JAIST Repository

https://dspace.jaist.ac.jp/

Title

iUy UUg o

good
Author(s) oo, O
Citation
Issue Date 2001-03
Type Thesis or Dissertation

Text version

aut hor

URL http://hdl . handle.net/ 101009/ 719
Rights
Description Supervisor: gg 0O, oooooono, 00

AIST

JAPAN
ADVANCED

INSTITUTE OF

SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



O o o 0

Joooooooogoogood
Jooogoogood

oooo OO O oOooo

gboobooggooobod
goobodog bbooogoboobod

950032 OO O

goooboo o0 g oodg goobo
oo o HEN
g ob odd

20010 30

Copyright © 2001 by Hitoshi Kobayashi



1 00
L1 OO0O0 . e
1.2 000000 .o
1.3 000000 .o
1.4 O0O0O0 ..o
5 T I I

2 000
21 0000000000 .00 e
22 0000D0OOO0OO0O oo e e
23 O0OODOOO .o e
24 00000000000 .00 e e
25 OOODO ..o e
26 O0O0ODOOO .o s e e

3 gooboobouogad
3.1 OO0 HegHIODOOOODODO 000
3.1.1 000000000000 o000 oo
3.12 000000000000 .00 00000
3.2 OO0O0OSgSIODODOOOOO ... e e
321 0O00DOOOOODODOO .00
322 0O000DOO0O0O0ODODOO .00 oo
3.3 U00OD0OUOO0O0ODDOO0 oo
S 70 70 I I I I



4 00U
4.1
4.2
4.3
4.4
4.5

46
UOODOO0 .o e e e 46
OOODOO o e 46
I I PR 47
I 0 PR 49
I I PR 49

51

il



O

2.1
2.2
2.3
24
2.5
2.6

3.1
3.2
3.3
3.4
3.5
3.6

3.7

3.8

3.9

3.10

3.11

3.12
3.13

I PR
I I PR
I A A I R
I 0 PR
OOODOOO . e e e e
goboooboubooodoooodooo r,duboogoodood
OO0 e

T\, M) 0000000000000000000000 .. ......
Ty, M) 0 T, 00000000000000000 +..........
Ty, M) 0 T, 0000000000000000000000. .. ..
Ty, Mygp) 000000000000000000000000O0

(Tsy, Mygp) 0000000000000000000000000 ... .
0000000500000 Ty, Mg, 0000000000000000
000000010 .« oot e e
0000000500000 Ty, Mg, 0000000000000000
000000050 .« oot
0000000500000 Ty, Mg, 0000000000000000
0000000100 .« o o oo o
0000000500000 Ty, Mg, 0000000000000000
0000000200 .« o o oo o e
0000000500000 Ty, Mg, 0000000000000000
0000000300 .« o oo o
000000000000000000000000 .+« .+« ... ...
0?2?200000000000000 3500037000 .« o oo oo oot .
0 ?2?00000000000000000000000 35000 37000

(
(
(
(

il

22

22

22

23

24

26

27
28



3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24

3.25

3.26
3.27
3.28
3.29

4.1
4.2
4.3
4.4
4.5

I I PR
gbobobooooobooogoobodd sooodozool oo oo
gbobobooogobbooogboobodg gsood droodd «oo oo
gbobobooooobooogoobodd oooodozool oo oo
I I PR
gobobboogoobbobooobbobooooobobod 3eo00d

I I PR
gbobobooogobboogbobnasood4o00d oo oo oo
gboboboooobobboogbbobbooooobboagn 4000

I I PR
gobogbooguododg obgbon 3soob4oo0ouopoobbood
OO0 e e
gobogbooguododg obgbon 3soob4oo0ouobogbbood
OO0 e e
gboboboooooboboogboob ooboboa9god @
I PR
gboboboogooboboogoobodag 3sood4oood ©ooo oo
gbobobooogobobboogbobob ooboboasseod oo

I PR
g240000000000000000000 +. ... 0000,
I PR
5 I I R
I I I PR

v



[]

3.1

O

goooog



[ 10

L] [

1.1 O0O00Ono

gbgobogobobgobooobuoooboobboboboboobbobon
guogdgogoobobbbobbbbobobbbobbdbdooooooooooon
gubodggbboobbogobougboguoooobboogbooobbooooan
gbobouogbbooguogobobougboogbooobooobboooooooan
gobouogobobobobogbobooobooobouooboooboooboognoa
gbggbodgobodbuoobbougboobooobooobooobooboon
gboobooggoboooan

gbgobobggbobooboboogboobboobobooboooboaon
gboggbooobodoobuogboboobuooboooboobobobboonoo
gboboboogooboooobboboooooobod

1.2 000000

gbogobogoogbdgbogboooboobboobooobooboboon
gboogobbobogboobooobooouoobbooobboooboboonoboog
gboggbogobodobogbuooguobbobbooboogbooooboon
gboggbogobobobbogbobuoobbobboboobobooboooboon
gooobog

gbgobogobodgbuogbooogboboboboobboboobbooboon
gboggboogobobgbbogbobuogbbbuoobbooobooboooboon



gbogbogobodgogbbobougbboogboooooobbobboonobog
gbgobboodgbbogoboobbogboooboboobbooboooboon
gbggbbobobogobobooboboooboooboobobobooboon
gbggbogobodgogbuogbobuogbbobbooobooooboooboon
gbobobooogbobooooobbboooogn

0000 [jooco0o00000ooooooooooooooo

gbogobogbuogobobbogbooboooobobobooboan
gbogobogooobooobobboobbobboogboobooan
goboboogbobooooobobod

gboggbboboogboobobooobooobogooboooboooboon
gboboboogoboboooobboboooooobod

gobgobobgbobogoboobuoobbogboobboobooobooan
gboggbogobodgoboobubuoobbobboooboogboobobboon
goooo

. goboggooboogoboboogbobooobooooobbouoogooo
goobogooobod

2. 00000bbdooobougooboogbbbooobbbooobboa
gooboogogon

gbgobogobodggbobobbuogbbooobobooboobbooboaon
gboougobouogobobouogbooboobboobboobboobbooboog
gboobooogbooooooboon

gbgobgbgbobogoboobuogbbooobooboboobbooboaon
gboggbobogbbobbuoobobuoobbobboooboogboobboboan
gboboboogoobobouoooboboobbooooobobbod

