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Neural Network

Type Connection Output Inl;%?eegé?:g
Nonlinear trans.
MLP Feedforward of input patterns
Stable
: &
| i Symmetric stable output Passive
Relaxation feedback ~ (fixed point)
Arbitrary Temporal output Dynamic
Recurrent feedback (limit cycle, chaos) | &

Nonlinear behavior of a recurrent network

—p- Active and dynamic information processing

o \[ R
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Nonlinear Dynamic Systems

X (8)
dt

=F, (X(t)) F. (X(t)) :nonlinear function

Nonlinear function = Linear sum of sigmoid function
‘Miyake & Irie \
Funahashi

Fi(X) = ZWA,- G(IZWB,- X+ WD)
a J

Equation for Recurrent Network

dX.(t) |
———alr = %WAia- Z.(t)

Z,® = G ( W By X+ WD,)
)
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Recurrent Neural Network

Dynamic Uni;ts

O~ wa- zw
dt

Sigmoid Units
ZH)=G(WB-X+WD)
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Supervised Learning
for the Recurrent Network

her signal

Q(t)

<}: Teac

Hidden Sigmoid Units

‘r

by

Visible Dynamics Units.

Hidden Dynamics Units
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Visible Dynamics Units

X () < <>?< Inputs from sigmoid units
!

Q,(® T, (0

( Teacher signal)  ( External force ) :
AXi/dt = 5o WA Za T 0 Impog K (1) =Q; ¢t
External Force

Ji =dQu/at - L WA 2,

Error Function
T+TF

E :—-J dt - ZJ (t)
2 ieV

Weight Updates

AWA, oc — - JF dE

OWA. mi oW B

1m

ATR Auditory and Visual Perception Research Laboratories



@WMG@EWWM

E = o\tLT )

. 1€V

-
,—-Aitggv[@ AN

- (e PR T - T, ]
*, LEV
e
QﬁEZPz [ Z,~ 6 (2 T X 7B
" \N(w{(exﬁ \V aruehion ‘

W= W+ew , T T+5]
S XY E R Wadw) = X (B2 W)
ot
s \:_:%tf@(m YSPX + (o0 YO PZ

(08X (b D0F
(oo YEW + (v 15T

+ Bouwmdowt Tevmy



)

s

(-t:z,'—;' >
(t) .

RA\//\?;\%X&) N
OFw;&( <t§h—$ )+B>-T (M\_Ut})
) t ‘

_. {zc“‘ R? o VMW
BW:P&\B/\/ jcn )
o .Pi(ﬂ: P(S.jm -
F : ._ Ct)
(1 X
- P(twﬁ Pl
Woig

SE/Hw
_h.

W =

A

)
t
Pe) Z
h

X&)
B)
)t
X

/(T

2y G

t;avc P

T = g%é

= /o

=

-,

T -

A










Learning Schedule

T T+TF T+TB
1 | . > time
W
woE ; - (2)
W+ AW | o >
(3) 4) TF | 1B

Next session

(1) ForwardRun t: T —(T+TB)

dX; | | i |

ar T2 WAL G(Zy) (1eV) X;=Q; (ieV)
(2) Error Calculation t: (T+TB) —™ T

dPX, ,

T - 2P WAL G(Zy)

PZp=2 WBy PX;, PX((T+TB)=0 (igV)

1
N B dQ; WA .Gl -

P?(i—— -Ii—- dt 4—22 ot ( 1n> (ie )

(3) Weight Updates

T+TB ‘ T+TB ,
AWAim:‘—ocJPXi-Zm AWBmi:-ocJPZm-Xi- G(Z,)
T : T :
AX.(T) =—B-PX1(‘T)
(4) Forward Run with New Parameter
runfor :T-—T+TF timeupdate T=T+ TF
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Lorentz Attractor

dx Z
—=F(x,y, 2)
dt 50.0

=10-(y-x)
dy
—=F, (X,v, z
dt 2( Yy, Z)

=-y+(28—-2)-X 30.0

0.01

dz
—=HK(Xx,v, z 20.0

i 1 (X, Y, Z)

=——-Z2+X-y

-30.0
-20.0
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Z-X plane

AR
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L] 58 148 158 288 258 309 358 499 458

