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Introduction:-

In 1982, the concept of generalized closed maps are introduced and studied by S. R, Malghan [22], wg-closed maps
and rwg-closed maps were introduced and studied by Nagaveni [25],Later regular closed maps, rw-closed maps and
arw-closed maps have been introduced and studied by Long [19], Benchalli [8] and R S Wali [34] respectively. The
aim of this paper is to introduce and study sarw-closed and soarw-open, sorw*-closed and sarw*-open maps in
topological spaces. Also some of their properties have been investigated.

Preliminaries:-
In this paper X or (X,t) and Y or (Y,o) denote topological spaces on which no separation axioms are assumed. For a
subset A of a topological space X, cl(A), int(A), X-A or A° represent closure of A, interior of A and complement of
A in X respectively.
Definition 2.1:-A subset A of a topological space (X, 7) is called
1. Regular a-open set [32] (briefly, ra-open) if there is a regular open set U such that
UcAcacl(U).
2. Regular semi open set [11] if there is a regular open set U such that U < A c cl (U).
3. Regular open set [29] if A = int (cl A)) and a regular closed set if A = cl (int (A)).
4. Semi-preopen set [1] (B-open [10] if A < cl (int (cl (A))) and a semi-pre closed set (B- closed) if
int (cl (int (A))) cA.
5. a-open set [15] if A < int (cl (int (A))) and o -closed set if cl(int(cl(A)))c A.
6. Pre-open set [23] if A < int (cl (A)) and pre-closed set if cl (int (A)) < A.
7. Semi-open set [18] if A < cl (int (A)) and semi-closed set if int (cl (A)) < A.

Definition 2.2:-A map f: (X, t) —(Y, o) is said to be
1. Regular-continuous(r-continuous) [2] if f*(V) is r-closed in X for every closed subset V of Y.
2. Completely-continuous [2] if f*(V) is regular closed in X for every closed subset \/ of Y.
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g-Continuous [5] if f *(V) is g—closed in X for every closed subset V of Y.
sarw-continuous [7] if (V) is sarw closed in X for every closed subset V of Y.
Strongly sarw-continuous [7] if f (V) is closed set in X for every sorw closed set V in Y.
arw-continuous [34] if (V) is arw—closed in X for every closed subset V of Y.

finition 2.3:-A map f: (X, 1) — (Y, o) is said to be

Contra continuous [12] if f (V) is open in X for every closed subset V of Y.

Contra irresolute [23] if f*(V) is semi-open in X for every semi-closed subset V of Y.

Contra r—irresolute [22] if f *(V) is regular-open in X for every regular-closed subset V of Y

Irresolute [19] if (V) is semi-closed in X for every semi-closed subset V of Y.

ro*-open( resp ro*-closed) [30] map if f(U) is rm-open (resp rw-closed) in Y for every ro-open (resp ro-
closed) subset U of X.

sarw— irresolute [7] if (V) is sarw closed in X for every sarw-closed subset V of Y.

o*-quotient map[31] if £ is a-irresolute and £*(V) is an a- open set in (X,t) implies V is an open set in (Y,0).
ag— irresolute [25] if £ (V) is ag-closed in X for every ag-closed subset V of Y.

o— irresolute [23] if £ (V) isa-closed in X for every o- closed subset V of Y.

