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Co to je Genetické programovani?

e Optimalizacni metoda inspirovana evoluci.

e Reprezentace reseni: syntakticky strom programu

e Hlavni vstupy:
e Fitness funkce
e Mnozina stavebnich symbolu
e Genetické operatory (+ mechanizmus selekce)

 VVystup:
e Programy



GP jedinec

function (x,Vy)
return ((o6%*

{
(

X*x) )+ ((2+3) * (x*y)) ) tp1;
}



Stavebni symboly
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Typy v GP

e Vyhody
— Do sady stavebnich symboll mizeme pridavat dle libosti
— Vhodné volena typova omezeni Cini programy smysluplnéjsi
— Prohledavany prostor je mensi

 Nevyhody
— Algoritmus GP se zkomplikuje (generovani, gen. operatory)

— Pro moc silny typovy systém muze byt problém vubec najit
korektniho jedince



Vyhody pouziti pristupu z
funkcionalniho programovani v GP

e« Komplexni nebo obecné programovaci
construkty mohou byt reprezentovany jako
nigher-order funkce (které muzeme dat do
mnoziny stavebnich symbolu)

e Typy umoznuiji precizni zpusob jak vynucovat
tvrda omezeni na strukturu generovanych
programu.

e Curry-Howarduv izomorfismus ...



Curry-Howarduv izomorfismus
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Curry-Howarduv izomorfismus
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Prvni priklad aplikace TFGP:
Evoluce ML workflows

e Existuje mnoho Machine Learning metod

— A kazda se funguje ruzné kvalitné na ruznych datasetech

 Workflow : Kombinace nékolika jednoduchych metod do
jedné komplikovanéjsi.

— Muze vyrazné zlepsit vysledky

SVC

—s | pca | ———|k-means|———| DT |———| wvote




Nase workflow reprezentace

ML workflow lze prirozené reprezentovat jako Directed Acyclic Graph
(DAG)

» .. ktery reprezentujeme jako strom programu popisujici konstrukci onoho DAGu

— Operacemi kombinujicimi mensi DAGy do vétsich

SVC

L.l poa [—E|k-means 20 o pr |25 wote [+

logR

e Listy odpovidaji ML metodam
— Tedy v zasade funkcim
e A tedy vnitrni vrcholy odpovidaji “higher order funkcim”

— Typy nam pomohou zvladnout, aby vznikaly jen smysluplné kombinace



Klasifikator

* pouzivame:
e Natrénovany klasifikator lejbluje data * Supportvector st
- Gaussian naive Bayes

— transformuje Data na Labeled Data - Decision tree

- Perceptron
- MLP
- LDA
- QDA
- PAC

Data (D) Labeled Data (LD) oo

volatile chlorid pH alcot volatile chlorid pH alcol guality
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0,27 0,062 3.4 10 0,27 0,062 3.4 10 5]

0,27 0,047 3,2[ 11,6 0,27 0,047 3.2[ 116 5]

0,32 0,033 3,1[12.3 0,32 0,033 31[123 7

0,24 0044) 32 10 0,24 0,044] 32 10 3]
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Preprocessing

e Preprocessing transformuje data na trochu jina data

Data (D)
fixed wolatile citric residi chlorid free total density pH sulphz alcol
6.8 0.26) 042 1.7] 0,049 41] 122| 0.993] 3.5 048] 105
7.6 067)014] 1.5 0,074 25 168/0,9937)3.1] 051 93
6.6 027 041 1.3] 0.052| 16| 142/0,9951) 34| 047 10
74 027048 1.1] 0,047 17] 13209914 3.2 049 11.6
7.2 032 0.36 2] 0.033[ 37| 114/0.9906| 3.1] 0.71] 12,3
8.5 0.24] 0.39] 10.4] 0.044] 20| 142/0,9974| 3.2] 053] 10

PCA
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Splitter

* We use:
. v . \"4 . v 7
* Splitter rozdéluje tok dat do nékolika veétvi. - k-means
- copy
Data (D)

volatile chlorid density alcot

Data (D) 0.26) 0,049 0,993( 104

0.67) 0,074({0,9937| 9.3

volatile chlorid density alcol 0.27| 0.047]0.9314| 11.6

026l 0049 0993 10 5 0.32) 0.033(0.,9906( 12,3
0.67) 0.074{0,9937 9.3
0.27) 0.052{0.9951] 10

0.27] 0.047[0.9914] 116 ( )
0,32 0.033(0.,9906( 12,3 Data D
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Merger

e We use:

* A merger je taky dat zase spojuje dohromady. - Union/ Voting

PCA

- Stacking

Labeled Data (LD)

volatile chlorid pH alcol quality

Labeled Data (LD)

volatile chlorid pH alcol quality

k-means

typy:

vote : (VLD (S(Sn)) an ) =>1LD
Stacker : (V LD (S(S n)) Copy) => D




Sériové zapojeni
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ensl : ( (D =>D) x (D=>(VLDnan)) x ((VLD n an) => LD)) ) -> (D => LD)

split : ( (D => (VD n an)) x (V (D => LD) n an) ) -> (D => (V LD n an))




.. a paralelni zapojeni
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—»| copy

» Stacking — Kombinuje predikce predchozich klasifikatord jako novy dataset.

e Boosting — Ensemble tvoreny serii klasifikatort, kde kazdej dalsi klasifikator se
soustfedi na chybné klasifikované predpovédi klasifikatord pred nim.

