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Abstract: The purpose of this paper is to introduce various functions associated with p*g-open sets. Here contra p*g-continuous 

and contra p*g-irresolute functions are defined. Characterizations for these functions are given. Many other functions associated 

with p*g-open sets and their contra versions are introduced and their properties are studied. In addition contra strongly p*g-

continuous functions are discussed. We also study the relationships among themselves. Further, we discuss about their 

composition functions with other existing functions. Some interesting properties are investigated in addition to giving some 

examples. 
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1. INTRODUCTION  

   Levine [11] introduced the class of generalized closed sets in topological spaces. Contra continuous and gsp-continuous 

functions have been introduced and investigated by Dontchev [2, 3]. Also the contra pre semi continuous function was given by 

Veerakumar in 2005 [16]. Z. Li and W. Zhu [12] studied contra continuity on generalized topological spaces in 2013. Mashhour 

[13], Arokiarani, I. et. al. [1], Gnanambal, Y., and Balachandran, K [6], Patil, P. G. Rayanagoudar, T. D. and Mahesh, K. Bhat 

[14] put forward the concepts of pre open sets and pre continuity, gp-irresolute and gp-continuous maps, gpr-continuous and    

g*p-continuous functions in topological spaces respectively.    

      

    The authors [7, 8, 9, 10] brings out the p*g-closed sets, p*g-open sets, p*g-continuous functions, p*g-irresolute, strongly         

p*g-continuous function and perfectly p*g-continuous functions in topological spaces and established their relationships with 

some generalized sets in topological spaces. In this paper, our aim is to introduce the concept of contra p*g-continuous in 

topological spaces and investigate their basic properties. Also we discuss their relationship with already existing concepts. 

Together we define the notions of contra p*g-irresolute functions and contra strongly p*g-continuous functions and study some of 

their properties.  

 

    This paper is arranged as follows, section 2, we recall some notions that will be used throughout this paper. In section 3, we 

mention some notions in order to present contra p*g-continuous functions and investigate its basic properties. Also found out the 

composition of contra p*g-continuous functions with other existing functions in section 3. Finally, we study contra p*g-irresolute 

and contra strongly p*g-continuous functions. Finally, we gives a brief summary of work done in the last section. 

 

2. Preliminaries 

    Throughout this paper (X, τ), (Y, σ) and (Z,) represents topological spaces on which no separation axioms are assumed unless 

otherwise mentioned. (X, ), (Y, σ) and (Z,) will be replaced by X, Y and Z if there is no changes of confusion. For a subset A 

of a topological space X, cl(A), int(A) and X\A denote the closure of A, the interior of A and the complement of A respectively. 

 

    We recall the following definitions which are useful in the sequel.  

 

Definition 2.1. Let ,  be a topological space and A  . Then      

i. A is pre open if A  intclA and pre closed if clintA  A [13]. 

ii. A is pre*open if   intclA and pre*closed if cl*intA  A [15]. 

 

Definition 2.2. [11] Let (X, ) be a topological space. A subset A of X is said to be generalized closed (briefly g-closed) if      

cl(A)  U whenever A  U and U is an open in (X, ).  

 

Definition 2.3. [13] Let (X, ) be a topological space and A  X. The pre closure of A denoted by pcl(A) and  is defined by the 

intersection of all pre closed sets containing A. 
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Definition 2.4. Let (X, ) be a topological space and A   X. The generalized closure of A [4], denoted by cl*(A) and is defined 

by the intersection of all g-closed sets containing A and generalized interior of A [5], denoted by int*(A) and is defined by union 

of all g-open sets contained in A.                                                                                                                                             

 

Definition 2.5. [7] A subset A of a topological space (X, τ) is called pre*generalized closed (briefly p*g-closed) if pclA  U 

whenever A  U and U is pre*open in (X, τ). The collection of all p*g-closed sets of X is denoted by p*g-C(X).                              

 

Results 2.6. From [7] Let (X, τ) be a topological space. Then 

i. Every closed set is p*g-closed.  

ii. Every p*g-closed set is gp-closed, gpr-closed, wg-closed, rwg-closed, gp-closed,  

    gsp-closed, gsp-closed, pre semi closed, g*p-closed. 