efinition 2.4:-A map f: (X, 1) — (Y, o) is said to be

a—closed map [15] if f (F) is a—closed in Y for every closed subset F of X.
gspr—closed map [27] if f (V) is gspr—closed in Y for every closed subset V of X
g—closed map [5] if f (V) is g—closed in Y for every closed subset V of X
o—closed map [30] if f (V) is @—closed in Y for every closed subset V of X
rga—closed map [32] if f (V) is rgo—closed in Y for every closed subset V of X
gr—closed map [10] if f (V) is gr—closed in Y for every closed subset V of X
g*p—closed map [21] if (V) is g*p—closed in Y for every closed subset V of X
rps—closed map [28] if f (V) is rps—closed in Y for every closed subset V of X
R*—closed map [14] if f (V) is R*—closed in Y for every closed subset V of X
gprw—closed map [17] if f (V) is gprw—closed in Y for every closed subset V of X.
wgro—closed map [16] if f (V) is wgro—closed in Y for every closed subset V of X.
ag—closed map [20] if f (F) is ag—closed in Y for every closed subset F of X.
swg—closed map [25] if f (V) is swg—closed in Y for every closed subset V of X.
ro—closed map [9] if f (V) is rw—closed in Y for every closed subset V of X.
rgw—closed map [24] if f (V) is rgw—closed in Y for every closed subset V of X.
regular closed map[29] if f (F) is closed in Y for every regular closed set F of X
Contra closed map [4] if f (F) is closed in Y for every open set F of X.

Contra regular closed map [29] if f (F) is r-closed in Y for every open set F of X.
Contra semi-closed map [26] if f (F) is s-closed in Y for every open set F of X.
wg-closed map [25] if f (V) is wg—closed in Y for every closed subset V of X
rwg—closed map [25] if f (V) is rwg—closed in Y for every closed subset V of X
gs—closed map [3] if f (V) is gs—closed in Y for every closed subset V of X
gp—closed map [21] if f (V) is gp—closed in Y for every closed subset V of X
gpr—closed map [13] if f (V) is gpr—closed in Y for every closed subset V of X
agr—closed map [33] if f (V) is agr—closed in Y for every closed subset V of X
wa—closed map [9] if f (V) is wa—closed in Y for every closed subset V of X

Definition 2.5:-A map f: (X, 1) — (Y, o) is said to be

SRR AN

g-open map [5] if f (U) is g-open in (Y, o) for every open set U of (X, 1),

gpr-open map [13] if f (U) is gpr-open in (Y, o) for every open set U of (X, 1),
Regular open map [29] if £ (U) is open in (Y, o) for every regular open set U of (X, 7).
rwg-open map [25] if f (U) is rwg-open in (Y, o) for every open set U of (X, 1),
wg-open map [25] if f (U) is wg-open in (Y, o) for every open set U of (X, 1),

w- open map [30] if f (U) is w-open in (Y, o) for every open set U of (X, 7).

Results 2.6:- [6]

1.
2.

Every closed (resp regular-closed, a-closed) set is sorw-closed set in X.
Every sorw-closed set is sg-closed set
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3. Every sarw-closed set is gsp-closed (resp rps-closed, gs-closed, gspr-closed) set in X .

Results 2.7:-[6] If a subset A of a topological space X, and

If A is regular open and sarw-closed then A is a-closed set in X

If A is open and ag-closed then A is sarw-closed set in X

If A is open and gp-closed then A is sorw-closed set in X

If A is regular open and gpr-closed then A is sarw-closed set in X.
If A is open and wg-closed then A is sarw-closed set in X.

If A is regular open and rwg-closed then A is sarw-closed set in X.
If A is regular open and agr-closed then A is sarw-closed set in X.
If A is w-open and wa-closed then A is sarw-closed set in X.

Nk~ wWNE

Results 2.8:-[6] If a subset A of a topological space X, and

1. If Alis semi-open and sg-closed then it is sarw-closed.

2. If A'is semi-open and w-closed then it is sarw-closed.

3. Ais sarw-open iff U € aint (A), whenever U is sarw- closed and U CA.

Definition 2.9:-A topological space (X, 1) is called
1. Ty, space [22] if every g-closed set is closed.
2. T Space [7] if every sarw-closed set is closed.

3. sarw-closed maps and sarw-open maps:-
Definition 3.1:-A map f: (X, 1) — (Y, o) is said to be semi a-regular weakly closed (briefly sarw-closed) if the
image of every closed set in (X, 1) is sarw-closed in (Y, o).

Theorem 3.2:-Every closed map is sarw-closed map, but not conversely.
Proof:-Let f: (X,7)—(Y, o) be closed map and V be any closed set in X. Then f (V) is closed set in Y, since every
closed set is sarw-closed set. Hence f (V) is sarw-closed set in Y. Therefore fis sarw-closed.

