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Abstract. 

We will review in this work , a new kind of sets called  𝒩 𝒟 ∝ −continuous are introduced and studied in 

𝒩Topological space. The class of all  𝒩 𝒟 ∝ −open(closed) sets is restricted to the class of all  𝒩 −  continuous and 

𝒩 g-open. Also we study topological properties of  𝒩 −continuous, 𝒩 𝒟 ∝ − homeomorp, 𝒩 contra  𝒟 ∝ -

continuous, 𝒩slightly 𝒟 ∝ continuous and 𝒩irresolute 𝒟 ∝ −continuous. 
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1. Introduction and Basic Concepts 

      In this work we define 𝒩 continuous functions,  and 𝒩 homeomorphisms between 𝒩 topological spaces and derive 

their equivalent characterizations. 𝒩 continuous functions have a wide range of uses, including plant growth over time, 

depreciation of machine and temperature at various times of the day. We have also provided a real-life example of 𝒩 

homeomorphism. the basic concepts of 𝒩 topological spaces, 𝒩𝒟 ∝   open (closed) function, 𝒩 𝒟 ∝- continuous and 

their properties. In [1]  𝒩 continuous if 𝑓−1(ℵ) is ℵ open in 𝒰 ∀ℵ open in 𝒱. In  [2] defined 𝒩 ∝-continuous If 𝑓−1(ℵ) 

is ℵ ∝ open set in 𝒰 for any ℵ ∝ open in 𝒱. In [3] 𝒩 pre-continuous If 𝑓−1(ℵ) is ℵ pre-open in 𝒰 ∀ℵ open 𝒱. 

Proceeding from the important concepts, and their importance in topology, we will define new types of continuity as 𝒩 

𝒟 ∝ − homeomorp, 𝒩 contra  𝒟 ∝ -continuous, 𝒩slightly 𝒟 ∝ continuous and 𝒩irresolute 𝒟 ∝ −continuous and 

prove them some important basic theories as well as review some examples in our research. For more information on 

this topic, see the papers [4, 5, 6]. We will symbolize the word nano with the symbol 𝒩. Our work in this paper can be 

applied in papers [7, 8, 9] this is due to the importance of the subject and its applications in all areas of mathematics. 

Where we divided our work into three sections and gave the relationship between them. 

2. Basic Theorems 

Definition:2.1 

Let (𝒰, 𝒯𝑅(X)) and (𝒱, 𝒯𝑅′(Y)) be 𝒩 topological. Said to be  𝑓 :(𝒰, 𝒯𝑅(X)) → (𝒱, 𝒯𝑅′(Y)) 𝒩 𝐷 ∝ continuous if 

𝑓−1(ℵ), ∀ ℵ– open in 𝒱 is 𝒩- 𝐷 ∝ open ℵ in 𝒰.   

Example:2.2  

 Let 𝒰 = {𝑢,𝑞, 𝑚 , 𝑘} with 𝒰 ∕ 𝑅 = {{𝑢}, {𝑞, 𝑘}, {𝑚 }}, let  𝑋 = {𝔲, 𝑞 , 𝑚 }, a subset of 𝒰 . Then the 𝒩 topology on 𝒰 is 

given by 𝒯𝑅(𝑋)={𝒰,∅,{𝔲, m},{q, k}}. Let 𝒱 = {𝑎, 𝑏, 𝑐, 𝑑} with 𝒱 ∖R′={{𝑎}, {𝑏, 𝑑}, {𝑐}} , let 𝑌 =  {𝑎, 𝑏, 𝑐}. Then  

𝒯𝑅′(Y)= { 𝒱,∅,{𝑎, 𝑐}, {𝑏, 𝑑}}. Then 𝒯𝑅′
𝑐 = { ∅, 𝒱, {𝑏, 𝑑}, {𝑎, 𝑐}},  𝒯𝑅

𝐶(𝑋) ={∅,𝒰,{ q, k},{𝔲, m}},and 

𝒩 ∝-open (𝑋)={ 𝒰,∅,{ 𝔲, m},{q, k}},and 𝒩 ∝-open(𝑌) = { 𝒱, ∅, {𝑎, 𝑐}, {𝑏, 𝑑}}, 𝒩 𝑝𝑟𝑒(𝑋) = 𝑝(𝑥) ,and 𝒩 𝑝𝑟𝑒(𝑌) =

𝑝(𝑦). 

