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Geneticky algoritmus — princip

* je zalozen na reprodukci populace,

e za UCelem ziskani ,kvalitnéjSich* jedincu.

* Inspirace prirodou

,Siinejsi prezije*



GA — Strucna historie

* 1954 — N. A. Barricelli, prvni simulace evoluce
automatu pro jednoduchou karetni hru,

* 1970 — J. Holand, popis genetického algoritmu,

e 1992 — J. Koza, pouziti genetickeho algoritmu
Pro vyvoj programu — genetické programovani.



ﬁ} GA — Inspirace prirodou

* Genom, chromosom, gen...



Geneticky algoritmus — pojmy

Kddovani jedince — chromosom,
mnozina chromosomu — populace.

Reprodukci populace vznika nova generace
chromosomu.

Kazdy chromosom populace ma prifazenu
fitness hodnotu — danou ucelovou (fithess)
funkci, vyjadrujici ,kvalitu“ daneho jedince.



1@} Geneticky algoritmus — pojmy

* Genotyp
— soubor genetické informace jedince
* Fenotyp
- zobrazeni genetické informace do konkrétniho

jedince

genotype phenotype




Geneticky algoritmus

* Behem reprodukce jsou jednotlive chromosomy
vybirany podle fitness hodnoty a podrobeny
dalsim operacim

- Krizeni — rekombinace casti vybranych paru
chromosomu,

- mutace — nahodna modifikace hodnoty genu
chromosomu.



ﬁ} Geneticky algoritmus

Evolutionary search
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Obecny geneticky algoritmus

[ G(t) ]<Inicializace

Selekce

G(t+1) }

Nahrada
A

Zmeéna

L Pomocna generace }




Obecny geneticky algoritmus

o G(t) = {X,;» X5 ---» X} — POpulace jedincu
t=0;
inicializace G(t);
vyhodnoceni G(t);
while (not zastavovaci kritérium) do
t=t+1;
selekce z G(t-1) do G(t);
modifikace G(t);
vvyhodnoceni G(t);

done



Tvorba genetickeho algoritmu

1. Zpusob kdédovani chromosomu,

2. definice ucelové (fitness) funkce,

3. metoda generovani pocatecni populace,
4. mnozina operatoru,

5. mnozina pracovnich parametru.



ﬁ} GA — kédovani chromosomu

e Pomoci binarniho kddu,

- priklad:
O 1 0 1 1 o0 1 1 = 91
1 1 0 O 1 O o0 1 = 201

* fetezcem Cisel — Ciselna reprezentace,

* stromem objektu — genetické programovani.



GA — definice ucelove funkce

 Ugelova funkce vyjadfuje kvalitu daného
jedince a tim i jeho Sanci propracovat se do
nasledujici generace.

* Pri uceni neuronovych siti muze byt jako
ucelova funkce zvolena chyba site na
trenovacich datech (potom hledame minimum).



GA — pocatecni populace

* PocatecCni populace se vetsinou generuje
nahodne,

- ve stavovem prostoru se nahodne rozmisti jedinci.

* GGA lze také pouzit pro vylepseni nektereho jiz
znameho reseni, potom se pocatecni populace
vytvori na zaklade tohoto existujiciho reseni
resp. s ohledem na ne;j.



1@} GA — operator krizeni

* Tzv. jednobodove krizeni,

- dva jedinci (rodice) generuji dva nove jedince
(potomky) nasledujici generace (nova populace).
Rodi¢c 1 (91)

O 1 0 1 1 O 1 1

l1 1 0 0 1 0 O 1

Rodié 2 (201)



1@} GA — operator krizeni

* Tzv. jednobodove krizeni,

- dva jedinci (rodice) generuji dva nove jedince
(potomky) nasledujici generace (nova populace).
Rodi¢c 1 (91) |

O 1 0 1 110 1 1

I
l1 1 0 0 1|10 O 1

Rodié 2 (201)



ﬁ} GA — operator krizeni

\'F A4

* Tzv. jednobodove krizeni,

- dva jedinci (rodice) generuji dva nove jedince
(potomky) nasledujici generace (nova populace).
Rodi¢c 1 (91) | Potomek 1 |

