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x = f(Wx,s) ¢ N
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Multilayer Perceptron

Multilayer Perceptron

M ={p(y|x 6)}

p(y,x:8)=a(x) p(y | x

space of {q(y[x)}




9,(0) = £(2100 Py x:0)310g p(y | 6),
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ds? =|dg["

= Zgij (0)dg,de,

=dg'G(9)do

Backpropagation - Backprop
S(Yir %) s+ (Yoo X, ) ——training set
1
E(y,x;6) =5\y— f (x,é’)\2 . ---plateau---saddle

=—logp(y,x0)

OE
Aot =T %

f(x,0)=2 vip(w; -x)

Aet = _ntVI(Xt , yt;gt)

MLP
!- slow convergence : Plateaus

error

[~

local minima
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=== Boosting and Bagging

[
v

MLP

$ Natural Gradient Learning :

S. Amari ; H.Y. Park
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Computational Experiments

» Mdckey-Glass time series prediction

ot + 1) = (1— B)att) + a2 —7)

1+ z(t —7)W

—input : 4 previous values ; R

X(t-18),x(t-12),x(t-6),x(t) .
—output : 1 future value ; x(t+6) "
~learning data : 500 (t=200,...,700) '’
—test data : 500 (t=5000,...,5500) s

—Network Structure B
4 inputs -- 10 hidden — 1 output
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Computational Experiments
Learning Curves of Mackey-Glass

0! : =
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MSE (log scale)

=

10 10 10 0’ 0t 10 10
Learning Cycle (log scale)
OGL : Ordinary Gradient Descent (Backpropagation)
ANGL : Adaptive Naturd Gradient Descent

Which path is faster?
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LP ---example

singularities
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ffine connection

X=Y
X=X X=X(t)

s=.[1/Zgij(6’)dt9id6”

minimal distance
straight line

Sy X, % =01
S ={ p(Xl, Xz)}

p= (poov Poxs Pos Puy

M ={a(x)a(x,)}

3 (S0 +61.1))

3 (910 +d0,))

X, Xy Xy e X

n
P(X) = P(X;, Xoyeey X))
n, = E[xi] ----firing rate
v; =Cov[x,x;] ---covariance
higher-order correlations

orthogonal decomposition

X, = As, +n,




x(t)=as(t)+as(t-1)+---+a,s(t—n)

x(t) = IA(t -7)s(7)dr

Information Geometry of ICA

---Independent Component Analysis
x=As = y=Wx

ey

— {p(yW)}

—{a(y)}

independent




