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ABSTRACT. In this paper we introduce the concepts of R - closed,
Ar—, aAN1—, aAN2—, aNA1—, aNAs—, aNAs—, aNA,— and aN As—
soft sets in the soft topological spaces and show the relationships between
defined new soft sets. Also we investigate some properties of these soft sets.
Additionally, we define the notions of R-, Ap—, «AN1—, aAN2—, aNA;—,
aNAs—, aNAs—, aNAs— and aN As— soft continuity. Consequently, we
obtain decomposition of Ar - soft continuity, « - soft continuity and soft
continuity using soft topological space.
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1. INTRODUCTION

Some set theories such as theory of fuzzy sets [15], intuitionistic fuzzy sets [2],
vague sets [3], rough sets [13] etc. are dealt with unclear concepts. They are not
sufficient to solve encountered difficulties. There are some vague problems in medi-
cal science, social science, economics etc. What is the reason of these problems? It
is possible to solve the inadequacy using some parametrization tool in the theories.
In 1999, Molodtsov [12] introduced the concept of soft set theory as a general math-
ematical tool for coping with these problems. In 2001, Maji et al. [9, 10] defined
the notion of fuzzy soft set and intuitionistic fuzzy soft set. Again in 2003, Maji et
al. [L1] introduced the theoretical notions of the soft set theory and studied some
properties of these notions. In 2009, Ali et al. [1] investigated several operations on
soft set theory and defined some new notions such as the restricted intersection etc.
In 2011, Naz et al. [14] introduced some concepts such as soft topological space, soft
interior, soft closure etc. Also in 2011, Hussain et al. [4] studied some properties
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of soft topological spaces. In 2012, Zorlutuna et al. [10] introduced the image and
inverse image of soft set under a function and soft continuity in the soft topological
spaces. In 2012, Mahanta and Das [3] investigated soft topological space via semi
- open and semi - closed soft sets. In 2013, Gnanambal and Mrudula [5] studied
soft preopen sets. In 2014, Kandil et al. [7] defined « - open soft set, 3 - open soft
sets, pre - open soft set, semi - open soft set, investigated some properties of these
soft sets and obtained decompositions of some forms of soft continuity. In 2014,
Gnanambal et al. [6] investigated some properties of soft « - open sets.

In this paper we introduce the concepts of R - closed, Ag—, « AN1—, a ANy—,
aNA,—, aNAs;—, aNA3—, aNAs— and alN A5— soft sets in the soft topological
spaces and show the relationships between defined new soft sets. Also we investigate
some properties of these soft sets. Additionally, we define the notions of R -, Ag—,
aANy—, aANs—, aNA1—, aNAs—, aNAs—, aNAs— and aN As— soft continuity.
Consequently, we obtain decomposition of Ar - soft continuity, « - soft continuity
and soft continuity in soft topological space.

2. PRELIMINARIES
In this section we recall some known definitions and theorems.

Definition 2.1 ([12]). Let X be a universe and A be the set of parameters. Let
P(X) denote the power set of X. A pair (F, A), where F is mapping from A to
P(X) as follows

F:A— P(X),
is called a soft set over X. The family of all soft sets on X denoted by SS(X)xg.

Definition 2.2 ([11]). Let (F, A) and (G, B) be two soft sets over a common uni-
verse X. Then (F, A) is said to be a soft subset of (G, B) if A C B and F(e) C G(e),
for all e € A. This relation is denoted by (F, A)C(G, B).

(F, A) is said to be soft equal to (G, B) if (F, A)C(G, B) and (G, B)C(F, A). This
relation is denoted by (F, A) = (G, B).

Definition 2.3 ([1]). The complement of a soft set (F,A) is defined as (F, A)¢ =
(F¢, A), where F¢(e) = (F(e))* = X — F(e), for all e € A.

Definition 2.4 ([14]). The difference of two soft sets (F,A) and (G,A) is defined by
(F,A) — (G, A) = (F — G, A), where (F — G)(e) = F(e) — G(e), for all e € A.

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 = AU B and H(e) = F(e) ife€ A— B
or He)=G(e)ifee B—Aor H(e) = F(e)UG(e) ifec ANB for all e € C.

Definition 2.6 ([11]). The intersection of two soft sets (F, A) and (G, B) over the
common universe X is the soft set (H,C), where C = AN B and for all e € C,
H(e) = F(e) NG(e).



A. Acikgoz et al./Ann. Fuzzy Math. Inform. x (201y), No. x, xx—xx

Definition 2.7 ([11]). Let (F, A) be a soft set over X. Then (F, A) is said to be a
null soft set if F(e) = @, for all e € A. This denoted by @.

