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Abstract: 

In this Paper using πg⌃b*-closed set in topological spaces we first introduce a new generalizations of contra continuity called contra -π 
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I. INTRODUCTION 

Malghan[8] introduced the concept of generalized closed 

maps in topological spaces. Biwas[1], Mashour[9], 

Sundaram[13], Crossley and Hildebrand[2], and Devi[3] have 

introduced and studied semi-open maps, α-open maps, and 

generalized open maps respectively.  

The notion of contra-continuity was introduced and 

investigated by Donchev[4]. Donchev and Noiri[5], S.Jafari 

and T.Noiri[7,6] have introduced and investigated contra –

semi-continuous, contra –pre-continuous, contra-α-continuous 

functions between topological spaces . 

 

II. PRELIMINARIES  

Throughout this paper (X,τ) represents non empty topological 

spaces on which no separation axioms are assumed unless 

otherwise mentioned. A subset A of a topological space (X,τ), 

cl(A) and int(A) denote the closure of A and interior of A 

respectively. (X,τ) will be replaced by X if there is no chance 

of confusion. 

 

Definiton 2.1 Let (X,τ) be a topological space. A subset A of 

(X,τ) is called  

(1) a semi-closed set if int(cl(A))⊆A. 

(2) a α-closed set if cl(int(cl(A)))⊆A. 

(3) a pre-closed set if cl(int(A))⊆A. 

(4) a regular-closed set if A=cl(int(A)). 

(5) a b-closed set if cl(int(A))∩int(cl(A))⊆A. 

(6) a b*-closed set if int(cl(A))⊂U, whenever A⊂U and 

U is b-open. 

the complements of the above mentioned sets are called semi-

open, α-open, pre-open, regular open, b-open, b*-open sets 

respectively. The intersection of all semi-closed (resp. α-

closed, pre-closed, regular-closed and b-closed) subsets of 

(X,τ) containing A is called the semi-closure (resp. α-closure, 

pre-closure,regular-closure and b-closure) of A and is denoted 

by scl(A) (resp. αcl(A), pcl(A), rcl(A) and bcl(A)). A subset A 

of (X,τ) is called clopen if it  is both open and closed in (X,τ).  

 

 

 

Definition 2.2  

A subset A of a space (X,τ) is called π-closed if A is fin ite 

intersection of regular closed sets. 

 

Definition 2.3  

A subset A of a space (X,τ) is called  

(1) a g-closed set if cl(A)⊂U whenever A⊂U and U is 

open in (X,τ). 

(2) a gb-closed set if bcl(A)⊂U whenever A⊂U and U is 

open in (X,τ). 

(3) a πg-closed set if cl(A)⊂U whenever A⊂U and U is 

π-open in (X,τ). 

(4) a πgα-closed set if αcl(A)⊂U whenever A⊂U and U 

is π-open in (X,τ). 

(5) a πgp-closed set if pcl(A)⊂U whenever A⊂U and U 

is π-open in (X,τ). 

(6) a πgs-closed set if scl(A)⊂U whenever A⊂U and U 

is π-open in (X,τ). 

(7) a πgb-closed set if bcl(A)⊂U whenever A⊂U and U 

is π-open in (X,τ). 

Complement of π-closed set is called π-open set. 

Complement of g-closed, gb-closed, gα-closed, πgα-closed, 

πgp-closed, πgs-closed and πgb-closed sets are called g-open, 

gb-open, gα-open, πgα-open, πgp-open, πgs-open and πgb-

open sets respectively. 

 

Definition 2.4  

A function f: (X,τ)→(Y,σ) is called continuous(resp.α-

continuous, pre-continuous, g-continuous, regular continuous, 

gb- continuous, b*- continuous) if f 
-1

(V) is closed (resp. α- 

closed, pre- closed, g- closed, regular closed, gb- closed, b*- 

closed) in (X,τ) for every closed set V in (Y,σ).  

