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ABSTRACT  In  this  paper  we  introduce and study another types of convergence in a topological spaces namely 
,cocompact convergence( coc-convergence )of nets and filters by using the concept of coc-open sets. Also we investi-
gate some properties of these concepts

On coc- Convergence of Nets and Filters 

1

Introduction: The notion of convergence is one of the basic notion in analysis. There 
are two different convergence theories used in general topology that lead to 
equivalent results  . One of them based on the notion of a net in 1922 due to Moore 
and Smith [5]; another one, which goes back to workof Cartan [3] in 1937, is based 
on the notion of a filter. Al Ghour S.and Samarah. S  in [1] introduce the definition of 
coc-open set . Al-Hussaini F.H.[2] introduce coc-continuity as a generalization of 
continuity.The family of all coc-open sets of a space 𝑋𝑋𝑋𝑋 is denoted by 𝜏𝜏𝜏𝜏𝑘𝑘𝑘𝑘 [1].  It is the 
purpose of this paper to offer some more characterization of coc-compact spaces in 
[2] by  the concept of coc-convergence coc-cluster) of nets and filters respectively 
.Also, we give some  properties  of  the  coc-proper functions  by using the concept of 
cocompact exceptional (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓 ) set. For a subset𝐴𝐴𝐴𝐴 of𝑋𝑋𝑋𝑋, the closure and the interior of 
𝐴𝐴𝐴𝐴in 𝑋𝑋𝑋𝑋are denoted by𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝐴𝐴)and 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼(𝐴𝐴𝐴𝐴)respectively [1],[2].Now, 
Throughout this paper(𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇) and(𝑌𝑌𝑌𝑌,𝜎𝜎𝜎𝜎) (or simply𝑋𝑋𝑋𝑋and𝑌𝑌𝑌𝑌) represent non-
emptytopological spaceon which no separation axiom areassumed unless otherwise 
mentioned . 
 
1.  Basic definitions and notations: 
        We introduce some elementary concept which we need in our work. 
 
1.1. Definition : [1]

        A subset A of a space (𝑋𝑋𝑋𝑋,𝜏𝜏𝜏𝜏) is calledcocompact open set (notation:coc-open set ) 
if for every 𝑥𝑥𝑥𝑥 ∈ 𝐴𝐴𝐴𝐴 there exists an open set 𝑈𝑈𝑈𝑈 ⊆ X and a compact subset K ∈ C(𝑋𝑋𝑋𝑋,𝜏𝜏𝜏𝜏) 
such that 𝑥𝑥𝑥𝑥 ∈ 𝑈𝑈𝑈𝑈 − K ⊆ A. the complement of coc-open set is called coc-closed set. 

The family of all coc-open subset of a space (𝑋𝑋𝑋𝑋,𝜏𝜏𝜏𝜏) is denoted by 𝜏𝜏𝜏𝜏𝑘𝑘𝑘𝑘  

1.2. Example: 
        Let𝑋𝑋𝑋𝑋 = {1, 2, 3} with  𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇dis  , then𝐴𝐴𝐴𝐴 = {1} is coc-open set.  
 
1.3. Example:  
      Let  𝑋𝑋𝑋𝑋 = 𝑅𝑅𝑅𝑅 with𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝑈𝑈𝑈𝑈  , then 𝐴𝐴𝐴𝐴 = [𝑎𝑎𝑎𝑎, 𝑏𝑏𝑏𝑏] is not coc-open. 
 
U1.4.Remark : [1][2] 
i. Every open set is an coc-open set . 
ii. Every closed set is an coc-closed set. 
 The converse of (i, ii) is not true  in general as the following example shows:
        Let 𝑋𝑋𝑋𝑋 = ℕ ,𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝐼𝐼𝐼𝐼 .The  set A= {1,5,6,7, … }  is coc-open set , but it's not an 
open set and B= {5,6} is an coc- closed set, but it's not an closed set.  
 
U1.5 . Theorem :[1] 
Let (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇)be a topological space Then  
i.the collection 𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘 forms a topology on𝑋𝑋𝑋𝑋.
ii.the collection 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘(𝜏𝜏𝜏𝜏) forms a base for𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘where 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘(𝜏𝜏𝜏𝜏) = {𝑈𝑈𝑈𝑈 − 𝐾𝐾𝐾𝐾:𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝜏𝜏𝜏𝜏𝑎𝑎𝑎𝑎𝐼𝐼𝐼𝐼𝑈𝑈𝑈𝑈𝐾𝐾𝐾𝐾 ∈
𝐶𝐶𝐶𝐶(𝑋𝑋𝑋𝑋, 𝜏𝜏𝜏𝜏)}. 
iii. 𝑇𝑇𝑇𝑇 ⊆ 𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘 .
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        The converse of (iii) is not true as the following example shows: Let = ℕ 
,𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   then 𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘   =𝑇𝑇𝑇𝑇𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑑𝑑𝑑𝑑  and then  𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘 ⊈ 𝑇𝑇𝑇𝑇  the space (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇)  is an example to 
compact space for which (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘)is not compact . 

 
1.6.Definition:[1]

A space 𝑋𝑋𝑋𝑋 is called 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 if every compact set in 𝑋𝑋𝑋𝑋 is closed. 

1.7. Theorem :[1] 

Let  (𝑋𝑋𝑋𝑋, 𝜏𝜏𝜏𝜏) be a space. Then the following statements are equivalent: 

i. (𝑋𝑋𝑋𝑋, 𝜏𝜏𝜏𝜏) is 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶. 

ii. 𝜏𝜏𝜏𝜏 =  𝜏𝜏𝜏𝜏𝑘𝑘𝑘𝑘 . 

1.8.Corollary :[1]

      Let  (𝑋𝑋𝑋𝑋, 𝜏𝜏𝜏𝜏) be a 𝑇𝑇𝑇𝑇2-space, then 𝜏𝜏𝜏𝜏 =  𝜏𝜏𝜏𝜏𝑘𝑘𝑘𝑘 . 

1.9.Definition:[1]  

      Let𝑋𝑋𝑋𝑋 be a space and A ⊆ 𝑋𝑋𝑋𝑋 . The intersection of all coc-closed sets of 𝑋𝑋𝑋𝑋 
containing A, is called coc- closure of A and is denoted by 𝐴𝐴𝐴𝐴

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 or coc- 𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝜏𝜏𝜏𝜏(𝐴𝐴𝐴𝐴).   

coc-𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝜏𝜏𝜏𝜏(𝐴𝐴𝐴𝐴) =∩ {𝐵𝐵𝐵𝐵:𝐵𝐵𝐵𝐵𝑓𝑓𝑓𝑓𝑑𝑑𝑑𝑑coc − closed in X and A ⊆ B} 

 1.10.  Definition: [2]  

      Let𝑋𝑋𝑋𝑋 be a space and 𝐴𝐴𝐴𝐴 ⊆ 𝑋𝑋𝑋𝑋. The union of all coc-open sets of 𝑋𝑋𝑋𝑋 contained  in 𝐴𝐴𝐴𝐴 is 
called coc- Interior of 𝐴𝐴𝐴𝐴 and denoted by A°coc or coc-𝐼𝐼𝐼𝐼𝑓𝑓𝑓𝑓𝜏𝜏𝜏𝜏(𝐴𝐴𝐴𝐴).     

coc-𝐼𝐼𝐼𝐼𝑓𝑓𝑓𝑓𝜏𝜏𝜏𝜏(𝐴𝐴𝐴𝐴) =∪ {𝐵𝐵𝐵𝐵:𝐵𝐵𝐵𝐵𝑓𝑓𝑓𝑓𝑑𝑑𝑑𝑑coc − open in X and B ⊆ A} . 

U1.11.Remark: 
It is clear that  A° ⊆ coc − 𝐼𝐼𝐼𝐼𝑓𝑓𝑓𝑓𝜏𝜏𝜏𝜏(𝐴𝐴𝐴𝐴).    and coc-𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝜏𝜏𝜏𝜏(𝐴𝐴𝐴𝐴) ⊆ 𝐴𝐴𝐴𝐴 , but the converse is not 
true in general as the following example shows: 
Let  𝑋𝑋𝑋𝑋 = {1,2,3} , and 𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  and 𝐴𝐴𝐴𝐴 = {2}. Then A°  = ∅ , A°coc = {2} ,𝐴𝐴𝐴𝐴

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
=

{2}𝑎𝑎𝑎𝑎𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝐴𝐴𝐴𝐴 = 𝑋𝑋𝑋𝑋. 
 
