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FOLDING OF THE CHAOTIC TREE WITH KNOTS
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ABSTRACT
In this paper, we will define the chaotic tree with knots together with its adjacent and incidence matrices. The limit of
foldings on it is deduced. The corresponding changes in the adjacent and incidence matrices under these
transformations are achieved.
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DEFINITIONS AND BACKGROUNDS:

1- Knots [3]:

A knot is a subset of 3- space homeomorphic to the unit circle, while the link is a union of finitely many disjoint knots.
The individual knots that make up a link are called its components (so a knot is a link with just one component, i.e. a
connected link). A singular knot is a knot with self-intersection

Fig. (1) shows left handed trefoil, right handed trefoil, Hopf link and singular terfoil knot.
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2- Tree with knots [5]:
It is a connected graph that contains number of knots, see Fig. (2)

k7 ket
i TN
'/, ’ \'*I J ’\j’_f _\_'\_ J
D, A
o ud
el [
-ul
en’.l
'UG
Fig. (2)

Where K°, K indicates the knots in the graph .Both the adjacency A(T*)and incidencel (TX) matrices representing the
tree with knots takes the form

01 0 O 100
10 1 1 1 11

ATY) = (T =

(r)0111k0()01o
01 o0 1% 0 01

Such that the upper suffix1 in the adjacent matrix refers to the number of knots exist in the graph.
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3 -Folding [2]:

Let f: G— G’ be a map between any two graphs G and G' (not necessary to be simple) such that if (u, v) €G, (f(u),
f(v))EG'. Then f is called a "topological folding” of G into G’ provided that d(f(u),f(v)) < d(u, v) (or the number of
vertices and edges are decreased).

MAIN RESULTS:

1- Chaotic Knot:
It is a knot carries many physical characters, Fig. (3).
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Fig. (3)

2- Chaatic tree with knots:
It is a tree with knots carries many physical characters, Fig. (4).

Such that itsadjacent A(T/)and incidence I(T})matrices are as follows’

Oos2.on Torzon  Ooszon  Oor..con Loo.on  Oorz.on  Oorz.ceh
A(TK) = Loooon  Oozoon Lorzoon  Torzoen [(TX) = Loooon  Loroon Lot
(Ty) = 0 1 1ozn A(Ty) = 0 1 0
012.0h  +012.ch  “012.wh  Y012..cch 012.0h  +012.0ch  “012..0ch
Ko12...cch
Oos2.n  Torzoon  Oorzcon Loty 0012 Ootzcon  Losz..con

Folding of the chaotic tree with knots:
*Folding of the chaotics:

Here, the folding acts on the chaotic vertices, chaotic edges, and chaotic knots. The change in the chaotic tree with
knots are deduced together with the change in its matrices.

First: Folding of the chaotic vertices:
Case (1): Identity case:

In this case, the folding gives the original chaotic tree with knots without any change.It's adjacent matrix A(T/)and
incidence matrix I(T})will remain as they are, see the following Figure.
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Case (2):
In this case, the folding acts on the chaotics of the vertices v°,vi,v2,v3, we fold only one physical character to another
one and the result is the same system but with decreasing of the number of physical character by one, such

that fo, (1) = v(;_1yn, Wherem=1,2..n,i=0,1,2,3 , j=1,2...c0.

wh g

adre

Fig. (6)

where the chaotic incidence matrix I(T)will not change, but the chaotic adjacent matrix A(TX) will be changed as
follows:

0012...wh 1012...ooh 0012...ooh 0012...ooh 0012...(w71)h 1012...ooh OOlZ...ooh 0012...ooh
A(Thk _ Tot2.on  Ooz.cn 1;);2...ooh Lotz ch fil) To12. oon 0012...(oo—l)h 11k-012...ooh 1012...ooh
OOlZ...ooh 1012...ooh 101021.2.'.';?;11 0012...ooh 0012...ooh lOlZ...coh 101021.2.'."(022—1)h 0012...ooh
OOlZ...ooh 1012...ooh 0012...wh 1350212$rh1 OOlZ...ooh 1012...wh 0012...ooh 1:(L)l1021.2.'.'(2—1)h
OOlh 1012...ooh OOlZ...ooh 0012...ooh
llm_f21) 1012...ooh OOlh 1012...ooh 1012...ooh
0012...ooh 1012...ooh 1%)%112"'“ 0012...ooh
0012...ooh 1012...ooh OOlZ...ooh 1(1)§(F112"'wh

Second: Folding of the chaotic edges:

Here, the folding acts on the chaotics of the edges e°,el,e2, such that f;,, (ejih) = eéj_l)h, where m=1,2...n,i=0,1,2 ,
j=1,2...0,See the following Fig.
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Such that

