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Support vector machines
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Vector inner product

𝑢1

𝑢2

𝑢 =
𝑢1
𝑢2

, 𝑣 =
𝑣1
𝑣2

1. 𝑢𝑇𝑣

𝑣1

𝑣1

2. 𝑢
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What’s our goal?

ഥ𝑤 ∙ ത𝑢 ≥ 𝑐

Decision Rule (positive class)
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Mathematical expression  

ഥ𝑤 ∙ ҧ𝑥+ + 𝑏 ≥ 1

ഥ𝑤 ∙ ҧ𝑥− + 𝑏 ≤ −1

𝑦𝑖 such that 𝑦𝑖 = +1 for positive class  

= −1 for negative class  

𝑦𝑖 ഥ𝑤 ∙ ҧ𝑥+ + 𝑏 ≥ 1

𝑦𝑖 ഥ𝑤 ∙ ҧ𝑥− + 𝑏 ≥ 1

𝑦𝑖 ഥ𝑤 ∙ ҧ𝑥𝑖 + 𝑏 − 1 ≥ 0

𝑦𝑖 ഥ𝑤 ∙ ҧ𝑥𝑖 + 𝑏 − 1 = 0
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Optimal problem

Width = ҧ𝑥+ − ҧ𝑥− ∙
ഥ𝑤

𝑤

We want maximize the width
1

2
𝑤 2
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Lagrangian function

𝐿 𝑤, 𝑏, 𝛼 =
1

2
𝑤 2 −෍𝛼𝑖 𝑦𝑖 ഥ𝑤 ∙ ҧ𝑥𝑖 + 𝑏 − 1

𝐿 𝑥, 𝜆 = 𝑓(𝑥) − 𝜆𝑔(𝑥)

What is Lagrangian?
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Inner product in SVM

𝐿 =
1

2
෍𝛼𝑖𝑦𝑖𝑥𝑖 ∙ ෍𝛼𝑖𝑦𝑖𝑥𝑖 − ෍𝛼𝑖𝑦𝑖𝑥𝑖 ∙ ෍𝛼𝑖𝑦𝑖𝑥𝑖 −෍𝛼𝑖𝑦𝑖 𝑏 +෍𝛼𝑖

𝐿 =෍𝛼𝑖 −
1

2
෍෍𝛼𝑖𝛼𝑗𝑦𝑖𝑦𝑗𝑥𝑖𝑥𝑗

Lagrangian

Decision Rule

෍𝛼𝑖𝑦𝑖𝑥𝑖 ∙ ത𝑢 + 𝑏 ≥ 0
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SVM using slack variable
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SVM using slack variable
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SVM using slack variable
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Kernel function
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Kernel function
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Kernel function
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Kernel function
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Kernel function
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Kernel function


