݐ 

Proof 

(1) Let 
(ܧ,ܣ) =  ܵఈ݈ܿ൫(ܧ,ܣ)൯ =

 ⊓ ൜
:(ܧ,ܨ)  ݐ݂ݏ ݕݖݖݑ݂ ܽ ܾ݁ (ܧ,ܨ)

ߙ − closed set and (ܧ,ܣ) ⊏  .ൠ(ܧ,ܨ)

This shows that 

(ܧ,ܣ) ∈ 

:(ܧ,ܨ)} ߙ ݐ݂ݏ ݕݖݖݑ݂ ܽ ݏ݅ (ܧ,ܨ) −
closed set and (ܧ,ܣ) ⊏  .{(ܧ,ܨ)
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Hence (ܧ,ܣ) is fuzzy soft ߙ-closed. 

Conversely, let (ܧ,ܣ) be fuzzy soft ߙ-closed set. 
Since (ܧ,ܣ) ⊏ -ߙ is a fuzzy soft (ܧ,ܣ) and (ܧ,ܣ)
closed, 
(ܧ,ܣ) ∈ :(ܧ,ܨ)} ߙ ݐ݂ݏ ݕݖݖݑ݂ ܽ ݏ݅ (ܧ,ܨ) −
closed set and (ܧ,ܣ) ⊏  .{(ܧ,ܨ)

Further, (ܧ,ܣ) ⊏  .ᇱs(ܧ,ܨ) for all such (ܧ,ܨ)

(ܧ,ܣ) = ⊓  

:(ܧ,ܨ)} ߙ ݐ݂ݏ ݕݖݖݑ݂ ܽ ݏ݅ (ܧ,ܨ) −
closed set and (ܧ,ܣ) ⊏  .{(ܧ,ܨ)

(2) similar to (1). 

Theorem 16 

Let (ܺ,  be a fuzzy soft topological space and (ܧ,߬
let (ܧ,ܩ) and (ܧ,ܭ) be two fuzzy soft sets over 
X; then 

(1) ܵఈ݈ܿ൫(ܧ,ܩ)൯ =  ܵఈ݅݊(ܧ,ܩ) ݐ; 

(2) ܵఈ݅݊ݐ൫(ܧ,ܩ)൯ =  ܵఈ݈ܿ (ܧ,ܩ); 

(ܧ,ܩ) (3) ⊏ (ܣ,ܭ)  ⇒ 

ܵఈ݅݊(ܧ,ܩ)ݐ ⊏ ܵఈ݅݊(ܧ,ܭ)ݐ; 

(4) ܵఈ݈ܿ(Φ) = Φ ܽ݊݀  

ܵఈ݈ܿ൫ ෨ܺ൯ =  ෨ܺ; 

(5) ܵఈ݅݊ݐ(Φ) = Φ ܽ݊݀ 

ܵఈ݅݊ݐ൫ ෨ܺ൯ =  ෨ܺ; 

(6) ܵఈ݈ܿ൫(ܧ,ܩ)⊔ ൯(ܧ,ܭ) = 

 ܵఈ݈ܿ(ܧ,ܩ) ⊔ ܵఈ݈ܿ(ܧ,ܭ); 

(7) ܵఈ݅݊ݐ൫(ܧ,ܩ)⊓ ൯(ܧ,ܭ) = 

 ܵఈ݅݊(ܧ,ܩ)ݐ ⊓ ܵఈ݅݊(ܧ,ܭ)ݐ; 

(8) ܵఈ݈ܿ൫(ܧ,ܩ)⊓ ൯(ܧ,ܭ) ⊏   

ܵఈ݈ܿ(ܧ,ܩ) ⊓ ܵఈ݈ܿ(ܧ,ܭ); 

(9) ܵఈ݅݊ݐ൫(ܧ,ܩ)⊔ ൯(ܧ,ܭ) ⊏   

ܵఈ݅݊(ܧ,ܩ)ݐ ⊔ ܵఈ݅݊(ܧ,ܭ)ݐ; 

(10) ܵఈ݈ܿ ቀ൫ܵఈ݈ܿ(ܧ,ܩ)൯ቁ =  ܵఈ݈ܿ(ܧ,ܩ); 

(11) ܵఈ݅݊ݐ ቀ൫ܵఈ݅݊(ܧ,ܩ)ݐ൯ቁ = 

 ܵఈ݅݊(ܧ,ܩ)ݐ. 

Proof 

Let (ܧ,ܩ) and (ܧ,ܭ) be two fuzzy soft sets over 
X. 

(1) ൫ܵఈ݈ܿ(ܧ,ܩ)൯ = 

 (⊓ (ܧ,ܩ) | (ܧ,ܨ)} ⊏ (ܧ,ܨ) ݀݊ܽ (ܧ,ܨ)
∈ ܵఈܵܥ(ܺ,  ({(ܧ,߬

= ⊔ (ܧ,ܨ)} (ܧ,ܩ) |  ⊏ (ܧ,ܨ) ݀݊ܽ (ܧ,ܨ) ∈
ܵఈܵܥ(ܺ, {(ܧ,߬  =
⊔ (ܧ,ܨ)} (ܧ,ܨ) |  ⊏ (ܧ,ܩ) (ܧ,ܨ) ݀݊ܽ  ∈
ܵఈܱܵ(ܺ, {(ܧ,߬ = ܵఈ݅݊(ܧ,ܩ)ݐ   

(2) Similar to (1). 

(3) It follows from Definition 15. 

(4) Since Φ and ෨ܺ are fuzzy soft ߙ-closed sets so, 

ܵఈ݈ܿ(Φ) = Φ and ܵఈ݈ܿ൫ ෨ܺ൯ =  ෨ܺ. 

(5) Since Φ and ෨ܺ are fuzzy soft ߙ-open sets so, 

ܵఈ݅݊ݐ(Φ) = Φ and ܵఈ݅݊ݐ൫ ෨ܺ൯ =  ෨ܺ. 

(6) We have (ܧ,ܩ) ⊏ ൫(ܧ,ܩ) ⊔  ൯ and(ܧ,ܭ)

(ܧ,ܭ) ⊏ ൫(ܧ,ܩ) ⊔  .൯(ܧ,ܭ)

Then by proposition 

ܵఈ݈ܿ(ܧ,ܩ) ⊏ ܵఈ݈ܿ൫(ܧ,ܩ) ⊔  ൯ and(ܧ,ܭ)

ܵఈ݈ܿ(ܧ,ܭ) ⊏ ܵఈ݈ܿ൫(ܧ,ܩ)⊔ ൯(ܧ,ܭ) ⇒
ܵఈ݈ܿ(ܧ,ܭ) ⊏ ܵఈ݈ܿ(ܧ,ܩ) ⊏ ܵఈ  

݈ܿ൫(ܧ,ܣ) ⊔   .൯(ܧ,ܭ)