Definition 2.8 ([11]). Let (F, A) be a soft set over X. Then (F, A) is said to be an

absolute soft set if F'(e¢) = X, for all e € A. This denoted by X.

Definition 2.9 ([14]). Let 7 be a collection of soft sets over X. Then 7 is said to
be a soft topology on X if

(1) &, X e
(2) the intersection of any two soft sets in 7 belongs to 7;

(3) the union of any number of soft sets in 7 belongs to 7.

The triplet (X, 7, F) is called a soft topological space over X. Here E is the set of
parameters. The members of 7 are said to be 7— soft open sets or soft open sets in
X. A soft set over X is said to be soft closed in X if its complement belongs to 7.
The set of all soft open sets over X denoted by OS(X, 7, E) or OS(X) and the set
of all soft closed sets denoted by C'S(X, 7, E) or CS(X).

Definition 2.10. Let (X, 7, E) be a soft topological space and (F, E) be a soft set
over X. Then

[16] the soft interior of (F, E) is the soft set

int(F,E) = U{(G, E) : (G, E) is soft open and (G, E)C(F, E)};
[14] the soft closure of (F, E) is the soft set

cl(F,E)=0{(H,E) : (H,E) is soft closed and (F, E)C(H, E)}.

Theorem 2.11 ([4]). Let (X, 7, E) be a soft topological space over X, (F,E) and
(G, E) are soft sets over X. Then

(1) (@) =& and (X)) = X.

(2) (F,E)Ccl(F,E).

(3) (F,E) is a closed set if and only if (F, E) = cl(F, E).
(4) cl(cl(F,E)) = cl(F, E).

(5) (F,E)C(G, E) implies cl(F,E)Ccl(G, E).

(6) cl((F,E)0(G, E)) = c(F, E)Ucl(G, E).

(7) el((F, EYN(G, E))Ccl(F, E)Dcl(G, E).
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Theorem 2.12 ([4]). Let (X,7,E) be a soft topological space over X and (F,E)
and (G, E) are soft sets over X. Then

(1) int& = & and intX = X.

(2) int(F,E)C(F,E).

(3) int(int(F, E)) = int(F,E).

(4) (F,E) is a soft open set if and only if int(F, E) = (F, E).
(5) (F,E)C(G, E) implies int(F, E)Cint(G, E).

(6) int(F, E)Nint(G, E) = int((F, B)(G, E)).

(7) int(F, E)Uint(G, E)Cint((F, E)J(G, E)).

Definition 2.13 ([16]). Let SS(X)a and SS(Y)p be two families, u: X — Y and
p: A — B be mappings. Then the mapping fp, : SS(X)a — SS(Y)p is defined as:

(1) Let (F, A) € SS(X)a. The image of (F, A) under f,,, written as fp, (F, A) =

(fpu(F),p(A)), is asoft set in SS(Y) g such that fpu (F)(y) = U,ep-1(y)na u(F ()

if p~1(y)NA+# @ and f,,(F)(y) =2 ifpl(yyNA = forally € B.

(2) Let (G,B) € SS(Y)p. The inverse image of (G, B) under f,,, written as
foi (G, B) = (f,,/(G), p~(B)), is a soft set in SS(X)4 such that f,.'(G)(x)

= u ' (G(p(x))) if p(z) € B and f,,/(G)(x) = @ if p(x) ¢ B for all z € A.

Definition 2.14 ([16]). Let (X, 7, A) and (Y, 7%, B) be soft topological spaces,
SS(X)a and SS(Y)p be two families and fp, : SS(X)a — SS(Y)p be a func-
tion. Then The function fy, is called soft continuous ( soft - cts ) if f,,/(G,B) € T
for all (G, B) € 7.

Theorem 2.15 ([7]). Let (X, 7, E) be a soft topological space and (F, E) € SS(X)p.
If (G, E) is a soft open set, then (G, E) N cl(F,E) C cl((G, E)N(F,E)).

3. R - CLOSED, Arp—, aAN1—, aANs—, aNA,—, aNAs—, aNAz—, aNA,—
AND N As— SOFT SETS

In this section we define R - closed, Ag—, «AN1—, aANys—, aNA1—, aNAs—,
aNAz—, aNAs— and aN As— soft sets and investigate some properties of these soft
sets.