Example 3.3:-Let X =Y = {a, b, ¢} 1 ={X, ¢, {a}, {b}, {a, b}} be a topology on X. t ={Y, ¢, {a}, {b, c}} be a
topology on Y. Let f: (X, 1) — (Y, o) ,defined by f(a) = b, f(b) = ¢, f(c) = a, then f is sarw-closed map but not
closed as image of closed set {b, c} in X is {a, c}, which is not closed set in Y.

Theorem 3.4:-
1. Every a-closed map is sarw-closed map, but not conversely.
2. Everyregular closed map is sarw-closed map, but not conversely

Proof:-
1. The proof follows from the fact that every a-closed set is sarw-closed set.
2. The proof follows from the fact that every regular closed set is sorw-closed set.

Example 3.5:-

1. Inexample 3.3, fis sarw-closed map but not closed as image of closed set {b, ¢} in X is {a, ¢}, which is not a-
closed setin.

2. In example 3.3, fis sarw-closed map but not closed as image of closed set {b, c} in X is {a, ¢}, which is not
regular closed setin Y.

Theorem 3.6:-Every sarw-closed map is sg closed map, but not conversely.
Proof:-The proof follows from the fact that every sarw-closed set is sg-closed set.
Example 3.7:-Let X =Y = {a, b, ¢} 1={X, ¢, {a}, {b, c}} be a topology on X. 1 ={Y, ¢, {a}, {b}, {a, b}, {a, c}} be

a topology on Y. Let f: (X, 1) — (Y, o) defined by f(a) =c, f(b) = a, f(c) = b, then f is sg-closed map but not sorw-
closed as image of closed set {b, c} in X is {a, ¢}, which is not sarw-closed set in Y.
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Theorem 3.8:-

1. Every sarw-closed map is gs closed map, but not conversely.
2. Every sarw-closed map is rps closed map, but not conversely.
3. Every sarw-closed map is gsp closed map, but not conversely.
4. Every sarw-closed map is gspr closed map, but not conversely.

Proof:-

1. The proof follows from the fact that every sorw-closed set is gs closed set.
2. The proof follows from the fact that every sarw-closed set is rps closed set.
3. The proof follows from the fact that every sarw-closed set is gsp closed set.
4. The proof follows from the fact that every sarw-closed set is gspr closed set.

Example 3.9:-

1. Inexample 3.7, fis gs closed map but not sarw-closed as image of closed set {b, c} in X is {a, c}, which is not
sarw-closed setin Y.

2. Inexample 3.7, fis rps closed map but not sarw-closed as image of closed set {b, c} in X is {a, c}, which is not
sorw closed set in Y

3. Inexample 3.7, fis gsp closed map but not sarw-closed as image of closed set {b, c} in X is {a, c}, which is not
sorw closed set in Y.

4. Inexample 3.7, f is gspr closed map but not sarw-closed as image of closed set {b, c} in X is {a, c}, which is
not sorw closed set in Y.

Remark 3.10:-The following examples show that sarw-closed maps are independent of pre-closed, B-closed, gp-
closed, gpr-closed, swg-closed, rwg-closed, wg-closed, rgw-closed, gprw-closed, pgpr-closed maps.

Example 3.11:-Let X={a,b,c}and Y={a,b,c,d}, 1 ={X, ¢, {a}, {b}, {a, b}, {a, c}} be a topology on X. T ={Y, ¢,
{a}, {b, c}, {a,b,c}} be a topology on Y. Let f: (X, 1) — (Y, o) defined by f (a) = ¢, f (b) = a, f(c) = b then f is of
pre-closed, B-closed, gp-closed, gpr-closed , swg-closed, rwg-closed, wg-closed, rgw-closed, gprw-closed, pgpr-
closed maps. But f is not sarw-closed map, as closed set {c} in X is {b}, which is not sarw-closed set in Y.