Now, ܵఈ݈ܿ(ܧ,ܩ),ܵఈ݈ܿ(ܧ,ܭ)߳ܵఈܵܥ(ܺ, (ܧ,߬ ⇒
ܵఈ݈ܿ(ܧ,ܩ) ⊔ ܵఈ݈ܿ(ܧ,ܭ) ∈ ܵఈܵܥ(ܺ,  .(ܧ,߬

Then (ܧ,ܩ) ⊏ ܵఈ݈ܿ(ܧ,ܩ) and 
(ܧ,ܭ) ⊏ ܵఈ݈ܿ(ܧ,ܭ) imply 
(ܧ,ܩ) ⊔ (ܧ,ܭ) ⊏ ܵఈ݈ܿ(ܧ,ܩ) ⊔ ܵఈ݈ܿ(ܧ,ܭ). That 
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is, ܵఈ݈ܿ(ܧ,ܩ)⊔ ܵఈ݈ܿ(ܧ,ܭ) is a fuzzy soft ߙ-
closed set containing(ܧ,ܩ) ⊔  .(ܧ,ܭ)

But ܵఈ݈ܿ൫(ܧ,ܣ) ⊔  ൯ is the smallest fuzzy(ܧ,ܭ)

soft ߙ-closed set containing(ܧ,ܩ) ⊔  .(ܧ,ܭ)

Hence  ܵఈ݈ܿ൫(ܧ,ܩ) ⊔ ൯(ܧ,ܭ) ⊏ ܵఈ݈ܿ(ܧ,ܩ) 

⊔ ܵఈ݈ܿ(ܧ,ܭ). So, 

 ܵఈ݈ܿ൫(ܧ,ܣ)൯ܵఈ݈ܿ൫(ܧ,ܣ) ⊔ ൯(ܧ,ܭ) =
  ܵఈ݈ܿ(ܧ,ܩ) ⊔ ܵఈ݈ܿ(ܧ,ܭ). 

(7) Similar to (6) 

(8) We have ൫(ܧ,ܩ) ⊓ ൯(ܧ,ܭ) ⊏  and (ܧ,ܩ)

൫(ܧ,ܩ)⊓ ൯(ܧ,ܭ) ⊏ (ܧ,ܭ)  ⇒
ܵఈ݈ܿ൫(ܧ,ܩ) ⊓  ൯(ܧ,ܭ)

 ⊏ ܵఈ݈ܿ(ܧ,ܩ) and  ܵఈ݈ܿ൫(ܧ,ܩ)⊓  ൯(ܧ,ܭ)

 ⊏ ܵఈ݈ܿ(ܧ,ܭ). ⇒  ܵఈ݈ܿ൫(ܧ,ܩ)⊓ ൯(ܧ,ܭ) ⊏   

 ܵఈ݈ܿ(ܧ,ܩ) ⊏ ܵఈ݈ܿ(ܧ,ܭ). 

(9) Similar to (8). 

(10) Since ൫ܵఈ݈ܿ(ܧ,ܩ)൯ ߳ ܵఈܵܥ(ܺ,  so by (ܧ,߬

proposition 16(1),  ܵఈ݈ܿ ቀ൫ܵఈ݈ܿ(ܧ,ܩ)൯ቁ =

 ൫ܵఈ݈ܿ(ܧ,ܩ)൯. 

(11) Since ൫ܵఈ݅݊(ܧ,ܩ)ݐ൯ ߳ ܵఈܱܵ(ܺ,  so by (ܧ,߬

proposition 16(2), ܵఈ݅݊ݐ ቀ൫ܵఈ݅݊(ܧ,ܩ)ݐ൯ቁ =

 ൫ܵఈ݅݊(ܧ,ܩ)ݐ൯. 

Theorem 17 

If (ܧ,ܩ) is any fuzzy soft set in a fuzzy soft 
topological space (ܺ,  then following are ,(ܧ,߬
equivalent: 

 ;closed set-ߙ is fuzzy soft (ܧ,ܩ) (1)

൯((ܧ,ܩ)ݐ݊݅)൫݈ܿݐ݊݅ (2) ⊐  ;(ܧ,ܩ)

(3) ݈ܿ ቀ݅݊ݐ൫݈ܿ(ܧ,ܩ)൯ቁ ⊏  ;(ܧ,ܩ)

 .open set-ߙ is fuzzy soft (ܧ,ܩ) (4)

 

Proof 

(1) ⇒ (2) If (ܧ,ܩ) is fuzzy soft ߙ-closed set, then 

݈ܿ ቀ݅݊ݐ൫݈ܿ(ܧ,ܩ)൯ ⊏ ቁ(ܧ,ܩ) ⇒

(ܧ,ܩ) ⊏  ;൯((ܧ,ܩ)ݐ݊݅)൫݈ܿݐ݊݅

(2) ⟹ (3) 

ቀ݅݊ݐ൫݈ܿ(݅݊(ܧ,ܩ)ݐ)൯ ⊐ ቁ((ܧ,ܩ))

⇒

݈ܿ ቀ݅݊ݐ൫݈ܿ(ܧ,ܩ)൯ቁ ⊏  ;(ܧ,ܩ)

(3) ⟹ (4) It is obvious from Definition 9; 

(4) ⟹ (1) It is obvious from Definition 9. 

FUZZY SOFT ࢻ-CONTINUITY 

In this section we introduce the fuzzy soft ߙ-
continuous, properties & relations 

Definition 18  

Let (ܺ,ܧ) and (ܻ,ܭ) be fuzzy soft classes. Let 
ݑ ∶ ܺ → ܻ and  ∶ ܧ → ݂ be mapping ܭ ∶
(ܧ,ܺ)  →  is defined as follows: for a fuzzy (ܭ,ܻ)
soft set (ܣ,ܨ) in (ܺ,ܧ), (݂(ܣ,ܨ),ܤ),ܤ =
(ܣ) ⊑  given by (ܭ,ܻ) is a fuzzy soft set in ܭ

(ߚ)(ܣ,ܨ)݂ = ݑ ቀ ி(ఈ)
ఈఢషభ(ఉ)∩ቁ for ܭ߳ߚ. 

 is called fuzzy soft image of a soft ܤ,(ܤ,(ܣ,ܨ)݂)
set (ܣ,ܨ). If ܤ =  then we will write ,ܭ
 .(ܣ,ܨ)݂ as (ܭ,(ܣ,ܨ)݂)

Definition 19  

Let ݂ ∶ (ܧ,ܺ)  →  be a mapping from a (ܭ,ܻ)
fuzzy soft class (ܺ,ܧ) to another fuzzy soft class 
 of a fuzzy soft set in fuzzy soft (ܥ,ܩ) and (ܭ,ܻ)
class(ܻ,ܭ), where ܥ ⊑ ݑ Let .ܭ ∶ ܺ → ܻ and 
 ∶ ܧ →  be mappings. Then ܭ
(݂ିଵ(ܥ,ܩ),ܦ),ܦ =  is a fuzzy soft set in ,(ܥ)ଵି 
fuzzy soft classes (ܺ,ܧ), defined as 

݂ିଵ(ܥ,ܩ)(ߙ) = ଵିݑ  ቀܩ൫(ߙ)൯ቁ for ܦ ߳ ߙ ⊑  .ܧ

(݂ିଵ(ܥ,ܩ),ܦ) is called a fuzzy soft inverse image 

of (ܥ,ܩ). Hereafter we will write (݂ିଵ(ܥ,ܩ),ܧ) 
as ݂ିଵ(ܥ,ܩ). 
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Theorem 20 

