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Abstract: 
 The purpose of this paper is to introduce new classes of functions called strongly g

µ
 b –closed map, 

strongly g
µ
 b –continuous , perfectly g

µ
 b-continuous and strongly g

µ
 b –irresolute functions in supra topological 

spaces. Some properties and several characterizations of these types of functions are obtained. Also we investigate 

the relationship between these classes of functions. 

 

1. Introduction 
In 1970,Levine [7] introduced the concept of generalized closed sets in topological spaces and a class of 

topological spaces called 𝑇1/2 spaces. Extensive research on generalizing closedness was done in recent years by 

many Mathematicians [4,5,7,8,9].Andrijevic[2] introduced a new class of generalized open sets in a topological 

space, the so-called b-open sets. In 1983, A.S.Mashhour et al [9] introduced the notion of   supra topological spaces 

and studied S-S continuous functions and S
*
 - continuous functions. In 2010, O.R.Sayed and Takashi Noiri [12] 

introduced supra b - open sets and supra b - continuity on topological spaces. In 2011,I.Arockiarani and M.Trinita 

Pricilla[3] introduced a  new class of generalized b-open sets in supra topological spaces. 

In this paper we introduce and investigate notions of new classes of functions namely strongly g
µ
 –closed, 

strongly g
µ
b–closed , strongly g

µ
-continuous, strongly g

µ
b-continuous strongly g

µ
 –irresolute, strongly g

µ
 b –

irresolute, almost g
µ
 –irresolute and almost g

µ
 b –irresolute functions in supra topological spaces. Relations between 

these types of functions and other classes of functions are obtained. We also note that the class of  g
µ
b–closed map is 

properly placed between strongly g
µ
b–closed map and almost g

µ
b–closed map. 

  

22..  PPrreelliimmiinnaarriieess  
Definition: 2.1 [9] 

 A subclass 𝜏∗𝑃(𝑋) is called a supra topology on X if  X∈ 𝜏∗  and 𝜏∗ is closed under arbitrary 

union.(X, 𝜏∗) is called a supra topological space (or supra space).The members of 𝜏∗ are called supra open sets. 

DDeeffiinniittiioonn::  22..22  [9]  

     The supra closure of a set A is defined as   Cl
µ 𝐴 =∩  𝐵: 𝐵 𝑖𝑠  𝑠𝑢𝑝𝑟𝑎 𝑐𝑙𝑜𝑠𝑒𝑑 𝑎𝑛𝑑 𝐴 ⊆ 𝐵  

     The supra interior of  a set A is defined as   Int 
µ 𝐴 =∪  𝐵: 𝐵 𝑖𝑠  𝑠𝑢𝑝𝑟𝑎 𝑜𝑝𝑒𝑛 𝑎𝑛𝑑 𝐴 ⊇ 𝐵  

DDeeffiinniittiioonn  22..33  [[1122]]  

 Let (𝑋,µ) be a supra topological space. A set A is called a supra b - open set if  

A   Cl
µ
 (Int 

µ
(A) )   Int 

µ
(Cl 

µ
(A)) .The complement of a supra b - open set is called a supra b - closed set. 

Definition: 2.4 [3] 

 Let (𝑋,µ) be a supra topological space. A set A of X is called supra generalized  - closed set (simply g
µ
  - 

closed) if cl
µ
(A)  U whenever A  U and U is supra open. The complement of supra generalized  - closed set 

is supra generalized - open set.  

Definition: 2.5 [3] 

 Let (𝑋,µ) be a supra topological space. A set A of X is called supra generalized b - closed set (simply g
µ
 b - 

closed) if bcl
µ
(A)  U whenever A  U and U is supra open. The complement of supra generalized b - closed 

set is supra generalized b - open set.  

