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1. Introduction

Molodtsov [1] initiated a novel concept of soft set theory, which is completely a new
approach for modeling vagueness and uncertainty. He successfully applied the soft set
theory into several directions such as smoothness of functions, game theory, Riemann
Integration, theory of measurement, and so on. Soft set theory and its applications have
shown great development in recent years. This is because of the general nature of
parametrization expressed by a soft set. Shabir and Naz [2] introduced the notion of soft

topological spaces which are defined over an initial universe with a fixed set of parameters.
Later, Zorlutuna et al.[3], Aygunoglu and Aygun [4] and Hussain et al are continued to
study the properties of soft topological space. They got many important results in soft
topological spaces. Weak forms of soft open sets were first studied by Chen [S].He
investigated soft semi-open sets in soft topological spaces and studied some properties of it.
Yumak and Kaymakci [10] are defined soft 3-open sets and continued to study weak forms

"Edited by Naim Cagman (Editor-in-Chief).
*Corresponding Author.



Journal of New Theory 15 (2017) 01-18 2

of soft open sets in soft topological space. Later, Akdag and Ozkan [6] [7] defined soft b-
open (soft b-closed) sets and soft a-open(soft at-closed) sets respectably.

In the present study, first of all, we have focused some new concepts such as soft e-open
sets, soft e-closed sets, soft e-interior, soft e-closure in soft topological spaces and
investigated some of their properties. Secondly, we have defined the concepts of soft e-
continuous, soft e-open, soft e-irresolute mappings and soft e-homeomorphism on soft
topological spaces and obtained some characterizations of these mappings. We have also
studied the relationships among soft d-semi-continuity, soft d-pre-continuity and soft e-
continuity and with the help of counter examples we have shown the non-coincidence of
these various types of mappings. Further soft e-separation axioms have been introduced
and investigated with the help of soft e-open sets. Finally, we have observed that the
collection Ser-h(X, 1,E) form a soft group.

2. Preliminaries

Throughout the paper, the space X and Y stand for soft topological spaces with (X,t, E)
and (Y,v, K) assumed unless otherwise stated. Moreover, throughout this paper, a soft
mapping f : X =Y stands for a mapping, where f : (X,7, E) > (Y,v,K),u: X >Y and p :
E —K are assumed mappings unless otherwise stated.

Definition: 2.1[1]. Let X be an initial universe and E be a set of parameters. Let P(X)
denotes the power set of X and A be a non-empty subset of E. A pair (F,A) is called a soft

set over X, where F is a mapping given by F: A—P(X) defined by F(e)e P(X) Vee A. In
other words, a soft set over X is a parameterized family of subsets of the universe X. For

ec A, F(e) may be considered as the set of e-approximate elements of the soft set (F,A).

Definition 2.2[11]. A soft set (F,A) over X is called a null soft set, denoted by @, if
ec A,F(e)=0.

Definition 2.3[11]. A soft set (F,A) over X is called an absolute soft set, denoted byA, if
ec A, F(e)=X. If A=E, then the A-universal soft set is called a universal soft set, denoted
by X .

Theorem 2.4[2]. Let Y be a non-empty subset of X, then Y denotes the soft set (Y.E) over
X for which Y(e)=Y, for all e E.

Definition 2.5 [11]. The union of two soft sets (F,A) and (G,B) over the common universe
X is the soft set (H,C), where C=AUB and for all ee C,

F(e),ifee A—B
H(e)=1G(e),ifec B—A
F(e)uG(e),ifeec ANB

We write (F,A) O (G,B) = (H,C)
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Definition 2.6 [11]. The intersection (H,C) of two soft sets (F,A) and (G,B) over a
common universe X, denoted by (F,A) " (G,B), is defined as C=AnB and H(e)= F(e) N
G(e) for all eeC.

Definition 2.7[2]. Let (F,A) be a soft set over a soft topological space (X,t,E). We say that
xe (F,E) read as x belongs to the set (F,E) whenever xe F(e) for all e E. Note that for any
xe X, x¢ (F,E), if x¢ F(e) for some ecE.

Definition 2.8 [11]. Let (F,A) and (G,B) be two soft sets over a common universe X. Then
(F,A) €(G,B) if A ¢ B, and F(e) < G(e) for all e A.

Definition 2.9 [2]. Let T be the collection of soft sets over X, then T is said to be a soft
topology on X if it satisfies the following axioms.

(1) @, X belong to T.
(2) The union of any number of soft sets in T belongs to 7.
(3) The intersection of any two soft sets in T belongs to T.

The triplet (X,t,E) is called a soft topological space over X. Let (X,T,E) be a soft
topological space over X, then the members of T are said to be soft open sets in X. A

soft set (F,A) over X is said to be a soft closed set in X, if its relative complement (F,A)"
belongs to 7.

Definition 2.10 [12]. For a soft set (F,A) over X, the relative complement of (F,A) is
denoted by (F,A)" and is defined by (F,A)° = (F°,A), where F* : A—>P(X) is a mapping
given by F°(e) =X-F(e), for all ec A.

Definition 2.11. A soft set (F,A) in a soft topological space X is called
(i) soft regular open (resp.soft regular closed) set [13] if (F,A) = Int(CI(F,A)) [resp. (F,A) =
Cl(Int (F,A))].

(ii) soft semi-open (resp.soft semi-closed) set [5] if (F,A) € Cl(Int(F,A)) [resp. Int(CI(F,A))
cC(F,A).

(iii) soft pre-open (resp.soft pre-closed)[13] if (F,A)ZInt(CI(F,A)) [resp. Cl(Int(F,A))
C(FA).

(iv) soft a-open (resp.soft a-closed)[13] if (F,A) & Int(Cl(Int(F,A))) [resp. Cl(Int(CI(F,A)))
C(FA)].

(v) soft B-open (resp.soft P-closed) set [13] if (F,A)&Cl(Int(CI(F,A))) [resp.
Int(Cl(Int(F,A))) & (F,A)].

(vi) soft y-open (resp.soft y-closed) set [6] if (F,A) < [Int(CI(F,A)) O Cl(Int(F,A))] [resp.
Int(CI(F,A)) N Cl(Int(F,A)) & (F,A)].

Definition 2.12[15]. The soft set (F,A) in a soft topological space (X,t,E) is called a soft
point in X, denoted by P, , if for Ae A, F(A) # ¢ and F(B) = ¢, for B¢ A.
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3. Soft e-open Sets and Soft e-closed Sets

In this section we introduce soft 3-open, soft 3-semi open, soft d-pre open and soft e-open
sets in soft topological spaces and study some of their properties.