Let ݂ ∶ (ܧ,ܺ) → ݑ ,(ܭ,ܻ) ∶ ܺ → ܻ and  ∶ ܧ →  ܭ
be mappings. Then for fuzzy soft sets (ܣ,ܨ) and 
ܨ) and a family of fuzzy soft sets (ܤ,ܩ)  ) inܣ,
the fuzzy soft class (ܺ,ܧ), one has: 

(1) ݂(Φ) =  Φ, 

(2) ݂൫ ෨ܺ൯ =  ෨ܻ , 

(3) ݂൫(ܣ,ܨ) ⊔ ൯(ܤ,ܩ) = (ܣ,ܨ)݂ ⊔  in (ܤ,ܩ)݂

general ݂൫⊔ ܨ) )൯ܣ, = ⊔ ܨ)݂  ,(ܣ,

(4) ݂൫(ܣ,ܨ) ⊔ ൯(ܤ,ܩ) ⊒ (ܣ,ܨ)݂  ⊓  in (ܤ,ܩ)݂ 

general ݂൫⊓ ܨ) )൯ܣ, ⊑⊓ ܨ)݂  (ܣ,

(5) If (ܣ,ܨ) ⊑ (ܣ,ܨ)݂ then ,(ܤ,ܩ)  ⊑  ,(ܤ,ܩ)݂ 

(6) ݂ିଵ(Φ) =  Φ, 

(7) ݂ିଵ(ܻ) =  ෨ܺ, 

(8) 

݂ିଵ൫(ܣ,ܨ) ⊔ ൯(ܤ,ܩ)  =  ݂ିଵ(ܣ,ܨ) ⊔ ݂ିଵ(ܤ,ܩ) 

in general ݂ିଵ൫⊔ ܨ) )൯ܣ, = ⊔ ݂ିଵ(ܨ  ,(ܣ,

(9) 

݂ିଵ൫(ܣ,ܨ) ⊓ ൯(ܤ,ܩ)  =  ݂ିଵ(ܣ,ܨ) ⊔ ݂ିଵ(ܤ,ܩ) 

in general ݂ିଵ൫⊓ ܨ) )൯ܣ, = ⊓ ݂ିଵ(ܨ  ,(ܣ,

(10) If (ܣ,ܨ) ⊑  then ,(ܤ,ܩ) 
݂ିଵ(ܣ,ܨ) ⊑  ݂ିଵ(ܤ,ܩ). 

Definition 21 

A mapping ݂ ∶  (ܺ, (ܧ,߬ → (ܻ,  is said to be (ܭ,߭
fuzzy soft mapping if (ܺ, ,ܻ) and (ܧ,߬  are (ܭ,߭
fuzzy soft topological spaces and ݑ ∶ ܺ → ܻ and 
 ∶ ܧ →  .are mappings ܭ

Throughout the paper, the spaces X and Y 

൫ݎ(ܺ, ,ܻ) ݀݊ܽ (ܧ,߬  ൯ stand for fuzzy soft(ܭ,߭

topological space assumed unless otherwise 
stated. 

Definition 22 

A soft mapping ݂ ∶ ܺ → ܻ is said to be fuzzy soft 
 continuous if the inverse Image of each fuzzy-ߙ

soft ߙ-open subset of Y is a fuzzy soft ߙ-open set 
in X. 

Example 23 

Let ܺ = ,ଵݔ}  ,ଶݔ ܻ,{ଷݔ = ܧ,{ଷݕ,ଶݕ,ଵݕ}  =
 {݁ଵ,݁, ݁ଷ},ܭ =  {݇ଵ,݇ଶ,݇ଷ}, ߬ =
 {Φ, ෨ܺ , ,{(ܧ,ܨ) (ܧ,ܨ) =
 {(݁ଵ, ,({ଵݔ} (݁ଶ, ,({ଶݔ} (݁ଷ, ,ଵݔ} ,{({ଷݔ ߭ =
 {Φ, ෨ܻ ,  and ,{(ܭ,ܩ)
(ܭ,ܩ) = {(݇ଵ, ,({ଷݕ,ଵݕ} (݇ଶ, ,({ଵݕ} (݇ଷ ,  {({ଷݕ}
and let (ܺ, ,ܻ) and (ܧ,߬  be fuzzy soft (ܭ,߭
topological spaces. 

Define ݑ ∶ ܺ → ܻ and  ∶ ܧ →  as ܭ

(ଵݔ)ݑ = (ଶݔ)ݑ,{ଵݕ}  = (ଷݔ)ݑ,{ଷݕ}  =  ,{ଶݕ} 

(ଵ݁) = (ଶ݁),{ଵݕ}  =  {݇ଷ},(݁ଷ) =  {݇ଵ} 

Let ݂ ௨ ∶  (ܺ, (ܧ,߬ → (ܻ,  .be a soft mapping (ܭ,߭

Then (ܭ,ܩ) is a fuzzy soft open in Y and 

݂௨
ିଵ൫(ܭ,ܩ)൯ =  .open in X-ߙ is a fuzzy soft (ܧ,ܨ) 

Therefore, ݂௨ is a fuzzy soft ߙ-continuous 

function. 

Theorem 24 

Let ݂ ∶ ܺ → ܻ be a mapping from a fuzzy soft 
space X to soft space Y. Then the following 
statements are true: 

(1) f is fuzzy soft ߙ-continuous; 

(2) for each fuzzy soft singleton (ܲ,ܧ) in X and 
each fuzzy soft open set (ܱ,ܭ) in Y and 

݂൫(ܲ,ܧ)൯ ⊑ -ߙ there exists a fuzzy soft ,(ܭ,ܱ)

open set (ܷ,ܧ) in X such that (ܲ,ܧ) ⊑  (ܧ,ܷ)

and ݂൫(ܷ,ܧ)൯ ⊑  ;(ܭ,ܱ)

(3) The inverse image of each fuzzy soft closed set 
in Y is fuzzy soft ߙ-closed in X; 

(4) ݂ ൬݈ܿ ቀ݅݊ݐ൫݈ܿ(ܧ,ܣ)൯ቁ൰ ⊑ ݈ܿ൫݂(ܧ,ܣ)൯, for 

each fuzzy soft set (ܧ,ܣ) in X; 

(5) ݈ܿ ൬݅݊ݐ ቀ݈ܿ൫݂ିଵ(ܭ,ܤ)൯ቁ൰ ⊆ ݂ିଵ൫݈ܿ(ܭ,ܤ)൯, 

for each fuzzy soft set (ܭ,ܤ) in Y. 
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Proof 

(1) ⇒ (2) Since (ܱ,ܭ) is fuzzy soft open in Y and 

݂൫(ܲ,ܧ)൯ ⊑ (ܧ,ܲ) so ,(ܭ,ܱ) ⊑ ݂ିଵ൫(ܱ,ܭ)൯ and 

݂ିଵ൫(ܱ,ܭ)൯ is a fuzzy soft ߙ-open set in X. Put 

(ܧ,ܷ) =  ݂ିଵ൫(ܱ,ܭ)൯. Then (ܲ,ܧ) ⊑  and (ܧ,ܷ)