 

Definition 2.5  

A function f: (X,τ)→(Y,σ) is called π-continuous(resp. πgp-

continuous, πg-continuous, πgb- continuous, πgb*- 

continuous) if f 
-1

(V) is closed (resp. πgp- closed, πg- closed, 

πgb- closed, πgb*- closed) in (X,τ) for every closed set V in 

(Y,σ). 
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Definition 2.6  

A map f: (X,τ)→(Y,σ) is called contra continuous(resp. 

contra-α-continuous, contra-g-continuous, contra-gb-

continuous, contra-pre-continuous, contra-π-continuous, 

contra-πgb-continuous, contra-πgα-continuous, contra-πgs-

continuous) if f 
-1

(V) is closed (resp. α- closed, pre- closed, g- 

closed, regular closed, gb- closed, contra-π-closed, contra-

πgb-closed, contra-πgα-closed, contra-πgs-closed) in (X,τ) for 

every open set V in (Y,σ). 

 

Definition 2.7  

A map f: (X,τ)→(Y,σ) is called closed map(resp. α-closed, g-

closed, gb-closed, pre-closed, π-closed, πgb-closed, πgα-

closed, πgs-closed) if f(F) is closed (resp. α- closed, pre- 

closed, g- closed, regular closed, gb- closed, contra-π-closed, 

contra-πgb-closed, contra-πgα-closed, contra-πgs-closed) in 

(Y,σ) for every closed set F of (X,τ). 

 

III. CONTRA πg⌃b*-CONTINUOUS  

Definition 3.1  

A function f: X→Y is called contra πg⌃b*-continuous if    f 
-

1
(V) is πg⌃b*-closed in X for each open set V of Y. 

 

Example 3.1 

X=Y={a,b,c} with topologies τ={X,Ф,{a},{b},{a,b}} and 

σ={Y,Ф,{b,c}}.Let  f: (X,τ)→(Y,σ) be the identity map. Then 

f is contra πg⌃b*-continuous. 

 

Definition 3.2  

A map f: X→Y is called almost contra πg⌃b*-continuous, if 

the inverse image of every regular open set in Y is πg⌃b*-

closed in X. 

 

Theorem 3.1  

Every contra continuous is contra πg⌃b*-continuous but not 

conversely. 

Proof 

Let f: X→Y be contra continuous. Let V be any open set in Y. 

Then the inverse image f 
-1

(V) is closed in X. Since every 

closed set is πg⌃b*-closed, f 
-1

(V) is πg⌃b*-closed in X. 

Therefore f is contra πg⌃b*-continuous. 

Example 3.1 

Let X=Y={a,b,c,d} with topologies 

τ={X,Ф,{b},{c,d},{b,c,d}} and σ={Y,Ф,{d}}. Let f:X→Y be 

the identity map. Here inverse image of the open set is πg⌃b*-

closed and hence f is contra πg⌃b*-continuous. But f is not 

contra continuous since f
-
{d}={d} is not closed in X. 

 

Theorem 3.2  

Every contra π-continuous is contra πg⌃b*-continuous but not 

conversely. 

Proof 

Let f: X→Y be contra π-continuous. Let V be any open set in 

Y. Then the inverse image f 
-1

(V) is π-closed in X. Since every 

π-closed set is πg⌃b*-closed, f 
-1

(V) is πg⌃b*-closed in X. 

Therefore f is contra πg⌃b*-continuous. 

Example 3.2 

Let X=Y={a,b,c,d} with topologies 

τ={X,Ф,{a},{b},{a,b},{b,c},{a,b,c},{a,b,d}} and 

σ={Y,Ф,{b},{b,c},{b,c,d}}. Let f: X→Y defined by f(a)=a; 

f(b)=d; f(c)=c; f(d)=b. Here inverse image of the open set is 

πg⌃b*-closed and hence f is contra πg⌃b*-continuous. But f is 

not π-contra continuous since f 
-
{b,c}={c,d} is not π-closed in 

X. 

 

Theorem 3.3  

Every contra α-continuous is contra πg⌃b*-continuous but not 

conversely. 

Proof 

Let f: X→Y be contra α-continuous. Let V be any open set in 

Y. Then the inverse image f 
-1

(V) is α-closed in X. Since every 

α-closed set is πg⌃b*-closed, f 
-1

(V) is πg⌃b*-closed in X. 

Therefore f is contra πg⌃b*-continuous. 

Example 3.3 

Let X=Y={a,b,c} with topologies τ={X,Ф,{a},{b},{a,b}} and 

σ={Y,Ф,{a},{a,b}}. Let f: X→Y defined by f(a)=c; f(b)=a; 

f(c)=b. Here inverse image of the open set is πg⌃b*-closed 

and hence f is contra πg⌃b*-continuous. But f is not α-contra 

continuous. Since f 
-
{a}={b} is not α-closed in X. 