𝒩semi(𝑋)={ 𝒰,∅,{ 𝔲, m},{q, k}}, 𝒩𝑠𝑒𝑚𝑖(𝑌)={ 𝒱, ∅, {𝑎, 𝑐}, {𝑏, 𝑑}},and 

𝒩 𝑔-closed(𝑋) = {∅,𝒰,{𝔲}, {𝑞}, {𝑚}, {𝑘}, {𝔲, 𝑞}, {𝔲, 𝑚}, {𝔲, 𝑘}, {𝑞, 𝑚},       {𝑞, 𝑘}, {𝑚, 𝑘}, {𝔲, 𝑞, 𝑚}, {𝔲, 𝑞, 𝑘}, 

{𝑞, 𝑚, 𝑘}, {𝔲, 𝑚 , 𝑘}}, 𝒩𝑔-open (𝑋) is compiled of 𝒩𝑔-closed(𝑋). 
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𝒯𝑅
𝐷∝ 𝑂(X)={∅,𝒰,{𝔲}, {𝑞}, {𝑚}, {𝑘}, {𝔲, 𝑞}, {𝔲, 𝑚}, {𝔲, 𝑘}, {𝑞, 𝑚}, { 𝑞, 𝑘}, { 𝑚, 𝑘}, {𝔲, 𝑞 , 𝑚}, {𝔲, 𝑞 , 𝑘}, 

{𝑞, 𝑚, 𝑘}, {𝔲, 𝑚 , 𝑘}}, and  𝒯𝑅′(𝑌)  = { 𝒱,∅,{𝑎, 𝑐}, {𝑏, 𝑑}}.  Define   𝑓 :(𝒰, 𝒯𝑅(𝒰 ))  → (𝒱, 𝒯𝑅′(𝑌))  as 𝑓(𝑢) =  𝑎 , 𝑓(𝑞)  =

 𝑏 , 𝑓(𝑚)  =  𝑐 , 𝑓(𝑘)  =  𝑑 . Then 𝑓−1(𝒱)=  𝒰, 𝑓−1(∅)= ∅,  𝑓−1({𝑎, 𝑐}) = {𝔲, 𝑚} ∈ 𝒯𝑅(𝑋) , and  𝑓−1({𝑏, 𝑑}) = { 𝑞, 𝑘} 

∈ 𝒯𝑅(𝒰) . 

 ∴ 𝑓 is 𝒩 continuous. Then 𝑓−1(𝒱)=  𝒰, 𝑓−1(∅)= ∅,  𝑓−1({𝑎, 𝑐}) = {𝑢, 𝑚} ∈ 𝒩 ∝-open(𝑋), and  𝑓−1({𝑏, 𝑑}) =

{ 𝑞, 𝑘}  ∈ 𝒩 ∝-open(𝑋). So 𝑓 is 𝒩 ∝ continuous. Then 𝑓−1(𝒱)=  𝒰, 𝑓−1(∅)= ∅,  𝑓−1({𝑎, 𝑐}) = {𝔲, 𝑚} ∈ 𝒩semi(𝑋) , 

and  𝑓−1({𝑏, 𝑑}) = { 𝑞, 𝑘}  ∈ 𝒩𝑠𝑒𝑚𝑖(𝑋).  Then 𝑓 is 𝒩 semi-continuous. Then  

 𝑓−1(𝑝(𝑦))  = 𝑝(𝑥)   ∈  𝒩 𝑝𝑟𝑒(𝒰) . ∴ 𝑓 is 𝒩 pre-continuous. Then 

  𝑓−1(𝒱)=  𝒰, 𝑓−1(∅)=  ∅ , 𝑓−1({𝑎, 𝑐}) = {𝔲, 𝑚}  ∈ 𝒯𝑅
𝐷∝ 𝑂(𝑋) ,  𝑓−1({𝑏, 𝑑}) = { 𝑞, 𝑘} ∈ 𝒯𝑅

𝐷∝ 𝑂(𝑋). So 𝑓 is  𝒩 𝐷 ∝  

continuous. The theorem describes 𝒩 𝐷 ∝ continuous. 

Theorem:2.3   

let 𝑓 :(𝒰, 𝒯𝑅(X)) → (𝒱, 𝒯𝑅′(Y))  is 𝒩 𝐷 ∝  continuous iff  ∀ ℵ 𝒩 closed on  𝒱 then 𝑓−1(ℵ)is  𝒩 𝐷 ∝ closed in 𝒰.  

Proof: It easy 

We construct a characterization of 𝒩 𝐷 ∝  continuous function in terms of 𝒩 D∝ closure in the following theorem. 

