
© 2023 IJNRD | Volume 8, Issue 6 June 2023 | ISSN: 2456-4184 | IJNRD.ORG  

    

 

IJNRD2306618 International Journal of Novel Research and Development (www.ijnrd.org)  g150  

ON 
∧

gδ  CONTINUOUS FUNCTIONS IN GRILL 

DELTA TOPOLOGICAL SPACES 

1B. Sujatha, 2K. Anitha 
1Assistant Professor, 2Assistant Professor, 
1,2 Department of Science and Humanities, 

1,2Hindusthan College of  Engineering and Technology, Coimbatore, India. 
 

 

Abstract :  The aim of this paper is to introduce and study the concepts of new class of functions called 


g - continuous functions, 

contra 


g - continuous functions and 


g  - irresolute functions using 


g - closed sets.  

IndexTerms - 


g - continuous and 


g
 
- irresolute functions. 

 

1.INTRODUCTION 

 

Norman Levine [9] initiated the idea of continuous function in 1970. T. Noiri [11] introduced δ - continuous in 1980. The generalised 

continuous (briefly g - continuous) was studied by K. Balachandran [2] in 1991. Further many others contributed their research 

towards continuity.  R. Sudha. et.al [12], defined and analysed δg - continuous,  δg∗  - continuous respectively. In this paper a new 

class of functions called 


g
 
- continuous functions, contra 



g - continuous functions, and 


g  - irresolute functions using 



g
 
- closed sets are defined and their basic properties and relationship with other existing continuous functions are investigated. 

 

2.PRELIMINARIES 

 

Definition 2.1 

 

A set is  open if it is the union of regular open sets. The complement of  open is called  closed. Alternatively, a set ),( XA  

is called   closed  if A= cl (A) where  cl (A) = {xX/ int(cl (U))A  ,U    and xU} 

 

Definition 2.2  

 

A subset A of  (X, ) is called  

(i)   closed set [14] if  UAcl )(  U whenever UA  and U is semi open in ),( X  

(ii) g closed [6] if  UAcl )( whenever UA   and U is open in ),( X  

(iii) *g closed [13] if UAcl )(  whenever UA   and U is g- open in ),( X  

(iv)   closed set [4] if  UA )( whenever UA   and U is open in X. 

 

Definition : 2.3 

Let ),( X  be a topological space and   be a grill on X. Then a subset A of X is said to be a 


g - closed [5] if  UA )(  

whenever UA   and U is  open in  ).  ,(X, 
.
 

Definition : 2.4 

 

A function ),(),(:  YXf   is said to be  

(i)  -continuous [12] if )(1 Vf   is   closed of  (X, τ ) for every closed set V of  ),( Y . 
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(ii) r- continuous [1]  if )(1 Vf   is r closed of  ),( X  for every closed set V of ),( Y . 

(iii)   -continuous [14] if )(1 Vf   is   closed of  ),( X  for every closed set V of ).,( Y  

(iv) 
 
 -continuous [4] if )(1 Vf   is   closed of ),( X  for every closed set V of ).,( Y  

 

Definition : 2.5 

 

A function ),(),(:  YXf   is said to be  

(i) contra - continuous [7]  if )(1 Vf   is closed in ),( X  for every open set V in ).,( Y  

(ii) contra  sg - continuous [8]  if )(1 Vf   is sg - closed in  ),( X  for every open set V in ).,( Y  

(iii) contra gb - continuous [3] if )(1 Vf   is gb - closed in ),( X  for every open set V in ).,( Y  

(iv) contra 


g - continuous [9] if )(1 Vf   is 


g - closed in  ),( X  for every open set V in ).,( Y  

 

Definition 2.6 

 

A function ),,(→),,(:  YXf  is called   - irresolute  [4] if )(1 Vf   is   - open set in ),,( X  for every 
 
- open  

set V  in ),,( Y . 

3. 


g - CONTINUOUS FUNCTIONS 

 

Definition 3.1 

A function ),(),,(:   YXf  is said to be 


g - continuous if )(1 Vf 

 
is 



g - closed in ),,(  X  for every closed set V 

in ).,( Y
 

 

Theorem 3.2. 

If a map ),(),,(:   YXf   is  - continuous then it is 


g
 
- continuous but not conversely. 

Proof: Let ),(),,(:   YXf   be  - continuous. Let V  be any closed set in Y. Then inverse image )(1 Vf  is  - closed in X. 

Since every   - closed set is 


g - closed, )(1 Vf 

 
is 



g - closed
 
in X. Therefore  f  is 



g - continuous. 