 

Theorem 3.4  

Every contra g-continuous is contra πg⌃b*-continuous but not 

conversely. 

Proof 

Let f: X→Y be contra g-continuous. Let V be any open set in 

Y. Then the inverse image f 
-1

(V) is g-closed in X. Since every 

g-closed set is πg⌃b*-closed, f 
-1

(V) is πg⌃b*-closed in X. 

Therefore f is contra πg⌃b*-continuous. 

Example 3.4 

Let X=Y={a,b,c} with topologies τ={X,Ф,{a},{b},{a,b}} and 

σ={Y,Ф,{a},{a,b}}. Let f: X→Y defined by f(a)=c; f(b)=a; 

f(c)=b. Here inverse image of the open set is πg⌃b*-closed 

and hence f is contra πg⌃b*-continuous. But f is not g-contra 

continuous. Since f 
-
{a}={b} is not g-closed in X. 

 

Theorem 3.5  

Every contra pre-continuous is contra πg⌃b*-continuous but 

not conversely. 

Proof 

Let f: X→Y be contra pre-continuous. Let V be any open set 

in Y. Then the inverse image f 
-1

(V) is pre-closed in X. Since 

every pre-closed set is πg⌃b*-closed, f 
-1

(V) is πg⌃b*-closed 

in X. Therefore f is contra πg⌃b*-continuous. 

Example 3.5 

Let X=Y={a,b,c,d} with topologies 

τ={X,Ф,{a},{d},{a,d},{c,d},{a,c,d}} and 

σ={Y,Ф,{a},{a,b},{a,c}}. Let f: X→Y be the identity map. 

Here inverse image of the open set is πg⌃b*-closed and hence 

f is contra πg⌃b*-continuous. But f is not contra pre-

continuous. Since  f 
-1

{a,c}={a,c} is not pre-closed in X. 

 

Theorem 3.6  

Every contra gb-continuous is contra πg⌃b*-continuous but 

not conversely. 

Proof 

Let f: X→Y be contra gb-continuous. Let V be any open set in 

Y. Then the inverse image f 
-1

(V) is gb-closed in X. Since 

every gb-closed set is πg⌃b*-closed, f 
-1

(V) is πg⌃b*-closed in 

X. Therefore f is contra πg⌃b*-continuous. 

Example 3.6 

Let X=Y={a,b,c,d} with topologies 

τ={X,Ф,{a},{d},{a,d},{c,d},{a,c,d}} and 



International Journal of Engineering Science  and Computing, September 2016           2170                                                             http://ijesc.org/ 
 

σ={Y,Ф,{a},{a,b},{a,c}}. Let f: X→Y defined by f(a)=b; 

f(b)=a; f(c)=c; f(d )=d. Here inverse image of the open set is 

πg⌃b*-closed and hence f is contra πg⌃b*-continuous. But f is 

not contra gb-continuous. Since f 
-1

{a,d}={b,d} is not gb-

closed in X. 

 

Theorem 3.7  

Every contra πgα-continuous is contra πg⌃b*-continuous but 

not conversely. 

Proof 

Let f: X→Y be contra πgα-continuous. Let V be any open set 

in Y. Then the inverse image         f 
-1

(V) is πgα-closed in X. 

Since every πgα-closed set is πg⌃b*-closed, f 
-1

(V) is πg⌃b*-

closed in X. Therefore f is contra πg⌃b*-continuous. 

Example 3.7 

Let X=Y={a,b,c} with topologies 

τ={X,Ф,{a},{b},{a,b},{a,c}} and σ={Y,Ф,{c},{a,c}}. Let f: 

X→Y defined by f(a)=c; f(b)=b; f(c)=a. Here inverse image of 

the open set is πg⌃b*-closed and hence f is contra πg⌃b*-

continuous. But f is not contra πgα-continuous. Since f 
-

1
{c}={a} is not πgα-closed in X. 

 

Theorem 3.8  

Every contra πg⌃b*-continuous is contra πgb-continuous but 

not conversely. 

Proof 

Let f: X→Y be contra πg⌃b*-continuous. Let V be any open 

set in Y. Then the inverse image     f 
-1

(V) is πg⌃b*-closed in 

X. Since every πg⌃b*-closed set is πgb-closed,  f 
-1

(V) is πgb-

closed in X. Therefore f is contra πgb-continuous. 