Theorem: 2.4  

Let 𝑓 :(𝒰, 𝒯𝑅(X))  → (𝒱, 𝒯𝑅′(𝑌)) is 𝒩 𝐷 ∝  continuous iff 𝑓(𝒩 𝐷 ∝ 𝑐𝑙(ℵ)) ⊆ 𝒩 𝐷 ∝  𝑐𝑙(𝑓(ℵ)) for any ℵ of 𝒰. 

Proof: Let 𝑓 a 𝒩 𝐷 ∝ continuous and ℵ ⊆  𝒰. So 𝑓(ℵ) ⊆  𝒱. And let 𝑓 is  𝒩 𝐷 ∝ continuous and 𝒩 D∝  𝑐𝑙(𝑓(ℵ)) is 

𝒩 - closed in  𝒱, 𝑓−1 (𝒩 D∝  𝑐𝑙(𝑓(ℵ))) is 𝒩 - 𝐷 ∝ closed in  𝒰. Since 𝑓(ℵ) ⊆  𝒩 D∝  𝑐𝑙(𝑓(ℵ)) , ℵ ⊆  𝑓−1 (𝒩 𝐷 ∝  

𝑐𝑙(𝑓(ℵ))). Thus  𝑓−1 (𝒩 𝐷 ∝  𝑐𝑙(𝑓(ℵ))) is a 𝒩 - 𝐷 ∝ closed ,containing ℵ. But , 𝒩 𝐷 ∝ 𝑐𝑙(ℵ) is smallest 𝒩 - 𝐷 ∝ 

closed containing ℵ. Therefore 𝒩 𝐷 ∝ cl(ℵ) ⊆ 𝑓−1 (𝒩 𝐷 ∝  𝑐𝑙((ℵ)). That is  𝑓(𝒩 𝐷 ∝ cl(ℵ)) ⊆ 𝒩 𝐷 ∝  𝑐𝑙(𝑓(ℵ)). 

Conversely , let 𝑓(𝒩 𝐷 ∝ 𝑐𝑙(ℵ)) ⊆  𝒩 𝐷 ∝  𝑐𝑙(𝑓(ℵ)), ∀ℵ of 𝒰. If 𝐹 is 𝒩 - closed in 𝒱, since 𝑓−1(𝐹) ⊆ 𝒰, 𝑓(𝒩 𝐷 ∝ 

𝑐𝑙(𝑓−1(F))) ⊆ 𝒩 𝐷 ∝ 𝑐𝑙(𝑓 (𝑓−1(F))) = 𝒩 𝐷 ∝ 𝑐𝑙(𝐹). That is , 𝒩 𝐷 ∝ 𝑐𝑙(𝑓−1(𝐹)) ⊆ 𝑓−1 (𝒩 𝐷 ∝  𝑐𝑙(𝐹)) =

 𝑓−1(𝐹), since 𝐹 is 𝒩 - 𝐷 ∝ closed. But 𝑓−1(𝐹) ⊆ 𝒩 𝐷 ∝ 𝑐𝑙(𝑓−1(𝐹)). Then , 𝒩 𝐷 ∝ 𝑐𝑙(𝑓−1(𝐹) =  𝑓−1(𝐹). So, 

𝑓−1(𝐹) is 𝒩  𝐷 ∝ closed in  𝒰, ∀ 𝒩 - closed 𝐹 in 𝒱.  

 Remark:2.5  

If 𝑓 :(𝒰, 𝒯𝑅((X)) → (𝒱,𝒯𝑅′(Y)) is 𝒩 𝐷 ∝ continuous, So  𝑓(𝒩 𝐷 ∝ cl(ℵ)) is not always comparable 𝒩 𝑐𝑙(𝑓(ℵ)) where 

ℵ ⊆ 𝒰. 

Example: 2.6   

Let 𝒰 ={ҝ, 𝑞, £ , ₰ }; 𝒰 ∕ 𝑅 = {{ҝ}, { 𝑞, ₰}, {£}}. Let 𝑋 = {ҝ, 𝑞, £}. Then   𝒯𝑅(𝒰)= {𝒰, ∅, {ҝ, £}, {𝑞, ₰}}. 

