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Ensemble learning

Rozhodnutie klasifikacie nie je vysledkom jedného ,zakladného" modelu
(base model), ale kombinacia vysledkov viacerych zékladnych modelov
rovnakého typu (trénovanych na réznych datach) alebo réznych typov

zakladnych modelov.

https://www.patheos.com/blogs/driventoabstraction/
2018/07/blind-men-elephant-folklore-knowledge/
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Ensemble learning - delenie

o Bagging - ,paralelné” - trénovacie vzorky pre zakladné modely sa
vyberaji ndhodne rovnomerne (kazdy element méa rovnakd
pravdepodobnost vyberu) zo vsetkych dat.

@ Boosting - ,sériové” - trénovacia vzorka sa vybera na zaklade
vysledkov predchadzajiiceho klasifikatora (zle zaklasifikované data
maji vacsiu Sancu dostat sa do trénovacej vzorky).

Bagging Boosting
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https://towardsdatascience.com/ensemble-learning-bagging-boosting-3098079e5422
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Ensemble learning - funguje to?

Ensemble learning vychadza z myslienky bootstrapu (opakované
odhadovanie hfadaného parametra na ziklade ndhodne (s opakovanim)
vybranych simulovanych vyberov) a v praxi majd nim dosiahnuté vysledky
lepsie vlastnosti.

Our results demonstrate that a Bagging ensemble nearly always
outperforms a single classifier. Our results also show that a Boosting
ensemble can greatly outperform both Bagging and a single classifier.
However, for some data sets Boosting may show zero gain or even a
decrease in performance from a single classifier.

[Opitz and Maclin, 1999]

[Opitz and Maclin, 1999] Opitz, D. and Maclin, R. (1999). Popular ensemble methods: An empirical study. Journal of
artificial intelligence research 11, 169-198
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Bagging - Bootstrap Aggregating

Random Forest:

[ nahodny vyber vzoriek a prediktorov}
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Random Forest - MATLAB

RF = TreeBagger(K,X,Y)
K - pocet stromov v lese
X

Y - n x 1 vektor, zaradenie n pozorovani do tried

n X p matica dat

@ volitelné parametre

e Method - 'classification’ alebo 'regression’. Regression vyzaduje
numerické hodnoty v Y

o NumPredictorsToSample - pocet ndhodne vybranych prediktorov pre
kazdy strom

o InBagFraction - podiel ndhodne (s opakovanim) vybranych trénovacich
vzoriek pre kazdy strom

e je mozné pouzit aj parametre tykajice sa klasifika¢nych stromov z
funkcie fitctree

RF - natrénovany model
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https://www.mathworks.com/help/stats/treebagger.html
https://www.mathworks.com/help/stats/fitctree.html

Vahy pri ndhodnom vybere trénovacich dat pre nasledujici zakladny model
st upravené podla vysledkov aktudlneho zdkladného modelu.

Pravdepodobnost pre zle zaklasifikované data sa zvysi a pravdepodobnost
pre spravne zaklasifikované data sa znizi.

e AdaBoost (Adaptive Boosting)
o Gradient Boosting

o XGBoost (Extreme Gradient Boosting) - implementacia pre C++,
Python, R, Java, Scala, Julia na https://xgboost.ai/.
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AdaBoost - MATLAB

Ada = fitcensemble(X,Y)
X - nx p matica dat
Y - n x 1 vektor, zaradenie n pozorovani do tried

@ volitelné parametre

o Method - 'AdaBoostM1’ pre binarnu klasifikaciu alebo 'AdaBoostM?2’
pre viac klas.

o Learners - 'discriminant’, 'knn’, 'tree’

o LearnRate - (0,1]

Ada - natrénovany model
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https://www.mathworks.com/help/stats/fitcensemble.html

Ensemble learning zhrnutie

o vyhody:
e v praxi lepsie vysledky ako zakladné modely

o velmi uzitoéné pri vysokom pocte dat s mnohymi premennymi

o nevyhody:

e narocnejsia interpretacia
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Neurdnové siete
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ové siete - pouziti

nelinedrna regresia

klasifikacia

spracovanie obrazu

spracovanie jazyka

reinforcement learning
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Spracovanie obrazu - Convolutional Neural Network

@ vyuzivane v pripade viacrozmernych zavislosti v datach (2d - obrazky)
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https:
//towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53
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Spracovanie jazyka - Recurrent neural network

(RNN), Long short-term memory (LSTM),
Attention

e vyuZivane v pripade dat, ktoré nemajii pevne dant dizku (text - rdzna
pocet slov vo vete)
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Wu, Y., Schuster, M., Chen, Z., Le, Q. V., Norouzi, M., Macherey, W., Krikun, M., Cao, Y., Gao, Q., Macherey, K. et al.