Definition 3.1. A soft point P, in a soft topological space (X,T,E) is called a soft -cluster
point of a soft Set (G,A) if for each soft regular open set (U,A) containing P; ,
GANUA) = @.

The set of all soft d-cluster points of (G,A) is called soft d-closure of (G,A) and is
denoted by [(G,A)]s or SCI5(G,A).Soft d-interior of a soft set (F,A) denoted by SInts(F,A)
={ P e X: for some soft open subset (G,A) of X, P, €(G,A) & Int(CI(G,A)) & (FA)}.

Definition 3.2. A soft set (G,A) in a soft topological space (X,t,E) is called soft d-closed
set iff (G,A) = [(G,A)]s and it’s compliment X - (G,A) is called soft d-open sets in X.

Or, equivalently, if (G,A) is the union of soft regular open sets, then (G,A) is said to be

soft d-open sets in X.

The collection of all soft d-open sets & soft d-closed sets are respectably, denoted by
S80S(X) & SO6CS(X).

Definition 3.3. A soft set (F,A) in a soft topological space (X,T,E) is called
(i) soft d-semi open (S&-semi open) set iff (F,A) & Cl(Ints(F,A)).
(ii) soft d-semi closed (S3-semi closed) set iff Int(Cls(F,A)) & (F,A).

The union of all soft d-semi open sets contained in a soft set (F,A) in a soft topological
space X is called the soft d-semi interior of (F,A) and it is denoted by SSInts(F,A). The
intersection of all soft d-semi closed sets containing a soft set (F,A) in a soft topological
space X is called the soft 3-semi closure of (F,A) and it is denoted by SSCIs(F,A).

Definition 3.4. A soft set (F,A) in a soft topological space (X,T,E) is called
(i) soft d-pre open (So-pre open) set iff (F,A) &Int(Cls(F,A)).
(ii) soft d-pre closed (So-pre closed) set iff Cl(Ints(F,A)) & (F,A).

The union of all soft d-pre open sets contained in a soft set (F,A) in a soft topological space
X is called the soft d-pre interior of (F,A) and it is denoted by SPInts(F,A). The intersection
of all soft d-pre closed sets containing a soft set (F,A) in a soft topological space X is called
the soft d-pre closure of (F,A) and it is denoted by SPCIs(F,A).

Definition 3.5. A soft set (F,A) in a soft topological space (X,T,E) is called
(i) soft e-open (se-open) set iff (F,A) & [Int(Cls(F,A)) O Cl(Ints(F,A))]
(ii) soft e-closed (se-closed) set iff (F,A) 5 [Int(Cls(F,A)) N Cl(Ints(F,A))]

Example 3.6. Let X ={x1, X2, X3, X4}, E ={ey, €, e3} and © ={ qb,)z , (G,E)} where, (G,A) =
{(e1,{ x1}), (e2,{ X2,X4}), (e3,{X2})}. Then, (X,t,E) is a soft topological space and (G,A) =
{ (er,{ x1}),(e2,{X2, X4}),(e3,{X2})} 1s a soft e-open set.
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Theorem 3.7. For a soft set (F,A) in a soft topological space (X,T,E)
(i) (F,A) is a soft e-open set iff (F,A)° is a soft e -closed set.
(ii) (F,A) is a soft e-closed set iff (F,A)" is a soft e-open set.

Proof. Obvious from the Definition 3.5.

Definition 3.8. Let (X,7,E) be a soft topological space and (F,A) be a soft set over X.

(i) Soft e-closure of a soft set (F,A) in X is denoted by Se-CI(F,A)= A {(H,A)>S (F,A):
(H,A) is a soft e-closed set of X}.

(ii) Soft e-interior of a soft set (F,A) in X is denoted by Se-Int(F,A)= O {(G,A) & (F,A):
(G,A) is a soft e-open set of X}.

Clearly, Se-CI(F,A) is the smallest soft e-closed set over X which contains (F,A) and Se-
Int(F,A) is the largest soft e-open set over X which is contained in (F,A).

Theorem 3.9. Let (F,A) be any soft set in a soft topological space X. Then,
(i) Se-CI(F,A)° = X -Se-Int(F,A).
(i) Se-Int(F,A)° = X -Se-CI(F,A).

Proof. (i) Let soft e-open set (G,A) & (F,A) and soft e-closed set (H,A) 5 (F,A)‘. Then
Se-Int(F,A)=0 {(H,A)* : (H,A) is soft e-closed set and (H,A) 3 (F,A)Y } =X - A {(H,A):
(H,A) is soft e-closed set and (H,A) > (F,A)° }= X - Se-CI(F,A)".S0,Se-CI(F,A)° = X -Se-
Int(F,A).

(ii)) Let (G,A) be a soft e-open set. Then for a soft e-closed set (G,A)° 5 (F,A), (G,A)
& (F,A)°. Now, Se-CI(F,A)= A {(G,A) : (G,A) is soft e-open set and (G,A) &(F,A)‘}
=X -0 {(G,A): (G,A) is soft e-open set and (G,A) & (F,A) }=X - Se-Int(F,A)".

So, Se-Int(F,A)° = X -Se-CI(F,A).

Theorem 3.10. In a soft topological space X, (F,A) be a soft e-closed (resp. soft e-open) if
and only if (F,A) = Se-CI(F,A) (resp. (F,A)= Se-Int(F,A).

Proof. Suppose (F,A) = Se-CI(F,A)= A" {(H,A)D (F,A): (H,A) is a soft e-closed set of
X}.This means (F,A)e A {(H,A)D (F,A): (H,A) is a soft e-closed set of X} and hence
(F,A) is soft e-closed set.

Conversely, suppose (F,A) be a soft e-closed in X. Then we have (F,A)e {(H,A)D (F,A):
(H,A) is a soft e-closed set of X}. Hence, (F,A)& (H,A) implies (F,A) = A" {(H,A)D
(F,A): (H,A) is a soft e-closed set of X }= Se-CI(F,A).

Similarly for (F,A)= Se-Int(F,A)).

Theorem 3.11. In a soft topological space X, the following holds for soft e-closure and soft
e-interiors.

(@) Se-Cl(@)=0.

(i) Se-Int(@)= .

(iii) Se-CI(F,A) is a soft e-closed set in X.

(iv) Se-Int(F,A) is a soft e-open set in X.

(v) Se-CI(F,A) £ Se-CI(G,A) if (F,A) € (G,A).

(vi) Se-Int(F,A) & Se-Int(G,A) if (F,A) € (G,A).
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(vii) Se-Cl(Se-Cl(F,A)) = Se-CI(F,A).
(viii) Se-Int(Se-Int(F,A)) = Se-Int(F,A).