Example 3.8 

Let X=Y={a,b,c,d} with topologies 

τ={X,Ф,{a},{b},{a,b},{a,b,c},{a,b,d}} and 

σ={Y,Ф,{a,b,c},{d}}. Let f: X→Y be the identity map. Here 

inverse image of the open set is πgb-closed and hence f is 

contra πgb-continuous. But f is not contra πg⌃b*-continuous. 

Since      f 
-1

{a,b,c}={a,b,c} is not πg⌃b*-closed in X. 

 

Theorem 3.9  

Every contra πg⌃b*-continuous is contra πgs -continuous but 

not conversely. 

Proof 

Let f: X→Y be contra πg⌃b*-continuous. Let V be any open 

set in Y. Then the inverse image     f 
-1

(V) is πg⌃b*-closed in 

X. Since every πg⌃b*-closed set is πgb-closed,  f 
-1

(V) is πgs-

closed in X. Therefore f is contra πgs -continuous. 

Example 3.9 

Let X=Y={a,b,c,d} with topologies 

τ={X,Ф,{b},{a,b},{b,d},{a,b,d}} and 

σ={Y,Ф,{a},{b},{c},{a,b},{b,c},{a,c},{a,b,c}}. Let f: X→Y 

be the identity map. Here inverse image of the open set is πgs -

closed and hence f is contra πgs -continuous. But f is not 

contra πg⌃b*-continuous. Since f 
-
{a,b,c}={a,b,c} is not 

πg⌃b*-closed in X. 

 

Theorem 3.10  

Every contra- πg⌃b*-continuous function is almost contra- 

πg⌃b*-continuous but not conversely. 

 

Proof 

The proof follows as every regular open set is open.  

Example 3.10 

Let X=Y={a,b,c,d} with topologies 

τ={X,Ф,{a},{b},{a,b},{b,c},{a,b,c},{a,b,d}} and 

σ={Y,Ф,{a},{b},{a,b},{a,b,c}}. Let us define f(a)=b; f(b)=c; 

f(c)=d; f(d)=a. Here the image of the regular open set is 

πg⌃b*-closed and hence f is almost contra- πg⌃b*-continuous. 

But f is not contra-πg⌃b*-continuous. But f is not contra-

πg⌃b*-continuous. Since f 
-1

{a,b,c}={a,b,d} is not πg⌃b*-

closed in X.  

 

Theorem 3.11  

If a map f: X→Y from a topological space X into a 

topological space Y. The fo llowing statements are equivalent. 

(a) f is almost contra- πg⌃b*-continuous. 

(b) For every regular closed set F of Y, f 
-1

(F) is πg⌃b*-

open in X. 

Proof 

(a)⇒(b)  

Let F be a regular closed set in Y, then Y-F is regular open set 

in Y. By (a), f 
-1

(Y-F)=X-f 
-1

(F) is πg⌃b*-closed set in X. This 

implies f 
-1

(F) is πg⌃b*-open set in X. Therefore (b) holds.  

(b)⇒(a) 

Let G be a regular open set of Y. Then Y-G is a regular closed 

set in Y. By (b), f 
-1

(Y-G) is πg⌃b*-open set in X. This implies 

X- f 
-1

(G) is πg⌃b*-open set in X, which implies f 
-1

(G) is 

πg⌃b*-closed in X. Therefore (a) holds. 

 

Remark 3.12 

The composition of two contra πg⌃b*-continuous map need 

not be contra πg⌃b*-continuous. 

Example 3.12 

Let X=Y=Z={a,b,c,d} with topologies 

τ={X,Ф,{a},{b},{a,b},{a,b,c}}, σ={Y,Ф,{a},{c},{a,c}} and 

 ={Z,Ф,{a},{b},{a,b},{a,b,d}}. Let f: (X,τ)→(Y,σ) be 

defined by f(a)=a; f(b)=b; f(c)=c;  f(d )=d. Let g: (Y,σ)→(Z, ) 

be defined by g(a)=a; g(b)=b; g(c)=c; g(d)=d. Both f and g are 

contra- πg⌃b*-continuous. 

Define g∘f: (Z,)→(Y,σ). Here {a,b} is a open set of (Z, ). 

Therefore (g∘f) 
-1

{a,b}={a,b} is not πg⌃b*-closed set of (Z, ). 