Definition: 2.6 [ 14] 

 A function  𝑓:  𝑋, 𝜏 → (𝑌, 𝜎) is said to be g
µ
 b –continuous if 𝑓−1(𝑉) is g

µ
 b - closed in  𝑋, 𝜏  for every 

supra closed set V of   𝑌, 𝜎 . 
Definition: 2.7 [14] 

 A function  𝑓:  𝑋, 𝜏 → (𝑌, 𝜎) is said to be g
µ
 b –irresolute  if 𝑓−1(𝑉) is g

µ
 b - closed in  𝑋, 𝜏  for every g

µ
 

b -  closed set  V of   𝑌, 𝜎 . 
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Definition :2.8 [ 16] 

 A supra topological space (X,µ) is said to be supra T gb -space if every g
µ
b-closed set is b

µ
 - closed.  

Definition : 2.9 [16]      

 A supra topological space (X,µ) is said to be supra T g -space if every g
µ
b-closed set is g

µ
 - closed. 

Definition: 2.10 [13] 

 A function 𝑓:  𝑋, 𝜏 → (𝑌, 𝜎) is called  𝑃𝑒𝑟𝑓𝑒𝑐𝑡𝑙𝑦𝜇 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 if 𝑓−1 𝑉  is 𝑐𝑙𝜇𝑜𝑝𝑒𝑛𝜇  in X for each supra 

open set V of Y. 

Definition: 2.11 [15] 

 A Subset A of (X, ) is said to be supra regular open if A = Int

(Cl

 
(A)) and supra regular closed if A = 

cl

(Int

 
(A)) . 

Definition : 2.12[14] 

 A map     ,,: YXf   is said to be bg 
-closed map if for every supra closed F of X, f(F) is 

bg 
-closed in Y. 

 

 

3. Strongly
g

b-closed map 
Definition: 3.1 

A map     ,,: YXf   is said to be strongly
g -closed map if for every 

g -closed F of X, f(F) is 

g -closed in Y. 

  Definition: 3.2 

A map     ,,: YXf   is said to be strongly
g b-closed map if for every 

g b-closed F of X, f(F) 

is 
g b-closed in Y. 

Theorem: 3.3 

 (i)If      ,,: YXf   is 
g b-closed map and    ),(,:  ZYg   is strongly 

g b-closed map 

then g  f :  𝑋, 𝜏 → (𝑍, 𝛾) is 
g b-closed map. 

 (ii)If      ,,: YXf   is supra-closed map and    ),(,:  ZYg   is strongly 
g b-closed map 

then g  f :  𝑋, 𝜏 → (𝑍, 𝛾) is 
g b-closed map. 

Proof: It is obvious. 

Remark: 3.4 

 If      ,,: YXf   is strongly 
g b-closed map and    ),(,:  ZYg   is supra closed map 

then the composite map g  f may not be strongly 
g b-closed map and it is shown by the following example. 

Example: 3.5 

 Let  X={a,b,c}, }},{},,{},{},{,,{}}{,,{ cbbabaXaX   . Let     ,,: XXf    

and     ,,: XXg   be an  identity map . Then f  is strongly 
g b-closed map and g is supra closed map but 

(g  f){b}={b} is not 
g b-closed in  ,X .Therefore g  f is not strongly 

g b-closed map. 

Defintion: 3.6 

A map     ,,: YXf   is said to be almost 
g b-closed map if for every 

regular closed  F of X, 

f(F) is 
g b-closed in Y. 

Theorem: 3.7 

(i) Every strongly 
g b-closed map is almost 

g b-closed map. 

(ii) Every strongly 
g b-closed map is 

g b-closed map. 
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(iii) Every   
g b-closed map is almost 

g b-closed map. 

Proof: It is obvious. 

Remark: 3.8 

 The converse of the above theorem is not true and it is shown by the following examples. 

Example: 3.9 

 Let  X={a,b,c,d}, }},{},{},{,,{ babaX  . Let     ,,: XXf    be defined by  𝑓 𝑎 =

𝑐; 𝑓 𝑏 = 𝑎; 𝑓 𝑐 = 𝑑; 𝑓 𝑑 = 𝑏. Here f is almost 
g b-closed but not strongly 

g b-closed map. 

