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  Abstract  

 
 The aim of this paper is to introduce a new class of functions 

called gp - *2) (1, 
 
continuous functions. We obtain several 

characterization and some theirproperties. Also we investigate 

its relationship with other types of functions in bitopological 

spaces. Further we introduce and study a new class of 

functions namely gp*)2,1(  irresolute functions. 
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1. Introduction  

In 1963, Kelley [3] initiated the study of bitopological spaces. A nonempty set X equipped with 

two topological spaces τ1 and τ2 is called a bitopological spaces and is denoted by ),,( 21 X . M. 

Lellis Thivagar and O.Ravi [6] introduced a new type of generalized sets called - *2) (1, semi 

generalized closed sets and a new class of generalized functions called - *2) (1, semi generalized 

continuous maps in 2006. S.S. Benchalli and J.B.Toranagatti [1] introduced delta generalized pre-

closed sets in topological space. The purpose of this present paper is to define a new class of 

generalized continuous function called gp - *2) (1,  continuous and investigate their relationships 

to other generalized continuous functions. We further study a new class of functions namely 

gp - *2) (1,  irresolute. 
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2.  Preliminaries 

 

 Throughout this paper ),,( 21 X  (or briefly X) represent bitopological spaces on which no 

separation axioms are assumed unless otherwise mentioned. 

Definition 2.1. [8] A subset B  of a bitopological space ),,( 21 X  is called 21 open if 

21  U  U= B   where 11   U   and 22   U  . The complement of 21 open is called 21

closed. 

Remark 2.2. [8] 21 open subset of  X  need not necessarily from a topology. 

Definition 2.3. [8] A subset A of a bitopological space ),,( 21 X  is called 

(i) The 21 closure of A, denoted by cl(A) - 21  is defined by 21 closure 

FAF/  { = (A)   and F is 21 closed}. 

(ii) The 21 interior of A, denoted by int(A) -21  is defined by 21 interior 

FAF/  { = (A)   and F is 21 open}. 

Definition 2.4. A subset A of a bitopological space ),,( 21 X  is called 

(i) -2) (1, *
pre-open [8] if cl(A)) -int( - A 2121   and -2) (1, *

pre-closed if 

A int(A)) - cl( - 2121  . 

(ii) b-2) (1, *
open [4] if cl(A))) -int( - ( int(A))) -cl( -(A  21212121    and

b - *2) (1,  closed if A. cl(A))) -  int( -   (int(A))) - cl( - ( 21212121    

(iii)  - *2) (1, regular-open [12] if cl(A)) -int( - =A 2121   and  - *2) (1, regular closed if 

int(A)). -cl( - =A 2121   

The - *2) (1, pre-closure of a subset A of X, denoted by pcl(A) - *2) (1,  is the intersection of all 

- *2) (1, pre-closed sets containing A. The - *2) (1, pre-interior of a subset A of X, denoted by

pint(A) - *2) (1,  is the union of - *2) (1, pre-open sets contained in A. 

Definition 2.5. [9] The  - *2) (1,  interior of a subset A of X is the union of all  - *2) (1,  regular 

open set of X contained in A and is denoted by int(A).  - *2) (1,   The subset A is called 

 - *2) (1, open if int(A),  - *2) (1, =A   ie.a set is  - *2) (1,  open if it is the union of (1, 2)* -

regular open sets. The complement of a  - *2) (1,  open is called  - *2) (1,  closed. 

Alternatively, a set ), (X,A 21   is called  - *2) (1,  closed if , cl(A)  - *2) (1, =A 
 
where

. U} x and   U, =A cl(A)) -int( - : X{x  = cl(A) - *2) (1, 212121    

Definition 2.6. A subset A of a bitopological space ),,( 21 X  is called 

(i)  - *2) (1, generalized closed set (briefly g - *2) (1,  closed) [11] if  U cl(A) -21   

whenever UA   and U is 21 open in X . 