Theorem 3.12. In a soft topological space X, we have
(i) Se-Cl ((F,A)U(G,A))2Se-CI(F,A) U Se-CI(G,A).
(ii) Se-CI((F,A)"(G,A)) ESe-CI(F,A) " Se-CI(G,A).

Proof. (i) (F,A) € ((F,A)JU(G,A)) or (G,A) € ((F,A)U(G,A)) this implies Se-CI(F,A) &

Se-CI((F,A) O (G,A)) or Se-Cl (G,A) & Se-CI((F,A) U (G,A)).Therefore Se-
CI((F,A) U (G,A)) 2Se-CI(F,A) U Se-CI(G,A).

(ii) Similar to the proof of (i).

Theorem 3.13. In a soft topological space X, we have
(i) Se-Int((F,A)U (G,A)) ©Se-Int(F,A) O Se-Int(G,A)
(ii) Se-Int((F,A)"(G,A)) & Se-Int(F,A) A Se-Int(G,A)

Proof. Same as the proof of theorem 3.12.

Theorem 3.14. Let (F,A) be soft e-open set,
(1) If Ints(F,A) = @, then (F,A) is soft d-preopen set.
(i) If Clg(F,A) = @, then (F,A) is soft d-semiopen set.

Proof. Ovious from definition 3.5.

Lemma 3.15. Let (F,A) be a soft subset of X, then
(i) SSCI5(F,A) = (F,A) UlInt(Cls(F,A)) and SSInts(F,A) = (F,A) N Cl(Ints(F,A))
(ii) SPCI5(F,A) = (F,A) O Cl(Ints(F,A))and SPInts(F,A) = (F,A) N Int(CI5(F,A)).

Proof. (i) SSCI5(F,A) S Int(Cls( SSCIs(F,A))) 2 Int(Cls(F,A))

= (F,A) U SSCIs(F,A) 5 (F,A) O Int(Cls(F,A))

So, (F,A) O Int(Cl5(F,A)) & SSCIs(F,A)..............»1)

Also, (F,A) € SSCIs(F,A)

= Int(Cl5(F,A)) € Int(Cls(SSCls(F,A))) & SSCIs(F,A)

= (F,A) U Int(Cls(F,A)) & SSCI5(F,A) O SSCls(F,A)= SSCIs(F,A)...... (i1)
Hence, from (i) and (ii), SSCl5(F,A) = (F,A) O Int(Cl5(F,A)).

(ii) Follows immediately from (i) by taking the complements.

Theorem 3.16. For any soft subset (F,A) of a space X, (F,A) is soft e-open if and only if
(F,A) = SPInts(F,A) O SSInts(F,A).

Proof. Let (F,A) be soft e-open. Then (F,A) & Int(Cls(F,A)) O Cl(Ints(F,A))).By above
lemma 3.15, we have, SPInts(F,A) O SSInts(F,A) = [(F,A) N Int(Clg(F,A)]O[ (F,A) N
Cl(Ints(F,A))]= (F,A) N (Int(Cl5(F,A))] O Cl(Ints(F,A))) = (F,A).
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Conversely, if (F,A) = SPInts(F,A) O SSInts(F,A), then by above lemma 3.15, (F,A) =
SPIntg(F,A) O SSInts(F,A) = [(F,A) N Int(Clg(F,A)]O[ (F,A) N Cl(Ints(F,A))] = (F,A)
A (Int(Cl5(F,A))) O Cl(Intg(F,A))) & (Int(Cls(F,A))) O Cl(Ints(F,A)))

and hence (F,A) is soft e-open set.

Theorem 3.17. Let (F,A) be a soft subset of a space X, then, Se-CI(F,A) = SPCIs(F,A) N
SSCIs(F,A).

Proof. 1t is obvious that, Se-CI(F,A) & SPCIs(F,A) N SSCIs(F,A).

Conversely, from definition we have, Se-CI(F,A) 5 [Int(Cls(Se-CI(F,A)) N Cl(Ints(Se-
CI(F,A))] 2Cl(Ints(F,A)) N Int(Cls((F,A)). Since Se-CI(F,A) is soft e-closed, by lemma
3.15, we have, SPCIs(F,A)NSSCI5(F,A) = [(F,A) UCIl(Inty(F,A)]N[(F,A) Ulnt
(Cls(F,A))] = [(F,A) O (Cl(Ints(F,A)) N Int(Cls(F,A)))] = (F,A) & Se-CI(F,A).

Theorem 3.18. Let (F,A) be a soft subset of a space X, then, Se-Int(F,A)= SPInts(F,A)
AN SSIntg(F,A).

Proof. 1t is similar to the above proof.

Theorem 3.19. In a Soft topological space X, we have the followings:
(i) Arbitrary union of Soft e-open sets is a Soft e-open set, and
(ii) Arbitrary intersection of Soft e-closed sets is a Soft e-closed set.

Proof. (i) Let {(F,A)q:0€ A,an index set} be a collection of Soft e-open sets. Then for each
a, (F,A) o E[Int(Cl5((F,A) o)) © Cl(Ints((F,A) o))].

Taking union of all such relations we get,

U{(F.A) o } € U [Int(Cl3((F,A)a)) O Cl(Ints((F,A)q))]

€ [Int(Clsy(O (F,A)) O Cl(Ints(O (F,A)a))].

Thus U (F,A) , is Soft e-open set.

(ii) Follows immediately from (i) by taking the complements.

Definition 3.20 [10]. Let t5 be the collection of soft sets over X, then Tg is said to be a soft
supra topology on X if it satisfies the following axioms.

1@ o, X belong to Ts.
(2) The union of any number of soft sets in Tg belongs to Ts.

The triplet (X,7s,E) is called a soft supratopological space over X.
Now we give the following property for soft e-open sets.

Proposition 3.21. The collection Ts = S.e.OS(X) of all soft e-open sets form a soft supra
topology over a soft space (X,T,E).

Proof. (1) is obvious.

(2) Let (F.E), €15, Voo e A= {1, 2, 3.....}. Then, for Voe A, (F,E)q SInt(Cls5((F,A)q))
U Cl(Ints((F,A)y)).Taking union of all such relations we get,

U {(F,A) } € U [Int(CI5((F,A)q)) O Cl(Ints((F,A)q))]

€ [Int(Cls( O (F,A)q)) O Cl(Ints( O (F,A)a))].
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This implies that O (F,A), is Soft e-open set and hence, O (F,A)q€ Ts.

Remark 3.22. In a soft topological space it is obvious that

(i) Every soft regular open set is soft 3-open set.