U1.12.Proposition: [2] 

     Let X  be a space and 𝐴𝐴𝐴𝐴,𝐵𝐵𝐵𝐵 ⊆ 𝑋𝑋𝑋𝑋. Then:
i. if 𝐴𝐴𝐴𝐴 ⊆ 𝐵𝐵𝐵𝐵 then. 𝐴𝐴𝐴𝐴

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
⊆ 𝐵𝐵𝐵𝐵

coc
. 

ii.𝑥𝑥𝑥𝑥 ∈ 𝐴𝐴𝐴𝐴
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

 iff for each coc-open set𝑈𝑈𝑈𝑈  in 𝑋𝑋𝑋𝑋  containa point𝑥𝑥𝑥𝑥 we have 𝑈𝑈𝑈𝑈 ∩ 𝐴𝐴𝐴𝐴 ≠ 𝜙𝜙𝜙𝜙.
iii.A is an coc-closed set if and only if 𝐴𝐴𝐴𝐴 =�̅�𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 . 
iv.A is an coc-open set if and only if 𝐴𝐴𝐴𝐴=𝐴𝐴𝐴𝐴°𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 . 
 
 1.13. Definition: [2] 
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Let 𝑋𝑋𝑋𝑋 be  a space and 𝐵𝐵𝐵𝐵 ⊆ 𝑋𝑋𝑋𝑋. An coc-neighborhood of  𝐵𝐵𝐵𝐵 is any subset of 𝑋𝑋𝑋𝑋 which 
contains an coc-open set containing 𝐵𝐵𝐵𝐵.The coc-neighborhood of a subset {𝑥𝑥𝑥𝑥} is also 
called coc-neighborhood of the point 𝑥𝑥𝑥𝑥. 

U1.14. Corollary: [2]
       Let X  be a space and 𝑌𝑌𝑌𝑌 be any nonempty closed in X.If  B is an coc-closed set in 
X then 𝐵𝐵𝐵𝐵 ∩ 𝑌𝑌𝑌𝑌 is an coc-closed set in 𝑌𝑌𝑌𝑌.

 

1.15. Definition: [2] 

       A topological space 𝑋𝑋𝑋𝑋is called coc- Hausdorff (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑇𝑇𝑇𝑇2) if for any two distinct 
points 𝑥𝑥𝑥𝑥,𝑦𝑦𝑦𝑦 ∈ 𝑋𝑋𝑋𝑋there are disjoint coc-open sets 𝑈𝑈𝑈𝑈 ,𝑉𝑉𝑉𝑉of 𝑋𝑋𝑋𝑋such that 𝑥𝑥𝑥𝑥 ∈ 𝑈𝑈𝑈𝑈 and 𝑦𝑦𝑦𝑦 ∈ 𝑉𝑉𝑉𝑉. 
 
1.16. Definition: [2] 

 Let 𝑓𝑓𝑓𝑓:𝑋𝑋𝑋𝑋 → 𝑌𝑌𝑌𝑌 be a function of a space𝑋𝑋𝑋𝑋 into a space𝑌𝑌𝑌𝑌 then𝑓𝑓𝑓𝑓 is called: 

i.  coc-continuous function if 𝑓𝑓𝑓𝑓−1(𝐴𝐴𝐴𝐴) is an coc-open set in𝑋𝑋𝑋𝑋 for every open set 𝐴𝐴𝐴𝐴 in𝑌𝑌𝑌𝑌. 

ii. coc-irresolute function if 𝑓𝑓𝑓𝑓−1(𝐴𝐴𝐴𝐴) is an coc-open set in𝑋𝑋𝑋𝑋 for every coc-open set 𝐴𝐴𝐴𝐴 
in𝑌𝑌𝑌𝑌.                           

iii.strongly coc-closed function if 𝑓𝑓𝑓𝑓(𝐴𝐴𝐴𝐴) is an coc-closed set in𝑌𝑌𝑌𝑌 for every coc-closed 
set 𝐴𝐴𝐴𝐴 in𝑋𝑋𝑋𝑋. 

       Now, we review some basic definitions, theorems and remarks about a net 

1.17. Definition [6]: 

         A set 𝐷𝐷𝐷𝐷is called a directed if there is a relation ≤on𝐷𝐷𝐷𝐷satisfying: 

(i)𝑈𝑈𝑈𝑈 ≤ 𝑈𝑈𝑈𝑈for each𝑈𝑈𝑈𝑈 ∈ 𝐷𝐷𝐷𝐷 . 
(ii)If 𝑈𝑈𝑈𝑈1 ≤ 𝑈𝑈𝑈𝑈2and 𝑈𝑈𝑈𝑈2 ≤ 𝑈𝑈𝑈𝑈3then𝑈𝑈𝑈𝑈1 ≤ 𝑈𝑈𝑈𝑈3 . 
(iii) If 𝑈𝑈𝑈𝑈1, 𝑈𝑈𝑈𝑈2 ∈ 𝐷𝐷𝐷𝐷, there is some𝑈𝑈𝑈𝑈3 ∈ 𝐷𝐷𝐷𝐷  with 𝑈𝑈𝑈𝑈1 ≤ 𝑈𝑈𝑈𝑈3and𝑈𝑈𝑈𝑈2 ≤ 𝑈𝑈𝑈𝑈3 . 
 

1.18. Definition [6]: 
A net in a set 𝑋𝑋𝑋𝑋is a function 𝜒𝜒:𝐷𝐷𝐷𝐷 → 𝑋𝑋𝑋𝑋, where𝐷𝐷𝐷𝐷 is directed set.Thepoint𝜒𝜒(𝑈𝑈𝑈𝑈)is usually 
denoted by  𝜒𝜒𝑈𝑈𝑈𝑈 . 
 
1.19. Definition [6]: 
       A subnet of a net𝜒𝜒:𝐷𝐷𝐷𝐷 → 𝑋𝑋𝑋𝑋is thecomposition𝜒𝜒𝑐𝑐𝑐𝑐𝑜𝑜𝑜𝑜,where𝑜𝑜𝑜𝑜:𝑀𝑀𝑀𝑀 → 𝐷𝐷𝐷𝐷and 𝑀𝑀𝑀𝑀 is 
directed set, such that : 
(i)𝑜𝑜𝑜𝑜(𝑚𝑚𝑚𝑚1) ≤ 𝑜𝑜𝑜𝑜(𝑚𝑚𝑚𝑚2), where  𝑚𝑚𝑚𝑚1 ≤ 𝑚𝑚𝑚𝑚2  .
(ii) For each 𝑈𝑈𝑈𝑈 ∈ 𝐷𝐷𝐷𝐷there is some 𝑚𝑚𝑚𝑚 ∈ 𝑀𝑀𝑀𝑀such that𝑈𝑈𝑈𝑈 ≤ 𝑜𝑜𝑜𝑜(𝑚𝑚𝑚𝑚). For𝑚𝑚𝑚𝑚 ∈ 𝑀𝑀𝑀𝑀the point  
𝜒𝜒𝑐𝑐𝑐𝑐𝑜𝑜𝑜𝑜(𝑚𝑚𝑚𝑚) is often written 𝜒𝜒𝑈𝑈𝑈𝑈𝑚𝑚𝑚𝑚  . 
 
1.20. Definition [7] [5]:
       Let(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷be a net in a topological space 𝑋𝑋𝑋𝑋and 𝐴𝐴𝐴𝐴 ⊆ 𝑋𝑋𝑋𝑋,𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋 then: 
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(i)(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is called eventually in 𝐴𝐴𝐴𝐴if there is𝑈𝑈𝑈𝑈0 ∈ 𝐷𝐷𝐷𝐷such that𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝐴𝐴𝐴𝐴for all 
𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0 . 
(ii)(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is called  frequently in𝐴𝐴𝐴𝐴for each𝑈𝑈𝑈𝑈 ∈ 𝐷𝐷𝐷𝐷there is 𝑈𝑈𝑈𝑈0 ∈ 𝐷𝐷𝐷𝐷with 

  𝑈𝑈𝑈𝑈0 ≥ 𝑈𝑈𝑈𝑈  such that   𝜒𝜒𝑈𝑈𝑈𝑈0
∈ 𝐴𝐴𝐴𝐴  .   

