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ABSTRACT 
In this paper, we will define a graph of simplicial complex; folding and unfolding of this graph of simplicial complex 
into itself will be discussed. Theorems governing these types of transformations are achieved. 
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INTRODUCTION 
 
It is a classical theory of Rado (1925) that any compact surface can be discussed into a finite number of triangular 
regions. The incidence structure of these regions determines a combinatorial object called a Complex, which is a higher 
dimensional analog of a graph. Whereas a graph has only zero- dimensional cells called vertices and one- dimensional 
cells called edges. A complex may include pieces of any dimension. In particular, a 2-complex also contains some two- 
dimensional cells. Often these cells correspond to triangular regions, but more generally they may be arbitrary 
polygons, with any number of sides. 
 
Knowing that any closed surface can be represented by such a finite combinatorial object enables us classify the closed 
surfaces, that is, to construct a countable list that includes them all and contains no repetitions.     
 
DEFINITIONS AND BACKGROUND: 
 
We will give some definitions which we will need them in this paper: 
 
(1) An" abstract graph"G  is a diagram consisting of a finite non empty set of elements, called "vertices" denoted by 
( )GV together with a set of unordered pairs of these elements, called "edges" denoted by ( )GE .The set of vertices of 

the graph G is called "the vertex- set of G "and the list of the edges is called "the edge –list of G "[8, 9, 12]. 
 

(2) Let { }nvv ,,0
 be affinely independent set in 

nR .The closed n -simplex S  spanned by 
nvv ,,0

 (with 

vertices 
nvv ,,0

)is the set of all points affinely  dependent on  
nvv ,,0

 and is denoted by ( )nvv ,,0
 , 

( )nS  or nS [10,11]. 
 

(3)A simplicial complex  K in 
nR  is a collection of simplexes nR  such that:  

(i) Every face of simplex of K is in K ,i.e if Ks∈ and st  then Kt∈ . 

(ii)If Kts ∈,  then ts   is either empty or a face of both s  and t . 
 
The dimension of K is the largest dimension of any simplex in K [13].  
 
THE MAIN RESULTS  
 
Aiming to our study we will introduce some definitions: 
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Definition 1: The graph of simplicial complex is the set ( )EV ,  such that the vertices V are lines and the edges E  
are areas see Fig. (1) represent a graph of simplicial complex but in Fig. (2) not a graph of simplicial complex. 

 
 

Fig.(1) 
 

 
Fig.(2) 

 
Remark 1: 
 
(1)  simplicial complex not necessary a graph. 
 
(2) The condition of the simplicial complexes to represent a graph is the area adjacent another area in a line not a point.   
 
Definition 2: A tree of simplicial complex is a graph of simplicial complex which is connected and has no loops as Fig. 
(3) but in Fig. (4) not a tree of simplicial complex. 
 

 
Fig.(3) 
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Fig.(4) 

 
Definition 3: "Adjacency matrix of the graph of simplicial complex " consider the new graph with −n vertices labeled 

n,...,3,2,1 .The adjacency matrix ( )GA  is the nn×  matrix which the entry in row i  and column j  is the number 
of edges joining the vertices i  and j . 
 

Definition 4: "Incidence matrix of the graph of simplicial complex " let G be the new graph with −n vertices labeled 

n,...,3,2,1 .And −m  edges labeled m,...,3,2,1 .The incidence matrix ( )GI  is the mn×  matrix which the entry in 

row i  and column j is 1 if vertex i is incident with edge j and 0  otherwise . 
 

Example: Consider the graph of simplicial complex: 3V  

 
The adjacency matrix ( )GA  is: 
 

( )




















=

0101
1010
0101
1010

3

2

1

0

3210

V
V
V
V

GA

VVVV

 

 
And the incidence matrix ( )GI  is: 
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Definition (5): The folding of a graph of simplicial complexes into itself is a map KKf →:   defined as Fig. (5) the 

first type KKf →:1  such that:   

( ) ( ) ( )( ) 10,, 11 θθ bfafdbad ≤  . 
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Then ( ) ( )( )1 1 12 1 12,f K K f f K K= =   , 112 KK ∆≤∆ . . . ( )( ) nnn KKff 1111 =−   

, 112111 KKKK nn ∆≤∆≤≤∆≤∆ −  ,   ( ) =
∞→

Kfnn
lim (0-simplicial complex). 

 
Fig.(5) 

 
Consider another type of folding: 
 

( )2 2 2 2 2 2: ,f K K f K K→ =  
 
such that ( ) LLf =2 ,see Fig.(6)  ( ) 21221 KKf =  ,… ( )( ) nnn KKff 221122 =−   and ( )( ) LsimplexKf nnn

=−=
∞→

1lim 22    

see Fig.(6).  

 
Fig. (6) 

 

 (1) The conditional folding 1f  is the folding which reduces the area of the simplex as Fig. (7). 
 

 

 
 

Fig.(7) 
 

(2) jijiji FFEEVVf →→→ ,,:2  see Fig.(8) and Fig(9). 

 
or: 

 
Fig.(8) 
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Fig.(9) 
 
Theorem 1: The folding of the graph G into itself induces another folding of the incidence and adjacency matrices.  
 
Proof: Let G be a graph of simplicial complex of n-vertices and m-edges then 
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If     GGf →:  is a folding of the new graph into itself, then   ( ) ( )GAGAf →:    such that:  
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  , ns ≤   and  ( ) ( )GIGIf →:  such that:  
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We find that f is a sub matrix of ( )GA  and f  is a sub matrix of ( )GI  
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Theorem 2: Any sequence of foldings of G into itself induce two sequences of the matrices of   G , ( )Gfii ∞→
lim  

induces two limits : ( )( )GAfii ∞→
lim  and ( )( )GIfii ∞→

lim  

 

Proof: Let GGfi →: be a sequence of foldings of the new graph into itself.  We find ( )Gfii ∞→
lim =one edge see Fig. 

(10)  

 
Fig. (10) 

 
There is two induced chains of foldings of the incidence and adjacency matrices i.e.  
 

1

lim

21
321 EGGG ii

ffff  →→→→ ∞→
  

 
Induces  

( ) ( ) ( ) ( )1

lim

21
321 EAGAGAGA ii

ffff  →→→→ ∞→
  

 
And: 

( ) ( ) ( ) ( )1

lim

21
321 EIGIGIGI ii

ffff  →→→→ ∞→
  

 
REMARK 
 
If 1f  preserves the number of vertices and edges then: 
 
( ) ( )1 1,f incidence incidence f adjacency adjacency= =  
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