00000 2000000000000 00000C0OOOOO0OO0DO0O0ooooODoO
gbobouodgogbboobbouooobobboogbboouoobuooboboonobog
gboggboboogboobboobuooboboooboobobooobooboon
gbggbbobooobboobooobooobooobobooboooboon
gboouogoobouogobgbbogoboobooboooonobboobooobog
gboggbogobuogobbuoobobuogbbouobbooobooboooboon
guobodggbodgbboobboobuooobbooobboouooooboooboa



gboggbogobodobobbuoobobboobdoobooobooobooon
gogdbogbobobbbobbobboboboboooooooouooooooon
gboobooogbooooooon

00000 0000000000000 00C00C00OO0000oooooooooo
gbggbogobodobogbugbouogboboobobooboooboon
gbouogoobuogbbooobbuogoogbouobobbooboboobaonog
gboggboboogbogbbobbuobobbuoobboooboobbooboon
gboboboogobbuooooobbbuooooboooon

0000000 S;0000/eJ(0000)00000 S;000000000O0OO
0000000 Obs(S;) DOOOOOO0ODOOO0ODOODODOOOOOOOOOOOOOOO
obooboobobo moobooboobobobobobobooboooo

S = R(SZ,Obs(SZ),Int),z eJ

0D00D0O000ROOOOO0O0O0O0O0O0O000000000O0000000000000
0 S0000000000S000000000000000000000 S},i1€
000000 S2=R(S.,0bs', Int"y 0000000008 ,i,e , 000000000
0000 Oks?000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000 »n00000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000

goobooggboooan

1.3 O0O0Ooogn

goboodgoboogobogobogoobobbbooooogooobobbod
gbgbogboogbogbobogoboooboobooboooboooboan
gbggooboobbobbuogbobuobobbuogbboodbooboooboon
gobobouoggbboooooboboooaoo



gbooboodgobogbbogboobbobbooboobboogbooboon
gbogbggboobbobboobobuoobbobobooboogboobbooon
gobodogboogbooobogbbobuoobooooboooboooboon
gobbooobboogbbboogobboooobboooobobooooobobooa

gboobgboobboobooobuoooboobboboboooboboban
gbobbbodoggoboogoobbbuoooobbuoooboboooooobog

goboogoobouobboobbogbbuogobooobobobobboobbog
0000000000000 000000000000O00ooO0o0OoOO Buoboooo
goboboooggoo

l.gogoboboooooboboogbbobbooooboobod

2. 00000000000000O0O0OO000OO0O00OCOODO0OO [7J000ObO
gooobodg

. 0bougbobodogbobobodgboogbbouoooobbooooobobooa
goboooogd

4. 0000000b0bOO00oooboobobouoan

gbogobodgoobodgobooobboobuoobboogboobbooboan
goboboogooboooobbobboooooobod
gbgbogbogbogbbogbbogbboboobboobuoobbooban
gbggbogbobodboobougboobooobouogboooobooboon
0000000000000 00000O0000000ooUooo jooooooooo
gooboogoggno
gbgobogoobuodgoboobuoobobuoobboogboobbooboon
gbooubodggggoogoobboboobboobboobboobobboooa
gboggbuogobodbuoobougboobobobboobooobooboon
gobobougggbobooooobbooooooboboooooboboboooon
gboggbogobodboobougbooboooboobuoobobooboon
gboggbogobodgoboobobobuogbbouobbooobooboooboon
gobobobobogoooboboogbboboooaod
godgbogbogobodgbboobuogbbuoobobboobbobboooan
gboggbogobodgobbuogbobuogbbobbooboogbooooboon
goboboogobbuoogoboboogoboogon



gbogoogbogbobooboooobobooobooobuooboooboon
gobobbouogobobooooobbooooobobobooooobobboooon
gbggbboboboguooboouoboooboooboobobobooboon
gboggbuobbogbboobobobuooboboooboobbooobbooboon
0000000000000 000000000000000 4]0

gbgobodgbobobboogbogbuoooboobuoonoboobuooboobn
gobobbougggbobooooobboooooboboboooooboboboooon
goodogbobobbobobbobobbbobobobobooogoouoouogaaa
gbdgogboogbogoboobbobbooobobooboboooboon
gbobbooodgoboogoboboogobboooobobobooooooon

1.4 0O0OO0O

e D00OOOOOOOO [6
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000

e 000OOOOOOO [7]
00000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000 (Bigen's Paradox)00 00000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000



gbbuogoobbooobobuoooboooobbuoooobbuooooboo
gbobbooobbogobobbooobbooobbooobbuooooboa
gobobbooboggbbbooobobboooobbouoooboooooobooa
gbbogoboboogobobuoooobbooobbooobbuoooobooa
gbobobogobobbooooobobooobbbuoooonobobboooooon
gboogoboboogbobooobbbogbbuoooobbooooboog
gooboggbobboooan

00000 (8,9
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000

00000 [1o]
000000000000000000000000000000000000A
00000000000000000000000000000000000000
0000000000002000000000000000000000000
0000000000000000000000000000000000000
000000000000

1.5 O0O0oogood

gbggboggbboobbobboobboooobboobuoobboboon
gbggbogobodgobobbuooboobobobboooboobbooboon
gobobbouogobobbooooobobooooboboooon

gbgobobogbbooboooboobbobooboooboobobboon
goodogbobobbbobobbobbobobobobobooogoouoouogaaaa
goo



0000000000000 0O00oOoo0o0oO [rooooboooooooooooo
gboggbooobobobbuogbobuogobbuogbboogbooboooboon
gobgbobobogobbbooobobboooobobobooobobobooobobobod

00000000000000000000000000 [g,90000oooooo
gbobougboobbodoobbobbuoobboooboooooboobboobn
gboggboboogbogbbobobuogbobobobboooboobbooboon
gbggbboobogobogoboobobuoooboboobobobbooboan
gbbogooboogbobobbbodobooobobooobboooooboa
godobogoogboogbboogubooboboboooboooobboooan
gbobouogobuogbobouoooougbboogoobboobbobboonoboa
gboobooggbbouoooobobouooan

O000000000OADOQODODOOOOCOOOOOD 0jD0D0DOoOooooooOooOOO
gbouogoobuogbbouguoogbbogbooobobbooobboooboog
gbougobuogogoooboougbobobougboobogobooobgoog
guogdgbobobobbbobbbobbbobbbobbbbooooooooooon
gogobogobuodoooboogbooobbboboobboobboooobo
gboggbgbbogbobbuoobobuoobobobbooboooboooboon
goboboogoboboooon

gbdoggbogobbbogbbuogbbooboobooobooboboobg
goboboobobobobobbbbobbooboboboboboboboooooouoouogaaaa
gboboboogoboboooobbobobbooooobobboooobbouooon

gboboudgbbugggoooobobboobobobboogboogboooboan
gogdgobobobobobbbobbboboboboboboboooooouoouogaaaa
goo