(iii)(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is  said  to be  convergence to𝑥𝑥𝑥𝑥if (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷eventually ineach 
neighborhoodof𝑥𝑥𝑥𝑥(written𝜒𝜒𝑈𝑈𝑈𝑈 → 𝑥𝑥𝑥𝑥) .The point𝑥𝑥𝑥𝑥is called a limit pointof(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷. 
(iv)(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is called have𝑥𝑥𝑥𝑥 as a cluster point if(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is frequently in 
eachneighborhood of𝑥𝑥𝑥𝑥(written𝜒𝜒𝑈𝑈𝑈𝑈 ∝ 𝑥𝑥𝑥𝑥) . 
 
 
2. COC- Convergence of Nets: 
          In this section  , we introduce and  study other types of  convergence  in  a  
topological spaces namely cocompact(coc- convergence) of net  and study some 
properties of the concept of coc- limit point  and coc- cluster point  of the net in a 
given space .Also , we give some theorems, remarks and examples about this 
subject. 
 
 
2.1. Definition: 
Let  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷be a net in a topological space  𝑋𝑋𝑋𝑋 , and  𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋. Then(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is a coc- 
convergence to a point𝑥𝑥𝑥𝑥  if  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷 is eventuallyin everycoc-neighborhood 
of𝑥𝑥𝑥𝑥,(written  𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥) .The point 𝑥𝑥𝑥𝑥is called coc- limit point  of (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  . 

A net (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷in𝑋𝑋𝑋𝑋 is said to be have no coc-convergent subnet in 𝑋𝑋𝑋𝑋, (written𝜒𝜒𝑈𝑈𝑈𝑈
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
��∞) , if and only if everysubnet  of (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷has no coc-limit point . 
 
 
2.2. Definition: 
     Let  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷be a net in a topological space  𝑋𝑋𝑋𝑋and  𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋is said to have 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋as 
coc- cluster point if  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is frequently in every coc-neighborhood of 𝑥𝑥𝑥𝑥, ( written 
𝜒𝜒𝑈𝑈𝑈𝑈 𝑥𝑥𝑥𝑥∝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  ) . 
 
2.3. Remark: 
Let(𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇) be aspace and let 𝐴𝐴𝐴𝐴 ⊆ 𝑋𝑋𝑋𝑋 then : 
i.If  (𝜒𝜒𝑈𝑈𝑈𝑈) is a net in  𝑋𝑋𝑋𝑋 , 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋 .Then (𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥)in (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇) if and only if 𝜒𝜒𝑈𝑈𝑈𝑈 ⟶ 𝑥𝑥𝑥𝑥 in 

(𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘) 
ii. If  (𝜒𝜒𝑈𝑈𝑈𝑈) is a net in  𝑋𝑋𝑋𝑋, 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋 .Then (𝜒𝜒𝑈𝑈𝑈𝑈  𝑥𝑥𝑥𝑥 ∝

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 )in (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇) if and only if 𝜒𝜒𝑈𝑈𝑈𝑈  𝑥𝑥𝑥𝑥 ∝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  in (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘)

iii. if   (𝜒𝜒𝑈𝑈𝑈𝑈) is a net in  𝑋𝑋𝑋𝑋, 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋 .Then (𝜒𝜒𝑈𝑈𝑈𝑈  𝑥𝑥𝑥𝑥 ∝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 )in (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇) if and only ifthere exist 

asubnet( 𝜒𝜒𝑈𝑈𝑈𝑈𝑚𝑚𝑚𝑚 )dm∈D  of  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  such that 𝜒𝜒𝑈𝑈𝑈𝑈𝑚𝑚𝑚𝑚
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥. 

iv.  if   (𝜒𝜒𝑈𝑈𝑈𝑈) is a net in  𝑋𝑋𝑋𝑋, 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋 such that( 𝜒𝜒𝑈𝑈𝑈𝑈
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥)  then 𝜒𝜒𝑈𝑈𝑈𝑈 ⟶ 𝑥𝑥𝑥𝑥. 

 
Note that if(𝜒𝜒𝑈𝑈𝑈𝑈) is a net in  𝑋𝑋𝑋𝑋 , 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋such that  𝜒𝜒𝑈𝑈𝑈𝑈 ⟶ 𝑥𝑥𝑥𝑥 then(𝜒𝜒𝑈𝑈𝑈𝑈)  is not necessary 
be ( 𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥)  as the following example shows:   
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2.4. Example: 
 

     Let  𝑋𝑋𝑋𝑋 = { − 1,1}with  𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  and let {( − 1)𝑓𝑓𝑓𝑓} be a net  in 𝑋𝑋𝑋𝑋  ,then  
{( − 1)𝑓𝑓𝑓𝑓} is eventually in every neighborhood of  1 . But {( − 1)𝑓𝑓𝑓𝑓}is not 
eventually in every coc-neighborhood of  1 .i.e. since {1}iscoc-neighborhood of 
1 , but {( − 1)𝑓𝑓𝑓𝑓} is not eventually in{1} . 
 
2.5 Theorem: 

Let  𝑋𝑋𝑋𝑋 be a topological space and 𝐴𝐴𝐴𝐴 ⊆ 𝑋𝑋𝑋𝑋 , 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋  . Then 𝑥𝑥𝑥𝑥 ∈ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝐴𝐴)if 
and only if there is a net (𝜒𝜒𝑓𝑓𝑓𝑓)𝑓𝑓𝑓𝑓∈𝐷𝐷𝐷𝐷 in 𝐴𝐴𝐴𝐴  such that  𝜒𝜒𝑓𝑓𝑓𝑓

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 .

 
Proof
       Suppose that there isanet  (𝜒𝜒𝑓𝑓𝑓𝑓)𝑓𝑓𝑓𝑓∈𝐷𝐷𝐷𝐷  in  𝐴𝐴𝐴𝐴such that𝜒𝜒𝑓𝑓𝑓𝑓

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥. To prove 

that  𝑥𝑥𝑥𝑥 ∈ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝐴𝐴). Let𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) ,  since  𝜒𝜒𝑓𝑓𝑓𝑓
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥  , then there is 

 𝑓𝑓𝑓𝑓0 ∈ 𝐷𝐷𝐷𝐷  such that  𝜒𝜒𝑓𝑓𝑓𝑓 ∈ 𝑈𝑈𝑈𝑈  for all𝑓𝑓𝑓𝑓 ≥ 𝑓𝑓𝑓𝑓0  . But  𝜒𝜒𝑓𝑓𝑓𝑓 ∈ 𝑈𝑈𝑈𝑈 for all 𝑓𝑓𝑓𝑓 ∈ 𝐷𝐷𝐷𝐷. 
Thus 𝐴𝐴𝐴𝐴 ∩ 𝑈𝑈𝑈𝑈 ≠ ∅ for all 𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥). Hence by theorem (1.12.i) , 
𝑥𝑥𝑥𝑥 ∈ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝐴𝐴) .Conversely:Suppose that  𝑥𝑥𝑥𝑥 ∈ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝐴𝐴) .To prove 
that there is a net  (𝜒𝜒𝑓𝑓𝑓𝑓)𝑓𝑓𝑓𝑓∈𝐷𝐷𝐷𝐷 in𝐴𝐴𝐴𝐴such that𝜒𝜒𝑓𝑓𝑓𝑓

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥  .  Since   𝑥𝑥𝑥𝑥 ∈ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 −

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝐴𝐴) ,  then by theorem (1.12.i) we get  𝐴𝐴𝐴𝐴 ∩ 𝑈𝑈𝑈𝑈 ≠ ∅ for all𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) 
.Then 𝐷𝐷𝐷𝐷 = 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥)is directed set by inclusion . Since  𝐴𝐴𝐴𝐴 ∩ 𝑈𝑈𝑈𝑈 ≠ ∅  for all  
𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥)  ,there  is  𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝐴𝐴𝐴𝐴 ∩ 𝑈𝑈𝑈𝑈.  Define  𝜒𝜒:𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) → 𝐴𝐴𝐴𝐴  by 
 𝜒𝜒(𝑈𝑈𝑈𝑈) = 𝜒𝜒𝑈𝑈𝑈𝑈 , for all 𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) .  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) is a net in 𝐴𝐴𝐴𝐴 . To prove  

