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Lecture plan

 Neural network unit

 The XOR problem
» Feedforward neural networks
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Neural network unit
his is not in your brain

Output value X

Non-linear transform

Weighted
eighted sum hias

Weights  w,

Input layer X; X2 X3
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Neural unit I

Take weighted sum of inputs, plus a bias
z:b+§:mn
l

Z2=w-x+b

Apply a nonlinear activation function f:

y=a= f(z)
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Non-linear activation functions

We're already seen the sigmoid for logistic regression:

Sigmoid
1 o y=1/(14e)

y=0(2) =1 =

0
z

Final function the unit is computing:
1

1 4+exp(—(w-x+b))

y=0(w-x+b) =
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Example I

Suppose a unit has:

w = [0.2,0.3,0.9]

b=20.5

What is the output y for the input x:
x =[0.5,0.6,0.1]

1
1 +e (w-x+b)

1 1
— = .70

I =] Lo (5¥21.6x3+.1x94.5) |4 o 087

y=0(w-x+b) =

© Jixing Li



Non-linear function besides sigmoid

y = max(z,o)/
5
:

=10 -5 0 5 10

tanh RelLU
hyperbolic tangent function Rectified Linear Unit

Most common
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The XOR problem I
Can neural units compute simple functions of

input?

AND OR XOR
X1 x2 |y X1 x2 |y x1 x2 |y
O 0 |0 O 0 |0 ® 0 |0
® 1 |0 O 1 |1 O 1 |1
1 0 |0 1 0 |1 1 0 |1
1 1 |1 1 1 |1 1 1 |0
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Perceptrons I
-H <0

A very simple neural unit B (0, ifw-x+b<
Binary output (0 or 1) Y= 1, ifw-x+b>0
AND < OR
Xl\l X1 x2]y I~ x1 x2|y
o 0 |8 ) 0 0 |0
x2/17© o 1 |0 X1 o 1 |1
y 1 0 [0 A
1 11 |1 *l Y
1 1 |1
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XOR with perceptrons? I

_<( 0, tw-x+b<0
YTV 1, ifwoxtb>0

\

XOR
Xl\? x1l x2 )Y _
2~ 9 0 |0 Not possible
SIS
?
N 1 0 |1
1 110
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Perceptrons are linear classifiers

Perceptron equation given x1 and x2, is the equation of a
line
Wl.xl =+ W2X2 =+ b — O 9 X2 — (_Wl/Wz)xl =+ (_b/W2)

22, *2 2
1 <>‘\\ O 1 @ O 1 @ O
\\\\ )
a) x; AND x, b) x; ORx, ¢) x; XOR x5

This line acts as a decision boundary
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Solution to the XOR problem I

A layered network of unit:

@ XOR

1 -2 X1 x2|y hl h2
® O (0 0 O
® 1 |1 1 0

|
DL “ 1 0 |1 1 0
X1 X 1 1|0 2 1

Activation function: RelLU
y = max(z,0)
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The hidden representation h
A layered network of unit:

1 @ O 1 O .° g hl h2
0 0
el 1 O
0 O . >Xl 0 O e a . h> 1 O
0 1 0 .-~ 1 2 1 2 1
a) The original x space b) The new (linearly separable) / space

hidden layers learn to form useful representations
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The hidden representation h
A layered network of unit:

1 @ O 1 O .° g hl h2
0 0
el 1 O
0 O . >Xl 0 O e a . h> 1 O
0 1 0 .-~ 1 2 1 2 1
a) The original x space b) The new (linearly separable) / space

hidden layers learn to form useful representations
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Feedforward neural networks I
Two-layer network with scalar output

output layer ©® y=0(2 vyisascalar
U z=Uh
hidden units . ‘ ‘ h=0oc(Wx+b)

W b

I muitleyer @ © © © ©
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Feedforward neural networks I
Two-layer network with softmax output

output layer @ @ v = softmax(z)
U z=Uh

hidden units ‘ . ‘ h=0c(Wx+Db)
"\ b

I input layer @ @ % x, o+l
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The softmax function I

Turns a vector z = [z4, Z5, ... , Zx] Of k arbitrary values into

probabilities
softmax(zi) — keXp (Zi) 1 <i< A
D j—18Xp(z;)
softmax(z) — :XP(ZI) | :XP(Zz) :Xp(zk)
_Zizlexp(zi) D i—1€Xp(zi) Zi:leXP(Zi)_

z=100.6,1.1,—1.5,1.2,3.2, —1.1]

softmax(z) = [0.055,0.090,0.0067,0.10,0.74,0.010]
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Example

chinese name major gender nl male n2 male nl uniqueness n2_ uniqueness

Mnsx LLA = 0.442 -0.562 2.795 2.087

x = [0.442,-0.562,2.795,2.087]

W = [[1,1,1,1], ‘ y = O-(Z)
[1,1,1,1]] U Z = Uh+b2

l[)Jl::[Pl,}], b2=1 h = max(Wx + bl,O). o0 b2

h = ReLU(W*x+b1) W b1

y = sigmoid(U*h+b2) e 0 0 060
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To do I
« Optional reading: SLP Ch7.1-7.3
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