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Abstract

In this paper the concept somewhat soft fuzzy Ggs pre

continuous, soft fuzzy Gy pre open, somewhat soft fuzzy Gs
pre open, soft fuzzy almost Gg pre continuous and some-
what soft fuzzy almost G5 pre continuous functions are dis-
cussed and the characterizations are established. Interre-
lations among them are discussed with counter examples.
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1 Introduction

Zadeh introduced the fundamental concepts of fuzzy sets in his clas-
sical paper [1]. Fuzzy sets have applications in many fields such as
information [3] and control [4]. In mathematics, topology theorem-
vided the most natural framework for the concepts of fuzzy sets to
flourish. Chang [2] introduced and developed the concept of fuzzy
topological spaces. The concept of soft fuzzy topological space is
introduced by [7]. Various properties of soft fuzzy topological space
was discussed by [9],[8]. [6] introduced the concept of fuzzy Gjset.
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The concept of fuzzy pre open set was introduced by [5]. In this
paper somewhat soft fuzzy G pre continuous, somewhat soft fuzzy
G5 pre open, soft fuzzy almost G5 pre continuous and somewhat
soft fuzzy almost G5 pre continuous functions are discussed and
their characterizations are established. Interrelations are discussed
with counter examples wherever necessary.

2 Preliminaries

Definition 1. [7] A subset TCSF(X) is called an SF-topology
on X if

(1) (0,¢) and (1, X) € T.
(3) (uj, My),j € J = Ujey(ps, My) € T.

the elements of T are called soft fuzzy open, and those of T =
{(p, M)/(uu, M)" € T} soft fuzzy closed. If T is a SF-topology on
X we call the pair (X,T) an SF-topological space(in short, SFTS).

Definition 2. [9] Let (X,T) be a SFTS.Let (A, N) be any
soft fuzzy set. Then (A, N) is said to be soft fuzzy Gs pre open set
if (\,N) = (u, M) M (v, L),where (u, M) is soft fuzzy Gs set and
(v, L)is soft fuzzy pre open set. The complement of a soft fuzzy Gy
pre open set is soft fuzzy F, pre closed.

Theorem 3. [9] Arbitrary union of soft fuzzy Gs pre open sets
is soft fuzzy Gs pre open.

Theorem 4. [9] Arbitrary intersection of soft fuzzy F, pre
closed sets is soft fuzzy F, pre closed.

Definition 5. [9] Let (X,7) be any SFTS and let (A, M) be
any soft fuzzy set in (X,T). Then soft fuzzy Gs pre interior(in
short G pre int) of (A, M) is defined as follows

SF G5 pre int(A\, M)= U{(u, N)/(p, N) is SF G4 pre open and
(1, N) E (A, M)}
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Definition 6. [9] Let (X,7) be any SFTS and let (A, M) be
any soft fuzzy set in (X, T"). Then soft fuzzy F, pre closure(in short
F, pre cl) of (A, M) is defined as follows

SF F, pre cl(A\, M)=1{(u, N)/(u, N) is SF F, pre closed and
(1, N) 3 (A, M)}

Definition 7. [9] Let (X, T) be any SETS and let (z,,{z}) be
any soft fuzzy point in (X,7T"). Then soft fuzzy Gs pre interior of
(2, {z}) is defined as follows

SF Gy pre int(x,, {z})= U{(u, N)/(n, N) is SF Gs pre open and
(1, N) E (2, {x})}

Definition 8. [9] Let (X,7) and (Y,S) be any two SFTSs.

A function f : (X,T) — (Y,95) is said to be soft fuzzy Gs-pre

continuous, if the inverse image of every soft fuzzy open set in
(Y, S) is soft fuzzy Gs pre open in (X, T).

Theorem 9. [9] Let (X,T) and (Y, S) be any two SFTSs. For
a function f : (X,T) — (Y, 5), the following are equivalent.

(i) f is soft fuzzy Gg-pre continuous.

(ii) The inverse image of every soft fuzzy closed set in (Y,S) is
soft fuzzy F, pre closed in (X, T).

3 Somewhat soft fuzzy Gs pre continu-
ous function.

Definition 10. Let (X,T) and (Y,S) be any two SFTSs.
A function f : (X,T) — (Y,S) is somewhat soft fuzzy Gs pre
continuous if (A, N) is soft fuzzy open set and f~'(\, N) # (0, ¢)
then there exists a soft fuzzy Gs pre open set (u, M) such that

(1, M) # (0, ¢) and (u, M) E f71(A, N).