 𝜒𝜒𝑈𝑈𝑈𝑈
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥  .  Let  𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) to find  𝑓𝑓𝑓𝑓0 ∈ 𝐷𝐷𝐷𝐷  such that  𝜒𝜒𝑓𝑓𝑓𝑓 ∈ 𝑈𝑈𝑈𝑈  for 

all 𝑓𝑓𝑓𝑓 ≥ 𝑓𝑓𝑓𝑓0  . Let 𝑓𝑓𝑓𝑓0 = 𝑈𝑈𝑈𝑈  then for all ≥ 𝑓𝑓𝑓𝑓0 𝑓𝑓𝑓𝑓 = 𝑉𝑉𝑉𝑉 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) . i.e. 
, 𝑉𝑉𝑉𝑉 ≥ 𝑈𝑈𝑈𝑈 ⇔ 𝑉𝑉𝑉𝑉 ⊆ 𝑈𝑈𝑈𝑈  .Then 𝜒𝜒𝑓𝑓𝑓𝑓 = 𝜒𝜒(𝑓𝑓𝑓𝑓) = 𝜒𝜒(𝑉𝑉𝑉𝑉) = 𝜒𝜒𝑉𝑉𝑉𝑉 ∈ 𝑉𝑉𝑉𝑉 ∩ 𝐴𝐴𝐴𝐴 ⊆ 𝑉𝑉𝑉𝑉 ⊆
𝑈𝑈𝑈𝑈 ⇒ 𝜒𝜒𝑉𝑉𝑉𝑉 ∈ 𝑈𝑈𝑈𝑈  for all 𝑓𝑓𝑓𝑓 ≥ 𝑓𝑓𝑓𝑓0  . Thus  𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 .

 
U2.6. Corollary: 
           Let (𝜒𝜒𝑓𝑓𝑓𝑓)𝑓𝑓𝑓𝑓∈𝐷𝐷𝐷𝐷be a net in a topological space 𝑋𝑋𝑋𝑋 and 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋 , then 𝜒𝜒𝑓𝑓𝑓𝑓  𝑥𝑥𝑥𝑥∝

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 if and 
only if there is a subnet of(𝜒𝜒𝑓𝑓𝑓𝑓)𝑓𝑓𝑓𝑓∈𝐷𝐷𝐷𝐷  coc-convergence to 𝑥𝑥𝑥𝑥 . 
 
U2.7. Corollary: 
          Let𝑋𝑋𝑋𝑋  be a topological space and𝐴𝐴𝐴𝐴 ⊆ 𝑋𝑋𝑋𝑋, 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋. Then𝑥𝑥𝑥𝑥 ∈ �̅�𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 if and only if there 
is a net (𝜒𝜒𝑓𝑓𝑓𝑓)𝑓𝑓𝑓𝑓∈𝐷𝐷𝐷𝐷 in 𝐴𝐴𝐴𝐴 such that  𝜒𝜒𝑓𝑓𝑓𝑓  𝑥𝑥𝑥𝑥∝

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  . 
 
U2.8.Theorem: 
         A  topological  space  𝑋𝑋𝑋𝑋  is  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑇𝑇𝑇𝑇2-space if  and  only  if every coc-convergent 
net in 𝑋𝑋𝑋𝑋  has a unique  coc-limit point . 
Proof: 
     Let 𝑋𝑋𝑋𝑋 be  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑇𝑇𝑇𝑇2-space and  (𝜒𝜒𝑓𝑓𝑓𝑓)𝑓𝑓𝑓𝑓∈𝐷𝐷𝐷𝐷 is a net in  𝑋𝑋𝑋𝑋 suchthat 𝜒𝜒𝑓𝑓𝑓𝑓

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 , 𝜒𝜒𝑓𝑓𝑓𝑓

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑦𝑦𝑦𝑦 

and  𝑥𝑥𝑥𝑥 ≠ 𝑦𝑦𝑦𝑦 . Since  𝑋𝑋𝑋𝑋be a 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑇𝑇𝑇𝑇2-space  . There are 𝑈𝑈𝑈𝑈 ∈ 𝑁𝑁𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) and  𝑉𝑉𝑉𝑉 ∈ 𝑁𝑁𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑦𝑦𝑦𝑦) 
such that 𝑈𝑈𝑈𝑈 ∩ 𝑉𝑉𝑉𝑉 = 𝜙𝜙𝜙𝜙 . Since 𝜒𝜒𝑓𝑓𝑓𝑓

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 , there is  𝑓𝑓𝑓𝑓0 ∈ 𝐷𝐷𝐷𝐷  such that 𝜒𝜒𝑓𝑓𝑓𝑓 ∈ 𝑈𝑈𝑈𝑈  for all 

 𝑓𝑓𝑓𝑓 ≥ 𝑓𝑓𝑓𝑓0  .  Since  𝜒𝜒𝑓𝑓𝑓𝑓
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑦𝑦𝑦𝑦  , there is  𝑓𝑓𝑓𝑓1 ∈ 𝐷𝐷𝐷𝐷  such  that  𝜒𝜒𝑓𝑓𝑓𝑓1 ∈ 𝑉𝑉𝑉𝑉for all 𝑓𝑓𝑓𝑓 ≥ 𝑓𝑓𝑓𝑓1 . Since 
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 𝐷𝐷𝐷𝐷  is directed set and  𝑈𝑈𝑈𝑈0 ,  𝑈𝑈𝑈𝑈1 ∈ 𝐷𝐷𝐷𝐷 , then  there is  𝑈𝑈𝑈𝑈2 ∈ 𝐷𝐷𝐷𝐷 such that  𝑈𝑈𝑈𝑈2 ≥
𝑈𝑈𝑈𝑈0 and𝑈𝑈𝑈𝑈2 ≥ 𝑈𝑈𝑈𝑈1  . Then 𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝑈𝑈𝑈𝑈  for all  𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈2  and  𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝑉𝑉𝑉𝑉  for all  𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈2  , thus 
∩ 𝑉𝑉𝑉𝑉 ≠ 𝜙𝜙𝜙𝜙 , this is a contradiction .So  𝑥𝑥𝑥𝑥 = 𝑦𝑦𝑦𝑦 .Conversely: Suppose that  𝑋𝑋𝑋𝑋  is 
not 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑇𝑇𝑇𝑇2-space , there are  𝑥𝑥𝑥𝑥,𝑦𝑦𝑦𝑦 ∈ 𝑋𝑋𝑋𝑋  and 𝑥𝑥𝑥𝑥 ≠ 𝑦𝑦𝑦𝑦 , for all  𝑈𝑈𝑈𝑈 ∈ 𝑁𝑁𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥), 𝑉𝑉𝑉𝑉 ∈
𝑁𝑁𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑦𝑦𝑦𝑦)   such that  𝑈𝑈𝑈𝑈 ∩ 𝑉𝑉𝑉𝑉 ≠ 𝜙𝜙𝜙𝜙  . Put𝑁𝑁𝑁𝑁𝑥𝑥𝑥𝑥

𝑦𝑦𝑦𝑦 = {𝑈𝑈𝑈𝑈 ∩ 𝑉𝑉𝑉𝑉 ∶ 𝑈𝑈𝑈𝑈 ∈ 𝑁𝑁𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥)and 𝑉𝑉𝑉𝑉 ∈ 𝑁𝑁𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑦𝑦𝑦𝑦)},  
where  𝑁𝑁𝑁𝑁𝑥𝑥𝑥𝑥

𝑦𝑦𝑦𝑦 is directed set . Thus for all 𝐷𝐷𝐷𝐷 ∈ 𝑁𝑁𝑁𝑁𝑥𝑥𝑥𝑥
𝑦𝑦𝑦𝑦   ,there is  𝜒𝜒𝐷𝐷𝐷𝐷 ∈ 𝐷𝐷𝐷𝐷 then (𝜒𝜒𝐷𝐷𝐷𝐷)𝐷𝐷𝐷𝐷∈ 𝑁𝑁𝑁𝑁𝑥𝑥𝑥𝑥

𝑦𝑦𝑦𝑦 is a 

net in 𝑋𝑋𝑋𝑋 .To prove𝜒𝜒𝐷𝐷𝐷𝐷
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥  and  𝜒𝜒𝐷𝐷𝐷𝐷

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑦𝑦𝑦𝑦 , let  𝐺𝐺𝐺𝐺 ∈ 𝑁𝑁𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) then𝐺𝐺𝐺𝐺 ∈ 𝑁𝑁𝑁𝑁𝑥𝑥𝑥𝑥