 

Example 3.3 

 

Let },,{ cbaYX  with topologies }},,{},{,{ Xcba  and }},,{,{ Yca  and grill  }.},,{},,{},,{},{},{{ Xcacbbaca Then 

the


g - closed sets are }.},,{},,{},{},{,{ Xcbbaba Let ),(),,(:   YXf   be the identity map. Then the inverse image 

of every closed set in Y is 


g - closed in X. Hence f  is 


g - continuous but not - continuous. 

 

Theorem 3.4 

 

If a map ),(),,(:   YXf  is regular - continuous then it is 


g - continuous but not conversely. 

Proof: Let ),(),,(:   YXf   be regular - continuous. Let V be any closed set in Y. Then inverse image )(1 Vf 

 
is regular - 

closed in X. Since every regular - closed set is 


g - closed, )(1 Vf 

 
is 



g - closed in X. Therefore f  is 


g - continuous. 

 

Example 3.5 

 

The converse is false as shown in example 3.3. 

 

 

Theorem 3.6 

If ),(),,(:   YXf 
 
is 



g - continuous then it is g - continuous but not conversely. 

Proof: Let V be any closed set in Y. Since V is 


g - continuous then )(1 Vf  is 


g - closed in X. Since every 


g - closed set 

is g - closed, then )(1 Vf  is 


g - closed in X. Hence f  is g - continuous. 

 

Example 3.7 
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Let },,{ cbaYX 
 
with topologies },},,{},,{},{},{,{ Xcbbaba  }},,{},{,{ Ycba 

 
and grill },{},{,{ caX

}},,{},,{},,{ cacbba

∧

g - closed set are },},,{},,{},{},{,{ Xcbbaba g - closed sets are }.},,{},,{},,{},{},{},{,{ Xcacbbacba

Let ),(),,(:   YXf   
is defined by   acfbbfcaf  )(,)(,)(

 
then  f  is g - continuous but not 



g - continuous as the 

inverse image of a closed set }{a in Y  is }{c is not 


g - closed in X.  

 

Remark 3.8 

The concept of continuous,   - continuous,   - continuous, *g - continuous, g - continuous are independent of 


g - 

continuous as it follows from example 3.3. 

 

Remark 3.9 
 

From the above discussions and the known result we have the following implications 

 

 

 

 

 

 

 

 

 

   

Figure 3.10 

Theorem 3.11 

 

For any function ),(),,(:   YXf   the following statements are equivalent. 

(i) f  is 


g - continuous. 

(ii) The inverse image of each open set in Y is 


g - open in X. 

Proof: Assume that ),(),,(:   YXf   be 


g
 
- continuous. Let P be open in Y. Then 

cP  is closed in Y. Since f  is 



g - continuous, )(1 cPf 
is 



g - closed in X.  But )(1 cPf 
= )(1 PfX  . Thus )(1 PfX   is 



g - closed in X and so 

)(1 Pf   is 


g - open in X. Therefore )()( iii  . 

Conversely assume that the inverse image of each open set in Y is 


g - open in X. Let Q be any closed set in Y. Then 
cQ

 
is open 

in Y. By assumption, )(1 cQf 
is 



g - open in X. But )()( 11 QfXQf c   . Thus X - )(1 Qf   is 


g - open in X and so )(1 Qf   

is 


g - closed in X. Therefore  f  is 


g - continuous. Hence )()( iii  . Thus (i) and (ii) are equivalent. 

4. CONTRA 


g
 
-
 
CONTINUOUS FUNCTIONS 

In this section, the concept of contra 


g -
 
continuous functions in grill delta topological spaces have been characterized. 

 

 

 

- Continuity 

- Continuity 
Continuity r - Continuity 

- Continuity - Continuity 

- Continuity - Continuity - Continuity 
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Definition 4.1 

A function ),(),,(:   YXf   is called contra 


g -
 
continuous if )(1 Vf 

 
is 



g - closed in ),,(  X  
for every open set 

V in ).,( Y  

 

Remark 4.2 

The concept  of 


g - continuity and contra 


g - continuity are independent as shown in the following example. 

 

 

Example 4..3 

 

Let },,{ cbaYX   with topologies X}c},{b,b},{a,{b},{a},,{  , }},,{},{,{ Ybaa   and 

X}c},{a,c},{b,b},{a,{c},{{a}, . Let ),(),,(:   YXf   be the identity function. Clearly  f  is contra 


g - continuous 

but not 


g  - continuous. Since }{}{1 ccf   is not 


g - closed in ).,,(  X  Therefore f  is not 


g  - continuous. 