Example 3.12:-Let X={a,b,c}and Y={a,b,c,d}, 1 ={X, ¢, {a}, {b}, {a, b}, {a, c}} be a topology on X. T ={Y, ¢,
{a}, {b, c}, {a,b,c}} be a topology on Y. Let f: (X, 1) — (Y, o) defined by f(a) = c, f(b) = a, f(c) = b then fis sarw-
closed, but not a pre-closed, B-closed, gp-closed, gpr-closed , swg-closed, rwg-closed, wg-closed, rgw-closed, gprw-
closed, pgpr-closed maps ,as closed set {a , c} in X is {b, c}, which is not pre-closed( respectively B-closed, gp-
closed, gpr-closed , swg-closed, rwg-closed, wg-closed, rgw-closed, gprw-closed, pgpr-closed) setin Y.

Remark 3.13;-From the above discussions and known facts, the relation between sarw-closed map and some
existing closed maps in topological space is shown in the following figure.
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4 - closed map

7| gs- closed map

Regular closed Closed ; Sarw-closed
map e Mo B0 s vt ey map >| rps- closed map
A p'|
gsp- closed map
N
gspr-closed map
v

Pre- closed map,8 closed map, gp- closed map, gpt- closed
map, SWg- closed map, IWg- closed map, W— closed map,
gpIw- closed map, 1gW- closed map, pgpr- closed map,

A > B means the closed map A implies the closed map B,
A<=x—> B means the ciosed map A and B are independent of each other.

Pigure-1

Theorem 3.14:-

1. Ifamap f: (X, 1) — (Y, o) is contra regular closed and agr—closed map then f is sarw closed map.

2. Ifamap f: (X, 1) — (Y, o) is contra w- closed and wo—closed map then f is sorw closed map.

3. Ifamap f: (X, 1) — (Y, o) is contra closed and ag—closed map then f is sarw closed map.

4. Ifamap f (X, 1) — (Y, o) is contra regular closed and rwg—closed map then f is sarw closed map.

5. Ifamap f (X, 1) — (Y, o) is contra closed and wg—closed map then f is soarw closed map.

6. Ifamap f: (X, 1) — (Y, o) is contra regular closed and gpr—closed map then f is sarw closed map.

7. Ifamap f: (X, 1) = (Y, o) is contra closed and gp—closed map then fis sarw closed map

Proof:-

1. Let V be any closed set in (X, t). Then (V) is open and agr—closed. By results 2.7 f (V) is sarw closed in
(Y, 0). Therefore fis sarw closed map.

2. Let V be any closed set in (X, 7). Then f (V) is open and wo—closed. By results 2.7 f (V) is sorw closed in
(Y, o). Therefore fis sarw closed map.

3. Let V be any closed set in (X, 7). Then f (V) is open and ag—closed. By results 2.7 (V) is sarw closed in
(Y, o). Therefore fis sarw closed map.

4. Let V be any closed set in (X, t). Then f (V) is open and rwg—closed. By results 2.7 £ (V) is sarw closed in
(Y, o). Therefore fis sarw closed map.

5. LetV be any closed set in (X, t). Then f (V) is open and wg—closed. By results 2.7 f (V) is sarw closed in
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(Y, o). Therefore fis sarw closed map.

6. Let V be any closed set in (X, 7). Then f (V) is open and gpr—closed. By results 2.7 f (V) is sarw closed in
(Y, o). Therefore fis sarw closed map.

7. Let V be any closed set in (X, 1). Then f (V) is open and gp—closed. By results 2.7 £ (V) is sarw closed in (Y, o).
Therefore f'is sarw closed map.

Theorem 3.15 If a mapping f: (X, 1) — (Y, o) is sarw closed, then sarw-cl (f (A)) < f (cl (A)) for every subset A of
X, 7).

Proof:- Suppose that f is sarw-closed and A €X. Then cl (A) is closed in X and so f (cl (A)) is sarw-closed in (Y,
o). We have f (A) € f(cl (A)), sarw-Cl(f(A)) S sarw-cl(f(cl(A))) — (i). Since f (cl (A)) is sarw-closed in (Y, o),
sarw-cl (f (cl (A))) = f(cl (A)) — (ii), from (i) and (ii), we have sarw-cl (f (A)) < f (cl (A)) for every subset A of
(X, ).

