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® Single Layer Perceptron
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® Single Layer Perceptron
Example - AND

y1 = f(Wy1x1 + wipx, +b1) = uy
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Neural Network

® Single Layer Perceptron

N Example — XOR Problem (Minsky, M., S. Papert (1969). (An Introduction to Computational Geometry). MIT Press.)
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Neural Network

® Multi Layer Perceptron (MLP)
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Neural Network

® Multi Layer Perceptron (MLP)
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® Back Propagation (Werbos : 1974, Parker : 1982)
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® Back Propagation (Werbos : 1974, Parker : 1982)

Concept of gradient descent algorithm

VN

Update Process Measurement Process
w(t +1) =w(t) + Aw(t) e(t) = yq(t) —y(t)

—

—

ImagelSystemiiaboratoryil



Back Propagation - - w» -

® BaCk Propagation (Werbos : 1974, Parker : 1982)

« Gradient descent algorithm

Weight update
Error E | w(t+1) =w() — Aw(t)

Objective function
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® Back Propagation (Werbos : 1974, Parker : 1982)

* Example

1974 2006
BP DNN

‘ Aw,, (1) = —37 P

—mfww

jk
OE 1 ée}
- = 2Tk
de, 20de,
O, _ O(ydr—ye) _ 1
- Vi OVy
- 6}]{ Of(*sk) f (S )
K
os, os,
os o Y
- 6'1: - Zwﬂr} +b. =y,

011/"{,_}1

gelSystemiltaboratory sl



Back Propagation - - w» -

® Back Propagation (Werbos : 1974, Parker : 1982)

VN

Measurement Process
Aw; (1) = nerf'(sk)y;

Aby (t) = nef'(si)
Update Process NO
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® XOR Classification
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® XOR Classification n =09

- Parameter - Output - Classification
vk =
cles 41821/25000 - (2254209239485891 x)/2251799513685248
clear all 0.1023 ! ! ) T T
17 S . .S
clft ‘ ‘ ‘ ‘ ‘ ‘
vk =
3 _______________________________________________________________________ —
SYMS s 0.8957
xi=[0.1 0.1; 0.1 0.9; 0.9 0.1; 0.9 0.9]; -3 T O S A SN RS o i
yd=[0.1; 0.8; 0.9; 0.1]; vk =
pattern=4;
eta=0.5; 0.8357
beta=0.5;
alpha=0.9; vk =
error threshold=0.01; 0.1076
in=2;
hidden:z; rms_error =
out=1;
0.010a
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® Deafsign Classification

- Model -Xi & Y4
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® Deafsign Classification
- Learning - result
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® Deafsign Classification
- Learning - result
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® Local minima problem

- Local minima - Unsupervised Learning => Pre-training

Local Minima

100%

Error

0%

Geoffrey Hinton

A.l. Explorer 25
Global Minima “University Professor” of Compmar ien
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1943 1957 1974 2006
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® Deep Neural Network
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Leon A. Gatys, Alexander S. Ecker, Matthias Bethge. ” A Neural Algorithm of Artistic Style”.
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