݂൫(ܷ,ܧ)൯ ⊑  .(ܭ,ܱ)

(2) ⟹ (1) Let (ܱ,ܭ) be a fuzzy soft open set in 

Y such that (ܲ,ܧ) ⊑ ݂ିଵ൫(ܱ,ܭ)൯ and thus there 

exists (ܷ,ܧ)߳ ܱܵܽܵ(ܺ) such that (ܲ,ܧ) ⊑  (ܧ,ܷ)

and ݂൫(ܷ,ܧ)൯ ⊑  Then (ܭ,ܱ)

(ܧ,ܲ) ⊑ (ܧ,ܷ) ⊑ ݂ିଵ൫(ܱ,ܭ)൯ = ⊔ (ܧ,ܷ)  ∈
 ܵఈ(ܺ). Hence ݂ିଵ൫(ܱ,ܭ)൯  ∈ ܱܵܽܵ(ܺ) and 

therefore ݂ is fuzzy soft ߙ-continuous. 

(1) ⇒ (3) Let (ܭ,ܩ) be a fuzzy soft closed set in 
Y. Then (ܭ,ܩ)  is fuzzy soft open in Y. Thus 

݂ିଵ((ܭ,ܩ)) ߳ ܱܵܽܵ(ܺ). Hence ݂ ିଵ൫(ܭ,ܩ)൯ is a 

fuzzy soft ߙ-set in X. 

(3) ⇒ (4) Let (ܵ,ܭ) be a fuzzy soft set in Y. Then 

݈ܿ൫݂(ܵ,ܭ)൯ is a fuzzy soft closed set in Y, so that 

݂ିଵ൫݈ܿ(ܵ,ܭ)൯ is fuzzy soft ߙ-closed in X. 

Therefore, we have  ݂ିଵ൫݈ܿ(ܵ,ܭ)൯ ⊒   

݈ܿ ቆ݅݊ݐ ൬݈ܿ ቀ݂ିଵ൫݈ܿ(ܵ,ܭ)൯ቁ൰ቇ ⊒  

 ݈ܿ ൬݅݊ݐ ቀ݈ܿ൫݈ܿ(ܵ,ܭ)൯ቁ൰ =  ݈ܿ ቀ݅݊ݐ൫݈ܿ(ܵ,ܭ)൯ቁ. 

(4) ⇒ (5) Since (ܭ,ܤ) be a fuzzy soft set in Y, 

then ݂ିଵ൫(ܭ,ܤ)൯ is a fuzzy soft set in X; thus by 

hypothesis we have 

݈ܿ ൭݅݊ݐ ቆ݈ܿ ൬݂ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ൰ቇ൱ ⊑   

 ݈ܿ ൬݂ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ൰ or 

݈ܿ ൭݅݊ݐ ቆ݈ܿ ൬݂ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ൰ቇ൱ 

 ⊑  ,that is (ܭ,ܤ)݈ܿ 

݈ܿ ቆ݅݊ݐ ൬݈ܿ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ൰ቇ ⊑  

݂ିଵ൫݈ܿ(ܭ,ܤ)൯. 

(5) ⇒ (1) Let (ܱ,ܭ) be a soft open in Y. Let 
(ܭ,ܷ) = (ܭ,ܱ)   and (ܧ,ܦ) =  ݂ିଵ൫(ܷ,ܭ)൯. By 

(5) we have ݈ܿ ൭݅݊ݐ ቆ݈ܿ ൬݂ ቀ݂ିଵ൫(ܷ,ܭ)൯ቁ൰ቇ൱ 

  ⊑෦ (ܭ,ܷ)݈ܿ  =  ;that is ;(ܭ,ܷ) 

݈ܿ ൬݅݊ݐ ቀ݈ܿ൫݂ିଵ((ܱ,ܭ))൯ቁ൰ ⊑  

 ݂ିଵ((ܱ,ܭ)). Therefore ݂ିଵ൫(ܱ,ܭ)൯ is a fuzzy 

soft ߙ-open set in X; hence ݂ is fuzzy soft ߙ-
continuous function. 

Corollary 25 

Let ݂ ∶ ܺ → ܻ be a fuzzy soft ߙ-continuous 
mapping. Then 

(1) ݂൫݈ܿ(ܧ,ܣ)൯ ⊑  ݈ܿ ቀ݂൫݈ܿ(ܧ,ܣ)൯ቁ, for each 

(ܧ,ܣ) ∈ ܱܵܲ(ܺ); 

(2) ܿ ݈ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ ⊑ ݂ିଵ൫݈ܿ(ܭ,ܤ)൯, for each 

(ܭ,ܤ) ∈ ܱܵܲ(ܻ). 

Proof 

Since for each(ܧ,ܣ) ∈ ܱܵܲ(ܺ), ݈ܿ൫(ܧ,ܣ)൯ =

݈ܿ ൬݅݊ݐ ቀ݈ܿ൫(ܧ,ܣ)൯ቁ൰, therefore the proof follows 

directly from statements (4) and (5) of theorem 
26. 

Definition 26 

A Fuzzy Soft mapping ݂ ∶ ܺ → ܻ is called fuzzy 
soft pre-continuous (resp., fuzzy soft 
semicontinuous [7]) if the inverse image of each 
fuzzy soft open set in Y is fuzzy soft preopen 
(resp., fuzzy soft semiopen) in X. 

Remark 27 

It is clear that every fuzzy soft ߙ-continuous map 
is fuzzy soft semicontinuous and fuzzy soft 
precontinuous. Every fuzzy soft continuous map 
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is fuzzy soft ߙ-continuous. Thus we have 
implications as shown in fig 2. 

The converses of these implications are not true, 
which is clear from the following examples. 

Example 28 

Let ܺ = ,ଵݔ}  ,ଶݔ ,ଷݔ ܻ,{ସݔ = ܧ,{ସݕ,ଷݕ,ଶݕ,ଵݕ}  =
 {݁ଵ,݁ଶ, ݁ଷ},ܭ =  {݇ଵ,݇ଶ,݇ଷ} and (ܺ,  and Let (ܧ,߬
(ܻ,  .be fuzzy soft topological spaces (ܭ,߭

      Fuzzy Soft continuity 

                         Fuzzy Soft semicontinuity 

        Fuzzy Soft ߙ-continuity 

                           Fuzzy Soft precontinuity 

Define ݑ ∶ ܺ → ܻ and  ∶ ܧ →  as ܭ

(ଵݔ)ݑ = (ଶݔ)ݑ,{ଶݕ}  = (ଷݔ)ݑ,{ସݕ}  =
(ସݔ)ݑ,{ଵݕ}  =  ,{ଷݕ} 

(ଵ݁) =  {݇ଶ},(݁ଶ) =  {݇ଵ},(݁ଷ) =  {݇ଷ}. 