Definition 3.1. Let (X, 7, E) be a soft topological space and (F,E) € SS(X)g.
Then (F, E) is called
4
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(1) « - open soft set [[7]] if (F, E)Cint(cl(int(F, E))),
(2) semi - open soft set [[7]] if (F, E)Ccl(int(F, E)),
(3) pre - open soft set [[7]] if (F, E)Cint(cl(F, E)),
(4) t - soft set if int(F, E) = int(cl(F, E)),

(5) tx - soft set if int(F, E) = int(cl(int(F, E))).
Definition 3.2. Let (X, 7, F) be a soft topological space and (F, E) € SS(X)g.
Then (F, E) is called

(1) a weakly soft locally - closed set (briefly, WLC - soft set) if (F,E) =
(G, E)N(H, E), where (G, E) is soft open and (H, E) is T - soft closed,

(2) a B - soft set if (F,E) = (G, E)N(H, E), where (G, FE) is soft open and
(H,E) is t - soft set,

(3) a C - soft set if (F,E) = (G, E)N(H, E), where (G, E) is soft open and
(H, E) is tx - soft set.

The family of all « - open soft (resp. semi - open soft, pre - open soft, weakly
soft locally - closed, B - soft and C - soft) sets in a soft topological space (X, 7, F) is
denoted by aOS(X) (resp. SOS(X), POS(X), WLCS(X), BS(X) and CS(X)).

Definition 3.3. Let (X, 7, E) be a soft topological space and (F, E) € SS(X)g.
Then (F, E) is called a R - closed soft if (F, E) = cl(int(F, E)).

Definition 3.4. Let (X, 7, F) be a soft topological space and (F, E) € SS(X)g.
Then (F, E) is called an Ag - soft set if (F,E) = (G, E)N\(H, E), where (G, E) is
soft open and (H, E) is a R - closed soft.

By ArS(X) (resp. RS(X)) we denote the family of all Ag - (R - closed) soft sets
of (X, 1, E).
Definition 3.5. Let (X, 7, F) be a soft topological space and (F,E) € SS(X)g.
Then (F, E) is called
(1) an aAN; - soft set if (F, E) = (G, E)N(H, E), where (G, E) € aOS(X) and

c(int(H,E)) = X,

(2) an aAN; - soft set if (F, E) = (G, E)N(H, E), where (G, E) € aOS(X) and
cd(H,E) =X,

(3) an aNA; - soft set if (F, E) = (G, E)N(H, E), where (G, E) € aOS(X) and
(H, E) is pre - closed soft set,

(4) an aN Ay - soft set if (F, E) = (G, E)N(H, E), where (G, E) € «OS(X) and
(H, E) is regular closed soft set,
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(5) an aN Aj - soft set if (F, E) = (G, E)N(H, E), where (G, E) € «OS(X) and
(H,E) is t - soft set,

(6) an aN Ay - soft set if (F, E) = (G, E)N(H, E), where (G, E) € aOS(X) and
(H,E) is (8 - soft closed set,

(7) an aN Aj - soft set if (F, E) = (G, E)N(H, E), where (G, E) € «OS(X) and
(H, E) is 7 - soft closed set.

We denote the family of all «AN;— (resp. a«ANy;—, aNA;—, aNAs—, aNAsz—,
aNAy;— and aNAs—) sets in the soft topological space (X, 7, E) by aAN;S(X)
(resp. «AN2S(X), aNA1S(X), aNAS(X), aNA3S(X), aNA4S(X) and aNA5S5(X)).

Proposition 3.6. Fvery a« ANy - soft set is « ANy - soft set.
Proof. Tt is obvious from Definition 3.5. O

Remark 3.7. The converse of Proposition 3.6 need not be true as shown in the
following example.

Example 3.8. Let X = {a,b,c}, E = {e¢} and 7 = {2, X, (F\, E), (F», E)}, where
(F1,E), (Fy, E) are soft sets over X defined as follows:

(F1, E) = {(ev {C})}a

(F27E) = {(ev {a7 b})}

The soft set (G, E) = {(e,{a,c})} is an « ANy - soft set, but it is not an aAN; -
soft set.

Proposition 3.9. Let (X, 7, E) be a soft topological space and (F,E) € SS(X)g.
Then the following hold:
(1) If (F,E) is an aN Az - soft set, then (F,E) is an aNAs - soft set.

(2) If (F,E) is an aN As - soft set, then (F,E) is an aNAs - soft set.

(3) If (F,E) is an aN As - soft set, then (F, E) is an aNAy - soft set.

Proof. (1) Let (F,E) = (G,E)N(H,E) € aNAyS(X), where (G,E) € aOS(X)
and cl(int(H,FE)) = (H,E). Since cl(int(H, E)) = cl(H,E) = (H, E), we obtain
(F,E) € aNAsS(X).