O 1 0 1 110 1 1 | I

l1 1 0 0 1|10 O 1 | I

Rodic¢ 2 (201) Potomek 2




ﬁ} GA — operator krizeni

* Tzv. jednobodove krizeni,

- dva jedinci (rodice) generuji dva nove jedince
(potomky) nasledujici generace (nova populace).
Rodi¢c 1 (91) (" \ Potomek 1 (89)

o 1 0 1 134j0 1 1 O 1 0 1 110 O

1

l1 1 0 0 10 O 1

Rodic 2 (201) Potomek 2 (203)



1@%} GA — operator krizeni

* Tzv. jednobodove krizeni,

- dva jedinci (rodice) generuji dva nove jedince
(potomky) nasledujici generace (nova populace).
Rodi¢c 1 (91) Potomek 1 (89)

o 1 0 1 1 o0 1 1 O 1 0 1 1 0 O

1

l1 1 0 O 1 o0 0 1 1 1 0 O 1 o0 1

Rodic 2 (201) Potomek 2 (203)

1



1{%} GA — operator mutace

» Kazdy bit chromosomu se s pravdepodobnosti
p pfi pfechodu do dalsi generace invertuje,

~ pravdepodobnost p je v praxi velmi mala, jinak

algoritmus prechazi v nahodné prohledavani.
Puvodni jedinec (91)

O 1 0 1 1 O0 1 1

l1 1 0 O 1 O 0 O

Zmutovany jedinec (90)



GA — pracovni parametry

* Velikost populace,

* pravdepodobnost mutace,

e zpusob vybéru jedincu z predchozi generace,
» definice ukoncovaciho kriteria

- napf. chyba sité na validacnich datech.



GA — Priklad

* Priklad aplikace genetickeho algoritmu na
hledani minima 1D funkce.

Nasledujici obrazky jsou vystupem appletu, jehoz autorem je Marek Obitko
http://www.cs.unibo.it/babaoglu/courses/cas/tutorials/ga/index.html



Priklad — poCatecni populace

* Pocatecni populace je generovana nahodne.

Present population Parents ey Mutated Mew population
Offspring  Offspring
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Priklad — elitarstvi

* Nejlepsi jedinci primo prfechazeji do nové

generace.

“““‘ {the best chromosormes are just copied)

Present population Parents ey Mutated Mew population
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Priklad — kfizeni

* Jsou vybrani dva jedinci pro krizeni.

Present population Parents ey Mutated

Offspring  Offspring

Mew population
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Priklad — kfizeni

* Je provedeno jednobodove krizeni.

Present population Parents Hew Mutated Mew population
Offspring  Offspring
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Priklad — mutace

* Na potomky je aplikovan operator mutace.

Present population Parents ey MUtated Mew population
Offspring  Offspring

N L =
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Priklad — nova populace

* Novi jedinci (potomci) jsou zarazeni do
nasledujici generace (nove populace).

Present population Parents ey Mutated Mew population
Offspring  Offspring

LAY
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Priklad — nova populace

* Opakovanim celého procesu je postupne
naplnena cela nova populace.

Present population Parents ey Mutated Mew population
Offspring  Offspring

LAY

Y nﬂMUW YOI

M0
TV i alnal o e (o AN ATV VT

AT P, NATTAATAAR
LU PRV val\‘wuuuu \-




Priklad — nahrada populace

* Puvodni populace je nahrazena novou.

Present population Parents ey Mutated Mew population
Offspring  Offspring

Mo =
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Priklad — finalni populace

* Po nékolika generacich je na zakladé
ukoncovaciho kritéria proces zastaven.

Present population Parents ey Mutated Mew population
Offspring  Offspring
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GA a neuronoveé sité

* Obecné — optimaliza¢ni metoda.

* Pouziti genetického algoritmu v oblasti
neuronovych siti:
- pro modifikaci vah site,
— konstrukci topologie site,
- uprave dalSich parametru, napt. aktivacnich funkci,
- optimalizaci parametru jiného uciciho algoritmu,

- hledani parametru samotného GA.



Priklad, uceni vah site

e Primé kodovani vah sité

D[t pILpPf ppjtrjoftojtfriojojfaq 1 1g Jifc




Priklad, modifikace topologie

Genome (Genotype)
Node |Node INode 2|Node 3[Node 4/|Node 5
Genes | Sensor|Sensor [Sensor [Hidden|Hidden
Input [Input [Input [Hidden|Output
Connect. In 1 In 2 In?2 In3 In 4 In 5
Genes Out' 4 Out 4 Out 5 Out 5 Out 5 Out 4
Weight 0.7|Weight 0.5|Weight 0.5|Weight 0.2lWeight 0.4/Weight 0.6
Enabled |Enabled |DISAB Enabled |Enabled |Enabled
Innov 1 Innov 3 Innov 4 InnovS [Innov6 |[Innov 10
Network (Phenotype)
4
1 2 3

Stanley, K., O., Miikkulainen, R.: Efficient Evolution of Neural Networks Topologies.
Proceedings of the 2002 Congress of Evolutionary Computation.