Let us consider the fuzzy soft topology ߬ given in 
example 14; that is, 
߬ =  {Φ, ෨ܺ , ,(ܧ,ଵܨ) ,(ܧ,ଶܨ) ଷܨ) ,(ܧ, … , ଵହܨ)  ,{(ܧ,

ݒ  =  {Φ, ෨ܻ , (ܭ,ܨ) ݀݊ܽ {(ܭ,ܨ) =
{(݇ଵ, ,({ସݕ,ଷݕ,ଵݕ} (݇ଶ , ,({ସݕ,ଶݕ,ଵݕ} (݇ଷ,  {({ସݕ,ଶݕ}
and let mapping ௨݂ ∶  (ܺ, (ܧ,߬ → (ܻ,  be a (ܭ,߭

fuzzy soft mapping. Then (ܭ,ܨ) is a fuzzy soft 
open in Y and 

݂௨
ିଵ൫(ܭ,ܨ)൯ =

 {(݁ଵ, ,ଵݔ} ,ଶݔ ,({ଷݔ (݁ଶ, ,ଶݔ} ,ଷݔ ,({ସݔ (݁ଷ, ,ଵݔ} ,ଶݔ })} 
is a fuzzy soft ߙ-open but not fuzzy soft open in X. 
Therefore, ݂௨ is a fuzzy soft ߙ-continuous 

function but not fuzzy soft continuous function. 

Therefore, ݂௨ is a fuzzy soft ߙ-continuous 

function but not fuzzy soft continuous function. 

Example 29 

Let ܺ = {ܽ, ܾ, ܿ},ܻ = ܧ,{ݕ,ݔ} = {݁ଵ,݁ଶ} and 
ܭ = {݇ଵ,݇ଶ}. Define 

ܣ ⊑ ܤ,ܧ ⊑ ,ܭ ݂ = 

 ൛൫݁ଵ,{0.5,0.5,0.3}൯, (ܿଶ, {0.4, 0.4, 0.2})ൟ  

∈ ൫ܺ,ܧ෪ ൯ and 

݃ = {(݇ଵ{0.5, 0.3}), (݇ଶ, {0.4, 0.2})} ∈ ൫ܻ,ܭ෪ ൯ 

Define fuzzy soft topologies ߬ ா :ܧ → ॎ൫ܺ,ܧ෪ ൯ and 

߬∗ ܭ: → ॎ൫ܻ,ܭ෪ ൯ as follows: 

߬(ℎீ) =

⎩
⎪
⎪
⎨

⎪
⎪
⎧ 1, ݂݅ ℎீ = ෨ܧ,߮

1
2

 ݂݅ ℎீ = ݂,ܧ.ସ෪

1
2

 ݂݅ ℎீ = ݂ ⊓ .ସ෪ܧ

2
3

 ݂݅ ℎீ = ݂ ⊔ .ସ෪ܧ

݁ݏ݅ݓݎℎ݁ݐܱ,0

 

߬∗(ݓ) = ൞

1, ݓ ݂݅ = ෨ܧ,߮
1
2

, ݓ ݂݅ = ݃
݁ݏ݅ݓݎℎ݁ݐܱ,0

 

Consider the maps ߮:ܺ → ܻ and Ψ:ܧ →  ܭ
defined by ߮ (ܽ) = ߮(ܾ) = ܺ,߮(ܿ) = Ψ(݁ଵ),ݕ =
݇ଵ and Ψ(݁ଶ) = ݇ଶ 

Therefore, for each ݁ ∈ ݇,ܧ ∈ ݎ and ܭ ∈ ॎ 

define the fuzzy soft operators ߙ = ܧ × ൫ܺ,ܧ෪ ൯×
ॎ → ൫ܺ,ܧ෪ ൯ as follows: 

ݓ,݁)ߙ , (ݎ =  ,ݓ

Then the map ߮Ψ: (ܺ, ݁ா) → (ܻ, ߬∗) is fuzzy soft 
continuous. 

Example 30 

Let ܺ = ܻ = {ܽ, ܾ, ܧ,{ܿ = {݁ଵ, ݁ଶ,݁ଷ} and ܣ ⊑  ܧ
where ܣ = {݁ଵ,݁ଶ}. Let ݂௨: (ܺ,ॎଵ,ܧ) →
(ܻ,ॎଶ,ܭ) be the constant soft mapping where 
ॎଵ is the indiscrete fuzzy soft topology and ॎଶ is 
the discrete fuzzy soft topology such that 
(ݔ)ݑ = ݔ∀ ܽ ∈ ܺ and (݁) = ݁ଵ∀݁ ∈ Let ݂ .ܧ  
be fuzzy soft set over ܻ defined as follows: 

ಲߤ
భ = {ܽ.ଵ, ܾ.ହ, ܿ.} 

ಲߤ
మ = {ܽ., ܾ.ଶ, ܿ.ହ} 
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Then ݂ ∈ ॎଶ. Now we find ݂௨ିଵ( ݂) as follows 

݂௨
ିଵ( ݂)(݁ଵ)(ܽ) = ݂൫(݁ଵ)൯൫ݑ(ܽ)൯ 

= ݂(݁ଵ)(ܽ) 

= 0.6 

݂௨
ିଵ( ݂)(݁ଵ)(ܾ) = ݂൫(݁ଵ)൯൫ݑ(ܾ)൯ 

= ݂(݁ଵ)(ܽ) 

= 0.6 

 ݂௨ିଵ( ݂)(݁ଵ)(ܿ) = ݂൫(݁ଵ)൯൫ݑ(ܿ)൯ 

= ݂(݁ଵ)(ܽ) 

= 0.6 

 ݂௨ିଵ( ݂)(݁ଶ)(ܽ) = ݂൫(݁ଶ)൯൫ݑ(ܽ)൯ 

= ݂(݁ଵ)(ܽ) 

= 0.6 

݂௨
ିଵ( ݂)(݁ଶ)(ܾ) = ݂൫(݁ଶ)൯൫ݑ(ܾ)൯ 

= ݂(݁ଵ)(ܽ) 

= 0.6 

݂௨
ିଵ( ݂)(݁ଶ)(ܿ)  = ݂൫(݁ଶ)൯൫ݑ(ܿ)൯ 

= ݂(݁ଵ)(ܽ) 

= 0.6 

݂௨
ିଵ( ݂)(݁ଷ)(ܽ)  = ݂൫(݁ଷ)൯൫ݑ(ܽ)൯ 

= ݂(݁ଵ)(ܽ) 

= 0.6 

݂௨
ିଵ( ݂)(݁ଷ)(ܾ)  = ݂൫(݁ଷ)൯൫ݑ(ܾ)൯ 

= ݂(݁ଵ)(ܽ) 

= 0.6 

݂௨
ିଵ( ݂)(݁ଷ)(ܿ)  = ݂൫(݁ଷ)൯൫ݑ(ܿ)൯ 

= ݂(݁ଵ)(ܽ) 

