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A STUDY ON SOFT (a., 3)-CONTINUOUS MAPPINGS
IN SOFT TOPOLOGICAL SPACES

N. KALAIVANI

ABSTRACT. In this paper the concept of soft (a~,5)-continuous mappings is
introduced and some of their basic properties are studied. Further soft (v,«-3)-
open(closed) mappings are introduced and studied.

1. INTRODUCTION

The following notations are used throughout this paper: S-soft SS-soft set,
STS-soft topological space, STSs-soft topological spaces, OS-open set, CS-closed
set, TS-topological space, TSs-topological spaces, CMa-continuous mapping, Co
Ma-continuous mapping, Ma-mapping, Op Ma-open mapping, Cl Ma-closed map-
ping, Bi Ma-bijective mapping.

Uncertain data are inherent in various fields such as economics, engineering
and business mangement. Due to the importance of those applications and
the increasing amount of uncertain data collected, accumulated, research on
effective and efficient techniques that are dedicated to modeling uncertain data
and handling uncertainties has attracted much interest in recent times.

Molodtsov [11] introduced SS theory as a general mathematical tool for deal-
ing with uncertain fuzzy, not clearly defined objects. Maji et. al. [9,10], Chen et.
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al. [2, 3], Kong et. al. [8], Xiao et. al. [15] and Pei and Miao [12] contributed
many concepts to the soft set theory and applications.

Recently, Shabir and Naz [13, 14] introduced the concept of STSs which are
defined over an initial universe with a fixed set of parameters. They also de-
scribed some of the important basic concepts of STSs. Aygunoglu et. al. [1],
Zorlutuna et. al. [16]. Kalaivani and Sai Sundara Krishnan [4] introduced «a-v-
OSs in TSs and studied their properties.

In this work in section 3 the concept of S ( «,, 3 )- Co Mas have been intro-
duced and investigated their properties. In section 4, we introduce S (v,a3)-Op
Mas, (y,a3)-Cl Mas and studied many basic results.

2. PRELIMINARIES

The soft set, null soft set, union, intersection, complement of soft sets, soft
open sets, soft closed sets, soft interior, soft closure and soft topology are dis-
cussed in [3,5-7].

3. SOFT (o, 3)-CONTINUOUS MAPPINGS

Definition 3.1. A Ma fy :(X,, 75, Es) — (Y5, 04, K) 1s said to be a S(c,, 3)-Co
Ma if the inv image of every S 3-OS in (Y5, 05, K;) is a S a,-OS in (X, 75, E).

Definition 3.2. A Ma f :(X, 75, Es) — (Ys, 05, K) is said to be a S(v, $)-Co Ma
if the inv image of every S $-OS in (Y, 0,5, Ks) is a S v-0OS in (X, 75, Es).

Example 1. Let X, = {x1, 2,23}, Y = {y1,y2, y3}, 7 = {¢, X, (F1, Es) , (F3, E)
(F3, Ey), (Fi, Ey) } and 0, = {9,Y, (G4, Ey) , (G2, E) , (Gs, E;) , (G4, Ey)}, where
(F, Es) and (G, K) are defined as Fi(E;) = (e1,{z1}), Fa(Es) = (ea, {x2}),
F3(Es) = (es, {w1,22}), Fu(Es) = (es, {z1,23}), Gi(Es) = (b1, {m1}), G2(Es) =
(k2 {y2}), Ga(Es) = (ks {y1, v2}), Ga(Es) = (ks, {y1,ys}) and (X, 7, E;) and
(Ys, 0, Ks) are STSs.

Define Operations ~y, : 7 — P(Xs) and S5 : 05 — P(Y;) by

(H, ES) ZfZL’Q ¢ (H, ES)

(H,ES)'YS:{ cl((H,ES)) Z’foG(H,ES)

Bs _ Cl((G,Es)) Zfl’g ¢ (G, ES)
(G, Bs)™ = { (G,Es)U{c} ifzs € (G,Es)
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Then
Ts(ar) = LI, ), (F, Ey), (F3, Ey), (Fy, Eg)}
and
055 = {(G1, K,), (G2, Ky), (G, K,), (G4, Ky) } .