Definition 11. A soft fuzzy set (A, N) in (X, T) is called soft
fuzzy dense if there exists no soft fuzzy closed set (i, M) such that
(AL N) E (5, M) T (1, X).
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Definition 12. A soft fuzzy set (A, V) in (X, T) is called soft
fuzzy Gy pre dense if there exists no soft fuzzy F, pre closed set
(u, M) such that (A, N) C (u, M) C (1, X).

Theorem 13. Let (X,T) and (Y, S) be any two SFTSs. Let
f:(X,T) = (Y,S5) be a bijective function then the following are
equivalent:

(i) f is somewhat soft fuzzy G5 pre continuous function.

(i) If (X, N) is soft fuzzy closed set such that f~'(\,N) # (1, X),
then there exists a theoremper soft fuzzy F, pre closed set
(u, M) such that (u, M) 3 f~1(A, N).

(iii) If (A, N) is a soft fuzzy G pre dense set in (X, T') then f(\, N)
is a soft fuzzy dense set in (Y, S).

Theorem 14. Let (X,T) and (Y, S) be any two SFTSs. Let
f (X, T) — (Y,S) be somewhat soft fuzzy Gs pre continuous
function. Let A C X such that (xa,A) N (u, M) # (0,¢), for all
soft fuzzy Gs pre open set. Let T | A be the induced SF'TS on A.
Then f | A: (AT | A) — (Y,5) is somewhat soft fuzzy G pre

continuous.

The following example shows that the above theorem is invalid
if the hypothesis fails.

Example 15. Let X = {a,b,c} and T = {(0,9), (1,X),
(/\1,M1), ()\Q,MQ), ()\3,M3)} where ()\hMl)a ()\Q,MQ), ()\3,M3)
are defined as follows Aj(a) = 1, (b)) = 0, (c) = 0,M; = {c};
A(a) = 0,22(b) = 0,\(c) = 1,My = {c}, A3(a) = 1,A3(b) =
0,A3(c) = 1,M3 = {c}. (X,T) is a SFTS. Let Y = {p,q,r}

and S = {(0,9),(1,Y),(y, L)} where (v, L) is defined as follows
v(p) :0,7() = 1,v(r) = 1,L = {p,r}. (V,S5) is a SFTS. Let
f:(X,T) — (Y,S) defined as follows f(a) =p, f(b) = q, f(c) =r.

f is somewhat soft fuzzy Gs pre continuous. Let A = {a,b}. Since
{xa, A} 1 (A, M3) = (0,¢), A does not satisfy the hypothesis of
the above theorem. Consider f | A: (A, T | A) — (Y, S) defined as
follows £ | A(a) = p, f | A(b) =q. T | A = {(0,6), (1, A), (A1, My) |
A, (Mg, My) | A, (A3, M) | A}. Since f~1(v, L) is not soft fuzzy Gs
pre open in (A, T | A). Thus f | A is not somewhat soft fuzzy Gs
pre continuous.
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4 Somewhat soft fuzzy G pre open func-
tion.

Definition 16. Let (X,7T) and (Y, S) be any two SFTSs. A
function f : (X,T) — (Y, 95) is soft fuzzy Gs pre open function if
(A, V) is soft fuzzy open set in (X, T), f(\, N) is soft fuzzy Gs pre
open set.

Definition 17. Let (X,7T) and (Y,S) be any two SFTSs.
A function f : (X,T) — (Y,5) is somewhat soft fuzzy Gs pre
open function iff (A, N) is soft fuzzy open set and (A, N) # (0, ¢)
then there exists a soft fuzzy Gs pre open set (u, M) such that

(1, M) # (0, ¢) and (u, M) E f(A, N).

Clearly every soft fuzzy Gy pre open function is somewhat soft
fuzzy G5 pre open function but the converse need not be true as
shown in the following example.

Example 18. Let X = {a,b,c}and T = {(0,¢), (1, X), (A1, M1)}
where (A1, M;) is defined as follows Ai(a) = 0.5, A\1(b) = 0.4, \(c) =
0.4, My = {a,b}; Thus (X,T) is a SFTS. Let Y = {p,q,r} and S =
{(07 ¢>7 (1’ Y)v (717 Ll)v (727 L2)7 (737 L3)7 (747 L4)} where (717 Ll)a
(72, L2), (73, L3), (74, L4) are defined as follows v (p) = 0.4,71(q) =
0.4,7(r) = 0.4, L1 = {¢}; 12(p) = 0.4,72(q) = 0.4,72(r) = 0.4,
Ly = {r}; n(p) = 04,7%(q) = 0.4,735(r) = 0.4, Ly = {p,q};
va(p) = 0.4,74(q) = 0.4,v4(r) = 0.4, Ly =Y = {p,q,r}. Thus
(Y, S)is a SFTS. Let f: (X,T) — (Y,.5) defined as follows f(a) =
p, f(b) = q, f(c) = r. f is somewhat soft fuzzy Gs pre open func-
tion. Since f(Ay, M) is not soft fuzzy Gs pre open in (Y, S). Thus
f is not soft fuzzy G; pre open function.

