
Mathematical Sciences International Research Journal Volume 7 Spl Issue 1                   ISSN 2278-8697 

 

 
Journal Published by IMRF Journals | Jan 2018 Edition                                                          |    22  

 

SOME NEW CLASSES OF NANO  
REGULAR IDEAL SETS  

 

 

M. Lellis Thivagar  
School of Mathematics/Professor/Madurai Kamaraj University, Madurai, Tamilnadu 

J.Kavitha 
School of Mathematics/Research Scholar/Madurai Kamaraj University, Madurai, Tamilnadu 

 Minu Sarathy 
School of Mathematics/Research Scholar/Madurai Kamaraj University, Madurai, Tamilnadu 
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Introduction: Ideals in a topological space (X, ) are discussed in the classic text by Kuratowski. A 
topological space together with an ideal I is called an ideal space and is denoted by (X, ,I). He also 
defined the local function for each subset of X with respect to an ideal I and . The local function of a 
subset A of X with respect to I and  is denoted by A(I, ) or simply A. Further in 1945, 
Vaidyanathaswamy extended the study of ideals and local functions. Keskin et.al introduced the notion 
of  sets,  continuous function in ideal topological spaces. Also they investigate their properties. 
Lellis Thivagar et al interjected a new space called nano topological space whose elements are called 
nano open sets. It is termed as nano topology since it has atmost five open sets whatever may be the size 
of universe. This work is extended to some real life applications of nano topology in terms of basis. In 
this paper we introduce and studied nano  sets and nano regular I closed sets. Moreover, nano  
continuous functions are discussed. Also we introduce nano SA* space and its properties are discussed. 
Finally the comparisons are made. 
 

Preliminaries:  This section is devoted to preliminaries which required for our work.  

 

Definition 2.1 [8]:Let  be a nonempty finite set of objects called the universe and R be an equivalence 
relation on  named as the indiscernibility relation. Elements belonging to the same equivalence class 
are said to be indiscernible with one another. The pair ( ,R) is said to be the approximation space. Let X 

 . 
(i)The lower approximation of X with respect to R is the set of all objects, which can be for certain 
classified as X with respect to R and it is denoted by . 
That is, , where R(x) denotes the equivalence class determined by x. 
(ii)The upper approximation of X with respect to R is the set of all objects, which can be possibly 
classified as X with respect to R and it is denoted by . 
(iii)The boundary region of X with respect to R is the set of all objects, which can be classified neither as 
X nor as X with respect to R and it is denoted by . That is,  =  - .  

  
Definition 2.2 [8]: Let  be an universe, R be an equivalence relation on  and 

 = { , , , , } where X  .  satisfies the following axioms:   
•  and   .  
• The union of the elements of any subcollection of  is in .  
• The intersection of the elements of any finite subcollection of  is in .  
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That is,  forms a topology on  called the nano topology on  with respect to X. We call ( , ) 
as the nano topological space. The elements of  are called nano-open sets.  

  
Proposition 2.3 [8]:Let  be a nonempty finite universe and X  , /R be an indiscernibility relation 
on  then   

    • : If  =  = X, then the nano topology,  = .  
    • : If  =  and   , then  = .  
    • : If    and  = , then  = .  
    • : If  =  and  = , then  = , is the  
indiscrete nano topology on .  
    • : If    where    and   , then  = 

.  
  

Theorem 2.4 [8]:Let  be a non empty finite universe and X  . Let  be the nano topology on  
with respect to X. Then  whose elements are  for A  , is a nano topology on .  
Remark 2.5 [8]:  is called the dual nano topology of . Elements of  are called nano 
closed sets. Thus, from the above theorem, we note that a subset A of  is nano closed in  if and 
only if -A is nano open in .  

  
Definition 2.6 [8]: If  is a nano topological space with respect to X whereX   and if A  , 
then the nano interior of A is defined as the union of all nano open subsets of A and it is denoted by 

int(A). That is, int(A) is the largest nano open subset of A. The nano closure of A is defined as the 
intersection of all nano closed sets containing A and it is denoted by cl(A). That is, cl(A) is the 
smallest nano closed set containing A.  

  
Definition 2.7 [8]: Let ( , ) be a nano topological space and A  . Then A is said to be   

    • nano semiopen if A  cl( int(A))  
    • nano pre-open if A  int( cl(A))(NSO( , ), NPO( , ) respectively denote the 

families of all nano semiopen, nano preopen subsets of .  
  

Definition 2.8 [8]:In a nano topological space, a set is said to be nano clopen if it is both nano open and 
nano closed.  
Definition 2.9 [10]:An ideal I on a nano topological space ( , ) is a nonempty collection of subsets 
of  satisfying the following two properties: (i) A  I and B  A implies B  I(heredity) and (ii) A  I and 
B  I implies A  B  I (finite additivity). For a nano topological space ( , ,I) and a subset A  X, 
we denote by  = {x  : G  A  I for every nano open neighbourhood G of x}, written simply as 

 in case there is no chance for confusion.  is called the local function of A with respect to I and 
.  