 

Example 4.4 

 

Let },,{ cbaYX   with topologies X},b},{a,{b},,{  }},,{},{,{ Ycbb   and grill X}c},{a,c},{b,{{b}, . Let 

),(),,(:   YXf   be the identity function. Clearly  f  is 


g  - continuous but not  contra 


g  - continuous because 

}{}{1 bbf 
 is not 



g - closed in ),,(  X  where }{b  is open in Y. 

 

Remark 4.5 

The concept of contra - continuous and contra 


g  - continuous are independent as shown in the following example. 

 

Example 4.6 

 

Let },,{ cbaYX   with topologies },},,{},,{},{,{ Xcbcac  }},,{},{},{,{ Ybaba   and 

X}.c},{a,c},{b,b},{a,{c},{{a},  Let ),(),,(:   YXf  be the identity function. Clearly  f  is contra - continuous but not 

contra 


g  - continuous. Since }{}{1 aaf 
 is not 



g - closed in ),,(  X where }{a
 
is open in ).,( Y    

 

Example 4.7 

 

Let },,{ cbaYX   with topologies },},,{},{,{ Xcbc  }},,{,{ Yca   with grill {{b},=ζ X}.c},{a,c},{b,{c},  Let 

),(),,(:   YXf  be the identity function. Clearly  f  is contra 


g  - continuous but not contra - continuous because for the 

open set },{ ca  in ),,( Y
 
 },{},{1 cacaf 

 
 is not

 
closed in ).,,(  X   

 

Remark 4.8  

The composition of two contra 


g - continuous functions need not be contra 


g  -continuous as shown in the following example. 

 

 

 

 

Example 4.9 

 

Let },,{ cbaZYX   with topologies X}b},{a,{c},,{   , }},,{},{},{,{ Ycbcb    

}},,{},,{},{},{,{ Zcababa 
 
with X}c},{a,c},{b,b},{a,{c},{{a}, . Let ),,(→),,(:   YXf and 

),(Z,→ )  ,(Y, :g  
 be two identity functions. Then both  f  and g  are contra 



g - continuous but 

),(Z,→ )  ,(X, :  fg   is not  contra 


g  -continuous. Since }{}{)( 1 aafg   is not 


g - closed in ),,(  X where 

}{a is open in ).,(Z,    

 

Theorem 4.10 
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If ),,(→),,(:   YXf  is 


g  - irresolute and ),(Z,→ )  ,(Y, :g  
 is contra 



g - continuous  functions. Then 

),(Z,→ )  ,(X, :  fg   is contra 


g  - continuous.  

Proof: Let V  be open in )(Z,  , . Since g is contra 


g  - continuous, )(1 Vg  is 


g - closed in ).  ,(Y, λσδ
     

 Since f  is 



g  - irresolute, ))(( 1-1- Vgf  is 


g - closed in ).,,(  X That is )()( 1 Vfg   is 


g - closed in ),,(  X . Hence )( fg   

is contra 


g  - continuous. 

 

5. 


g - IRRESOLUTE FUNCTIONS 

In this section, 


g - irresolute function in grill delta topological spaces is introduced and some of their properties are 

investigated. 

 

Definition 5.1 

A function ),,(→),,(:   YXf  is said to be 


g  - irresolute if the inverse image of every 


g - closed set in ),,(  Y  

is 


g - closed set in ),,(  X . 

 

Theorem 5.2 

 A map ),,(→),,(:   YXf  is 


g  - irresolute iff the inverse image of every 


g  - open in ),,(  Y  is 


g  - open in 

),,(  X . 

Proof: Assume  f  is 


g - irresolute. Let B be any 


g - open in ),,(  Y . Then cB is 


g - closed in ),,(  Y . Since f  is 



g - irresolute, )(1 Bf   is 


g - closed in ),,(  X . But )(1 cBf  = )(1 BfX   
and so )(1 Bf   is 



g - open set in X. Hence 

the inverse image of every 


g - open in ),,(  Y  is 


g - open in ),,(  X . 

Conversely, assume that the inverse image of every 


g - open set in ),,(  Y  is 


g  - open in X. Let B be any closed set in 

),,(  Y . Then cB is 


g
 
- open in ),,(  Y . By assumption )(1 cBf   is 



g - open set in ),,(  X . But 

)()( 11 BfXBf c    and so )(1 Bf   is 


g - closed set in X. Therefore  f  is 


g - irresolute. 
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