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MeiDSPTX���D�!Y6Li-YorkDMLN

n OTLWQRQUXWolframSPTVLangton)
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n���� H Newton7)	�!�F2*7���!�G
A%39

θ

/>�� t0 : �$ x0,(� v0  ��7��7�� t : �$ x(t), (�vFKG
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E ��=� )	�!�H �$θFtG
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n �����HTRW a +-/H�!)*0./12/,��

xn : n� H6O��H��� →  xn+1= f(xn) C��=O^: ��\mapping]
3 ���H�%��� : x0 → x1 → x2 → x3 → ZZZ b��$c

i)���: xn+1/xn =a\>0, ��]D=O5 ⇒ xn+1= axn L@B xn= anx0

n 0<a<1a xn \n→∞] → _ ��

n 1<a    :  xn \n→∞] → ∞  '&F<��
(���

ii)���: xn+1/xn =a\1-xn]D=O5⇔���;�9B7<D���;�9MP4
`\6O&�	�]C���=0GFO5

⇒ xn+1= axn\1 - xn] ���

Z xn \n→∞]→E8FO:?  ⇒ n→∞C
�=OFMJ4xn =xn+1=x∞
AKN x= ax\1 - x]H# a x=0 K?I (a-1)/a

n 0<a<1 : xn \n→∞] → x=0 ��

n 1<a     a xn \n→∞] → x=(a-1)/a���G
�=OL8G�9?5←�I>8	"
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n xn : n��@��� →  xn+1= axn(1 - xn) =	6BV
���@�&�	 : x0 → x1 → x2 → x3 → RRR
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a=2.9

a=3.2
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2����"a=3

a

x∞ ��!

4��"a=3.449…

�����a= 3.5699456....
8��"a=3.539…

2n��
n→∞����� ���

a= 4 : 
��	
xn+1= 4xn(1- xn)

3�����!!

����� a�
�������
����	 " �� ⇒ ����
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a= 3.5699456....

��� ���

a= 4 : �	�� (random)
xn+1= 4xn(�- xn)

n �! "� a �������#���
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ψ(x)=4x 1-x!, I=$x%0≦x≦1& ���� I∋x → x’=ψ(x) ∈I ,  

i.e.  I=ψ(I) ⇔ I∋x0 ⇒ x0 → x1 → x2 → x3 → ��� ∈I 

φ(x) =  2x        (0≦x≦1/2)  ,  also   I=φ(I)
2(1-x) (1/2≦x≦1)

R(x)=φ-1(x)=F1(x)∪F2(x)   (x∈I)             

F1(x)=x/2 ,   F2(x)=1-x/2      

0           1

1

x

0            1

1

x

0                1

0      1/2

0                1

1/2      1

I=φ-1(I) 
=F1(I)∪F2(I)  ���! 
=F1( F1(I)∪F2(I))∪F2(F1(I)∪F2(I))  
=    ���
=∪w (n→∞! Fw1�Fw2�Fw3�����Fwn(I)

0. w1 w2 w3��������wn����
 "�
�: w.=1(0)or2(1)!

n Li-York��������� I=[0,1]����� Invariant Set!

I=R(I)=R�R(I)=R�R����R(I)=���=R∞(I) #��

⇒ R∞(I)=R(R∞(I))  i.e. R∞(I)�R���������

n ��������
⇔�	�� R(x)
��

φ

0           1

1

x

φ-1



I
R(I)    = F1(I)∪F2(I)  
R(R(I) = F1( F1(I)∪F2(I))∪F2(F1(I)∪F2(I))  
R(R(R(I)
:

R∞(I) = C = R(C) : �
�� ⇒ �Cantor���
=∪w (n→∞* Fw1(Fw2(Fw3(((((Fwn(I)

0. w1 w2 w3((((((((wn(((()1(0),2(2)�#�$3��*

φ(x) =  3x        (0≦x≦1/2)   
3(1-x)   (1/2≦x≦1)