(iii) Every soft &-open set is both soft J-semi-open and soft O&-pre-open set.
(iii) Every soft d-semi-open set and every soft d-pre-open set is soft e-open set.

Let (X,7,E) be a soft topological space. Then, the family of all soft e-open set (resp. soft
open,soft regular open, soft d-open, soft d-semi-open, soft 3-pre-open) sets in X may be
denoted by Se-OS(X) (resp. SOS(X), SROS(X), SS0OS(X), S8SOS(X), SOPOS(X) ).The
family of all soft regular closed (resp. soft d-closed, soft d-semi-closed, soft d-pre-closed)
sets in X may be denoted by Se-CS(X) (resp.SRCS(X), SOCS(X), SOSCS(X) , SOPCS(X).
Thus we have implications as shown in Figure 1.

Soft regular open

!
Soft 8-open — Soft open — soft semi-open—>soft y-open—soft B-open
l l
Soft &-pre open Soft d-semi open
l l

Soft e-open set
Figure-1
The examples given below show that the converses of these implications are not true.

Example 3.23. Let X={x,, X2, X3, X4}.E ={ey, e, e3} and © ={ @, X , (F,E),( F2,E), (F3,E),
(F4,E), (Fs,E), (Fs,E), (F7.E), (Fg,E), (Fo,E), (Fi0,E), (F11,B), (Fi2,E), (Fi3,E)} where,
(F1.E),(F2,B), (F3,E), (F4,E), (Fs,E), (Fs.E), (F7,BE), (Fs,E), (Fo,E), (F10,E), (F11,E), (F12,E),
and (F3,E) are soft sets over X, defined as follows:

(FLE) ={(e1,{ x1}).(e2,{x2,X3}),(e3,{x1,x3}) };

(F2,BE) ={(er,{x2.x4}),(e2,{ X1,X3,X4}),(€3,{ X1, X2, X4})};

(F3,E) ={ (e1, 9).(e2,{x3}),(es.{ x1})};

(F4.E) ={ (e1, {x1,x2.x4}),(e2, X),(€3,X)};

(Fs,E) ={ (e1,{x1,x3}),(€2,{X2, X4}),(€3,{x2})};

(F6,BE) = {(e1,9),(e2,{x2}).(e3, ) };

(F7,BE) ={ (e1,{ x1,x3}),(e2,{ X2, X3, Xa}),(€3,{ X1, X2,X3}) };

(Fs.E) ={ (er,{x3}),(e2.{ x4}).(e3.{x2})};

(Fo,E) ={ (e1,.X),(€2,X),(€3,{ X1, X2, X3})};

(F10.E) ={ (e1,{ x1,X3}),(€2,{ X2, X3, Xa}),(e3,{ X1, X2} };

(F1.E) ={ (e1,{ x3}),(e2,{ X2, Xa}),(€3,{x2}) };

(F12,E) ={ (er,{x1}),(e2,{x2}), (€3, ®)};

(F13.E) = { (er,{x1}).(e2.{ x2, x3}),(e3.{x1 })}.

Then, T defines a soft topology on X, and thus (X,z, E) is a soft topological space over X.
Clearly, soft closed sets are @, X , (Fi, E), (F2, E)°, (F3, E)°, (F4, E)°, (Fs, E)°, (Fs, E)°,
(F7’E)C7 (F87E)C’ (F9’ E)C’ (Fl()’E)C’ (FII’ E)C’ (F127 E)C and (F137 E)C
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Now, consider the soft set (G,E)={ (e,{X1,x2}).(e2,{X2,X3}),(e3,{X1,X3})}, then,
[Int(Cls(G,E)) U Cl(Ints(G,E))]=(Fs,E)° > (G,E).So0,(G,E) & Int(Cl5(G,E)) U Cl(Ints(G,E)).
Thus, (G,E) is soft e-open set but since, Int(Cls(G,E))=(F;,E) which does not contain (G,E).
So (G,E) is not soft d-pre open set. Also it is clear that (G,E) is neither soft d-open nor soft
regular open nor soft open nor soft semi-open nor y-open nor 3-open set.

Again, consider the soft set (F.E) ={(ei,{x4}),(e2,{ xi1, X3}),(e3,{x1,X2})}, then
[Int(Cl5(F,E)) O Cl(Ints(F.E))]={(e1,{x2,x4}), (e2,{x1.X3,x4}),(e3,X)} and so,(F,A) & [Int
(Cls(F,E)) U Cl(Intg(F,E))]. Thus, (F,E) is soft e-open set but since Cl(Ints(F,E)) = (Fs,E)°
which does not contain (F,E). So (F,E) is not soft d-semi open set. Also it is clear that (F,E)
is neither soft d-open nor soft regular open nor soft open nor soft semi-open nor y-open nor
B-open set.

Remark 3.24. The intersection of two soft e-open sets need not be soft e-open set as is
illustrated by the following example.

Example 3.25. Let (X,1,E) be a soft topological space defined in Example 3.23. Now we
consider two soft sets (G,E) and (H,E) in (X,7,E) defined as follows:

(G.E) ={(er.{ xi}s(e2,{ x2H) Li(HE)= {(er,{x1}).(e2.{ x3}).(e3, {x3})}.
Then, (G,E) and (H,E) are soft e-open sets over X, therefore, (G,E) N (H,E) ={(e1,{x1})}=

(K,E) and Int(Clg(K,E)) O Cl(Ints(K,E)) ={(e1,{x1}), (e2,{x2})} 2 (K,E). Hence, K,E) is not
a soft e-open set.

Remark 3.26. The union of two soft e-closed sets need not be soft e-closed set as is
illustrated by the following example.

Example 3.27. Let (X,1,E) be a soft topological space defined in Example 3.23. Now we
consider two soft sets (A,E) and (B,E) in (X,7,E) defined as follows:

(A,E) :{ (el’{XZ’X3,X4})’(eZ’{ X1, X3, X4})’(e3’X)};(B,E): {(el,{ X2, X3, X4}),(e3,{X1, XZ’X4}),
(es, {X1, X2,x4})}.Then, (A,E) and (B,E) are soft e-closed sets over X , therefore, (A,E)O
(B.E) = {(e1.{ X2, X3, x4}),(e3,X), (e3, X)} = (C,E) and Int(Cls(C,E)) A Cl(Int5(C,E) = X &
(C,E). Hence, (C,E) is not a soft e-closed set.

Theorem 3.28. In a soft topological space X,
(i) Every soft d-pre-open set is soft e-open set.
(ii) Every soft d-semi-open set is e-open set.