Theorem 19. Suppose (X,T) and (Y,S) be any two SFTSs.
Let f: (X,T) — (Y,S) be bijective function. Then the following
conditions are equivalent.

(i) f is somewhat soft fuzzy G pre open function.

(ii) If (\,N) is a soft fuzzy Gs pre dense set in (Y,S), then
F7Y\, N) is a soft fuzzy dense set in (X, T).

Theorem 20. Suppose (X,T) and (Y,S) be any two SFTSs.
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Let f: (X,T) — (Y,S) be bijective function. Then the following
conditions are equivalent.

(i) f is somewhat soft fuzzy G pre open function.

(ii) If (A, N) is a soft fuzzy closed set such that f(\, N) # (1,Y),
then there exists soft fuzzy F, pre closed set (u, M) in (Y, S)
such that (u, M) # (1,Y) and (u, M) 3 f(\, N).

9 Somewhat and soft fuzzy almost G; pre con-
tinuous function.

Definition 21. Let (X,T) be a SFTS. A soft fuzzy set (A, N
is said to be soft fuzzy regular open set in (X,T) if (\,N) =
int(cl(A, N)). The complement of a soft fuzzy regular open set
is soft fuzzy regular closed set.

Definition 22. Let (X,7T) and (Y, S) be any two SFTSs. A
function f: (X,T) — (Y, 95) is soft fuzzy almost G5 pre continuous
function if the inverse image of each soft fuzzy regular open set in
(Y, S) is a soft fuzzy Gs pre open set in (X, 7).

Definition 23. Let (X,T) and (Y,S) be any two SFTSs.
A function f : (X,T) — (Y,S) is somewhat soft fuzzy almost
G5 pre open function iff (A, N) is soft fuzzy regular open set and
(A, N) # (0, ¢) then there exists a soft fuzzy G pre open set (u, M)
such that (u, M) # (0,¢) and (u, M) C f(A, N).

Theorem 24. Suppose (X,T) and (Y,S) be any two SFTSs.
Let f: (X,T) — (Y,S) be a function. Then the following condi-
tions are equivalent.

(i) f is soft fuzzy almost G pre continuous function.

(ii) f~Y(\,N) C Gs pre int(f~!(int(cl(\, N)))) for each soft fuzzy
open set (A, N) in (Y, 5).

(iii) F, pre cI(f~*( cl(int(u, M)))) E f~(u, M) for each soft fuzzy
closed set (u, M) in (Y, S).

(iv) f~Y(\, N) is a soft fuzzy F,, pre closed set , for each soft fuzzy
regular closed set (A, N) in (Y, 5).
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Definition 25. A soft fuzzy set (A, N) in (X, T) is called soft
fuzzy regular dense if there exists no soft fuzzy regular closed set
(, M) such that (\, N) C (u, M) C (1, X).

Definition 26. Let (X,T") be a SFTS. Then the regular inte-
rior of a soft fuzzy set (A, M) in (X, T) is defined as follows

R—1Int(A, M) =U{(u, N) : (u, N) E (A, M) and (u, N) is soft
fuzzy regular open in (X, 7T)}
The regular closure of a soft fuzzy set (u, M) in (X, T) is defined
as follows

R—Cl(pu, M) = 1{(A\,N) : (u, M) C (\,N) and (A, N) is soft
fuzzy regular closed in (X, T)}.

Theorem 27. Suppose (X,T) and (Y,S) be any two SFTSs.
Let f: (X,T) — (Y,S) be a bijective function. Then the following
conditions are equivalent.

(i) f is somewhat soft fuzzy almost G pre continuous function.

(ii) If (X, N) is a soft fuzzy regular closed set such that f~*(\, N) #
(1, X), then there exists a theoremper soft fuzzy F, pre closed
set (p, M) such that (u, M) 3 f~1(\, N).

(iii) If (\,N) is a soft fuzzy Gs pre dense set in (X,T), then
f(X\, N) is a soft fuzzy regular dense set in (Y, S).

6 Interrelations between above discussed
continuous functions.

From the above defined continuous functions the following interre-
lation obtained.

