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What is a Neural Network?



Components



Affine Mapping



Nonlinear Mapping



Activation Functions



Example 1

Y = wX + b



Example 2

Z 1 = w1X 0 + b1, X 1 = ϕ(Z 1), Y = w2X 1 + b2

Y = w2ϕ(w1X 0 + b1) + b2



Example 3

Z⃗ 1 = w⃗1X 0 + b⃗1, X⃗ 1 = ϕ(Z⃗ 1), Y = w⃗2 · X⃗ 1 + b2

Y = w⃗2 · ϕ(w⃗1X 0 + b⃗1) + b2

= w2
1ϕ(w

1
1X

0 + b11) + w2
2ϕ(w

1
2X

0 + b12) + b2



Remarks

• Can have arbitrary number of hidden layers

• Hidden layers can have arbitrary depth, independent of each
other

• Each hidden layer can have it’s own activation function

• Activation function on output layer Y⃗ is optional, depneds on
context

• In general, a NN with L hidden layers can be represented as

Y = W L+1X⃗ L + b⃗L+1

= W L+1ϕL(W LX⃗ L−1 + b⃗L) + b⃗L+1

...

= W L+1ϕL(W LϕL−1(...ϕ1(W 1X⃗ 0 + b⃗1)...) + b⃗L−1) + b⃗L) + b⃗L+1



Training

X = {X1, ...,XN},Y = {Ŷ1, ..., ŶN}

(Xi , Ŷi ) ⇒ Ei (β) = (Yi − Ŷi )
2 ⇒ E (β) =

N∑
i=1

Ei (β)

βn+1 = βn − γn∇E (βn)

= βn − γn

N∑
i=1

∇Ei (βn)



Propagation

Ei = (Yi − Ŷi )
2,

∂Ei

∂Yi
= 2(Yi − Ŷi )

Yi = w3X 2
i + b3,

∂Yi

∂w3
= X 2

i ,
∂Yi

∂b3
= 1

X 2
i = ϕ2(Z 2

i ),
∂X 2

i

∂Z 2
i

= ϕ̇2(Z 2
i ),

Z 2
i = w2X 1

i + b2,
∂Z 2

i

∂w2
= X 2

i ,
∂Z 2

i

∂b2
= 1,

X 1
i = ϕ1(Z 1

i ),
∂X 1

i

∂X 1
i

= ϕ̇1(Z 1
i ),

Z 1
i = w1X 0 + b1,

∂Z 1
i

∂w1
= X 0

i ,
∂Z 1

i

∂b1
= 1



Chain Rule

   

   