= 0.6 

Hence ݂௨ିଵ( ݂) ∉  (ܺ)ܱܵߙܨ

Therefore ݂௨ is not fuzzy soft ߙ-continuous 

function. On the other hand, if we consider ॎଵ is 
the discrete fuzzy soft topology. In this case ݂௨ 

will be fuzzy ߙ-continuous soft function 

Theorem 31 

Let (ܧ,ܣ)  ∈  ܱܵܲ(ܺ) and (ܧ,ܤ) ߳ ܱܵܵߙ(ܺ). 
Then (ܧ,ܣ) ⊓ (ܧ,ܤ) ∈  .(ܺ)ܱܵߙܵ

Proof 

Since 
⊓(ܧ,ܣ) (ܧ,ܤ)  ⊑ ൯(ܧ,ܣ)൫݈ܿݐ݊݅  ⊓ ൯(ܧ,ܤ)൫݈ܿݐ݊݅   =

ݐ݊݅ ቀ݅݊ݐ൫݈ܿ(ܧ,ܣ)൯ቁ ⊓ ݈ܿ൫݅݊(ܧ,ܤ)ݐ൯  ⊑  

ݐ݊݅  ൬݈ܿ ቀ(ܧ,ܣ) ⊓  ൯ቁ൰, it follows that(ܧ,ܤ)൫݈ܿݐ݊݅

⊓(ܧ,ܣ) (ܧ,ܤ) ⊑ ݐ݊݅ ቀ݈ܿ൫(ܧ,ܣ) ⊓  ൯ቁ(ܧ,ܤ)ݐ݊݅

⊓  .(ܧ,ܣ)

= ݐ݊݅ ߙݏ ቆ݅݊ݐ ቀ݈ܿ൫
(ܧ,ܣ) ⊓ ൯ቁ(ܧ,ܤ)ݐ݊݅
⊓ (ܧ,ܣ)

ቇ 

⊏ ݐ݊݅ߙݏ ቀ݈ܿ൫(ܧ,ܣ) ⊓ ൯(ܧ,ܤ)ݐ݊݅ ⊓  ቁ(ܧ,ܣ)

= ݐ݊݅ ߙݏ ቀߙݏ ݈ܿ൫(ܧ,ܣ)⊓  ൯ቁ(ܧ,ܤ)ݐ݊݅ 

= ݐ݊݅ ߙݏ ቆ
݈ܿ ߙݏ

ቀݐ݊݅ ߙݏ൫(ܧ,ܣ)⊓  ൯ቁቇ(ܧ,ܤ)ݐ݊݅

⊏ ݐ݊݅ ߙݏ ൭ߙݏ ݈ܿ ቆݐ݊݅ ߙݏ ൬
(ܧ,ܣ)
⊓  .൰ቇ൱(ܧ,ܤ)

Therefore (ܧ,ܣ)⊓  open-ߙ is a fuzzy soft (ܧ,ܤ)
set of (ܧ,ܣ). 

Theorem 32 

If ݂ ∶ ܺ → ܻ is a fuzzy soft ߙ-continuous mapping 
and (ܧ,ܣ)  ∈ ܱܵܲ(ܺ), then ݂ |(,ா) is fuzzy soft 

 .continuous mapping-ߙ

Proof 
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Let (ܧ,ܤ) in Y be a fuzzy soft open set. Then 

݂ିଵ൫(ܧ,ܤ)൯  ∈  ܵఈ(ܺ) and since (ܧ,ܣ) is a fuzzy 

soft preopen set in X, by theorem 26, we have 

⊓(ܧ,ܣ) ݂ିଵ൫(ܧ,ܤ)൯ =  ൫݂|(,ா)൯
ିଵ൫(ܧ,ܤ)൯  ∈

 ൯. Therefore ݂|(,ா) is a fuzzy(ܧ,ܣ)൫(ܺ)ܱܵߙܵ

soft ߙ-continuous mapping. 

Theorem 33 

A fuzzy soft function ݂ ∶ ܺ → ܻ is fuzzy soft ߙ-
continuous if and only if 

݂൫(ܧ,ܨ)݈ܿ ߙݏ൯ ⊏  ݈ܿ ቀ݂൫(ܧ,ܨ)൯ቁ for every fuzzy 

soft set (ܧ,ܨ) of X. 

Proof 

Let ݂ ∶ ܺ → ܻ be fuzzy soft ߙ-continuous. Now 

݈ܿ ቀ݂൫(ܧ,ܨ)൯ቁ is a fuzzy soft closed set of Y; 

So by fuzzy soft ߙ-continuity of ݂, 

݂ିଵ ൬݈ܿ ቀ݂൫(ܧ,ܨ)൯ቁ൰ is fuzzy soft ߙ-closed and 

(ܧ,ܨ) ⊏  ݂ିଵ ൬݈ܿ ቀ݂൫(ܧ,ܨ)൯ቁ൰. 

But (ܧ,ܨ)݈ܿ ߙݏ is the smallest ߙ-closed set 
containing (ܧ,ܨ); 

Hence (ܧ,ܨ) ݈ܿ ߙݏ ⊏ ݂ିଵ ൬݈ܿ ቀ݂൫(ܧ,ܨ)൯ቁ൰ 

⇒ ݂൫(ܧ,ܨ)݈ܿ ߙݏ൯ ⊏  ݈ܿ ቀ݂൫(ܧ,ܨ)൯ቁ. 

Conversely, Let (ܭ,ܨ) be any fuzzy soft closed set 
of Y 

⇒  ݂ିଵ൫(ܭ,ܨ)൯  ∈ ܺ and by hypothesis 

⇒ ݂ ൬ߙݏ ݈ܿ ቀ݂ିଵ൫(ܭ,ܨ)൯ቁ൰ ⊏  

 ݈ܿ ൬݂ ቀ݂ିଵ൫(ܭ,ܨ)൯ቁ൰ 

⇒ ݂ ൬ߙݏ ݈ܿ ቀ݂ିଵ൫(ܭ,ܨ)൯ቁ൰  ⊏  

(ܭ,ܨ)݈ܿ  =  (ܭ,ܨ) 

⇒ ݈ܿ ߙݏ ቀ݂ିଵ൫(ܭ,ܨ)൯ቁ =  ݂ିଵ൫(ܭ,ܨ)൯; hence 

fuzzy soft ߙ-closed. Consequently, ݂  fuzzy soft ߙ-
continuous. 

Theorem 34 

A Fuzzy Soft function ݂ ∶ ܺ → ܻ is fuzzy soft ߙ-
continuous if and if 

݂ିଵ൫݅݊(ܭ,ܪ)ݐ൯ ⊏  ൯ for every(ܭ,ܪ)ଵ൫ି݂ݐ݊݅ ߙݏ 

fuzzy soft set (ܭ,ܪ) of Y. 

Proof 

Let ݂ ∶ ܺ → ܻ be fuzzy soft ߙ-continuous. Now 

for any fuzzy soft set (ܧ,ܩ) in X, ݅݊ݐ ቀ݂൫(ܧ,ܩ)൯ቁ 

is a fuzzy soft open set in Y; since ݂ is fuzzy soft 

continuity, then ݂ିଵ-ߙ ቀ݅݊ݐ൫݂(ܧ,ܩ)൯ቁ is fuzzy 

soft ߙ-open and ݂ ିଵ ቀ݅݊ݐ൫݂(ܧ,ܩ)൯ቁ ⊏  As ,(ܧ,ܩ)

 open set-ߙ is the largest fuzzy soft (ܧ,ܩ)ݐ݊݅ ߙݏ
contained in (ܧ,ܩ), 

݂ିଵ ቀ݅݊ݐ൫݂(ܧ,ܩ)൯ቁ ⊏  .(ܧ,ܩ)ݐ݊݅ ߙݏ 

Conversely, take a fuzzy soft open set (ܭ,ܩ) in Y. 