𝒯𝑅
𝐶(𝑋) ={∅,𝒰 ,{𝑞, ₰}, {ҝ, £}}. Let 𝒱 == {𝑡, 𝑦, 𝑖, 𝑛}  with 𝒱 ∖ 𝑅′={{𝑡, 𝑖}, {𝑦}, {𝑛}} and 𝑌 = {𝑡, 𝑦}. Then 𝒯𝑅′(𝑌) =

{𝒱,∅,{𝑦}, {𝑡, 𝑦, 𝑖}, {𝑡, 𝑖}}.  𝒯𝑅′
𝐶(Y)={∅, 𝒱,{𝑡, 𝑖, 𝑛}, {𝑛}, {𝑦, 𝑛}}, 

𝒩𝑔-closed(𝑋) ={∅, 𝒰, {ҝ}, {𝑞}, {£}, {₰}, {ҝ, 𝑞}, {𝑞, £, ₰}, {ҝ, £}, {ҝ, ₰}, {𝑞, £}, {𝑞, ₰}, {£, ₰}, {ҝ, 𝑞, £}, {ҝ, 𝑞, ₰}, 

{ҝ, £, ₰}}, 𝒩𝑔-open(𝑋) is compiled of 𝒩𝑔-closed(𝑋). 

 𝒯𝑅
𝐷∝ 𝑂(𝒰)={∅,𝒰, {ҝ}, {𝑞}, {£, ₰}, {ҝ, 𝑞, £}, {ҝ, 𝑞, ₰}, {£}, {₰}, {ҝ, 𝑞}, {ҝ, £}, {ҝ, ₰}, {𝑞, £}, {𝑞, ₰}, {𝑞, £, ₰}, 

{ҝ, £, ₰}}. Let 𝑓 :(𝒰, 𝒯𝑅(X))  → (𝒱,𝒯𝑅′(𝑌)) be given by 𝑓(ҝ) = 𝑦, 𝑓(𝑞) = 𝑡, 𝑓(£) = 𝑦, 𝑓(₰) = 𝑡. Then 𝑓−1(𝒱)=𝒰, 

𝑓−1(∅)=∅,𝑓−1({𝑦})={ҝ, £}, 𝑓−1({𝑡, 𝑦, 𝑖})= 𝒰, and 𝑓−1({𝑡, 𝑖})={𝑞, ₰}. That is , ∀ℵ, 𝒩 open set in  𝒱 then 𝑓−1(ℵ)is  𝒩 

D∝ open of 𝒰. So , 𝑓 is 𝒩 𝐷 ∝  continuous of 𝒰. Let 𝐴 = {ҝ, £} ⊆  𝒰 .Then 𝑓(𝒩 D∝ 𝑐𝑙(𝐴)) = 𝑓({ҝ, £}) = {𝑦}. But,   

𝒩 𝑐𝑙(𝑓(ℵ ))= 𝒩 𝑐𝑙({𝑦})={𝑦, 𝑛}.Thus , 𝑓(𝒩 𝐷 ∝ 𝑐𝑙(𝐴))  ≠  𝑁 𝑐𝑙(𝑓(A)) , even though 𝑓 is 𝒩 D∝  continuous. i.e. , 

when f is 𝑁 continuous, The previous theorem is incorrect. The previous theorem does not hold when 𝑓 is 𝒩 

continuous. 
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Theorem: 2.7  

 Let 𝑓 :(𝒰, 𝒯𝑅(X)) → (𝒱,𝒯𝑅′(𝑌)) is 𝒩𝐷 ∝continuous on 𝒰  iff 𝑓−1(𝒩𝐷 ∝ int (B)) ⊆  𝒩 𝐷 ∝ 𝑖𝑛𝑡 (𝑓−1(B)), ∀  𝐵 ⊆  𝒱 . 

Proposition: 2.8 

 If 𝑓 :(𝒰, 𝒯𝑅(X)) → (𝒱,𝒯𝑅′(𝑌))  𝒩 topological spaces ,  X  ⊆ 𝒰  , Y   ⊆ 𝒱  . So for any 𝑓 : 𝒰 → 𝒱 , The following  

comparable: 

(i) 𝑓 is 𝒩 𝐷 ∝ continuous . 

(ii) 𝑓−1(ℵ) for any ℵ– closed in 𝒱 is 𝒩- 𝐷 ∝ closed ℵ in 𝒰. 

(iii) 𝑓(𝒩 𝐷 ∝ cl(ℵ)) ⊂ 𝒩 𝐷 ∝ cl(𝑓(ℵ)) for every subset ℵ of  𝒱 . 

(iv) 𝑓−1 of every member of the basis  ℬ𝑅′ of  𝒯𝑅′(Y) is 𝒩 𝐷 ∝ open in 𝒰.  

(v) 𝒩 𝐷 ∝ cl (𝑓−1(B)) ⊆  𝑓−1(𝒩 𝐷 ∝ cl (B)) , ∀  𝐵 ⊆  𝒱.  

