Gradient calculation: example of backpropagation

ldea: NN= composition of functions, use chain rule (f(g(x)))’ = f’(g(x)) g’(x),

multivariable form : D(fog)= Df o Dg
Information flow : backwards: need Df to have D(fog)

Yo - Y1 = WyYy + by » Y; = A1(V;)(RELU), ..., softmax, loss
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Backpropagation: 6L = Id, 0Y; = pragl Y; = Pl
3 3 3 3
Goal: obtain the gradients 6 W), = aaL etdb, = a—for k=1,2,3.
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Backprop: formules (cf. documents for proofs) -

Notation d(Tom) = Derivative of the final loss with respect to "Tom"

Gradient of softmax+cross-entropy

opération: Y -> S= np.exp(Y)/np.sum(np.exp(Y)) (softmax)

S ->Loss(Y)=- np.sum(P*np.log(S)) (P= true labels)

Ex:prove the formula : Y =S — P (denoted Y in the code)

Gradient of ReLu operation ¥ = Y}, = ReLu(?,;),formula: oY, = 6Y, - 1g, >0

Gradient of the linear part operation: Y,.; = Wis1Yi + Driq
]COT'mU,la: 6Yk — W];T_l_l ¢ 5Yk+1, 5Wk+1 — 6Yk+1 * Y];T, 5bk+1 — 6Yk+1 (note: proof uses

Kronecker product)
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