(ii)  - *2) (1,  generalized b-closed set (briefly gb - *2) (1,  closed) [13] if  U bcl(A) -21   

whenever UA   and U is 21 open in X . 

(iii)  - *2) (1, generalized pre-closed set (briefly gp - *2) (1, closed) [14] if  U pcl(A) -21   

whenever UA   and U is 21 open in X . 

(iv)  - *2) (1,  generalized pre regular closed set (briefly gpr - *2) (1,  closed) [10] if 

 U pcl(A) -21   whenever UA   and U is  - *2) (1, regular open in X . 

http://www.ijesm.co.in/
http://www.ijesm.co.in/


International Journal of Engineering, Science and Mathematics 
Vol. 7,Issue 7, July 2018,  
ISSN: 2320-0294 Impact Factor: 6.765 
Journal Homepage: http://www.ijesm.co.in, Email: ijesmj@gmail.com          
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & 
Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

36 International Journal of Engineering, Science and Mathematics 

http://www.ijesm.co.in, Email: ijesmj@gmail.com 

 

(v)  - *2) (1, generalized closed set (briefly g - *2) (1,  closed) [9] if  U cl(A) -21   

whenever UA   and U is  - *2) (1, open in X . 

(vi)  - *2) (1, delta generalized pre-closed (briefly, gp - *2) (1,   closed) [9] if 

 U pcl(A) -21   whenever UA   and U is  - *2) (1,  open in X . 

The complement of the above mentioned closed sets are their respective open sets. 

Definition 2.7. Recall that function ) , (Y,) , , (X : f 2121    is called 

(i)  - *2) (1, continuous [7] if )(f -1 V  is  - *2) (1, closed in  ) , (X, 21  for every closed V of  

) , (Y, 21  . 

(ii)  - *2) (1, generalized continuous (briefly g - *2) (1, continuous) [6] if )(f -1 V  is g - *2) (1,

closed in  ) , (X, 21   for every closed V of ) , (Y, 21  . 

(iii)  - *2) (1, generalized b  continuous (briefly gb - *2) (1, continuous) [13] if )(f -1 V  is 

g - *2) (1, closed in  ) , (X, 21   for every closed V of  ) , (Y, 21  . 

(iii) b - *2) (1,  continuous (briefly b - *2) (1, continuous) [2] if )(f -1 V  is b - *2) (1, closed    in 

 ) , (X, 21   for every closed V of ) , (Y, 21  . 

(iv)  - *2) (1, generalized pre continuous (briefly gp - *2) (1, continuous) [5] if  )(f -1 V  is 

gp - *2) (1, closed in  ) , (X, 21   for every closed V of ) , (Y, 21  . 

(v)  - *2) (1, generalized pre regular continuous (briefly (1, 2)* - gpr continuous) [11] if )(f -1 V is 

(1, 2)* - gpr closed in  ) , (X, 21  for every closed V of ) , (Y, 21  . 

 

3. gp - *2) (1,  Continuous function 

We introduce the following definitions. 

Definition 3.1. A function ) , (Y,) , , (X : f 2121   is said to be gp - *2) (1,  continuous, if 

)(f -1 V  is gp - *2) (1,  closed set in X for every 21  closed set V in Y . 

Example 3.2. Let , c} b, {a, = Y = X  , X}{a}, , { = 1  , X}b}, {a, {b}, , { = 2 

} Y {b}, , { =1   and . } Y {a}, , { =2   Let a map ) , (Y,) , , (X : f 2121    
be defined 

by . c = f(c) , a = f(b) , b = f(a)  Then f is gp - *2) (1,  continuous. 

Theorem 3.3. Every - *2) (1, continuous map is gp - *2) (1,  continuous. 

Proof. Let ) , (Y,) , , (X : f 2121   be - *2) (1, continuous. Let V be 21 - closed set in Y. 

Since f is - *2) (1, continuous, )(f -1 V is 21 closed. But every 21 closed set is 

gp - *2) (1,  closed. Therefore )(f -1 V  is gp - *2) (1, 
 

closed. Hence f is gp - *2) (1, 

continuous. 