𝑦𝑦𝑦𝑦   ,𝐺𝐺𝐺𝐺 ∩ 𝑋𝑋𝑋𝑋 ≠
∅  .Thus   𝜒𝜒𝐷𝐷𝐷𝐷 ∈ 𝐺𝐺𝐺𝐺  for all  𝐷𝐷𝐷𝐷 ≥ 𝐺𝐺𝐺𝐺 , so  𝜒𝜒𝐷𝐷𝐷𝐷

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 . Also , let 𝐻𝐻𝐻𝐻 ∈ 𝑁𝑁𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑦𝑦𝑦𝑦)then  𝐻𝐻𝐻𝐻 ∈ 𝑁𝑁𝑁𝑁𝑥𝑥𝑥𝑥

𝑦𝑦𝑦𝑦  ,
𝐻𝐻𝐻𝐻 ∩ 𝑋𝑋𝑋𝑋 ≠ ∅ . Thus  𝜒𝜒𝐷𝐷𝐷𝐷 ∈ 𝐻𝐻𝐻𝐻 for all 𝐷𝐷𝐷𝐷 ≥ 𝐺𝐺𝐺𝐺 , so   𝜒𝜒𝐷𝐷𝐷𝐷

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑦𝑦𝑦𝑦 . This is a contradiction. 

 
2.9. Theorem: 
         Let 𝑋𝑋𝑋𝑋 be an topological space and    𝐴𝐴𝐴𝐴 ⊆ 𝑋𝑋𝑋𝑋 , then : 
i. A point 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋 is coc-limit point of 𝐴𝐴𝐴𝐴 if and only if there is a net in 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥}coc-
convergence to 𝑥𝑥𝑥𝑥 . 
ii.A set 𝐴𝐴𝐴𝐴 is coc-closed in 𝑋𝑋𝑋𝑋 if and only if no net in 𝐴𝐴𝐴𝐴 coc-convergence to a point 
in  𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐 . 
iii. A set 𝐴𝐴𝐴𝐴 is coc-open in 𝑋𝑋𝑋𝑋  if and only if no net in 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐coc-convergence to a point  
in 𝐴𝐴𝐴𝐴 . 
Proof: 
i.  Let 𝑥𝑥𝑥𝑥is coc-limit point of𝐴𝐴𝐴𝐴  . To prove that there is a net (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷 in 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥} such that  
𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 . Since 𝑥𝑥𝑥𝑥is coc-limit point of 𝐴𝐴𝐴𝐴, for all  𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) , 𝑈𝑈𝑈𝑈 ∩ 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥} ≠ 𝜙𝜙𝜙𝜙 . Then  

(𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥),⊆)is directed set by inclusion . Since𝑈𝑈𝑈𝑈 ∩ 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥} ≠ 𝜙𝜙𝜙𝜙 , for all 𝑈𝑈𝑈𝑈 ∈
𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥)then there is 𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝑈𝑈𝑈𝑈 ∩ 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥}.  Define  𝜒𝜒 ∶ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) → 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥}by(𝑈𝑈𝑈𝑈) = 𝜒𝜒𝑈𝑈𝑈𝑈   for 
all 𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥), then (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) is a net in 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥} . Toprove that𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 , let𝑈𝑈𝑈𝑈 ∈

𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥)  to  find 𝑈𝑈𝑈𝑈0 ∈ 𝐷𝐷𝐷𝐷  such  that   𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝑈𝑈𝑈𝑈  for all 𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0 .             Let  𝑈𝑈𝑈𝑈0 = 𝑈𝑈𝑈𝑈then 
for all 𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0 ,𝑈𝑈𝑈𝑈 = 𝑉𝑉𝑉𝑉 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) , i.e. , 𝑉𝑉𝑉𝑉 ≥ 𝑈𝑈𝑈𝑈 ⇔ 𝑉𝑉𝑉𝑉 ⊆ 𝑈𝑈𝑈𝑈. Then𝜒𝜒𝑈𝑈𝑈𝑈 = 𝜒𝜒(𝑈𝑈𝑈𝑈) = 𝜒𝜒(𝑉𝑉𝑉𝑉) =
𝜒𝜒𝑉𝑉𝑉𝑉 ∈ 𝑉𝑉𝑉𝑉 ∩ 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥}  ⊆ 𝑉𝑉𝑉𝑉 ⊆ 𝑈𝑈𝑈𝑈 ⇒ 𝜒𝜒𝑉𝑉𝑉𝑉 ∈ 𝑈𝑈𝑈𝑈for all𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0 .  Thus𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 .Conversely: 

Suppose that there is a net  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷in  𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥}such that𝜒𝜒𝑈𝑈𝑈𝑈
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥  . To prove𝑥𝑥𝑥𝑥 is coc-

limit point of𝐴𝐴𝐴𝐴 .Let 𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥), since𝜒𝜒𝑈𝑈𝑈𝑈
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥  , then there is 𝑈𝑈𝑈𝑈0 ∈ 𝐷𝐷𝐷𝐷 such that 

𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝑈𝑈𝑈𝑈 for all 𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0  .  But  𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥}  for all ∈ 𝐷𝐷𝐷𝐷, then 𝑈𝑈𝑈𝑈 ∩ 𝐴𝐴𝐴𝐴{𝑥𝑥𝑥𝑥} ≠ ∅  for 
all𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) . Thus  𝑥𝑥𝑥𝑥is coc-limit point of𝐴𝐴𝐴𝐴 . 
ii.  Suppose  that 𝐴𝐴𝐴𝐴 is coc-closed set in  𝑋𝑋𝑋𝑋  and  there is a net   (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  in 𝐴𝐴𝐴𝐴 such  
that𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥   and  𝑥𝑥𝑥𝑥 ∈ 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐 . Then 𝑥𝑥𝑥𝑥 ∈ �̅�𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ,  since 𝐴𝐴𝐴𝐴  is coc-closed set  , then𝐴𝐴𝐴𝐴 = �̅�𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐   ,  

hence 𝑥𝑥𝑥𝑥 ∈ 𝐴𝐴𝐴𝐴, then  𝐴𝐴𝐴𝐴 ∩ 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐 ≠ ∅, this is a contradiction . Thus  no  net in  𝐴𝐴𝐴𝐴  coc-
convergence  to  a point in𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐 .Conversely: Suppose that no net in  𝐴𝐴𝐴𝐴 coc-convergent 
to a point in 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐 .  Let 𝑥𝑥𝑥𝑥 ∈ �̅�𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 by  theorem (2.5)  there is a net in𝐴𝐴𝐴𝐴 such that 𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥. 

By hypotheses , we get every net in 𝐴𝐴𝐴𝐴  coc-convergence to a point in 𝐴𝐴𝐴𝐴  . Thus𝑥𝑥𝑥𝑥 ∈ 𝐴𝐴𝐴𝐴 , 
so  𝐴𝐴𝐴𝐴 = �̅�𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  implies that 𝐴𝐴𝐴𝐴 is coc-closed. 
ii. By using (i) . 
 
2.10. Remark: 
Let (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷be a net in a topological space 𝑋𝑋𝑋𝑋 , then:  
(i)If  𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 , then every subnet of (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is coc-convergence to 𝑥𝑥𝑥𝑥 . 
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(ii)If every subnet of (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷has a subnet coc-convergence to 𝑥𝑥𝑥𝑥 then 
𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥. 

(iii) If 𝜒𝜒𝑈𝑈𝑈𝑈 = 𝑥𝑥𝑥𝑥 for all 𝑈𝑈𝑈𝑈 ∈ 𝐷𝐷𝐷𝐷, then𝜒𝜒𝑈𝑈𝑈𝑈
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 . 

 
2.11. Remark: 
i.  Let  𝑓𝑓𝑓𝑓:𝑋𝑋𝑋𝑋 → 𝑌𝑌𝑌𝑌be a function from a topological space  𝑋𝑋𝑋𝑋 into a topological space  𝑌𝑌𝑌𝑌. 
if (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  is a net in 𝑋𝑋𝑋𝑋, then {𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈) }𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is a net in 𝑌𝑌𝑌𝑌 .  
ii. Let 𝑓𝑓𝑓𝑓:𝑋𝑋𝑋𝑋 → 𝑌𝑌𝑌𝑌be a function from a topological space 𝑋𝑋𝑋𝑋onto a topological space 
𝑌𝑌𝑌𝑌and     (𝑦𝑦𝑦𝑦𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷be a net in 𝑌𝑌𝑌𝑌. Then there is a net  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷in 𝑋𝑋𝑋𝑋 such that 𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈) =
𝑦𝑦𝑦𝑦𝑈𝑈𝑈𝑈 for all𝑈𝑈𝑈𝑈 ∈ 𝐷𝐷𝐷𝐷 . 
 