Hence g∘f is not contra- πg⌃b*-continuous. 

 

Theorem 3.13  

If a map f: X→Y is πg⌃b*-irresolute map and g: Y→Z is 

πg⌃b*-continuous map, then g∘f: X→Z is contra- πg⌃b*-

continuous. 

Proof 

Let F be an open set in Z. Then g 
-1

(F) πg⌃b*-closed in Y, 

because g is contra- πg⌃b*-continuous. Since f is πg⌃b*-

irresolute, f 
-1

(g 
-1

(F))=(g∘f) 
-1

(F) is πg⌃b*-closed in X. 

Therefore g∘f is contra πg⌃b*-continuous. 

 

IV. πg^b*-CLOS ED MAPS  

Definition 4.1  

A map f: (X,τ)→(Y,σ) is πg^b*-closed maps if for each closed 

set F of X, f(F) is πg^b*-closed sets in Y. 

 

Definition 4.2  

A map f: (X,τ)→(Y,σ) is πg^b*-open map if for each open set 

F of X, f(F) is πg^b*-open sets in Y. 
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Definition 4.3  

A map f: (X,τ)→(Y,σ) is πg-closed map if for each closed set 

F of X, f(F) is πg-closed sets in Y. 

 

Theorem 4.1  

Every closed map is πg⌃b*-closed map. 

Proof  

Let f: (X,τ)→(Y,σ) be an closed map. Let F be any closed set 

in X. Then f(F) is an closed set in Y. Since every closed set is 

πg^b*-closed, f(F) is πg^b*-closed set. Therefore f is πg^b*-

closed map. 

 

Remark 4.1  

The converse of the theorem need not be true as seen from the 

following example. 

Example 4.1 

Let X=Y={a,b,c} with topologies τ={X,ϕ ,{c},{a,b}} and 

σ={Y,ϕ,{a},{b},{a,b}}. Let f: X→Y be the defined by f(a)=a; 

f(b)=c; f(c)=b. Then f is πg^b*-closed but not closed, since the 

image of the closed set {c} in X is {b} which is not closed in 

Y. 

 

Theorem 4.2  

Every α-closed map is πg⌃b*-closed map. 

Proof  

Let f: (X,τ)→(Y,σ) be an α-closed map. Let F be any closed 

set in X. Then f(F) is an α-closed set in Y. Since every α-

closed set is πg^b*-closed, f(F) is πg^b*-closed set. Therefore 

f is πg^b*-closed map. 

 

Remark 4.2  

The converse of the theorem need not be true as seen from the 

following example. 

Example 4.2 

Let X=Y={a,b,c,d} with topologies 

τ={X,ϕ ,{b},{b,d},{b,c},{b,c,d}} and 

σ={Y,ϕ,{b},{a,b},{b,d},{a,b,d}}. Let f: X→Y be the f(a)=a; 

f(b)=b; f(c)=d; f(d)=c. Then f is πg^b*-closed but not α-

closed, since the image of the closed set {a,d} in X is {a,c} 

which is not α-closed in Y. 

 

Theorem 4.3  

Every g-closed map is πg⌃b*-closed map. 

Proof  

Let f: (X,τ)→(Y,σ) be an g-closed map. Let F be any closed 

set in X. Then f(F) is an g-closed set in Y. Since every g-

closed set is πg^b*-closed, f(F) is πg^b*-closed set. Therefore 

f is πg^b*-closed map. 

 

Remark 4.3  

The converse of the theorem need not be true as seen from the 

following example. 

Example 4.3 

Let X=Y={a,b,c} with topologies τ={X,ϕ,{a,b}} and 

σ={Y,ϕ,{a},{b},{a,b}}. Let f: X→Y be the f(a)=c; f(b)=b; 

f(c)=a. Then f is πg^b*-closed but not g-closed, since the 

image of the closed set {c} in X is {a} which is not g-closed 

in Y. 

 

Theorem 4.4  

Every π-closed map is πg⌃b*-closed map. 

Proof  

Let f: (X,τ)→(Y,σ) be an π-closed map. Let F be any closed 

set in X. Then f(F) is an π-closed set in Y. Since every π-

closed set is πg^b*-closed, f(F) is πg^b*-closed set. Therefore 

f is πg^b*-closed map. 