Remark 3.4. The converse of the above theorem is not true in general as shown in the following 

example. 

Example 3.5. Let , c} b, {a, = Y = X , X}{a}, , { = 1  , X}c}, {a, {b}, ,  { = 2 

} Y {a}, , { =1   and . } Yc},{a, {a}, , { =2   Let a map ) , (Y,) , , (X : f 2121    
be 

defined by . b = f(c) , a = f(b) , c = f(a)  Clearly f is gp - *2) (1,  continuous but not - *2) (1,

continuous because {c} = ({b})f -1
 is not 21 closed. 
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Theorem 3.6. Every - *2) (1, pre continuous map is gp - *2) (1,  continuous. 

Proof. Let ) , (Y,) , , (X : f 2121   be - *2) (1, pre continuous. Let V be 21 closed set 

in Y. Since f is (1, 2)*-pre continuous, )(f -1 V  is (1, 2)* -pre closed. But every - *2) (1, pre closed 

set is gp - *2) (1,  closed. Therefore )(f -1 V is gp - *2) (1,  closed. Hence f is gp - *2) (1, 

continuous. 

Remark 3.7. The converse of the above theorem is not true in general as shown in the following 

example. 

Example 3.8. Let , d} c, b, {a, = Y = X , X}c}, b, {a, {a}, , { = 1   , X}b}, {a, {b}, , {=  2   

} Y d}, c, {a, d}, {a, , { =  1   and . } Y d}, c, {b, {b}, , { = 2   
Let a map 

) , (Y,) , , (X : f 2121   be defined by a= f(c) , c = f(b) , d = f(a)  and  . b = f(d)  Clearly f 

is gp - *2) (1,  continuous but not - *2) (1, pre continuous because d} {b, = c}) ({b,f -1
 is not 

- *2) (1, pre closed. 

Theorem 3.9. Every gp - *2) (1,  continuous map is gp - *2) (1,  continuous. 

Proof. Let ) , (Y,) , , (X : f 2121   be gp - *2) (1, continuous. Let V be 21 closed set in 

Y . Since f is gp - *2) (1, continuous, )(f -1 V  is gp - *2) (1, closed. But every gp - *2) (1, closed 

set is gp - *2) (1,  closed. Therefore )(f -1 V
 
is gp - *2) (1,  closed. Hence f is gp - *2) (1, 

continuous. 

Remark 3.10. The converse of the above theorem is not true in general as shown in the following 

example. 

Example 3.11. Let , c} b, {a, = Y = X , X}b}, {a, {b}, , { = 1  , X}c}, {a, {a}, , { = 2 

 } Y c}, {b, , { = 1   and . } Y c}, {a, {a}, , { = 2   Let a map ) , (Y,) , , (X : f 2121    

be defined by . a = f(c) , c = f(b) , b = f(a)  Clearly f is gp - *2) (1,  continuous but not 

gp - *2) (1,  continuous because {a}= ({b})f -1
 is not gp - *2) (1, closed. 

Theorem 3.12. Every gp - *2) (1,   continuous is gpr - *2) (1,  continuous. 

Proof. Let ) , (Y,) , , (X : f 2121   be gp - *2) (1,  continuous. Let V be 21 closed set 

in Y . Since f is gp - *2) (1,  continuous, )(f -1 V  is gp - *2) (1,  closed. But every gp - *2) (1, 

closed set is gpr - *2) (1, closed. Therefore )(f -1 V  is gpr - *2) (1, closed. Hence f is 

gpr - *2) (1, continuous. 

Remark 3.13. The converse of the above theorem is not true in general as shown in the following 

example. 

Example3.14.Let , c} b, {a, = Y = X , X}c}, {a, {b}, , { = 1 

 , X}c}, {b, b}, {a, {b}, {a}, , { =  2   } Y {a}, , { = 1   and . } Y b}, {a, , { = 2   Let a map 

) , (Y,) , , (X : f 2121    
be defined by . a = f(c) , c = f(b) , b = f(a)  Clearly f is 

gpr - *2) (1, continuous but not gp - *2) (1,  continuous because b} {a,= c}) ({b,f -1
 is not 

gp - *2) (1,  closed. 