 
2.12. Theorem: 
        Let  𝑋𝑋𝑋𝑋  and 𝑌𝑌𝑌𝑌 be topological  spaces  .  A  function 𝑓𝑓𝑓𝑓:𝑋𝑋𝑋𝑋 → 𝑌𝑌𝑌𝑌is coc irresolute 
continuous  if  and  only  if  whenever (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is a net in 𝑋𝑋𝑋𝑋 such that𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 , 

then𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈)
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥)  . 

Proof: 
      Suppose that 𝑓𝑓𝑓𝑓:𝑋𝑋𝑋𝑋 → 𝑌𝑌𝑌𝑌is  iscoc irresolute -continuous  and   (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  is a net  in 𝑋𝑋𝑋𝑋  
such  that 𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥.To  prove  𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈)

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥) .  Let 𝑉𝑉𝑉𝑉 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥)�in𝑌𝑌𝑌𝑌 .  Then   

𝑓𝑓𝑓𝑓−1(V) ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) , for  some𝑈𝑈𝑈𝑈0 ∈ 𝐷𝐷𝐷𝐷   ,𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0   implies   that   𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝑓𝑓𝑓𝑓−1(𝑉𝑉𝑉𝑉 ) .   Thus ,  
showing  that 𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈)

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥) ,  since  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is eventually in each coc-neighborhood 

of 𝑥𝑥𝑥𝑥  ,  then  (𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈))𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷is a  net  in 𝑌𝑌𝑌𝑌  which  is eventually  in each  coc-
neighborhood  of  𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥).  Therefore   𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈)

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥).Conversely:To  prove   𝑓𝑓𝑓𝑓:𝑋𝑋𝑋𝑋 →

𝑌𝑌𝑌𝑌is iscoc irresolute -continuous  ,  suppose  not . Then  there   is 𝑉𝑉𝑉𝑉 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥)�   
such  that 𝑓𝑓𝑓𝑓(𝑈𝑈𝑈𝑈) ⊄ 𝑉𝑉𝑉𝑉  for  any𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) . Thus  for  all  𝑈𝑈𝑈𝑈 ∈ 𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) we  can  
𝜒𝜒𝑈𝑈𝑈𝑈 ∈ 𝑈𝑈𝑈𝑈 such that  𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈) ∉ 𝑉𝑉𝑉𝑉. But (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥) is a net in𝑋𝑋𝑋𝑋  with  𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 while 

(𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈))𝑈𝑈𝑈𝑈∈𝒩𝒩𝒩𝒩𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥)does not coc-convergent to𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥) . This is a contradiction, then 𝑓𝑓𝑓𝑓is 
coc irresolute -continuous  function.The  following  theorem  shows  that  the 
condition on a topological space 𝑋𝑋𝑋𝑋 ( or 𝑌𝑌𝑌𝑌 ) to be𝑓𝑓𝑓𝑓  is  coc-continuous (strongly coc-
continuous) function respectively. 
 
2.13. Theorem: 
           Let  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷be a net in a topological space  𝑋𝑋𝑋𝑋  and for each 𝑈𝑈𝑈𝑈0 ∈ 𝐷𝐷𝐷𝐷 , 
𝐴𝐴𝐴𝐴𝑈𝑈𝑈𝑈0 = {𝜒𝜒𝑈𝑈𝑈𝑈 :𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0}, 𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋  is coc-cluster point of  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷 if and only if 𝑥𝑥𝑥𝑥 ∈
𝐴𝐴𝐴𝐴𝑈𝑈𝑈𝑈0
�����𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 for each 𝑈𝑈𝑈𝑈0 ∈ 𝐷𝐷𝐷𝐷 . 
 
Proof:  
If 𝑥𝑥𝑥𝑥is coc-cluster point of  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷, then for each 𝑈𝑈𝑈𝑈0 ∈ 𝐷𝐷𝐷𝐷 , 𝐴𝐴𝐴𝐴𝑈𝑈𝑈𝑈0 intersects each coc-
neighborhood of 𝑥𝑥𝑥𝑥because (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷 is frequently in each coc-neighborhood of𝑥𝑥𝑥𝑥 . 
There fore  𝑥𝑥𝑥𝑥 ∈ 𝐴𝐴𝐴𝐴𝑈𝑈𝑈𝑈0

�����𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  .Conversely:If 𝑥𝑥𝑥𝑥is not coc-cluster point of  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷 , then 
there is𝑈𝑈𝑈𝑈 ∈ 𝑁𝑁𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥𝑥𝑥)such that (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  is not frequently in𝑈𝑈𝑈𝑈 .  Hence  for  some  
𝑈𝑈𝑈𝑈0 ∈ 𝐷𝐷𝐷𝐷  if  𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0  ,  then𝜒𝜒𝑈𝑈𝑈𝑈 ∉ 𝑈𝑈𝑈𝑈 , so  that𝐴𝐴𝐴𝐴𝑈𝑈𝑈𝑈0 ∩ 𝑈𝑈𝑈𝑈 = ∅  ,  consequently 𝑥𝑥𝑥𝑥 ∉ 𝐴𝐴𝐴𝐴𝑈𝑈𝑈𝑈0

�����𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  . 
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2.14. Definition [2]: 
          A space 𝑋𝑋𝑋𝑋 is said to be coc-compact if every coc-open cover of 𝑋𝑋𝑋𝑋 has finite sub 
cover. 

 2.15.Remark:[2] 

       The  space(𝑋𝑋𝑋𝑋, 𝜏𝜏𝜏𝜏) is coc-compact if and only if the space(𝑋𝑋𝑋𝑋, 𝜏𝜏𝜏𝜏𝑘𝑘𝑘𝑘)is compact.

2.16. Theorem:  

i.  Every  coc-compact space is compact , the converse is not true in 
general . 
ii. Every coc-closed subset of a coc-compact space is coc-compact. 
iii.coc irresolute -continuous image of coc-compact space is coc-compact.

Proof : 

  (i.ii.)see in [2] 

iv. let f be coc-irresoult continuous function from a space X in to a space Y and 
suppose B is coc-compact set in X . To show that B is also coc-compact , let 
{𝑈𝑈𝑈𝑈𝛼𝛼𝛼𝛼}𝛼𝛼𝛼𝛼∈Λbe coc-open cover of f(B), that is 𝑓𝑓𝑓𝑓(B)=⋃ 𝑢𝑢𝑢𝑢𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼∈Λ  , so 𝐵𝐵𝐵𝐵 ⊂ 𝑓𝑓𝑓𝑓−1𝑓𝑓𝑓𝑓(𝐵𝐵𝐵𝐵) =
𝑓𝑓𝑓𝑓−1(⋃ 𝑈𝑈𝑈𝑈𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼∈Λ ) = ⋃ 𝑓𝑓𝑓𝑓−1(𝑈𝑈𝑈𝑈𝛼𝛼𝛼𝛼),𝛼𝛼𝛼𝛼∈Λ  then {𝑓𝑓𝑓𝑓−1(𝑈𝑈𝑈𝑈𝛼𝛼𝛼𝛼)} is a coc-open cover of B , which is 
coc-compact , then 𝐵𝐵𝐵𝐵 ⊂ ⋃ 𝑓𝑓𝑓𝑓−1(𝑈𝑈𝑈𝑈∝𝑓𝑓𝑓𝑓)𝐼𝐼𝐼𝐼

𝑓𝑓𝑓𝑓=1  . 
Bu𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓(𝐵𝐵𝐵𝐵)𝑓𝑓𝑓𝑓⋃ 𝑓𝑓𝑓𝑓−1(𝑈𝑈𝑈𝑈∝𝑓𝑓𝑓𝑓)𝐼𝐼𝐼𝐼

𝑓𝑓𝑓𝑓=1 = ⋃ 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓−1(𝑈𝑈𝑈𝑈∝𝑓𝑓𝑓𝑓)𝐼𝐼𝐼𝐼
𝑓𝑓𝑓𝑓=1 ⊂ ⋃ (𝑈𝑈𝑈𝑈∝𝑓𝑓𝑓𝑓)𝐼𝐼𝐼𝐼

𝑓𝑓𝑓𝑓=1  . There fore 𝑓𝑓𝑓𝑓(B) 

is coc-compact set.  