Modifikace topologie, mutace

| —>4

2—>4

DIS

5
2—>5|3—>5

d—>5

1—>4

3 | 4
2->4

5
2—>5|13—>5|4—>5
DIS

3—>4

Mutate Add Connection <

6
3—>54-—>5

3

1—>4 [2—>42—>5

3—>5|4—>5

3—>6

6—>5




Modifikace topologie, k

Parentl

Parent?2

\"O A4

rzZen

1 1/2

1>4| 2—>4

4

DISA

5

2->5|3->5

4-—>5

1>4
ISAB

2—>4

2->5
DISA

4-—>5

1—>6

6—>4

Parent1

Parent?2

disjoint

4
2-—>5
DISABI

5
3-—>5

1—>4
IDE&AB

3—>4

4
2->5

DISABI

disjoint

1->6| 6—>4

eXCess eXcess



Modifikace topologie, krizeni 2/2

disjoint
1| 2 4 5 | 6
Parentl| 1—54|2-54 255|355 | 4->5
DISAB
1| 2 3 | 4 6 | 7| 8
Parent2) | 1,74 | 354 2055 45| 1-56| 6->4
IDISAB DISAB
isioi excessexcess
disjoint 5‘

Offsprin 1 2 3 4 5 6 7 8
p 1 >412>4]|3>4|2>5|3>5|4>5] 1>6| 6>4
ISAB DISA




Reference

Mafik, V., St&pankova, O., Lazansky, J.: Umé&l4 inteligence 3,
Academia, Praha 2000, ISBN-80-200-0472-6

Mafik, V., St&pankova, O., Lazansky, J.: Umé&l4 inteligence 4,
Academia, Praha 2003, ISBN-80-200-1044-0

Implementace algoritmu diferencialni evoluce a dalsi informace
http://www.ft.utb.cz/people/zelinka/soma/

Pokorny, M.: Umeéla inteligence v modelovani a frizeni,
BEN Technicka literatura, Praha 1996, ISBN 80-901984-4-9

Williams, R. J., Zipser, D.: A Learning Algorithm for Continually
Running Fully Recurrent Neural Networks, Neural computation 1



Automaticke tézeni znalosti z dat

Trendy:

m Je tézkeé se stat DM specialistou (a drahé si
takoveho specialistu najmout)

m Presto hodné firem potrebuje analyzovat data
a vytezit znalosti

= ReSenim je specializovany software, ktery
uzivatele odstini od miliéont konfiguracnich
nastaveni, kterym nerozumi, a presto
poskytne pouzitelny vysledek.

m Co musi takovy software umeéet?

™\ COMPUTATIONAL I @ A
= | INTELLIGENCE w v ror
] ' J GROUP Y336VD Vytezovanl dat Tntelligent Data Analysis



Automatizace predzpracovani dat

= Znalost nasledujicich slajdii nebude
vyzadovana u zkousky

m Predzpracovani dat jde obecné
automatizovat velmi tézko — nutna velka
opatrnost

m Ukazka, jak se o to snazime v nasi
vyzkumné skupine:

( { _‘COMPgTA‘F(I:ONAL E ﬁ A
= INTELLIGENCE S7ovani
“ j BELG Y336VD VytéZovani dat B R 2



FAKE GAME sofware

KNOWLEDGE
EXTRACTION
and
INFORMATION
VISUALIZATION

INPUT

DATA )

AUTOMATED
DATA
PREPROCESSING

AUTOMATED
DATA MINING

/AN, cOMPUTATIONAL o I B A
’ L:‘NT'EOLbIF?ENCE Y336VD VyteZOVanl dat Tntelligent Datn Analysis
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Automated data preprocessing

m Pro kazdy vstupni atribut vyslechtime
genetickym algoritmem posloupnost
predzpracovacich metod:

- =~

! Genetic Algorlthm evolving Error of models, ":

