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Prednasks

CO je ,generative art”, ,evolutionary art”
ument, Kreativita, invence ?

co lze 3 jaK

Uvod do Genetickych algoritm
GeneticDrummer
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Generative Art

- strojova tvorba

- hudba (harmonicky doprovod, rytmicky doprovod,
melodie)

- malba (napodobeni vytuarnych stylu)
- dokonce texkt, ale ...
- pouzivaneé techniky
- N3hoda
- prohledavaci/optimalizacni techniky
- genetické algoritmy, neuronove site
- pravdepodobnostni modely
- Markovovy retezce, formalni gramatiky
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Mondriaan Evolution




Rooke: Musgrave Agave

. Steeve Rooke
. fraktalove obrazky
» geneticky algoritmus
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Geneticke algoritmuy:
jemnny uvod




Geneticke algoritmy

- inspirace Darwinovskym pojetim evoluce v zivi prirode
- heuristicka prohledavaci technika
- hodi se kdyz

- Uloha vypocetne prilis narocna (spokojime se sub-
optimalnim resenim ale prijatelném case)

« Ulohu nelze dobre formalizovat

- princip: nahdone/heuristicky generujeme mozna reseni
3 uprednostnujeme ta Kualitni

- z3Kklad: Simple Genetic Algorithm (SGA)
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Jedinci a Populace

- genotyp/fenotyp
- chromzom Koduje tzv. jedince
- pOZzice jsou tzv. alely
- jedinci tvori populaci jedincu
- cil: ziskavat lepsi a lepsi populace jedincu
- priklad:

- Kddovani Cisel

- cesta v grafu

- notovy zapis

- 0braz

- rozvrh hodin
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Priklad: binarni cislo




Priklad: fraze

i|J ﬂ; iy




- vytvari nove jedince

- Kombinuje genetickou informaci
. jedno- (SGA), vicebodové Krizeni
- yyber pozice

rodiCe:

potomci:

1

1

1

1

0

1

bod krizeni:

1

1

1

1

0

1
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PUvodni chromozom:

zmeny v aleldch chromozomu
nahodne/heuristicky

SGA: mutace bitovou inverzi
muze dodat novou informaci (1)

1 0 1 1 1 0 1 1 0 0 0 1
Mutovany chromozom:
0 0 1 0 1 0 1 1 0 0 0 1

Test pozitivni (inverze)

Test negativni
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Ohodnoceni a selekce

- ohodnoceni priradi Kualitu (tzv fitness) jedinci
. selekce vybira jedince do dalsi generace
. princip ,survival of the fittest”

chromozom | fitness
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Priklad: selekce

® (110010010)
® (010111101)

(0001001 10)
® (000010000)
® (000001010)
® (000000100)

Ruletové kolo

® (110010010)
® (010111101)

(000100110)
® (000010000)
® (000001010)
® (000000100)

Poradova selekce

turnaj vitéz
(110010010)
fitness: 402 (1100100 10)
(010111101) fitness: 402
fitness: 189
(000001010)
fitness: 10 (000100110)
(000100110) fitness: 38
fitness: 38
(010111101)
fitness: 189 (010111101)
(000010000) fitness: 189
fitness: 16
(000001010)
fitness: 10 (000001010)
(000000100) fitness: 10
fitness: 4
(0O00001010)
fitness: 10 (000100110)
(000100110) fitness: 38
fitness: 38
(010111101)
fitness: 189 (010111101)
(000010000) fitness: 189
fitness: 16

Turnajova selekce
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Schéma cinnosti SGA

1. Inicializace vychozi populace, G(t), t=0
2.0hodnocent G(t)
3. Neni-li splnena ukoncovacit podminka, pak:
4.0=0+]
5.Selekce G(t) z G(t-1)
6.Reprodukce
1. Krizeni
2. Mutace
7. 0hodnocent G(t)
8.0pakuj od bodu 3
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Priklad: TSP

Target Yalue: 5,945 Best so far: 20,240
Current generation: 0 Function Calls: 30

e VAN

- problem obchodniho
cestujiciho (Travelling
Salesman Problem)

o/

. Orojit vsechna mesta prave
jednou s co nejmensimi
naklady (napr. délka trasy)

. pfesné feseni je prilis g
vgpocetne narocneé pro vesi
pocet mest, slozitost O(n!)

