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Fraktaly

(netrividlni) sob&-podobnost
rekurze

redlné ptiklady (viz slidy P. J.)

matematické principy: iterované systémy, rekurentni
rovnice, L-systémy, podivné atraktory, ...

Casto vede na ,jednoduché programy, které délaji zajimavé
véci” — dnes nékolik typickych ukazek
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Sierpinského fraktal: ,chaos game"

@ zvolime 3 body A, B, C tvofici rovnostranny trojihelnik
@ vybereme ndhodny bod X uvnitf trojihelniku
@ opakujeme ndsledujici postup:

e vyber ndhodné jeden z bodi A, B, C

e presuit X do poloviny mezi X a zvolenym bodem
o vykresli X
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n=6,r=13

http://mathworld.wolfram.com/ChaosGame.html

DA


http://mathworld.wolfram.com/ChaosGame.html

Malé zmény v inicidlnich podminkach mohou zpisobit velké
zmény pfi dlouhodobém chovani.

@ Mavnuti kfidel motyla v Amazonském pralese miize
zplsobit boufi v Texasu.

@ MdiZeme dostat zdanlivé nahodné chovani i pro
deterministicky systém.
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60. léta, Lorenz, jednoduchy model pocasi,

Figure 11.7 Two time evolutions of r with an infinitesimal initial difference

Figurs from The Computetional Besaty of Neture: Computer Explorations of Frectafy. Cheos, Complex Systems, and Adsptetion. Copyraght (D) 1996-2000 by
Gary William Flake, All cightts ressrvd. Parmission
part of thes work may be reproduced for commerncial purposes mithout prioe wiitten permisson frem the MIT Press.

ed for aducational, schelarly, and parsonsl use provided that this sotice semaiss. mtact and unaltersd,






Xep1 =4 r-x - (1 — x)

e rel0,1],x € [0,1]
@ mozny vyznam: velikost populace

@ jednoduchy pfiklad ilustrujici zakladni koncepty chaosu
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Figure 10.2 Logistic map with + = 5 (a) The time series quickly stabilizes to a fixed
point. (b) The state space of the same system shows how subsequent steps of the system
get pulled into the fixed point.
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Figure 10.4 Logistic map with r = [5: (a) The time series quickly stabilizes to a period-
2 limit cycle. (b) The state space of the same system shows how subsequent steps of the
system get pulled into the limit cycle. () The state space of the same system but with
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Figure 10.5 Logistic map with r = £5: (a) The time series quickly stabilizes to a
period-4 limit cycle, (b) The state space of the same system. (c) The state space of the
same system but with only the converged values for x, plotted.
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Figure 10.6 Logistic map with r = 1: (a) The time series is chaotic and has the appear-
ance of noise. (b) The state space of the same system, which illustrates how the system's
ua_]ecwr) visits enar) local region. (c) The state space of the same system with only four






Feigenbaumiiv diagram

pro hodnoty r simulovat 200 krokd, prvnich 100 zahodit,
ostatni zanést na y-ovou osu

Feigenbaumiiv bod: pfechod od ¥adu k chaosu
bifurkaéni body, Feigenbaumova konstanta 4.6692

sob&podobnost

vztah redlné véci: tok (p¥imy, turbulence), srdce
(pravidelné, fibrilace)



0y

[

(a) (b)

Figure 10.7 Bifurcation diagrams for the logistic map: (a) This image has values of v
such that fixed points, limit cycles, and chaos are all visible. (b) This image shows the
detail of the boxed section of (a).
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L-systém

@ Lindenmayeriiv systém

@ modelovani rlstu rostlin, viz napt. The Algorithmic
Beauty of Plants
http://algorithmicbotany.org/papers/abop/abop.pdf

@ paralelni pFepisovaci gramatika:

@ axiom
e prepisovaci pravidla, aplikovana paralelné

@ pfirozena interpretace Zelvi grafikou


http://algorithmicbotany.org/papers/abop/abop.pdf

Kochova vlo¢ka — L-systém

@ symboly: F,-,+
@ axiom: F--F--F
@ prepisovaci pravidlo systému je F = F+F--F+F

@ interpretace: F = forward(10), + = right(60),
- = left(60)

F = F+F--F+F =

F+F-—F+F+F+F-—F+F--F+F--F+F+F+F--F+F =
F+F--F+F+F+F-—F+F—-F+F--F+F+F+F-—F+F+F+F—-F+F+F+F--
F+F--F+F-—F+F+F+F—-F+F--F+F--F+F+F+F—-F+F--F+F--F+F+
F+F--F+F+F+F-—F+F+F+F--F+F--F+F--F+F+F+F--F+F



A — B-A-B
B = A+B+A
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Hilbertova k¥ivka

@ prostor vypliiujici
k¥ivka

@ dal3i podobné:
Peanova kfivka

A=-BF+AFA+TFB -
B=+AF-BFB-FA+



@ [ — push, uloZeni polohy Zelvy na zdsobnik

@ ] — pop, obnoveni polohy Zelvy ze zdsobniku

«O» «F»r « =

=

« =

DA



AjF[+A]_A
F=FF
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A=F-[[A]l+A]J+F[+FA]-A
F—FF
ljhe|250
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L’]he': 250

F= FF+[+F_FF]
-[-F+F+F]




Stochasticky L-systém

vybirdme nahodnostné jedno z pravidel

thel: 30°
F = F[+FIF[-FIF
F = F[+FIF
F = F[-FIF



Uloha

@ diraz na kompaktnost a eleganci implementace
e zadny ,copy & paste” kéd
e oddéleni ,dat" a ,obecného principu®
e stru¢né zapsana pravidla (fetézce) = obrazek
@ experimentovani s pravidly — neopisujte pouze pravidla,
zkuste vlastni variace!