Define uy : X5 — Ys and py : Es — Ky as u(xy) = y,u(zs) = yo and u(x3) =
ys; pler) = ki,p(e2) = ko and p(es) = ks.Let fu, : (X, 75, Es) — (ys, 05, K;) be a
So Ma. Then (G,K;) is a S p-OS in Y and fp;l(G, K)= (F,E)isa S o,-0S in
X,. Hence f,, isa S (a,,3)-Co Ma.

Theorem 3.1. For a Ma fy; : (Xs, 75, Es) — (Y;, 05, Ky),the following statements
are equivalent:
@) fum is a S(a.,8)-Co Ma;
(ii) For each point x in X, and each S $-OS V in Y, such that f(x) € V, there
exists a S a,-OS Win X, such that x € W, f,y (W) C V;
(iii) The inverse image of each S 3-CSin Ysisa S a,-CS in X,.

Proof.

(i) = (i7) Let z € Y; and V be any S 5-OS of Y containing fy,(z). Set W =
fi/ (V) then by Definition 3.1, W is a S «,-OS containing » and
fu(W) = f]VI(fJ\_/Il(V)) cV.

(i1) = (uii) Let Fbea S -CSin (Y;,0). SetV =Y, — F, then Visa S $-OS in
Y. Let z € f;,'(V), by(ii) there exists a S a.,-OS W of X, containing z such that
fu(W) CV.

Thus we obtain x € W C 7, -int(s7,,,-cl(7,,,-Int(W)))C 7y, -int(7,,,-cl(7,,, -
int(f;,'(V)))) and hence f;,'(V) C 7,-int(rs,-cl(7s,-int(f;; (V)))). Then f;,'(V)
isaS a,-0S in X,. Hence f;,'(F) = X, — fi;/ (Y. — F) = X, — fi;/(V)isa$§
a,-CS in X,.

(i1i) = (i) Let Bbea S $-OSinY;. Then F =Y, — Bisa S -CS in Y;. By
(iii), we have f,,'(F))isa S a,-CS in Xj.

Hence f,,'(B) = X, — f3;/(Ys— B) = X, — f;;/(F) isa S a,-0S in X,. O

Theorem 3.2. Let fy; :(X, 75, E5) — (Y5, 05, Ks) beaMaand 5 : 0, — P(Y;) be
an open operation on o. Then the following statements are equivalent:
@ fum is a S(a.,[)- Co Ma;
(i) Tor-cl(Tor-int(1o,-cl(f1; BI))C f1f (045- cl( B)) for each B C Yg;
(i) far(Tey-cl(Tsy-int(75-cl(A)))) C 055- cl(fri(A)) for each A C X,.
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Proof.

(i) = (i7) Let B be any subset of Y;. Since o.4-cl(B) is a soft 5-CS in Y;, By
Theorem 3.1 (iii) f;,' (0ss- cl(B)) is a S «,-CS and X, — f;, (0s5- cl( B)) is a
S a,-0S. Thus X, — f]\_/jl(as/g- cl( B)) C 7y -int(7,,-cl(7,,-int (X — f]\_/[l(sag- cl( B
) C X — Top-cl(7e-int (75, -cl(f (055~ l( B ))).

Hence 7,,-cl(7,-int(7s,-cl( f3, (B)))) C fif (soss-cl(B)) for each B C Y.

(¢4) = (i) Let A be any S subset of Xi. By (ii),
Tory-Cl(Ty-int (74, -C1(A))) C Top-cl (7 -int (7o, -cl( f1, (F(AN))) C fif' (055~ cl(frr(A)))
and hence f)/(7s,-cl(75,-int(75,-cl( A)))) C o5- cl(far(A)).