3 preprocessing sequences fitness function |

Preprocessing ( AME )
’ Sequences

[ Raw data ] ! Ensemble /

! T\ of models
Q{ Selected ]

representative :J/ Automated data
da b . /
ta subset preprocessing

[ COMPUTATIONAL - o
j'” . Y336VD Vytézovani dat o e 5N
nnnnnnnnnnnnnnnn

GROUP



Metody které mame implementovany

Preprocessing methods

=3

Examples
Example preprocessor
Moize Adder
Imports
— Load RaW Data
— Load GAME Data
— Test stiribute types
— Decode nominals to 1-of-M
— Mark Mizzing Values
Mizzing values
— constant Missing Value Imputer
— Median Missing Yalue Imputer
— Mearest Meighbour Missing Value Imputer
— Mizzing instances remover
= Another instance value data imputer
Marmalization
— Example normalizer
— Linear normalizer
— SoftMax normalizer
— Mean value normalizer
— Z-zcore normalizer
— Custam JS normalizer
— Custam Octave normalizer
Data reduction
— Random data reducer
— Qutlayer remover
— Leave-out neighbours
— KMeans data replacer
— Principal Component Analysis
— HKD-Tree cell replacer
Discretization
L Adaptive hinning
Clustering
H-Means Clustering
H-Means Clustering with Radius
H-Means Clustering Auto

W-Means Clustering

zepal_lendgth | sepal_width | petal_length | petal_wicth Fiz-zetosa | Iriz-wersico... | Fs-vikginics | |
IInput.l'Output... =lnput attrib... [=input attrib... |<input sttrib. [=inpot attribe. . |=Output st (=Output st =Outpot st | =
IManuaIIy zel.. |=Mumeric ty... [=Mumeric ty... |=Mumeric ty... [=Mumeric ty... |=Mumeric ty.. [=Mumeric ty... |=Mumeric ty..
IInstanu:e 1] =R 3.5 1.4 0.2 1.0 0.0 0.0
IInstanu:e 1 4.9 3.0 1.4 0.2 1.0 0.0 0.0
IInstanu:e 2 4.7 3.2 1.3 0.2 1.0 0.0 0.0
IInstanu:e 3 4 5 31 1.5 0.2 1.0 0.0 0.0
IInstanu:e 4 5.0 3.6 1.4 0.2 1.0 0.0 0.0
IInstanu:e 5 5.4 3.9 1.7 0.4 1.0 0.0 0.0
IInstanu:e g 4 5 3.4 1.4 0.3 1.0 0.0 0.0
IInstanu:e 7 5.0 3.4 1.5 0.2 1.0 0.0 0.0
IInstanu:e g 4.4 249 1.4 0.2 1.0 0.0 0.0
IInstanu:e 9 4.9 31 1.5 01 1.0 0.0 0.0
IInstanu:e 10 |54 3.7 1.5 0.2 1.0 0.0 0.0
IInstanu:e 11 |48 3.4 1.6 0.2 1.0 0.0 0.0
IInstanu:e 12 |48 3.0 1.4 01 1.0 0.0 0.0
IInstanu:e 13 |43 3.0 1.1 01 1.0 0.0 0.0
IInstanu:e 14 |58 4.0 1.2 0.2 1.0 0.0 0.0
IInstanu:e 15 |57 4.4 1.5 0.4 1.0 0.0 0.0
IInstanu:e 16 |54 3.9 1.3 0.4 1.0 0.0 0.0
IInstanu:e 17 |51 3.5 1.4 0.3 1.0 0.0 0.0
IInstanu:e 18 |57 3.8 1.7 0.3 1.0 0.0 0.0
IInstanu:e 19 |51 3.8 1.5 0.3 1.0 0.0 0.0
IInstanu:e 20 |54 3.4 1.7 0.2 1.0 0.0 0.0
IInstanu:e 251 3.7 1.5 0.4 1.0 0.0 0.0
IInstanu:e 22 |4E 3.6 1.0 0.2 1.0 0.0 0.0
IInstanu:e 23 |51 3.3 1.7 0.5 1.0 0.0 0.0
IInstanu:e 24 |48 3.4 1.9 0.2 1.0 0.0 0.0
IInstanu:e 25 50 3.0 1.6 0.2 1.0 0.0 0.0
IInstanu:e 26 |50 3.4 1.6 0.4 1.0 0.0 0.0
IInstanu:e 27 |52 3.5 1.5 0.2 1.0 0.0 0.0
IInstanu:e 25 |52 3.4 1.4 0.2 1.0 0.0 0.0
IInstanu:e 29 |47 3.2 1.6 0.2 1.0 0.0 0.0
IInstanu:e 30 |48 31 1.6 0.2 1.0 0.0 0.0 A
IInstanu:e M54 3.4 1.5 0.4 1.0 0.0 0.0 e
|Instanu:e 32 52 4.1 1.5 01 1.0 0.0 0.0 ur