Corollary 3.16:-
If a mapping f: (X, 1) — (Y, o) is sarw-closed, then the image f (A) of closed set A in (X, 1) is Tyw-closed in (Y, ©).

Proof:-Let A be a closed set in (X, 7). Since fis sarw-closed, sarw-cl (f (A)) < f(cl (A)) — (i). Also cl (A) = A, as
A is a closed set and so f(cl(A)) = f{A) —(ii). From (i) and (ii), we have sarw-cl (f (A)) < f (A). We know that f (A)
< sarw-cl (f (A)) and so sarw-cl (f (A)) =f (A). Therefore f (A) is Tyuw -closed in (Y, o).

Theorem 3.17:-Let (X, 1) be any topological spaces and (Y, 6) be a topological space where” sorw-cl (A) = a-cl (A)
for every subset A of Y” and f: (X, 1) —(Y, o) be a map, and then the following are equivalent.

1. fis sarw-closed map.

2. sarw-cl (f (A)) < f(cl (A)) for every subset A of (X, 1).

Proof:- (1) = (2) Follows from the Theorem 3.15.

(2) = (1) let A be any closed set of (X, 1). Then A=cl (A) and so f (A) = f(cl (A)) 2 sarw-cl (f (A)) by hypothesis.
We have f (A) < sarw-cl (f (A)), Therefore f (A) = sarw-cl (f (A)). Also f (A) = sarw-cl (f (A)) = a-cl (f (A)), by
hypothesis. That is f (A) = a-cl (f (A)) and f (A) is a-closed in (Y, ). Thus f (A) is sarw-closed set in (Y, o) and
hence f is sarw-closed map.

Theorem 3.18:- A map f: (X, 1) — (Y, o) is sorw-closed if and only if for each subset S of (Y, o) and each open set
U containing f*(S) cU, there is a sarw-open set V of (Y, o) such that S <V and (V) c U.

Proof;- Suppose f is sarw-closed. Let S — Y and U be an open set of (X, ) such that £(S) cU. Now X — U is
closed set in (X, 7). Since f is sarw-closed, f{(X — U) is sarw closed set in (Y, 6). Then V=Y — f (X — U) is a sorw-
open set in (Y, o). Note that f(S) < U implies S = V and f}(V) =X - f}(f (X - U)) c X - (X - U) = U.

That is (V)< U.

For the converse, let F be a closed set of (X, 7). Then f ! ((f (F)) ©) < F®and F° is an open in (X, 7). By
hypothesis, there exists sarw-open set V in (Y, o) such that f (F) ¢ < V and f*(V) c F® and so F < (f*(V)) . Hence
VE < f(F) < f(((F * (V))°) <V° which implies f(F) = V°. Since V © is sarw-closed, f (F) is sarw-closed. Thus f (F) is
sarw-closed in (Y, o) and therefore f'is sarw-closed map.

Remark 3.19:- The composition of two sarw-closed maps need not be sarw-closed map in general and this is shown
by the following example.

Example 3.20:- Let X =Y =Z ={a, b, ¢}, =={X, ¢, {a}, {b}, {a, b}, {a, c}}, 6 ={Y, ¢, {a}, {b, c}} and

n=1{Z, ¢, {a}, {b}, {a, b}}. Define f: (X, 1) — (Y, o) defined by f(a) =b, f(b) =c, f(c) =a and g: (Y, 6) — (Z, n) are
the identity maps. Then f and g are sarw-closed maps, but their composition (g ° f): (X, t) — (Z, 1) is not sorw-
closed map, because F = {a,c} is closed in (X, 1), but (g ° f) (F) = (g ° f) ({a,c}) = g[f({a,c})] = g[{a,b}] = {a,b}
which is not sarw-closed in (Z, 1).

