| evenberg-Marquardt learning

*MATLAB programming
 RBF(Radial Basis Function)




Network function

y(t16)=G(x[t]| 6)
(-
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m

\Y[
=W, + > W_exp(
m=1




Network parameter
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Data Structure

« Net
= Net.u : receptive field Mxd
Net.sI : variance Mx1
Net.w : posterior weights M+1
Net.M : number of hidden units
Net.d : data dimension

Adavanced Numerical Computation
2008, AM NDHU




M= input('M : ");

d =2;

ep = 0.001;

L = M*d+2*M+1;

theta = rand(1,LY*2%ep - ep;

Net . u=reshape(theta(l:M*d), [d,M])";

Net.si=theta(M*d+1:M*d+M);
Net.w=theta(M*dslbe] :MEdHMH)
Net.M = M;

Net.d = d;
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INPUL & output

« X: Nxd
= N\ data size

= O data dimension KR
% v . Nxl

« y: Nx1 N=200;d=2;

- Net x=rand(N,d)*2-1;
y=x(:,1)*0. 5+x(:,2)+];

Net=LM RBF(x,vy);
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RBF

e\

Network parameter

0 ={W.}; Ui} U0},

' 4

X




RBE Evaluation

y(t]0) =G(x[t]| )

2
=W, + iwm exp( M- ?mH )
=1

Function 1

function y=eva_f(Net,x)

t N 2
y=Yy+W_ exp(——HX[]2 ?mH )
O

—
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M=net M, u=net.u; N=size(x,l);
D=x*u';

D=-2*¥Drepmat (sum(x. *¥x,2),1,M);
D=Drrepmat(sum(u, *u,2)" N, 1);
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Current error

Function2

« Approximating erron function E= DC(Net,x.y)
= e=y-yhat =5
= lVlean sguare error y
* mean(e.”2)

v

E=E+(y(i)—eva_ f(Net,x(i,))’
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Dervative

function [gtheta]=derivative(Net ,x, theta,h,v)
gtheta=[ gu gsi gw |

% gtheta : N x (Md+2M+1)
% gu:Nx Md

% gsi:NxM

% gw : N X ( M+1)
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gtheta : N x (Md+2M+1)

Ix[t]—p, |

)

M
=W, + > W, exp(
m=1
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dy(t|0)
du

m

ORI RS T

207 o

gu=[]

i y T ——

=W_exp(—

= Quy, exit

B=
v
v

\

(]
—— gu=[gu;B]

A=w,_exp(-

[{t) = X111,
202 -

B=[BA]

Sty |
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gaiTk

ga; -+ gay

\

t runsfromlto N
k runs fromlto M gu,
ga,, - dx1 = W,, eXp(- UG

) X[t] — Uy
26% O

2
m
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gtheta : N x (Md+2M+1)

gsi:Nx M
dy(t|6)

do.,

) HX[t] _3umH

m

Ix[t] -, |
20° o

= Wm eXp(—
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gtheta : N x (Md+2M+1)

gw : N x (M+1)

dy(t] ) dy(t|6)

dw, oW, '
=N Hx[t]_umH )

= exp(-
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[gtheta] = derivative(Net,x,theta,h,v);
G = -({e*gtheta/Net. T)";
R = gtheta'*gtheta/Net.T;
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M methoed

1. Initialize 0., i=0 and set A
2. Calculate MAETRICH
3. Update network parameters

0., =0, +A0,

4. Calculate ¢;

5. Update / [T

(b) If a; < 0.25, A «— 2.

6. If halting condition hold, exit
otherwise go to step 2
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FlOYV Chart

=05 guessﬂ
\

~ halting
condition

9i = gi—l + AHH
calculate «
update A

!
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« Calculate delta_theta
- Update theta
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Control

Current parameter
Next parameter

Actual cost reduction

Predicted cost reduction
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Ploject

Learning RBF or MLP by the LM method
1. (30 pt) Derivation

dy(t10)
dé

2. (140 pt) Matlab codes
3. (50 pt) Testing
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Dervative

T T
2 ooou

v

M*d+2M +1]

dy(t|6) _ [dY(t [0)  dy(t|6) i

" do

M*d+2M +1

dé de
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Dervative

dy(t10) .,

du,

dy(t10) .,

do_

dy(t|o) .,
dw
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Matiah coding

e (30 pt)Main program

e Matlab Functions
a. (10 pt)Calculate I8

b. (10 pt)Calculate L (0)
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Matiah coding

e Matlab functions
-(10 pt) Calculate dy(t|6) ‘
du,

9=9i

(10 pt) Calculate dy(t| &)

do

dy(t]6) |
dw

m

-6

(10 pt) Calculate
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Viatlale coding

eMatlab functions
*(20 pt) Calculate V(6)
(20 pt) Calculate R(8)

(20 pt) Calculate G(x|6)
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Test

*Glve two examples to test your
matlab codes for learning RBF or MLP
networks by Levenberg-Marqguardt method
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Evaluation

LM iniNet 10%

« Form a

« Formb

« Formr

MLP evaluation 10%
Calculation of mse 5%

Determine gtheta 30%
= Ga
= Gb
» Gr
Update theta 15%
= Delta theta
=« Gradient
= NG Hessian

« Calculate alpfa 10%
= Change of Li
= Change of E

« Update lamda 5%
Halting condition 5%
Executable 10%

Good performance 100%
2D function approximation 100%
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