(i) = (i) Let V be any S p-OS of Y.. Then by (iii)
fut(rr- (- it cl(f (Vs = V) € o el fulfi (Ve = V) € oo
cl(Y,—V) = Y,—V. Therefore 7,,-cl(7,,-int(7,,-cl(f;,' (Y: = V)))) C f2/ (Ys—=V) C
X,—fi7 (V). Consequently we obtain that f;,;' (V) C 7y, -int(7,-cl(7,-int(f;, (V))))-
This shows that f,; (V) isa S a,-OS. Thus f); isa S («, , 3)- Co Ma. O

Theorem 3.3. For a Ma fy (X, 7s, E5) — (Y5, 05, Ks) the following statements
are equivalent:
@ fisaS(a,,B)-Co Ma;
(ii) For each subset A of X, fu(Ts(a,)-cl(A))) C ogs-cl(frr(A));
(iii) For each subset B of Y, Ty((a,)-cl( f1;' (B)) C f1; (0ss-cl(B));
(iv) For each subset C of Y, f;,' (045-int(C)) C Ts(a)-NL( fj\}l @)).

Proof.

(1) = (ii) Lety € fu(Ts(a,)-cl(A)) and V be any S 3-OS containing y. Using
Theorem 3.2, there exists a point x € U with fy,(x)= y and f,(U) C V. Since
X € To(a)-cl(A), UNV # ¢ and hence ¢ # fu(UNA) € fu(U)) fu(A) C
V() fm(A). This implies that y € o,5-cl(fy(A)).

Therefore f(7y(a,)-cl(A)) C o4s-cl(far(A)).

(i1) = (wi) Let B be a S $-CS in Y,. Then o.-cl(B)=B. By (ii),
frr(Tsan-cl(faf (B)) € osa-cl(far(f,' (B))C o45-cl(B)=B holds.

(iti) = (iv) Let C be any subset of Y;. Clearly 7y, )-int(f;;'(C)) is a S a,-OS
in X,. Also, fuTs(a)-int(f3; (CIC fu(frr (C)) CC.

Hence f;,'(055-int(C)) C Ty(a,)-int(f;, (C)).

(iv) = (i) Let B be any S $-OS in Y;. Consider V = Y;— B. Then Vis a S
B-CS in Y,. By (iv) f;,;!(V)isa S a,-CS in X,. Hence f;,'(B)= X, — f;,; (Y.—B)=
X, — faf (V) is aS «,-0S in X,. Hence fys is a S (a,3)-Co Ma. O
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Remark 3.1. Every S(v,3)-Co Ma is a S(c.,,3)-Co Ma. But the converse need not
be true.

Proof. Proof follows from the Definitions 3.1, 3.2. In the Example 1,
far (G, E)} = {(F3, E)} is not a S y-OS. Hence fy, is not a S(v, 3)-Co Ma. [

Theorem 3.4. Let fy : (Xg,7s, Es) = (Ys5,0, Ks) bea S (o, , $)-Co Ma. Then
for each subset V of Yy, f1; (Tey-int(V))C 7o -cl(f1; (V).

Proof. The result 7,,-int(V) C V, implies that fﬂgl(Tsv—int(V))g f]\}l (V). Since
fuis a S (ay, B)-Co Ma f,' (V) C 7 -int(ry,-cl(7s,-int( f;,'(V )))),implies
that f;,'(7,,-int(V))C 7, -int(7,,-cl(7.,-int( f;,/(V)))) and f;; (74,-int(V))C 7o,
int(7,,-cl( f;,'(V))). Therefore f;; (T4,-int(V))C 7o, -cl(f3, (V). O

Theorem 3.5. Let fy (X, 75, Es) — (Y;, 045, Ks) be a Bi Ma.Then f) is a
S(a, B)-Co Ma if and only if oys-int(frr(U))C frr(Ts(a,)-int(U)) for each sub-
set U of X..