] 2[]

HRERE

oo ooooouoonoooooooooooooooooad
0oodoooooooooooooooooooooooooooooooooon
oo oooooooooooooooooooooooon
ddodoooodoooooooooooooobboodooooooooooon
dddooooooooooooooooooooboooooooooooonooon
doooobooooboooooon

ddodoobooooooo,ooobooooooobooobooooooooog 2.1
O00000o00gwhtdoooooooooooooog it0o0ood 200 1600
OoobooooioT; oooobodboooooboooooooboooobooooogo
00! 0000000000000000000000000000000000000
doddoooooooooboooooo bt oooooooooooa
ddddddodooodooooooooooo pitboodooooooooooa
O0O0b00ooogobilebitO 20000000000400 1600000000 Mgy
Qo000 ooooooooooo 230000000
gooooao

00007, 0000000000000 0000000000A, e’ OD000noo
Jdddddddoodoooooooooooooooooo pitbooooooooa
oooag (of,eM) - (o7, ¢y 0000000

lDoo0220000000000000



21 0O0O0Oooooogdn

obooooooobooobooboob 220000000 MOOOOoO T"oood
00?200000000000000000000000 7000000000000
ooobooooboboo rooobboobobobboboboboboboobOoobog
oboooboobobooboobooboboooboobooboobobobobooboo oo
000000000000000000TO000 MOOOOO3O00OOOO0O0O
gobobboggboboog230bodgn

obooboobooo Mooooo rooobooooboboboobooboboobooo
ooobooooobobooboooobL0 Mmbooooboboobobooooooboooo
7To0000oo0o00dfoooooooodooodoDliooooooooOooDooooo
0000 240000000 T"oOOOO0OOOODOOOOODODO TMOooODOOO MOO
0000000000000000400000000000000000000000
goo

T+M-—-T0M+TOM

D000000000000000220000000000000
‘0000000000000 0000000000000D000000000O0000000000A0

gboog2s50000000
0000000000000 000 23000000000



( . )
nmachi ne
head/tail pattern 4bit
internal state 0/1
transition table
(internal state, tape synbol)
head tail — (new state, rewiting synmbol)
t ape
circular binary tape 7bi t
- J

U 2100000000000

gobobbobogoooogobboobobbobbbobobligoooonoonon
OoOoobooooooog it 2000000

10



nodel of reaction
s ™

md:'-;n new Tape new machi ne
— + LR

a machine read a tape
N J

U 22 00000000000000

gbogobogbuogboboudgbooobuoobooboooboogan
gboouodgbbougbooggboboobobbooobboobooboon
gboboboogbbobooooboboobboooooon

|
| 5
Machi ne[ df f b] 00
J 01
Head 10

source

U023 000dbobbugoobobogbobbbogoobobod
ooooooTMODOOooDooooTMoboooboooooboo

22 J0O0O0oooboogdn

goodooouoouoguooboooogoooobobbbbboobooooobbo
gobobobobobbbbobobobibogdgououguouoooooooooon
gbobodggboggbogobogbbobboboobooboooboooboon
gobogbobgbbogboobboobooobobbodbooobooboon

goo

11



Machi ne
state

[011{fi111] 0
[0110%111] 1
[ 01 101:1:1] 1
[ 0110111] = Tape[37]

U024 000000000000

0210000 dftb, D00 3f000000O0O0O0O0O0OOOOOODOOOO
goodogbobobbbobbbbbtboboduoooooooonoobn
goobooogooo

23 0OO00OOoO0

0000000000000 000 7MoOooooooo00 M O000000 7hit
OoooodolebtDO00DOO0DbO0ODbOObOO0OO0ObOO0ObDObDbOOobDbOobDOoOoDO
00000000 7000000000 000000000D01,3,5,7000 4bit0 10
Oooobooobbooboboobobooboobboo246,10004bitd0O0ogonOg
oooboobooobobooboobbobooboooobobowtbbbob 24.6,1000
goboboogogss7r2uddubuouogobobuoooanoood

gobouodgobgoboboob200bboguoobboobboboboobbooog
goboboogoboboooon

guotddodooduodoodoodoooouoobooboooobooooon
250000

24 O00OOOOOOOOO

goobobbboobooobobboobboobuoooobooobbooobon
ooboooooobooboboboboob pZobhoboboooboooobobooo
Ol,obhooooooobobobbobooooooobooobooboo yoood
gbobobougobbbooobobbbouoooobobooobbbooooooon

gbogobogobodgbobooboboobbobbooobooobobbodon

12



.....

Machine[ 5 e e b ]

g 25 000000

0230000 dtb, OO0 300000000 0ODO0OOO 37O0oOooOO
gboggbbogobobboobuobbuooboooboooboobog
OoooOrmitboodooddlehitdooboooooooboooooon
gooooogd

00 MOOOO 7TO000000000000000000O000%000 MOOOO
ToogoboboooobboobobbooobDbooo0bobobobDobobDOoboOoOn
000000000 7T"oooooo M'O000000000O0O0 OO0O0O0O0ooDoooo
OT7T0D000 MODOODOOOOOoOoOOooOoOOoo

25 0000

gbgobogobodgbuogboogbbobbuoobboogboouoboobn
goobooogbod

00000000 0000000000000 ooooooooooooD (oo
000)0000000000000O00000ooOoOOo00D0oooOooooooooO
gobbbougggbobooooobbbooooooboboooooboboboooon
gboobooggoboooan

guobdobooobdoobooogodooooaooood r,00000ooogod
gbggbooobodobogbdobuoobbobbobooodbooboooboon
gboggboboboogbogbboobuooboboooboobbooobooboon
guogdbogoooobobboboboboboboooouooooooooon

‘0000250000000

13



gdooodoooooood
f(&) = ma - e~ 012

gobbobooooogbobbobbobogddtdmaer =50, =6,0=170000
googbodabdododo r=0010000000000000000040 r, 0O
goboboogooboogd 260000

gbogogbbgbobogoboobuoobboobooogboobbooboon
gbbuoggbugbbogbboogbbbooobo2bb0gbbboooboan
goboboboogooboood

100 T T

80 E

60 E

reaction probability[%)]

20 | .