0012...ooh 1012...ooh OOlZ...ooh 0012...ooh OOlZ...(oo—l)h 1012...(00—1)h OOlZ...(oo—l)h 0012...(00—1)h
A(-I-k)_ 1012...ooh OOlZ...ooh 1012...ooh 1012...ooh fil, 1012...(00—1)h 0012...(w—1)h 1012...(w—1)h 1012...(w-1)h
h/— 0 1 11k012...mh 0 0 1 11ko12...wh 0
012...0h 012...00h 012...00h 012...00h 012...(0-1)h 012...(0-1)h 012...(0-1)h 012...(0-1)h
Korz..ch 1Ko12...coh
0012...ooh 1012...ooh 0012...ooh 1012...ooh OOlZ...(oo—l)h 1012...(00—1)h 0012...(oo—l)h 1012...(oo—l)h
0Olh 1Olh 0Olh 0Olh
lim f31 101h 001h 101h 101h
0 1 llkOIZ,.‘xh 0
01h 01h 01h 01h
1k012...xh
001h 1Olh 001h lOlh
1012...00h OOlZ...ooh 0012...ooh 1012...(00—1)h OOlZ...(oo—l)h OOlZ...(oo—l)h
k 1012...ooh 1012...ooh 1012...ooh f31 lOlZ...(oo—l)h lOlZ...(oo—l)h 1012...(00—1)h
I1(Ty)= =
0012..‘ooh 1012...ooh 0012...ooh OOlZ..(oo—l)h lOlZ...(oo—l)h OOlZ...(oo—l)h
0012..‘ooh OOlZ...ooh 1012...ooh OOlZ...(oo—l)h OOlZ...(oo—l)h lOlZ...(oo—l)h
1Olh 0Olh 0Olh
lim .f31 lolh 101h 01h

o

1
oan lom  Oomn
0oy Oppp 1

01h
Third: Folding of the chaotic knots:

As shown in the next Figure, the folding acts on the chaotics of the knots k° kt, such that f,, (k) = k(;_1),, Where
m=1,2...n,i=0,1, j=1,2....The final step of folding gives a 1- chaotic tree with knots(fuzzy tree with knots).

[l 8 o
o -1‘."'
Fig. (8)
0012...ooh lOlZ...ooh OOlZ...ooh OOlZ...ooh 0012...ooh 1012...ooh 0012...ooh 0012...ooh
k lOlZ...ooh OOlZ...ooh lOlZ...ooh 1012...ooh fa1 1012...ooh 0012...och 1012...ooh 1012...ooh lim.fgq
A(TS) = - % -——
h 0 1 :l_lkm__ﬂd1 O 0 1 1t0m2.(ot)h 0
012...0ch 012...00h 012...00h 012...0ch 012...0h 012...00h 012...(0-1)h 012...00h
LKog2.ch LKo12...(s0-1)h
0012...ooh 1012..‘ooh 0012...ooh 101021.2..ooh OOlZ...ooh 1012...ooh 0012...ooh 1012...(oo—l)h
0012...ooh 1012...ooh OOlZ...ooh 0012...ooh
lOlZ...ooh OOlZ...ooh 1012...ooh 1012...ooh
kozp
0012...ooh lOlZ...ooh lOlh 0012...ooh
Kozh
0012...ooh lOlZ...ooh OOlZ...ooh 1Olh

It's incidence matrix | (T.) will not change.
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*FOLDING OF THE GEOMETRY:

Folding of the geometric tree with knots which requires to fold the corresponding chaotic tree with knots to each other,
and the result is a new chaotic tree with knots.

First: Folding of the geometric vertices:

Case (1): In this case, the folding acts on the geometric vertex v°, which fold it on the vertex vt (which requires folding
of €°) forming a knot k2 such that f5(v®)=v2,fs( e%)=kz.

Fig. (9)

The chaotic adjacent and incident matrices resulting from the folding take the following form

Ko12...0h
lOlZ...ooh 1012...wh 1012...coh 1012...ooh 1012...ooh
kyy LKo12...h kyy
A( f5 (Th )) - 1012...ooh 1012..,ooh 0012...ooh ' I ( f5 (Th )) - 1012...och 0012...och '
LKo1z..con
1012...ooh 0012...ooh 1012...00h 0012...wh 1012...ooh

Case (2):
Let fg: TX—G, such that f¢(v3)=v2.The result of folding is not a chaotic tree with knots, but a chaotic graph with
multiple edge.

Its matrices will be changed.