6.911694 lorentz.data & lorentz.data2 [ X ]
~8.853126 L ML (SO SO B A N L L N B A B L S L S B I'r T

[} o8 188 158 288 : 258 308 ase 488 458
4.619333 lorentz.data & lorantz.dataz [ ¥ ]
-8.736747 |  LAEJNE AL N LN R N N S L B (L S N I N [ L B S L S [ S A

2] 58 i8e8 158 2808 258 308 358 4e8 458
I'B.BBZ'IEZ lorgntz.data & lorontz.data2 [ 2 )
8.181735 LENNE N S A R B N N R B N N e S A L N S Y B B S N Bt N B B B A B




Simulation Situation

3 Dynamic Units
30 Sigmoid Units
2nd order Runge-Kutta method

At = 0.01
t t+0.5 t+ 1.0
§ % { > time
W — >
Wk
W+ AW ¢ > >
] 1.0
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X-y plane y-z plane

X(t), y(t), and z(t) are visible.
After 1,000 weight updates

—
Far P 1 \ R
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z-X plane
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X-y plane y-z plane

x(1), y(t), and z(t) are visible.
After 2,000 weight updates
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z-X plane
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x-y plane y-z plane

x(1), y(1), and z(t) are visible.
After 4,000 weight updates
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z-X plane
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x-y plane y-z plane

x(1), y(t), and z(t) are visible.
After 30,000 weight updates
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z-x plane




Teacher signal (Lorentz attractor)



Generated trajectory



[ile) [Parameters] [Draw]

9.911694 lorentz.data & all_out.data [ X ]

~-8.838388 | __

6 o8 168 150 200 258 308 358 4848 458

. ——

e e o s e e
6.8133313 lorentz.data & all_out.data [ Y ]

-B8.728733

] a8 188 158 208 258 e 358 448 4568
m———e

4.982762 Yorentz.data & all_out.data [ 2 ]

8.181735




Liapunov Exponents

Lorentz Attrac_tor O.QO
All Visible Dynamic Units  0.85
One hidden Dynamic Unit 0.76
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Error for the Vector Field
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h
dx,/dt = ’rFl (X7 y: Z)——a_h'FZ (h(x,a Y7 Z)7 Y7 Z)—Q— 'FB(h(X,a Y7 Z)a Ya Z)J —a_h—
ady oz “d/ ox’

dy/dt=F,(h(x’, y, 2), y, 2)

dz/dt=F;(h(x’, y, 2), y, z)



A T A Ty R N I e
5 7_* g\\ /r : 7 AN 2 's-]'.a
SV I T ADFEE

x-y plane | y-z plane

y(t) and z(t) are visible. |
x(t) is hidden.
50,000 weight updates
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z-x plane




Error for the Vector Field

Error for F2(x, vy, 2) Error for F3(x, y, 2)

Error for F1(X, v, 2)
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x'-y' plane y'-z' plane

Coordinate Transformation

x'—)k+2y
y'=y

z'-x' plane
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. Fach Pair has different time constant 7.

APOLONN

Adaptive nonlinear Pair Oscillators with Local coNNection

dX,

1

Adjustable to different time scale components




Pair oscillator

dX,
Ti'_zigl ::'“><i'+ C; ( %:‘Ajﬁ ’>% )

<K< WEIGHT VALUE >>>

P’:;_{T[ N SN AN S AW A AN I AW s AW A AW AW AN A ( .074000)¢ 3.1400)
WA N NG I RS Y TG R T TR ST AR EF 0 (0 =3.14000(¢ 10.4000)

¢ 1.00002¢ 3.1400)
( -3.1400)¢ 1.0000)

( '£2.0000)¢ 3.1400)
( =3.14000C -2.0000)

/ / ¢ #476000)C  3.1400)
AT T T T T T AL T T T TR T T (0 -3.14000C $410000)

T\I'- T 7 ‘ L T T .\I\-\I I ¥ T T l T T T T [ T 4 T T I T T
\\,,__ ..

( 1.0000)( 043140)
( -0.3140)¢ 1.0000)

max{ 1.0000j.min[*).OOOO].gqin[ 2.00002delayl 1.0000].tstepl 0705003




Fig. 4 Trajectory generated by APOLO

1.4

.