0 1 1 1 1 1
0 2 4 6 8 10 12

number of machine

026 000000000000000O000000 r,db000000000000

gobooodabooood r,dbdbooogogodaon

26 U0O0OOOO

gbgobogobobgobooobuooboobooobogobooboboban
gobbboogobobboogoobobooooobuooooobobon

14



1 304

Joooboboboon

guobgbobdbgboboboboboogoubooooooboboobooboon
gobobooogobooogooo

gogobbdobbooobooobobbooboboob 200004000000
goboboogdgboboooob4bbboooono siggoobooooaon

g 31: 0000400

0000

000|000

000000 |000 | Hg HI
0ooo | Sg Sl

gobogggbbooooboooggsobbggoboooggobog oocobbog
000 1000000000000O0 (01)0oooooooooooooooooo

goo

goboogbobuogobogoooboobogbobboobooboooboad

gbobobooggboboooobobbboooobouoon

15




3.1 000 HgHIOOOOOOO

3.1.1 OO0O0OOoooogobgg

000 HeOOOooobOooooobooboboobooooooobboooobooobd
gboggbogobodobobbuogboogboobbouboobbooboon
gooogooosuooubgoboggbsobubuonougbouoobodg o0.50
gbogbggboobbobbuoobobuobobbuoobboodbooboooboon
goboboogobobooooobood

e NUUUUODOOOUOOO

gbogoboboogbobobbooobobboooobouooobbboobobog
gboboboogbbobboogoobobooobobbuoooobobbboooooon
gbbuogooboogooboooobboooobobooobobboonobog
gbbuogooboogooboooobboogbbbooobboooobooa
gbooogoboboogbobogobbbogbboboooboooooboog
goboboogboboooobbobboooooobod

0000000000000 000000000000000000000000
0000000000000 000000000000000000000000
0000000000000 000000000000000000000000
0000000000000 (T, Moas)D (Tsy, Meaar)O (Tsp, M) 00000 O
0000000000000 000000000000000000000000
000000000000000000000000000

00000 (Th, Mio2) , (Th, Ma) 0000000000000 OO0OOOOOO
00000000000 00000000000000(TY, M) OOOOOOO
goboboogbobooooobb 3.100a4do

e JOOOU

(T1, Miogs) , (Th, Maoos) 000 000000D0000000C0DO 730000000
Ts O Migpe O Magee 00000 T30 Msge 000000000000 O000O
My 0 710 T 000000000000000 750 7200000 Mg O
My 0000000000000 0O00O000O00000000 3200007

16



LT=0.050000, LM=0.050000, LIFETIME=50, MUTATION=0%,
ACTR=0.500000, SEED=6722, FILENAME=tppop.dat

1000

800 | fWM -

600

population
of tapes

400

200 He-

2000 4000 6000 8000 10000
generation
T1 —rr T7 Td - T15 —— Tid T2f - TOO —
T3 - TF e T17 - T37 - T7f -
T5 - T13 - Tib - T3f -

O 3.1: (Th, M) OO0 O0OO0O0ODOOODOOODOOOOOOODOO

gbobouogbbuogboodgbuobbobbouogboobbooboboosot200000d
gbobouogbobougbboodgbboobuoobobboobouobooobbboobn
0000000000000 0000000000000000(Ty, M) OOO0OO
gobobooggbooood

0 M 000000000 7, 00000 Miee 0000000000000 Ty
00000 My O My 0000000000000000000000000
00000000000000000 750 (T4, Migye) O (T, Mages) 000000
000000000000000000000000000000000000 3.3
oooo

gbobbooobbooobobuooobbbooobbbooobbboobobog
gbobboooboogobobuoooobboobbuoooboooooboog
gobboogggbboooooooon

17



0 3.2: (Th, M) 0 75 000000000000 0O00O00O0OO

Ty, Ts, Migos, Mages 00 0000000000000000000000000 M,00
0 Mp 00O0DO0O0O0O00O0O0O0O000000000T,->T0 740000007
0000000000000000000000T4+M4—Ts+M; 00000000
0000007, 0000000 MeeD 7:0000000000000000000
0 Msgs 0000

LT=0.050000, LM=0.050000, LIFETIME=50, MUTATION=0%,
ACTR=0.500000, SEED=6726, FILENAME=tppop.dat

1000 T T T T
800 E
600 E
S8
[ !
EE
] "
o 400 § g
200 —/,' .
0 @\ Il 1 :\/\\ 1
0 2000 4000 6000 8000 10000
generation
T — 17 Td -~~~ T15 —— Tid T2f -~ TO0 ——
T3 - Tf T17 - T37 - T7f -
T5 - T13 - Tib - T3f -

O 3.3: (Th, M) 0 T, 0000000000000 O0DOOOODOODOO

7 0000000000 0O000T:0000000000000000 (Ty, Migez) O
goobooago

18



e HUUUUOODLOUOOODLODOOOOO

(Ty, Myooz) , (Ty, Maos) 00 0000000000000000000000000
000000000000000000000000000000000 (Tsy, M)
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000 (Ty, Mygp) 000000000000 00000000000000
00000000000000000 34001000000000 1200000000
0000000000000000000000000000000000 350
00000000000 5000 (T, Myp) 00000000000000000
0000000000000000000000000000000000 (0 3.6
- 3.10)0

00000000000000000000000000000000000000
(Tsr, Myg;) 00 00000000000000000000000O0O0O0000O0O
0000000000000000000000000000000000000
000000000000000000000000000000

000 (The, Mowgs) 00 000000000000 O0OCOOODOOOOCOOOOOO
gbbuogoobboooobuooobbbuoobbobooobboooobooa
(T, Myop2) OOO0ODOOO0O0OOOOOOO0OOOOOOOOOOOOOODODOO
gboboboogbobboooobobbouooan

000000000000000000000000000000000000 (T3¢, Mg )
gobobouogbobooogooo

19



LT=0.050000, LM=0.050000, LIFETIME=50, MUTATION=0%,
ACTR=0.500000, SEED=6726, FILENAME=t3f.dat

500 : . ; .
450 .
400 .
350 |- .
300 - .

