Backpropagation in Neural Networks CSCE 633

Practice Problem

Perform one iteration of forward propagation and backpropagation for the following neural
network, assuming learning rate o = 0.5 and a single training sample X = {(i1,i2), (y1,y2)},
where 717 = 0.05, 7.2 = 0.1, y; = 0.01, and y» = 0.99. We also assume a sigmoid activation
function g(z) = == for the hidden nodes, where ¢'(z) = g(z)[1 — g(z)].
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Forward propagation

hi = g(2?) = gW iy + Wiy + b1) = g(0.15 - 0.05 + 0.2 - 0.10 + 0.35) = 0.5932

hy = g(2) = gWiliy + Wiy + b1) = g(0.25 - 0.05 + 0.3 - 0.10 + 0.35) = 0.5968

o1 = g(2) = gWPhy + W Phy + by) = (0.4 0.5932 + 0.45 - 0.5968 + 0.60) = 0.7513

02 = g(25) = gWiPhy + WP ho + by) = (0.5 - 0.5932 + 0.55 - 0.5968 + 0.60) = 0.7729



Backpropagation Outline

e For each node ¢ in output layer L: (51@) = (aEL) - yn)f’(zZ(L))
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e For each (hidden) node 4 in layer | = L — 1, L — 2,. (Z W;i'6; ['(z7)
e Compute the desired partial derivatives as: W(V‘(I[)b) = (l)é Hl), va)b) = Z(Hl)
oW 90
e Update the weights as: Wl =W — 2IWD) 1) (1) II(W.b)
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Backpropagation

8 = (01 — 1)’ (21¥) = (0.7513 — 0.01)g(0.4 - 0.5932 + 0.45 - 0.5968 + 0.60) = 0.1384

9J(Wb) _ ; <(3) _
PTREL = h16;” = 0.082167

Wiy = Wiy — a2 O%0) — 0.4 0.5 0.082167 = 0.3589
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9J(W,b) 3)
19(W1(§)) = hydy”) = 0.082667

w2 = w@ - o 2LWb) _ 45 0.5.0.082667 = 0.4086
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58 = (02 — 12)g' (28¥) = (0.7729 — 0.99)¢(0.5 - 0.5932 + 0.55 - 0.5968 + 0.60) = —0.038098

dJ(W,b) 3)
S = ey = —0.02260

Wi =wid - a2 0%2) — 0.5 - 0.5 - (~0.02260) = 0.51130
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IIWD) _ po 68 = —0.02244
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Wi2 = WD — o22Wb) _ 55— 0.55 - (—0.02244) = 0.561370
22 22 19W2(2)

5 = W6 + Wi o) ()
= (0.4-0.138498 + 0.5 - (—0.038098)) - ¢’ (0.15 - 0.05 + 0.2 - 0.1 + 0.35)
= 0.008771

9JWb) 52 = 0.05 - 0.008771 = 0.0004385
oWy}

Wiy = Wi — a?2O8%0) — 0,15 — 0.5 0.0004385 = 0.14978071
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DIWE) _ j,51?) = 0.1-0.008771 = 0.0008771
YW,

Wiy = wh) — a2ZWb) g9 0.5.0.0008771 = 0.19956143
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55 = (Wi 61 + W36 ) (7))
= (0.45 - 0.138498 + 0.55 - (—0.038098)) - ¢’(0.25 - 0.05 + 0.3 - 0.1 + 0.35)
= 0.009954

9IW.D) _ 582 = 0.05 - 0.009954 = 0.000497712
oWy

Wil .— ) _ 0 2IWb) _ 595 (.5.0.000497712 = 0.249751
21 21 ﬁwz(ll)
DIWD) — 4,582 = 0.1 -0.009954 = 0.0009954

oD

Wy =Wy — o (P = 0.3 — 0.5 - 0.0009954 = 0.29950229
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