Pazmany Péter Catholic University, Faculty of Information Tec

Fejezet a cellularitas
torténetébol:

A cellularis automata

Andras Horvath
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Cellulantas a rész es az egesz

Kiemelkedés (Emergence): komplex mintazatok megjelenése | .
'viszonylag' egyszer interakcioknak koszonhetéen > =

Hangyak - hangyavar, varosok

Mintageneralas: érdekes, globalis strukturak kialakulasa

A Cellular Neural Network Realization of Matsuoka’s Central Pattern Generator Model Dongrui Wu, Woei Wan Tan and Prahlad Vadakkepat
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Cross section of Triassic petrified wood fragment from Cameron, Arizona.
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Cellularis automata

A “jatéktér”:

- N-dimenziés végtelen racs (a gyakorlatban néha véges)

- Minden cellanak diszkrét, eldore meghatarozott allapota lehet (altalaban
binaris)

- Minden cella csak a szomszedos cellakkal kommunikal

- Az allapotok szinkronizalt, memadriamentes frissitése

Mintha egy négyzetracsos lapon jatszanank megadott szabalyok szerint
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Cellularis automata
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CA a gyakorlatban

- Sejtek

- Cellularis struktura és minta
generalas

- Tumor komplexitas

- Kozlekedesi dugok
- Erdotlz
- Populaciodinamika
- Zene, komponalas
(Xenakis)

Xenakis, lannis. 2001. Formalized Music: Thought and Mathematics in
Composition (Harmonologia Series No.6). Hillsdale, NY: Pendragon Press
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Belousov-Zabotinsky reakcio

The Belousov Zhabotinsky

reaction: 8x normal speed




- Hany allapota lehet egy mez6nek?
2 — N, de mindenképpen diszkreét

E'E TicTacToe HE
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Cellularis automata valtozatok

- Milyen struktura, topologia?
- Hany szomszédja van egy cellanak, melyek befolyasoljak egymast?
- Azonos-e a teljes halozat strukturaja?
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A CAK torténete? Miért hasznos?

A formalis logika szazada:

Boole (1845) - logika

Godel (1930) — szamozas, rendszerek
Turing (1936) — Turing teljesség

E Conway's Life for .NET
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A CAK torténete? Miért hasznos?

Stanislaw Ulam — kristalyracsok szerkezete
Neumann Janos — Onmasolé rendszerek
Létezik-e bnmagat épitd robot, automata (self replicating systems)?

200000 darab 29 allapotu sejt, ami vegtelen masolatot készit
onmagabol




Chua

2213310, 4200410,
331240, 2024310,
1100400, 2231000,
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COMPLEX BEHAVIOR can develop even ln systoms with simple cdm poneats. The eight cellular
sutomats shown |n the pholographs sre made up of lines of cells that tuke on one of five powible
values. The value of each cell s determined by 2 simple rule based on the valoes of its neighbors on
the previous line. Each patiern is gencraled by the rule whose code number b given In the key
User dllustraiion on page I97) The patierns in the wpper four pholographa are growa from a win-
gle colered cell. Even in this case lhe palterns gencrated can be comples, and they somctimes ap-
pear quife random. The complex patfierns formed in such physical procewes as the fow of a tur-
bulent Buid may well arise frem lhc same mechanbm. Complex patiorm geaoraied by cclinlar
autemats can sl sorve as 8 source of eflectively random sumbors, asd (hey can be applicd {o en-
orypl messages by converling a text info an spparently rendom form. The patierns s the lov ¢
Tour photographs begin with disord cred sistes. Even though the values of the celb bn thesr Initial
states are chosen ot random, the evelution of the cellulsr gives rise 1o of Tour
basle classes. In the two classes shown In the third row of photographs the jong-term behavios of
the cellular silomats b comparatively simple; in the two classe showa in the botiom row il can
be highly complex. The behavior of many naturs] sywtems may well conlorm 1o this cleuificstion




A CAK torténete? Miért hasznos?