(2) It is obvious from Definition 3.5.

(3) It is clear from Definition 3.5. O

Remark 3.10. The converses of Proposition 3.9 need not be true as shown in the
following examples.

Example 3.11. Let X = {a,b}, E = {e1,e2} and 7 = {&, X, (F, E)}, where (F, E)
is a soft set over X defined as follows:
(Fa E) = {(617 {a})v (627 {b})}
The soft set (G, E) = {(e1,{b}), (e2,{a})} is an N A5 - soft set, but it is not an
aN A, - soft set.

6
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Example 3.12. Let X = {a,b,c}, E = {e} and 7 = {2, X, (F\,E),(Fs, E),
(F3, E)}, where (F1, E), (Fy, E), (F3, E) are soft sets over X defined as follows:
(Fi, E) = {(e {a})}.

(For E) = {(es 0D},

(Fy, E) = {(e{a.b})}.

The soft set (G, E) = {(e, {a})} is an alN A3 - soft set, but it is not an alN A5 - soft
set.

Example 3.13. Let X = {a,b,c,d}, E = {e} and 7 = {2, X, (F, E), (F,, E),
(F3,E)}, where (F1, E), (F3, E), (F3, E) are soft sets over X defined as follows:
(Flv E) = {(6, {a’ b})},

(Fa, E) = {(e. {d})},

(F37 E) = {(67 {av b, d})}

The soft set (G, E) = {(e, {b,c,d})} is an alN Ay - soft set, but it is not an aNAj -
soft set.

Proposition 3.14. Let (X, 7, E) be a soft topological space and (F,E) € SS(X)Eg.
Then the following hold:
(1) If (F,E) is an aN As - soft set, then (F,E) is an aNA; - soft set.

(2) If (F,E) is an aNA; - soft set, then (F,E) is an aNAy - soft set.

Proof. This proof is obvious from Definition 3.5. d

Remark 3.15. The converses of Proposition 3.14 need not be true as shown in the
following examples.

Example 3.16. Let X = {a,b,c}, E = {e} and 7 = {2, X, (F, E)}, where (F, E)
is a soft set over X defined as follows:

(£, E) = {(e; {b,c})}.

The soft set (G, E) = {(e,{a,c})} is an aNA; - soft set, but it is not an aNAjs -
soft set.

Example 3.17. Let X = {a,b,c}, E = {e} and 7 = {2, X, (F1,E), (Fs, E),
(F3, E)}, where (F1, E), (Fy, E), (F3, E) are soft sets over X defined as follows:
(F1,E) = {(67 {a})}’

(F2r E) = {(e. {B})}.

(Fy. E) = {{es {a,b})}.

The soft set (G, E) = {(e,{a})} is an aN A, - soft set, but it is not an aNA; - soft
set.

Definition 3.18. Let (X, 7, E) be a soft topological space and (F,E) € SS(X)g.
Then
(1) (F,E) is said to be soft - dense if cl(F, E) = X.
(2) (X, 7, E) is said to be soft submaximal if each soft - dense (F, E) is a soft
open set.

Definition 3.19. A soft topological space (X, 7, E) is said to be extremally soft
disconnected if the soft closure of every soft open set is soft open.

7
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Theorem 3.20. If (X, 7, E) is an extremally soft disconnected space, then aN A4S(X)
= OéNA1S(X)
Proof. Let (F,E) = (G,E)N(H,E) € aNA4S(X), where (G, E) € aOS(X) and
int(cl(int(H,E))) C (H, E). Since the soft topological space (X, 7, E) is soft ex-
tremally disconnected, we obtain int(cl(int(H, E))) = cl(int(H, E)) and so cl(int(H, E))
C (H,E). As a consequence, we obtain aNA4S(X) C aNA;S(X) and aNA4S(X)
= aNA;S(X) by Proposition 3.14. O
Proposition 3.21. Let (X, 7, E) be a soft topological space and (F,E) € SS(X)Eg.
Then the following hold:

(1) If (F,E) is an Ag - soft set, then (F, E) is a weakly soft locally - closed.

(2) If (F\E) is a weakly soft locally - closed, then (F,E) is a B - soft set.

(3) If (F,E) is a B - soft set, then (F,E) is a C - soft set.

