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ABSTRACT: The purpose of this paper is to define a new class of continuous functions called Soft πg-continuous functions and
Soft πg-irresolute functions in soft topological spaces. We get several characterizations and some of their properties. Also we
investigate its relationships with other soft continuous functions.
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1

INTRODUCTION

The concept of soft set theory has been initiated by Molodtsov[6] in 1999 as a general mathematical tool for modeling
uncertainties. After the introduction of the notion of soft sets several researchers improved this concept. Topological
structure of soft sets was initiated by Shabir and Naz[9] and studied the concepts of soft open set, soft interior point, soft
neighborhood of a point, soft separation axioms and subspace of a soft topological space. Many researchers extended the
results of generalization of various soft closed sets in many directions. Athar Kharal and B. Ahmad[3]defined the notion of a
mapping on soft classes and studied several properties of images and inverse images of soft sets. In this present study, we
discuss soft -continuous and soft -irresolute Functions in soft topological space and some of their properties.

2

PRELIMINARIES

DEFINITION 2.1[6]
Let U be the initial universe and P (U) denote the power set of U. Let E denote the set of all parameters. Let A be a nonempty subset of E. A pair (F, A) is called a soft set over U, where F is a mapping given by F: A→P (U). In other words, a soC set
over U is a parameterized family of subsets of the universe U. For ℇ ∈ A, F (ℇ) may be considered as the set ℇ- approximate
elements of the soft set (F, A).

DEFINITION: 2.2[6]
For two soft sets (F, A) and (G, B) over a common universe U, we say that (F , A) is a soft subset of (G, B) if (1) A ⊂ B and
(2) for all e ∈ A, F (e) and G(e) are identical approximations. We write (F, A) ⊂ (G, B). (F, A) is said to be a soft super set of (G,
B), if (G, B) is a soft subset of (F , A). We denote it by (F, A)⊃(G, B).

DEFINITION: 2.3[6]
Two soft sets (F, A) and (G, B) over a common universe U are said to be soft equal if (F , A) is a soft subsetof (G, B) and (G,
B) is a soft subset of (F , A).
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DEFINITION: 2.4[6]
The union of two soft sets of (F , A) and (G, B) over the common universe U is the soft set (H, C), where C = A ∪ B and for
all e ∈ C,
=

∪

∈
∈

−
−
∈
∩

We write (F, A) ∪ (G, B) = (H, C).

.

DEFINITION: 2.5 [6]
The intersection (H, C) of two soft sets (F, A) and (G, B) over a common universe U, denoted (F, A) ∩ (G, B), is defined as C
= A ∩ B, and H(e) = F (e) ∩ G(e) for all e ∈ C.

DEFINITION: 2.6[6]
Then the soft closure of (F, E), denoted by cl(F, E) is the intersection of all soft closed supersets of (F,E).Clearly(F, E) is the
smallest soft closed set over X which contains (F, E).

DEFINITION: 2.7 [9]
Let be the collection of soft sets over X, then is said to be a soft topology on X if (1) Φ, X belong to , (2) the union of
any number of soft sets in belongs to , (3) the intersection of any two soft sets in belongs to .The triplet (X, , E) is called
a soft topological space over X. Let (X, , E) be a soft space over X, then the members of are said to be soft open sets in X.

DEFINITION: 2.8 [9]
Let (X, , E) be a soft topological space over X and (F, E) be a soft set over X. The soft interior of (F, E), denoted by int (F, E)
is the union of all soft open subsets of (F, E). Clearly (F, E) is the largest soft open set over X which is contained in (F, E).

DEFINITION: 2.9[5]
A subset (A,E) of a topological space X is called soft generalized-closed (soft g -closed) if cl(A,E) ⊂ (U,E) whenever (A,E) ⊂
(U,E) and (U,E) is soft open in X.

DEFINITION: 2.10[8]
A subset (A, E) of a topological space X is called soft regular closed , if cl(int(A,E))=(A,E). The complement of soft regular
closed set is soft regular open set.

DEFINITION: 2.11[8]
The finite union of soft regular open sets is said to be soft -open. The complement of soft -open is said to be soft closed.

DEFINITION: 2.12[2]
A subset (A, E) of a topological space X is called soft
whenever (A, E) ⊂ (U, E) and (U, E) is soft -open in X.