Proof . (i) Let (F,A) be a soft d-pre-open set in a soft topological space X.
Then, (F,A) & Int(Cls(F,A)) which implies that

(F,A) C[Int(Cls(F,A)) O Ints(F,A))] & [Int(Cls(F,A)) O Cl(Ints(F,A))]
Thus (F,A) is soft e-open set.

(ii) Let (F,A) be a soft d-semi-open set in a soft topological space X.
Then, (F,A) & Cl(Ints(F,A)) which implies that

(F,A) C[Cl(Ints(F,A)) O Int(F,A))] &[Cl(Ints(F,A)) U Int(Cls(F,A))]
Thus (F,A) is soft e-open set.
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4. Soft e-continuity and Soft e-homeomorphisms

In this section, we introduce soft e-continuous maps, soft e-irresolute maps, soft e-closed
maps, soft e-open maps and soft e-homeomorphisms. We also study some of their
properties and separation axioms with the help of soft e-open sets.

Definition 4.1 [14]. Let (X,E) and (Y,K) be two soft classes. Letu: X —» Yandp: E — K
be mappings.Then a mapping f: (X,E) — (Y,K) is defined as follows: for a soft set (F,A) in
(X,E), (f(F,A),B), B=p(A) C Kis a soft set in (Y,K) given by

AEAB) = u[UF(Oi)
ae p ' (HNA

(F,A) . If B=K, then we will write ( f{F,A),K) as f(F,A).

j BeK and (f(F,A),B) is called a soft image of a soft set

Definition 4.2 [14]. Let f: (X,E) — (Y,K) be a mapping from a soft class (X,E) to another
soft class (Y,K), and (G,C) a soft set in soft class (Y,K), where, C c K. Letu: X — Y and p
: E —K be mappings.Then (f'(G,C),D), D=p(C), is a soft set in the soft classes(X,E),
defined as (f'(G,C)(o) = u'l(G(p(oc))) for ae D < E. (f'(G,C),D) is called a soft inverse
image of (G,C). Hereafter, we shall write, (f'(G,C),E) as (f'(G,C).

Theorem 4.3 [14]. Let f: (X,E) — (Y,K) ; u: X — Y and p : E —K be mappings. Then for
soft sets (F,A), (G,B) and a family of soft sets {(Fy,Ay):0l€ A,an index set} in the soft class
(X,E), we have:

@) f(p)= @,

) f(X)=Y,

3) f(F,A)U(G,B)) = f(F,A) U f(G,B), in general,
fCUE A= f(F,.A)).

ac A\ acA

4 f(F,A)"(G,B)) & f(F,A)A f(G,B), in general,
FCOELANA () fF,.AD)

(5) If (ﬁA) &(G,B) thenfef (F,A) & f(G,B),
(6) f'1<q)>= 2
7 Fi(r)=X,

8) f'((F,A)O(G,B))=f"(F,A)U f'(G,B),ingeneral,
AU @E A= F(F,.A)).

aeA aeA

9) f'((F,A)A(G,B))=f"(F,A)A f'(G,B),ingeneral,
IO FaAane () f(EF,.A)),

acA acA

(10) If (F,A)&(G,B) then, £/ (FA)E 1 (G,B),

Definition 4.4. A mapping f:(X,7,E) — (Y,1,,K) is said to be a soft d-pre continuous if f
'(F,A) is soft 8-pre open in X for every soft open set (F,A) in Y.

Definition 4.5. A mapping f :(X,11,E) = (Y,1,,K) is said to be a soft 8-semi continuous if
f(F,A) is soft 8-semi open in X for every soft open set (F,A) in Y.
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Definition 4.6. A mapping f :(X,7;,E) = (Y,12,K) is said to be a soft e-continuous if
f'l(F,A) is soft e-open in X for every soft open set (F,A) in Y.

Definition 4.7. A mapping f :(X,T1,E) — (Y,1,,K) is said to be a soft e-irresolute if
£ (F,A) is soft e-open in X for every soft e-open set (F,A) in Y.

Remark 4.8. It is clear that every soft d-pre continuous map and soft d-semi continuous
map is soft e-continuous. Thus we have implications as shown in Figure 2.

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

Soft §-pre continuous Soft §-semi continuous

! l

Soft e-continuous

Figure-2

Example 4.9. Let X={X1, X2, X3, X4}, Y={yl, Y2, ¥3, Y4}, E ={61, €o, 63}, K={k1, kz, k3}and
(X,t,E) and (Y,v,K) be soft topological spaces. Let fup: X,7.E) — (Y,v.K) be a soft

mapping. Defineu: X — Y and P : E — K as u(x;) = yz, u(xz) = y3, u(x3) = ys, u(x4) = yy,
and p(e;) = ko, p(e2) = ki, p(e3) = ka;

Let us consider the soft topology T in X given in Example 3.23; that is,T ={ ¢, X, (F1,E),
(F2, E), (F3,B), (F4,E), (Fs.E), (Fe,E), (F7,E), (F3,E), (Fo,E), (Fi0,E), (Fi1,E), (F12,E), (F13,E)}
and soft topology v ={ @.Y, (G.K) = { (ki.{ y1.y2}).(ka.{ y2, y3}).(ks.{y1, y3})}} in Y. Then
(G,K) is a soft open in Y and fu;l (G,K) = {(e1,{x1,x2}), (€2,{x2, X3}),(€3,{ X1, X3})} is soft e-
open but not soft d-pre open in X. Therefore, f,, is a soft e-continuous but not soft d-pre

continuous function.

Example 4.10. Let X={x, X2, X3, X4}, Y={y1, ¥2, y3, ¥4}, E ={ei, &2, e3}, K={ky, ks, k3 }and
(X,%.E) and (Y,v.K) be soft topological spaces. Let f, : (X,t,E) — (Y,v,K) be a soft
mapping. Defineu: X - Y and P: E — K as u(x;) = y3, u(xz) =y, u(X3) = ya, u(Xs4) = ya,
and p(e1) = ko, p(e2) =k, p(es) = ks;

Let us consider the soft topology T in X given in Example 3.23; that is,T ={ @, X , (F1,.E),
(F2,E), (F3,E), (F4,E), (Fs,B), (Fs,B), (F7,E), (Fs,E), (Fo,E), (Fio,E), (F11,E), (F12,E), (F13,E)}
and soft topology v={$,Y, (HK) = {(ki,{ ys,yaD.(ka,{ y2}), (ks,{ yi,ysD}} in Y. Then
(H,K) is a soft open in Y and f_'(H,K)= {(e1,{ x4}),(e2,{ X1, x3}),(e3,{ X1, X2})} is soft e-

up
open but not soft 3-semi open in X. Therefore, f,, is a soft e-continuous but not soft 3-semi

continuous function.