Proof. (1) Let (F,E) = (G,E)N(H,E) € AgS(X), where (G, E) is soft open and
cl(int(H,E)) = (H, E). Then we obtain cl(cl(int(H, E))) = cl(H, E) = cl(int(H, E))
and so (H, F) = cl(H, E). As a consequence, (F, E) is a weakly soft locally - closed.
(2) It is obvious. For, every 7 - soft closed set is a t - soft set.

(3) It is clear. For, every t - soft set is a tx - soft set. O

Proposition 3.22. Let (X, 7, E) be a soft topological space and (F, E) = (G, E)N(H,E) €
SS(X)g. Then the following hold:
(1) If (F,E) is an AR - soft set, then (F, E) is an aN Az - soft set.

(2) If (F,E) is a weakly soft locally - closed, then (F, E) is a aNAs - soft set.
(3) If (F,E) is a B - soft set, then (F,E) is a «N A3 - soft set.

(4) If (F,E) is a C - soft set, then (F,E) is a aNAy - soft set.

Proof. Tt is obvious since every soft open set is a - open soft set. O

Theorem 3.23. Let (X, 7, E) be a soft submaximal space. Then the following hold:
(1) ARS(X) = aNAS(X).
(2) WLCS(X) = aNAs;S5(X).
(3) BS(X) = aNA3S(X).
(4) CS(X) = aNALS(X).

Proof. Tt is clear. For, in a soft submaximal space 7 = a0S(X). O

Proposition 3.24 ([7]). Let (X, 7, E) be a soft topological space.
(1) If (F,E) € SOS(X) and (G, E) € aOS(X), then (F, E)N(G, E) € SOS(X).
(2) If(F,E) € POS(X) and (G, E) € aOS(X), then (F, E)N(G,E) € POS(X).
Proposition 3.25. Fvery alN As - soft set is semi - open soft set.
8
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Proof. Let (F,E) = (G,E)N(H,E) € aNA»S(X), where (F,E) € aOS(X) and
cl(int(H,FE)) = (H,FE). Thus (H, FE) is semi - open soft set. By Proposition 3.24
we obtain that (F, E) is semi - open soft set. O

Theorem 3.26. Let (F,E) € SS(X)g. (F,E) is an Agr - soft set if and only if
(F,E) is a semi - open soft set and a weakly soft locally - closed set.

Proof. Let (F,E) = (G,E)N(H,E) € ArS(X), where (G,E) is soft open and
cl(int(H,E)) = (H, E). Then we obtain cl(cl(int(H, E))) = cl(int(H, E)) = cl(H, E)
= (H,E). Also int(F,E) = (G,E) N int(H,E) and by Theorem 2.15 (F,E) =
(G, E)A cl(int(H, E)) = cl((G, E)MNint(H, E)). Hence (F,E) C cl(int(F,E)). As a
consequence, (F, E) is semi - open soft set.

Conversely, let (F, E) be semi - open soft set and weakly soft locally - closed. Then
(F,E) = (G,E)N\(H, E), where (G, E) is soft open and cl(H,E) = (H,E). Since
(F, E) is semi - open soft, we have (F, E) C cl(int(F, E)) C cl(F, E) and so cl(F, E) C
cl(int(F,E)) C cl(F, E). Thus we obtain cl(F}, E) = cl(int(F, E)). Also since (F, E
= (G,E)N(H, )and (FLE) C (G, E)Ucl(F E), we obtain (F, E) C (G, E)Ncl(F, E
C (G, B)N cl((G,E) (H,E)) C (G,E)N [c(G,E)N cl(H, E)] = [(G,E)Ncl(G, E)
Nel(H, E) = (G, E)Nel(H, E) = (G, E)Q\ (H, E) = (F, E). As a consequence, (F, E)
= (G,E)Nel(F,E) = (G,E)N cl(int(F, E)) and so (F, E) is an A - soft set. O

)
)
]

Theorem 3.27. Let (X, 7, E) be a soft topological space. Then ApS(X) = alNA3S(X)
N WLCS(X).

Proof. By Proposition 3.25 we have a N A3S(X) € SOS(X) and by Theorem 3.26
ARrS(X) = SOS(X) N WLCOS(X). Then aNA,S(X) N WLOS(X) C SOS(X) N
WLCS(X) = ArS(X). Hence, we obtain aNA3S(X) N WLCS(X) C ArS(X).
By Proposition 3.22 we have AgS(X) C aNA3S(X). Since ArS(X) = SOS(X) N
WLCS(X), ArS(X) C WLCS(X) and so ArS(X) C aNAS(X) N WLCS(X).
As a consequence, we obtain ApS(X) = aNAS(X) N WLCS(X). O

Proposition 3.28. Fvery a AN> - soft set is pre - open soft set.