250 f

population
of tapes

200
150

[
100 ;waﬁ

b
i

50

0 2000 4000 6000 8000 10000
generation
T15 —— Tld T2f -

- T37 -
Tib oo T3f -

0 34: (T3, Myp,) OOO0O0DOD0OO0OO00O0OO0O0OOOO0ODOOODODOOOO

gobobboogoobobobooobboboooooboboooobn

20



103 21
T37->T2b T2b->T37
26
T3f->T3f

12 33
Tib->T3f T37->T3f

22
T2b->T3f

' '
' '
' . -> N
S A '
48
->

T37->T37

splitdata/pointl.mc

0 3.5: (T3, Mygp) 0000000000000 O0O0OOOOOOOOOO

1000012000 000 000000000000000000000000000000
00000000000000000 My000 MpgOOOOOODOOOOOOOOOO
000000T,->Ts0 T4wWOOOOOOT,0000000000000000 2000
0000000000000000000000000000007T4+ My — Tg+ Mg
000000000000(Ty, My 0000000000000000000000
00000000000 (Tsr, Msewy) 000000 Msee O Tyr, Ty 000000000
000000000000000000000000000000 (T, Mgs) 0000
000000000000

21



@)

M7aaf
plitdata/machinesnap_turnl

036 000000050000 T3, Mygp0OODODOOOOOO0OODOOOOOO OO
gooo 1d

O000Ms 0000000000000000000

splitdata/machinesnap_turn5

037 000000050000 T3, Mygp0OODODOOOOOOODOOOOOO OO
gooo sy

My, Mseey D0 0000000000000 000000000000000

splitdata/machinesnap_turn10

038 000000050000 T3, Mygp0OODODOOOOOO0OODOOOOOO OO
gooo 1o0

22



splitdata/machinesnap_turn20

039 000000050000 T3, Mygp0OODODOOOOOO0OODOOOOOO OO
gooo 200

23



splitdata/lmachinesnap_turn30

0 310: 0000000500000 75y, Mygp 0O O00OOOO0000O0O00OO0O0000
gooo 300

0000000000000000000000000 (T3, Mgp,) OO0ODO0OO0OOO
gobobbouogobboogoobobboooobbouoooboboobood

24



e UUOODLODODOU

0000000 (Ty, Mie2) , (Th, Mayos) OO0DOOOOO0OOOOOOOOOOOOO
gbgboogbogbooboboobogbuobooboboboobogobdgod
gbobbooobboooboboooobboooobobooobbbooboboa
gboboogboboboogbobogobbboobbuoooobbuooooboa
gbobboooboogooboooobbogbbouooobooooooboog
00000000000000000 (Ty,Mygp) OOO0D0O0O00OO0O0O0OOOO
gbgobgbogboboobogooooboboobuoobooboobon
gboboboogoobbooooobbbooooboobobbooooobooog
gbbuogoobboooobuoobobbboobbbooobbuooooboboa
gobbouogbbbbouooooboboooooo
gobobbooggobobooogobbobooooobobbooog 311004
godgassooddroobgbgbogbobogbboogonolobobboogbogbod
gobobobooogd s1200b000bobd s1200000obooogod
gooboogn 31300040

000 HgOODODOODOOOODOOoODOOoObOoobooobooooooboooo
gobooogd

o [

gbgobgbobobogbobboobobobobooboobooboooboon
gbobboooboogobobuogobbbuoobbobooobbbooboboa
gbboogobobogobobogbobbboogbbobooobbobooobod
goobogooobod

25



LT=0.050000, LM=0.050000, LIFETIME=50, MUTATION=0%,
ACTR=0.500000, SEED=6760, FILENAME=tppop.dat

500 T T T T T T T T T

450 - 1

400 | -

350

300

250

population
of tapes

200

150

100

50 b

2500
generation

L — 17 Td -~ T15 ——  Tid T2f ~--- TOO ——

g 31l ggbooboggbboboogooboooogoon

g34b00boggoooobooogobooogooon

26



56
T5->T1

splitdata/pointl.mc

0 3.12: 0 3.1100000000000000 35000 37000

gboboboooobboooobbobbodgoobooooooon

27



splitdata/pointl.mc

47
T3->T3

0 3.13: 0 3.1100000bboboggbobodgoobobod 35000 37000

gboggbbooogbogbubbuooboooboboobbooboooboon
gobobbouogobobodog s1subuugoobboooobooog

28



3.1.2 O0OO0O0OOO0OO0OOOO0O

guotddgdoodooooouoooooooooe22toobbbbbobbnbsod
gbodboogooodgoogboo2zuubbbuodbobobbuogboooboogn
gobbouogoobooooobobog

e JODODDOODOODO HegO

gbobboooboogobobogbobbboobbobooobbboonoboa
gboboboooboboobobbbouooobbooobbboooobouogoa
gbobobgoboboogobbuogobbbooobbooobboooooboa
gooboogboobod

e JODOOODODOOO HIO

gbbogooboogbbobooobbboobbobooobobobooboboa
gbobbooobbooobobbbouogbboboobuoobboooooobooa
gooooogd

gbogodgbbgbobogbbobbuogbbooobooboooobbooboon
goobooogobod

3.2 0O0O0OSgSIlOO00Oooog

3.2.1 0OO0O0OO0OO0OOOOOO

gobobboogoobbbooogoboboggooosbobbuoooonoobobnasod
gubdbodgbodgbogbogosbudbuobuoobuoguooboogbonooooan
oboobooodbooobobooooboobobobooboooobobouonbd HegHI
gobbougogbbboooooboboooaoo

e NUUUUOODOOOOO

gbobobogobbobooobbbouggebbbuooobbbbouooooboobog
gbioogboobod

e JOOOU

000 HgHIODOODOO

29



e HUUUUOODLOUOOODLODOOOOO
OO0 HgHIODODDODOOOOODODOOOOOoooooOobObOOooooooooo
goo

e JUOOMN

000 HgHIODDODOODODOODODOOODOODOOODOOOOO

3.2.2 OOOOOOOOOOO

gboboogoooboggbogoboogbbooco2c2zubbogogoboggsod
gbodboogooodgoogboo2zuubbbuodbobobbuogbooobooon
gobbouogoobooooobobog

e UUOOODODO

O00 HeHIDOODODOOOOODODOODODODOOOOOOoOoobOooooboooo
goboboogbbobooooobobbooooon

e UUOOODODO

goodgogbobobbobbobbbbobbooooooobooooooa
gbboogooboogoobuooboboooobbuoooobbooooobooa
gbobobooboboogoobogobbbooobbobooobbboobobog
gboboboggbobbooogobobod

3.3 Uoouboouobouoboonon

OO0O00000b00oboobooboo SsgSlboboboooooboobbooboooooo
gbobouogooogobobobouooobobbogbooobbogobooboooa
gbobobooogobbooooobobooogoood

