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Mathematical Neurons

y:¢(ZWiXi —h):go(W-X)
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Multilayer Perceptrons

y =Y Vio(W;-X)+n X

X = (X, X500y X))

p(y|x;6)= cexp{—%(y— f (x,é?))z}
f(x,0)=> vio(w, - Xx)

0=(W,....W_; V...,V )
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Multilayer Perceptron

R S IRA

M ={p(y|x;6)} "

Py, X;8) =a(x)p(y | X;

space of {q(y|x)}
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Geometry of singular moael
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Gaussian mixture

p(XV, W, W, ) = (1-V)@(X—W, )+Ve(Xx—Ww,)

1 1,
gﬁ(X):EeXp{—EX }
singular: ~ w, =w,, v(1-v)=0
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Regular statistical model

M ={p(x0)]
G : Fisher information
T _i -1
E|AOAG" | = nG
_ ~ 1
E| KL p(x,) p(x,ﬁ)ﬂz%G-E[AeAe]
L4
" 2n
AIC, BIC, MDL
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A=n(6-6,)"G*,)(6-86,)
E{A|=c(n)k

c(n) =logn

c(n) = /loglogn




P
Learning, Estimation, and Model Selection

o = D[po(y\x): p(y‘x;éﬂ

E. .. = D[ Pemp (y‘x;@)}

d : dimension
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Learning from examples

v ()=~ f (x,é):Zvi¢(wi-xi)

Training set T
examples te (Xl’ yl), B (Xn » Yn )

learning ; estimation



Backpropagation ---gradient learning

examples: (y,, X, ),---(Y,, X, ) ——training set
1
1(y, x; 0) :E‘y— f (x,«9)‘2
=—log p(y,x;0)

p— al

ZVgow - X)
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Problem of Backprop

* slow convergence----plateau---saddle

* local minima

AHt — _ntVI(Xt’ yt;gt)
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Flaws of MLP

slow convergence : Plateau

error

_

T\

local minima

=) B00sting and Bagging
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Natural Gradient

max dl =1(6+d8)-1(6)
‘dﬁ‘z =&
VI=G*(8)VI

A, = _Utvl(xt’ Yi; &)



Information Geometry of MLP

Natural Gradient Learning :
S. Amari ; H.Y. Park

AG :—UG_l(H)%

G =(1+¢)G -G 'VIVI G
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Error
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. 5. Critical set witA9dc2# minima and plateaus.



y = V1¢(W1X) +V,0(W,X) + N

=V, =V,
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Coordinate Transformation

U=w, —w, u=0
V,W, +V,W *
W = 1 T Vol W= W
v
< b
V=V, +V, V=V
V, -V
7 =22 z=+1 7,
L V
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FEAREDN

dé dé
—=-—pVl, —=-nGVI
a7 at

du dz
—=1f(u,z), —=k(u,z

~ (u,z) ~ (U, z)

du _1(u,z) uzzzz—ilog\zhc
dz  k(u,z) 2




Dynamic vector fields: General case (| z| <1 part stable)
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N

Dynamic vector fields: General case (|z|>1 part stable )
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