Theorem 3.21:- If f: (X, 1) — (Y, o) is closed map and g: (Y, 6) — (Z, n) is sarw-closed map, then the composition
(g°D): (X, 1) — (Z,n) is sarw-closed map.
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Proof:-Let F be any closed set in (X, 7). Since f is closed map, f (F) is closed set in (Y, o). Since g is sarw-closed
map, g [f (F)] is sarw-closed set in (Z, n). That is (g ° f) (F) = g [f (F)] is sarw-closed and hence (g ° f) is sorw-
closed map.

Remark 3.22:- If f: (X, 1) — (Y, o) is sarw-closed map and g: (Y, 6) — (Z, 1) is closed map, then the composition
need not be sarw-closed map as seen from the following example.

Example 3.23:-Let X =Y =Z = {a, b, ¢}, =={X, ¢, {a}, {b}, {a, b}}, 6 = {Y, ¢, {a}, {b, c}} and n = {Z, ¢, {a},
{b}, {a, b},{a, c}}. Define f: (X, 1) — (Y, o) defined by f(a)=b, f(b)=c, f(c)=b and g: (Y, ) — (Z, 1) defined by
g(a)=c, g(b)=a, g(c)=c. Then f is sarw-closed map and g is closed map, but their composition (g ° f): (X, 1) — (Z, n)
is not sarw-closed map, because F = {c} is closed in (X, 1), but (g ° £ )(F) = (g ° f) ({c}) = g[f({c})] = g[{b}] = {a}
which is not sarw-closed in (Z, n).

Theorem 3.24:-If f: (X, 1) — (Y, o) and g: (Y, 6) — (Z, 1) is sarw-closed maps and (Y, 6) be a T,-Space then
(g°): (X, 1) — (Z, n) is sarw-closed map.

Proof. Let A be a closed set of (X, 1). Since f'is sarw-closed, f (A) is sarw-closed in (Y, ). Then by hypothesis,
f(A) is closed. Since g is sarw-closed, g (f (A)) is sarw-closed in (Z, ) and g [f (A)] = (g ° f) (A). Therefore (g ° f)
is sarw-closed map.

Theorem 3.25:-If f: (X, 1) — (Y, o) is g-closed, g: (Y, 6) — (Z, n) be sarw-closed and (Y, o) is Ty-space then their
composition (g ° f): (X, 1) — (Z, n) is sarw-closed map.

Proof:-Let A be a closed set of (X, 7). Since fis g-closed, f (A) is g-closed in (Y, o). Since (Y, 6) is Typ-Space, f (A)
is closed in (Y, o). Since g is sarw-closed, g [f (A)] is sarw-closed in (Z, 1) and g (f (A)) = (g ° f) (A).
Therefore (g ° f) is sarw-closed map.

Definition:-3.26: A map f: (X, 1) — (Y, o) is called sarw-open map if the image f (A) is sarw-open in (Y, o) for
each open set A in (X, 1).
From the definitions we have the following results.

Theorem 3.27:-

Every open map is sarw—open but not conversely.
Every a-open map is sarw—0pen but not conversely.
Every sarw—0pen map is sg-open but not conversely.
Every sarw—open map is gs-open but not conversely.
Every sarw—open map is gsp-open but not conversely.
Every sarw—open map is rps-open but not conversely.
Every sorw—0pen map is gspr-open but not conversely.

NogkrhwprE

Proof:-proof is straight forward since the compliments of closed sets are open sets.

Theorem 3.28:-For any bijection map f: (X, 1) — (Y, 6), the following statements are equivalent:
1. (Y, 0) - (X, 1) is sarw-continuous.

2. fis sarw-open map

3. fis sarw-closed map.

Proof:-
(1)= (2) Let U is an open set of (X, 7). By assumption, (f') * (U) = f (U) is sarw-open in (Y, ) and so f is
sorw-open.
(2)= (3) Let F is a closed set of (X, t). Then Fis open set in (X, t). By assumption, f (F °) is sarw-open in
(Y, o). That is f (F%) = f (F) ®is sarw-open in (Y, o) and therefore f(F) is sarw-closed in (Y, o). Hence fis soarw-
closed.
(3)= (1) Let F is a closed set of (X, ). By assumption, f (F) is sarw-closed in (Y, o). But f (F) = (f*) *(F) and
therefore f* is sarw-continuous.
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Theorem 3.29:-If a map f: (X, 1) — (Y, o) is sarw-open, then f (int (A)) < sarw-int (f(A)) for every subset A of
(X, 7).