(vi) 𝑓−1(𝒩 𝐷 ∝ int (B)) ⊂ 𝒩 𝐷 ∝ int (𝑓−1(B)) , ∀  𝐵 ⊆  𝒱. 

Theorem: 2.9  

Let 𝑓 :(𝒰, 𝒯𝑅(X)) → (𝒱,𝒯𝑅′(𝑌)) is 𝒩 𝐷 ∝ closed iff  𝒩 𝐷 ∝ cl(𝑓(ℵ)) ⊆ 𝑓(𝒩 𝐷 ∝ 𝑐𝑙(ℵ)) , ∀  ℵ ⊆ 𝒰.  

Proof: If f is 𝒩 𝐷 ∝ closed , so 𝑓(𝒩 𝐷 ∝ 𝑐𝑙(ℵ)) is 𝒩 closed, let  𝒩 𝐷 ∝ 𝑐𝑙(ℵ)) is 𝒩 𝐷 ∝ closed in 𝒰 . Since ℵ ⊆  𝒩 

𝐷 ∝ 𝑐𝑙(ℵ)) , 𝑓(ℵ) ⊆ 𝑓(𝒩 𝐷 ∝ 𝑐𝑙(ℵ))  . Thus  𝑓(𝒩 𝐷 ∝ 𝑐𝑙(ℵ)) is a 𝒩 𝐷 ∝ closed set containing  𝑓(ℵ). Therefore , 

𝒩 𝐷 ∝ 𝑐𝑙(𝑓(ℵ)) ⊆ 𝑓(𝒩 𝐷 ∝ 𝑐𝑙(ℵ)) . Conversely , if 𝒩 𝐷 ∝ 𝑐𝑙(ℵ)) ⊆ 𝑓(𝒩 𝐷 ∝ 𝑐𝑙(ℵ)), ∀  ℵ ⊆ 𝒰 and if F is 𝒩 𝐷 ∝ 

closed, so 𝒩 𝐷 ∝ 𝑐𝑙(F) = F and  𝑓(F) ⊆ 𝒩 𝐷 ∝ 𝑐𝑙(𝑓(F)) ⊆ 𝑓(𝒩 𝐷 ∝ 𝑐𝑙(F)) = 𝑓(F) . Thus , 𝑓(F) = 𝒩 𝐷 ∝ 𝑐𝑙(𝑓(F)) i.e. 

, 𝑓(F) is 𝒩 closed in 𝒱. Then , f is 𝒩 𝐷 ∝ closed function . 

Theorem: 2.10 

 Let 𝑓 :(𝒰, 𝒯𝑅(X)) → (𝒱,𝒯𝑅′(𝑌)) 𝒩 D∝ open iff  𝑓(𝒩 𝐷 ∝ int(ℵ)) ⊆ 𝒩 𝐷 ∝ int(𝑓(ℵ)) , ∀  ℵ ⊆ 𝒰. 

Definition: 2.11  

c is called 𝒩 𝐷 ∝ homeomorphism if  

(i)  𝑓 is one to one and onto.  

(ii) 𝑓 is 𝒩 D∝ continuous. 

(iii) 𝑓 is 𝒩 D∝ open.  

Theorem: 2.12   

Each 𝒩 continuous function is 𝒩 ∝  continuous . 

Proof: Let 𝑓 :(𝒰, 𝒯𝑅(X)) → (𝒱,𝒯𝑅′(𝑌)) 𝑖𝑠 𝒩 –continuous, then, ∃ ℵ ∈ 𝒩-open in 𝒰. 𝒩int ℵ=ℵ. Then 𝒩cl(𝒩int ℵ)= 

𝒩cl(ℵ) ⊇ ℵ. That is ℵ ⊂ 𝒩cl(𝒩int ℵ). Therefore, 𝒩int ℵ ⊆ 𝒩int(𝒩cl(𝒩int ℵ))). That is, ℵ ⊆ 𝒩int (𝒩cl (𝒩int ℵ))). 

Thus, ℵ is 𝒩 ∝-open. Hence, 𝒩 ∝ −continuous.  

Theorem: 2.13  

 Each 𝒩 ∝-continuous function is 𝒩 𝒟 ∝-continuous. 

Proof: Obvious. 

Remark: 2.14  

 The converse of the above theorem is not true. 

3-  𝓝 contra continuous function. 

Ganster and R. [10] proposed and investigated the concept of N continuous function in 1989. A function  : (𝒰,𝒯) → 

(Y,𝒱)  If the preimage of every open set is closed, is called 𝒩 contra-continuous. 