Soft fuzzy = Somewhat soft fuzzy
Gspre continuous function < Gy pre continuous function
U U
Soft fuzzy almost = Somewhat soft fuzzy almost

Gspre continuous function <=  Gspre continuous function
The converse of the implication need not be true shown in the
following the examples.

Example 28. Let X = {a,b,c} and T = {(0,9¢), (1,X),
(A1, My), (Ao, Ma), (A3, M3),(Ag, My)} is a soft fuzzy topology on
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X where (A, M), (A2, Ms), (A3, M3), (Mg, My) are defined as fol-
lows Aj(a) = 0.4,A(b) = 0.4,\1(c) = 0.4, My = {¢}; Ao(a) =
0.4, M2(b) = 0.4,\(c) = 04, My = {c}; As(a) = 0.4,73(b) =
0.4, A3(c) = 0.4,M3 = {a,b}; M(a) = 0.4, M(b) = 0.4, \4(c) =
0.4,M; = X. Thus (X,T) is a SFTS. Let Y = {p,q,r} and
S ={(0,9),(1,Y), (v, L)} is a soft fuzzy topology on Y where (v, L)
is defined as follows v(p) = 0.5,7(¢) = 0.4,v(r) = 0.4, L = {p, ¢}.
Thus (Y,S) is a SFTS. Let f : (X,T) — (Y, 5) defined as follows
fla) = p, f(b) = q,f(c) = r. f is somewhat soft fuzzy Gs pre
continuous function. Since f~!(v, L) is not soft fuzzy Gs pre open
in (X,7). Thus f is not soft fuzzy Gs pre continuous function.

Example 29. Let X = {a,b,c} and T = {(0,9¢), (1,X),
(A1, M;)} is a soft fuzzy topology on X where (A, M;) is defined
as follows Aj(a) = 0.6, A\1(b) = 0.7, \1(c) = 0.8, M; = {a,b}. Thus
(X,T)isaSFTS. Let Y = {p,q,r} and S = {(0,¢), (1,Y), (71, L1),
(7v2, L2), (73, L3), (74, L4)} is a soft fuzzy topology on Y where
(71, L1), (72, La), (73, L3), (74, L4) are defined as follows v, (p) = 0.4,
7(q) = 0.3, 1(r) = 0.2, Ly = {¢}; 12(p) = 0.4,72(q) = 0.3,72(r) =
0.2, Ly = {r}; 73(p) = 0.5,73(q) = 0.4,73(r) = 0.4, Ly = {p, q};
v4(p) = 0.5,74(q) = 04,74(r) = 0.4, Ly = Y. Thus (V,9) is a
SFTS. Let f: (X,T) — (Y, 5) defined as follows f(a) = p, f(b) =
q, f(c) =r. fissoft fuzzy almost G pre continuous function. Since
(v, Ly) is not soft fuzzy Gs pre open in (X,T). Thus f is not
soft fuzzy Gy pre continuous function.

Example 30. In the same example above defined f is some-
what soft fuzzy almost G pre continuous function. Since f~1(71, L1)
is not soft fuzzy Gs pre open in (X, 7T') and also there exists no soft
fuzzy Gs pre open set (u, M) E f~'(v;,Ly). Thus f is not some-
what soft fuzzy G pre continuous function.

Example 31. Let X = {a,b,c} and T = {(0,9¢), (1,X),
(A1, My)} is a soft fuzzy topology on X where (A, M;) is defined
as follows Aj(a) = 0.4, A1(b) = 0.3, \(¢c) = 0.2, M; = {¢}. Thus
(X,T)isaSFTS. Let Y = {p,q,r} and S = {(0,¢), (1,Y), (71, L1),
(72, La2), (73, L3), (74, L4)} is a soft fuzzy topology on Y where
(71, L1), (92, L2), (73, L3), (74, L4) are defined as follows v, (p) = 0.4,
11(0) = 03, 3 (r) = 02, L = {6} 12(p) = 0.4, 72(q) = 0.3, 75(r) =
0.2, Ly = {q}; 13(p) = 0.5,73(q) = 0.6,73(r) = 0.4, Ly = {r};
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Ya(p) = 0.5,74(q) = 0.6,v4(r) = 0.4, Ly = {q,7}. Thus (V,95) is a
SFTS. Let f: (X,T) — (Y, 95) defined as follows f(a) = p, f(b) =
q, f(c) = r. f is somewhat soft fuzzy almost Gs pre continuous
function but f is not soft fuzzy almost G pre continuous function.
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