Remark 3.15. The following example shows that gp - *2) (1,   continuous function is independent 

of b - *2) (1,  continuous function and gb - *2) (1,  continuous function. 
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Example 3.16. Let , d} c, b, {a, = Y = X , X}b}, {a, {b}, , { =  1  , X}c},b,{a, {a}, , {=  2   

 } Y c}, b, {a, c}, {b, , { = 1   and . } Y d}, c, {a, {c}, , { =2  Let a map 

) , (Y,) , , (X : f 2121   be defined by . b = f(d) , d= f(c) , a = f(b) , c = f(a)  Clearly f is

gp - *2) (1,   continuous but not gb - *2) (1, continuous and also it is not b - *2) (1, continuous 

because c} b, {a, = d}) b, ({a,f -1
 is not gb - *2) (1, closed and also it is not b - *2) (1, closed. 

Example3.17. Let , c} b, {a, = Y = X , X}{a}, , { =  1  , X}c}, {a, {c}, , { =  2   

} Y c}, {b, {b}, , { = 1   and  . } Y b}, {a, , { = 2   Let a map ) , (Y,) , , (X : f 2121    

be defined by . b = f(c) , a = f(b) , c = f(a)  Clearly f is gb - *2) (1, and b - *2) (1, continuous but 

not gp - *2) (1,  continuous because {a} = ({c})f -1
 is not gp - *2) (1,  closed. 

Remark 3.18. If ) , (Y,) , , (X : f 2121    is gp - *2) (1,  continuous and

) , (Z,  ) , (Y, : g 2121   is  (1, 2)* - δgp continuous, then ) , (Z,  ) , (X, : f  g 2121  

need not be gp - *2) (1,  continuous. The following example supports our claim. 

Example 3.19. Let , c} b, {a, =  Z= Y = X , X}{a}, , { =  1   , X}c}, {a,{c}, , { = 2   

}, Y {a}, , { = 1  , } Y {c}, , { =  2  Z}{a}, , { =  1  and . Z}c}, {a, {b}, , {= 2   Let 

) , (Y,) , , (X : f 2121   and ) , (Z,  ) , (Y, : g 2121    be the identity maps. Then f and g 

are gp - *2) (1,  continuous functions, but f g   is not gp - *2) (1,  continuous because 

c} {a, = c}) ({a,f = c}) ({a,(gf = c}) ({a,f)  (g -1-1-1-1  is not gp - *2) (1,  closed. 

Proposition 3.20. A map ) , (Y,) , , (X : f 2121   is gp - *2) (1,  continuous if and only if 

(U)f -1
 is gp - *2) (1,  open in X for every - 21  open set U in Y . 

Proof. Let ) , (Y,) , , (X : f 2121    be gp - *2) (1,  continuous and σ1σ2 -open set U in Y. 

Then 
cU  is - 21 closed in Y and since f is gp - *2) (1,  continuous, )(Uf c-1

 is gp - *2) (1, 

closed in X . But 
c-1c-1 (U)][f = )(Uf  and so (U)f -1

is gp - *2) (1,  open in X. 

Conversely, assume that (U)f -1
is is gp - *2) (1,  open in X for every - 21 open set U in Y. Let 

F be a - 21 closed set in Y. Then 
cF  is - 21 open in Y and by assumption )(Ff c-1

 is 

gp - *2) (1,  open in X . Since (F)f  ,(F)][f = )(Ff -1c-1c-1
 is gp - *2) (1,  closed in X and so f is 

gp - *2) (1,  continuous. 