 

Definition 2.7. [8] A subset A of a topological space (X, τ) is called p*g-open if \A is p*g-closed. Let p*g-О denote the 

collection of all p*g-open sets in .                                                                                                                                               

 

Lemma 2.8. [8] Let (X, τ) be a topological space. Then every open set is p*g-open.  

 

Definition 2.9. [9] A function  f : (X, )  (Y, ) is called  p*g-continuous if f -1(F) is p*g-closed in (X, ) for every closed set     

F in (Y, ).                                                                                                   

 

Definition 2.10. [9] A function f : (X, )  (Y, ) is called p*g-irresolute if f -1(F) is p*g-closed in (X, ) for every p*g-closed set 

F in (Y, ).                                                                                                       

 

Definition 2.11. [10] A function f : (X, )  (Y, ) is called strongly p*g-continuous if f -1(F) is closed in (X, ) for every        

p*g-closed set F in (Y, ). 

 

Definition 2.12. A function f : (X, )  (Y, ) is called  

i. continuous [13] if f -1(F) is closed in X for every closed set F in Y. 

ii. contra continuous [3] if f -1(V) is closed set in X for each open set V in Y. 

iii. contra pre semi continuous [16] if f -1(V) is pre semi-closed set in X for each open set  

          V in Y. 

iv. contra gp-continuous [1] if f -1(V) is gp-closed set in X for each open set V in Y. 

v. contra gpr-continuous [6] if f -1(V) is gpr-closed set in X for each open set V in Y. 

vi. contra gsp-continuous if [2] if f -1(V) is gsp-closed set in X for each open set V in Y.  

vii. contra g*p-continuous [14] if f -1(V) is g*p-closed set in X for each open set V in Y.  

 

3. Contra pre*generalized continuous functions 
     In this section, we introduce the notions of contra p*g-continuous and study their properties.  

 

Definition 3.1. A function f : (X, )  (Y, )  is called contra p*g-continuous if f  -1(V) is p*g-closed set in X for every open set 

V in Y.  

 

The following example supports the above definition. 

 

Example 3.2. Let X = Y = {a, b, c} with topologies  = {, {a}, {b}, {a, b}, X} and  = {, {c}, {b, c}, Y}. Here                     

p*g-C(X) ={ ,{c},{b, c},{a, c}, X }. Define f : (X, )  (Y, )  by f(a) = b, f(b) = a, f(c) = c. Then f is contra p*g-continuous. 

 

The following theorems show that the relationship of contra p*g-continuous functions with other existing functions. 

 

Theorem 3.3. Every contra continuous function is a contra p*g-continuous function.  

 

Proof: Let V be an open set in Y. Since f  is a contra continuous function, f -1(V) is closed in X. By Result 2.6 (i), f -1(V) is        

p*g-closed in X. Thus f -1(V) is p*g-closed in X for each V is open in Y. Therefore f  is contra p*g-continuous.                                                                                                                                                                                                                                                                                                                                                                                   

 

The converse of the above theorem is not true. It is shown in the following example. 

 

Example 3.4. Let X = Y = {a, b, c} with topologies  = { , {c}, {b, c}, X} and  ={ , {a}, {b}, {a, b}, Y}. Here                    

p*g-C(X) ={, {a}, {b}, {a, b}, X }. Define f : (X, )  (Y, ) by f(a) = b, f(b) = a, f(c) = c. Then f is contra p*g-continuous but 

not contra continuous, since {a} is an open set in Y but f -1({a}) = {b} is not closed in X.  

Theorem 3.5. Every contra p*g-continuous function is a contra pre semi continuous function.  
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Proof: Let V be an open set in Y. Since f is a contra p*g-continuous function, f -1(V) is p*g-closed in X. By Result 2.6 (ii), f -1(V) 

is pre semi closed in X. Thus f -1(V) is pre semi closed in X for each V is open in Y. Therefore f is contra pre semi continuous.                        

     

The following example shows that the converse of the above theorem is not true.  

 

Example 3.6. Let X = Y = {a, b, c} with topologies  = { , {a}, {a, b}, X} and  ={ , {c}, {b, c}, Y}. Here                             

p*g-C(X) ={ , {b}, {c}, {b, c}, X }. Define f : (X, )  (Y, ) by f(a) = b, f(b) = a, f(c) = c. Then f is contra pre semi continuous 

but not contra p*g-continuous, since {b, c} is an open set in Y but f -1({b, c}) = {a, c} is not p*g-closed in X.  

