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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
V(G)together with a set of unordered pairs of these elements, called "edges” denoted by E(G).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 {Vo, sy v" } be affinely independent set in R" The closed N -simplex S spanned by V0 \ ---,Vn (with

vertices V0 R V" )is the set of all points affinely dependent on V0 R V" and is denoted by (V0 R Vn) ,
(n)
SYor S, 110,11].

(3)A simplicial complex K in R" isa collection of simplexes R" such that:
(i) Every face of simplex of K isin K ieif S€ Kand t < Sthent € K .
(i)if S,t € K then S ﬂt is either empty or a face of both S and.

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:

Corresponding author: H. I. Attiya*
Basic Science Department, College of Industrial Education, Bine-suef University, Egypt

International Journal of Mathematical Archive- 3 (5), May — 2012 1757


http://www.ijma.info/�

H. I. Attiya*/ Graph of simplicial complexs / IMA- 3(5), May-2012, Page: 1757-1763

Definition 1: The graph of simplicial complex is the set 67, E) such that the vertices \7are 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.

%
Y

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

1,2,3,..., n.The adjacency matrix A(E) isthe Nx N matrix which the entry in row i and column | is the number
of edges joining the vertices i and j .

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

1,2,3,...,n.Andm — edges labeled1,2,3,..., m .The incidence matrix | (G ) isthe N x M matrix which the entry in

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

Example: Consider the graph of simplicial complex: \73

7

G

—
N —

The adjacency matrix Al is:
o i VY,

V|0 T 0 1T
AG)-%L DT D
V,;O 1 0 1
VT 0 1 0

And the incidence matrix I(_) is:

E, E
V|0 1
1G)= »|t 0
V,[1 0
V.0 1

Definition (5): The folding of a graph of simplicial complexes into itselfisamap f : K = K defined as Fig. (5) the

first type f, : K — K such that:
d(a,b)<@d(f,(a) f,(b) 0<6<1.
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Then f,(K)=K,, f,,(f,(K))=Ky, . AK;, <AK,... £, (., (K))=K,,
AK€ AK ), < SAK, SAKG Tim fn(K)=(0-simpIiciaI complex).

A%A%A#ﬁ.
Ji

Fig.(5)

Consider another type of folding:
f, K, > K,, fz(Kz): K,

such that fZ(L)= L see Fig.(6) f21(K2)= Koy +eor Fon(Fpns (K51 )= Ky, and lim on(---(K2n))=1—simpIeX= L
see Fig.(6).

L L L L

Fig. (6)

(1) The conditional folding f1 is the folding which reduces the area of the simplex as Fig. (7).

L
—n_ 1 ye s->ne> - —=" 38

A—L)A AN,

Fig.(7)

@ f, 'V, >V, B, —>E;, ,F = F, seFig(andFig@).

NN o, N

Fig.(8)
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2 3

R et

Fig.(9)

Theorem 1: The folding of the graph G into itself induces another folding of the incidence and adjacency matrices.

Proof: Let G bea graph of simplicial complex of n-vertices and m-edges then

Vo Vi Y, E E .. E
AL G161
==::. :and ===: =
LS R R B S B
ARSI 7T0 .0

if f: E - C? is a folding of the new graph into itself, then f: A((?)—) A(C?) such that:

v Vi, .Y,
V[T 0 . T o
f_(A(E))z\i T 0 .. 0| .s<n and f:l(@)—)l(c_a)suchthat:
7is . 1
E E . E
V0 T - T
V;|T 0 - 0

<l
=1l
oll

We find that f is a sub matrix of A(E) and 1? is a sub matrix of | (E)
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Theorem 2: Any sequence of foldings of E into itself induce two sequences of the matrices of E , lim f, (E)
-0
induces two limits : lim f, (A(E» and lim f, (I (E))
I—00 >0

Proof: Let f, G >Gbea sequence of foldings of the new graph into itself. We find lim f, (E)zone edge see Fig.

[
(10)
£
Fig. (10)

There is two induced chains of foldings of the incidence and adjacency matrices i.e.
jp— fl jp— f2 o jp— f R ilig)r?C fi R
G > Gl 7 GZ 2 Z 7 El
Induces

— i — i — \ i Iim f;
AG ) ——>AG, )" AG, ) —==" 5 A(E,))
And:

— 17 — 17 — \ f _Iim 'FI
G )——1G,)—"—1G, ) —=="5I(E)
REMARK

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