Theorem 4.11. For a mapping f :(X,7;,E) — (Y,12,K), the following statements are
equivalent
(i) f is a soft e-continuous.
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(ii) For every soft singleton P, € X and every soft open set (F,A) in Y such that f(P,)
c (F,A), 3 a soft e-open set (G,A) in X such that Pf €(G,A) and f((G,A)) C (F,A).

(i) ' (F,A) = Int(Cls(f ' (F,A))) U Cl(Ints(f ' (F,A))) for each soft open set (F,A) in Y.
(iv) The inverse image of each soft closed set in Y is soft e-closed.

(v) Int(Cls(f '(F,A))) A Cl(Ints(f ' (F,A))) & f'((CI(F,A))) for each soft set (F,A) &Y.
(vi) f[Cl(Ints(G,A)) A Int(Cls(G,A))] & CL(f(G,A)) for every soft set (G,A) in X.

Proof. (i)=>(ii): Let the singleton set P, in X and every soft open set (F,A) in Y such
that f( P/ )e (F,A). Since f is soft e-continuous. Then P} e f'(f( P/ ))& f(F.A).
Let (G,A) = f'l(F,A) which is a soft e-open set in X. So, we have Pf € (G,A). Now
f(G.A) = f(f'(F.A)) & (FA).

(ii)=(iii): Let (F,A) be any soft open set in Y. Let Pf be any soft point in X such that
f( P/ )&(F,A). Then P e f'(F,A). By(ii), there exists a soft e-open set (G,A) in X such
that P € (G,A) and f((G,A)) & (F,A). Therefore, P; €(G,A)E& FIEG,A))) EFI(EA)
& Int(Cls(f '(F,A)) O Cl(Ints(f ' (F,A)).

(iii)=(iv): Let (F,A) be any soft closed set in Y. Then Y -(F,A) be a soft open set

in Y. By (iii), (f'(Y- (F,A))) & Int(Cls(f (Y - (F,A)) O Cl(Ints(f' (Y -(F,A)))).This
implies X -(f'(F,A)) & Int(Cls( X -f'(F,A)) OCl(Ints( X -f'(F,A))) & Int(X - Cls(f
'F,A)) O CI(X -Ints(f(F,A)) & [ X -Int(Cls(f(F,A)] O [X -Cl(Ints(f '(F,A))] and
hence X -(f'(F,A)) & X -[Int(Cls(f ' (F,A)) A Cl(Ints(f ' (F,A))].Hence (f'(F,A)) 3 [Int
(Cls(f'(F,A)) A Cl(Ints(f ' (F,A))] and this implies that f'(F,A) is soft e-closed in X.

(iv)=(v): Let (F,A) &Y. Then f'(CI(F,A)) is soft e-closed in X. Now, [Int(Cls(f"
(F,A))) A Cl(Ints(f ' (F,A)))] & [Int(Cls(f ' (CI(F,A)))) A Cl(Ints(f ' (CIF, AN E £ (Cl
(F,A)).

(v)=(vi): Let (G,A) £ X. Put (F,A) = f(G,A) in (v). Then, [Int(Clg,(f'l(f(G,A)))) A Cl
(Int5(f'1(f(G,A))))] c f'l(Cl(f(G,A))).This implies that [Int(Cls(G,A)) N Cl(Ints(G,A))] & f
' (CI(A(G,A)))) = fAInt(Cl5(G,A)) A Cl(Ints(G,A))] & CIAG,A)).

(vi)=(): Let (G,A) £ Y be soft open set. Put (G,A) = f'l(F,A) and (F,A) =Y -(G,A) then
f{Int(Cls(f ' (F,A))) A Cl(Ints(f ' (F,A))] & CI(f(f'(F,A)) & CI(F,A) = (F,A). That is, f
(F,A) is soft e-closed in X, so fis soft e-continuous.

Theorem 4.12. Every soft e-irresolute mapping is soft e-continuous mapping.
Proof. Let f:(X,71,E) = (Y,72,K) is soft e-irresolute mapping. Let (F,K) be a soft closed set

in Y, then (F,K) is soft e-closed set in Y. Since fis soft e-irresolute mapping, /'(F.K) is a
soft e-closed set in X. Hence, fis soft e-continuous mapping.
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Theorem 4.13. If f: (X,71,E) — (Y,12,K) be soft e-continuous function and g : (Y,7,,K) —
(Z,73,L)) be soft continuous function. Then gof: (X,7,E) — (Z,73,L) is also soft e-
continuous function.

Proof. Let (F,A) be a soft open set in Z. Now, (gof)'l(F,A) = (f 1og'l)(F,A) = (f 1(g'
1(F,A)).Since g is soft continuous, g'l(F,A) is soft open & then (gof)'l(F,A) =f ! (soft open
in Y). But f being soft e-continuous (gof) ' (F,A) is soft e-open set in X. Thus gof is soft e-
continuous function.

Theorem 4.14. If f :(X,71,E) — (Y,12,K) be soft e-irresolute function and g : (Y,T7,,K) —
(Z,73,L)) be soft e-continuous function. Then gof: (X,1,E) — (Z,73,L) is also soft e-
continuous function.

Proof. Let (F,A) be a soft open set in Z. Now, (gof)'l(F,A) = (f 1og'l)(F,A) = (f 1(g'
1(F,A)).Since g is soft e-continuous, g'l(F,A) is soft e-open & then (gof)'l(F,A) =f 1(soft e-
open in Y). But f being e-irresolute, (gof)'l(F,A) is soft e-open set in X. Thus gof is soft e-
continuous function.

Theorem 4.15. Composition of two soft e-irresolute function is again a soft e-irresolute
function.

Proof. Straight forward.

Definition 4.16. A mapping f: X —Y is said to be soft e-open (briefly se-open) map if the
image of every soft open set in X is soft e-open set in Y.

Definition 4.17. A mapping f : X —Y is said to be soft e-closed (briefly se-closed) map if
the image of every soft closed set in X is soft e-closed setin Y.

Theorem 4.18. If f - X —Y is soft closed function and g : Y —Z is soft e-closed function,
then gof is soft e-closed function.

Proof. For a soft closed set (F,A) in X, f (F,A) is soft closed setin Y. Since g: Y — Z is
soft e-closed function, g(f (F,A)) is soft e-closed set in Z. g(f (F,A)) = (gof ) (F,A) is soft e-
closed set in Z. Therefore, gof is soft e-closed function.