Proof. Let (F,E) = (G,E) N (H,E) € aNA;S(X), where (G, E) € aOS(X) and
cl(H,E) = X. Since int(cl(H,E)) = X, then (H, E) C int(cl(H, E)) and so (H, E)
is pre - open soft. By Proposition 3.24 we obtain that (F, F) is pre - open soft. [

Theorem 3.29. For a soft topological space (X,7,E), aOS(X) = POS(X) N

Proof. Let (F,E) be an « - open soft set. Put (G,FE) = (F,E) and (H,E) =
X € 7. Then (F,E) = (G, E)A (H, E), where (G, E) € a0S(X) and int(cl(H, E))
=int(H, F). Since (F, E) is pre - open soft, «OS(X) C POS(X) N aNA3S(X).

Let (F, E) be pre - open soft set and alNA3S(X) - soft set. Since (F, E) is a pre
- open soft set, we have (F,E) C int(cl(F,E)). Also we have (F,E) = (G,E) N
(H, E), where (G, E) is a - open soft set and int(cl(H, E)) = int(H, E) since (I, E)
is an aNAs - soft set. Then (F,E) C int(cl(F,E)) = int(cl((G, E)N(H, ))) C
int(cl(G, E)Acl(H, E)) C int(cl(int(cl(int(G, E)))c(H, E)) = mt(cl(mt(G E))
N c(H, E)) = int(cl((int(G, E))) N int(cl(H, E)) = int(cl(int(G, E))) N int(H, E)
9
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and so (F,E) C i nt[(cl(int(G, E )) N int(H, E)] C int(clint (G, E) 0 int(H, E)]
= int(cl(int((G, E) N (H,E)))) = int(cl(int(F, E))). As a consequence, (F,E) €
aOS(X). O

Lemma 3.30 ([7]). Let (X,7,E) be a soft topological space and (F,E) € SS(X)g
(F,E) is a - open soft if and only if it is semi - open soft and pre - open soft.

Theorem 3.31. For a soft topological space (X, 7, E), the following hold:
(1) a0OS(X) = POS(X) N aNA;S(X).

Proof. (1) By Lemma 3.30 «OS(X) C POS(X) since a0OS(X) = POS(X)NSOS(X).
Also since «OS(X) C aNA55(X), we obtain that «OS(X) C POS(X) N aNA5S(X)
By Theorem 3.29 we have «OS(X) = POS(X) N aNA3S(X). Alsosince aNA5S(X)
C aNA3S5(X), we obtain that POS(X) N aNAsS(X) C POS(X) N aNA3S(X) =
a0S(X).

(2) By Proposition 3.28 we have aAN2S(X) C POS(X) and by Proposition 3.25
aNA3S8(X) C SOS(X). Since aOS(X) = POS(X) N SOS(X), then «aAN2S(X) N
aNAS(X) C POS(X) N SOS(X) = a0S(X). Also since «OS(X) € aAN2S(X)
N aNA2S(X), we obtain that aOS(X) = aAN2S(X) N aNA3S(X). O

Proposition 3.32. Let (X, 7, E) be a soft topological space. For (F,E) € SS(X)g,
the following equivalent:

(1) (F,E) is a soft open set;

(2) (F,E) is an « - open soft set and Ag - soft set;

(3) (F,E) is an pre - open soft set and Agr - soft set.

Proof. (1) — (2). Let (F, E) be a soft open set. Then (F, E) is an c - open soft set.
Also (F,E) = (F,E) N X, where (F,E) is a soft open and X is a R - closed soft.
As a consequence, (F, E) is an Ag - soft set.
(2) — (3). It is clear that every « - open soft set is a pre - open soft.
(3) — (1). Let (F,E) be pre - open soft and Ag - soft set. We have that (F, F)
C int(cl(F,E)) and (F,E) = (G,E) N (H,E), where (G, E) is a soft open and
cl(int(H, E)) = (H, E). Hence we have (F, E) C int(cl(F, E)) = int(cl((G, E)N\(H, E)))
C int(cl(G, E)Ncl(H, E)). Every R -closed soft set is soft closed, (H,E) is soft
closed and cl(H, E) = (H, E). Thus we have int(cl(G, E) N (H, E)) = int(cl(G, E))
N int(H,E) and (G,E) 0 (H,E) C (G, E) 0 int(cl((G, E)N(H, E))) C (G,E) N
int(cl(G, E)) Nint(cl(H,E)) = (G, E) N int(cl(G, E)) Nint(H, E) = int((G, E) N
cl(G E)N (H,E)) =int((G, E) N (H, E)). As a consequence, we obtain that (G, E)
N (H,E) C int((G,E) 0 (H,E)) and (F, E) is soft open. O

Theorem 3.33. 7 = aAN>S(X) N aNAS(X) N WLCS(X) for a soft topological
space (X, 7, E).