30



3.3.1 UO0bUOOoooobouooouobon
goodgoooooooo

gbgobogobogbuogbboobuoboobooboboobbooboon
gbobobooogbobooooobbboooogn
gobobobooggoobboboboboououunobobbouogggsobbbooon
gbobooggbbgostbuguouubbuooobboooboooboooboan
goboboogooboboooon

b gobobogoobbooobbbooooboooobobuooooboooboon
HEN

guoodogbobbobbobbboodouguoooooa,bbbobooboon
gbooogboogbobougooobodboboobbodon 3.4b0nbooo0od
gboogob 31500000 3.1budubogdoouooboobodgoagn
gbobbooobbooobobbooobbooobbooobobboobboa
gboboboooboogbobooobbboobboboooboooooboog
gbgbobgbgoobogbuoobobboobobooobobbobooooga
gbobobooobboobboogbobboobobobboobbboooooobooa
gbodbogboouoboobuogoboobuoboobboboooboobon

31



population

LT=0.050000, LM=0.050000, LIFETIME=50, MUTATION=0%,
ACTR=0.500000, SEED=6726, FILENAME=tppop.ksr

500 T T T T

450 |- -

400 - 1

350 1

300 1

250 1

of tapes

200 4
150 R

100 H |

0 2000 4000 6000 8000 10000

TT— 7 T1I5 ——  Tid T2f - TOO ——

U 314 00bbbogggoobod

32



network A

network B

U315 0dbouguobobibogoobobdd ooood 92000

gbodgobogobogoboogoboobbooboboobuoobobooobooa
Mogos, Moo, OO0 O 0ODOODOODODOODODODOODODODODOODOODOOODODODOO
gbobobooooobooooobobboooon

33



b gooboboogbobbbooogboboooogooo

gubdbogoogobobg,ogbogbougobobobobobobobg
000000000000 3.16000000000000 3.170000(Tyy, Mseer)
0000000000000 00 (0 3.170000)000000O00OOOOO
oooo T3 000000000C0COO0C0CCOCOO0OOOOOCOOOOOODOOOO
Oo0ooooodoooo Iyooooooooooboooooooooooboooo
000000000000000(0 3.170000)000000000 Tay, Mseer
OO000b0b0ooboob0b0ob0bO0obobo0bDubO0DMse DOOODOO
goboboogbbboogbbbooooobobbooobooboon

LT=0.050000, LM=0.050000, LIFETIME=50, MUTATION=0%,
ACTR=0.500000, SEED=6728, FILENAME=s6728.528

500 T T T T

450 y

400 | -

350 1

300 1

250

population
of tapes

200

150 "

0 2000 4000 6000 8000 10000

generation
T1 —rr T7 Td - T15 —— Tid T2f - TOO —
T3 - TF e T17 - T37 - T7f -
T5 - T13 - Tib - T3f -

0316 00b0ougoobobobogoobobgd 35000 37000

34



13
Tif -> Tif

network B

57
T2f->T2b

15
Tif -> T1f

U3l ddbougoobbbogoobbbdd ooood 92000

000000000000000000000000 (Tsf, Mgps) DOOODOOOOO
0000000000000000000000000000000000 (Tay, Mseer)
gbggbboobogobogobobobboboooboobobobboooon
gbobobooogoboooobooboago

35



LT=0.002000, LM=0.002000, LIFETIME=50, MUTATION=0%,
ACTR=0.002000, SEED=6795, FILENAME=separate.dv2

83
&5 400 4
&% #
Q i
300 | ; ]
200 | y WMMMWW
/ MMW“W“"W
100 //\WVWW |
¥ e R M 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
generation
T — 717 Td -~~~ T15 —— Tid T2f -~ T00 ——
T3 - Tf - T17 -~ T37 T7f -
TS5 e T13 Tib T3f

0 318 0dbobouogggoobod

gbooboogooood

gobgobuogobodgbuogbboouoboooboobooobooboboon
goobooogogoo
gbobouogbobboooboogboociggbuogbboogobsobbbobood
goobboboggooc2tuuboguobobobboooooobbobbbooooon
goboboogooboooon

b goobobobooobbobooooboboboon

00000000000000 (Tt M), (T, Mseer) 000000000000
0000000000000000000000000000000000000
000000000 3.1800000000000000000000000000
0000000000000000000000000 3.1903600000000
0000000000000000000

36



LT=0.002000, LM=0.002000, LIFETIME=50, MUTATION=0%,
ACTR=0.002000, SEED=6795, FILENAME=hist.dat STEP=3600

50

45

40

35

30

25

population

20 -

15

10

0.2 0.4 0.6 0.8 1
X
Td Ti5 —— Tid Tof TOO ——
T T17 T37 T
T13 e Tib oo T3f e

0 319 00bbuguobobogoobobbooobbbodadg 36000

gbouodgobouogooobogboubogobooobogbboobobboobog
gosobooboggbogoobboobogoboooboobodgbooboban

37



b gooboboogbobbbooogboboooogooo

000000000000 000000000000000000000000
000000000000 000000000000000000000 32000
00000000 32100000000000000000000 3220000
(Tog, Mseer), (Ts;, Mysp) 000 00000000000000000000000
0000000000000 000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000

LT=0.002000, LM=0.002000, LIFETIME=50, MUTATION=0%,
ACTR=0.002000, SEED=6907, FILENAME=kyousei.dv2

500 T T T T T T T

450 | o

MY
HCUR Y
il A\‘x i)

[t

4

400 -

350

300

250

population
of tapes

200 |/ .
150 - .
100 - ¥ i
50 — .

0 jf\ 1 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000 8000
generation

L — 17 Td -~ T15 ——  Tid T2f - TOO ——

0 320 U0bboooggoooobog

38



network A

2757
T2f -> T2f

634
T3f->T3f | T2f->T2f

2367 :
T3f ->T3f !
splitdata/pointl.mc

network B

U 321 dgoobougoobbobodgdbno 35000 40000

LT=0.002000, LM=0.002000, LIFETIME=50, MUTATION=0%,
ACTR=0.002000, SEED=6907, FILENAME=hist.dat STEP=400

50 T T T T
45 —
40 B
35 | E
c 30 E
2
<
S 25 —
a
<]
2 20 | 3 ) . 4
5F , o A i i
sE S ]
0 1 e 1 1
0 0.2 0.4 0.6 0.8 1
X
T1 —rr T7 Td T15 —— Tid T2f TOO —
T3 e T TI7 - T37 R —
T5 - T13 - Tib - T3f -