... a taky

Stacking & Boosting

ensemblové metody

booster

\

DT

RN

logR

SVC

stacker|-=

SVC




Vnitrni vrcholy

ensl
enso
split
cons
stacking
boosting
booster

Listy

PCA
kBest
kMeans
copy
vote
booBegin
booEnd
stacker
nil

PCA

k-means

SVC

SvC

logR
gaussianNB
DT

Perc

LDA

QDA

PAC

SGD

MLP

+ set of parameters for the ML methods

PCA

k-means

Stavebni symboly
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Vnitrni vrcholy

ensl
enso
split
cons

stacking :
boosting :

booster

Listy

PCA
kBest
kMeans
copy
vote
booBegin
booEnd
stacker
nil

PCA

k-means

SVC

Stavebni symboly

((D =>D) x (D=>(VLDnan)) x ((VLDnan) => LD)) -> (D => LD)
((D=> (VW LDnan)) x ((VLDnan) => LD)) -> (D => LD)
((b=>(VDnan)) x (V(=>LD)nan)) -> (D=>(VLDnan))
(ax (Vanan)) -> (Va(Sn)an)
((V LD n Copy) => D) x (D => LD)) -> ((V LD n Copy) => LD)
((D => Boo) x (V (Boo => Boo) (S(S n)) an) x (Boo => LD)) -> (D => LD)
(D => LD) -> (Boo => Boo)

+D=>D SVC D => LD

- D=>D logR : D=>1D

: D => (VD (S5(S n)) Disj) gaussianNB : D => LD

: D=> (VD (S5(5n)) Copy) DT : D=>1D

: (VLD (S(S n)) an) => LD Perc D => LD

' D => Boo LDA : D =>1LD

: Boo => LD ggé : B => tg

: (VLD (S(S n)) Co => D : =>

: \(/ ao gn( )) py) SGD : D =>1D

MLP : D =>1LD

+ set of parameters for the ML methods
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Stavebni symboly

Vnitrni vrcholy

PCA

k-means

SVC

ensl ((D =>D) x (D=>(VLDnan)) x (VLDnan) => LD)) -> (D => LD)
enso ((D => (VW LDnan)) x ((VLDnan) => LD)) -> (D => LD)
split : ((D=>((Dnan)) x (V(D=>LD)nan)) -> (D =>(VLDnan))
cons : (ax (VMVanan)) ->(Va(Sn)an)
stacking : ((V LD n Copy) => D) x (D => LD)) -> ((V LD n Copy) => LD)
boosting : ((D => Boo) x (V (Boo => Boo) (S(S n)) an) x (Boo => LD)) -> (D => LD)
booster (D => LD) -> (Boo => Boo)
Listy
PCA :D=>D SVC D => LD
kBest : D=>D logR : D=>1D
kMeans : D=> (VD (S(S n)) Disj) gaussianNB : D => LD
copy : D=> (VD (S5(S n)) Copy) DT : D=>1D
vote : (VLD (S(S n)) an) => LD Perc D => LD
booBegin : D => Boo LDA : D=>1D
booEnd : Boo => LD ggé : B => tg
stacker : (VLD (S(S n)) Co => D : =>
nil Vel e M) P SGD ;D => LD
MLP : D =>1LD

+ set of parameters for the ML methods
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Genetické operatory:
Generovani, Krizeni & Mutace

e Pouzivdme nas novy algoritmus pro rychle generovani stromu
— Vhodny pro parametricky polymorficky typovy systém
— Schopny uniformniho generovani

« Typovana verze tree-swapping krfizeni

e A nékolik mutaci
— Same size tree mutation

— Mutation of single parameter
(of machine learning method)



PFiklady jedinct

PCA(L.True)

SVC(0.01.auto.15) logR(0.0001.12.5ag.1) SVC(0.001.0.5.5)

logR(0.001.12.5ag.5)

One of the best workflows for the magic dataset.