Example: 3.10 

 Let  X={a,b,c,d}, }},{},{},{,,{ cacaX  . Let     ,,: XXf    be defined by  𝑓 𝑎 =

𝑏; 𝑓 𝑏 = 𝑎; 𝑓 𝑐 = 𝑑; 𝑓 𝑑 = 𝑐. Here f is almost 
g b-closed but f{b,d}={a,c} is not  

g b-closed . Therefore f is 

not 
g b-closed  map. 

Theorem: 3.11 

 If      ,,: YXf   is almost 
g b-closed map and    ),(,:  ZYg   is strongly 

g b-closed 

map then g  f :  𝑋, 𝜏 → (𝑍, 𝛾) is almost 
g b-closed map. 

Proof: It is obvious. 

Theorem: 3.12 

 The composite mapping of two strongly 
g b-closed map is strongly 

g b-closed map. 

From the above theorem and example we have the following diagram 

 

   Strongly 
g b-closed map                              almost 

g b-closed map    

 

                                                                       
g b-closed map          

 

4.Strongly g
µ
 b-continuous and perfectly g

µ
 b-continuous maps 

 
Definition: 4.1 

 A function 𝑓:  𝑋, 𝜏 →  𝑌, 𝜎  is said to be strongly g
µ
 -continuous if the inverse image of every g

µ
 -open set 

of Y is supra open in  𝑋, 𝜏 . 
Definition: 4.2 

 A function 𝑓:  𝑋, 𝜏 →  𝑌, 𝜎  is said to be strongly g
µ
 b-continuous if the inverse image of every g

µ
 b-open 

set of Y is supra open in  𝑋, 𝜏 . 
Theorem: 4.3 

(i) Every strongly g
µ
 b-continuous function   is supra-continuous. 

(ii) Every strongly g
µ
 b-continuous function  is strongly g

µ
 -continuous   

The converse of the above theorem is not true and it is shown by the following example 

Example:  4.4 

 Let X = {a, b, c}; 𝜏 =  , 𝑋,  a  and 𝜎 =  , 𝑋,  a ,  c ,  a, c  .Define 𝑓:  𝑋, 𝜏 →  𝑋, 𝜎  𝑏𝑦  

 𝑓 𝑎 = 𝑎, 𝑓 𝑏 = 𝑐 𝑎𝑛𝑑  𝑓 𝑐 = 𝑏. Then f is supra continuous but 𝑓−1 𝑎 = {𝑎}  is not  supra closed. Therefore f 

is not strongly g
µ
 b-continuous. 

Theorem: 4.5 

If      ,,: YXf   is strongly 
g b-continuous and    ),(,:  ZYg   is 

g b-continuous then 

 g  f :  𝑋, 𝜏 → (𝑍, 𝛾) is supra continuous. 

Definition: 4.6 

 A function 𝑓:  𝑋, 𝜏 →  𝑌, 𝜎  is said to be perfectly g
µ
 -continuous if the inverse image of every g

µ
 -open 

set of Y is 𝑐𝑙𝜇𝑜𝑝𝑒𝑛𝜇  in  𝑋, 𝜏 . 
Definition: 4.7 
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 A function 𝑓:  𝑋, 𝜏 →  𝑌, 𝜎  is said to be perfectly g
µ
 b-continuous if the inverse image of every g

µ
 b-open 

set of Y is 𝑐𝑙𝜇𝑜𝑝𝑒𝑛𝜇  in  𝑋, 𝜏 . 
Theorem: 4.8 

(i) If a function 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is said to be perfectly g
µ
 b-continuous function then f is 

perfectly
µ
 continuous. 

(ii) If a function 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is said to be perfectly g
µ
 b-continuous function then f is strongly 

g
µ
 b-continuous. 

(iii) If a function 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is said to be perfectly g
µ
 -continuous function then f is perfectly

µ
 

continuous. 

(iv) If a function 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is said to be perfectly g
µ
 -continuous function then f is strongly 

g
µ
 -continuous. 

(v) If a function 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is said to be perfectly g
µ
 b-continuous function                    then f 

is perfectly g
µ
 -continuous    . 