Then ݂ିଵ൫݅݊(ܭ,ܩ)ݐ൯ ⊏ (ܭ,ܩ)ଵି݂ݐ݊݅ ߙݏ   ⇒
 ݂ିଵ(ܭ,ܩ) ⊏ (ܭ,ܩ)ଵି݂ݐ݊݅ ߙݏ  ⇒ ݂ିଵ(ܭ,ܩ) is 
fuzzy soft ߙ-open. 

FUZZY SOFT ࢻ-OPEN AND FUZZY SOFT ࢻ-
CLOSED MAPPINGS 

Definition 35 

A fuzzy soft mapping ݂ ∶ ܺ → ܻ is called fuzzy 
soft ߙ-open (resp., fuzzy soft ߙ-closed) mapping if 
the image of each fuzzy soft open (resp., fuzzy 
soft closed) set in X is a fuzzy soft ߙ-open set 
(resp., fuzzy soft ߙ-closed set) in Y. 

Definition 36 

A fuzzy soft mapping ݂ ∶ ܺ → ܻ is called fuzzy 
soft pre-open (resp., fuzzy soft semiopen[7]) if 
the image of each fuzzy soft open set in X is fuzzy 
soft preopen (rep., fuzzy soft semiopen) in Y. 



Fuzzy Soft Alpha-Open Sets and Fuzzy Soft Alpha-Continuous Functions 
M Palanisamy et al.   34 

© Eureka Journals 2019. All Rights Reserved.  ISSN: 2581-7620 

Clearly a fuzzy soft open map is fuzzy soft ߙ-open 
map is fuzzy soft preopen as well as fuzzy soft ߙ-
open. Similar implications hold for fuzzy soft 
closed mappings. 

Theorem 37 

A fuzzy soft mapping ݂ ∶ ܺ → ܻ is fuzzy soft ߙ-

closed if and only if ݈ܿߙݏ൫݂(ܧ,ܣ)൯ ⊏ ݂൫݈ܿ(ܧ,ܣ)൯ 
for each fuzzy soft set (ܧ,ܣ) in X. 

Proof 

Let ݈ܿߙݏ൫݂(ܧ,ܣ)൯ ⊏ ݂൫݈ܿ(ܧ,ܣ)൯. By the 

definition of fuzzy soft ߙ-closure, we have 

݂൫(ܧ,ܣ)൯ = ݂൫݈ܿ(ܧ,ܣ)൯ and so ݂൫݈ܿ(ܧ,ܣ)൯ is 

fuzzy soft ߙ-closed set and ݂ is a fuzzy soft ߙ-
closed mapping. 

Conversely, if ݂ is fuzzy soft ߙ-closed, then 

݂൫݈ܿ(ܧ,ܣ)൯ is a fuzzy soft ߙ-closed set containing 

݂൫(ܧ,ܣ)൯ and therefore 

൯(ܧ,ܣ)൫݂ ݈ܿߙݏ ⊏ ݂൫݈ܿ(ܧ,ܣ)൯.  

Theorem 38 

A fuzzy soft function ݂ ∶ ܺ → ܻ is fuzzy soft ߙ-
open if and only if 

݂൫݅݊(ܧ,ܨ)ݐ൯ ⊏ ݐ݊݅ ߙݏ  ቀ݂൫(ܧ,ܨ)൯ቁ for every 

fuzzy soft set (ܣ,ܨ) in X. 

Proof 

If ݂ ∶ ܺ → ܻ is fuzzy soft ߙ-open, then 

݂൫݅݊(ܧ,ܨ)ݐ൯ =
൯(ܧ,ܨ)ݐ൫݂݅݊ ݐ݊݅ ߙݏ ⊏  ൯(ܧ,ܨ)ݐ൫݂݅݊ ݐ݊݅ ߙݏ

 ⊏  .(ܧ,ܨ)݂ ݐ݊݅ ߙݏ 

On the other hand, take a fuzzy soft open set 
൯(ܧ,ܩ)in X. Then by hypothesis, ݂൫ (ܧ,ܩ) =

݂൫݅݊(ܧ,ܩ)ݐ൯ ⊏ ൯ቁ(ܧ,ܩ)ቀ݂൫ ݐ݊݅ ߙݏ   ⇒

݂൫(ܧ,ܩ)൯ is fuzzy soft ߙ-open in Y. 

Theorem 39 

Let ݂ ∶ ܺ → ܻ be a fuzzy soft ߙ-open (resp., fuzzy 
soft ߙ-closed) mapping. If (ܭ,ܤ) is a fuzzy soft 

set in Y and (ܧ,ܣ) is a fuzzy soft closed (resp., 

fuzzy soft open) set in X, containing ݂ ିଵ൫(ܭ,ܤ)൯; 

then there exists a fuzzy soft ߙ-closed (resp., 
fuzzy soft ߙ-open) set (ܭ,ܥ) in Y, such that 
(ܭ,ܤ) ⊏ ൯(ܭ,ܥ)and ݂ିଵ൫ (ܭ,ܥ)  ⊏  .(ܧ,ܣ) 

Proof 

Let (ܭ,ܥ) =  . Since((ܧ,ܣ)݂) 

݂ିଵ൫(ܭ,ܤ)൯ ⊏  we have ,(ܧ,ܣ)

((ܧ,ܣ))݂ ⊏ ݂ . Since(ܭ,ܤ)  is fuzzy soft ߙ-open 
(resp.,fuzzy soft ߙ-closed), then (ܭ,ܥ) is a fuzzy 
soft ߙ-closed set (resp.,fuzzy soft ߙ-open set) if 

݂ିଵ൫(ܭ,ܥ)൯ =

 ቀ݂ିଵ൫݂((ܧ,ܣ))൯ቁ

⊏ ((ܧ,ܣ)) =  and (ܧ,ܣ) 

hence (ܭ,ܤ) ⊏  and (ܭ,ܥ)

݂ିଵ൫(ܭ,ܥ)൯ ⊏  .(ܧ,ܣ)

Corollary 40 

If ݂ ∶ ܺ → ܻ is a fuzzy soft ߙ-open mapping, then 

(1) ݂ିଵ ቆ݈ܿ ൬݅݊ݐ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ቇ ⊏  

݈ܿ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ, for every fuzzy soft set (ܭ,ܤ) 

in Y; 

(2) 

݂ିଵ ቀ݈ܿ൫(ܭ,ܥ)൯ቁ ⊏  ݈ܿ ቀ݂ିଵ൫(ܭ,ܥ)൯ቁ , (ܭ,ܥ)  ∈

ܱܵܲ(ܻ). 

Proof 

(1) ݈ܿ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ is a fuzzy soft closed in X, 

containing ݂ ିଵ൫(ܭ,ܤ)൯, for a fuzzy soft set (ܧ,ܤ) 

in Y. 