Definition: 3.1   
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 Let (𝒰,  𝒯𝑅(X) ) and (𝒱, 𝒯𝑅(Y)) be a 𝒩 topological space , then  𝑓 : (𝒰,  𝒯𝑅(X) ) → (𝒱, 𝒯𝑅(Y))  is a 𝒩 contra D∝ 

continuous, if  𝑓−1(P) is 𝒩 D∝ closed in (𝒰,  𝒯𝑅(X) ) , ∀𝒩 open set P in (𝒱, 𝒯𝑅(Y)) .  

Theorem: 3.2  

Each 𝒩 contra ∝ continuous is 𝒩 contra 𝐷 ∝ continuous  function. 

Theorem: 3.3   

Each 𝒩 contra continuous is 𝒩 contra D∝ continuous. 

Remark: 3.4 

  The opposite of the preceding theorem is false. 

Example: 3.5    

 Let 𝒰 = {𝑝, 𝑟, 𝑧, 𝑤}, with  𝒰 ∕ 𝑅 = {{𝑝, 𝑟}, {𝑧}, {𝑤}}, 𝑋 = {𝑝, 𝑧}, then 𝒯𝑅(𝑋) = { 𝒰, ∅, {𝑧}, {𝑝, 𝑟, 𝑧}, {𝑝, 𝑟}},and 𝑌 =

{𝑝, 𝑟}.Then  𝒯𝑅′(𝑌)  ={ 𝒰, ∅, {𝑝}, {𝑝, 𝑟, 𝑤}, {𝑟, 𝑤} . and 𝒯𝑅
𝑐(X) = {∅, 𝒰,{𝑝, 𝑟, 𝑤}, {𝑤}, {𝑧, 𝑤}}.Then             𝒩 𝑔-

closed(𝑋) ={ 𝒰,∅,{𝑤}, {𝑝, 𝑤}, {𝑟, 𝑤}, {𝑧, 𝑤}, {𝑝, 𝑟, 𝑤}, {𝑟, 𝑧, 𝑤}, {𝑝, 𝑧, 𝑤}}, 𝒩𝑔-open(𝑋) is compiled of 𝒩𝑔-closed(𝑋). 

𝒯𝑅
𝐷∝ 𝑂(𝑋) = {∅,𝒰,{𝑝}, {𝑟}, {𝑧}, {𝑝, 𝑟}, {𝑝, 𝑧}, {𝑟, 𝑧}, {𝑝, 𝑟, 𝑧}, {𝑟, 𝑧, 𝑤}, {𝑝, 𝑧, 𝑤}}, 

[𝒯𝑅
𝐷∝ 𝑂(X)]𝐶={∅, 𝒰,{𝑟, 𝑧, 𝑤}, {𝑝, 𝑧, 𝑤}, {𝑝, 𝑟, 𝑤}, {𝑧, 𝑤}, {𝑟, 𝑤}, {𝑝, 𝑤}, {𝑤}, {𝑝}, {𝑟}}. 

𝒯𝑅′
𝑐 (Y)={ 𝒰,∅,{r,z,w},{z},{p,z}}. 

Define 𝑓 :(𝒰, 𝒯𝑅(X))  → (𝒰, 𝒯𝑅′(Y)) as 𝑓(𝑝)  =  𝑝 , 𝑓(𝑟)  =  𝑟 , 𝑓(𝑧)  =  𝑧 , 𝑓(𝑤)  =  𝑤 . Then  𝑓−1(𝒰) =  𝒰, 𝑓−1(∅)=

∅,𝑓−1(𝑝) = {𝑝} ∉  𝒯𝑅′
𝑐 (𝑌), 𝑓−1(𝑟) = {𝑟} ∉  𝒯𝑅′

𝑐 (𝑌) .              ∴ 𝒩 contra 𝐷 ∝ continuous is not 𝒩 contra continuous 

function. 

We summarize the foregoing theories in the following diagram 

[ 𝒩 contra continuous → 𝒩 contra ∝ continuous→  𝒩 contra D∝ continuous. ] 

 

Now we will review 𝒩 Slightly continuous function. The concept of a 𝒩 slightly continuous function is introduced, 

and characterizations and several 𝐷 ∝ continuous and fundamental features of a 𝒩 slightly continuous function [11] are 

examined and derived. 