Example: 4.9 

 Let X = {a, b, c}; 𝜏 =  , 𝑋 ,  a ,  b ,  a, b , {b, c} and 𝜎 =  , 𝑋 ,  a  .Define 𝑓 :  𝑋 , 𝜏  →  𝑋 , 𝜎    be an 

identity map. Then f is perfectly
µ
 continuous but it is not  perfectly g

µ
 -continuous and perfectly g

µ
 b-continuous.  

Theorem: 4.10 

If  𝑓 :  𝑋 , 𝜏  → (𝑌 , 𝜎 ) is perfectly
µ
 continuous and if Y is both  𝑇 1

2

𝜇 − 𝑠𝑝𝑎𝑐𝑒  𝑎 𝑛𝑑  𝑇 𝑔𝑏
𝜇 -space ,then f is 

perfectly g
µ
 b-continuous. 

From the above theorem and examples we have the following implications:  

From the above theorem and examples we have the following implications:  

  

      

 

 

  

 

 

 

Here the numbers 1-5 represent the following: 

1. Supra continuous   2. strongly g
µ
 b-continuous 3. strongly g

µ
 -continuous 

4.  Perfectly g
µ
 b-continuous   5. Perfectly g

µ
 -continuous    6. Perfectly 

µ
 -continuous 

 

5. Strongly g
µ
 b –irresolute  and Almost g

µ
 b-irresolute Functions  

 
Definition: 5.1 

 A function 𝑓 :  𝑋 , 𝜏  → (𝑌 , 𝜎 ) is said to be strongly g
µ
 -irresolute if  𝑓 −1(𝑉 ) is supra open in  𝑋 , 𝜏   for 

every g
µ
 -open set V of  𝑌 , 𝜎  . 

Definition: 5.2 

 A function 𝑓 :  𝑋 , 𝜏  → (𝑌 , 𝜎 ) is said to be strongly g
µ
 b-irresolute if  𝑓 −1(𝑉 ) is supra open in  𝑋 , 𝜏   for 

every g
µ
 b-open set V of  𝑌 , 𝜎  . 

Theorem: 5.3 

(i) Every strongly g
µ
 b-irresolute function  is g

µ
 b-irresolute. 

  1 

2 3 

4 5 

6 
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(ii) Every strongly g
µ
 b-irresolute function  is g

µ
 b-continuous. 

(iii) Every strongly g
µ
 -irresolute function  is g

µ
-irresolute. 

(iv) Every  g
µ
b-irresolute function  is  g

µ
 b-continuous. 

Proof: (i) Let V be g
µ
 b-open in  𝑌 , 𝜎  .Since f is strongly g

µ
 b-irresolute, 𝑓 −1(𝑉 ) is supra open  

in  𝑋 , 𝜏  and hence it is g
µ
 b-open in  𝑋 , 𝜏  . Therefore f is  g

µ
 b-irresolute. 

Remark: 5.4 

 The converses of the above theorems are not true and it is shown by the following examples.   

 

Example: 5.5 

(i) Let X = {a, b, c}; 𝜏 =  , 𝑋 ,  a  and 𝜎 =  , 𝑋 ,  a ,  b , {a, b} b, c  .Define 𝑓 :  𝑋 , 𝜏  →  𝑋 , 𝜎   𝑏𝑦   

𝑓  𝑎  = 𝑏 , 𝑓  𝑏  = 𝑎  𝑎𝑛𝑑   𝑓  𝑐  = 𝑐 . Then f is g
µ
 b-irresolute .But 𝑓 −1 𝑎  = {𝑏 } is not  supra 

closed. Therefore f is not strongly g
µ
 b-irresolute. 

(ii) Let X = {a, b, c,d}; 𝜏 =  , 𝑋 ,  a ,  c ,  a, c  and 𝜎 =  , 𝑋 ,  a  .Define 𝑓 :  𝑋 , 𝜏  →  𝑋 , 𝜎   be an identity 

function. Here f is   g
µ
 b-continuous. But  𝑓 −1 𝑎 , 𝑐  = {𝑎 , 𝑐 } is not g

µ
 b-closed. Therefore f is not 

strongly g
µ
 b-irresolute.    

