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Università di Firenze, A.A. 2020/2021

Simone Rebegoldi
Dipartimento di Ingegneria Industriale
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Neural network: φi-evaluation

"

v1 “ a
vj “ σj pWjvj´1 ` βjq j “ 2, . . . ,m m layers

We have to minimize the empirical risk:
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Forward propagation Algorithm

Input: m ě 2, Wj , βj , σj for j “ 2, . . . ,m , ` pai, biq sample-label
Output: L “ φipxq
Step 0: v1 ě tsai
Inner loop:
For j “ 2, . . . ,m

rj Ð βj `Wj vj´1 m matrix-vector products
vj Ð σjprjq

LÐ `pvm, biq



Neural network: ∇φ-evaluation

"

v1 “ a
vj “ σj pWjvj´1 ` βjq j “ 2, . . . ,m

φpxq “ `pvmpx;aiq,biq

Backward propagation Algorithm

Input: m ě 2, Wj , βj , σj for j “ 2, . . . ,m , `, pai, biq sample-label,
L, vj e rj , j “ 2, . . . ,m computed by the Forward propagation algorithm
Output: ∇̃Wj

φipxq e ∇βj
φipxq for j “ 2, . . . ,m

Step 0: g Ð ∇vmL “ ∇vm`pvm, biq
Inner loop:
For j “ m,m´ 1, . . . , 2

g Ð
´

dσjprjq

drj

¯T
g DERIVATIVES CHAIN-RULE
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where ∇̃Wj
φpxq “ matp∇vecpWjq

φpxqq.



Binary classification problems - Logistic loss and derivative

The logistic loss with `2 regularization :
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Given x̂ resulting from the classifier
training, â P IRn

1
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Labels in {-1,1}
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where cpai, bi;xq “ e´bia
T
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∇φipxq “ ´
cpai, bi;xq

1` cpai, bi;xq
biai ` x “ p

bi

1` cpai, bi;xq
´ biqai ` x

Epoch: each set of N consecutives evaluations of a sample gradient ∇φipxq.



Overfitting

A regression problem
Dataset pai, biq P Rˆ R, N “ 20, bi are values affected by noise



Overfitting

Linear model -square loss



Overfitting

Neural Network-square loss
1 - 10 - 1

input hidden output

20 weights, 11 bias, 31 parameters.



Overfitting - Validation set

(a) Training set T (b) Training set T + Validation set V

The data-set is split in
training set (blu)
validation set (red)
testing set



Overfitting - training error and validation erro

Errors
errT pxq “
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Overfitting - stopping criterion
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Stopping criterion: Training is stopped when the validation error
increases.


