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Sierpinski gasket L O #HEBMIC 1 XX & &

HE LT REOH K

FHRERXEZFIEZR R & B K (Tetsuya Hattori)

AFBERRITAFHEFIRBAEFBS LITCHEEMN K%

BADEFE oA MALCET L.

0. H #&.

Sierpinski gasket ( X T SG & W) B LU 0 HMEE
O ELtOoLBAEBEOBMRIZE, <D HBLELHIEHRRZDEROD
B3 (trajectory)dt a I& ¢4 5.
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4

T AT ORLENDH L HoHoTLKDZIaBHORFLWWIED
"R EHB TS ¥R BEIIRELE2BFICLEBT SZIE E2E
Foicid, #BHrEBILELEEACEMLSEAT YD YT 5 FY

BoMAxOEI BT IZLENHEICEL, EAFAH BT

L ELTOLEN S D, b, TOBRILELTHESL

At
£ot
*

2B BRI ZTOBROA G PLOES THFOLHBABAE L B 2

DA RS R L

Notation,

- N
BB A AN 58 2 ®» pre-Sierpinski gasket O JH & @

op

% GV EEC. OSC Lo f B BEOBKIZEE Gu o

imple random walk Y'\‘T O HEE BB L THERK XM S,

5, Y\' % G\3 Flzcf@ % & 5 Markov chain T % » T,
R {

F ¥ 1 2B W T Yw(i)=P s P 2w 35 & X, B i+1 Iz

W Tl P D4 2D % D O (pre-S6G6 LIS T P &

Ch = GN DE) ITwWwadzbBENZHhZTH 1/4 L LTEBBEX

ERI M AEASLSOTH B ML, HABEHITWDIEEKOR
MO E A E®ETHE 5 Markov chain T & 5. M #

R eld ¥N=>00o 2B TlzadNXx23 XDd02LEFl2E B ETH 5.



Coarse-graining (decimation) % B B ¢ 3.

n
SG I f # B 5 @8E X xx U T stopping time T (X) %

RTEET S (n=0,1,2,...):

Tn(X) = inf {t20 | X(t) e
0

i=0,1,2,... X UL T,

n n
T (X) = inf {t>T1T (X) |
i+1 i

G},
n

1

n
X(t)e 6 N\ {X(T (X))}
n

1

b, T & 6 OH %2 1 MHEIChity 28 % %2 £ 7.

i n

(P TH— & %2 hitl £ & &

n

( Random walk o B & 1 i M 1

B X B v, )

n n n
6 O R%E2EISKBMHEBZLEZ ¥ (X)=T1(X)— TO(X) L B <.

SO ETH B )

Coarse-graining (decimation) & %, ®

GN (NM>n) F 2 S6 o Lo @1 X(t) oL T

G LilcfE % & 3 walk (BEBERMARE) X° =

n

A ® B LT H 5.

Simple random walk & % {Y
N

decimationF Flc ® ¥ 5 F F H#%

Yo, N=1,2,3,...

"decimation

n % | % &

n
X(T (X))
1

invariance”
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o (ZhPRILCHDIHABOBEAILHBET 2L WS &

T H» BH ). B B, G +F ® simple random walk Y %
N N

coarse-grain L T &/ 6 h 3 G o walk
n

n
Yo (i) = ¥ (T (Y D))
N i N

2 G F ®» simple random walk Y R U EH %2 & 0.
n n

COBERZHRHESOYAHEELSLE Y OEBRIEDLEFEFIBHIZLR D

¥ O K (finietely ranmified)» 6 1 stepE O Y ' @

i

BBIZ G OBOAITRLG N B ZEICTEDL.

n
HEBRZ2N ORCLELRD D - DD &I decimation
x5 EHE B O KE (time scaling) T & 3. H B K
PEDID>ZEeEMPHHLENRT WS
N> o0 s E[Wn(YN)]=5N
22T El-] BH&FEMELEXT.
COHERIZ n=N-1 U TE®R®RIETERL EIE,
decimation invariance T inductivelz £ T ® N>n T it B X

ns, o (+a; MbH, AT —NXhESEEDSH
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N n
5 ,w(YN)O)lb‘{Eﬁ%f%%u

