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Outline

* Neuron

* Neural network
 Computing the output
* Training the network
* Backpropagation
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Notation

e QOutput of a neuron:

g 4!
1 1 layer |
[-1 [ [ /
( —> a, ( —> a, a
T neuron |

e QOutput of one layer:

-1 [
Q_’ Ay Q_’ Ay a' is a vector

Layer |-1 Layer |
N_, hodes N,nodes
4 srotte e
0‘0‘0 Speech and Language Technology 3 :.E Universitat Stuttgart

ye®



Notation

* Weights:

layer [ — 1 to layer /
! —

Wij

\

from neuronj (layer [ -1)

to neuron i (layer /)
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1 Wi Wiz
W = [ . N,
Layer |-1 Layer | Wo Way -
N_, hodes N,nodes
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Notation

-1  Biases:
[
0 4
layer |
[-1
0" z
bi
neuron i
ay' L
Q bll Bias for all the
[ .
b = 5! | neurons in
2
Layer -1 Layer | - | layerl
N_, hodes N,nodes JE
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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

4
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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 [
=W'a +b
Layer |-1 Layer |
N_, hodes N,nodes
0‘3‘0 Speech and Language Technology 8 H f{{: Universitat Stuttgart

ye®



Relations between layer outputs

l l
a, =0(z,)
l l
a, =0(z,)
l [
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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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 X }){",{4 })‘»'45 Y2 vector
X Y\ Y
. /o.\ . ‘\ . .
A Ta) o2
XN
L 2 1 1 2 L
yv=f(x)=ocW"..oW oW x+b )+b")..+b")
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Softmax function

OX 3
%
94

2

Ouput layer L

L
Zl A
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L
Z A
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* QOutputs are probabilities

O<y <1

E.yi=1

. Sofmalx function:
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Train a Neural Network
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Searching for the best function

e Best function = best parameters

y=f(x)=c(W"'..oW’o(W'x+b")+b*)...+b")
 The function itself depends on the parameter set

f(x)=f(x,0)
0={W'.b,W2,b°,.. Wb}

e Seach the best function f*

=) Search the best parameter set 6*
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Empirical risk minimization

* Given a finite set of training data
Empirical risk = average loss on this training data

1

CO)=— Y c(f(x),y)
DI
Y)
1
Y c(0)
‘D (x,y)
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Loss function

e Sofmax function:

Ouput layer L ot
ZIL A [ = y, = ZL
Z2 > j
e — W2 Y, 10
; -~ | ¢ Mean Squared Error (MSE)
j}t yt j. ~ 2
. S c(0)=C.(0)=> (5, - )
Zl A l
— > Vy Yn|0
* Cross Entropy (CE):
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Gradient descent

* |f 0 has only one variable

e,
%
%

¥
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* Randomly start at g,
* Compute dC(6,)/d 6
6, <—0,-ndC,)/do

* Compute dC(g)/d 6

6, < 6, -ndC(6,)/ de
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Gradient descent for Neural Network

We will do the same thing as presented before

Starting parameters 6,

>61

However,

0={W'.b,W2,b°,.. Wb}

i.e. millions of parameters ®
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Backpropagation

Based on the chain rules:

e Casel: y=g(x)
z=h(y) dz _dz dy
Ax — Ay — Az dx dydx

» Case2: x=g(s) y=h(s) z=k(x,y)

Ax
TN 0z _ 9z 0x 0z dy
S Az
Ny s dx ds ay s
Ay
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o0C
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c')wl.j

Compute

dC |dz; C
awf] awfj azil
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Compute

dC |dz; C
awf] awfj azil
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Compute - First term

ij
[ [
Aw, = Az;...— AC
[
JdC |az |0C
[ L 1
ow;  [OW;;10z,
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Compute -7 - First term
ij
e If|>1:
I [ 1-1 I
Z; =Ewijaj +b,
l J
aZi _al—l
P [
W,
e If|l=1
[ 1 1
Z, = EWUX] + b,
J
3z, .
1 7
awl.j
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aC
Compute - 7- Second term
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dC
Compute - 7 - Second term
ij

1 o<
2

4"‘_‘ ,

\ >/}
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N\
N\VAY

/X

_; Layer I-1 Layer | .1 Layer |+1
5111 Yy 511 Yy 5111 Yy

51—1 P 51 P (Sl+1 P
>
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Compute 7 7 -Second term
. . Output layer L
Az — Aa, =Ay, — AC oF
0C 8a o0C S5

(SL
' Z,f GZ Ga

/ N\ .

Depending on

1y L
0'(z,) The loss function oF

m) 6" =0'(z")VC(y) Elementwise multiplication
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Second term — Last layer

 |f the last layer uses softmax and

cross-entropy loss is used Ground truth
c(6) = C(8) = —log ; » [0
ot =5 il
Y, 1
v |0
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Second term — Last layer

 |f the last layer uses softmax and
cross-entropy loss is used Ground truth

Z; 5 . ‘ . ‘N
Vi = ‘ 3 i=yj(1_yj) l=] N 0
SL = oc Eezj (SZJ . Y, 10
' aaiL j =_yiyj L= ] .
y, |1
oyt t
aﬁ = ye(1—-y)ifi=t oo
= —y,y; ifi £t YN _0_
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Second term — Last layer

 |f the last layer uses softmax and
cross-entropy loss is used

oyt .

- — =y (1-y)ifi=t
sL = aC Z;
L dar = —yy; ifi £t

5k = 9.(1 -9 (-

A A\ 1 A
= —YtYi (_?_t) = Yi
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Compute - Second term

[
awij

1+ Layer [+1 ] oC
0z,

l

%0,
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Compute

[
awij

- Second term

z z
Az, = Aa,
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dC
Compute - 7 - Second term
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Chain Rules

e Case 1:
y=g(x) P
_ z _dzdy
z2=hy) dx dydx
Ax —= Ay —= Az
e Case 2:
x=g(s) y=h(s) z=k(x,y)
S N 0z _ 9z 0x 0z dy
> Az s 0x s ay 0s
\Ay A
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aC
Compute 7 7 -Second term
ij

L |+1 oC
5111 ayer 61 _
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Compute

- Second term

[
c')wl.j

da, ~ dz,") 0C

! [ [ [ [+1
dz; 10z; 9 0a; 0z,
/(L [+1
[+1 [ [+1
i
[ 1y 1 [+1 Ql+1
0, =0 (z, )E Wi Ok
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Compute - Second term

[
8wl.j

[ 1y 1 [+1 Ql+1
0, =0 (g )E Wy O
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o0C

[
8wl.j

Compute

oC 9z oC

é‘wf] c')wfj 3z,
/ =

- -1
aj. [>1

x. [=1 :

Forward pass Backward pass
ij Zl _ Wlal—l +bl 6L _ O,I(ZL)VC(y)
al _ O,(Zl) 6[ _ G,I(Zl )(WI+I)T61+1
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Exercise

* Given the following network
Input Layer 1 Layer 2

* Layer 1 uses RelU
* Layer 2 uses Softmax

1 1 1 0
x=| wl=l-1 1 wW2=/1 =1 0 Ground truth:
1 -1 0O 0 1 0
_ - y=|1
0
0 0 '
bl =0 b2 =0
0 0
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Exercise

 Compute the cross entropy loss

6C
* Compute P
W21
0 S . e
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Live Voting
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Thanks for listening!
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