Happy Wednesday!

= Assignment 4 due tonight Nov 11t, 11:59 pm (midnight)
= Exceptional late policy: No penalty until Mon, Nov 23, 11:59 pm

= Quiz 11, Friday, Oct 30t 6am until Nov 15t 11:59pm (midnight)
= Neural networks

Coming up soon

=  Touch-point 3: deliverables due Nov 22" |ive-event Mon, Nov 23™
= Single-slide presentation outlining progress highlights and current challenges
" Three-minute pre-recorded presentation with your progress and current challenges

= Project final report due Dec 7t 11:59pm (midnight)
"  GitHub page with all of the results you have achieved utilizing both unsupervised
learning and supervised learning
" Final seven-minute long pre-recorded presentation
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Recap

" This is a two layer feed forward neural network
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Recap: Forward pass

= Activations

= Hidden units

CS4641B Machine Learning | Fall 2020

D
1 1 1 1 1
a; = z Wi(l)xi + W(gl) = Wl(l)xl + Wz(l)xz + W(gl)
i=1
D
1 1 1 1 1
a, = z Wl.(2 )xi + Wéz) — Wl(z)xl + Wz(z)xz + Wéz)
i=1
D
1 1 1 1 1
as = z Wl-(3 )xi + W(§3) = W1(3)x1 + W2(3)x2 + W(§3)
i=1
1
z1 = h(aq) =
1 (@) 1+ exp(—a,)
1
Z, = h(a,) =
? (a2) 1+ exp(—a,)
1
zz = h(az) =
3 (as) 1+ exp(—a3)



Recap: Forward pass

= Qutput

(2) 2 W(Z)Zl + Wéi) = (z)zl + Wz(l)Zz + W?E?Z3 + Wéi)
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Training the network
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Training the network

" Stochastic gradient descent
w(T+1) — w(T) — nVEn(w(T))

= Considering a linear model y, (X, W) = w/x = Y2 o w;.x;

" Error function for a datapoint X,, with a target vector of size k:

K
1 2
E, = EZ(ynk — tnk)
k=1

" (Calculating the gradient of this error function with respect to wyy:
0E,

aWik — (Ynj o tnj)xni
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Training the network

= Activation:
a; = X.;w;;z; (z; input from another layer)
" Hidden unit

z; = h(a;)
= The gradient of the error E;, depends on the weight w;; only via the summed input a;
to unit j
aEn - aEn aa]

an'j B aa] an]
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Training the network

=  Qutput layer

O = Yk — tx
= Hidden layers
5. — aEn - aEn aak
b 0a; - day 0a;

0j = aaj =N (a])zwjk5k
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Error backpropagation algorithm

" |nitialize the weights

"  Apply input vector x,

" Evaluate the 0y, for all the output units

" Backpropagate the 0 to obtain 0y, for
each hidden unit

= Evaluate the required derivatives

= Update the weights
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Error backpropagation algorithm

" |nitialize the weights

CS4641B Machine Learning | Fall 2020

12



Backprop: example

Wr3

—

@4'

/ (1)

CS4641B Machine Learning | Fall 2020

5(1)

"@

s

(2)

(2)

Our goal is to compute:

0E, OE,
aWij , aW]k
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Backprop: example




Error backpropagation algorithm

"  Apply input vector X,
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Backprop: example

=  Forward pass with input vector x,, = [0.5 0.5]%,t,, = 0.5

a® = ZW( x|+ w® = w®

D
1 1
ag ) = 2 Wz(z)xl + chz) = W1(2)

1 1
ag ) = z Wi(s)xi + chs) = W1(3)

=  Hidden units:
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X1+ widx, +wiP =1x054+1%x05+1=20
X1+ widx, +w) =1x054+1x05+1=20

X1+ widx, +wi) =1x054+1%x05+1=20

1+ exp (—agl)) 1 + exp(—2)

1
= = 0.88
1+ exp (—ail)) 1+ exp(—2)
1
DN = = 0.88
1+ exp (—az ) 1+ exp(—2)
1
= 0.88
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Backprop: example
= Qutput