Proof. Suppose fy; is a S(a,,/)-Co Ma, using Theorem 3.3(iv),
0sg-int(fas(Ts(a,)-int( U ))) for each subset U of X,.

Conversely, suppose o,s-int(f3(U))C far(7s(a,)-int(U)) for each subset U of
Xg, by Theorem 3.3(iv), (i), fa isa S (a5, 3)-Co Ma. O

Definition 3.3. Let A be a subset of Xg and p be any point in Xg. Then p is called
a S a,-limit point of Aif U () (A —{p}) # ¢, for any a,-OS U containing p. The
set of all S av,-limit points of A is called S o.,-derived set of A and is denoted by
ds(ar)-

Theorem 3.6. Let fy, :(Xs, 75, Es) — (Ys, 05, Ks) be a Ma and ~y be an open oper-
ation then the following are equivalent:

(1) fum is a S(a.,5)-Co Ma.
(i) frr(dsa,)(A)) € osg-cl(frr(A)) for any subset A of X.

Proof.

(i) = (it) Suppose fy is a S(a,,5)-Co Ma. Let A be any subset in Xg.
Since o,5-clfyr(A)) is a 0,5-CS in Ys, f;, (055-cl(A))is a S a-y-CS in Xg. Then
AC fit(fur(A) C fif (0uscl(far(A))) gives

o ClA)C 7ol (0l ar (A)) = Fi (0as-clCfar (A))).

Therefore,
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Frr(dsia,)(A)) C f(Tsamp)-cl(A) C far(fa) (055-cl(f2(A)))) C o5-cl(far(A)).
(i1) = (i) Suppose f(dy,)(A)) € oss-cl(far(A)) for A C B. Let B be any 0,3-CS
of Ys. To prove that f;,;'(B)is a S a,-CS in Xs. Then
Pty Fi (B) € el (i (B))) € oraprcl(B)= B of fus(dsia (37 (B))) €
B gives dy.)(f/ (B)) C f;/ (B)) which implies that f,,'(B)is a Sa.,-CS in Xg.
Hencef), is a S(a,5)-Co Ma. O

Theorem 3.7. If fy (X, 75, Es) = (Ys,04, K;) isa S (a.,3)-Co Ma and X, is a
S v-0OS of Xg, then the restriction fy/Xo : Xo — Y is a S(a.,,3)- Co Ma, where
v : 7s — P(X;) be a regular operation on .

Proof. Let V be any S 3-OS of Ys. Since fy, isa S (o, , 3)- Co Ma fﬂ_j(V) isas$S
,-0S in Xg and using Theorem 3.21 [7] f;,' (V) N Xo = (far/Xo) (V) € Ts(ay)-
Since Xy C X, (fm/Xo) H(V)is a S a,-OS in X,. This shows that fy/X,isa S
(o , 3)-Co Ma. O

Theorem 3.8. Let (Xg, 75, Es) be a STS,~ : 7s — P(Xg) be a regular operation on
7, and {Vj, : k € J} be a cover of Xg by S 7-OSs of Xs. AMa fy: (X,7) — (Y, 0)
is a S(a,3)-Co Ma if and only if the restriction fy/Vj, : Vi, = Y is a S(«v,,3)- Co
Ma for each k € J.

Proof. Let fy be a S(a, ,4)-Co Ma. By Theorem 3.4, fy/V} is a S(a, ,3)-Co
Ma for each k € J.Let fy/Vy is a S(a, , $)-Co Ma for each k € J. For any
S B-OS V of Ys, (fu/Vik) ' (V) is a S a,-0OS in V; for each & € J and hence
far (V) =U{(fm/Vi) Y (V) : k € J}isa S a,,-0S in X5 by Theorem 3.4 [7]. This
shows that f);isa S (o, , 3)-Co Ma. O

4. SOFT(v,a3)-OPEN MAPPINGS AND SOFT(7y,a3)-CLOSED MAPPINGS

In this section, we introduce the concept of S(v,a3)-Op Mas and S(v,az)-Cl
Mas and study some of their properties.