Proof. By Proposition 3.32 we have 7 = a«OS(X) N ArS(X) and by Theorem 3.27

ARS(X) = aNAS(X) N WLCS(X). Also by Theorem 3.31 we have aOS(X)

= aAN>S(X) N aNA3S(X). As a consequence, we obtain 7 = aAN,S(X) N

aNA,8(X) N WLCS(X). O
10
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ArS(X) — WLCS(X) — BS(X) — CS(X)

! ! ! N
OéNAgS(X) — aNA5S(X) — OéNAgS(X) — OéNA4S(X)
pY /
aNAlS(X)

Diagram 1. The relationships between the soft sets defined above.

4. DECOMPOSITIONS OF SOME SOFT CONTINUITIES

In this section we define some new soft continuities and obtain some decomposi-
tions.

Definition 4.1. Let (X, 7, A) and (Y, 7%, B) be soft topological spaces. Let u :
X —» Y and p: A — B be mappings. Let SS(X)4 and SS(Y)p be two families and
fpu : SS(X)a — SS(Y)p be a function. Then the function is said to be a - soft
continuous [[7]] (resp. semi - soft continuous [[7]], pre - soft continuous [[7]], WLC
- soft continuous, B - soft continuous, C' - soft continuous) if f,.'(G, B) € aOS(X)
(resp. SOS(X), POS(X), WLCS(X), BS(X), CS(X)) for all (G,B) € OS(Y).

Definition 4.2. Let (X, 7, A) and (Y, 7%, B) be soft topological spaces. Let u :
X — Y and p: A — B be mappings. Let SS(X)4 and SS(Y)p be two families
and fp, 1 SS(X)a — SS(Y)p be a function. Then the function is said to be R
- soft, continuous (Ag - soft continuous) if f,.'(G,B) € RS(X) (ArS(X)) for all
(G,B) € OS(Y).

Definition 4.3. Let (X, 7, A) and (Y, 7%, B) be soft topological spaces. Let u :
X — Y and p: A — B be mappings. Let SS(X)4 and SS(Y)p be two families
and fp, : SS(X)a — SS(Y)p be a function. Then the function is said to be ANy
- soft continuous (resp. aANj - soft continuous, N A; - soft continuous, aN Ay -
soft continuous, N A3 - soft continuous, aN A4 - soft continuous, aN A5 - soft con-
tinuous) if f,.!(G,B) € AN S(X) (resp. aAN>S(X), aNA;1S(X), aNAyS(X),
aNA3S(X), aNA4S(X), aNA;S(X)) for all (G,B) € OS(Y).

Theorem 4.4. Let (X,7,A) and (Y, 7, B) be soft topological spaces. Let v : X —
Y and p : A — B be mappings. Let SS(X)a and SS(Y)p be two families and
fpu 1 S8(X)a = SS(Y)g be a function. If a function fp, is € ANy - soft continuous
(resp. alNAs - soft continuous, aN As - soft continuous, aN As - soft continuous),
then fp, is ANy - soft continuous (resp. aNAs - soft continuous, aNAs - soft
continuous, aN Ay - soft continuous).

Proof. Tt is clear from Proposition 3.6 and 3.9. O

Theorem 4.5. Let (X, 7, A) and (Y, 7%, B) be soft topological spaces. Letu: X =Y
and p : A — B be mappings. Let SS(X)a and SS(Y)p be two families and
fpu : SS(X)a — SS(Y)p be a function. If a function fp, is aNAs - soft con-
tinuous (N Ay - soft continuous), then fp, is alN Ay - soft continuous (N Ay - soft
continuous).

Proof. The proof is obvious from Proposition 3.14. O
11
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Theorem 4.6. Let (X, 7, A) and (Y, 7+, B) be soft topological spaces. Letu: X —Y
and p : A — B be mappings. Let SS(X)a and SS(Y)g be two families and fp, :
SS(X)a — SS(Y)p be a function. If a function f,, is Ar - soft continuous (resp.
WLC - soft continuous, B - soft continuous), then fp, is WLC - soft continuous
(resp. B - soft continuous, C' - soft continuous).