. reseni genetickym algoritmem
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Aplikace v generovani
hudby




Interactive Scaffolding

AmMy Hoover et.al., 2011 e
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vytvari variace podle e e T
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. interaktivni system
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oriklad: A Bad Girl's
Lament

zdroj: Hoover et al.: Interactively Evolving Harmonies through Functional Scaffolding
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. Al Biles, 1993-dosu0

- Hra na trubku

» prevod do MIDI prevodnikem

. Vytvari variace zahranych frazi
- hraje s podkladem

. interaktivni geneticky
algoritmus

. Vystup MIDI pres tonovy
generator

- Gendam -

\::;n
v% \\.\ :

\
A

zdroj: http://wwuw.ist.rit.edu/~jab/Genjam.html
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. ,posloucha” 4 takty

. prevod MIDI/GA/MIDI

. .Improvizace” — pocitac
0dpovida

- Kvantizace na 1/8

- hledani v tabulce

- mutace (otoceni, rotace,

Lranspozice, opakovani
casti ...)
. transformacni pravidls

chromozom pro 1. takt b:
9 160 11 12 13 11 10 9

a) Clovek:

Frn? Bém? E¥? Abmaj?
.:; 1 \ . E i T —
b Q'T . L .:_ Ho RN L'#:H | ;‘*. . =
b) transformovana fraze:
Fm? Bim? E}? Asmaj?

8 |1 i M ot | ~
?‘iﬁ:. &g - } ? e o ‘xv‘ e =
c) vygenerovana fraze:

Dimaj? G Cm? Bdim

A Ll hfﬂ]h prmpm—— ~,

e e e I e )

e

zdroj: http://wwuw.ist.rit.edu/~jab/Genjam.html
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- TOKUI, Iba, 2000

. rytmicke
taktu

fraze 4-16

. 20-chromozom

- Rrizenl

. mutace (ndodn3,
rotace, otoceni,

vgmena,
mezi Nas

norehozeni

(rOjl)

. bez ohlec
- hodnoti U
. NCUroNov

U Na hudbu
zivatel
3 sit se ucl

hodnotit (asistent)

zdroj: Biles. A. :Interactive GenjJam: Integrating Real-Time Performance with a Genetic Algorithm
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GeneticDrummer




GeneticDrummer

- system pro automaticke generovant rytmického
doprovodu

- zalozen na genetickem algoritmu
+ dUraz na ,human-competitive”
- hudebni Kritéria

- 3utomaticka cinnost (nent tzv. interaktiuni, coz je
vyhoda)

- system ,posloucha” jeden nastro-typicky pro
harmonicky doprovod

- uzivatel specifikuje své preference o vysledku
- Cinnost pres MIDI (soubory)
- generovani probiha off-line
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GeneticDrummer: Drumset

- Dezna bicl souprava
» D3ss drum
.+ SNare drum
- 38 LOM
. floor tom
. hi-hat
« 2% crash cymbal
. splash cymbal
. ride cymbal
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Rytmickeé elementy

Note symbol|{Meaning|Element type
J J single stroke
3 Ie I g f E double stroke
. tvori chrommosomy a ty 2 ﬁ N
ddle multichtomosomy —
. Drirozena reprezenace 3 ﬁ
Moznosti instrumentace " |fam
. jednoducha tvorba variaci ﬁ;
A
p < mp
drag
YR Iypy
p=p ruff
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Kodovaci tabulky

playing technique p \mp|\mflf |ff |fff playing technique p |mp\mf|f |f |ff| |playing technique p |mp\mf\f |ff fff
closed hi-hat single stroke [11{12 |13 |14|15|16 single drumhead stroke |11/12 |13 |14|15/16| |ride cymbal single stroke |11 [12 |13 |14 |15 |16
closed hi-hat double stroke|21]22 |23 [24[25/26| |double drumhead stroke|21)22 |23 |24)25/26| |ride cymbal double stroke|21 |22 |23 |24 |25 |26
closed hi-hat triple stroke |31|32 |33 [34[35[36| |triple drumhead stroke |31)32 |33 |34|3536| |ride cymbal triple stroke |31 |32 |33 |34 |35 |36
closed hi-hat flam stroke |41|42 |43 |44[45]46| |drumhead flam stroke 41|42 |43 |44|45(46| |ride cymbal flam stroke |41 [42 |43 |44 |45 |46
closed hi-hat drag stroke |51]52 |53 |54[55[56| |drumhead drag stroke |51)52 |53 |54|55/56 | |ride cymbal drag stroke |51 |52 |53 |54 |55 |56
closed hi-hat ruff stoke  |61]62 |63 |64/65/66| |drumhead ruff stroke |61)62 |63 |64/65/66 | |ride cymbal ruff stroke |61 |62 |63 |64 |65 |66
open hi-hat single stroke |71]72 |73 [74|75[76 single side-stick stroke (71|72 |73 |74|75|76| [ride bell single stroke 71 172 173 |74 |75 |76

foot pedal hi-hat stroke 81(82 |83 |84/85|86 ride bell double stroke 81 |82 |83 (84 (85 (86
Table 2. Snare drum interpretation codes ride bell triple stroke 91 192 193 (94 195 196