Tarolt program Von Neumann — mesterseges elet

1940 Neumann Ulam - complexity
Conway(1970): 'Game of Life'
2000 S. Wolfram/Chua nonlinear dynamics

Cellularis szamitas:

Neumann Cellularis Automata
Binaris/kétallapotu (digitalis sejtek)
Elet/mesterséges

NP teljes problémak

- .:;'E:'-
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CAK a biologiaban

Chirtopher Langton -
mesterseges elet
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CAK a biologiaban

Langton SR Loop

Sayama's Evoloop
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CA- Majority Voting

Egy egyszerl szabalyrendszer:

Két allapotu sejtek, mindenki lemasolja a tobbséget (8 szomszédjabdl, azt
amelyikbél tobb van, egyenléség esetén megmarad a sajat szine)

Populacios dinamika, virusok jarvanyok, nyelvek, mém-ek

Paid Maternal Leave: Almost Everywhere
The United States is ane of only eight countries, cut of 188 that have known pelicies, without paid leave,

Countries with paid leave: @ 26 weeks or more @ 14-25 weeks Less than 14 weeks
Mo paid leave: @

UNITED
STATES

b SURINAME

LIBERIA L w ; NALRLU
| ®

. WESTERN
SAMOA®

.
TONGA

v

Data not available
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CA- Majority Voting

Egy egyszerl szabalyrenszer:

Két allapotu sejtek, mindenki lemasolja a tobbséget (8 szomszédjabdl, azt
amelyikbél tobb van, egyenléség esetén megmarad a sajat szine)

Populacios dinamika, virusok jarvanyok, nyelvek, mém-ek

Figure 1. Total adult (15+) per capita consumption, in litres of pure alcohol, 2005°

Per capita consumption (litres)
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Game of life

Conway (1937): Elv - élet kialakulas, megmaradas (1970):
2-nél kevesebb szomszéd — meghal
3-nal tobb szomszéd — meghal

2 vagy 3 szomszéd — eletben marad
3 szomszed eseteén élet keletkezik

U=’ VisualBoyAdvance - 44%
File Options Cheats Help




u Pazmany Péter Catholic University, Wmﬁlﬁbﬁhﬁ

Game of life

Erdekes strukturak:

Stabil:
1 .
o e L - I:-_:l q -
E N
n
"
Periodikus: = = =
EEN L I o =

HEEE T ] EEE .:I I:. 1 [ ]

Mozgo:
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Game of life

Turing teljes architektura:
Minden algoritmus megvalodsithato ezen architekturan
Minden algoritmikusan megoldhat6 probléma megoldhaté a Game of Life-val

Mi szukseges egy
algoritmushoz?

Because of the Turing completeness theory,
g rez V4 everything one Turing-complete language can do
- I—Oglkal utasitasok? T can theoretically be done by another
IR -- - j Turing-complete language, but at a different cost.
b iy ] You can do everything in assembler, but no one

- Ciklusok? For? While? ' ':' K wants to program in assembler anymore.
Sy, (Yukihiro Matsumoto)

izquotes.com

- Elagazas?
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Egy kis matek

2Ds binaris CAKkK leirasa:

9 elemtdl fugg 1 kimenet
C(-1,-1) C(0,-1) C(1,-1)

C(-1,0) C(0,0) C(1,0) B
C(-1,1) C(0,1) C(1,1)
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Egy kis matek C(-1-1) CO-1) C(1-1)
C(-1.0) C(0,0) C(1,0)
C(-11) C(0.1) C(1.1)

2Ds binaris CAKk leirasa:
2"°=512 sor egy binaris tablazatban:

C(-1-1) C(-1,00 C(-1,1) C(O,-1) C(0,0) C(0,1) C@1,-1) C(1,00 C(1,1) B
0 0 0 0 0 0 0 0 0 BO
0 0 0 0 0 0 0 0 1 B1
1 1 1 1 1 1 1 1 0 B510
1 1 1 1 1 1 1 1 1 B511
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2"12 s0k?

2"2 * 2’\510 -

4*(10/\3)/\51 C[]?[]"D1[m101110101 01 .
10153 SEDI01110100101000101 1
Sok?