-closed in a soft topological space (X, , E), if cl(A, E) ⊂ (U, E)

DEFINITION: 2.13[1]
Let (F, E) be a soft set over X. The soft set (F, E) is called soft point, denoted by ( , E), if for element e∈E, F(e) = { } and
F(e’) = for all e’∈ E−{e}.
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DEFINITION: 2.14[10]
Let X, τ, E and Y, τ′, E be two topological spaces. A function f ∶ X, τ, E → Y, τ′, E is said to be Soft Semi
continuous(Soft pre-continuous, Soft 7 -continuous, Soft 8 -continuous), if 9: (G, E) is soft semi open(soft pre-open, soft 7 open, soft 8 -open) in X, τ, E for every soft open set (G, E) of Y, τ; , E .

3

SOFT <=-CONTINUOUS FUNCTIONS

DEFINITION: 3.1
Let X, τ, E and Y, τ′, E be two topological spaces. A function f ∶ X, τ, E → Y, τ′, E is said to be Soft regular
continuous(Soft -continuous, Soft g-continuous, Soft g-continuous), if 9: (G, E) is soft regular open(soft -open, soft gopen, soft g-open) in X, τ, E for every soft open set (G, E) of Y, τ; , E .

THEOREM: 3.2
For a function f ∶ X, τ, E → Y, τ′, E the following hold
1)

Every soft regular continuous function is soft -continuous.

2)

Every soft -continuous function is soft continuous.

3)

Every soft - continuous function is soft

4)

Every soft continuous function is soft g-continuous.

5)

Every soft g-continuous function is soft g-continuous.

-continuous.

Proof: Obvious
From the above result we have the following implication:
(1) Soft g-continuous
(2) Soft

-Continuous

(3) Soft -continuous
(4) Soft continuous
(5) Soft regular continuous
The converse of the above is not true as shown in the following example:

EXAMPLE: 3.3
?, X
?, Y
?, (F1, E) (F2, E), (F3, E), (F4, E)} is a soft topological space over X and τ’ = {∅
?,
Let X = Y= {h1, h2, h3}, E= {e1, e2}. Then τ = {∅
(G1, E), (G2, E), (G3, E), (G4, E)} is a soft topological space over Y. Here (F1, E), (F2, E), (F3, E), (F4, E) are soft sets over X and (G1,
E), (G2, E), (G3, E), (G4, E) are soft sets over Y defined as follows: F1(e1) = {h2} , F1(e2) = {h1}; F2(e1) = {h2, h3}, F2(e2) = {h1, h2};
F3(e1) = { h3}, F3(e2) = {h1, h3}; F4(e1) = {∅} , F4(e2) = {h1} and G1(e1) = {h2} , G1(e2) = {h1}; G2(e1) = {h2, h3}, G2(e2) = {h1, h2}; G3(e1)=
{ h1, h2}, G3(e2) = { X}; G4(e1) = { h2} , G4(e2) = {h1, h2}. If the function f ∶ X, τ, E → Y, τ′, E be an identity function then f is
soft g-continuous but not soft -continuous, since the inverse image of soft open sets in Y are not soft -open sets in X.

EXAMPLE: 3.4
?, X
?, Y
?, (F1, E) (F2, E), (F3, E)} is a soft topological space over X and τ’ = {∅
?, (G1,
Let X = Y= { : , @ , A }, E= {e1, e2}. Then τ = {∅
E), (G2, E)} is a soft topological space over Y. Here (F1, E), (F2, E), (F3, E) are soft sets over X and (G1, E), (G2, E) are soft sets over
Y defined as follows: F1(e1) = { : } , F1(e2) = { : }; F2(e1) = { @ }, F2(e2) = { @ }; F3(e1) = { : , @ }, F3(e2) = { : , @ } and G1(e1) ={ : },
G1(e2) = { : }; G2(e1) = { : , @ }, G2(e2) = { : , @ } . If the function f ∶ X, τ, E → Y, τ′, E is defined as f( : ) = : , f( @ = A ,
f( A = @ then f is soft g-continuous but not soft -continuous, since the inverse image of soft open sets in Y are not soft
-open sets in X.
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THEOREM: 3.5
Let f ∶ X, τ, E → Y, τ′, E be a function. Then the following are Equivalent:
1)

f is soft g-continuous.

