Intro. ANN & Fuzzy Systems

Lecture 12.
MLP (IV): Programming &
Implementation
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Summary of Equations (per epoch)

. Eeed-forward pass: Zy (k) =1
Fork=1toK,/=1toL,i=1toN(J,

20 (K) = (U (K)) = 1/(1+ exp[-u” (K)])

N .
u (k) = > W (1) 2 (k) t epoch index
j=0 k: sample index

 Error-back-propagation pass:
Fork=1toK,/=1toL,i=1toN(),

N(/+1)

W) B MR R <L

5 (K) =
Fu o)1 (- 29 K] £=L.
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Summary of Equations (cont’d)

 Weight update pass:
Fork=1toK,/=1toL,i=1to N(9),

K

aw“) () kz o0z (K
0) — D) _ oE (1) — D (+ —
W+ = () - 4 Mjg)(t)w(wi,- (1) - (t-1))
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Matrix Formulation

 The feed-forward, back-propagation, and weight-
update loops can be formulated as matrix-vector
product, or matrix-matrix product operations.

 Many computers can implement matrix operations
using special instructions (e.g. MMX) to speed up the
computation and hence improve training speed.

* Implementation using Matlab can be made quite
efficient when the algorithm is formulated in terms of
matrix, vector operations rather than loops (too much
overhead).
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Matrix Notations

Z(0), ¢ =0,1, ..., L: N(9) x K matrix. it column is the
outputs of neurons corresponding to the ki training
sample in the /" layer if / > 0, and is the training
feature vector If 7/ = 0.

W()), ¢ =1, 2, ..., L: N(9) x (N(#-1)+1) weight matrix. The
(i,))" element of W(¢) is w;(9.The indices of its
columns starts with 0 so that w,,( corresponds to the
bias input of the it neuron of the /th layer.

U(€+1):W(€)[El Z(f) 1}, and Z(/)= (U ()

the activation function f(°)is applied to individual
elements if its argument is a matrix
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Matrix Notations (Cont’d)

D: N(L) x K matrix of the desired output

o(L) = f(U(L)).*(D —Z(L)): N(L) x K output layer delta
error matrix. “.*” means element by element product
of two matrices (not usual matrix-matrix product).

3(0) = £(U(D)AW(+1)(,2:N(41)+1)]T 8(/+1): N() x K

matrix where W(/+1)(:

2:N(/+1)+1) is the last N(#1)

columns of the W(/+1) matrix, and []" is matrix

transpose.

1
AW(0,1) =n () [: Z7 (1)

1
W(/,t +1) =W(Z,t) + AW(/, 1)
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Matlab Implementation

% BP iterations begins if L>2,
whi | e not _conver ged==1, for I=L-1:-1:2,
% start a new epoch o delta{l}=(W{I+1}(:,2:n(l1)+1))" ...
% Random y select K training sanples fromthe
% training set. . *del ta{l +1}. *act funp(u{l}, atype(l));
[train,ptr,train0]=rsanple(train0, K, Kr, ptr); end
%train is K by M:N end
z{1}=(train(:,1:M)";
%input sanple matrix Mby K layer# =1 % update the weight matrix using gradient,
d=train(:, Mil1: M) " ; % monent um and random pert ur bati on
% correspondi ng target value N by K for |=2:L,
dw{| }=al pha*delta{l}*...
% Feed- f orward phase, [ones(1,K);z{l-1}]"+...
% conpute sum of square errors nont dw{ | } +r andn(si ze(w{1}))*0. 005;
for | =2:L, %the | -th | ayer Wl }=w{1}+dwW{l};
u{l}=w{l}*[ones(1,K);z{l-1}]; end
%u{l} is n(l) by K
z{|}=actfun(u{l}, atype(l)); % di splay the training error
end _ bpdi spl ay; %call nfile bpdisplay.m
error=d-z{L}; %error is Nby K
E(t)=sun(sun(error.*error)); % Test convergence to see if the
% Error back-propagation phase, % conver gence condition is satisfied,
% conpute delta error cvgt est ; %call nfile cvgtest.m
del ta{L}=actfunp(u{L}, atype(L)).*error; t =t + 1; % i ncrenment epoch count
%N (=n(L)) by K end % while | oop

bp.m
(C) 2001 by Yu Hen Hu 8



