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Abstract

In this paper we will introduce a new types of graph. The representation of the new graph by adjacent and incidence
matrices will be obtaind. Some geometric transformations on the new graphs are described.
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1. Definitions and Background

(1) Abstract graph: An abstract graph G is a diagram consisting of a finite non empty set of the elements, called “vertices”
denoted by V(G) together with a set of unordered pairs of these elements, called “edge” denoted by E(G). The set of
vertices of the graph G is called “the vertex-set of G and the list of edges is called “the edge -list of G” (Giblin, 1977,
Gibbson, 1995).

(2) Simplex: Given any set V = {vg, vy, ..., v,} of n + 1 points in R", such that the differences v; — vg, vo — vg, ..., vy — Vg
are linearly independent, the n-simplex with vertices V is the convex hull of V, i.e. the set of all points of the form
fovo + Vi + ... + t,v,, where )37 #; = 1 and ¢; > O for all i (Hatcher, 2002).

(3) Adjacency and Incidence: let v and w be vertices of a graph if v and w are joined by an edge e. Then v and w are said
to be adjacent, moreover, v and w are said to be incident with e, and e is said to be incident with v and w (Wilson, 1972).

(4) The adjacency matrix: let G be a graph without loops, with n-vertices labeled 1,2, 3, ..., n. The adjacency matrix A(G)
is the nxn matrix in which the entry in row i and column j is the number of edges joining the vertices i and j (Wilson,
1972).

(5) The incidence matrix: let G be a graph without loops, with n-vertices labeled 1,2,3,...,n and m edges labeled
1,2,3,...,m. The incidence matrix /(G) is the nxn matrix in which the entry in row i and column j is 1 if vertex i is
incident with edge j and O otherwise (Wilson & Watkins, 1990; Gross & Tucker, 1987).

(6) Folding and unfolding of graph:

(@Letf:G — G be a map between any two graphs G, G and (not necessary to be simple) such that if (u,v) €
G, (f(u), f(v)) € G. Then f is called a “topological folding” of G to provided that d(f(u), f(v)) < d(u,v) (Giblin, 1977).

(b)Letg : G — G be a map between any two graphs G, G and (not necessary to be simple) such that if (u,v) €
G, (g(u),g(v)) € G. Then g is called a “topological unfolding” of G to provided that d(g(u), g(v)) > d(u, v)(El-Ghoul,
2007).

2. Main Result

Now we will define and discuss the graph of simplex vertices and some transformations on this new graph, the incident
and adjacent matrices which represent these new graphs will be discussed.

2.1 Definition

The graph of simplex vertices is a pair (V(G), E(G)) where V(G) = {{Vo},{V1}, ...,{V;}} is a finite non-empty set of vertices
inR",i=0,1,2,...,n and each vertex consistes of k-simplex graph, i.e. {V;} = {{vio, €0}, {vi1, €i1}, .-, {Vir, vir} }and E(G) is

Published by Canadian Center of Science and Education 105



www.ccsenet.org/jmr Journal of Mathematics Research

Vol. 4, No. 1; February 2012

a set of unordered pairs of distinct elements of V(G).
2.2 The graph of 0-simplex vertices
It is represented as a simple graph, see Fig.(1).

It’s adjacent and incidence are:

10 1p0 | 10
war=| 1, o | o] |

Where (A°) refer to 0-simplex graph.
2.3 The graph of 1-simplex vertices
It has two types of dimensions of edges.
Type(1) The edge of 1-dimension see Fig.(2), Fig.(3), Fig.(4).
V(G) = {Vo = {vor, eo1, Voo }, Vi = {vir, e11, vinth E(G) = {er}.
Fig.(2)
The adjacent and incidence are:

_ 0 lAI _ lAI

AO= [ lar 0 ]‘1‘ 9" [ L ]‘1‘

Where T refer to the dimension and form of the edge on the graph.

Fig.(3)

_ 0 lAl _ lAl
{8, 5] o]l

Fig.(4)

_ O lAl _ lAl
o[, 1| e[

Type(2) The edge of 2-dimension see Fig.(5), Fig.(6).
Fig.(5)
The adjacent and incidence are:

o], b | o] )

7

Fig.(6)

1p 1p
ol b, ] o[

N

2.4 The graph of 2-simplex vertices

In this case the edge will be in three types of dimensions.