M

2 2 2 2 2 2 2

ag ) — Z Wl-(j )Zi + W(gl) = Wl(l)Zl + Wz(l)Zz + W3(1)Z3 + Wél)
i=1

Y1 =0 (agz)) = agz) = 3.64
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Backprop: example

Input variable (x;,)

x1 — 05
xZ — 05
Hidden units:
z; = 0.88
Z>, = 0.88
z3 = (.88
Output
Target
= t, =05
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Error backpropagation algorithm

" Evaluate the 0y, for all the output units
" Backpropagate the 0 to obtain 0y, for

each hidden unit

CS4641B Machine Learning | Fall 2020

19



Backprop: example

= Only one output with a linear activation function,
therefore:

5% =y, —ty, = 3.64— 0.5 = 3.14
= Backpropagate
(1) _ 1) s(2)
5D = /(e w5

= For the sigmoid function:

h(a) = > h'(a) = h(a)(1 — h(a))

1+ exp(—a)

= Since z; = h(a;), the expression then becomes:
5(1) (z ) (1)5(2)

« 5V =0, 67 =033, =033,6"Y =0.33
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Error backpropagation algorithm

= Evaluate the required derivatives
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Backprop: example

= Fvaluate the derivatives

OLn ) <
— Z: =
ow'? I

f
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\

% = 6Pz, =314 x 1 = 3.14
01

% =592, =3.14 % 0.88 = 2.76
11

% =692, = 3.14 x 0.88 = 2.76
21

a(f(’;) = 6Pz, = 3.14x 0.88 = 2.76
31
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Backprop: example

= Fvaluate the derivatives

( OE, 0E 0E
(1) n (1) n _ (1)
(951) 51x61(i) 51x62(1) 0. 'x
OE JE, a1y OEy 1y O0Ey (1)
—n _sD, Xq, —— = X1, X
ow® ~ T Y ow T M aw T awy)
0E 0E 0E
n (1) n (1) n _ o1
kﬁ é;) = 03 " Xy, r 1(;) = 03 " xq, —0 2(;) 0, X
( OE,,
-~ 0 = (.33, (1) = (0.165, -~ (1) = 0.165
Wo1 Wi1 W1
J0E,
] 0 = (.33, (1) = (0.165, (1) = (0.165
ow Wo2 ow Wi ow W2
J0E, J0E,
D = (.33, (1) = (0.165, D = (0.165
\a 03 ow Wi3 ow Wo3
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Error backpropagation algorithm

= Update the weights
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Backprop: example
" Use the update rule and the calculated error derivatives
whew — ,old _ T]VEn(WOld)
"  Assumingann = ithe new weights are calculated for the network, e.g. weight W(g
X to z; on the first layer).

0E 1

(D), _ ..(1),0ld n _

wil new _ Wy1 oa __ . (Dold = 1— 5(0.33) = 0.89
WOl
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Backprop: example @




Test
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_[o71 .
x_[0_7 t=—0.02
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Test

= Activations

= Hidden units
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D
1 1 1 1 1
a, = z Wi(l)xi + W(gl) = Wl(l)xl + Wz(l)xz + W(gl)
i=1
D
1 1 1 1 1
a, = z Wl.(2 )xi + Wéz) = Wl(z)xl + Wz(z)xz + Wéz)
i=1
D
1 1 1 1 1
as = z Wl-(3 )xi + W(§3) = W1(3)x1 + W2(3)x2 + W(§3)
i=1
1
z: = h(a,) =
1 (a1) 1+ exp(—a,)
1
Z>, = h(a-) =
2 (az) 1+ exp(—a,)
1
Z>» = h(a-s) =
3 (a3) 1+ exp(—a3)
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Test

= Qutput

i@ =
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NagE

(2)
Wi

2 2
2 "'W(§1)= 1(1)

Y1 =0 (aiz))

Z1 + Wz(i)

_ @

Z2+W

(2)
31

Z3+

(2)
Wo1
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