 

Theorem 3.7. Every contra p*g-continuous function is a contra gp-continuous function.  

 

Proof: Let V be an open set in Y. Since  f is a contra p*g-continuous function, f -1(V) is p*g-closed in X. By Result 2.6 (ii),  f -1(V) 

is gp-closed in X. Thus f -1(V) is gp-closed in X for each V is open in Y. Therefore f is contra gp-continuous.                                                                                                                                                                                                                                                                                                                                                                            

         

The converse of the above theorem need not be true as shown in the following example. 

 

Example 3.8. Let X = Y = {a, b, c} with topologies  = { , {a}, {a, b}, X}  and  ={ , {c}, {b, c}, Y}. Here                            

p*g-C(X) ={ , {b}, {c}, {b, c}, X }. Define f : (X, )  (Y, )  by f(a) = b, f(b) = a, f(c) = c. Then f is contra gp-continuous but 

not contra p*g-continuous, since {b, c} is an open set in Y but f -1({b, c}) = {a, c} is not p*g-closed in X.  

 

Theorem 3.9. Every contra p*g-continuous function is a contra gpr-continuous function.  

 

Proof: Let V be an open set in Y. Since f is a contra p*g-continuous function, f -1(V) is p*g-closed in X. By Result 2.6 (ii),  f -1(V) 

is gpr-closed in X. Thus f -1(V) is gpr-closed in X for each V is open in Y. Therefore f is contra gpr-continuous. 

           

The converse of the above theorem need not be true as seen from the following example. 

 

Example 3.10. Let X = Y = {a, b, c} with topologies  = { , {a}, {a, b}, X} and  ={ , {c}, {b, c}, Y}. Here                           

p*g-C(X) ={ , {b}, {c}, {b, c}, X }. Define f : (X, )  (Y, )  by f(a) = b, f(b) = c, f(c) = a. Then f is contra gpr-continuous but 

not contra p*g-continuous, since {b, c} is an open set in Y but f -1({b, c}) = {a, b} is not p*g-closed in X.  

 

Theorem 3.11. Every contra p*g-continuous function is a contra g*p-continuous function.  

 

Proof: Let V be an open set in Y. Since f is a contra p*g-continuous function, f -1(V) is p*g-closed in X. By Result 2.6 (ii), f -1(V) 

is g*p-closed in X. Thus f -1(V) is g*p-closed in X for each V is open in Y. Therefore f  is contra g*p-continuous. 

                

The following example shows that the converse of the above theorem is not true.  

 

Example 3.12. Let X = Y = {a, b, c} with topologies  = { , {a}, {a, b}, X } and  ={ , {c}, {b, c}, Y}. Here                          

p*g-C(X) ={ , {b}, {c}, {b, c}, X }. Define f : (X, )  (Y, )  by f(a) = b, f(b) = a, f(c) =c. Then f is contra g*p-continuous but 

not contra p*g-continuous, since {b, c} is an open set in Y but f -1({b, c}) = {a, c} is not p*g-closed in X.  

 

Theorem 3.13. Every contra p*g-continuous function is a contra gsp-continuous function.  

 

Proof: Let V be an open set in Y. Since f is a contra p*g-continuous function, f -1(V) is p*g-closed in X. By Result 2.6 (ii), f -1(V) 

is gsp-closed in X. Thus f -1(V) is gsp-closed in X for each V is open in Y. Therefore f  is contra gsp-continuous.                                                                                                                                                                                                                                                                                                                                                               

             

The converse of the above theorem need not be true as seen from the following example. 

 

Example 3.14. Let X = Y = {a, b, c} with topologies  = { , {a}, {b}, {a, b}, X }  and  ={ , {a}, {a, b}, Y}. Here                 

p*g-C(X) ={ , {b}, {c}, {b, c}, X }. Define f : (X, )  (Y, )  by f(a) = a, f(b) = c, f(c) = b. Then f is contra gsp-continuous but 

not contra p*g-continuous, since {a} is an open set in Y but f -1({a}) = {a} is not p*g-closed in X.  

  

The above discussions are summarized in the following implications. 
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Diagram 3.15. 