OOlZ...ooh 1012...ooh 0012...ooh 1012...coh 0012...ooh OOlZ...ooh
Kyy kyy
A( f6 (Th )) - 1012...ooh OOlZ...ooh 1012...ooh ’ I ( fG (Th )) - 1012...ooh 1012...ooh 1012...ooh '
2Kogp o
OOlZ...ooh 2012...ooh 1013_%.2_'5@: 0012...ooh 1012...ooh 1012...ooh

As shown in the next Figure, the folding acts on the chaotics of the knots k°, k%, such that where the upper suffix 2k
refers to the existence of two knots connected to the edge, and 24,, ., refers to the multiple edge.

Second: Folding of the geometric edges:

Case (3): In this case, the folding acts on the edge e°, such that f,: TX¥—T}, f,(e°)=e2 The result of folding is a chaotic
tree with knots, see the following Fig.
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ik

OOlZ...ooh
A( fe (Thk )) = 1012...ooh

1012...ooh

1012...ooh
I ( f7 (Thk )) = 1012...ooh

0012...ooh

Case (4): Here, we fold the edge €2 on the edge e?, which consequently leads to folding of the vertex v3 on the vertex

1012...ooh 1012...ooh
11k012...wp] O " 0012...ooh
012...0) 012...00|
k
0 1Mo2.on A( f7 (Th )) = lOlZ...och
012...00h 012...00h
1012...ooh
1012...ooh
OOlZ...ooh
1012...ooh

v2, where fg: TF—T), f5(e?)=e.

The change in it's matrices will be in the following form

OOlZ...ooh
A(fs (TI’I]( )) = 1012...coh

OOlZ...ooh

Third: Folding of the geometric knots:

Case (5):

1012...ooh

LKo12..cch
1012. ..ooh

OOlZ...ooh

1012...ooh

0012...ooh

1Ko12...cch
1012...ooh

Fig. (12)
1012...och 1012...ooh 1012...ooh 0012...ooh 0012...ooh
kyy
OOlZ...ooh 1012...ooh ’ I ( f8 (Th )) - 1012...ooh 1012...ooh 1012...ooh

2k0124,,wh
1012...ooh 12...0h OOlZ...och 1012...ooh 1012...ooh
”mh woh F}%_ .

Fig. (13)
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o

A(Ty(Ty)) =

O O O O OO o o+ o
P O kb O O O O O+, O
O O O P N O OB+, O Oo
O O O NN ODN O O O o
N O N O O O O O o o
O NN P OO O O O O

O O O O OOk, k- O Bk
OO OO B Ok O O+ o
O O OO NN PP O PP, O Oo

R N O O O O O O

1012...0ch

1(f,(Ta)) =

O O OO r kB O O O O
OO O O Ok Pk O O O O
O OO P kP OO O O o
O O O r kP OO O O O
OO O O b OO O P+, O O
P O kP O O P O O O O
OO O kb O O O+ O O O
O r kP O OO O O O o
O kb O O O O O O o o
P P O O O O O O o o
P P O O O O O O O o
P O O O O O O O O
P O O O O O O O O o

O O O O O O O O - -
O O O O O O O©O b+ +—» O
O O O O O O+ O B+ O
OO O OO O r O+, O O

1012...0ch

I

Such that the lower suffix which exist in the matrices 012...coh means that all the vertices and all the edges carries the
same physical characters.

Case (6): Here, the folding acts on the length of the knots k°, k%, until it reaches the null knot. The result of the folding
is the usual chaotic tree .See Fig. (14).

Fig. (14)

A(TE) = A(fo(TX), 1(TE) = 1(F,(TX)) . but A(lim. f,,(T,))and I(lim. f,,(T)) will be changed
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0012...ooh lOlZ...ooh OOlZ...ooh 0012...ooh
1 0 1 1
- 012...ch 012...0ch 012...00h 012...ch
Adlim. £, (TX)) =| 22 » - |
0012...ooh 1012...ooh 1012...ooh 0012...och
0012...ooh 1012...ooh OOlZ...ooh 1012...ooh
lOlZ...ooh OOlZ...och 0012...ooh
1 1 1
- 012...00h 012...ch 012...0h
L(lim. £, (T)) =| %% » o
0 1 0
012...ch 012...ch 012...ch
_0012.,.ooh OOlZ...och 1012...ooh

Theorem (1): The chaotic tree with knots changed into the usual tree by using some types of folding.
Proof: The proof is clear from the above discussion.

Lemma: The matrices of the chaotic tree with knots changed also into the matrices of the usual tree under the folding
transformation.

Theorem (2): The chaotic tree with knots changes into the chaotic tree by using some geometric transformations.
Proof: The proof comes directly from the above discussion.
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