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Exemplo de treinamento



Algoritmo Backpropagation

» Treinamento em duas etapas:

Fase forward

Fase backward




Funcionamento do MLP

» Duas fases de operacao
— Passo para frente (forward pass)
— Passo para tras (backward pass)

 Dado um conjunto de pares (Xp, Yp),
construir um mapeamento F(W; Xp)
=> Yp

Como construir F(W; Xp) => Yp?




Regra Delta Generalizada ou
Error-Back Propagation

O erro na camada de saida:
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Para minimizar o erro :




Regra Delta Generalizada ou
Error-Back Propagation
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(2 casos precisam
ser considerados!)
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Primeiro caso : j € uma unidade de saida
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Segundo caso : j € uma unidade intermediaria
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E a funcdo de ativacio f ?

Considerando uma fun¢do sigmoid
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Neuronio McCulloch-Pitts
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— Passo para frente (forward pass)

Total net input is also referred to as just net input by some sources.

Here’s how we calculate the total net input for /::
netpy = wy * 1y + wo * 19 + by %1

e

netp; =010 000+ 0.2%0.1+0.35 %1 = 0.3775

We then squash it using the logistic function to get the output of /::

outy; = ———r e = (1.593269992

Carrying out the same process for /» we get:

out s = 0.596884378




Here’s the output for ¢::

net,; = wy * outyy + we * outyy + by * 1

net,; = 0.4 % 0.593269992 + 0.45 = 0.596884378 + 0.6 = 1 = 1.105905967

Outol = m_—lnelx = Tte T = 0.75136507

And carrying out the same process for o: we get:

out o = 0.772928465




.

Calculating the Total Error

We can now calculate the error for each output neuron using the squared error function

and sum them to get the total error:

Eiptar = > Htarget — output)?

Some sources refer to the target as the ideal and the output as the actual.
The 1 is included so that exponent is cancelled when we differentiate later on. The result is
eventually multiplied by a learning rate anyway so it doesn’t matter that we introduce a

constant here [1].
For example, the target output for ¢: is 0.01 but the neural network output 0.75136507,

therefore its error is:

E,i = (target,y — out,y)* = 3(0.01 — 0.75136507)* = 0.274811083
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= ().023560026

E ;

The total error for the neural network is the sum of these errors:

Eital = Eo1 + E o = 0.274811083 + 0.023560026 = 0.298371109




Output Layer

rrxl

Consider »:. We want to know how much a change in - affects the total error, aka 75,

dEotal

—aw-  1s read as “the partial derivative of E... with respect to ws“. You can also say “the

gradient with respect to w:“

By applying the chain rule we know that:

OEotal _ JEjotal dout dnetyy
dws — dout onet s
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output Jurs, dnet ) dout , T dur,
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or—
output outos E o1 = %(target ;- out,, )?

Ewta =Eo1+*Eo2




Output Layer

OE total

Consider »:. We want to know how much a change in «»: affects the total error, aka 7. .

OE tota " « . - . . “ -
7w is read as “the partial derivative of Ew.. with respect to =s“. You can also say “the

gradient with respect to ws“.

By applying the chain rule we know that:
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dws  dout 4 net g s

§ \ -) P, u.]
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OEtotar 2 % %l:.f(‘n'g('f‘._,] — t)flf(_,l}-")_] *—1 40

douty)

ot — _(target,, — out,;) = —(0.01 — 0.75136507) = 0.74136507

dout,)
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Output Layer

IE¢otal

Consider »s;. We want to know how much a change in «: affects the total error, aka .- .

IE¢otar

—auws 1S read as “the partial derivative of £... with respect to w:“. You can also say “the

gradient with respect to ws“.