Vystup genetickeho algoritmu

-
| £ Autoratic preprocessing X
Load Data Configure (¥ Autarange (¥ Dizplay hints | Snapshot Znapshot all
Start Stop Step Cancel Generation 5 m 00:20:52

[ chart | Log
fut A hul | A
IEI - I : I
CHHDMOSOME B3, ftness 11.535949492529551 =
E X0 CRIM
B Constant Missing value lmplter
Impute constant = 53.6876797 0342555307
B w1 ZIn
Median Mizzing Yalue Imputer
Bl X3 MOX [dizakled)
Mearest Meighbour Mizsing Yalue Imputer
B x5 AGE (dizakled)
Mizzing instances remover
B ¥EDI=
E Linear normalizer
Input Lowy =00
Input High = 0.0
Output Love = 0.0
Cutput High =1.0
B Example preprocessor
213 12 65 Add value = 7 389447171 49711 11.90 1237 11.02 1063
&1 g2 E’ Mearest Meighbour Missing Yalue Imputer | £8 £9 70 71
q| B xaTax 1|- b
. Computing ... SAVE z BA

Intelligent Dota Analysis
RESEARCH GROUP



Automatizace vytézovani dat

m Algoritmy se museji adaptovat na data

REGRESSION

a OR

Q CLASSIFICATION
R

O

Q IDENTIFICATION
S
PREDICTION

PREPROCESSED Q

DATA

COMPUTATIONAL
ROLINCE Y336VD Vytézovani dat I BA

Intelligent Data Analysis
lllllllllll



Priklad: Housing data

Input variables

CRIM ZN INDUS NOX RM AGE DIS RAD TAX PTRATIO B LSTA

Weighted distances to five

Per capita crime rate by town Boston employment centers

Proportion of owner-occupied
units built prior to 1940

Median value of owner-occupied |
homes in $1000's

MEDV
Output variable

I , COMPUTATIONAL
(¢ J— INTELLIGENCE Y336VD Vytézovani dat EQA

7/ GROUP



Housing data — records

Input variables Output variable

CRIM ZN INDUS NOX RM AGE DIS RAD TAX PTRATIO B LSTA MEDV

~ 24 0.00632 18 2.31 53.8 6.575 65.2 4.09 1 296 15.3 396.9 4.98
0 21.6 0.02731 O 7.07 46.9 6.421 78.9 49671 2 242 17.8 396.9 9.14

N~
=) A = Training set ... to adjust weights and coefficients of neurons

= B = Validation set ... to select neurons with the best generalization
G C = Test set ... not used during training

I , COMPUTATIONAL
(¢ (:— INTELLIGENCE Y336VD Vytézovani dat EQA

7/ GROUP



Housing data — inductive model

Input variables

CRIM ZN INDUS NOX RM AGE DIS RAD TAX PTRATIO B LSTA

! ! ool Lo

MEDV=1/(1-exp(-a,*CRIM+ a,)) l MEDV=a,*PTRATIO+ a,

MEDV
Output variable

COMPUTATIONAL

(AR s2musme Y336VD Vyt&zovani dat IBA

.| 7/ cRouP
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Housing data — inductive model

Input variables

CRIM ZN INDUS NOX RM AGE DIS RAD TAX PTRATIO B LSTA

oo I

Validation error: 0.13 Validation error: 0.21

MEDV=1/(1-exp(-5.724*CRIM+ 1.126))

MEDV=1/(1-exp(-5.86 1*AGE+ 2.111))

MEDV

Output variable
L COMPUTATIONAL
( (;— INTELLIGENCE Y336VD Vytézovani dat Eﬂg’\

GROUP



Housing data — inductive model

Input variables

CRIM ZN INDUS NOX RM AGE DIS RAD TAX PTRATIO B LSTA

A & &l Voo
Error: 0.26

Error: 0.24

Error: 0.13  Error:0.21

MEDV=0.747*(1/(1-exp(-5.724*CRIM+ 1.126)))
+0.582%(1/(1-exp(-5.861*AGE+ 2.111)))2+0.016