2.17.Proposition :[2]

       For any space 𝑋𝑋𝑋𝑋 the following statement are equivalent: 

i. 𝑋𝑋𝑋𝑋 is coc-compact 

ii. Every family of coc-closed sets{𝐹𝐹𝐹𝐹𝛼𝛼𝛼𝛼 ∶ 𝛼𝛼𝛼𝛼 ∈ Λ} of 𝑋𝑋𝑋𝑋 such that⋂ 𝐹𝐹𝐹𝐹𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼∈Λ = 𝜙𝜙𝜙𝜙 , then there 
exist a finite subset Λ𝑐𝑐𝑐𝑐 ⊆ Λsuch that ⋂ 𝐹𝐹𝐹𝐹𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼∈Λ𝑐𝑐𝑐𝑐 = 𝜙𝜙𝜙𝜙. 

2.18. Theorem:[7]   

      A spaces 𝑋𝑋𝑋𝑋 is compact if and only if every net in 𝑋𝑋𝑋𝑋 has a cluster point in 𝑋𝑋𝑋𝑋. 

2.19. Theorem : 
      Let 𝑋𝑋𝑋𝑋be a topological space , then 𝑋𝑋𝑋𝑋is coc-compact ifand only if every net in 𝑋𝑋𝑋𝑋has 
a coc-cluster point in 𝑋𝑋𝑋𝑋. 
Proof : 
      Let (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇) be an coc-compact space and (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  be a net in X ,then ,(𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘) is a 
compact space . Then by Theorem (2.18), the net (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  has cluster point 𝑥𝑥𝑥𝑥 in 
(𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘) then  𝑥𝑥𝑥𝑥 is coc-cluster point of the net  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  .(i.e 𝜒𝜒𝑈𝑈𝑈𝑈 ∝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑥𝑥𝑥𝑥) .Hence every 
net in X has coc-cluster point in 𝑋𝑋𝑋𝑋 . Conversely : Let  every net in X has coc-cluster 
point in (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇) ,then , every net in X has cluster point in (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘) . Then by Theorem 
(2.18) ,  (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇𝑘𝑘𝑘𝑘) is a compact space , then , (𝑋𝑋𝑋𝑋,𝑇𝑇𝑇𝑇) is coc-compact space. 
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2.20. Corollary:  
         Let 𝑋𝑋𝑋𝑋be topological space. Then 𝑋𝑋𝑋𝑋is coc-compact if and only if every net in 𝑋𝑋𝑋𝑋has 
a sub net which coc-convergence to a point in 𝑋𝑋𝑋𝑋. 
 
2.21. Theorem: 
        A net (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷 in a product  topological cc-space ∏𝑋𝑋𝑋𝑋𝜆𝜆𝜆𝜆 , 𝜆𝜆𝜆𝜆 ∈ 𝛬𝛬𝛬𝛬 is  coc-convergence 
to 𝑥𝑥𝑥𝑥 ∈ ∏𝑋𝑋𝑋𝑋𝜆𝜆𝜆𝜆  , if and only if  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆 (𝜒𝜒𝑈𝑈𝑈𝑈)

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆(𝑥𝑥𝑥𝑥)for all 𝜆𝜆𝜆𝜆 ∈ 𝛬𝛬𝛬𝛬(where𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆  is the𝜆𝜆𝜆𝜆 -th 

projection function) . 
 
Proof: 
If  𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥  in  ∏𝜒𝜒𝜆𝜆𝜆𝜆 ,  since   𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆are  coc irresolute -continuous  function ,  then by the 

theorem (2.12)  we have  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆 (𝜒𝜒𝑈𝑈𝑈𝑈)
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆(𝑥𝑥𝑥𝑥) .Conversely: Suppose  that 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆

(𝜒𝜒𝑈𝑈𝑈𝑈)
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆(𝑥𝑥𝑥𝑥)for all 𝜆𝜆𝜆𝜆 ∈ 𝛬𝛬𝛬𝛬  . Let  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆1

−1(Uλ1 ) ∩ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆2
−1(𝑈𝑈𝑈𝑈𝜆𝜆𝜆𝜆2 ) ∩ … .∩ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆𝐼𝐼𝐼𝐼

−1(𝑈𝑈𝑈𝑈𝜆𝜆𝜆𝜆𝐼𝐼𝐼𝐼 ) be a   
basis   coc-neighborhood   of𝑥𝑥𝑥𝑥in  ∏𝑋𝑋𝑋𝑋𝜆𝜆𝜆𝜆 .  Then  for  all  𝑓𝑓𝑓𝑓 = 1 , 2, … ., 𝐼𝐼𝐼𝐼,  there  is  𝑈𝑈𝑈𝑈𝑓𝑓𝑓𝑓   
such  that  whenever    𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈𝑓𝑓𝑓𝑓   ,  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆𝑓𝑓𝑓𝑓 ∈ U𝜆𝜆𝜆𝜆𝑓𝑓𝑓𝑓 .  Then  𝑈𝑈𝑈𝑈0  greater  than  for  all  𝑈𝑈𝑈𝑈𝑓𝑓𝑓𝑓  , 
𝑓𝑓𝑓𝑓 = 1,2, … . ,𝐼𝐼𝐼𝐼  ,   we  have 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆𝑓𝑓𝑓𝑓 ∈ 𝑈𝑈𝑈𝑈𝜆𝜆𝜆𝜆𝑓𝑓𝑓𝑓   for  all  𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0 . It  follows  that  for all  𝑈𝑈𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈0  

, 𝜒𝜒𝑈𝑈𝑈𝑈 ∈ ⋂𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆𝑓𝑓𝑓𝑓
−1(𝑈𝑈𝑈𝑈𝜆𝜆𝜆𝜆𝑓𝑓𝑓𝑓) , 𝑓𝑓𝑓𝑓 = 1 , 2, . . , 𝐼𝐼𝐼𝐼  .  So  𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑥𝑥𝑥𝑥 . 

 
2.22. Corollary: 
         If  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  is  a net  in   ∏𝑋𝑋𝑋𝑋𝜆𝜆𝜆𝜆   having  𝑥𝑥𝑥𝑥 ∈ ∏𝑋𝑋𝑋𝑋𝜆𝜆𝜆𝜆   as  coc-cluster  point , then  for  
each  𝜆𝜆𝜆𝜆 ∈ 𝛬𝛬𝛬𝛬  , (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆(𝜒𝜒𝑈𝑈𝑈𝑈))𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  has 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝜆𝜆𝜆𝜆(𝑥𝑥𝑥𝑥) for coc-cluster point . 
 
            Now, we  give the definition of coc-proper functions and some results which 
are related  to this concept . 
 
2.23. Definition: [2] 
          Let 𝑓𝑓𝑓𝑓  be a function from a topological space  𝑋𝑋𝑋𝑋 into a topological space  𝑌𝑌𝑌𝑌. 
Then  𝑓𝑓𝑓𝑓  is called coc-closed function, if 𝑓𝑓𝑓𝑓(𝐵𝐵𝐵𝐵)is coc-closed set in 𝑌𝑌𝑌𝑌  for every closed 
set 𝐵𝐵𝐵𝐵 in 𝑋𝑋𝑋𝑋 . 
 
2.24. Definition:  
         Let 𝑓𝑓𝑓𝑓  be a function from a topological space  𝑋𝑋𝑋𝑋  into a topological space 𝑌𝑌𝑌𝑌  .  
Then  𝑓𝑓𝑓𝑓  is called coc- proper  function if : 
i. 𝑓𝑓𝑓𝑓 is coc-continuous function . 

ii. The function 𝑓𝑓𝑓𝑓 × 𝐼𝐼𝐼𝐼𝑍𝑍𝑍𝑍 :𝑋𝑋𝑋𝑋 × 𝑍𝑍𝑍𝑍 → 𝑌𝑌𝑌𝑌 × 𝑍𝑍𝑍𝑍is coc-closed for every space 𝑍𝑍𝑍𝑍. 
 