By applying the chain rule we know that:

OE¢otal — O Eotal K dout o dnet o
Jws, dout donet s,

The partial derivative of the logistic function is the output multiplied by 1 minus the output:

1

HU’,,-_ —_— I et

Soubel — out (1 — out,y) = 0.75136507(1 — 0.75136507) = 0.186815602
e 1 i

Finally, how much does the total net input of 1 change with respect to «?

netl, g = wy = outyy + we * out g + by * |
Suctol — 1w outpy * wy "V + 0+ 0 = outy,; = 0.593269992
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Output Layer

IEtotal

Consider »:. We want to know how much a change in «»: affects the total error, aka 7. .

Eotal ,

—aw:  1s read as “the partial derivative of E... with respect to »:“. You can also say “the

gradient with respect to ws“,

By applying the chain rule we know that:

i)Ei()i(ff o ()E!()f(f( U““’ul

dws  dout 4 net

Putting it all together:

OEipqr _ 0Eis4 4 Jouty) o tnelg)
s -l.mf(l onet | 1'“-,

* dnet g

()!1'5
We can repeat this process to get the new weights s, v+, and vs:
ll": =1) “I\yl)ll‘ll\l“

w? = 0511301270

"{ sl = ()4 74136507 « 0. 186815602 + 0.593269992 = 0.082167041

wy = 0.561370121
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We’re going to use a similar process as we did for the output layer, but slightly different to
account for the fact that the output of each hidden layer neuron contributes to the output

(and therefore error) of multiple output neurons. We know that o«/.: affects both o«/.: and

¢ f‘f"flll

)
out,,» therefore the 7-«.. needs to take into consideration its effect on the both output

neurons:

l’[‘.-.,,. 7 (ff‘.i.“. 7 l‘ullf,'l cnet; 1
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Jury dout g4 Unetyq Jwy
OEotar . OFEs IE 2 ‘
doutyy ~ douty douty, . ) .
1 11 1 OF, a1 JE 1 JE 2

- -

""“’1.1 o ﬂuuf‘,"l ""”’ul

Hidden Layer
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dE .1

Starting with dout.r;

dFc1 . dFa * dnetol
doutp dnet,) douty)

l)[’:u-l

We can calculate 7<t.. using values we calculated earlier:

dEol — dEo1  Joutel _ () 74136507 % 0.186815602 = (0.138498562

dnet ) dout,) dnet ;)

dnetsl

And 7. is equal to ws:
net,y = wy * outyy + wg * outps + by * 1

dnets — N';‘, f— [J—l“

douty

Plugging them in:

dEo1 — dEo  duetol _ () 138498562 * (.40 = 0.055399425

oty dnet ) douty
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Following the same process for 7., we get: Douty, — Douty; T Douty,

douty)

Therefore:

totar — 0Ea1 4 dEa2  _ () 055399425 + —0.019049119 = 0.036350306

douty) douty) douty)

IE total douty) dnety,

Now that we have 7-i.., we need to figure out 7. and then —5. for each weight:

1

outyy = Tre—retnt

2L — gut (1 — outyy) = 0.59326999(1 — 0.59326999) = 0.241300709

dnety)
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douly ety

Now that we have 7., we need to figure out .. and then = for each weight:

1

”“’hl = —1” —

Joutn) — outy,(1 — outyy) = 0.59326999(1 — 0.59326999) = 0.241300709

ety

We calculate the partial derivative of the total net input to /: with respect to : the same as

we did for the output neuron:

Jlffhl =MWy *1 T Wy * I_)'+")1 “1

ety — ) 05
duny 3 o ’.J

Putting it all together:

OEcsa1 _ OE; 141 * doulyy & dnelyy

duny 1,‘!"!((,_[ 4'7;:',11 :ln'l

OF

“tota
ouy

— (1.036350306 = 0.241300709 = 0.05 = 0.000438568




You might also see this written as:

We can now update

wi = wy —n o+ 2Bistat — 0,15 — 0.5+ 0.000438568 = 0.149780716

Repeating this for w2, w3, and
wi = 0.19956143

w = 0.24975114

wi = 0.29950229




Créditos: Matt Mazur

https://mattmazur.com/2015/03/17/a-step-by-
step-backpropagation-example/amp/