Proof:-Let f: (X, 1) — (Y, 6) be an open map and A be any subset of (X, t). Then int (A) is open in (X, t) and so f
(int (A)) is sarw-open in (Y, 6). We have f (int (A)) € f(A). Therefore f (int (A)) < sarw-int (f (A)).

Theorem 3.30:-If a map f: (X, 1) — (Y, ©) is sarw-open, then for each neighbourhood U of x in (X, 1), there exists a
sarw-neighbourhood W and f(x) in (Y, o) such that W < f (U).

Proof:-Let f: (X, 1) — (Y, o) be an sarw-open map. Let X eX and U be an arbitrary neighbourhood of x in (X, 1).
Then there exists an open set G in (X, 7) such that x € G < U. Now f(x) f (G) < f(U) and f(G) is sorw-open set in
(Y, o), as f'is an sarw-open map. f (G) is sorw— neighbourhood of each of its points. Taking f (G) = W, W is an
sarw—neighbourhood of f(x) in (Y, ) such that W < f (U).

Definition 3.31:-A map f: (X, 1) — (Y, o) is said to be sarw*-closed map if the image f(A) is sarw-closed in (Y, ©)
for every sarw-closed set A in (X, 7).

Theorem 3.32:-Every sarw*-closed map is sarw-closed map but not conversely.

Proof:-The proof follows from the definitions and fact that every closed set is sarw-closed.

Example 3.33:-Let X =Y = {a, b, ¢}, 1= {X, ¢, {a}, {b, c}} and 6 ={Y, ¢, {a}, {b}, {a, b}} and f: (X, 1) — (Y, 0)
be the identity map. Then f is sarw-closed map but not sarw*-closed map. Since {a, b} is sarw-closed set in (X, 1),

but its image under f is {a, b}, which is not sarw-closed in (Y, o).

Theorem 3.34:-If f: (X, 1) — (Y, o) and g: (Y, 6) — (Z, ) are sorw*-closed maps, then their composition
(g°1): (X, 1) — (Z, n) is also sarw=*-closed.

Proof:-Let F be an sarw-closed set in (X, t). Since fis sarw*-closed map, f (F) is sarw- closed set in (Y, o). Since g
is sarw*-closed map, g (f (F)) is sarw closed set in (Z, n). Therefore (g © f) is sarw*-closed map.

Analogous to soarw*-closed map, we define another new class of maps called sarw*-open maps which are stronger
than sorw-open maps.

Definition 3.35:-A map f: (X, 1) — (Y, o) is said to be sarw=-open map if the image f (A) is sorw-open set in (Y, ©)
for every sorw-open set A in (X, 1).

Remark 3.36:-Since every open set is a sarw-open set, we have every sarw*-open map is sarw-0pen map. The
converse is not true in general as seen from the following example.

Example 3.37:-Let X=Y = {a, b, ¢}, 1= {X, ¢, {a}, {b, c}} and 6 ={Y, ¢, {a}, {b}, {a, b}} and £ (X, 1) — (Y, 0)
be the identity map. Then f is sarw-0pen map but not sarw*-open map. Since {c} is sarw-open set in (X, 1), but its

image under fis {c}, which is not sarw-open in (Y, o).

Theorem 3.38:-If f: (X, 1) — (Y, o) and g: (Y, 6) — (Z, ) are soarw=*-0pen maps, then their composition
(g°: (X, 1) — (Z,n) is also sarw=*-0pen.

Proof:-Proof is similar to the Theorem 3.34.

Theorem 3.39:-For any bijection map f: (X, 1) —(Y, o), the following statements are equivalent:
1. f1(Y,0) > (X, 1) is sarw irresolute.

2. fis sarwx—open map

3. fis sarwx—closed map.

Proof:-Proof is similar to that of Theorem 3.28
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