Type(l) The edge of 1-dimension see Fig.(7), Fig.(8), Fig.(9), Fig.(10).
Fig.(7)

The adjacent and incidence will be in the form:

_ 0 1A2 _ 1A2
wo=| Y, o | o= |
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Fig.(8) where
_ 0 IAZ _ IAZ
A R
Fig.(9)
_ 0 1A2 _ 1A2
ol 8, 3] e k]
Fig.(10)

12 1p2
a-[s, | e[t
le— - le—

Where (1.,) refer to the edge which connecte between the area of each simplex .
Type(2) The edge of 2-dimension see Fig.(11), Fig.(12), Fig.(13), Fig.(14).
Fig.(11)

It’s adjacent and incidence are:

A(G)=|: (I)AZ (I)Az ] i ](G)Z[ lAz ]

T le |
Fig.(12)
_ 0 IAZ _ IAZ
wor=| 1ot | mes] i,
Fig.(13)
0 1p2 1p2
AG) = , 1(G)=
o=V, o | osir ],
Fig.(14)
_ 0 IAZ _ IAZ
wor=| 1ot | mes] i

Type(3) The edge of 3-dimension see Fig.(15), Fig.(16).
Fig.(15)

The adjacent and incidence will be in the form:

A(G):[ 0 (])Az ] ’ I(G)=[ 12 ]

IAZ 43— IAZ 43—
Fig.(16)
o 1 REr
wo=| o | e

2.5 The graph of simplex vertices in higher dimension
The graph of n-simplex vertices has types of edges of higher dimensions.

We can represent these types of edges by matrices as the following:
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The 1* type: A(G) = (1) (I)A" . 1IG) = [ iA"

L Ar dn+1 ar

ed [ 0 IA" | 1An

The 2“ type: A(G) = | | 0 . 1G)=]

L An an AH n
The 3¢ type: A(G) = (1) éA” , 1(G)= [ }N

L Ar dn—1
The (n + 1) type: A(G) = [ (1) (I)A" ] . 1G) = [ i”

An 1 An

]n+1
Ar ]nl

L

Lemma 1 Any graph G of n-simplex vertices can be connected by edges of (n + 1,n,n — 1, ..., 1) dimension.

Lemma 2 The edge which connect between two vertices of simplex graph has dimension equal to or less than one the
largest number of O-faces that belong to any of the simplex graph.

3. Folding of Geometric Graph of Simplex Vertices

We can make many types of foldings.

Type(1) Folding of External Vertices and External Edges.

Fig.(17)
such that
0 Ian O
AG =] 1y 0 1y |5 ]9 I SN
Ian O A
0 Iar O
Iar O
1G) =] 1y 1u }i[ Lot ] N
lAl
0 L
Where 1! the upper suffix refers to the existence of loops.
Fig.(18)
where
0 Iar O
AG) =| 1y 0 1y |0 I 2]
Ian O A
0 Iar O
Iar O
1G) =| 1y 1y i[ Ly }Q[O]
lAl
0 IIN
Fig.(19)
where
0 Iar O
AG) =] 1u 0 1u | 0 la i[l“RZ]
Ia0 O A
0 ]Al O
Iar O
16 =| 1u 14 |5 1A‘]ﬁ>[0]
lAl
0 lAl
108

ISSN 1916-9795 E-ISSN 1916-9809



www.ccsenet.org/jmr Journal of Mathematics Research

Vol. 4, No. 1; February 2012
Where 11 refer to the loop of dimension 2.

Fig.(20)
O 1A2 0
N e A B
O 1A2 0 A
Iy 0
G =| 1a 1a | 2 [ }A' } ENTY
0 I A
Fig.(21)
0 IAZ 0
AG)=| I O 12 i)[ (1) (1)A2 } N [11&]
0 IAZ O Az
1A2 0
Gy =| 1p 1p | 5 [ }A: } RERTY
0 IAZ A
Fig.(22)
0 1e O
AG)=| 1p O 12 i) ?2 (I)Az ] i [I(Alz)z]z
0 IAZ O A 2
IAZ O
Gy =| 1y 1y | 5 [ }A] } R
0 1A2 2 A 2
Fig.(23)
0 1g O
AG =| 1w 0 1e | IS0 ] Ly
0 IAZ 0 3 A 3
lAZ 0
1= 1 1w | S| S
0 IAZ 3 A 3

Some loopes will take different shape see Fig.(24).