Error: 0.10
MEDV

Output variable

72 T\, COMPUTATIONAL

{ [,L INTELLIGENCE Y336VD Vytézovani dat z ﬂ'ﬁ

| 7/ GrROUP
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Housing data — inductive model

Input variables

CRIM ZN INDUS NOX RM AGE DIS RAD TAX PTRATIO B LSTA

! oo oo

e

SN,

Validation error: 0.08 MEDV

Output variable

72 T\, COMPUTATIONAL

{ [,L INTELLIGENCE Y336VD Vytézovani dat z ﬂ'ﬁ

| 7/ GrROUP
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Modely jsou Slechtény specialnim
genetickym algoritmem

NIChlng |/ Linear transfer unit \I
C-j Optimization method | |
@ @ r 111001000 N§§§§§ CACO '
\\ _In_puis_ Iraﬂsfgrfgnc_tlo_n _ _\_ o
y=aX +a,X,+4, o
/ Polynomial trasfer unit \ R
I
@ C'7 Opt. m. |
(::) 110000110][2115130 1203211 \ffg//
\\ _In_pLES_ L '_I'raﬂsfgrfﬂnc_tio_n _____ /’

3 2
&;_J Yy =aXX; +a,X X, +a,
Fitness of unit: inverse of its error on the validation data set

( L\ COMPUTATIONAL o I ﬁ A
17 e Y336VD Vytézovani dat .

ntelligent Dotn Analysis



Dalsi krok — Slechténi ensembl(]

m Hierarchie modell

Bagging

Boosting Stacking

4x Gaussian| 5x Sigmoid using Sine

m http://sourceforge.net/projects/fakegame/f
iles/fakegame/automated-model-
selection/automatedMS.zip/download

Y336VD Vytézovani dat I BA

Intelligent Dota Analysis
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Naroste model a co s nim?

petal_length . sepal_length

satal width sepal_width

-0.65"EXP(- .512)+0.468

0.0080*EXP(-0 [09& sepal_width+6.627)-4.812

-0.674"EXP(-3.646™petal_width+0.281)+0.462

432 EXP(-1.356"pétal_length+1.512)+11.514*petal_width+19.755))+0.0

0.228"EXP(-20.986"EXP(-3.646"petal _width+0.281)-0.837"petal_length+5.062)-0.063
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Automaticky extrahovanée
informace

m Co vSechno muze byt uzite¢né?
= Jak to udélat automaticky?
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Hiztogram b

T neuts Histogram
zepal_length
zepal_width | 14 -
r:uet:al_lnzugﬂ'u 13 |
petal _width
3 Cutputs L
11 -
10 -
g -
E d
? -
E .
5 -
.q_-
3 -
| IR a1 e e g
1.0 1.5 2,0 2.5 a0 3.5 4.0 4.5 5.0 55 &.0 &85 7.0

B Iris-setosa B Iris-versicolor © Iris-virginica

'Il‘ﬂ 'IIH :Ilﬂ -'IIH .'Illﬂ .'IIH .ﬂ.llﬂ .ﬂ.lﬂ Hlﬂ

==
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sepal_length sepal_width

10,0 o5 -
75 - 20
15 -
50 -
10 -
2.5 -
5 -
0.0 . 0
45 a0 5.8 &,0 8.8 7.0 TA 200 225 250 275 300 325 350 375 400 4725
P Iris-setosa B Iris-versicolor © Iris-virginica P Iris-setosa B Iris-versicolor © Iris-virginica
petal_length petal_width
12,5 1 25 1
10,0 - 20 -
7.5 - 16 -
5,0 - 10 -
25 - 5
0.0 0

10 15 20 25 30 35 40 45 50 55 60 65 025 050 075 100 125 150 1,75 200 225 25

|I Iris-setosa W Iris-versicolor Iris-virginica| |I Iris-setosa W Iris-versicolor Iris-virginica|

5E||—Ij ImpoLit hlim 25% S0% 5% Y Ay Erage Wariance
-EM sepal_length |43 51 58 6.4 74 5 84333333, 063112222,
Outpts sepal_width (2.0 28 3.0 3.3 44 3.05399999... |0.18675066. .
petal_length 1.0 15 43 5 1 X 375366666, |3.09242485 .
petal_width 0.1 03 13 18 25 11986E666... [0.57853155. .