Proof. This is clear from Proposition 3.21. O

Theorem 4.7. Let (X, 7, A) and (Y, 7, B) be soft topological spaces. Let u : X —
Y and p : A — B be mappings. Let SS(X)a and SS(Y)p be two families and
fpu : SS(X)a = SS(Y)p be a function. If a function fp, is Ar - soft continuous
(resp. WLC - soft continuous, B - soft continuous, C - soft continuous), then fp,
is aN Ay - soft continuous (resp. alN As - soft continuous, aN As - soft continuous,
alNAy - soft continuous).

Proof. 1t is a direct consequence of Proposition 3.22. g

Theorem 4.8. Let (X, 7, A) and (Y, 7%, B) be soft topological spaces. Letu: X —Y
and p : A — B be mappings. Let SS(X)a and SS(Y)p be two families and fp, :
SS(X)a — SS(Y)p be a function. If a function fp, is aNAy - soft continuous,
then fpu s semi - soft continuous.

Proof. The proof is clear from Proposition 3.25. O

Theorem 4.9. Let (X, 7, A) and (Y, 7, B) be soft topological spaces. Let u : X —
Y and p : A — B be mappings. Let SS(X)a and SS(Y)p be two families and
fpu : SS(X)a — SS(Y)p be a function. A function f,, is Ar - soft continuous if
and only if it is both semi - soft continuous and W LC' - soft continuous.

Proof. This is an immediate consequence of Theorem 3.26. O

Theorem 4.10. Let (X, 7, A) and (Y, 7%, B) be soft topological spaces. Let u : X —
Y and p : A — B be mappings. Let SS(X)a and SS(Y)p be two families and
Jpu 1 SS(X)a — SS(Y)B be a function. A function fu, is Ar - soft continuous if
and only if it is both aN Ay - soft continuous and W LC' - soft continuous.

Proof. This is a direct consequence of Theorem 3.27. g

Theorem 4.11. Let (X,7,A) and (Y, 7%, B) be soft topological spaces. Let u :
X =Y and p: A — B be mappings. Let SS(X)a and SS(Y)p be two families and
fpu : SS(X)a — SS(Y) g be a function. If a function fp, is « ANy - soft continuous,
then fpu is pre - soft continuous.

Proof. Tt is obvious from Proposition 3.28. O

Theorem 4.12. Let (X, 7, A) and (Y, 7%, B) be soft topological spaces. Let u : X —
Y and p : A — B be mappings. Let SS(X)a and SS(Y)p be two families and
fpu : SS(X)a — SS(Y)p be a function. A function fp, is o - soft continuous if
and only if it is both pre - soft continuous and alN A3 - soft continuous.

Proof. 1t is an immediate consequence of Theorem 3.29. O
12
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Theorem 4.13. Let (X, 7, A) and (Y, 7%, B) be soft topological spaces. Let u : X —
Y and p : A — B be mappings. Let SS(X)a and SS(Y)p be two families and
Jpu : SS(X)a — SS(Y) be a function. The following properties are equivalent:

(1) fpu is pre - soft continuous and aN As - soft continuous;
(2) fpu is « - soft continuous;
(3) fou is ANy - soft continuous and aN Ay - soft continuous.

Proof. This is obvious from Theorem 3.31. O

Theorem 4.14. Let (X, 7, A) and (Y, 7%, B) be soft topological spaces. Let u : X —
Y and p : A — B be mappings. Let SS(X)a and SS(Y)p be two families and
Jpu : SS(X)a — SS(Y) B be a function. The following properties are equivalent:

(1) fpu is soft continuous;

(2) fpu is a - soft continuous and Ag - soft continuous;

(3) fou is pre - soft continuous and Ag - soft continuous.

Proof. 1t follows immediately from Proposition 3.32. O

Theorem 4.15. Let (X,7,A) and (Y,7*,B) be soft topological spaces. Let u :
X =Y and p: A — B be mappings. Let SS(X)a and SS(Y)p be two families
and fpy 2 SS(X)a — SS(Y)p be a function. A function fu, is soft continuous if
and only if it is « ANy - soft continuous, aN As - soft continuous and W LC' - soft
continuous.

Proof. Clear from Theorem 3.33. g

5. CONCLUSIONS

The concepts of R - closed, Ag—, aAN1—, «aANs—, aNA;—, aNAs—, aN Az—,
alNAs— and aNAs— soft sets have been introduced and the notions of some soft
continuities have been defined. Also, some properties of these new soft sets and these
continuities has been investigated. Finally, decompositions of some soft continuities
have been obtained. These concepts may be used in other topological spaces and
can be defined in different forms.
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