The adjacent and incidence will be in the form:

0 1u 0
(D~
AG) =| 1, 0 1 l[(l)] (I)A‘ ] RN [1A12]
0 1a 0 | A 2 g
e 0
1G) =] 1o 10 | 5 [ }A ] L, (0]
0 1 e

2

Type(2) Folding of internal edges and internal vertices see Fig.(25).
Where

A(G) =

0 Ia O Lo 1w 0 1
1o

Iy 0 du | 5| 1 1l X o ] L[]

0 Ia O 0 Ly 1 A
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1A} 0 lAg 0 1
1G) =] 1y 1a || 1o 1y [ [ 5 ] RENTTY)
0 Iy 0 Iy &
Where(A|) refer to number of internal edges.
Fig.(26)
0 Iy O . 1 1o 0 e [ o100 -
AG@=| 1o 0y | =l 1 dp | S 1?{;] — [157],
i .
0 Ian O 2 0 1 50 I(Alo)z , A A by
Iae O Ipo O
1
1Gy=| 1y 1y | D50 10 1 2)[ Ag} RENTTY)
0 1, 0 1y Iy
Ay 2 Ao 2
Fig.(27)
0 1o O llAl Ian O llA}) Ipo O 111
I P e B e L A e R N R Rt S
0 1p O 0 Iy 1 0 lyp 11 A A0
le 0 1y 0 ly 0
3 Fi ! F 0 F3 IAO Fy
1(G) = 1A§ 1A§ — IA} lAi - 1A8 1A8 —>[ 10 ] — [0]
3 : 0
0 x| 0 x| 0y % b
Fig.(28)
0 1p 0 1L 1m0 1 10
ol F2 (D Fs
A(G) = IAZ 0 IAZ — lAl lA] lAl — lAO ]AO lAO —
R 0 a1y | 0 1 a0 14 5
1(101)(11)2 Lpo Fy A1D)(111)(1)
A - 11 2(1)3
[ ] 5 g
lpy O Iy 0 Iy 0 |
3 F 0
1G)=| 1o 1o | 5| 1y 1y | D] 1y 1y _3>[ 1AZ] SENNTH
0 e |, 0 g 0y |, & b
Type(3) In the next graph we will fold the length of the edges on each other see Fig.(29), Fig(30).
Fig.(29)
0 1u O 0 1u 0
AG) = 1y 0 1u |5l 1e 0 1 | B [ (1) (1)A‘ } RENNTI
Iy O 0 1 Al
la 0 a0
1G) =] 1y 1u |5 10 14 | [ iA‘ ] RENTY
0 la 0 la Al
Fig.(30)
0 1p O 0 1
AG) =| 1o 0 1A2\ DSl 0 1e | B [(1) (1)“] 5 10,1
2
0 Iy 0 0 lp 0 | A 2
lp 0 lp O
G = 1p 1o | D 1e 10 | 5 [ 1“ ] RENT
0 x|, 0 x|, At b
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Type(4) The folding which reduce the volume of the graph, the incidence and adjacent matrices are of the same type see
Fig.(31).

0 Iy O R U VY 0 Iy O
AG) = 0 la } — l Ia 0 1A1 —>{ Iao 0 1a | LimF, [0]
0 Iyn O I Iye O el
la 0 o | I Iy 0
1G) =] 1o la 51 1 1A1 5| 1 la | . LimF, [0]
0l ] [ N \ [ N e,

Theorem The end of the limit of foldings of simplex graph of dimension n is the 0-simplex graph.

Proof: Let G is a simplex graph of dimension n, f is a folding. fi. G — G such that fi(E;) = E; then fi(G) = Gy,
dim £ = dim E;. Let /2(G1) = Ga, f2(E2) = E3, dim E; = dim E3, ..., f1(Gu-1) = Gy, fu(ER) = Eygr,1im f,(Gm)) = H, H

n—>00

of (n — 1)dimension.

And g1 H — H such that gl(El) = E, then gl(H) = H|,dimE; = dimE,. Let gZ(Hl) = H,, gz(Ez) = Ej,
dimE, = dimEj3, ..., g,(H,—1) = H,, g.(E,) = E,1, lim g,(H,_1) = L, L of (n — 2) dimension. And lim lim f,(G,) =

0-simplex graph see Fig.(31).
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