Ciuantile-cCwuantile Plot

¥ petal _width

i petal length ™

petal_[ength

7.0
G.5
G.0
5.5
5.0
4.5
4.0
3.5
3.0
2.5
2,0
1.5
1.0
0.5

0.0

et T

oo o,

1.0

15 20 25 30 35 40 45 50

petal_width
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Probability Plot w

W Maormal distribution - 8.5 -

2.0 -
7.5 1
Ex (3.236353007 786332, 4 26094952534 7008) 7.0 1

D (1554309621 36415321 990530595021 39546) S
G,0 -

5.5 1
5,0 1
4.5 1
4.0 -
3.5 1
2.0 1
2.5 1
2,0 1
1.5 -
1,0 7
0.5 -
0,0 -
-0.5 1
-1.,0 -

W petal_lencth -

petal_length

2 1 0 1 2
Mormal distribution
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Covariance matriz

Covariance:
zepal_lendgth zepal_width petal_lencth petal _width

sepal_lendath 065811 222222222222 -0.03900666666666667  (1.26591911111111114 Qo1 34a7rr 7 rriyg
sepal_width -0.0390066E66E666EEY  |0.1867 S0BEEEE6EEE6T -0.31956300000000013  |-0.1171946666E666661
petal_length 1.2651911111111114 -0.31956300000000013  [3.092424585388555554 1.287 7448855555592
petal_width 05134577777 Iyvya -0.11719466666666661 1.287744535858555592 0.57585315555555559

IFiz-zetosa IFiz-versicalor IFiz-virginica
Iris-setosa 02222220 222222 011 11111111111092 011111111111111098
[tis-versicolor -11111111111111092 0. 2222222222222 -011111111111111098
[Fis-virginica -011111111111111098 -011111111111111088 (222222222222 22168
zepal_lendgth -0.2791111111111111 0.0305555558555555896 (. 24522222222222218

Corelation:
zepal_length zepal_width petal_lencth petal _width

sepal_lendath 0.89333333333335 0086401 M EB1762108  |0.8659424629228616 0.81 20006091 467 221
sepal_width 0056401 M EB17ES105  |0.893535333333335353974 -0.A41771262575549487  |-0.35416712901 639156
petal_length 086594 24629228616 -0.41771265575840487  |0893533533333353375 0856535871 64039631
petal_wwidth 0,81 25006091 467 221 035416712901 639186  |0.956353357 16403539631 0.893533533333335333335

IFiz-zetosa IFiz-versicalor IFiz-virginica
Iris-setosa 0.993533333333333 -0 4966EG6666666659 -0 4966666666E66661 5
[tis-versicolor -0 49666EEEEE666E659 0.8935335333333353333 -0 4966EEEEEEE66E6E615
[Fis-+wirginica -0 49666EEEEE666E6E615 -0 4966EEEEEEE66E6E615 0.89353353333333335335311
zepal_lendgth -0.7126328975615359 0.07856622035115759 0EB337EEE7F21035813
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Vyznamnost vstupnich atributt

( [ 1%, COMPUTATIONAL
= INTELLIGENCE
7/ GROUP

Y336VD Vytézovani dat

112[3|4]5|6]7|8[9[10/11]12]13]14/15(16|17|18[19|20|21|22|- |28 - | 33|34|35|-|40|41|42|43
ChiSquare |7 |6 |9 |10/ 8|2 |1 |3 |5 4|38/47|28|26|21|48|50(33|29/40/49|27| (22| |42|32|34| |30/17|16|20
GainRatio [10/6 5|97 13|24 8|38/502149(27(47(29|36|33|22|37|48| |24| |39]43/28| |34/18 20 19
InfoGain |7 |6|8|9|2[10[ 1|3 |5]|4|38/47|28/26|29|48|50|40|21|33|46|27| (24| |22|31|32] [43/17(16/20
OneR 71910/ 8231|864 5|38/4748|26(25|40|29|28|50|21|24|33| |35 |43|30|34| |27
ReliefF 6|9|7|4(10/3|5|2|1]|8|26|37|24|36|27|50|2146|30|49|28|31| (23| |45|41|47| |48
SVM 2]4]6|3|7]|9]1]10]8]23]a7|24|26 34 5] 2820 45|
SU 10/6|7/9|5|1|3|2|4]|8|38/50/21 36 24| |44/39/40| |30/18]20/19
GAME 1 7/8|2|6(26/23/ 93528 4| 13225 15| |21/22|24| |34/36/37|39
GAME 2 |10|7|3|9(37|27|24|50| 8 | 5|23|26|32 19| |28/29/30 |36/38|39 40
GAME3 |10/2|5|8|7|6|3|29|26| 4 |37|42|44 18| |23|24|25 3233|3538
GAME4 |3 |9/(10/41/6|7 |58 |27/25/31|38/49 14| |21|22|23| 32|33|36|37
GAME 5 963102850438298!3235 14] |22|24|25| |34/37|39|40