Definition 3.21. A function ) , (Y,) , , (X : f 2121   is called gp - *2) (1, 
 

irresolute if

) (Vf -1
 is gp - *2) (1,  closed in ) , (X, 21   for each gp - *2) (1, 

 
closed set V in . ) , (Y, 21   

Example 3.22. Let , c} b, {a, = Y = X
 , X}{a}, , { = 1   , X}c}, {a,{b}, , { = 2   

} Y c}, {a, {a}, , { = 1   and . } Y {c}, , { = 2   Let a map ) , (Y,) , , (X : f 2121    be 

defined by . b = f(c) , a = f(b) , c = f(a)  Hence f is gp - *2) (1,  irresolute. 

Theorem 3.23. If a map ) , (Y,) , , (X : f 2121   called gp - *2) (1,  irresolute then it is 

gp - *2) (1,  continuous. 

Proof. Let ) , (Y,) , , (X : f 2121   be gp - *2) (1,  irresolute. Let V be - 21 closed set in 

. ) , (Y, 21   Since every - 21 closed set is gp - *2) (1,  closed, V is gp - *2) (1,  closed in Y. 
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Since f is gp - *2) (1,  irresolute, )(f -1 V is gp - *2) (1,  closed in X. Hence f is gp - *2) (1, 

continuous. 

 

Remark 3.24. The converse of the above theorem is not true in general as shown in the following 

example. 

Example 3.25. Let , c} b, {a, = Y = X  , X}{a}, ,{ =1  , X}{c}, , { = 2  } Y {c}, , { =1   

and . } Y c}, {a, {a}, , { = 2   Let a map ) , (Y,) , , (X : f 2121    
be the identity map. Then 

f is gp - *2) (1,  continuous but it is not gp - *2) (1,  irresolute because c} {a, = c}) ({a,f -1
 is not 

gp - *2) (1,  closed in X . 

Theorem 3.26. Let ) , (Y,) , , (X : f 2121   and ) , (Z,  ) , (Y, : g 2121   be two 

functions. Then 

(i) ) , (Z,  ) , (X, : f  g 2121    is gp - *2) (1,  continuous, if g  is - *2) (1, continuous and f 

is gp - *2) (1,  continuous. 

(ii) ) , (Z,  ) , (X, : f  g 2121   is gp - *2) (1,  irresolute, if g is gp - *2) (1, 
 
irresolute and f 

is gp - *2) (1,  irresolute. 

(i) ) , (Z,  ) , (X, : f  g 2121   is gp - *2) (1,  continuous, if g is gp - *2) (1, 
 
continuous 

and f is gp - *2) (1,  irresolute. 

Proof. (i) Let A be any 21  closed set in . ) , (Z, 21   Since g is (1, 2)* -continuous, (A)g -1
is 

closed in . ) , (Y, 21   Also f is gp - *2) (1,  continuous, (A)f) (g = (A))(gf -1-1-1  is 

gp - *2) (1,  closed in . ) , (X, 21   Hence f g  is gp - *2) (1,  continuous function. 

(ii) Let A be any 21 closed set in . ) , (Z, 21   Then A is gp - *2) (1, 
 
closed in . ) , (Z, 21   

Since g is (1, 2)* -irresolute, (A)g -1
is gp - *2) (1,  closedin . ) , (Y, 21   Also f is gp - *2) (1, 

irresolute, (A)f) (g = (A))(gf -1-1-1  is gp - *2) (1,  closed in . ) , (X, 21   Hence f g  is 

gp - *2) (1,  irresolute function. 

(iii) Let A be any 21 closed set in . ) , (Z, 21    Since g is (1, 2)* -continuous, (A)g -1
 is 

gp - *2) (1,  closed in . ) , (Y, 21   Also f is gp - *2) (1,  irresolute, (A)f) (g = (A))(gf -1-1-1   

is gp - *2) (1,   closed in . ) , (X, 21  Hence f g   is gp - *2) (1,   irresolute function. 

 

4. Conclusion  

        In this paper we define a new class of generalized continuous function called gp - *2) (1, 

continuous and investigate their relationships to other generalized continuous functions. We further 

study a new class of functions namely gp - *2) (1,  irresolute. Also discussed some of their 

properties. 
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