Definition: 5.6 

 A function 𝑓 :  𝑋 , 𝜏  → (𝑌 , 𝜎 ) is said to be strongly b
µ
 -irresolute if  𝑓 −1(𝑉 ) is supra open in  𝑋 , 𝜏   for 

every b
µ
 -open set V of  𝑌 , 𝜎  . 

Theorem: 5.7 

(i) If  𝑓 :  𝑋 , 𝜏  → (𝑌 , 𝜎 ) is strongly b
µ
 -irresolute and Y is 𝑇 𝑔𝑏 𝜇 -space then f is strongly g

µ
 b-

irresolute. 

(ii) If  𝑓 :  𝑋 , 𝜏  → (𝑌 , 𝜎 ) is strongly g
µ
 -irresolute and Y is 𝑇 𝑔 𝜇 -space then f is strongly g

µ
 b-

irresolute. 

Proof: It is obvious. 

Theorem: 5.8 

(i) If  𝑓 :  𝑋 , 𝜏  → (𝑌 , 𝜎 ) is strongly g
µ
 b-irresolute  function then f is strongly b

µ
 -irresolute. 

(ii) If  𝑓 :  𝑋 , 𝜏  → (𝑌 , 𝜎 ) is strongly g
µ
 b-irresolute function then it is strongly g

µ
 -irresolute. 

Proof: It is obvious. 

Remark: 5.9 

 The converse of the above theorem is not true and it is shown by the following example.   

Example: 5.10 

 Let X = {a, b, c}; 𝜏 =  , 𝑋 ,  a ,  b ,  a, b , {b, c} and 𝜎 =  , 𝑋 ,  a  .Define 𝑓 :  𝑋 , 𝜏  →  𝑋 , 𝜎   𝑏𝑦   

𝑓  𝑎  = 𝑏 , 𝑓  𝑏  = 𝑎 , 𝑓  𝑐  = 𝑐 . Then f is strongly b
µ
 -irresolute. But  𝑓 −1 𝑐  = {𝑐 } is not supra open in 

 𝑋 , 𝜏  . Therefore f is not strongly g
µ
 b-irresolute.  

Example: 5.11 

 Let X = {a, b, c}; 𝜏 = {, 𝑋 , {a}, {c}, {a, c}}. Let 𝑓 :  𝑋 , 𝜏  → (𝑋 , 𝜏 ) be an identity function. 

Here f is strongly g
µ
 -irresolute. But 𝑓 −1 𝑎  = {𝑎 } is not supra closed in  𝑋 , 𝜏  . Therefore f is not strongly g

µ
 b-

irresolute.  

 

Theorem: 5.12 

 For a function 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   if f is strongly g
µ
 b-irresolute then for each 𝑥 ∈ 𝑋  and each g

µ
 b-open 

set V of Y containing 𝑓  𝑥   there exist a supra open set U of X containing 𝑥  such that 𝑓  𝑈 𝑉 . 

 

Proof: Let 𝑥 ∈ 𝑋  and V be any g
µ
 b-open set V of Y containing 𝑓  𝑥  . since f is strongly g

µ
 b-irresolute then 

𝑓 −1(𝑉 ) is supra open in X and contains 𝑥 . Let 𝑈 = 𝑓 −1(𝑉 ) then U is supra open subset of X containing 𝑥  such 

that  𝑓  𝑈 𝑉 . 

 

 

 

Theorem: 5.13 

 Let 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   and 𝑔 :  𝑌 , 𝜎  → (𝑍 , 𝛾 ) be any two functions then the composition 

 g  f :  𝑋 , 𝜏  → (𝑍 , 𝛾 ) is i) strongly g
µ
 b-irresolute if f is strongly g

µ
 b-irresolute and g is g

µ
 b-irresolute 
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(ii)  g
µ
 b-irresolute if f is g

µ
 b-continuous and g is strongly g

µ
 b-irresolute. 

Proof: It is obvious. 