1.2 4
1.0':

Ld
.
.
.
_ .
+ Teacher $ <

-1.0 7 . .
1.2 ® Visible unit i :
-1.4 *

204+t Tr 1T T T T T T Y
0 10 20 30 40 50 60 70 80 90100110120130140150160170180

*.

~ time
(a) The trajectory of the visible unit and the teacher signal



Simulation

Teacher Signal

32 pitch period waveform in natural voice /a /

(residual signal obtained by the 16th order inverse filtering )

Sampling rate : 4kHz 16Dbits A.D.

MEASURE ANALYSIS ANALYSISZ INTERPOLAR  EDIT CURSOR WINDOW DATA FILE SIGNAL AD D/A STEREDO SETTINGS LAYOUT

g 40.0 ' | ‘ | . 262.75

I

¢ TEACH

N R

N ‘ |

. _\WN\WWWF\NWW\WWN
‘ia T T T T '282.75

: -

Natural voice source waveform



Bifurcations in Learning

Unit Output Phase Diagram

Transient ___ Limit

Time
Transient ., Fixed point , Aperiodic Attractor

Limit Cycle

AVAVAVAVINI®
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MANAGER  SHELL LAYOUT HARDCOPY OPTIONS | |lthu 0ct 4 17:35:25 199
MEASURE ANALYSIS ANALYSIS2 INTERPOLA  EDIT CURSOR  LITNDOW DATA FILE SIGNAL AD D/A STEREO SETTINGS LAYOUT
0 4.0 ) . ) . ) 262.75
P TEACH
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H b=t
L
¥e.0 ' ' ' ' '262. 75| m 5
« ] >
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TEACH ouT
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[%]1@) (Parameter) (Graph) RHsg

Delay Time: q
X Max.: 2

Time Step: 3

X Min.: -2

Start of Time: 2

Delay Time: Q
X Max.: 2

Time Step: 3
X Min.: -2

Start of Time: 8

Delay Time: 18
X Max.: 2

Time Step: 3
X Min.: -2

Start of Time: 2

Delay Time: 18
X Max.: 2

Time Step: §
X Min.: -2

Start of Time:

a
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File] [Parametaﬁ) [Draw] A
Pair 4 Redraw
8.718888 Exit
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13.8680800
Exit
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3.4788880 —— IExitl
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Pair 7 -Redraw
. 648888 MM‘MW\WW
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(File) (Parameters) [Draw)

Pair 8
(2.860808
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tion of the construction process of the Cantor set. The positions of the local
singularities of the measure are easily identified as spatial points b* where the

| Arnevds , G Grassan
<R M. Hlathmuidon 1988 )

y
p=1/2 p=1/2
£L,=1/3 {,=1/3 v
rig. 1t At each stage of the constructlon of
the standard Cantor set, the central third of each

segment ls removed froem the set. Each segment
has measure p = 1,2 and scale like £ = 1/3 at the

i - - - generation n.
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o &=~In(p;)/In(3)-2 4
a
‘; o
E
— -5k . E
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- ] —In(pz)/In(3)-2 |
9
1 ]
—15 + A o~
. P=ln(3) ]
1. . ' Il L [N n —_ a 1 1 1
-15 ~10 -5 0 —15 -10 -5 0
Cme In(e) —_— In(e)
(0= (G>KD .
Flg.. 2 The wavelet transform (sgn{(T). lT(a,b)!é) of the triadic Cantoer set with:
(a) uniform measure p1= p2= 1/2; {b) two dlstinct measures p1= 3/4, P2= 174 (the

Scales {n (a) and (b) are different). (c) ln]T(a,b:O), (arbitrary scale) vs lIn{(a)

*
for the uniform Cantor set. (d) lan(a,b:b )l (arblitrary scale) vs In(s) fer the

*
gosuniform Cantor set where b corresponds to {he kneading sequemce RRRRRRRRLLLL..

«eLLlL,,. . g(x) 1s defined in Eq(6) and n=2 {n Eqs (2) aund (5).

185
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Conclusion

Recurrent network and chaos may open a new area of
active and dynamic processing
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