IBIS 2016

REBFE OERE: BB LA TEE

— BEBEEOERIZAH T RORH

am

HAE— BN amEter 52—




REEE aCaRirRRTRHIEE

RBM: FIfARILYT U #EW ., A —bToa—45 | BlRESRIE

W <° . ; :§ Evicks

o 900 ° ___, z ‘EJ‘Q% ‘/
® 0: FayF 7ok
b

h HE.aVRYa1—3y
i

bi- dunechiomal




—a—ArvO~A7BEEEE

° "‘"‘”’A'ww“ v
L=fmrw-T) :P(V) \ZK
receplive felf 8 070——-—? R
Row) ={w | w-w-v, >0} ¢ Al

|w)?= consl

Sty 1cu)
’ ™
C R e mam j .

L Y




B> a

/g Fay o TT
Tab z =
§'nse\2‘;:;(@m-w—m \E[
D) AV | we ’ ......
‘ 14 = -
ZBHFDEIL
Ly




FEOIUEK: =

RIih=8I1) K& t

W= C<'R1b?n . " hd
7 AN
centn, o C.osglmfltg : ¢

W- V=T . “’,"
d: nedius of Row) o T
T:small & 0]"*0“’8”




Bl : Bl is &

1. Pwd=c wmpem
2. %) - .s;maﬁaoﬂ«dm
/ftv)

vV
W=<\\‘ZS>2









Lyapunov Function

Fas.wr = ¢ (wrw-T) ALl
w= AV}

E=vrs = R|VF| >0
<KF>  =[19F] folddy >o

Pvd

convengemce 1o ?1»51"‘;‘*



Further Problems

Dimension reduction; PCA, ICA

Distributed T small clusters; large clusters

Mutual interactions among h-neurons neural field

Seedback

Localized receptive fields invariance: convolution
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Recurrent Net (Auto-Encoder)
i =~ u+jW) \“‘m“waé o o
o= -vefmea ) 0K K=

W =—W + r<\hm)‘m)
..,$ + C <’9}"\>1'(a)

S:.a ..\A);c.‘ W}



A HOXBIRILY T B

3w b= oxp}-Ywl - L' + WWo —pow)}
<hwd, = We C= svruf Prvdde
N enbnof M conpione. walkeic
<hwd = (I-ww") V
S L dsesclioms of R nomens



FEEMRRE D fE

WC=I-wwiH-lw

General Solution W=Udiag( hoXL . /1_%,0,,__,0)1/
1 m

* othogonal matrix: U, V
e ( diagonalized by V C = Vidiag(A, ..., An)V

You can choose m(< k) eigen values form Aty Ak > 1

Stable Solution the case of m = k
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Salb—oa B

The number of Neurons:N=M=2, 0=1/2

Sources p (s Input ICA Soluti
P (s) Mixing P CD1 Oﬁu/ IEnDBT
Uniform -
# v = Bs #
Distribution Outpuil — Wv
4 5 16 ;
h28
1 00 8 16

Independent sources are extracted in G-B RBM
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Uniform : no structure
Aggregate of clusters : Hebb self-organization

PCA : Gaussian RBM submanifolds :p(V)
ICA : Bernoulli-Gaussain sparse
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BEEHEELREFE

invariancy
logical structure
hierarchies of hierarchy
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rb g ;% Bl : stability
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y= Zvi(”(wi -x)

X=(X,Xy5eeer X))
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examples : (Y, x,),---( ., X, ) ——training set

1(y, X;0) =%‘y— f (x,H)‘2

=—log p(y,x;0)

ol(Y,,%;6,)
00

f(x,0)=> vip(w, - x)

A6‘[ = 1}
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loss function: I (x,y;0) = %{y -1 (x,6’)}2

y: teacher signal: 6, stochastic descent learning

- ol(x,.,YV.,0
02—77< (0¥, t)> backprop : vanilla gradient



First stochastic descent learning of MLP

(1967;1968)
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Information Theory i
--Geometrical Theory of Information

Shun-ichi Amari
University of Tokyo

Kyouritu Press, Tokyo, 1968



f (x,0)=v, max{w, -x,w, x}+v,max{w, x,w, x|

v,=1 v,=-1







SR I SRt

6=-nG"(6)(V,(x.%.6))

. Fisher Information Matrix
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HR4)E (Riemannian)

max d|:|(0+d9)—|(0)
‘dﬁ‘z =&
VI=G™(8)VI

AHt :—77ﬁ|(xt, yt;‘gt)



v o . d A6, =-nVI(%,Y,:6,)
"00,

VI=G"(6)VI
dg|" =d8"Gdé = XG,d6'de’
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Steepest descent; invariant  Yan Ollivier

Fisher-efficient
Natural gradient is non-vanishing even in multiple layers

Good at singular regions (avoid plateaus: Milnor attractor)
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R(v,w)={0|w, =w, =w,v, +V, = V| M.M\WL

{8, =0,v, =v,w, =w}

W= W,
U{@‘V1=V,V2=O,W1:w} ( )
#—;a
f(x,0)=wWe(J, x)+W,p(J, x) | |
7,
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R(V,W)






Taylor expansion  u: small

f(x,&)= qu(v-x)+gg0”(v-x)(l— 22)(u-x)2

—Z—V:qo”’(v : x)Z(l— 22)(u : x)3 +-

fast dynamics — w, v : stability

slow dynamics — U, z
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TEM 1

true solution 1s in R:
R:{uzo or z=xl1} : stable



Dynamic vector fields: Redundant case



ZEEH 2 : true solution is outside R
H = <g0”e(x) xxT>

WH :positive -definite

S ‘z‘<1 stable ;

Z‘ >1 unstable
WH :negative-definite

— ‘Z‘ >1 stable ;

Z‘ <1 unstable
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L (error)




Milnor attractor

Error

A

Fig. 5. Critical set with local minima and plateaus.
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blow-down coordinates : § =(u,z) = a=(7,0,e)
T:=Q(1—22)Ua U=|u

o =c,z(1-7)u,

e=—¢cS,_, ‘e‘:l



Singular Region

R(v,w)={u=0}U{z==1]







Sphere Sn and Projective space Pn

> —

S, 1= Se
S, En S,
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HARAEFEE OELIERE
adaptive natural gradient

G, =(1+¢)G ' -G 'VIVIG

t+1
Unitwise diagonalization of G : Yan Olliver

G 'VI: non-singular

G: unitwise-diagonalization 1s OK (Ollivier)



Singular Region

R(v,w)={u=0}U{z==1]
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F Bl (Seft(T) &2 {TIT  Prediction and Postdiction

dual dynamics
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RS ERmEIFRE . EROEE®L

X >< Y X > Y,
X, > Y, X, > Y,

‘ 2 — 1. S, = {q(x,
BT : S, = (peey))  SREETLIL: 55 =1y
q(y | x) =I1q(y; | %)

Tononi, Barrett and Seth, Ay



Split Model SG graphical model

q(x,»)=ax (x)G, (»)Ta(y|x)

5 03 -0
CI(XI, yz‘xza y1) = C](XI‘X2, yl)q(yz‘xza yl)

0<D<I(X:Y)

Oy (x): Py (x), Ay (.V)— Py (y) ‘
a(yi[x)=p(y[x) 0



B 1: O=D[p:q] (:splt

5 2: MarkovEHZEi#mT-9®&/ID split ETIL
X, = X, =Y,
X, > X, =Y,

% 3 DIFKLAFA/N—DTIR



Sy ©S5:,5,: Sg,S, dually flat
Sy < S Sy >S5, not flat




