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inputs

x0, . . . , xN(0)−1

pre-activations

fi =
∑
j

Wi,jxj + bi

activations

gi = σ(fi)

pre-activations(2)

f
(2)
i =

∑
j

W
(2)
i,j gj + b

(2)
i

activations(2)

g
(2)
i = σ(f

(2)
i )

loss (cost, error)

L = 1
N(2)

∑
i

(g
(2)
i − yi)

2

forward (as vectors)

x̄ ∈ RN(0)

W̄ (1) ∈ RN(1)×N(0)

b̄(1) ∈ RN(1)

f̄ (1) ∈ RN(1)

f̄ (1) = W (1)x̄+ b̄(1)

ḡ(1) ∈ RN(1)

ḡ(1) = σ(f̄ (1))

f̄ (2) = W (2)ḡ(1) + b̄(2)

ḡ(2) = σ(f̄ (2))

L ∈ R

L = ∥ḡ(2) − ȳ∥22

backward pass

∂L
∂bi

=
∂L
∂fi

∂L
∂Wi,j

=
∂L
∂fi

· xj
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∂g

(1)
j
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∑
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i

·W (2)
i,j

∂L
∂f

(2)
i

=
∂L
∂g

(2)
i

· σ′(f
(2)
i )

where σ′ = σ · (1− σ)

∂L
∂g

(2)
i

= 2
N(2) (gi − yi)

backward (as vectors)

∇b̄L = ∇f̄ (1)L ∈ RN(1)

∇WL = (∇f̄ (1)L) x̄⊤ ∈ RN(1)×N(0)

∇f̄ (1)L = (∇ḡ(1)L)⊙ ḡ(1) ⊙ (1− ḡ(1))

∇ḡ(1)L = W (2)⊤(∇f̄ (2)L)

∇f̄ (2)L = (∇ḡ(2)L)⊙ ḡ(2) ⊙ (1− ḡ(2))

∇ḡ(2)L = 2
N(2) sum(ḡ(2) − ȳ)