Remark 4.4  

The converse of the theorem need not be true as seen from the 

following example. 

Example 4.4 

Let X=Y={a,b,c,d} with topologies τ={X,ϕ,{b},{b,c},{b,c,d}} 

and σ={Y,ϕ,{a},{b},{a,b},{b,c},{a,b,c},{a,b,d}}. Let f: X→Y 

be the identity map. Then f is πg^b*-closed but not π-closed, 

since the image of the closed set {a,c,d} in X is {a,c,d} which 

is not π-closed in Y. 

 

Theorem 4.5  

Every gb-closed map is πg⌃b*-closed map. 

Proof  

Let f: (X,τ)→(Y,σ) be an gb-closed map. Let F be any closed 

set in X. Then f(F) is an gb-closed set in Y. Since every gb-

closed set is πg^b*-closed, f(F) is πg^b*-closed set. Therefore 

f is πg^b*-closed map. 

 

Remark 4.5  

The converse of the theorem need not be true as seen from the 

following example. 

Example 4.5 

Let X=Y={a,b,c,d} with topologies τ={X,ϕ,{d},{a,d}} and 

σ={Y,ϕ,{b},{c,d},{b,c,d}}. Let f: X→Y be the identity map. 

Then f is πg^b*-closed but not gb-closed, since the image of 

the closed set {b,c} in X is {b,c} which is not gb-closed in Y. 

 

Theorem 4.6  

Every pre-closed map is πg⌃b*-closed map. 

Proof  

Let f: (X,τ)→(Y,σ) be an pre-closed map. Let F be any closed 

set in X. Then f(F) is an pre closed set in Y. Since every pre-

closed set is πg^b*-closed, f(F) is πg^b*-closed set. Therefore 

f is πg^b*-closed map. 

 

Remark 4.6  

The converse of the theorem need not be true as seen from the 

following example. 

Example 4.6 

Let X=Y={a,b,c,d} with topologies τ={X,ϕ,{a},{a,c}} and 

σ={Y,ϕ,{a},{d},{a,d},{c,d},{a,c,d}}. Let f: X→Y be the 

identity map. Then f is πg^b*-closed but not pre-closed, since 

the image of the closed set {b,d} in X is {b,d} which is not 

pre-closed in Y. 

 

Theorem 4.7  

Every πgα-closed map is πg^b*-closed map. 

Proof  

Let f: (X,τ)→(Y,σ) be an πgα -closed map. Let F be any 

closed set in X. Then f(F) is an πgα -closed set in Y. Since 

every πgα -closed set is πg^b*-closed, f(F) is πg^b*-closed 

set. Therefore f is πg^b*-closed map. 

 

Remark 4.7  

The converse of the theorem need not be true as s een from the 

following example. 
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Example 4.7 

Let X=Y={a,b,c} with topologies τ={X,ϕ ,{c},{a,b}} and 

σ={Y,ϕ,{a},{b},{a,b},{a,c}}. Let        f: X→Y be the identity 

map. Then f is πg^b*-closed but not πgα -closed, since the 

image of the closed set {c} in X is {a } which is not πgα -

closed in Y. 

 

Theorem 4.8  

Every πg^b*-closed map is πgb-closed map. 

Proof  

Let f: (X,τ)→(Y,σ) be an πg^b*-closed map. Let F be any 

closed set in X. Then f(F) is an πg^b* -closed set in Y. Since 

every πg^b*-closed set is πgb-closed, f(F) is πgb-closed set. 

Therefore f is πgb-closed map. 

Remark 4.8  

The converse of the theorem need not be true as seen from the 

following example. 

Example 4.8 

Let X=Y={a,b,c,d} with topologies 

τ={X,ϕ ,{a},{b},{a,b},{b,c},{a,b,c},{b,c,d}} and 

σ={Y,ϕ,{a},{b},{a,b},{a,b,c},{a,b,d}}. Let f: X→Y defined 

by f(a)=d; f(b )=b; f(c)=c; f(d)=a . Then f is πgb-closed but not 

πg⌃b*-closed, since the image of the closed set {b,c,d} in X is 

{a,b,c} which is not πg⌃b*-closed in Y. 

 

Theorem 4.9  

Every πg⌃b*-closed map is πgs-closed map. 