PFiklady jedinct

T

booster *

logR(12,5ag,0.0001,10)

SVC(0.001,0.001,2)

One of the best workflows for the wilt dataset.



iklady jedincu
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Druhy Priklad:
Interaktivni evoluce navrhu dlazby

o L L]




Makro seminka

(pocatecni makro ndvrhy)

O X<

Mikro seminka

(pocateéni mikro navrhy)

.
+
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Prostor pravidel
celularnich automatu
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dvojice (makro seminko, pravidio)
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Populace makro navrht

dvojice (makro seminko, pravidlo) Vybrané mikro navrhy
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Na makro navrh aplikujeme dlazZdice...

Vybrany makro navrh

Pixely makro navrhu Vybrané mikro navrhy
(stavy jednotlivych buriek) (neboli "dlazdice")

. s rd -
Finalni navrh
Vznikly nahrazanenim bufiék v makro ndvrhu pfistusnymi mikro ndavrhy.
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Substituce dlazek pomoci typu

Goal ...“Img 500“ = Img2*2*5*5*5

(Img (T 2 (T 2 (T 5 (T 5 5)))))

replace : (Mul a b ¢) -> (Img a) -> (Img b) -> (Img c)
aal : Mul a1 a

ala : Mul 1l a a

a xab : (Mul a b ¢) -> (Mul (T x a) b (T x c))

a axb : (Mul a b ¢) -> (Mul a (T x b) (T x c))



Goal = (Img (T 2 (T 2 (T 5 (T 5 5)))))

(1) 500 = img

(2) N/A

(3) N/A

(4) <500, 1> = (replace al img img)

(5) <250, 2> = (replace (axb al) img 1mg)

(6) <2,250> = (replace (axb (xab la)) img img)

(7) <5,100> = (replace (axb (axb (xab 1la))) img img)

(8) <50,10> = (replace (xab (axb (xab (axb al)))) img img)

(9) <<500,1>,1> = (replace (xab al) (replace (xab al) img img) img)

(10) <50,<1,10>> = (replace (xab (axb (axb al))) img (replace la img img))
(11) <<100,1>,5> = (replace (xab (xab (xab (xab la)))) (replace al img img)
(12) <<1,1>,<2,250>> = (replace (axb la) (replace al img img) (replace (xab
(13) <L<L2,1>,125>,2> = (replace (axb (xab al)) (replace (xab 1la) (replace al
(14) <<<1,1>,<2,250>>,1> = (replace al (replace la (replace la img img) (rep.
(15) <<L2,50>,<1,5>> = (replace (xab (xab (axb al))) (replace (axb (xab 1la))
(10) <2,<2,<1,125>>> = (replace (xab (axb (axb la))) img (replace (xab (axb
(17) <25,<<1,<1,1>>,20>> = (replace (axb (axb (xab (axb al)))) img (replace
(18) <<4,<1,<1,1>>>,<125,1>> = (replace (xab (xab la)) (replace al img (repl:
(19) <1,<1,<50,<5,2>>>> = (replace la img (replace (axb la) img (replace (x:
(20) <<1,<<1,1>,<2,1>>>,250> = (replace (xab la) (replace (axb al) img (repl:
(21) <<<<1,2>,250>,1>,<<1,1>,1>> = (replace al (replace al (replace (xab 1la)
(22) <1,<<10,<<1,1>,<50,1>>>,1>> = (replace la img (replace al (replace (xab
(23) <2,<5,<2,<1,<5,5>>>>> = (replace (axb (xab la)) img (replace (axb (xab 1la;
(24) <2,<1,<5,<<2,5>,5>>>> = (replace (axb (xab (axb la))) img (replace la img
(25) <<250,<1,<<2,<1,1>>,1>>>,1> = (replace (xab al) (replace (axb (xab al))
(206) <<KLL5,25>,<2,1>,2>>,1>,1> = (replace al (replace (xab al) (replace (a3
(27) <<<1,1>,1>,<<1,<250,<2,1>>>,1>> = (replace la (replace la (replace al in
(28) <<1,<<<1,<<1,<1,1>>,1>>,1>,<1,1>>>,500> = (replace la (replace al img (r
(29) <1,<<1,<1,1>>,<<<1,1>,<1,2>>,250>>> = (replace la img (replace (axb 1la)
(30) <<K<<1,<<1,1>,1>>,<25,2>>,1>,10> = (replace (axb (xab (axb al))) (replace
(31) <KL, 5>,<25,1>>,1>,2>,1>,2> = (replace (axb (xab (xab al))) (replace
(32) <LL2,1>,1>,<<<1,1>,5>,<<1,50>,1>>> = (replace (xab (axb (axb la))) (rer



Work in Progress:

iI2¢ : Images to Code

e Cil: Natrénovat hlubokou sit, ktera prevadi:
- Obrazky na Program popisujici obrazek

— .. tak aby vysledny obrazek byl co nejpodobnejsi vstupu

 Natrénovat sit, ktera vidi kod.”

