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ABSTRACT 
In this paper, we will introduce the isomorphism between graph and topological space. The relation between folding of 
topological space and The folding of graph are obtained. Some operations on the topological space are achieved. The 
induced operations on the corresponding graph are deduced.   
 
Keywords: Folding, Graphs.  
 
2000 Mathematics Subject Classification: 51H10, 57N20. 
 
 
INTRODUCTION  
 
The folding of Riemannian manifolds is introduced by S.A-Robertson 1977[10]. More studies on the folding of real 
manifolds are studied by E.El-kholy [9]. and M.EL-Ghoul [2,3,4,5,6,7]. The folding of dynamical fuzzy topological 
space is defined in [8]. The folding of graph is discussed in [4, 5]. In this article we will introduce the relations between 
graph and topological space   
 
DEFINITIONS AND BACKGROUND 

 
We will give some definitions which we will need them in this paper: 
(1) Let X be a non empty set. A class τ  of subsets of X is a topology on X  iff τ  satisfies the following: 
(i) τφ∈andX . 
(ii)  The union of any number of sets inτ  belong to τ . 
(iii) The Intersection of any two sets inτ  belong toτ . 
 
(2) A graph is a diagram consisting of points, called vertices, joined together by edges; each edge joins exactly two 
vertices [1].      
 
(3) A" simple graph" is a graph with no loops or no multiple edges [13]. 
 
(4) Two or more edges joining pair of vertices are called "multiple edges" and edge joining a vertex to itself is called a" 
loop". A" multiple" graph allows multiple edges. Sometimes the multiple graph is called a general graph or, simply a 
graph [12, 13, 14]. 
 
(5) Map NMf →: ,where NM ,  are ∞C - Riemannian manifolds of dimensions nm, ,respectively is said to be an 
isometric folding of M  into ,N  if and only if for any piecewise geodesic path : ,J Nγ →  the induced path 

MJf →:γ is piecewise geodesic and of the same length as [ ]1,0, =γγ  [10] . 
 
If f  not preserves lengths then f  is a topological folding. 
 
(6) The intersection of two graph: If φ≠21 VV  , the graph ( )EVG ,= , where 2121 EEEandVVV  == , is 

the intersection of 21 GandG  and is written as 21 GG  [11].    
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THE MAIN RESULTS 
 
Aiming to our study we will introduce some definition:   
(1) Let { }cbaX ,,=    and { } { } { } { } { } { }{ }1 , , , , , , , , , ,X a b c a b a c b cτ ϕ=  then this topology 1τ  is isomorphic 

to the graph 1G  whose vertices are { }cbaV ,,1 =   and edges are { }bcacabE ,,1 =  see Fig. (1). 

 
Fig. – 1 

 
But the topology { } { } { }{ }2 , , , , ,X a b a bτ ϕ=  is isomorphic the graph 2G  which vertices are { }cbaV ,,2 =   and 

edge is  { }abE =2  see Fig.(2). 

 
Fig. – 2 

 
But the topology { }3 ,Xτ ϕ=  is isomorphic the graph 3G  its vertices are { }cbaV ,,3 =   and no edges { }φ=3E  see 
Fig. (3). 

 
Fig. – 3 

 
But the topology { } { } { } { }{ }4 , , , , , , ,X a b a b a cτ ϕ=  is isomorphic the graph 4G  its vertices are { }cbaV ,,4 =   

and edges are { }acabE ,4 =  see Fig. (4). 
 

 
Fig. – 4 

 
If { }, , ,X a b c d= there exist many topologies for example 

{ } { } { } { } { } { } { } { } { } { } { } { }{ }, , , , , , , , , , , , , , , , , , , , , , , , ,X a b c d a b a c b d d c a b c a b d a c d b c dτ ϕ=  which is 

isomorphic the graph G  its vertices { }, , ,V a b c d=   and edges { }, , ,E ab ac bd dc=  see Fig. (5). 
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Fig. – 5 

 
(2) Let { }cbaX ,,= be another set, then there exist many topologies for example   

{ } { } { } { } { } { }{ }1 , , , , , , , , , ,X a b c a b a c b cτ ϕ= , { } { } { }{ }2 , , , , ,X a b a bτ ϕ=  and the intersection between two 

topologies 21 ττ and  is { } { } { }{ }1 2 , , , , ,X a b a bτ τ ϕ=  and the intersection between two graphs 21 GandG is

21 GG  , { }1 2 , ,V V a b c= and { }abEE =21   see Fig. (6). 

 
Fig. - 6 

 
Then there exist isomorphism between the intersection of two topologies and the intersection of two graphs. 
 
Theorem: 1 The intersection of two topologies is isomorphic to the intersection of the two corresponding graphs. 
   . 
Proof:  Let ( ) ( )2211 ,,, ττ XX  are any two topologies, the two corresponding graphs are ( ) ( )1 1 2 2, , ,X G X G . If 

21: ττ →f  be an isomorphism then there is an induced isomorphism 21: GGf →  and if 321 τττ =   the 

induced graph is 321 GGG =  and 3G is the corresponding graph of 3τ . 
 