Definition: 5.14 

 A function 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is almost g
µ
 -irresolute if  𝑓 −1(𝑉 ) is b

µ
 -open in  𝑋 , 𝜏   for every g

µ
 -open 

set V of  𝑌 , 𝜎  . 
Definition: 5.15 

 A function 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is almost g
µ
 b-irresolute if  𝑓 −1(𝑉 ) is b

µ
 -open in  𝑋 , 𝜏   for every g

µ
 b-

open set V of  𝑌 , 𝜎  . 
Theorem: 5.16 

(i) If  𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is almost g
µ
 b-irresolute then it is b

µ
 -continuous map. 

(ii) If  𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is almost g
µ
 b-irresolute then it is g

µ
 b-irresolute map. 

(iii) If  𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is almost g
µ
 -irresolute then it is b

µ
 -continuous map. 

(iv) If  𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is almost g
µ
 b-irresolute then it is almost g

µ
 -irresolute map. 

(v) If  𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   is b
µ
 -continuous then it is g

µ
 b-continuous map. 

Proof: (i) Let V be supra open in  𝑌 , 𝜎   and hence g
µ
 b-open set in  𝑌 , 𝜎  . Since f is almost g

µ
 b-irresolute 𝑓 −1(𝑉 ) 

is b
µ
 -open in  𝑋 , 𝜏  . Hence f is b

µ
 -continuous. 

Remark: 5.17 

 The converse of the above theorem is not true and it is shown by the following examples.   

Example: 5.18 

 Let X = {a, b, c,d}; 𝜏 =  , 𝑋 ,  a ,  b ,  a, b  . Define 𝑓 :  𝑋 , 𝜏  →  𝑋 , 𝜏   be an identity function. Here f is   

b
µ
-continuous. But  𝑓 −1 𝑎 , 𝑏 , 𝑐  = {𝑎 , 𝑏 , 𝑐 } is not b

µ
-closed. Therefore f is not almost g

µ
 b-irresolute.    

Example: 5.19 

 Let X = {a, b, c}; 𝜏 =  , 𝑋 ,  a } and 𝜎 =  , 𝑋 ,  a ,  b ,  a, b , {b, c .Define 𝑓 :  𝑋 , 𝜏  →  𝑋 , 𝜎   𝑏𝑦   

𝑓  𝑎  = 𝑏 , 𝑓  𝑏  = 𝑎 , 𝑓  𝑐  = 𝑐 . Hence f is g
µ
 b-irresolute. But  𝑓 −1 𝑏 , 𝑐  = {𝑎 , 𝑐 } is not b

µ
 -closed. Therefore 

f is not almost g
µ
 b-irresolute.  

Theorem: 5.20 

 Let 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   and 𝑔 :  𝑌 , 𝜎  → (𝑍 , 𝛾 ) be any two functions then the composition 

 g  f :  𝑋 , 𝜏  → (𝑍 , 𝛾 ) is i) almost g
µ
 b-irresolute if f is almost g

µ
 b-irresolute and g is g

µ
 b-irresolute 

(ii) almost g
µ
 b-irresolute if f is b

µ
-irresolute and g is almost g

µ
 b-irresolute. 

Proof:  It is obvious. 

Theorem: 5.21 

 For a function 𝑓 :  𝑋 , 𝜏  →  𝑌 , 𝜎   if f is almost g
µ
 b-irresolute then for each 𝑥 ∈ 𝑋  and each g

µ
 b-open set 

V of Y containing 𝑓  𝑥   there exist a supra open set U of X containing 𝑥  such that 𝑓  𝑈 𝑉 . 

Proof: It is obvious. 

From the above theorem and examples we have the following diagram: 

                                                   

 

 

 

 

 

 

 

Here the numbers 1-9 represent the following implication: 

1. Strongly g
µ
 b-irresolute    2. g

µ
 b-irresolute              3. g

µ
 -irresolute 

3 2 7 

9 

5 8 4 

6 1 
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4. Strongly g
µ
-irresolute  5. Strongly b

µ
-irresolute 6. g

µ
 b-continuous 

7. almost g
µ
 b-irresolute   8. b

µ
-continuous  9.almost g

µ
 -irresolute 
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