                                                                         

 

 

 

 

 

 

 

 

 

 

 

 

It is shown that this implication of class of contra p*g-continuous properly lies among contra continuous and contra                     

gsp-continuous, contra pre semi continuous, contra gp-continuous, contra gpr-continuous, and contra g*p-continuous respectively. 

 

The next example shows that the composition of two contra p*g-continuous functions need not be a contra p*g-continuous 

functions. 

 

Example 3.16. Let X = Y = Z ={a, b, c},  = {, {a}, {b}, {a, b}, X},  = {, {a, b}, Y} and  = {, {c}, {a, b}, Z}. Then (X, ), 

(Y, ) and (Z, ) are topological spaces. Define f : (X, )  (Y, ) by f(a) = b, f(b) = c and  f(c) = a. Define g : (Y, )  (Z, )  

by g(a) = c, g(b) = a and g(c) = b. Then f and g are contra p*g-continuous. Now {a, b} is open in (Z, ). It can be verified that,     

(g  f) -1({a, b}) = f -1(g-1({a, b})) = f -1({b, c}) = {a, b} which is not p*g-closed in (X, ). Hence g  f  is not contra p*g-continuous. 

 

    Now, it is proved that the composition of contra p*g-continuous function and continuous function is again a contra                    

p*g-continuous function. 

 

Theorem 3.17. If f : (X, )  (Y, ) is a contra p*g-continuous function and g : (Y, )   (Z, ) is a continuous function then    

g  f : (X, )   (Z, ) is contra p*g-continuous.  

 

Proof: Let V be an open set in Z. Since g is a continuous function, g-1(V) is open in Y. Since f is contra p*g-continuous,                

f -1 (g-1 (V)) is p*g-closed in X. Therefore, f -1(g-1(V)) = (g  f)-1(V) is p*g-closed in X. Thus (g  f)-1(V) is p*g-closed in X for each 

V is open in Z. Hence g  f  is contra p*g-continuous.  

 

Definition 3.18. A function f : (X, )  (Y, ) is called contra p*g-irresolute if f -1(F) is p*g-closed set in (X, ) for every         

p*g-open F in (Y, ). 

 

Definition 3.19. A function f : (X, )  (Y, ) is called contra strongly p*g-continuous if f -1(F) is open in (X, ) for every        

p*g-closed set F in (Y, ). 

 

Theorem 3.20. A function f : (X, )  (Y, ) is contra p*g-irresolute if and only if the inverse image f -1(F) is p*g-open in X for 

every p*g-closed set F in Y. 

 

Proof: Let F be p*g-closed in Y. By Definition 2.7, Y\F is p*g-open in Y. Since f is contra p*g-irresolute, f -1(Y\F) is p*g-closed 

in X. But f -1(Y\F) = X\ f -1(F) is p*g-closed in X. Therefore, f -1(F) is p*g-open in X. 

Conversely, assume that the inverse image of every p*g-closed set in Y is p*g-open in X. Let V be p*g-open in Y. By Definition 

2.7, Y\V is p*g-closed in Y. By assumption, f -1(Y\V) is p*g-open in X. But f -1(Y\V) = X\f -1(V) is p*g-open in X. It follows that, 

f -1(V) is p*g-closed in X. Thus f -1(V) is p*g-closed in X for every p*g-open set V in Y. Hence f is contra p*g-irresolute.            

 

Theorem 3.21.A function f : (X, )  (Y, ) is contra strongly p*g-continuous if and only if the inverse image of every p*g-open 

in Y is closed set in Y. 

 

Proof: Let V be p*g-open in Y. By Definition 2.7, Y\V is p*g-closed in Y. Since f is contra strongly p*g-continuous, f -1(Y\V) is 

open in X. But f -1(Y\V) = X\ f -1(V) is open in X. It follows that, f -1(V) is closed in X. 

Conversely, assume that the inverse image of every p*g-open set in Y is closed in X. Let F be p*g-closed in Y. By Definition 2.7, 

Y\F is p*g-open in Y. By assumption, f -1(Y\F) is closed in X. But f -1(Y\F) = X\f -1(F) is closed in X. It follows that, f -1(F) is open 

in X. Thus f -1(F) is open in X for every p*g-closed set F in Y. Hence f is contra strongly p*g-continuous.            

 

The following theorem shows that the composition of contra p*g-continuous function and strongly p*g-continuous function is a 

contra p*g-irresolute function. 