 
           Recall that a subset 𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓of 𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋) is called exceptional set of 𝑓𝑓𝑓𝑓 which defined 
by:𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓 = {  𝑦𝑦𝑦𝑦 ∈ 𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋) ∶  there  is a net  (𝜒𝜒𝑈𝑈𝑈𝑈)d∈D in 𝑋𝑋𝑋𝑋  with  𝜒𝜒𝑈𝑈𝑈𝑈 → ∞  and𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈) →
𝑦𝑦𝑦𝑦 } , where  𝑓𝑓𝑓𝑓 is a function from a topological space 𝑋𝑋𝑋𝑋 into a topological space 𝑌𝑌𝑌𝑌 
[3].We shall introduce a new characterization, which is very useful for coc- 
proper function by using a special set namely, coc- exceptional (for brief 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓 ) 
set of 𝑓𝑓𝑓𝑓 . 
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2.25. Definition: 
         Let  𝑓𝑓𝑓𝑓  be a function from a topological space 𝑋𝑋𝑋𝑋  into a topological space 𝑌𝑌𝑌𝑌  , 
the coc- exceptional set of 𝑓𝑓𝑓𝑓  (for brief 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓 ) set is a subset of 𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋) which 
defined by : 

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓 = � 𝑦𝑦𝑦𝑦 ∈ 𝑓𝑓𝑓𝑓
(𝑋𝑋𝑋𝑋) ∶ there is a net(𝜒𝜒𝑈𝑈𝑈𝑈)d∈Din  𝑋𝑋𝑋𝑋 with 𝜒𝜒𝑈𝑈𝑈𝑈

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� ∞ 

and 𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈)
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�� 𝑦𝑦𝑦𝑦 

� . 

 
 

 
 

Now, we shall use  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓  to characterize coc-proper functions. 
 

2.26. Theorem: 
          Let  𝑓𝑓𝑓𝑓:𝑋𝑋𝑋𝑋 → 𝑌𝑌𝑌𝑌 be a coc-continuous function ,where  𝑋𝑋𝑋𝑋 is a coc-
compact  ,  𝑋𝑋𝑋𝑋 and 𝑌𝑌𝑌𝑌 be a Hausdorff spaces  . Then the following 
statements are equivalent : 
i.𝑓𝑓𝑓𝑓 is coc-proper function . 
ii. If  (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  is a net in  𝑋𝑋𝑋𝑋  and  𝑦𝑦𝑦𝑦 ∈ 𝑌𝑌𝑌𝑌  is coc-cluster point of  𝑓𝑓𝑓𝑓{(𝜒𝜒𝑈𝑈𝑈𝑈)}  ,  
then there is coc-cluster point  
𝑥𝑥𝑥𝑥 ∈ 𝑋𝑋𝑋𝑋 of (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  such that 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥) = 𝑦𝑦𝑦𝑦 .  

 
Proof:  

(𝐢𝐢𝐢𝐢 → 𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢) Since 𝑓𝑓𝑓𝑓 be an coc-proper function . Then 𝑓𝑓𝑓𝑓 is an coc- closed function and 
𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} is an coc-compact , ∀𝑦𝑦𝑦𝑦 ∈ 𝑌𝑌𝑌𝑌.Let (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  be a net in 𝑋𝑋𝑋𝑋 and 𝑦𝑦𝑦𝑦 ∈ 𝑌𝑌𝑌𝑌 
be an coc-cluster point of a net 𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷   in  𝑌𝑌𝑌𝑌 .Claim 𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} ≠ ∅  , if 
𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} = ∅  , then 𝑦𝑦𝑦𝑦 ∉ 𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋) ⇒ 𝑦𝑦𝑦𝑦 ∈ �𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋)�

𝑐𝑐𝑐𝑐
 since 𝑋𝑋𝑋𝑋 is a closed set in 𝑋𝑋𝑋𝑋 

and 𝑓𝑓𝑓𝑓 is an coc-proper (coc-closed ) , then 𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋) is an coc-closed set in  𝑌𝑌𝑌𝑌 . 
Thus �𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋)�

𝑐𝑐𝑐𝑐
  is an coc-open set in 𝑌𝑌𝑌𝑌.Therefore 𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷   is frequently 

in �𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋)�
𝑐𝑐𝑐𝑐
 . But 𝑓𝑓𝑓𝑓(𝜒𝜒𝑈𝑈𝑈𝑈) ∈ 𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋), for each d∈ 𝐷𝐷𝐷𝐷. Then  𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋) ∩ �𝑓𝑓𝑓𝑓(𝑋𝑋𝑋𝑋)�

𝑐𝑐𝑐𝑐
≠

∅, and this is a contradiction.Thus 𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} ≠ ∅ ,is not frequently. 

Now,suppose  that the  statements  (ii)  is not  true  ,  that  means 
for  𝑥𝑥𝑥𝑥 ∈ 𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} there exists coc-open set  𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥   in 𝑋𝑋𝑋𝑋  contains  𝑥𝑥𝑥𝑥  such that 
(𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  is not frequently in   𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥    .  Notice  that𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} = ⋃ {𝑥𝑥𝑥𝑥}𝑥𝑥𝑥𝑥∈𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦}   . 
Therefore the family  {𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥 ∶ 𝑥𝑥𝑥𝑥 ∈ 𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦}}  is coc-open cover of  𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦}  , 
but 𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦}   is   coc-compact  set   .  There  are    𝑥𝑥𝑥𝑥1, 𝑥𝑥𝑥𝑥2, … . . , 𝑥𝑥𝑥𝑥𝐼𝐼𝐼𝐼    such   
that𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} ⊆ ⋃ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓

𝐼𝐼𝐼𝐼
𝑓𝑓𝑓𝑓=1    , then𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} ∩ (⋃ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓

𝐼𝐼𝐼𝐼
𝑓𝑓𝑓𝑓=1 )𝑐𝑐𝑐𝑐 = ∅   . Then   

𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} ∩ (⋂ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓
𝑐𝑐𝑐𝑐𝐼𝐼𝐼𝐼

𝑓𝑓𝑓𝑓=1 ) = ∅   .  But (𝜒𝜒𝑈𝑈𝑈𝑈)𝑈𝑈𝑈𝑈∈𝐷𝐷𝐷𝐷  is  not  frequently  in 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓 for 
each  𝑓𝑓𝑓𝑓 = 1 , 2 , … ,𝐼𝐼𝐼𝐼 . Thus is not frequently in ⋃ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓

𝐼𝐼𝐼𝐼
𝑓𝑓𝑓𝑓=1  , but ⋃ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓

𝐼𝐼𝐼𝐼
𝑓𝑓𝑓𝑓=1 is 

coc-open set in 𝑋𝑋𝑋𝑋 , so (⋂ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓
𝑐𝑐𝑐𝑐𝐼𝐼𝐼𝐼

𝑓𝑓𝑓𝑓=1 ) iscoc-closed (closed) set in 𝑋𝑋𝑋𝑋 . Thus by 
assumption 𝑓𝑓𝑓𝑓(⋂ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓

𝑐𝑐𝑐𝑐𝐼𝐼𝐼𝐼
𝑓𝑓𝑓𝑓=1 ) is coc-closed set in 𝑌𝑌𝑌𝑌 .  

Claim 𝑦𝑦𝑦𝑦 ∉ 𝑓𝑓𝑓𝑓(⋂ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓
𝑐𝑐𝑐𝑐𝐼𝐼𝐼𝐼

𝑓𝑓𝑓𝑓=1 )  , if  𝑦𝑦𝑦𝑦 ∈ 𝑓𝑓𝑓𝑓(⋂ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓
𝑐𝑐𝑐𝑐𝐼𝐼𝐼𝐼

𝑓𝑓𝑓𝑓=1 )  then there is  𝑥𝑥𝑥𝑥 ∈ ⋂ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓
𝑐𝑐𝑐𝑐𝐼𝐼𝐼𝐼

𝑓𝑓𝑓𝑓=1  
such that (𝑥𝑥𝑥𝑥) = 𝑦𝑦𝑦𝑦  , thus  𝑥𝑥𝑥𝑥 ∉ ⋃ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓

𝐼𝐼𝐼𝐼
𝑓𝑓𝑓𝑓=1   but 𝑥𝑥𝑥𝑥 ∈ 𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦}  , herefore𝑓𝑓𝑓𝑓−1{𝑦𝑦𝑦𝑦} 

is not subset of  ⋃ 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑓𝑓𝑓𝑓
𝐼𝐼𝐼𝐼
𝑓𝑓𝑓𝑓=1  , this is a contradiction .Then there is coc-open 
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