Theorem 4.19. A map f - X — Y is soft e-closed if and only if for each soft set (H,K) of Y
and for each soft open set (F,A) such that f ! (H,K) £ (F,A), there is a soft e-open set
(G,K) of Y such that (H,K) & (G,K) and /(G,K) & (F,A).

Proof. Suppose f is soft e-closed map. Let (H,K) be a soft set of Y, and (F,A) be a soft
open set of X, such that f'(H,K) & (F,A). Then (G,K) = (f ((F,A)"))° is a soft e-open set in Y
such that (H,K) & (G,K) and f/(G,K) & (F,A).

Conversely, suppose that (F,B) is a soft closed set of X.Then f I(f ((F,.B))") & (F,B)", and
(F,B)® is soft open set. By hypothesis, there is a soft e-open set (G,K) of Y such that (f
((F,A))) &(G,K) and f (G, K) & (F,B), Thus (F,B) & f1(G,K). Hence (G.K)&f (GK) & f
((G,K))*) & (G,K) which implies f (F,B)= (G,K)’. Since (G,K)° is soft e-closed set, f
(F,B) is sb-closed set. So, fis a soft e-closed map.
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Theorem 4.20. Let f: X — Y, g : Y — Z be two maps such that gof : X —Z is sb-closed
map.

(i) If fis soft continuous and surjective, then g is soft e-closed map.

(ii) If g is soft e-irresolute and injective, then fis soft e-closed map.

Proof. (i) Let (H,K) be a soft closed set of Y. Then, f I(HK) is soft closed set in X as fis
soft continuous. Since gof is soft e-closed map, (gof ) (f'(H,K))= g(H,K) is soft e-closed
set in Z. Hence g : Y —Z soft e-closed map.

(ii) Let (F,A) be a soft closed set in X. Then, (gof) (F,A) is soft e-closed set in Z, and so
g'l (gof ) (F,A) = f(F,A) is soft e-closed set in Y. Since g is soft e-irresolute and injective.
Hence, f'is a soft e-closed map.

5. Applications in Separation Axioms and in Soft Group Theory

In this section e-separation axioms has been introduced and investigated with the help of
soft e-open sets. Finally, we have shown that the collection Ser-h(X,t,E) form a soft group.

Definition 5.1. A soft topological space (X,7,E) is said to be soft e-T; if for each pair of
distinct soft points Pf and P#G of X, there exists soft e-open sets (U,A) and (V,B) such that

P/ €(UA) and P e(V,B) , P/ ¢(V,B) and P, £(UA).

Theorem 5.2. If f: X — Y is soft e-continuous injective function and Y is soft T, then X
is soft e-Tj.

Proof. Suppose that Y is soft T;. For any two distinct soft points P, and P, of X, there
exists soft open sets (U,A) and (V,A) in Y such that (P )e(UA), (P )e(V,A),
A Pf )& (V,A) and f{ P#G)e (U,A). Since f'is injective soft e-continuous function, we have f
! (U,A) and f ! (V,A) are soft e-open sets in X. Hence by definition X is soft e-T}.

Definition 5.3. A soft topological space (X,t,E) is said to be soft e-T, (i.e., soft e-
Hausdorff) if for each pair of distinct soft points P, and P#G of X, there exists disjoint

soft e-open sets (U,A) and (V,B) such that P €(U,A) and P; e (V,B).

Theorem 54. If f: (X,t;, E) = (Y,T;, E) is soft e-continuous injective function and Y is
soft T, then X is soft e-T».

Proof. Suppose that Y is soft T, space. For any two distinct soft points P, and PﬂG of X,
there exists disjoint soft open sets (U,A) and (V,B) in Y such that f{ Pf )e(U,A) ,
fP7)e(V.B), f(P) (V.B) and f(P;) & (U,A). Since f is injective soft e-continuous

function, we have f'(U,A) and f'(V,B) are disjoint soft e-open sets in X. Hence by
definition, X is soft e-T5.
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Definition 5.5. A soft topological space (X,T,E) is said to be soft e-normal if for every two
disjoint soft closed sets (F,A) and (H,B) of X, there exist two disjoint soft e-open sets
(U,A) and (V,B) such that (F,A) & (U,A) and (H,B) & (V,B) and (U, A)"(H,B) = @.

Theorem 5.6. If f: (X,T, E) — (Y,T,, E) is soft e-continuous closed injective function and
Y is soft normal then X is soft e-normal.

Proof. Suppose that Y is soft normal. Let (F,A) and (H,B) be soft closed sets in X such that
(F,A)A\(H,B) =@. Since fis soft closed injection f(F,A) and f(H,B) are soft closed in Y and
fIF,A)" flH,B) =@. Since Y is normal, there exists soft open sets (U,A) and (V,B) in Y
such that (F,A)C U, flH,B)ZV and UNV = @. Therefore we obtain, (F,A) & f] (U) and
(H,B) & f](V) andf](U AV)=¢@. Since fis soft e—continuous,f](U) andf](V) are soft e-
open sets. Hence by definition X is soft e-normal.

Definition 5.7. A space X is said to be soft e-regular if for each soft closed set (F, A) of X
and each soft point P, € X- (F,A), there exist disjoint soft e-open sets (U,A) and (V,B)

such that P, € (U,A) and (F,A) & (V,B).

Theorem 5.8. If f :(X, 7;,E) — (Y, 5, E) is soft e-continuous closed injective function and Y
is soft regular then X is soft e-regular.

Proof. Let (F,A) be soft closed set in Y with a soft point Py & (F,A) Take P;=f (P]).
Since Y is soft regular, there exists disjoint soft open sets (U,A) and (V,B) such that
P/ e(U,A) and PﬂG =f (P] )ef(U,A) and (F,A) & f(V,B ) such that f(U,A) and f(V,B) are
disjoint soft open sets. Therefore, we obtain that,f](F,A)Q(V,B). Since f is soft e-
continuous, f° I(F,A) is soft e-closed set in X and Pf ¢f I(F,A). Hence by definition X is
soft e-regular.

Theorem 5.9. If (F,A) is soft e-closed set in X and f : X —Y is bijective, soft continuous
and soft e-closed , then f{F,A) is soft e-closed setin Y.

Proof. Let f(F,A)Z(G,B) where (G,B) is a soft open set in Y. Since f is soft continuous, f
I(G,B) is a soft open set containing (F,A). Hence, Se-Cl(F,A) C fI(G,B) as (F,A) is soft e-
closed set. Since f is soft e-closed, f{Se-CI(F,A)) is soft e-closed set contained in the soft
open set (G,B), which implies Se-Cl f(Se-CI(F,A))Z(G,B) and hence Se-Cl f(F,A))
C(G,B). So f{(F,A)) is soft e-closed set in Y.