Definition: 3.6  

Let (𝒰,  𝒯𝑅(𝑋) ) and (𝒱, 𝒯𝑅(𝑌)) be a 𝒩 topological space , then  𝑓 : (𝒰,  𝒯𝑅(𝑋) ) → (𝒱, 𝒯𝑅(𝑌))  is a 𝒩 slightly  𝐷 ∝ 

continuous, at a point 𝑥 ∈ 𝑋 if ∀𝒩clopen subset 𝑉 in 𝑌 containing 𝑓(𝑥), ∃ 𝐷 ∝ 𝒩 open subset 𝑈 in 𝑋 containing 𝑥 s.t. 

𝑓(𝑈) ⊆ 𝑉.  

Example: 3.7  

 Let 𝒰 ={ 𝔲,𝑞, 𝑚 , 𝑘} with 𝒰/𝑅 ={{ 𝑢 }, { 𝑞, 𝑘}, {𝑚}}.let X={ 𝔲,𝑚, 𝑘} ⊆ 𝑈. Then  𝒯𝑅(X)={𝒰, ∅, {𝑞, 𝑘}, { 𝑢, 𝑚}}, and 

𝒯𝑅
𝐷∝ 𝑂(𝑋) = {∅,𝒰,{ 𝔲 }, { 𝑞 }{ 𝑚}, { 𝑘}, { 𝔲, 𝑞 }, { 𝔲, 𝑚}, {𝑞, 𝑚}, {𝑞, 𝑘}, { 𝔲, 𝑘}, { 𝑚, 𝑘}, { 𝔲, 𝑞, 𝑚}, { 𝔲, 𝑞, 𝑘}, {𝑞, 𝑚, 𝑘} 

, { 𝔲, 𝑚, 𝑘}}. Let 𝒱 = {𝑎, 𝑏, 𝑐, 𝑑}, and with ∕ 𝑅′ = {{𝑎}, {𝑏, 𝑑}, {𝑐}} , and  𝑌 = {𝑎, 𝑏, 𝑐}. Then 𝒯𝑅′(𝑌)  =

{𝒱 , ∅, {𝑎, 𝑐}, {𝑏, 𝑑}}, and 𝒯𝑅′
𝑐 (Y) = {∅, 𝒱, {𝑏, 𝑑}, {𝑎, 𝑐}}. 𝒩clopen set in 𝑌. 

Define  𝑓 :(𝒰, 𝒯𝑅(X))  → (𝒱, 𝒯𝑅′(Y)) as 𝑓(𝔲) =  𝑎, 𝑓(𝑞)  = 𝑏, 𝑓(𝑚)  = 𝑐, 𝑓(𝑘)  = 𝑑. 

. Then  𝑓−1(𝑎) = { 𝔲, 𝑚} ∈ 𝒯𝑅
𝐷∝ 𝑂(𝑋),and 𝑓−1(𝑏, 𝑑) = {𝑡, 𝑘} ∈ 𝒯𝑅

𝐷∝ 𝑂(𝑋) . 

∴ 𝑓 is 𝒩 slightly D∝ continuous. 

Theorem: 3.8   
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      Let (𝒰,  𝒯𝑅(X) ) and (𝒱, 𝒯𝑅(Y)) be a 𝒩 topological space , then 𝑓 : (𝒰,  𝒯𝑅(X) ) → (𝒱, 𝒯𝑅(Y))  a function . 

Adjectives are equivalent . 

(1) 𝑓 is 𝒩 slightly 𝐷 ∝ continuous. 

(2) ∀𝒩clopen V ⊆ Y,  𝑓−1(𝑉) is 𝒩 𝐷 ∝ open X. 

(3) ∀ 𝒩clopen V ⊆ Y,  𝑓−1(𝑉) is 𝒩 𝐷 ∝ closed X. 

(4) ∀𝒩clopen V ⊆ Y,  𝑓−1(𝑉) is 𝒩 𝐷 ∝ clopen X. 

Theorem: 3.9 

 Any 𝒩 contra  𝐷 ∝ continuous is 𝒩 slightly  𝐷 ∝ continuous function .  

Proof: It easy. 

Theorem: 3.10 

Each 𝒩 slightly D ∝ continuous function  is 𝒩 D ∝ continuous.  

 Proof: Let  f : (𝒰,  𝒯R(X) )  → (𝒱, 𝒯R(Y))  be a 𝒩slightly D ∝ continuous function. Let p a 𝒩-open in Y  . Then f −1(p)  

is 𝒩D ∝-open in X. And 𝒩 D∝ closed in X . Hence, f is 𝒩 D∝ continuous.  