The inverse image of each soft open set in Y, τ′, E is soft g-open in X, τ, E .

2)

Proof:

Suppose f is soft g-continuous. Then it follows from the definition that inverse image of every soft closed set (G,E) of Y is
soft closed. Hence Y−(G,E) is soft open in Y. Therefore inverse image of every soft open set in Y is soft g-open in X.

THEOREM: 3.6
If a function f ∶ X, τ, E → Y, τ′, E is soft g-continuous if and only if f(BC g-cl(F,E)) ⊂ cl(f(F, E)) for every soft open set (F,
E) of X.
Proof:

Let f ∶ X, τ, E → Y, τ′, E be soft g-continuous and (F, E) ⊂ X. Then cl(f(F, E)) is soft closed in Y. Since f is soft gcontinuous, 9: (cl(f(F,E))) is soft g-closed in X and (F, E) ⊂ 9: (f(F, E)) ⊂ 9: (cl(f(F,E))). As g-cl(F,E)) is the smallest soft
g-closed set containing (F, E), g-cl(F,E)) ⊂ 9: (cl(f(F,E))). Hence f(BC g-cl(F,E)) ⊂ cl(f(F, E)).
Conversely,

Let (G, E) be any soft closed set of Y. Then 9: (G, E) ∈ X and so f(BC g-cl( 9: (G,E))) ⊂ cl(f( 9: (G,E))). Therefore f(BC gcl( 9: (G,E))) ⊂ cl (G,E) which implies that BC g-cl( 9: (G,E)) ⊂ 9: (G, E). In general 9: (G, E) ⊂ BC g-cl( 9: (G,E)). Thus 9:
(G,E) = BC g-cl( 9: (G,E)). Hence 9: (G, E) is soft g-closed . Therefore f is soft g-continuous.

THEOREM: 3.7
If a function f ∶ X, τ, E → Y, τ′, E is soft g-continuous if and only if
open set (G, E) of X.

9:

(int(G,E)) ⊂ (BC g-int(

9:

(G, E))) for every soft

Proof:

Let f ∶ X, τ, E → Y, τ′, E be soft g-continuous. Now int(f(G, E)) is a soft open set of Y.

Then by the soft g-continuity of f , 9: (int(f(G,E))) is soft g-open and
largest soft g-open set contained in (G, E), 9: (int(f(G,E))) ⊂ BC g-int(G, E).
Conversely,

Assume that
Then
9:

9:

9:

(int(G,E)) ⊂ (BC g-int(

(G, E) ⊂ BC g-int(

(G, E) = BC g-int(

9:

9:

9:

9:

(int(f(G,E))) ⊂ (G, E). As BC g-int (G, E) is the

(G, E))) for every soft open set (G, E) of X.

(G, E)). In general BC g-int(

(G, E)). Hence

9:

9:

(G, E)) ⊂

9:

(G, E). Therefore

(G, E) is soft g-open. This proves that f is soft g-continuous.

REMARK:3.7
The composition of two soft g-continuous function need not be soft g-continuous in general .
4

SOFT <=-IRRESOLUTE FUNCTIONS

DEFINITION: 4.1
A function f ∶ X, τ, E → Y, τ′, E is soft g-irresolute, if
(G, E) of Y, τ; , E .
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THEOREM: 4.2
Every soft g-irresolute function is soft g-continuous.
Proof: Obvious.
The converse of the above theorem need not be true as shown in the following example:

EXAMPLE: 4.3
?, X
?, Y
?, (F1, E) (F2, E), (F3, E)} is a soft topological space over X and τ’ = {∅
?, (G1,
Let X = Y= { : , @ , A }, E= {e1, e2}. Then τ = {∅
E), (G2, E)} is a soft topological space over Y. Here (F1, E), (F2, E), (F3, E) are soft sets over X and (G1, E), (G2, E) are soft sets over
Y defined as follows: F1(e1) = { @ } , F1(e2) = { : }; F2(e1) = { : , A }, F2(e2) = { @ , A }; F3(e1) = { @ }, F3(e2) = { X} ; F4(e1) = {∅} , F4(e2)
= { : }; F5(e1) = { : , A }, F5(e2) = { X}; F6(e1) = {∅} , F6(e2) = { @ , A }; F7(e1) = {∅}, F7(e2) = { X} and G1(e1) ={ @ }, G1(e2) = { : }; G2(e1)
= { : , A }, G2(e2) = { @ , A }; G3(e1) ={ @ }, G3(e2) ={∅}. If the function f ∶ X, τ, E → Y, τ′, E is defined as identity function
then f is soft g-continuous but not soft g-irresolute.