Definition 5.10. A soft subset (F,A) of a soft topological space (X,T,E) is soft e-connected
iff (F,A) can’t be expressed as the union of two non empty disjoint soft e-open sets.

Theorem 5.11. Let f: X — Y is soft e-continuous and surjection map. If (H,A) is soft e-
connected, then f(H,A) is soft connected.

Proof. Suppose that f{H,A) is not soft connected space. Then, 3 non empty soft open sets
(F,K) and (G,K) in Y such that f{H,A) = (F,A)J(G,A). Since f is soft e-continuous,
fY(F,A) and f'(G,A) are soft e-open set in X and (H,A) = f'[(F,A)O(GA)] =f(FA) O f
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! (1). It is clear that 1(F,A) and f ](G,A) are soft e-open set in X. Therefore, (H,A) is not
soft e-connected, which is a contradiction to the given hypothesis. Hence, f(H,A) is soft
connected.

Definition 5.12. A function f: (X,T}, E) = (Y,T2, E) is called soft e-homeomorphism (resp.
soft er-homeomorphism) if f is a soft e-continuous bijection (resp. soft e-irresolute
bijection) and f~ L. (Y,T2, E) = (X, 74, E) is a soft e-continuous (resp.soft e-irresolute).

Now we can give the following definition by taking the soft space (X,T,E) instead of the
soft space (Y,T,, E).

Definition 5.13. For a soft topological space (X,t,E), we define the following two
collections of functions:
(@) Se-h(X,T,E) ={f | f: (X,T,E) = (X,T,E) is a soft e-continuous bijection, [~ L. X,1,E)
— (X,7,E) is soft e-continuous}.
(b) Ser-h(X,T,E) ={ f1f: (X,T,E) —» (X,1,E) is a soft e-irresolute bijection, f~ L X,t,E)
— (X,7,E) is soft e-irresolute}.

Theorem 5.14. For a soft topological space (X,t,E), S-h(X,T,E) & Ser-h(X,7,E) & Se-
h(X,t,E), where, S-h(X,T,E) ={ f1f: (X,T.E) = (X,1,E) is a soft continuous bijection, f~ L.
(X,1,E) = (X,1,E) is soft continuous i.e. f is soft homeomorphisms}.

Proof. First we show that every soft-homeomorphism f: (X,t;, E) — (Y,7,, E) is a soft e-r-
homeomorphism. Let (G,A)eSe-OS(Y), then (G,A)ZCInt(Cls(G,A)) Cl(Ints(G,A)).
Hence, f(G,A) &/ '[Int(Cls(G,A)) U Cl(Ints(G,A))] = Int(Cls(f(G,A)) O ClInts(f™(
G,A)) and so f~ ](G,A)e Se-OS(X). Thus, f is soft e-irresolute. In a similar way, it can be
shown that f~ Tis soft e-irresolute. Hence, we have, S-h(X,1,E) & Ser-h(X,1,E).

Finally, it is obvious that Ser-h(X,t,E)C Se-h(X,T,E), because every soft e-irresolute
function is soft e-continuous.

Theorem 5.15. For a soft topological space (X,T,E), the collection Ser-h(X,t,E) forms a
group under the composition of functions.

Proof. If f :(X,7,E) = (Y,7,E) and g : (Y,10,.E) — (Z,13,E) are soft er-homeomorphism,
then their composition gof : (X,T1,E) = (Z,13,E) is a soft er-homeomorphism.It is obvious
that for a bijective soft er-homeomorphism f : (X,7;,E) — (Y, 1.,E), [~ L. Y, 5,E) —
(X,11,E) is also a soft er-homeomorphism and the identity function 7 : (X,7;,E) = (X,71,E)
is a soft er-homeomorphism. A binary operation o : Ser-h(X,t,E)xSer-h(X,7,E) — Ser-
h(X,t,E) is well defined by oa,b) = boa, where abeSer-h(X,T,E) and boa is the
composition of a and b. By using the above properties, the set Ser-h(X,t,E) forms a group
under composition of function.

Theorem 5.16. The group S-h(X,7,E) of all soft homeomorphisms on (X,7,E) is a subgroup
of Ser-h(X,1,E).

Proof. For any a,be S-h(X,7,E), we have, oc(a,b'l) = b loae S-h(X,1,E) and Ix € S-h (X,1,E)
# @. Thus, using (Theorem 4.14) and (Theorem 4.15), it is obvious that the group S-
h(X,t,E) is a subgroup of Ser-h(X,t,E).



Journal of New Theory 15 (2017) 01-18 17

For a soft topological space (X,T,E), we can construct a new group Ser-h(X,t,E) satisfying
the property: If there exists a homeomorphism (X,7,E) = (Y,1,E), then there exists a group
isomorphism Ser-h(X,t,E) = Ser-h(X,t,E).

Corollary 5.17. Let f: (X,7;,E) = (Y,5,E) and g : (Y,©,E) — (Z,73,E) be two functions
between soft topological spaces.

(i) For a soft er-homeomorphism f: (X,t;,E) — (Y,T,E), there exists an isomorphism, say,
f+ 1 Ser-h(X,T,E) — Ser-h(X,1,E), defined f» (a) = fo a o f~ ! , for any element a € Ser-
h(X,t,E).

(ii) For two soft er-homeomorphisms f: (X,t,E) = (Y,15,E) and g : (Y,72,E) — (Z,13,E),
(gof)« = g+o f. : Ser-h(X,t1,E) — Ser-h(Z,73,E) holds.

(iii) For the identity function Ix : (X,T,E) —» (X,T,E), (Ix)« = 1 : Ser-h(X,t,E) — Ser-
h(X,t,E) holds where I denotes the identity isomorphism.

Proof. Straightforward.

6. Conclusion

In this work we introduced the concept of soft e-open set and investigated some properties
of them. Then focused the relationships among soft d-pre open sets, soft d-semi open sets,
soft pre-open sets and soft e-open sets. We also investigated the concepts of soft e-open
functions, soft e-continuous, soft e-irresolute and soft e-homomorphism on soft topological
space and discussed their relations with existing soft continuous and other weaker forms of
soft continuous functions. Further soft e-separation axioms have been introduced and
investigated with the help of soft e-open sets. Finally, we observed that the collection Ser-
h(X,t,E) form a soft group. We hope that the findings in this work will help researcher
enhance and promote the further study on soft topological spaces to carry out a general
framework for their applications in separation axioms, connectedness, compactness etc. and
also in practical life.
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