We will summarize the above theories in the following diagram 

[𝒩continuous → 𝒩 slightly continuous →   𝒩 slightly D∝ continuous → 𝒩 D∝ continuous. ]   

 Now initiate the new concept of 𝒩Irresolute, 𝒩 D∝ continuous, and  𝒩 Irresolute D∝ continuous. 

Definition: 3.11  

Let (𝒰,  𝒯𝑅(𝑋) ) and (𝒱, 𝒯𝑅(𝑌)) be a 𝒩 topological space , then  𝑓 : (𝒰,  𝒯𝑅(𝑋) ) → (𝒱, 𝒯𝑅(𝑌))   is said a 𝒩 

Irresolute 𝐷 ∝ continuous if f −1(O) is a 𝒩 D ∝ open in (𝒱, 𝒯R(Y)) ∀𝒩 D ∝ open set O in (𝒰, 𝒯R(X)).  

Theorem: 3.12 

Each 𝒩 -Irresolute function  is  𝒩 -continuous.  

Theorem: 3.13  Let f: (𝒰, 𝒯R(X)) → (𝒱, 𝒯R′(Y)) is 𝒩 D ∝-Irresolute iff  f −1 𝒩 D ∝ closed of (𝒱, 𝒯R′(Y)) is  𝒩 D ∝ 

closed set in (𝒰, 𝒯R(X)) . 

 Proof: Assume that f is  𝒩 D ∝-Irresolute. Let S be any 𝒩 D ∝ closed in (𝒱, 𝒯R′(Y)) . So Sc 𝒩 D ∝-open in 

(𝒱, 𝒯R′(Y)). Since , f is 𝒩 D ∝-Irresolute , f −1(Sc) is 𝒩 D ∝-open in (𝒰, 𝒯R(X)) . But f −1(Sc) = U ∕ f −1(S) and so , 

f −1(S) is 𝒩 D ∝ closed in (𝒰, 𝒯R(X)). So , f −1(ℵ) for every ℵ– closed 𝒱 is 𝒩- D ∝ closed ℵ in 𝒰 . Let C any D∝-open 

in (𝒱, 𝒯R′(Y)) .Then Cc is  𝒩 D ∝ closed (𝒱, 𝒯R′(Y)) .By assumption , f −1( Cc) is  𝒩 D ∝ closed (𝒰, 𝒯R(X)) .But f −1( 

Cc) 𝒩 D ∝ closed set in (𝒰, 𝒯R(X)). So, f 𝒩 D ∝-Irresolute . 

Theorem: 3.14  

Every 𝒩D ∝ Irresolute map is 𝒩D ∝ continuous.  

Proof: Let f: (𝒰, 𝒯R(X)) → (𝒱, 𝒯R′(Y)) a 𝒩 D ∝-Irresolute. Let 𝑝 a  𝒩-open set in  𝒱. Then 𝑝 is 𝒩 D ∝-open in 𝒰. 

Since f is 𝒩D ∝ Irresolute. f −1( 𝑝) is 𝒩 D ∝-open in 𝒰. So, f is  𝒩D ∝ continuous.  

Remark: 3.15  

The opposite of the above theory is incorrect . 

Example:3.16   

Let 𝒰 = {u, q, p, y} with 𝒰 ∕R={{u}, {p}, {q, y}}and X = {u, q}.then the 𝒩 

topolog, 𝒯R(X) ={𝒰,∅,{u, q, y}, {u}, {q, y}}.the 𝒯R
𝒟∝O(X) =

{∅,𝒰, {u}, {q}, {y}, {u, q}, {q, y}, {u, y}, {u, q, p}, {u, q, y}, {u, p, y}}. And  Let 𝒱 = {k, y, o, t} with 𝒱 ∖R′={{k, o}, {y}, {t}} 
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and Y = {k, y}. Then 𝒯R′(Y) ={𝒱,∅,{{k, y, o}, {y}, {k, o}}. Define f: 𝒰 → 𝒱 as f(u) = k, f(q) = y, f(p) = t, f(y) =

t. 𝒯R′
D∝ O(y) = { 𝒱, ∅, {k}, {y}, {o}, {k, y}, {k, o}, {y, o}, {k, y, o}, {k, y, t}, {y, o, t}}. Then, 

f −1(y) = {q}  ∈   𝒯R
D∝ O(X) .Then f 𝒩 D ∝ continuous. But , f −1(y, o, t) = {q, p, y} ∉ 𝒯R

D∝ O(X) . Hence, f is 𝒩 D ∝ 

continuous but not 𝒩 D∝-Irresolute.  
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