����+ R(x)=φ-1(x)=F1(x)∪F2(x)   (x∈I)             
F1(x)=x/3 ,   F2(x)=1-x/3      

0                1

0   1/3

0                1
2/3   1

0             3/2

1

x

φ-1

��!	� I=[0,1]∋x0 ⇒ x0 → x1 → x2 →  (((→ �∞

�
��+ C=φ(C) "���$�?
⇔ C∋x0 ⇒ x0 → x1 → x2 → x3 → ((( ∈C

C=φ-1(C)

0            1
x

3/2
φ

:              :

0                                   1

0      1/3 2/3       1

)�����*

n �!&%'�� ���!�
��)Invariant Set*



0.000   0.002    0.020   0.022                        0.200   0.202   0.220   0.222

0.00    0.01 0.02                                0.20    0.21 0.22

:                                         :

0.0                    0.1 0.2
F1(I)∪F2(I)

I

�3�-1/32 $

F1(F1(I))∪F2(F1(I))
∪F1(F1(I))∪F2(F1(I))  

�3�-1/32 $ �3�-1/32 $

R∞(I)=C 
Cantor!�

n����	8
4 2n (n→���6-�-!� 9 ����5
�-�+�'6

4 ��&*,"�-!� ⇒ �%=0 ∥
n 0+2-.#/,17����-��-!�9��2�1�-�

I

R(I)

R2(I)

R3(I)

:

Cantor!� : C

0 1

#(

:
�0 ")��-�%-��

=1/3+24(1/3)2+224(1/3)3+ 444 = 1 !
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� K ⇔ ���� R /�"	�-�')�.% i.e. K=R∞(I)

n Koch�� : R
�0213,���
� ��,!&4�� $�4 ��

5(,��*���+��

∞        0          ∞ !!         0              0K

Koch�� : �,#� =  ��" ,      !& = ∞ !!
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�φ⇔'*�
�G%�
� R=φ-1H
⇒��,� =&� ��J K=R∞ 7��

n �$ I=[0,1] x/2∪1-x/2         (#�+J 1G�+H
2n (n→�+�H

n Cantor,� x/3∪1-x/3        (#�+ 0

n Koch�$ (#�+ ∞G�+�H

I��	7�G�7,�H %�
� R �7� )3

I���1? ��48? )348?

 ���: d
@?FD½6%�⇒ ��7��
$�G1��HJ 21�
�-G2��HJ 22�

"�G3��HJ 23�

@?FD1/a6%�⇒ ��7�� b
b=ad → d = log b / log a 

����GHausdorff��H: h
�+7�23G��H;�0:��

$�G1��HJ (dx)1    )3

�-G2��HJ (dx)2    -!
"�G3��HJ (dx)3    �!

!�∫E(dx)h = �+�G��H ;�0: h
D = h (* ��48+95/)

“BC>AD��.
e.g. Cantor,� 2=3d →  d = log2/log3 = 0.6309…< 1

Koch�$ 2=G√3Hd →  d = log4/log3 = 1.26…    > 1
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� 	 �� : d

(1/√3)d+(2/3)d=1 
�→ 1<d<2
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f(z)=az+bz*        , where z=x+iy
g(z)=c(z-1)+d(z*-1)+1

zn+1= f(zn)∪g(zn)

K=f(K)∪g(K) : ����
self-affine��#�
��$ a=0, b=1/2+i√3/6, c=0, d=1/2-i√3/6

a=0, b=1/2+i0.28867, c=0, d=0.6667

a=0.4614+i0.4614, b=0, c=0, d=0.622-i0.196 a=0.4614+i0.4614, b=0, c=0.622-i0.196,d=0

������#! "��$��������� K &⇒%�������	�
#Koch����� : 1<��<2 $

Koch��



Manderbrot�	
�� ���� Zn+1=Zn2+C , Z0=06���7 9 Z=x+iy
Manderbrot�	8 Z0 → Z1 → Z2 → Z3 → 555

