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Background

• Cost Function 𝐶 𝜃

• Given training examples: 
𝑥1,  𝑦1 , ⋯ , 𝑥𝑟 ,  𝑦𝑟 , ⋯ , 𝑥𝑅 ,  𝑦𝑅

• Find a set of parameters θ* minimizing C(θ)

• 𝐶 𝜃 =
1

𝑅
 𝑟 𝐶

𝑟 𝜃 , 𝐶𝑟 𝜃 = 𝑓 𝑥𝑟; 𝜃 −  𝑦𝑟

• Gradient Descent

• 𝛻𝐶 𝜃 =
1

𝑅
 𝑟 𝛻𝐶𝑟 𝜃

• Given 𝑤𝑖𝑗
𝑙 and  𝑏𝑖

𝑙, we have to compute  𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 and 

 𝜕𝐶𝑟 𝜕𝑏𝑖
𝑙

• There is an efficient way to compute the gradients of the 
network parameters – backpropagation.



Chain Rule
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙

• is the multiplication of two terms
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - First Term

• is the multiplication of two terms
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - First Term
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - First Term
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - Second Term

• is the multiplication of two terms
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - Second Term
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1. How to compute Lδ

2. The relation of       and      lδ 1lδl
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - Second Term

1. How to compute Lδ

2. The relation of       and      lδ 1lδl
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - Second Term

1. How to compute Lδ

2. The relation of       and      lδ 1lδl
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - Second Term
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1. How to compute Lδ

2. The relation of       and      lδ 1lδ
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - Second Term

l

i

r

l

ij

l

i

l

ij

r

z

C

w

z

w

C













l

i

  
k

l

k

l

ki

l

i

l

i wz 11…
…

1

2

i

Layer l 

…
…

1

2

k

Layer l+1 

l

iδ

lδ2

lδ1

1l

kδ

1

2

lδ

1

1

lδ

1lδ
lδ

l

i

l

i ΔaΔz  rΔC

1

1

lΔz

1

2

lΔz

1l

kΔz

…
…

 











k

l

kl

i

l

k

l

i

l

il

i
a

z

z

a 1
1



 l

izσ
111   l

k

l

i

i

l

ki

l

k bawz



 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - Second Term
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - Second Term
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 𝜕𝐶𝑟 𝜕𝑤𝑖𝑗
𝑙 - Second Term
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Concluding Remarks
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Forward Pass Backward Pass
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