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Neural network: ¢;-evaluation

Vi =a
vij=0; Wivi_1+8;) j=2,...,m mlayers

‘We have to minimize the empirical risk:
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Input: m > 2, Wy, 85, o for j =2,...,m , £ (a;,b;) sample-label
Output: L = ¢;(z)
Step 0: vy > tsa;
Inner loop:
Forj=2....m
rj—B; + Wjv;_1 m matrix-vector products
vj «—aj(rj)

L — £(vm, b;)



Neural network: V¢-evaluation

Vi =a _ A )
{ V=0 (WjVj_l +,3j) j=2,...,m ¢(x) = £(vm(z;a;), bi)

Backward propagation Algorithm

Input: m > 2, W, B85, o for j =2,...,m , £, (a;,b;) sample-label,
L,vjerj, j=2,...,m computed by the Forward propagation algorithm
Output: Vw,¢;(z) e Vg, ¢i(z) for j =2,...,m

Step 0: g «— Vou,, L = Vo, £(Vm, b;)

Inner loop:

Forj=mm-—1,...,2

g < (%@)T g DERIVATIVES CHAIN-RULE
6Wj ¢i(z) =g 'U;-F_l m — 1 matrix-vector products
Vg, ¢i(z) =g

g—=W/yg

where 6Wj #(z) = mat(vvec(wj)¢(m))'



Binary classification problems - Logistic loss and derivative

Given Z resulting from the classifier

The logistic loss with ¢2 regularization : training, a € R"
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@ Labels in {-1,1}
1
¢i(z) =log(1 + c(as, bi; x)) + 5“36”2
where c(a;, bi;x) = e~bialw

o
c(ai, bi; ) b;
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@ Epoch: each set of N consecutives evaluations of a sample gradient V¢;(x).



A regression problem

Dataset (a;,b;) € R x R, N = 20, b; are values affected by noise
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Overfitting

Linear model -square loss




Neural Network-square loss
1 - 10 - 1
input hidden output

20 weights, 11 bias, 31 parameters.




Overfitting - Validation set
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The data-set is split in

e training set (blu)
o validation set (red)

@ testing set




Overfitting - training error and validation erro

o errr(z) = 1y X(a, py)er (Va (@i a5) — b;)?

e erry(x) = %Z (a3.b; yey(va(@;aj) — bj)?




Overfitting - stopping criterion

o errr(z) = 171 Lo, pyyer(V8(®i a5) = b;)* (in blu)

e erry(z) = % Z (as,b; )ev(V3(fU aj) — bj)?(in rosso)

A Errore

validation

training

Iterazioni

Stopping criterion: Training is stopped when the validation error
increases.