 

   contra continuous  contra p*g-continuous contra gp-continuous 

   contra gsp-continuous 

    contra pre semi continuous 

 contra gpr-continuous 

contra g*p-continuous 
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Theorem 3.22. If f : (X, )  (Y, ) is contra p*g-continuous and g : (Y, )  (Z, ) is strongly p*g-continuous, then                 

g  f : (X, )   (Z, ) is contra p*g-irresolute. 

 

Proof: Let V be p*g-open in Z. Since g is strongly p*g-continuous, g-1(V) is open in Y. Since f is contra p*g-continuous,               

f -1(g-1(V)) is p*g-closed in X. Therefore (g  f)-1(V) = f -1(g-1(V)) is p*g-closed in X. Thus (g  f)-1(V) is p*g-closed in X for each V 

is p*g-open in Z. Hence g  f  is contra p*g-irresolute. 

 

The next theorem shows that the composition of contra strongly p*g-continuous function and p*g-continuous function is a contra 

continuous function. 

 

Theorem 3.23. If f : (X, )  (Y, ) is contra strongly p*g-continuous and g : (Y, )  (Z, ) is  p*g-continuous, then                 

g  f : (X, )   (Z, ) is contra continuous. 

 

Proof: Let V be open in Z. Since g is p*g-continuous, g-1(V) is p*g-open in Y. Since f is contra strongly p*g-continuous,              

f -1(g-1(V)) is closed in X. Therefore (g  f)-1(V) = f -1(g-1(V)) is closed in X. Thus (g  f)-1(V) is closed in X for each V is open in Z.  

Hence g  f  is contra continuous. 

 

Further, it is shown that the contra p*g-irresolute function is contra p*g-continuous. 

 

Theorem 3.24. Let f : (X, )  (Y, ) be a contra p*g-irresolute function. Then f is contra p*g-continuous. 

 

Proof: Let V be open in Y. Then V is p*g-open in Y. Since f is contra p*g-irresolute, f -1(V) is p*g-closed in X. Thus f -1(V) is 

p*g-closed in X for each V is open in Y. Therefore f  is contra p*g-continuous. 

 

The converse of the above theorem need not be true as shown in the following example. 

 

Example 3.25. Consider X = Y = {a, b, c},  = {, {a, b}, X} and  = {, {a}, {a, b}, Y}. Then (X, ) and (Y, ) are topological 

spaces. Define f : (X, )  (Y, ) by f(a) = c, f(b) = a and f(c) = b. Then f is contra p*g-continuous. It can be found that                  

f -1({a, c}) = {b, a} is not p*g-closed. So f  is not contra p*g-irresolute.    

 

The following theorem shows that the composition of contra p*g-irresolute function with other existing functions.  

 

Theorem 3.26. Let f : (X, )  (Y, )  and g : (Y, )   (Z, ) two maps such that g  f  : (X, )   (Z, ). 

i. If g is p*g-continuous and f  is contra p*g-irresolute then g  f  is contra p*g-continuous. 

ii. If g is p*g-irresolute and f  is contra p*g-irresolute, then g  f  is contra p*g- irresolute. 

 

Proof:  

i. Let V be an open set in Z. Since g is p*g-continuous, g-1(V) is p*g-open in Y. Since f  is contra p*g-irresolute,                 

f -1(g-1(V)) is p*g-closed in X. Therefore f -1(g-1(V)) = (g  f)-1(V) is p*g-closed in X. Thus (g  f)-1(V) is p*g-closed in   

X for each V is open in Z. Hence g  f : X  Z is contra p*g-continuous.  

ii. Let V be a p*g-open set in Z. Since g is p*g-irresolute, g-1(V) is p*g-open in Y. Since f is contra p*g-irresolute,              

f -1(g-1(V)) is p*g-closed in X. Therefore f -1(g-1(V)) = (g  f)-1(V) is p*g-closed in X. Thus (g  f)-1(V) is p*g-closed  in 

X for each V is p*g-open in Z. Hence g  f : X  Z is contra p*g-irresolute. 

 

4. Conclusion 

The properties of the functions namely contra p*g-continuous is properly placed in between contra continuous and contra pre 

semi continuous, contra gp-continuous, contra gpr-continuous, contra gsp-continuous and contra g*p-continuous are studied and 

their implications are investigated. 
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