Table 3. Hi-hat interpretation codes ride bell flam stroke 101{102(103|{104(105|106

ride bell drag stroke 111(112{113|114|115(116

ride bell ruff stroke 121(122(123(124(125|126

Table 4. Ride cymbal interpretation codes

playing technique|p |mp|mf|f |ff |fff
single stroke 1112 |13 |14|15|16

Table 6. Bass drum, Splash cymbal and Crash cymbals interpretation codes
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Multichromozom

((chromosome representing splash cymbal) ((empty)

(chromosome representing crash cymbal 2) (empty)

(chromosome representing crash cymbal 1) (empty)

(chromosome representing ride cymbal) (empty)

(chromosome representing hi-hat) ’(14 00 14 00 14 00 14 00 44 00 74 00 24 00 15 00)
(chromosome representing snare drum) > (00 00 00 00 14 00 00 00 00 00 00 00 14 00 00 00)
(chromosome representing bass drum) >(14 00 00 00 00 00 14 00 14 00 00 00 00 00 00 00)
(chromosome representing small tom-tom) (empty)

(chromosome representing medium tom-tom) (empty)

(chromosome representing large tom-tom) (empty)

(chromosome representing floor-tom)) (empty))

SHN N N N

2 2
5D ¢
BDJ 7obob7g
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Populace

- Kretivita vs. invence
- jok se GeneticDrummer uclt ?
. populace se sklada z multichromozomu
- groove-population
- break-population
- Kazdy multichromozdm reprezentuje jeden takt
- generovant po frazich

- populace by mohly byt nahrany zive — napodobovani
stylu
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I I I I
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. jednobodove
« DO chromozdmech
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Merent Kvality




merent Kvality

- operatory
- fitness funkce je Kompozice operatoru

- U nekterych uzivatel definuje zadany vysledek
- rhythm-conformity

- rhythm-unconformity

- dynamic-conformity
« Instrument-quantit
« Instrument-quantit

—

-on-strong-beats
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rhythm-(un)conformity

» (rhythm-conformity : —
<chromosome> music) 4= e <

. (rhythm-unconformity .
<chromosome> music) 11
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dynamic conformity

- dynamicka souhra
- (dynamic-conformity <chromosome> music)
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Instrument-quantity

- meri ,hustotu” doprovodu s ohledem na zadanou
hodnotu specifikovanou uzivatelem

- (instrument-quantity <chromosome> <ideal-value>)
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Priklad

(lambda (music)
(+ (* 25 (instrument-quantity ’notes-ride 0.8))
(x* 3 (rhythm-conformity ’notes-snare music))))

nedéle, 29. kvétna 2011



Mutace
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accentuate

- (Mmut-accentuate <chromosomes> <probability-of-
gene-mutations)

fretless-bass

original d
3 STRSRTRRITRIAIETR
4

accentuate
> > > > > >>>> (> > > > > > >>>>

3 JRTRTRTARTRIAIETE
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bass-consonance

» (bass-consonance <chromosome> <probabilitys)
- ZUYSuje souhru
- ridadva/odebira noty podle stopy DHN
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rhythm-element-change

- (rhythm-element-change <chromosome> <prob»)
- zamenuje rytmické elementy
- vytvari rytmickeé variace
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. (syncopate <chromosome> <probs)
» N3podobuje synkopizaci doprovou

_4_6): = @ —1— @ 1= - 1= @ 1= 1= @ 1=

e ~= ~=
Y P Y

g - J’ J = ﬁj’ g o M
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Priklad

(lambda (music)
(mutation-bass-teamwork ’notes-bass 0.06 music)
(mutation-bass-teamwork ’notes-cc-1 0.06 music))
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Shrnuti

- generovani probiha po frazich
 kazda fraze muUze byt zakoncena prechodem

- frdze se generuji po taktech
- vysledek se nasledne ,humanizuje” (Cas a dynamika)
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Priklady




- Koopreuje s CakewsalK
ProAudio or CakewalK
Sonar

- 0ZNaCl se fraze
» N3stavl se parametry

. vygeneruje se
doprovod a vrati jako
NOV3 stopa
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ProAudio a GeneticDrummer

Cakewalk ProAudio GUI

Stopa s doprovodnym
nastrojem E
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GeneticDrummer GUI
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Priklad frazi




Priklad frazi

Bass guitar track - Phrase 1 Phrase 2 Phrase 3
HAIl instrument

| S MIDI 0 0

" GA-Drummer Cakewalk Sonar/ProAud

n |_Jla N <1 =
U =7 2 =0

| | Geneticalgorithm
= |

[ SUS{ICH| Aot
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