 

Definition 2.10 [8]:Let ( , ) be a nano topological space and let A   is nano dense if cl(A) = .  
Proposition 2.11 [10]:Let ( , ) be a nano topological space with an ideal I, and let A and B be 
subsets on . Then   
 • A  B    .  
 •  = cl( )  cl(A)(  is a nano closed subset of cl(A)).  

  
Nano  Sets: In this section we introduce the new concept nano  sets and nano nano regular I 
closed sets. Also we have given the relationship among them.  
Definition 3.1 : A subset A of a nano ideal topological space ( , ,I) is called nano  set if A  

. The collection of nano  sets are denoted as .  
  

Example 3.2 : Let  = {a,b,c,d}, /R = {{a},{b,c},{d}}, X = {a,b} and I =  then 
= .  =  . 

Definition 3.3 : An ideal I on a space ( , ) is said to be nano ideal codense if  
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  I = .  
Definition 3.4 :A subset A of a nano ideal topological space ( , ,I) is called nano regular I closed 
set if A = . The collection of nano regular I closed sets are denoted as .  

  
Theorem 3.5 : Every nano regular I closed set is an nano  set.  
Proof : Let A be a nano regular I closed set. Then we have A = . Therefore we have A  

 is a nano  set.    
Remark 3.6: Converse of Theorem 3.5 is not true as shown by following example. 

Example 3.7 : Let  = {a,b,c,d}, /R = {{a},{b,c},{d}}, X = {a,b} and I =  then  = 
. Let A = {b,c,d} is an  set but not nano regular I closed set.  

Definition 3.8 : If A is nano * dense in itself if A  .  
  

Theorem 3.9 : Let  be an nano ideal topological space and A is an subset of . If A is nano 
open and nano * dense in itself then it is  set.  
Proof : Let A be nano open and nano * dense in itself. Then, we have A = Nint(A) and A   
respectively. Hence, we have A  . This shows that A is  set.   
 
Theorem 3.10: A subset of an nano ideal topological space  the following properties are 
equivalent:  
(i) A is nano regular I closed set.  
(ii) A is -set and nano *-closed.  
Proof :  
(i)  (ii) This proof is obvious. 
(ii)  (i): Let A be  set and nano *-closed. Then we have A   and . Also since 
Nint(A)  A, so we obtain that . Hence  

 and A = . This shows that A is nano regular I closed.  
 
Nano   Sets: In this section we have introduced and discussed the characterization of nano   space. 
Definition 4.1 : A nano ideal topological space  is said to be nano  space(denoted by 

 space) if  for every set A  .  
Example 4.2 : Let  = {a,b,c,d}, X = {a,b}, /R = {{a,b},{c,d}} and I = 

 
 then . Here  is an nano  space.  

  
Theorem 4.3 : For a subset A of an nano     
ideal topological space  then   
every nano  set is an nano open set.  
Proof : Let A be nano  set. By Definition we have A  . Since  is also an nano  
space,   Nint(A) and so A    Nint(A). Hence A is nano open set.    
 

Theoerem 4.4 : Let  be a nano ideal topological space,  is  and I is discrete then  is 
 space.  

Proof : Let  is  then  and  is nano clopen sets   Ncl(A) = A and A   if I is 
discrete  = . Hence it is obvious that  is nano  space.    
 
Remark 4.5 : For a subset A of an nano  ideal topological space  the following 
implication hold:  

 
 1.  set, 2.  sets, 3. nano open sets.  
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Nano  Continuous: In this section we have given nano  continuous function, -
continuous functions and its properties are analysed.  
Definition 5.1 : A function  is  continuous ( -continuous, nano *-

continuous) if for every A  ,  is -set  ( , nano *-closed)  

Theorem 5.2 : Every  continuous function is  continuous function.  
Proof : Let  is  implies that inverse image of every nano open is , since we know that every 

 is , from this it is clear that every  continuous function is  continuous function.    
 

Remark 5.3 : Converse of the above Theorem 5.2 is not true as shown in the following example.  
Example 5.4 : Let  = {a,b,c,d}, X = {a,c} and  = {{a,b},{c},{d}} then  = , I  = 
{{a},{b},{c},{a,b},{a,c},{b,c},{a,b,c}}.  = {p,q,r}, Y ={p,q} and  = {{p,q},{r}} then  = . 

Let  be a function defined by .  sets = { ,{a,b,c}} and 
 sets = . Here f

-1 
(p,q) is  {a,b,c} is nano fI set but not nano regular I closed. 

  
Theorem 5.5 : For a function , the following properties are equivalent:   

  (i)  is  - continuous.  
 (ii)  is  - continuous and nano contra* continuous.  
Proof : This follows from Theorem 3.10.    
 

Theorem 5.6: Let  be an  space. For a function , the following 
implication hold if  is  continuous then it is nano continuous.  
Proof : If  is  space. So, if A   then   A and if inverse image of nano open set is  set it 
is obvious from Theorem 4.3. Hence we proved. 
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