Szimulaljuk!
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Sok-e 153 nulla?

10™2 mivelet/sec
10"° sz.géppel/sec

Egy évben 3*10" masodperc
Fold ca.4.5*10™ év oreg

Vgl A .

o 10™° szabalyt tudtunk
4.5«5;; 'y 35 3 25 2 15 ! 0s o , .
o e e e megnézni
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1D binaris CA

Nézzunk egyszerubb strukturat:

C(-1) C(0) C(1)

,If we do not understand 1D CA there is no hope
to understand 2D CNN" (L. O. Chua)

2'6=512 szabaly
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Szabalyok leirasa

A szabalyok tablazatba
foglalhatdak, leirhatéak kettes C(-1) C
szamrendszerbeli szamokként 0

~~

0) C(1)
0

Mindegy szabalyhoz létezik egy kod

Osszesen 28=512 szabaly van.

_ A A A O O O
_ A O O -~ -~ O o

1
0
1
0
1
0
1

240

_ A A a O O O

15

O O O O A a A -

204

O A A O A a a O
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Gyakorlati hasznuk

- Univerzalis szabalyok (Turing teljes R110)
- Kaotikus jelensegek (Rule 86,135,149,30)
- Nagyon |6 pszuedo-random generator
(rule 30- Mathematica)
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Nehany példa

Sierpinski haromszog Veéletlen szamok (rule
30)
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1,3,3,6,4,9,5,12,7,12,11, 14,12, 19, 13, 22, 15, 19
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Valdéban 256 szabaly?

Minden szabaly fuggetlen?

Vagy leteznek-e szabalyok a
szabalyokra?

Vierergruppe transformation
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Valdéban 256 szabaly?

Minden szabaly fuggetlen?

Vagy leteznek-e szabalyok a
szabalyokra?

Komplementer (240-15)
Bal-jobb ekvivalencia (240-170)
Bal-jobb komplemens (240-85)

Vierergruppe transformation
(Chua 2004)
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388 szabaly

Minden csoportban: 4(8 - RO)

2 (72- Rz) 88 Global Equivalence Classes
1 (8 - R3) szabaly van. o [1]2]3]a]s]6]7

8 |9 (1011 12 13|14 |15

88 fuggetlen Szabély 18 |19 | 22 | 23 | 24 | 25 | 26 | 27

28 (29 | 30 | 32 |33 |34 |35 |36

37 |38 |40 | 41 |42 |43 | 44 | 45
46 | 50 | 51 | 54 | 56 | 57 | 58 | 60

62 |72 |73 |74 |76 |77 |78 | 90

218 219 94 [104|105[106(108(110/122|126
@ @ 128 (130132 (134 |136(138 (140|142
146 (150 (152|154 (156 (160|162 |164

226 227

168 (170172178184 200|204 |232
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Néhany pelda

Period 1: rule 0
C(-1)  C(0) C(1) R(0)

’ , 0 0 0 0

Egy konstans erték
0 0 1 0
50 0 1 0 0
Xl —4'—‘7 0 1 1 0
; 1 : O )
~-AEEEEEE. ' ° '
1 1 1 0
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Nehany példa

Period 2: rule 19 C(-1)  C(0) C(1)  R(19)
0 0 0 1
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1

-
-
o

o O O
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Nehany példa

Period 3: rule 62

rule 62

panlnsiin N

1

"

1

I_IHI

C(-1)

0

0
0
0

C(0)
0
0
1

o O

C(1)
0

R(0)
0

Keressunk funkciot, szamoljuk ki az eltolast!