By theorem 44, there exists a fuzzy soft ߙ-
closed set (ܭ,ܨ) in Y, and (ܭ,ܤ) ⊏  (ܭ,ܨ) 

such that ݂ିଵ൫(ܭ,ܨ)൯ ⊏ ݈ܿ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ. 

Thus ݂ିଵ ቆ݈ܿ ൬݅݊ݐ ቀ݈ܿ൫(ܧ,ܤ)൯ቁ൰ቇ ⊏  
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݈ܿ ൭݂ିଵ ቆ݈ܿ ൬݅݊ݐ ቀ݈ܿ൫(ܧ,ܨ)൯ቁ൰ቇ൱ ⊏  

݂ିଵ൫(ܭ,ܨ)൯ ⊏ ݈ܿ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ 

(2) follows easily from (1). 

Theorem 41 

If ݂ ∶ ܺ → ܻ is a fuzzy soft precontinuous and 

fuzzy soft ߙ-open mapping , then ݂ ିଵ൫(ܭ,ܤ)൯ ∈
ܱܵܲ(ܺ) for each (ܭ,ܤ) ∈ ܱܵܲ(ܻ). 

Proof 

We have ݂ ିଵ൫(ܭ,ܤ)൯ ⊏ ݂ିଵ ൬݅݊ݐ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ 

⊏ ݐ݊݅ ൭݈ܿ ቆ݂ିଵ ൬݅݊ݐ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ቇ൱ 

⊏ ݐ݊݅ ቆ݈ܿ ൬݂ିଵ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ቇ 

Since ݂ is a soft ߙ-open map, we have, by 
corollary 42, 

݂ିଵ൫(ܭ,ܤ)൯ ⊏ ݐ݊݅ ቆ݈ܿ ൬݂ିଵ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ቇ 

⊏ ݈ܿ ቆ݅݊ݐ ൬݂ିଵ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ቇ =

݈ܿ ൬݅݊ݐ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ൰. 

Therefore ݂ ିଵ൫(ܭ,ܤ)൯ is a fuzzy soft preopen set 

in X. 

Theorem 42 

If ݂ ∶ ܺ → ܻ is a fuzzy soft precontinuous and 
fuzzy soft semicontinuous, then ݂ is fuzzy soft ߙ-
continuous. 

Proof 

We have ݂ ିଵ൫(ܭ,ܤ)൯ ⊏ ݂ିଵ ൬݅݊ݐ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ 

⊏ ݐ݊݅ ൭݈ܿ ቆ݂ିଵ ൬݅݊ݐ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ቇ൱ 

⊏ ݐ݊݅ ቆ݈ܿ ൬݂ିଵ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ቇ 

Since ݂ is a soft ߙ-open map, we have, by 
corollary 42, 

݂ିଵ൫(ܭ,ܤ)൯ ⊏ ݐ݊݅ ቆ݈ܿ ൬݂ିଵ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ቇ 

⊏ ݈ܿ ቆ݅݊ݐ ൬݂ିଵ ቀ݈ܿ൫(ܭ,ܤ)൯ቁ൰ቇ =

݈ܿ ൬݅݊ݐ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ൰. 

Therefore ݂ ିଵ൫(ܭ,ܤ)൯ is a fuzzy soft preopen set 

in X. 

Theorem 43 

If ݂ ∶ ܺ → ܻ is a fuzzy soft precontinuous and 
fuzzy soft semicontinuous, then ݂  is fuzzy soft ߙ-
continuous. 

Proof  

Let (ܭ,ܤ) be any fuzzy soft open set in Y. Then 

݂ିଵ൫(ܭ,ܤ)൯ is a fuzzy soft preopen set as well as 

a fuzzy soft semiopen set in X. 

We have ݂ ିଵ൫(ܭ,ܤ)൯ ⊏ ݈ܿ ൬݅݊ݐ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ൰ 

and 

݂ିଵ൫(ܭ,ܤ)൯ ⊏ ݐ݊݅ ቆ݈ܿ ൬݅݊ݐ ቀ݈ܿ൫݂ିଵ(ܭ,ܤ)൯ቁ൰ቇ =

ݐ݊݅ ൬݈ܿ ቀ݅݊ݐ൫݂ିଵ(ܭ,ܤ)൯ቁ൰. 

Hence ݂ is a fuzzy soft ߙ-continuous mapping. 

Theorem 44 

If ݂ ∶ ܺ → ܻ is a fuzzy soft preopen mapping, 
then, for each soft set (ܭ,ܤ) in Y, 

݂ିଵ ቀ݅݊ݐ൫݈ܿ(ܭ,ܤ)൯ቁ ⊏ ݈ܿ ቀ݂ିଵ൫(ܭ,ܤ)൯ቁ. 

Proof 

It follows from corollary 42. 

Theorem 45 

If ݂ ∶ ܺ → ܻ is fuzzy soft ߙ-continuous and soft 
preopen, then the inverse image of each fuzzy 
soft ߙ-set is a fuzzy soft ߙ-open set. 
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Proof 

Let (ܭ,ܤ) be any fuzzy soft ߙ-open set in Y. 

Then 

݂ିଵ൫(ܭ,ܤ)൯ ⊏ ݂ିଵ ቆ݅݊ݐ ൬݈ܿ ቀ݅݊ݐ൫(ܭ,ܤ)൯ቁ൰ቇ 

⊏ ൮݈ܿݐ݊݅ ቌ݅݊ݐ ൭݂ିଵ ቆ݅݊ݐ ൬݈ܿ ቀ݅݊ݐ൫(ܭ,ܤ)൯ቁ൰ቇ൱ቍ൲  ⊏ ݐ݊݅ ൭݈ܿ ቆ݅݊ݐ ൬݂ିଵ ቀ݈ܿ൫݅݊(ܭ,ܤ)ݐ൯ቁ൰ቇ൱  

By theorem 44 we have 

݂ିଵ൫(ܧ,ܤ)൯ ⊏ ݐ݊݅ ቆ݈ܿ ൬݂ିଵ ቀ݅݊ݐ൫(ܧ,ܤ)൯ቁ൰ቇ  

Since ݂ is a fuzzy soft ߙ-continuous mapping, by 
Theorem 22(5), 

 ݂ିଵ൫(ܭ,ܤ)൯ ⊏ ݂ିଵ ቆ݅݊ݐ ൬݈ܿ ቀ݅݊ݐ൫(ܭ,ܤ)൯ቁ൰ቇ 

Hence ݂ିଵ൫(ܭ,ܤ)൯ is a fuzzy soft ߙ-open set. 

CONCLUSION 

In this fuzzy soft ߙ-open set extended to fuzzy 
soft ݁ -open set and in future, We introduce some 
new concepts in fuzzy soft topological spaces 
such as fuzzy soft ߙ- open sets, soft ߙ-closed sets 
and soft ߙ-continuous functions. We also study 
relationship between fuzzy soft continuity [6], 
fuzzy soft semi-continuity [7], and fuzzy soft ߙ-
continuity of functions defined on fuzzy soft 
topological spaces. With the help of 
counterexamples, We show the non-coincidence 
of these various types of mappings.  
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