-

G, B, G}, W), W, G

Wy, q{W, G, q{G G,
G, q(W, W, G, W)},
qls, G, W, &)},
ai{g{qg(v, qi(W, W, G,
qlz, W, ql{g(d, W, W,
G), G, W, W), W)},

"F G:IF GF "F
a{W, W, q{W, W, G,
W), W), W))

al&, gigiv, W, qiG,

W), W,



i2¢ : Jazyk pro popis obrazku

* Sada schopna popisovat hierarchické struktury
* Co nejjednodussi
* — Zvolené stavebni symboly pro prvni iteraci experimentu:
— h : horizontalni split
- v : vertikalni split
- g : split na 4 kvadranty
- B : Cerna vypin
- W : bila vypin



i2¢ : Generovani datasetu

* Postupnée podle velikosti

— Do urcitéeho limitu exhaustivné
- Nad limit uniformni samplovani

 (Occamova britva“

— nechavame si jen nejmensi reprezentaci
- ImageHash https://github.com/JohannesBuchner/imagehash
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12¢ : Model

e Rekurentni sit

— Konvolucni enkodér

- Rekurentni dekodeér

* Gated Recurrent Unit (GRU)
* Vystup: k'd v prefixové notaci

* Tréenovaci metrika: BLEU-4

- Tzn trenujeme jednoduse na ,textu” kodu

* Mouzivam toolkit NeuralMonkey kluku z UFALu

- https://github.com/ufal/neuralmonkey



12C

Vysledky (32x32)

Stats for test data Histogram of error on test data
Number of test instances: 2642 2000 -
Number of absolute matches: 2010
Percent absolute matches: 76.079 %
Average error: 0.005 1750 ~
Worst error: 0.141
Number of output codes in incorrect format: 0 1500 A
1250 -
2
1000 -
750 A
500 1
250 4
0 - = —

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Error



i2c: Vysledky (64x64)

Results on test data

Stats for test data

Number of test instances: 10505

Number of absolute matches: 8478

Percent absolute matches: 80.704 %

Average error: 0.015

Worst error: 0.625

Number of output codes in incorrect format: 29

=

Histogram of error on test data
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12¢ : Future work

* Podstatne rozSirit sadu symbolu
- Symetrie
- Fraktaly
- Shadery

* Rekurzivni pouziti modelu pro malé obrazky na
velke obrazky

e Ostruvky...



Work in Progress:
Interaktivni evoluce terénu pro ostrovy

Stats for the Selected Island
Individ: 7; Grid pos: [2,0]
MaxHeight = 222.711
MinHeight=0
andWaterRatio = 0.3620605
argestLandRatio = 0.3620605
argestReachableRatio = 0.1513672
d

an impleBorder = True
tor_Sim ot

omps.Count=
omps.Count=

Diff\Variance_XZRatio = 0.6619794

DiffMean_XZDiff = 3.441405E-06

((+ ((+ ((((((gauss 8) 2) 4) 32) 32) 0)) ((((((gauss 8) -1) -2) 16) 16) 2.356194))) ((+ ((+ ((+
(((((gauss 32) -1) -1) 32) 16) 3.141593)) ((+ ((((((gauss 8) -1) -2) 16) 32) 3.141593))
(((((((pcone 1.25) 52) 82) 2.5) 50) -4) 555.9) 784.8) 0.03)))) (((((gauss 8) -4) -1) 32) 32) 5.497787))) ((((((gauss 4) 4) 1) 16) 32) 3.926991)))




Strategie: Krok 1a

* |dentifikovat zajimavy mustry na ostrovy (listy)

- GaussHill

- PerlinCone

— PerlinCylinder



Strategie: Krok 1b

* Najit vhodné ,kombinatory“ ostrovu (binarni operace)
- add
- sub
— mean
— sigmoid step
- lin interpolate

* Filtry (unarni operace)

- Eroze




Strategie: Krok 2a

* Najit meritelne veliCiny, které by mohly
Slechteni zautomatizovat

MaxHeight = 53.93579
MinHeight =0

LandWaterRatio = 0.9350586
LargestLandRatio = 0.9350586
LargestReachableRatio = 0.8134766

Islsland SimpleBorder = False
IslslandFactor SimpleBorder = 0.1601
IsTheLargestLandAnlsland = False
IsHighestMountainOnThelLargestLan

Mumlslands =0
landWaterComps.Count =13
reachableComps.Count= 198

DiffVariance X7Ratio=067TB558

DiffMean XZDiff= 2329842 '




Strategie: Krok 2b

* Z veliCin udelat ,jazyk™ a zkusit 2-level evoluci

* Formy evoluce (evaluace):

- seamless (méreni chovani uzivatelu)
— prfiznana (hveézdiCky, porovnani)



Kdyby to nékoho zajimalo podrobnéiji...

Preprinty nékolika vybranych ¢lanka: https://gitlab.com/tomkren/preprints

Diky za pozornost :)
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