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Backpropagation Algorithm for Supervised Learning
In Multilayer Networks



Sigmoid Neurons

Output v=g(Ww'u)=g(D wu,) Sigmoid output function:

W 1+ e_'Ba
Input nodes

9(a)
U=(u; U, Ug)' 1V

Parameter S controls
the slope




Learning Multilayer Sigmoid Networks

v, = Q(ZWijg(;ijuk)) Desired output d also given
J

Output v = (v, v, ... v))' Learn weights that minimize
output error:

E(W’W) :%Z(di —Vi )2

Use gradient descent!

Inputu =(u; U, ... U’



Backpropagation Learning: Uppermost layer
Vi = g(zwijxj)
i

Learning rule for hidden-output weights W:

Wij <—Wij _gddWE

J

{gradient descent}

dE /
W —(d, —v.)g (ZWinj)Xj {delta rule}
i J

g’ = derivative of sigmoid function



Backpropagation: Inner layer

Minimize output error:

E(W,w) =~ 3 (d, =V, )

Learning rule for input-hidden weights w:

Wik (_ij — & dE But dE = dE . de {chain rule}
dE ' | |
dW,-k — —Zi:( . —V.)g (ZJ_:WU-XJ.)Wij g (Zklekuk)uk



