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Questionnaire

* Please go to llias
 Open the questionnaire ,ML Basics’

* Note that the questionnaire is anonymous, meaning
we only receive the final statistics and responses,
not the identities of the individuals who submitted

them.
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Outline

* Neuron

* Neural network
 Computing the output
* Training the network
* Backpropagation
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Model: A single neuron

f: RN->R
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Model: A single neuron

f: RN->R

Z= WiXx1 +WyXxo +--+wpx,+ b
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Model: A single neuron

f: RN->R

Activate
function
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Model: A single neuron

f: RN->R
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Model: A single neuron

f: RN->R

Activate \
function

Sigmoid Function
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Logistic regression model? — Yes!
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Recitifier Linear Unit (ReLU)
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A single neuron

* Asingle neuron can handle binary classification
task

Activate
functio
n

The movie is great

b is positive if y 2 0.5
and is not positive if y < 0.5
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Layer of neurons

e Sentiment analysis with 3 classes

— Positive, negative, and neutral

Activate

function Y1

Activate Vz
function

Activate y
function 3

The movie is great
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Limitation of single layer

X2
N

Activate

function
® O

* Asingle layer of neurons can
not handle XOR problem?
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Neural network
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Hidden
Neurons
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Neural network with hidden layers

Input Layer 1 Layer 2 Layer N
X1 v v
o2 N0/ &

X2 ""’, “"" cses
VoK V> 4‘ Y
vector : },,"~£4 I\ 2 vector
X \\// \\ y
: /i‘\ : ‘\ :
/\W\ g
XN
\ J
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Input Hidden Output
Layer Layers Layer
o:«g:o Speech and Language Technology 15 Universitat Stuttgart
re



Live Voting
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Notation

-1
L— ay

Layer I-1
N_, hodes

4
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e QOutput of a neuron:

z
<::}_’ 4 layer |

l / /
<::}_9 dy a4

T neuron |
e QOutput of one layer:

[
Q_’ dy a' is a vector

Layer |
N,nodes
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Notation

* Weights:

layer [ — 1 to layer /
! —

Wij

\

from neuronj (layer [ -1)

to neuron i (layer /)

N
i
( \
[ [
1 Wi Wiz
W = [ . N,
Layer |-1 Layer | Wo Way -
N_, hodes N,nodes
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Notation

[-1
0"
Layer |-1 Layer |
N_, hodes N,nodes
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e Bjases:

layer |

neuron i

b! | Bias for all the
pl | neurons in
layer |
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Notation

/-1 Zl-l . input of the activation function
for neuron i at layer |

!
< :input of the activation function of
all the neurons in layer |

[ [ -1 [ -1 l
Z, =w,a, +w,a, +..+Db,

or in another form

Layer |-1 Layer |
N_, hodes N,nodes
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Relations between layer outputs

Layer |-1 Layer |
N_, hodes N,nodes
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Relations between layer outputs

l [ -1 l -1 [
Z, =w,,4, +wp,d, +..+b,

[ [ -1 l -1 [
2, =Wya, +Wya, +...+Db,

[ -1 [ -1 [
Iy =Wy a, +Wy,d, +..+by

) [ 1-1 [
=W'a  +b
Layer |-1 Layer |
N_, hodes N,nodes
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Relations between layer outputs

[ [
a, =0(z,)
) )
a, =0(z,)
[ [
ay =0(2Zy)
Layer |-1 Layer | d =o(Z)
N_, hodes N,nodes
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Relations between layer outputs

Layer |-1 Layer |
N_, hodes N,nodes
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=W+ b
a =0(7)

a' = (f(Wlal_1 + bl)

Universitat Stuttgart




Computation of the final output

Input Layer 1 Layer 2 Layer N

:1 m‘ L\Y'{{A Y1
vector : E",:,}f‘ %:“g T
< B ;
: /A\ : A : Ym
X a 4’ L

a =oc(W'x+b") f=o(Wh'a" +D")
a’=o(W?a' +b*)
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Computation of the final output

Input Layer 1 Layer 2 Layer N

X1 v w y]_
vector ol e - I Y2 vector
N N4 N\¥% v
VR A
XN
L 2 1 1 2 L
yv=f(x)=ocW"..oW oW x+b )+b")..+b")
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Softmax function
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Ouput layer L
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* QOutputs are probabilities

O<y <1

E.yi=1

. Sofmalx function:

L
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Q
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Exercise 1

 Compute the output y of the following network

Input Layer 1 Layer 2
e Layer 1 uses RelLU P 4 Y

* Layer 2 uses Softmax

=
Il
O =

S =

X = |, _1
o - O
1 b? =[ .
bl=|0
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Live Voting
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Thanks for listening!
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