]
S

HRII N 2 1o EHBEMERB (KK) » 5 F2
A5 EEH>TWT, Z20Z¢»Pbo0BEMAE2 53 TAXA VY — 1%

TEBEBEREZ2EBLIZEANHBEINRL OER O XKO

-3
o
o
(4
v
A

BEMF LA T W S,

B ([Kus][G][BP]) :

ah

N
X (t)y =y ([5 t]) , t20,
N N

B <. D& S6GRKMEERDEHRMN™ D IEHEMB R (non-con

stant)Markovi@ 8 X D HEHE L T XN i N-> oo T X I

8 IR K T 3. (i, S6 2 2~—-—27Yy FEFEBIZHEDIEAAT
SG Eopathz XTH (KH) » o FTENODHEEAAELE & O

B K E. )

EHBBREEEZEIZIBRIT BZZ2LOHEE 28R BP]D), BT
SG KL AN o ¥ MK E (finitely ramified fractal)~ @ i 3§
([Kuml]J[Kum2][LDDA 2 A T W2 NWELIFIABRANBEDODIZ N
T 5HREICOD T L.

U EoO (BMTEFO) BB 128 W Tidecimation:z 3 6 ¢ 4 <
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N

)

U

Th

i

A BT IH T2 % vw, TFinitely ramified pre-fracta
2B 17 5 decinmation& < D Z A8 oo xFE L1 [HHW]I2
W T i o ., % Z T regularly ramified fractal & W

A TERILZT > 2N, S6COHBEIZDWTXRIZHBET

< D T & B

Simple random walk YN O —-—HibE& L TR XD R GN =

random walk 2=2Z * 5 2 5.
N,(x,y,2)

Z X G E iz % & 3 Markov chain T, Z(i)=P O & %

i+l B WTWE P ODA4H>OEHEDDOAEODERNPIZEB
D2 EBETEELEL, P 2P RTE=ZAAKEDO3 208 0@
OFME b M@ X60° HrE, fx120° FE, KTFPHEA~OE
M oxiyiz OBET B B3 ET 5. MxrEAkTAmMIE2 A &
DELERDLEFM IS LATOBRINECT T W 3 A5 5

-1
BB EZ M Txty+2z Bt & HHOEFT@EOHA

Mx, E#®# O L FHFm@EOEIT My, EHIiC Mz T H 5. Simple

random walk OB & & x=y=z T d 5.

S5 9% B, ZE BB EXTZTHM (parameter space)ld # 2 X
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[\

{(x,y,z) | x+y+tz=1, x20, y2 0, z2 01}

e X e CciE B HULU x,y,z2 O L 2 oM 0 2k B¢

G

lXTWEBL»FSINT, S62HKADODEBRBRITTE R L.

72, parameter space kE ® 1 #{iZ 1 o (process®d £ ] © &E %k

T ) ® random walk M B L T Ww 5.

(i
~

B, = i pre-S6 2 R T L2ZZALBICEBBE
DELWLWEWI —RBMEXBND, »o EHFHKXEZTETHBEIZA
e BB Th 2B EICO>VWTEEL TWw 3, [Kuml ] & W #
DEMHE2EFLLEBAICD WTprocessOD B K %2 7> T Ww 3,

¥ -, [Ki1][Ki2]x Dirichlet form * H W 3

m
#

T2 2T

DFELHFEEFIAEARZINY, XRIT2E-—HBHEEHLZMLAET

FeLEBEGEE2ED THAXRTWEIZEIZR B, wWFhd (MU

TTRRZIZEEA2LIEL-AEKT) BESEICHIE T %5 rando

m walk 2 X 2 KT, KAHARXOBEELIZIE L 5 process

T & 5.

n=N—-1 & L T decimation % T 5

N- 1
z- = (T (Z2))
1 1
GasketFI . O ¥ & » 6 1 stepB D 7° O EB I G D

Mo gicBRoh ah, ZEBHBREEFE -MIC (x,y,2) TR R LR

5. 17 OBBE®E (x° ,y ,z' ) & SG T
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P
x5

(4
(

dom

1}
o
~
>

C (y

1

C (z

E I » 5

A £ T

n 2 & H

5 U %

» T E 5.

A HEHOD

2 EE

+

+

%

& B &

zx/3)

Xxy/3)

:

’

, 1/C = 1 + (xy+yz+zx)/3 ,

GHETaM»SE. ZoBMBEAEB N ITE LB W,

EEUCEMAEFE2>EWS 2 LT

parameter space F O EFE BT A2 EFEHEL T W

parameter space £ D N EF 2 <N & L&

Gl

£3

g5,

Al 1A

decimation {2 9 3 7 & 1° OMF KR %

parameter space £ O Hh % % T %2 &

decimation Z & D R L CTEF 6 H B 1’