U322 0000000gbbobodooobboboogobobodd 4000

39



U0 goobogoobbooogbboooobobooobbooooboooooon
gooboogboobod

gbgobgboubdbugbogbogbuooboobuoobbobboobon
gbob20000bbbdgoobooooobobooobboboooooboood
godod 3230000b00bgoboobbobbogd 326000u0gnbooog
gobobod 3260000000000 02004000000 350004000000
gboggbuogobogooobodd 32400004000 04006000000
oot 4ooo i bbb oooobbobooobbn 32500000 3.240
0000000000000000(Ty,Mseer) D0DO0OO00O0O00OO0DO0OOOO
0000 75, 00000000000000000 Mpmee OOOOOODOOOOO
00000 Ty, Ty 000000000000 00O0O000O0OOOOO0O0O0O0O00
gbobbooobboooobooobbbouoobbbooobbbooboboa
000000000 (Ty,Mseer) 0000000000000 O0OOOOOOOO
gboboboogbbbooogbbobooobbbogoobbuooooboog
goboboogbboboooobbobooobbboooobboooboboood
goboboogbboboogbboboogbbboooobbooooboboobood
gbooboggboboooan

40



population

LT=0.002000, LM=0.002000, LIFETIME=50, MUTATION=0%,
ACTR=0.002000, SEED=6770, FILENAME=6770slw.dv2

500 T T T T

L) T T
S

450 | i # Y

400 -

350

5
!
i,

300 ; J

oy

)

250 it

of tapes

200 [ |

150

100

X4
1 1 1 1

0 500 1000 1500 2000 2500 3000 3500 4000
generation

T1I5 ——  Tid T2f - TOO ——

U 323: 00bbobooggogoobod

41



674
T2f -> T2f

splitdata/point0.4.mc

network A

U 324: 00 000bgobogb oggaog 3soob4oootbggboobogoan

network A

1085
T2f -> T2f

22

1
T2f -> T2f

30 !
T3f ->T7f !

U 325: 000000000000 000000 35000400000 oonboooogn

42



LT=0.002000, LM=0.002000, LIFETIME=50, MUTATION=0%,
ACTR=0.002000, SEED=6770, FILENAME=hist.dat STEP=3990

50 T T T T
45 4
40 b 4
35 —
< 30} g
2
<
S st .
Qo
o
=20 F . b
10 : ; ; i
5 - -
0 1 1 1 1
0 0.2 0.4 0.6 0.8 1
X
1 —— T7 Td T15 —— Tid T2f TOO ———
T3 - T T17 - T37 e IR
TS o T3 Tib T3 -

0 326 0000000000 bObo00dnD googoo 39900

Ooobooobbooboooobooon Ty, Tr, 0000000000000 Toy OO
gbobobooggbbuoooobobboooan

43



b goobogoobboooobobboooboboooobbuoooobouooooon
H

0000000000000000000000000000000000000
0000000000000000000000 3270000000000000
32800000000000000000000 32000000 328000000
0000000000 (Ty, Mseey) 00000000000000000000 Ty
0000000000000 3.280000000000000000 (Tar, Myrrs)
000000000000000000000000000 32800000000
0000000000000 000000000000000000000000
00000000000000000000000000000000000000

LT=0.002000, LM=0.002000, LIFETIME=50, MUTATION=0%,
ACTR=0.002000, SEED=6777, FILENAME=ex12pop.ex12

700 T

population
of tapes

L — 17 Td -~ T15 ——  Tid T2f ~--- TOO ——

g 32 gdubbobuogggoobod

gobooOoodooobooobooobooon Ty ooboobooooooooooooooao
gbobbbodggoboogoobobbuoooobbouooobobobooooobooa

44



network A

281
T2f->T2f

42
T17->T17

DR
T17->T17

103
T17->Tlb

splitdata/point0.6.mc

network B

0 328: J00ougoobobboogoobobgd 35000 40000

LT=0.002000, LM=0.002000, LIFETIME=50, MUTATION=0%,
ACTR=0.002000, SEED=6777, FILENAME=hist.dat STEP=3500

50 T T T T

45 | 4

40 4

35 -

30 -

25 -

population

20 B

10+ “; B B J’, _

U 329 000000000obbobboodnb googobo 35000

Ooboooboooooooooon Ty, T,yyOUdooooooooooo Ty ooo
gobbobooggbobooggo

45



] 4[]

L] [

gobouodbbogugoboboobbobbuoobboobboooboooboobg
gbbouobooguooboboogoobbooobboboooan

4.1 0OOO0OOOOO

gboboodgoboodgooobogugobboobboobboobobbooban
gobobbouogobobbooooobobooooboboooon

gobouodguoggbodgbobooobouogbbooboooboogoboobog
guogdogbobobbobbbbobobuobobooooooooooooon
gobobooboodogogbbobobbogoooboboboouooobbooooon
gboougboboogobgobobbboobbooboooboooboooboobn
gbobouobboggboodgbobogbobobobtoogobbogboboobbobbogn
10boogogoboboooogn

4.2 0OO0O0OO

gbgobodbuogbooobooboobbobbooobobogbbooboad
gooboogbobolggbbooooobbooooobooooob 100
g’'ubogg 20000’'bobu0gobouogobogogoboogooooobogan
gboggbbobobobobbooboobboobbobboboooboooboon
goobooogogoo
gobudgbogbbooboboobouogbooobboobboobooobboa

46



gboggbgbooogbogbboobouoboooboobbooboooboon
goooog

0000000000001020000000000 JoooooooooDOoDO
gboggbobd20ugbbuogbboodblibooooboooboobbobobood
gt oboooobobb11ogdoudououoooon
gboouogobouogboboobbogboobboobobboobbobboooboa
gbogobobbogbbooobooboobbooboobobbooooooboon
gobobooggboboooobobobboooogon

4.3 O0O0O0OOOOOOOOO0OO0OO0

gbgobgboogbooobogbbooboboobobobuoboooboaon
gbogbogobodoboobuoguoobbobobboobuooboooboon
gooobooobobogbogbobuoobobboobbooogbboouooonobn
gboobbodggbboobboobooobouoobboboboobbobboooa
gboboogboogbboggbobbooobobbuoobboobboobbobogn
gbboboogobobooooboobboooobobbooobobboooon

gubggbgboobogobooboobuooboobbooboobooboogon
gboouogobuogboboobboouuooobougbbouooooboonoboog
gobuogobogobobbogbbboobboobbuooobobooboogoba
gbggbboobogogbbooboboooboooboobobboooboon
gbggbgboogboobbooboboooboboobbobobboooboon
gboouogooogobobobobbuogbbobooouboobooobooboobog
gbggboboooboooobooobooobogbooboooboooboon
gobobobooogbooood

goo3b3pugboobogoboooboogbobbooobooobogad
gooboogd

Cl=0J]

U41: 0100000000000 boobooooaoon

47



Ce=0)

042 02400000000000000000004

Cy =0

043 010000000000000000000

eon=nl

044 0s50000000000000000000

Cr—=10)

