Learning From Data
Lecture 21
Neural Networks: Fitting the Data

Forward propagation: algorithmic computation h(x)
. . . A de(x)
Backpropagation: algorithmic computation of ————
Jdweights

Fitting or Overfitting?
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Zooming into a Hidden Node
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output layer £ = L

layer £ has “dimension” d) = d® + 1 nodes
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The Linear Signal

Input s is a linear combination (using weights) of the

outputs of the previous layer x(~1.
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x = X((])

Forward Propagation: Computing h(x)

r(1) 0 7(2) 9 0 9 /(L)
W) 0, (1) W (2) @ ... ¥

Forward propagation to compute h(x):
CxO e x [Initialization]
. for {=1to L do [Forward Propagation)]
s (WO)Tx (=D
1
(0)
» end for
o h(x) =x) [Output]
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Minimizing FEj,

Eu(h) = En(W) = ~

=l

—sign

—tanh

Ein

E sign

Using 6 = tanh makes Fi, differentiable so we can use gradient descent — local minimum.
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N
Z(h(xn) - yn>2 W= (WO, We, y
n=1
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Gradient Descent

W(t+1) = W(t) — nVE,(W(t))
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Gradient of Fj;,

N
Eiy(w) = %Zew(xw,yn)

OF(w) 1 & Oe,,
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We need
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Numerical Approach

Delx) _ e(x|Wi) +4) — e(x|W})) — A)
aw!) 2A
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approximate

inefficient

Algorithmic Approach ©

e(x) is a function of s and s() = (W) (=)

de 9s0 de \"
oW®O — aw® "\ 9sd

— X(/fl)((;(f))T

sensitivity
(0 _ 8e
0s(0
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(chain rule)

Computing §¥) Using the Chain Rule
W «— 6@ ... D L §)

Multiple applications of the chain rule:

Ast) s AxO G A L Ae(x)

) e 0 . )
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: >mponent wultip]
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layer ¢ layer (€ + 1)
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The Backpropagation Algorithm

W 6@ .. D s

Backpropagation to compute sensitivities §():
(Assume s\ and x9) have been computed for all ()

w0 = 2(2 ) — ) -0 (s)

»for{=L—-1tol do
s+ Compute (for tanh hidden node):

[Initialization]

[Back-Propagation]

)
§(s) [1 _x0 X(zz)] !
1
. 60 9/(5(5)) ® [Vv(éﬂ)é((ﬂ)]glz(w .
;_end for
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Gradient Descent on




Algorithm for Gradient Descent on Ej,

3

it

9

. for Each data point x,, (n =1,...

Algorithm to Compute Fi,(w) and g = VEj,(w):
Input: weights w = {WW0 .. W1 data D.
Output: crror By, (w) and gradient g = {CG1), ... G},

. Initialize: Ey, = 0;for £=1,...,L, GO =0. WO

,N) do
Compute x( for £ =10,..., L. [forward propagation]

Compute 6 for £ =1,..., L. [backpropagation]
Ein — Ein + A%(X(]m - yn>2~

for(=1,...,L do
GO(x,) = [xD(80)7]
GO« G + LGU(x,).

end for

«._end for

Can do batch version or sequential version (SGD).
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Digits Data

Symmetry
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Average Intensity

logyo(error)

Gradient Descent

SGD
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