Dl N S I

N o finitely ramified fractal & B

o Lt ® random walk T L H #8121 2

O & S5 K fractal L O # 8 OB BRI 2T

5 i ¢ 5 random walk % B W T w 3,

My 52Dk, £2T0E % &S ran

walk 2 v 2 £ BN H D : xyzz2 0., < D2 AaABOHEHZFEH
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X B ¥ 5 (decimation invariant) random walk % B w 7= 8
&, ‘xyz;t 0 % i 72 3+ B & & (non-degenerate fixed point)#%
ZBiX 2 hiE B 58w, Fixed point O FEEZ O H OIIF T &
HE®BIZCEDFIE R LS non-degenerate fixed point O
g8t w, [L]iE non-degenerate fixed point A

L7309 NVD 7T A B ICIR LS EIRE

FEYT % &5
THEEBEAEZHBRLE LLL, Bicik ~-RBELEL =27

2% N T HH BHP S - FHit non-degenerate fixed peint %
5, 1&ﬁl-iﬁtf£h3:5&f§ll%{’ﬁé:tbff‘%é. DR
B L T [HHW]T ® A L 2 abc-gasket B XR D & 5% d0DTH
5.

S6 TR=ZAEBEOEXELE 2FS L TPHDZAK %L BRL EN
abc-gasket TR 3 B 2 2 Fh at+tl, b+l, c+1 F 42 (a, b,
¢c ERK) §3. TOZAFBOHEAZRBITC2HIIZON
Tk S6 o & 2 LEABI>2>DOHERT I WITHhZAEEL T3
EHORNVOB TR ZETh T hMEIZ2T %M THhZ AEL
T 3. B 1 o0=ZAFOFIc atb+e BO /N AL 28 %2
. T OWIF Zrecursivelc @D B L TH LN 5EE % abe-g
asketd B & ([HHWIT R HE B 2 K& < F 5 Fmic@ml L =,
B AFEOFHRBRILID SAEDLDSLZZ W), % ¥ abc-gasket

BE=ZABZEZAKLITL & 5& 7T 5L - HIZE (N = g



56

(ﬂ) c,go\sheﬁ

(4,2,

3) —gasket
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HRA DB WHN I3 KREZTHEMIZIIEDAD 2. F 72, SG6 I a=b=
c=1 OB BT H 5.
abc-gasket T I (a,b,c) O fE !z &k - T non-degenerate

fixed point O HE NP E b B2 P EKXPLEHEEIIZ &> TR

au

S (A

E B ([HHW]) :

Pre-abc-gasket £ @& random walk 2
N, (x,y,2)

decimation (T &4 5 < N 2 AZB I non-degenerate fixed

point W HEFHE T 52 72D LE+ o FH &

T ® 5.

¢ > T, M x ¥, (4,8,3)-gasket i non-degenerate fixed
point %2 & oA (6,7,3)-gasket W HE 242w, @& DX SIC
BEE O FRFIET £easket T B9 58 B %2 Bk T X 5 g€ f%MN
H B DF LN HEBEN non-degenerate fixed point % FF O

T H B, TR (8,7,3)-gasket Lk O WA A B X HE K

S
o
o

WDTHA2I2?2 2P ESEOHEOBERT H 5.

~
ik
o
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MTo#HRIIEHEN I SG IR ST - RO DZAHEHD

AR E (B BEAROEHFBTRIT SA, 2 TR S6 I

L THR MY 5.

i B
0<w <l 8Ls W > N:I,Z,B, ’ ;2
¢ N
- 1 2 1/2
W = (6= w ) {— 24+ 3w + (44 6w + 6w ) }
N+1 N N N N
TE&ET D DL X
W o>w >w > > 0T h oo T, & N IzHLT
0 1 2
-1
(x ,y ,z )= (1l+2v ) (w ,w ,1)
N N N N N N
EEBE WT G + ® random walk Z =1 *
N N N, (x ,y ,z2 )
N N

EE T 5L, & n< N lzxa LT I & I ®»decimationis

oo T Ww 5.

2D BT L DO & D Zparaneterdt B 5 &, < Hh I AFEBRT

g |
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( x Y , Z )= T (x ,y ,z )
N-1 N-1 N=-1 NN N

R o T Wi EEwSZ iz ez w, 2 O random walk o

L .2 1 e, ZEAWTHEERBR 2R 32 2 & 2% 2 5.

£ o

Z2 n lcx L T scale UL Z2ZS% ¥ oW

N n
B W(Z\;) 2 N> oo TEET 5.