Pazmany Péter Catholic University, Faculty of Information Tech

Bernoul
Rule 110:

T 1d0 elteltéevel szigma

Il orbit

pozicioval eltolva

4,2

C(-1)
0

o O O

C(0)

0
0

C(1)
0
1
0
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Egyszerl strukturak

Jsle of eden”
SAttractor”

firing pattern AN
x"  n(x)

HEN O — BN O
O — HEN O

x"tl n(x +l)

©
©
4
(5
54
@

N
—_—
—_—
—_
—
—

- 0 0

Basin-tree diagrams
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Complexity index

(0),1,2,3 sikkal szeparalhato
SzabéIyOk 88 Global Equivalence Classes
1-Red 104 0| 1|23 |4 6 |7

8§ |9 10|11 12|13 |14 |15

2-B|Ue 126 18 |19 | 22 | 23 | 24 | 25 | 26 | 27
3_Green 26 28 129 | 30|32 |33 |34 | 35|36

37 138 |40 | 41 |42 |43 | 44 | 45

n

46 | 50 | 51 | 54 |56 | 57 | 58 | 60

62 |72 |73 |74 |76 |77 | 78 | 90
94 1104|105/106 108110122126

218 219
@ @ 128 (130|132 134|136 | 138 | 140 | 142
146 1150|152 154|156 | 160 | 162|164

226 227

168 (170172178184 200|204 |232
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Complexity index

4+ How many planes to separate
red and blue vertices?
137

4+ The complexity index k of a local rule is defined as

the number of planes necessary to divide red and
blue vertices in its Boolean cube

» © = 1— linearly separable rules “

» kK = 2 four universal rules EE¥4
» kK = 3— no universal rule

4+ k=2 is the threshold of complexity
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Szabalyok csoportositasa

Wolfram:

- Homogeén

- Stabil vagy periddikus
- Kaotikus

- Komplex
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Szabalyok csoportositasa

Chua:

Period1

Period2

Period3

Bernoulli
Complex bernoulli
(bilateral)

Hyper bernoulli
(Non bilateral)

Topological Classifications of
88 Equivalence Classes

Topologically-
distinct Rules Number
Period-1 Rules 20
Period-2 Rules 13
Period-3 Rules 1
Bernoulli
O.-Shift Rules 30
Complex-
Bernoulli-Shift 10
Rules
Hyper
Bernoulli-Shift 8
Rules
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Time 1 characteristic function

Bit string Real number

X = (xox1... 1) (%) Z'” 9~ (it

i —-m-—o -

1=0

o9t
) (J N
0.8

0000 . 0000 |—>| 0 O T
0001 : 0010 | —>|0.0625 0.125 | o
0010 0100 |—>|0.125 025 | .

” ” -:11-/
1110 1101 0.875 0.8125 |

u' 1 1 1 1 1 1 1 1 1 1 n 1 1 1 1 n
g 01 02 03 04 05 06 07 08 09 1

Vo

1111 1111 0.9375:0.9375

From the lecture of Giovanni Pazienza
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Time 2 function =0

Bit string Real number

I

X = (.’L*n Ly ... .’L*;) (,.f::(:x) Z”’fi . 2_,“4_.1

1=0

i
[ U [ ] I n
09t _
L
: . ]

0000 0000 0o | o

0001 0010 |

R

0.0625 0.125 | o
0010 | 0100 0125 025 | |

0.4}

e e 03t
~ ~ _

1110 1101 0.875 0.8125| o ' T

I

1111 1111 0.93750.9375 % 01 02z 03 04 05 06 07 08 09 1
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Time N function

iod-1
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Time T return plot

Lameray diagram

Ergodicitas - konnyen lathato

7
£

All points tnside |

glve LIMEIM |_"'I_3"-_J
rule
m
(&
N,

c;

\\!

W F‘IP IE

From the Lecture of Giovanni Pazienza
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CA bemenettel

Uj, dsszetett viselkedési formak

Mi a bemenet és az allapot kapcsolata (vagy a bemenet csupan egy Uuj
allapot?)

Bemenet és allapot logikai fuggveénye (pl.: VAGY)
Konstans input

Periodikus input
TetszOleges input
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Kulonbségek a CNN és a CA kozott

CNN- en van input; itt csak state
CNN allapota folytonos; itt diszkrét

Chua 2000:

Minden binaris automata barmyilen dimenzidoban egy specialis esete a

CNN-nek

Sokkal osszetettebb viselkedés a CNN esetében

Input Image

.-ﬁ

-

Qutput Image

N

U4

h




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48