*��+-(0)- ��� C .�	

n"(!�.8 ��

n & .�8 ��

n ��#��$8 324��
6����
�7

n Manderbrot�	/
���	,'1%

n ��#��$.
Hausdorff�� h=2 !!
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IsingQHTY!"	Z
n DNW�� \ σ= +1Y Z, -1Y Z

nMPTIJ>W[?KTAX \ E = &Σ'σiσj   ,   J > 0 ����
<ij>  
�#�����
Y%9DNW73/����1;)Z

n �� T 6, *;$�-��1;�� \ ∝ exp(-E/kT)   Y@LJ@T��Z

+1   +1     -1     +1    -1     -1     +1

+1    -1     +1     -1    -1     +1    +1

-1    +1    +1     -1    +1     -1     -1

+1    -1      -1    +1    -1     +1     -1

-1    +1    +1     -1    +1     -1    +1
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\ M=∑]σ^/N   ���

]σ^=Σσexp(-E/kT) 

Σexp(-E/kT) 
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n ����
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n *0/V*
�

n *&'�XSelf Organization)
n (�) XGroup Intelligence)

��PGS

n BS<WHNHUXCellular AutomatonY 5�%
V 1��CA : XWolframY
V 2��CA :  Life Game XConwayY

n �3%8���"�% 6��%
X6�.%8�2!�1Y

��8�1�Z

n LSC:V@QMEUA=W��

n J>FR9?TIW,  7(
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1����������� (Cellular Automaton)
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����$(*+-,%����

�.��/��/ ���.2/3/ ���.2/3/ ���.2/5/���.2/7/���.3/3/

+-,1                        0.09              0.26             0.19            0.13             0.09

+-,2                        0.75              0.37             0.19            0.14             0.34

+-,3                        0.16              0.37             0.50            0.64             0.48

+-,4                        0.00              0.00             0.12            0.09             0.09

n +-,1%��%����&�0.1��"�
#��

n +-,0%��%���� ��'	!��

n ��%+-,&����$&�)#��
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l o'�p jLk� K →   K
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l k��� K →   K
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n%	DQ]Yge h���?F�@�I�P�'R�>Q9i

f UaSZg j f ��* fff

3-H]YgeJ".

n !�XcR54HB�CE<B]Yge
f UaSZg$ j ��#IUaSZgR!�DQ9

8 [`gbeU�� h:0 ;F�(H�KDME��FAQ�(/&�i

RV_`dg\FAQ�(�R�>Q !! hUaSZgR
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,3745*�8Turing Machine9
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.70%;2+$
� ("��< A

�
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.70%;2+$

� ("��< A

1-/%��< D

Q�A → Q�A�D

Q==q0,q1,q2,…>, A==0,1,b>, D==+,:,�>
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f : Q�A → Q�A�D ,
where   Q=(q0,q1,q2,…), A=(0,1,b), D=(+,%,�)

qh: ����  �,�,�

��" !���!#TM$�
�&���

'�	#mapping$ f ����

�$ +1 ������TM
f(q0,0)=(q0,0,+)

f(q0,1)=(q0,1,+)
f(q0,b)=(q1,b,%)

f(q1,1)=(q1,1,%)
f(q1,0)=(q2,1,+)
f(q2,1)=(q2,0,+)

f(q2,b)=(qh,b,�)

e.g.  101+1=110

1 0 1 b b

1 0 1 b b

1 0 1 b b

1 0 1 b b

1 0 1 b b

1 1 0 b b

1 0 1 b b

1 1 1 b b

1 1 0 b b

Input: q0

output

q0

q0

q0

q1

q1

q2

q2

qh
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�5Optimal Velocity Model 4688759 �%"��
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particle

optimal velocity for

9 n=1, 2, 3, 333
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Cluster Formation in Dissipative System

a>a* a=a* a<a*⊿x
v
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x
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