{

ik XA XS, ZToFKEKETHOWR KT ERKEEIEB L 2 HE
TBEOEKROEEL —BMETH B. Fixed point theory o

B &AXA Yy - NVHEFE 5 THhoHo-rEHMH, T 2T 6 122

N
i

W AEBMICEL2 2BEFAETHEDI I LEBRTL T WL S,

ri

OERBAEAEZEOVTWVWLIHEATEBHBIZETT LT 2 WwWhH, HIE

&
S
3
At
e
~
St

%.

EB ., T ok E S6G EARSS>EEM» DI EBEME R (non-
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constant)MarkoviB B X P HEE L T XN i N—=> oo T ¥ Iz

% K 7 5.

(B B, BETRSEESHIZOWT $ tightnessl » E £ L %

mo BN, EOHBRRET S EHB g Mo =)

i

LRSI HERREHRD

gﬁl

i/ A § ZN DHE B THEOD

BB DO N IZDOWw T DrecursionfERX &2 #A N3 2 E N B
20, ZOoOHMGBRARBERETRRERIIHEI»PVHAEER2LELT 20
T, #EgELoxAL®EY T AEFHAT S
@Sy H R EE®RIE abec-gasket 2B W T & &KL T 3.
B L scale® ¥ 6 T (a,b,c)iz i KELTE b B. —fixd abce-
gasket T X SG (a=b=c=1) T XN TRLHEITRNEHABRE IZH

iz h oy, #EBE KM Reduce on 386 % 32bit PC T H W T

SO MBEEZ2»F TER %2 %T T L A

DEI2TVLTHEHERINDIZTHES >SBEREICHFZIR S

(i

FTRLEHEL SBEOHAINFAEALSZ AICO>VWTETFHMAT
B <.

T %X % M o 2 process X % scale n T decimationd % & H
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TH 53 eHMHET D

scale n

I

/%

o

Z

D e E

n— o

b (I

at B

[

i &

T om R <

process

FEKEHF M

B %

i #

® T

'

au
—i_
S
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R
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2B LY

2 S

W

X @

Z
N
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n
¥ (i)= X(T (X)) & B < &

n

1

(n=> o0 )L T HEET 52 & I2&D,

H o> o

-0 2 O T,
n

¥

D EB N

AR

5. 0%

o TR

5

P

sy 2T

{2 abc-gasket O

AL

& 5,

D

-
*

AT

B DN,

W TR E S o -

Bt &K

Cx %o

5

B <L A

=
=

2
N

&

5

(naivelZ ld ) #8282 h 3.

I B HE O ABFEEAND
n

% random walk @ ¥
R ME TBRET L L
X % 5. ZDOEBEB®TH
5. - THICHFOD
A, HRBR® scale n T
5, KREHFm@mZEGF oL
HHE Az Tiety, 7 3.

N Z AE Tk EELE

B E "R ddb s 7
TLHREMICSE O

2 X scaling limit T

EHMETL AL TH®D
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2 X(6 t) - c(t) , n—> oo

TE&H#Z2Nh DS C B (DBDLEET Z2H6) EIRDIZMPTH D

(HHEH%2 6 UATATr—-— 9 2t EKEFEEBH2RERRE LN

Z2Z0W)., HBERBAXNEEDIR n 2 RELSTZEERDAFEOD

BB RSO TERBRTRIXRTLBICEDD 253TH 2NN E

E2»H5dBL CHPFET D26 C(6t)=2C0(t) &% 50T 1

¥ 5C Brownian motion (B(4t)=2B(t)%2 & =294 ) Tl H O 2

Zw, C HPHEELZW (FBRELZ2W) g% 0 BH

kb 2 M BETH 5.

BERICKREENSBOBBEOEHM, BB SCIHHF-> T

5 self-similarity# random walk O BB TCHLhIX bhXHEL T

LA HEENIC]I XRTH 2 8% 8 (BLBEE

g

o HELT

b2 F WK ERBSEROBX (2 H £ h

¥
m
3
N

*‘j % a /%\

M), lkmMmhTE<. 3+ 1%KBEHBOR T

gg
~
i

£ 0 #R

G

TEBRLTWT, 28281508 FHOD

X
=3
s

* WA T OB

nt

EfEUCLoh TwarM—-—OHEFELLTHERHA

oy

i O W EN
5. ZhB3EEBEoO#HRTEIWERBRBLTOHEHEER 3 O Iz,
90 o 88 T K L M (scaling linit) TR EHEEAH O W B

MBEOHER®IZCZ > TWA I I2HBEFHEEAR2RBMLET 5. HF
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Wiy WEBIIDLAFTREELRIN, ZTO0HEEMEBEHZSEOH

wmOMETAITHOBEFEABEEZEREL Z0T H 5.
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