THEOREM: 4.4
Let f ∶ X, τ, E → Y, τ′, E and g ∶ Y, τ′, E → Z, τ′′, E be any two functions. Then
1.

2.
3.

∘

∘

∘

is soft g-ccontinuous if f is soft g-irresolute and g is soft g-continuous.
is soft g-irresolute if both f and g are soft g-irresolute.
is soft g-continuous if g is soft continuous and f is soft g-continuous.

Proof: Straight forward

DEFINITION: 4.5
A function f ∶ X, τ, E → Y, τ′, E is soft g-open function, if the image of every soft open set in X is soft g-open in Y.

DEFINITION: 4.6

Y.

A function f ∶ X, τ, E → Y, τ′, E is soft g-closed function, if the image of every soft closed set in X is soft g-closed in

THEOREM: 4.7
A function f ∶ X, τ, E → Y, τ′, E is soft g-open if and only if f(int(F, E)) ⊂ BC g-int(f(F, E)) for every soft set (F, E) of E.

Proof:

Let f ∶ X, τ, E → Y, τ′, E be soft g-open. Then f(int(F, E)) = BC g-int(f(int(F, E))) ⊂ BC g-int(f(F, E)).

On the other hand,Let (F, E) be soft open set of X. Then f(F, E) = f(int(F, E)) ⊂ BC g-int(f(F, E)). Hence f(F, E) is soft gopen in Y.

THEOREM: 4.8
A function f X, τ, E → Y, τ′, E is soft g-closed if and only if BC g-cl(f(F, E)) ⊂ f(cl(F, E))

for every soft set (F, E) of E.
Proof:

Let f ∶ X, τ, E → Y, τ′, E be soft g-closed. Then BC g-cl(f(cl(F, E))) = BC g-cl(f(F, E)) ⊂ f(cl(F,E)).

On the other hand,Let (F, E) be soft closed set of X. Then BC g-cl(f(F, E)) ⊂ f(cl(F, E)) = f(F, E) . Hence f(F, E) is soft g-closed
in Y.
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THEOREM: 4.9
A function f ∶ X, τ, E → Y, τ′, E be a bijection. Then the following are equivalent:
(1)

f is soft g-open .

(2)

f is soft g-closed .
9:

(3)

is soft g-continuous .

Proof:
(1)

⇒ (2)

Let (F, E) be soft closed set in X and f be a soft g-open .Then X−(F, E) is soft open in X. Since f is soft g-open, f(X−(F, E))
is soft g-open set in Y. Then Y− f(X−(F, E)) = f(F, E) is soft g-closed in Y. Hence f is soft g-closed.
(2)

⇒ (3)

Let (F, E) be soft closed set in X and f be a soft g-closed. Then f(F, E) is soft g-closed set in Y. If f(F, E) =
then 9: is soft g-continuous.
(3)

⇒ (1)

Suppose 9: is soft g-continuous. Let (F, E) be soft open in X. Since
soft g-open in Y. Therefore f is soft g-open.

9:

is soft g-continuous,

9: 9:

9: 9:

(F, E),

(F, E)= f(F, E) is

THEOREM: 4.10
Let f ∶ X, τ, E → Y, τ′, E be soft closed and g ∶ Y, τ′, E → Z, τ′′, E be soft g-closed then

∘

Proof:

is soft g-closed .

Let (F, E) be soft closed in X. Then f(F, E) is closed in Y. Since g is soft g-closed, g(f(F, E)) is soft g-closed in Z. Then
is soft g-closed.

∘

THEOREM: 4.11
Let f ∶ X, τ, E → Y, τ′, E be soft open and g ∶ Y, τ′, E → Z, τ′′, E be soft g-open then
Proof:

∘

is soft g-open.

Let (F, E) be soft open in X. Then f(F, E) is soft g-open in Y. Since g is soft g-open,
g(f(F, E)) is soft g-open in Z. Then

∘

is soft g-open.
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