45 060000 nboogoobobooooaon

g 410s0b000dgougogoboobogbuogboonoooboobooban
gbobobooobbobooiob 41,42, 4400000000000000 430000
gboboug 4s5b00gbobogouuoooboooobbooobuoobobonoboa
gboggbboobogobobogbbobbobooobooboboooboon
gobobbougobbooooobobobooogoboooooboon

gbobobbooggoboouoooobbbooogbooooobobooooonoon
gbouogoobouogoboobobogbboooubooobbooobobobobog
gbggbboobogobogobuooobobobooobooooboooboon
gboggboboogboooboobobobobobooobooboboooboon
gbobobooogoboooobobbooooboboooobbboooooboa

48



4.4 OJ0O0O0OOOOOOOOO

gboogobogbobobboogbogobbobbooboobbouogbooboon
OSegSlO0000D0O0O0O000O0O00O0 SgSlOOODOODOObOOoDOobOobOobDOoD
OO0000 HegHIOODDODODOOOODOOODOOOOooOoboooboobooobooo
gobobboogobbooooobbobooooobouooooobooon
OoboooooboobodbU HegHIDOODDOODODODOOOODOODODOOOoDOO
OO0 SgSlO0000O00000O00O00oOOobOOoobO0ooboobOobboooDooogo
oooooobobobobooboboobobobbobo0bU0o HegHIDOODODODO
OO000o00o0obO0obO0obO0bOobobOob0ooboobo0oboooooobogoog Sg,Slo
gogdoboboobobobbobbbbobobobioddouoooooooooon
gooubgbobobogobooobogoboobboobboouobboonog
SgSI0000 HgHIDOODOOOODODOOOODODOOO SgS1OOODOOOOOO0D0OO
gboboboogobbuooooboboogobboooooboobog
OOoOoboooboSiIco0obo0oob0ooboobo0bboooooobooooooo Sgd
Sl00b0obob00oooob0obooboboboob0obOooooUoobUobooDoboDoo
gobobobooggboobood
gboogobogobogbuogboobobbuoobooobooobbooboaon
gbggbboobogoboboooboobboboboboobbooboonobo
gobouogbbugbbuogboobbuoobobooobooobooobbobogan
gbobuogobogobooougobooobooobooooooooboognoa
guogdogbobobbbobbbbbboououidouooooooooon
O Msep UODODO0OOO0DOOOO0OOOCOOOOOODO Tyy00000000C0O0OO0O20
gobogoobobodoobbobuooooboboooobbbooobbobooobg
OOo00ooOob0obOobOooobobobooboobOoboboobobo SIlobobo
gooboooogoo
OOobOoooSlooooboboooooboooboobooboboouooboooboobooo
gboboboooggoboggoboboooobboooobobobooooooon

4.5 UOUUOODOOOOOOOO0OO0

goododgbobobobobbbobbobobobooooooooguoguooogag
gboboogboogbogoboobbobbuobooobooooboooboon

49



goobooogoo
goodoobobobbbobbboboboboboboboboooooouooooan
gbogoboobbooouobboobbobobboobboobbooboooboboa
gobbougogbbboooooboboooaoo
gbobobboogoobobooooobooboboooobobbboooooooboon
gddoooooooooobooooooboobobooooooooooon
gbodobogobodgobogoboobobouobobboobobooboobog
gboouogooogooobbbbooobboobbooogbboobobobboooa
gbougobugggbboobuoobooboooboooboobooonoboa
gobbboogoboboogoobobboooobouooobobood
gbogobooobodgoboobuooboboboobobooobobooboon
gbggbbooboboooboobobobboooboboobobobboboon
gbogbooobodbooboooboooobobboobooobooboon
gobobboooobbooooobobboooobbooooooboon

50



1 50

L] [

gbogobobgbobogoboobuogbboobooboboobboobood
goboboogobboooobobobbouooobooooobboooan

gobuodgoogbobouobogogboogbooobboobbobboobbod
gbggboboogbooobooboobuooboobboobuoobboonoo
gboggbbobobogoboboobuooboboooboobbobobboooboan
goboboogoobooogon

gbogobooooboboobooobuoooboobbobobobooboboon
gbobobbougobobooooobobooogbbouoooobboboooon

gboobogoboobuogbooobbbooobobogboobbooboon
gbgodggboobuoobbouogboboobuooboooogboobbooboon
gooobog

goodogoobobbbobbbbobooboobobooboboooooogn
gbooogooogobogboobbooobobobooobobbooooooonog
gbggbboobodgoboobbooboooboboobbooboooboon
goooodg

gbogoboooobbobobooobooooboooboooboobobboon
gboggbooobodoboobobuoobbobobboobooboooboon
gooo

51



L] [

guoodoooogoboboboboboooboboboboooooouooooan
gbobodogboggboboobooobooobogbooboooboooboan
gboooboooood

gobobobgobbogbobobobooooboooboooboobobobobbod
gbggbogobobobbuogbobuoobbobboooboogbooboboboon
gboobooggoboago

52



[]

[10]

HRERE

Simon, H. A. The Science of Artificial Second Edition (1987) (000 000000
goboboogobbbbo obboooobbbouooan

Polanyi, M. The tachit dimension Routledge & Kegan Paul Ltd., London, 1966 (O O
00000000000 0D00O0oOo0O (1980))

Schuster, P. How does Complexity Arise in Evolution?: Nature’s recipes for mastering

scarcity, abundance, and unpredictability. Santa fe institute working paper, 1996

Maynard Smith, J., Szathmary, E. The Major Transitions in Evolution W. H.
Freeman,/ Spektrum Akademischer Verlag, 19950 00000000000 OO0
O00000000000000(1997)0

Baas, N. Emergence, Hierarchies, and hyperstructure. Artificial Life III, 515-537,
1992

Mayer, B., Rasmussen, S. Lattice Molecular Automata(LMA):A phisico-chemical
simulation system for constructive molecular dynamics. LANL and SFI preprint,
1996

Eigen, M., Schuster, P. The hypercycle. A principle of natural self-organization Part
A: emergence of the hypercycle. Naturwissenschaften 64, 541-565 1971

Ikegami, T., Hashimoto, T. Active mutation in self-reproducing networks of machines
and tapes. Artificial Life 2, 305-318, 1995

Ikegami, T., Hashimoto, T. Replication and diversity in machine-tape coevolutionary
system. Artificial Life V, 1996

Fontana, W. Algorithmic chemistry, Artificial Life 11, 159-207, 1991

93