Definition 4.1. A Ma fy (X, 75, Es) — (Ys, 04, Ky) is said to be a S (v,a3)-
Op(CDMa if the image of each S v-Op(Cl) set in X, is a S az-OS(CL)set in Y.

Example 2. Let Xs = {1’1,$2,l’3} b) Y:s = {ylay2ay3}: Ts = {QD,XS, (F1>Es))7
(F27Es))7(F37ES))7(F4aEs)) } and Os = {Qpa}Ga(GlaEs))a(GQaES))v(GZ%Es))
(G4, E,) }, where (F, E,) and (G, K,) are defined as Fy(E,) = (e1, {z1}), Fo(E,) =
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(e, {z3}), F3(Es) = (e3, {71, 22}), Fu(Es) = (e3, {71, 23}).
Gi(Es) = (ki {n}), Ga(Es) = (ko, {y2}), G3(Es) = (ks {y1,v2}), Ga(Es) =
(ks, {y1,ys3}) and (Xs, 75, Es) and (Y, 05, K) be STSs.

Define operations ~, : 7, — P(X;) and s : Yy, — P(Y;) by A» = cl(A)
and B” = int(cl(B)). Then To(ay) = 1(F1, E), (F, Ey), (F3, Ey), (Fy, Es)} and
Os(8) — {(Gla KS)v (G27 KS)7 (G57 KS)7 (G47 Ks)}°

Define Uy, : Xs — Y; and Py : Es — K, as u(x;) = yj,u(zy) = ys and
U(Z‘g) = Yo, p(61> = kl,p(eg) = ]{33 and p(€3) = ]{?2. Let fup : (XS,TS7ES) —
(Y;, 05, K) be a S Ma. Then the image of each S ~,-OS(respectively v-CS) is a S
a.,-OS( respectively «.,-CS) under f),. Hence fy,; is a S(v ,a3)-OS( respectively
(’7 ) Q{ﬁ)-CS)

Theorem 4.1. A Ma fy (X, 75, Es) — (Ys, 05, Ks) is a S(v,a3)-Op Ma if and
only if for each x € X and each S ~ys-neighbourhood U of z, there exists a S a3-OS
V of Y; containing fu(x) such that V' C f, (U).

Proof. Suppose that f); is a S( v, ap)-Op Ma . For each x € X, and each neigh-
bourhood U of x, there exists a S ~,-OS U, such that x € U, C U. Since f); is a
S (7,a3)-0Op Ma, V = f(Up) isa S ap-0S and fy(z) € V C fu(U).

Conversely, let Ube a S v,-OS of X,. For each x € U, there exists a S a3-OS Vy, ()

such that fy(z) € Vi, < fu(U) . Therefore, we obtain
fu(U) = U{V},, ) x € U} and by Theorem 3.4, [8], fu(U) is a S a3-OS. This
shows that f), is a S(v, a)-Op Ma. O

Theorem 4.2. A Ma fy (X, 75, Es) = (Ys, 05, K;) isa S (v, ag)-Op Ma if and
only if for each subset W C Yy and each S ,-CS F of X, containing f;'(W), there
exists a S ag-CS H of Ys containing W such that f,,; (H) C F.

Proof Let H = Y,— fy;(X,—F). Since f;;/(W) C F, we have fy(Xs—F) C Yg—
W. Since fy is a S (y,03)-Op Ma, H is a S a3-CS and
ful (H) = Xo = fi (fu(Xe = F)) € Xo = (X, — F) = F.