Proof  

Let f: (X,τ)→(Y,σ) be an πg⌃b*-closed map. Let F be any 

closed set in X. Then f(F) is an πg⌃b* -closed set in Y. Since 

every πg⌃b*-closed set is πgs-closed, f(F) is πgs-closed set. 

Therefore f is πgs-closed map. 

Remark 4.9  

The converse of the theorem need not be true as seen from the 

following example. 

 

Example  4.9 

Let X=Y={a,b,c} with topologies 

τ={X,ϕ ,{a},{b},{a,b},{a,b,c},{a,b,d}} and 

σ={Y,ϕ,{b},{b,c}}. Let f: X→Y be the identity map. Then  f is 

πgs-closed but not πg⌃b*-closed, since the image of the closed 

set {b,c,d} in X is {b,c,d} which is not πg⌃b*-closed in Y. 

Theorem 4.10  

If f : (X,τ)→(Y,σ) is closed and h: (Y,σ)→(Z, ) is πg⌃b*-

closed, then h∘f : X→Z is πg⌃b*-closed. 

Proof 

Let V be any closed set in X. Since f : X→Y, f(V) is closed in 

Y, and Since h : Y→Z is πg⌃b*-closed, h(f(V)) is πg⌃b*-

closed in Z. Therefore h∘f : X→Z is πg⌃b*-closed map. 

Remark 4.11 

If f : (X,τ)→(Y,σ) is πg⌃b*-closed and h : Y→Z is closed, 

then their composition need not be a πg⌃b*-closed map as 

seen from the fo llowing example.  

Example 4.11 

X=Y=Z={a,b,c,d} with topologies 

τ={X,Ф,{a},{b},{a,b},{a,b,c}} , σ={Y,Ф,{a},{c},{a,c}} and 

 ={Z,Ф,{a},{b},{a,b},{a,b,d}}. Define a map f:(X,τ)→(Y,σ) 

by f(a)=a; f(b)=c; f(c)=b; f(d)=d and a map g: (Y,σ)→(Z, ) be 

defined by g(a)=a; g(b)=c; g(c)=b; g(d)=d. Then f is a πg⌃b*-

closed map and g is a πg⌃b*-closed map. But their 

composition g∘f : (X,τ)→(Z, ) is not a πg⌃b*-closed map, 

since for the closed set. 

 

Theorem 4.12  

A map f: (X,τ)→(Y,σ) is πg⌃b*-closed if and only if for each 

subset of s of Y and for each open set U containing   f 
-1

(S) 

there is πg⌃b*-open set V of Y such that S⊆V and    f 
-

1
(V)⊆U. 

Proof 

Suppose f is πg⌃b*-closed. Let S be a subset of Y and U is an 

open set of X such that f
-1

(S)⊆U. Then V=Y-f(X-U) is πg⌃b*-

open set containing S such that f
-1

(V)⊆U. Conversely suppose 

that F is closed set in X. Then            f 
-1

(Y-f(F))=X-F and XF 

is open by hypothesis there is πg⌃b*-open set V of Y such that 

Yf(F)⊆Y and                  f
-1

(V)⊆X-F. Therefore F⊆X-f
-1

(V). 

Hence                      Y-V⊆ f(F)=Y-V. Since Y-V is πg⌃b*-

closed, f(F) is πg⌃b*-closed and therefore f is πg⌃b*-closed 

map. 

 

Theorem 4.13  

If a mapping f:(X,τ)→(Y,σ) is πg⌃b*-closed then for every 

subset A of X, πg⌃b*-cl(f(A))⊂f(σ-cl(A)). 

Proof 

Let A⊂X. Since f is πg⌃b*-closed, f(σ-cl(A)) is πg⌃b*-closed 

in Y. Now f(A)⊂f(σ-cl(A)). Also f(A)⊂πg⌃b*-cl(f(A)). By 

definit ion we have πg⌃b*-cl(f(A))⊂f(σ-cl(A)). 

 

Converse need not be true as seen in the following example. 

 

Example  4.13 

X=Y={a,b,c,d} with topologies 

τ={X,Ф,{a},{b},{a,b},{a,b,c}}, σ={Y,Ф,{a},{c},{a,c}}  

Define a map f:(X,τ)→(Y,σ) be defined by f(a)=a; f(b)=c; 

f(c)=b; f(d)=d for every subset A of X πg⌃b*-cl(f(A))⊂f(σ-

cl(A)), but f is not πg⌃b*-closed map.  
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