Nr.Ggroups |Most — least Ranked Features

All 112/3|4|5|6 46.24 37 48-21 28(29|30|41|43|45(49(|50| 7 | 8 | 9 |10(11|12(14|16

1/2 1123|426 35|46| 5|6 |7|8|9|10(11/13|14|15|16|17|18|19(20|21|22|23|24 25|27 |28

1/3 112|37|21/3 |4 5|6 |7|8|9|10(11|12(13|14|15/16|17|18|19|20|22|23|24|25|26|27|28|29

1/4 1124113456 |7[8]9[10{11|12(13[14]/15]16|17|18[19|20(21|22|23|24|25|26|27|28|29

3 11234 |5|6|7(8|9|10{11{12|13(14(15|16|17|18|19|20|21|22|23|24|25|26|27|28|29|30

2 1123|456 |7|8]|9|10|1112|13|14|15/16|17|18|19|20|21|22|23|24|25|26|27 |28|29|30

1 1123|456 |7|8|9|10(11]12|13]|14|15|16|1718|19|20|21|22|23|24|25|26|27 |28]|29|30

1DA
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Feceiver aperating characteristic

f—:l- Iriz-=etos

EF Iris-versicolor

1.05 -

1.00 1777

095 1
0,20 -
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0,10 -
0,05 -
0,00

true positive rate

0.0 0.1

02 0.3 0.4 0.5 0.5 o7 0.8 o0.g 1.0

= |ris-setosa 0 =Iris-setosa 1 Iris-setosa 2 Iris-setosa 3 — Iris-setosa 4

[ris-versicolor 0
== |rig-virginica 0

[ris-versicolor 1 = Iris-versicolor 2 ==Iris-versicolor 3 ==Iris-versicolor 4
Iris-virginica 1 ==Iris-virginica 2 = Iris-virginica 3 ==Iris-virginica 4



struktura modelu,
chovani jednotek




Play FAKE GAME with your data
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Log messages

m Evolving preprocessing sequences ...
m Evolving ensemble of inductive models ...
m Evolving “interesting” visualizations ...

= Generating report ...

m Done ... almost ©

COMPUTATIONAL 1 QA
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Toto uz umime generovat
automaticky:

Modeling output attribute: WBHW Modeling output attribute:

Miche 1 - Fitness: 2.0

Modeling output attribute: WBCW

Miche 1 - Fitness: 3.0 Miche 1 - Fitness: 2.0

Ingict Mame mommalie=d Input Value  bnput Signflcance
Inpt Mame W Normasiess Input Vale  inpin Signficance

TEMF Ingut Mame Mcrmalzsd Input Vaiue  Inpui Signlcance
TEMP 3 wsad K =% HUMID =47E 357 3 TEMF wsed a5 Xz
uzed a3 Y-auis ;A% SOLAR 43
Oue5E3 130% WND
2136 0%




Co to znamena?

= Part of the FAKE GAME project (fully automated
knowledge extraction from data)

= Ensemble of models is generated on a data set —
in this case Building data [proben1]

m "Interesting and credible” areas of model
behavior are located in multidimensional input
space by means of the niching genetic algorithm.

m These areas are visualized in the 3D graph and
the report is produced.

= More:
http://neuron.felk.cvut.cz/game/doc/fake-game.pdf
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Chcete se na projektu podilet?

= Computational Intelligence Group, Dept. of
Computer Science, FEE and FIT, Czech Technical
University in Prague, Czech Republic

= logo: @
10

m website: http://cig.felk.cvut.cz/

= FAKE GAME project:
http://sourceforge.net/projects/fakegame

= Contact:
m Pavel Kordik, kordikp@fit.cvut.cz
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