Conversely, let U be any S 7,-OS of X, and W = Y, — fy,(U). Then f;}(W) =
X — fif (fu(U)) € X, — U and X,— U is a S ~,-CS. By the hypothesis, there
exists a S ag-CS H of Y, containing W such that f;,'(H) € X, — U. Then, we
have f,;' (H)NU = ¢ and H N fy;(U) = ¢. Therefore , we obtain Y, — fy;(U) 2
HOW=Y,— fu(U)and fy(U)isaS$S (y,05)-0S in Y;. This shows that f), is
a S(v,a3)-Op Ma. O
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Theorem 4.3. If a Ma fy : (X, 75, Es) — (Y5, 05, Fs) is a S(v,05)-Op Ma and
vs : Ts = P(Xj) is an open operation on 7,.Then the following properties hold:
(D fr (soss-cl( o4s-int(os5-cl( B)))) C 1o,-cl(fy, (B)) for each set BC Yy ;
(i) f1' (05p-cl(V) C Tor-cl(f3, (V') for each S 3,-OS V of Y.

Proof.

(i) Let B be any subset of Y. Then 7,,-cl(f;,'(B)) is a S 7,-CS in X,. By
Theorem 4.2 there exists a S a3-CS H of Y; containing B such that f;,'(H) C 7,,-
cl(f;/(B)). Since Y,— His a S as-0S, f;/(Ys — H) C f;;/ (0sp-int(os-cl(05-
int(Y; — H)))) and X, — f;; (H) C fif (Vs — 0.5-cl(0sp-int(o5-cl(H)))) = X5 —
faf (0s5-cl(os-int(o5-cl( H)))). Thus f;, (0.5-cl(05-int(o.5-cl(B)))) C f1,' (sos-
cl(os-int(o.5-cl(H)))) C fi (H) C 7o,-cl(f;,'(B)). Therefore f;,'(o.5-cl( op-
int(o,5-cl(B)))C 7, -cl(f;, (B)).

(1) Let V be any S 3,-OS of Y;. Then o,4-int(V) = V and using (i) , we obtain
f&l(asg-cl(V)) =f]\_/[1(055-cl( osp-int(os5-cl(V)))) C TSV-Cl(f]\_/ll(V)). O

Theorem 4.4. Suppose fi : (X, 75, Es) = (Ys, 04, Fs) is a S (vy,a5)-Op Ma and
vs : Ts — P(Xj) is an open operation on 7,. Then the following conditions are
equivalent:

(1) f]\/[ isa$S (7,045)—Op Ma.
(i) far(7y-int(A)) C ooy -int(frr(A))for A C X;
(i) 7oy-int( f1;'(B)) C f1/ (Os(ay)-int(B)) for BC Y.

Proof.

(i) — (i7). Let A be a subset of X,. Then 7,,-int(A) is a S v-OS in X,. Since
fis a S(v, ap)-Op Ma ,we have f)/(7s,-int(A)) is a S a3-OS in Y;. Therefore
St (T -Int(A)) = 0(ap)-Int( f1r(76,-I0E(A))) C O(ay)-int(far (A)).

(i4) — (iii). Let B be a subset of Y;. Then f;,'(B) C X,. By (ii), we have
fu(Terint (f3/B))) = oyap-intC far(f2,'(B))) € 0yay)-int(B). Thus
Te-int( fy/ (B)C fﬂgl(asaﬁ—int(B)).

(¢ii) — (i) Let Ube a S y5-OS in X;. Then U = 7,,-int(U) C 7, -int(f ¥ (£, (V)))
C fii (050, -int(frr(U)))by(iii) . This implies that fi;(U) C oga,-int( f, (V).
Therefore f);(U)isa S ap-OS in Y;. O

Theorem 4.5. For any Bi Ma f :(Xs, 75, Es) — (Ys, 05, K) , the following condi-
tions are equivalent:

D fif : X, 7, E) = (Yi, 04, Fy) isa S (o, 3)-Co Ma;
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(ii) farisaS (v,ap)-Op Ma;
(i) fas is a S (v,5)-Cl Ma.

Proof. Follows from the Definitions 3.1 and 4.1. O
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