


ARTIFICIAL INTELLIGENCE

Engineering of making Intelligent
Machines and Programs

MACHINE LEARNING

Ability to learn without being

| 2) '{_ explicitly programmed
] + DEEP LEARNING

Learning based on Deep
Neural Network




Deep Neural Network
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+ Solution to nonlinearly separable problems  + Limitations of learning prior knowledge * Hierarchical feature Learning

* Adjustable Weights ( ) . ; ) I
» Big computation, local optima and overfitting « Kernel function: Human Intervention

* Weights are not Learned

* Learnable Weights and Threshold * XOR Problem



Traditional Machine Learning Approach
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Deep Neural Network

\\\\/'-Q\\\ N
IONZZONZZON
AANRRIEFL NANREXTE IAN
/"l Y, \

\ O A SRR S 7o
e, R A WA P -t X N
N @ Nl @ e @IS
RS AN RRNTAN A 5
ORI A R IV N DS
RAXIEAY T, R A
R RO R I SoOss '
ALK S AR IANELTIIIREA X OGN
DBRARKK ] RICARTRAATT SUSAITIRA X AN
NS @Y N @R G EINSTEIN!
'.l ‘." b S 7 %) C’.‘..&‘ {,‘ » ,%’.‘.‘.A A Tal ‘.‘
KRS B K RSN RS 7 R
- el RSP A /3 TSR WS ‘
S @ ¥ 2 @ S

N
W ’X‘_dy} =/ AR\ Output Layer
oo

Input Layer e

NN
" 20 VAN \ S, f / ;‘g\‘-\
."i's*‘l?\{ ."".w\,‘ u‘*{e‘\\{y///»"
=/ /

Hidden Layer 1 Hidden Layer 2 Hidden Layer 3

combinations of edges object models



# of Searches for Deep Learning from 2011 to 2017
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Source: Google Trends. Search term “"Deep Learning”
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Number of entries using GPUs

== Number of entries using GPUs  =il= Winning error %
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Winning error rate



f(z)

Universal Approximation Theorem

Kurt Hornik (1991) Neural Networks, 4, 251-257.
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