Backpropagation
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Elementary Decision Boundaries ——
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Elementary Decision Boundaries ——
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Function Approximation Example
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Nominal Response




m

Parameter Variations
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Multilayer Network S
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Performance Index

Training Set
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Mean Square Error

F(x)= E[¢’] = E[(t-a)’]

Vector Case

F(x)= E[e' e] = E[(t-a) (t—a)]

Approximate Mean Square Error (Single Sample)

F(x) = (t(k) —a(k)' (t(k)-a(k)) = € (k)e(k)
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Chain Rule S

df(n(w)) _ df(n)  dn(w)
dw dn dw

Example

f(n) = cos(n) n=e" f(n(w)) = cos(ezw)

df (n(w)) _ df (n) ><aln(w) _ (—sin(n))(2ezw) _ (—sin(ezw ))(282w)
dw dn dw

Application to Gradient Calculation

m m

oF ofF o, oF ai?xani

owi;  ony oy bl an' b

l



Gradient Calculation
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Steepest Descent
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Next Step: Compute the Sensitivities (Backpropagation)
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Backpropagation (Sensitivities)  ——
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The sensitivities are computed by starting at the last layer, and
then propagating backwards through the network to the first layer.
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Initialization (Last Layer)
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Summary

Forward Propagation

0

a =Pp
m+ 1 m+ 1 m+1 m m+ 1
a =f (W a+b ) m=0,2,..., M—1
M
a=4a
Backpropagation
s = —2FM(nM)(t—a)
s = Fm(nm)(WnHI)Tsm+1 m=M-1,..,2,1
Weight Update
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Example: Function Approximation -——
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/ Initial Conditions __\

W'(0) = [:g'i] b'(0) = [:84112] W (0) = [0.09 -0.17]  b*(0) = [o.4g]
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Network Response
—— Sine Wave




Forward Propagation
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Transter Function Derivatives 5
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Backpropagation S
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Weight Update S
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/ Choice of Architecture

g(p) =1+ sin(%p)
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/ Choice of Network Architecture ——
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g(p) =1+ sin(%p)
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Convergence /o

g(p) = 1+sin(mp)




Generalization
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