(2016). Google's neural machine translation system: Bridging the gap between human and machine translation. arXiv
preprint arXiv:1609.08144
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Reinforcement learning

AlphaGo 4 - 1 Lee Sedol (2016) - umela inteligencia pordza 18-ndsobného
majstra sveta v Go.

AlphaStar (2019) - umela inteligencia Gspesne sdperi s najlepsimi hra¢mi
Starcraftu Il.
https:

//deepmind.com/blog/article/alphastar-mastering-real-time-strategy-game-starcraft-ii
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https://www.youtube.com/watch?v=WXuK6gekU1Y
https://youtu.be/cUTMhmVh1qs?t=4350
https://deepmind.com/blog/article/alphastar-mastering-real-time-strategy-game-starcraft-ii
https://deepmind.com/blog/article/alphastar-mastering-real-time-strategy-game-starcraft-ii

Neurénové siete - regresia, klasifikacia

X - nx p matica dat

Y - nx 1 vektor - zavisld premennd (regresia) alebo zaradenie n
pozorovani do tried (klasifikécia)

Problém sa neliSi v Struktdre neurénovej siete, len v Géelov funkcii. )
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Neurdnova siet

Input Hidden Output
layer layer layer

X([i3] ylil
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Neurdn

Aktivacna
\ funkC|a Output

d(2,k) o—— W(2 ki) a(ik+1)
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Neurén

ny
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Aktivacna funkcia - o

2 - n
O - n
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Ucelové funkcie

Ucelova funkcia - regresia - Mean Squared Error (MSE):

1
C=—lly-AX)3

Ugelova funkcia - klasifikacia - Cross-Entropy:

M
K=- ZYO,CIOg(Po,C)
c=1

M - pocet tried
y - binarny indikator (0 or 1) ¢ pozorovanie o patri do triedy ¢

p - predikovana pravdepodobnost, ze pozorovanie o patri do triedy ¢
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Gradientny po inimalizacie

W= (W, W,,..|&b=I[b,b,,...]|

(W, b = (W, b]* —WC([W b])

Backpropagation [Rumelhart et al., 1986]

Stochastic gradient descent - SGD [Kiefer and Wolfowitz, 1952]

[Rumelhart et al., 1986] Rumelhart, D. E., Hinton, G. E. and Williams, R. J. (1986). Learning representations by
back-propagating errors. nature 323, 533

[Kiefer and Wolfowitz, 1952] Kiefer, J. and Wolfowitz, J. (1952). Stochastic estimation of the maximum of a regression
function. The Annals of Mathematical Statistics 1, 462—-466
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https://playground.tensorflow.org/
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Neuronové siete - MATLAB

NN = fitrnet/fitcnet(X,Y)
X - n x p matica dat

Y - nx 1 vektor - zavisld premennd (regresia) alebo zaradenie n
pozorovani do tried (klasifikacia)

@ volitelné parametre

o LayerSizes - polet neurénov na vrstvach (napr.: [100 25 10])

o Activations - 'relu’ (default), 'tanh’, 'sigmoid’

NN - natrénovany model
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https://www.mathworks.com/help/stats/fitrnet.html
https://www.mathworks.com/help/stats/fitcnet.html

Neurdnové siete - pocCet parametrov

Degree 1 Degree 4 Degree 15
MSE = 4.08e-01(+/- 4.25e-01) MSE = 4.32e-02(+/- 7.08e-02) MSE = 1.82e+08(+/- 5.45e+08)
—— Model —— Model —— Model
—— True function —— True function True function
e Samples e Samples e Samples
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train, test a validation set

train set - mnozina dat, ktorad sa pouzije pri trénovani modelu

validation set - mnozina dat na zaklade ktorej ladime hyperparametre
(napr.: pocet skrytych vrstiev neurénovej siete)

test set - mnozina dat na ktorej meriame presnost plne
Specifikovaného modelu
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Neurdnové siete zhrnutie

o vyhody:

o Siroké uplatnenie

o nevyhody:
o narocnejsia interpretacia

e najdenie ,spravneho” modelu moze byt komplikované
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Otazky ?
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