And if ( ) ( ) ( ) ( ) ( ) ( )21212121 GfGfGGffff  =⇒= ττττ ,   

           ( ) ( ) ( ) ( ) 21212121 GGfGGfff  =⇒= ττττ  and if 

           ( ) ( ) ( ) ( )21212121 GfGGGfff  =⇒= ττττ . 
 
(3) The folding of the topology { } { } { } { } { } { }{ }1 , , , , , , , , , ,X a b c a b a c b cτ ϕ= into itself defined

( ) ( )2211 ,,: ττ XXf → as follows: 

{ }baXf ,: →      ,   φφ →:f  

{ } { }aaf →:        ,   { } { }bbf →:  

{ } φ→cf :             ,   { } { }abaf →,:  

{ } { }acaf →,:  ,  { } { }bcbf →,:  
 
The image is { } { } { }{ }2 , , , ,a b a bτ ϕ= , then the topology 1τ  is isomorphic to 1G  whose vertices { }cbaV ,,1 =   

and edge { }bcacabE ,,1 =   see Fig.[7]. 

 
Fig. - 7 
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But the image of 1τ  is { } { } { }{ }2 , , , ,a b a bτ ϕ= is isomorphic 2G  whose vertices { }baV ,1 =   and edge { }abE =1   
see Fig. [8]. 

 
Fig. - 8 

 
Also if ( ) ( )2 2 3 3: , ,f X Xτ τ→  such that ( ) { }{ }2 ,f aτ ϕ=  or ( ) { }{ }2 ,f bτ ϕ=  then the graphs are  

 
 
But the folding of the graph 1G is the identity see Fig. [9].   

 
Fig. - 9 

 
From the above discussion  there exist an isomorphism between the folding of the topological spaces and the folding of 
the graphs and the following diagram is commutative: 

1 2
fτ τ→  

 
i 

 

                       

 

i 

                           
1 2G G

f
→  

s.t:  i f f i=    
 
This can be generalized for a chain of foldings as follows: 

( )1
2 ,2 3

ff f n1 Xτ τ τ ϕ→ → →

 

 
1i  

                      

 

2i 

                       

 

3i 

                               

 

 
 

1+ni 

 

1 2 31 2
G G G

f f fn
ϕ→ → →  

s.t:  nnnn iffi  =+1    
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Example: 1 Let { }, , ,X a b c d= there exist many topologies for example 

{ } { } { } { } { } { } { } { } { } { } { } { }{ }, , , , , , , , , , , , , , , , , , , , , , , , ,X a b c d a b a c b d d c a b c a b d a c d b c dτ ϕ= and let  f  
is the folding of τ  into itself: 

{ }cbaXf ,,: →          ,       :f ϕ ϕ→  
 

{ } { }aaf →:                 ,       { } { }:f b b→  

{ } { }acf →:                   ,       { }:f d ϕ→  

{ } { }babaf ,,: →      ,       { } { }: , ,f a c a c→  

{ } { }cadbf ,,: →     ,       { } { }: , ,f d c a b→  

{ } { }bacbaf ,,,: →  ,      { } { }: , , ,f a b d a b→  

{ } { }cadcaf ,,,: → ,      { } { }: , ,f b c d b→  
 
The image { } { } { } { } { }{ }, , , , , , , , ,a b c a b a b a cτ ϕ′ = which is a topology.       

1G≅τ  which vertices { }dcbaV ,,,1 =   and edge { }1 , , ,E ab ac bd dc=  see Fig [10]. 

 
Fig. - 10 

Let 21:~ GGf →  defined as following: 

:f ab ab→ , acacf →:~
  

:f bd ac→ ,  badcf →:~
 

 
See Fig [11]. 
 

 
Fig. - 11 

 
In this example there is exist isomorphic between the folding of the topological spaces and the folding of the graphs. 
 
From this example we arrive to this theorem: 
 
Theorem: 2 The folding of the topological spaces induce a sequence of foldings of the corresponding graphs . 
 
Proof: Let  ( ) ( )1 2: , ,f X Xτ τ→  then there are induced folding 21: GGf →   also any 21: GGf → induce

( ) ( )1 2: , ,f X Xτ τ→ . 

And let ( ) ( )1 1 1 2 2 2 1: , , ,f X X X Xτ τ→ ⊂
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            ( ) ( )2 2 2 3 3 3 2: , , ,f X X X Xτ τ→ ⊂  
                  . 
                  . 
                  .  
         ( ) ( )1 1 1: , , ,n n n n n n nf X X X Xτ τ+ + +→ ⊂  
 
Then there is an induced sequence of foldings: 

1 1 2 2 1: ,f G G G G→ ⊂  

2 2 3 3 2: ,f G G G G→ ⊂  
                                . 
                                . 
                                . 

1 1: ,n n n n nf G G G G+ +→ ⊂  
 

and all if  isomorphic to if  
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