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Computational hardness

•

•

•

o

o
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Vertex cover

•

𝐺 = (𝑉, 𝐸)
𝑆 ⊆ 𝑉
𝐸
𝑆

•
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Vertex cover

•

• 𝑀
𝐺 𝑆

𝑆 ≥ 𝑀

• 𝑆
𝑀
𝑀 ∎
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Vertex cover

• 𝑀
∄ 𝑀′ ≠ 𝑀 𝑀 ⊆ 𝑀′

•
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Vertex cover

• 𝐺
𝑂𝑃𝑇(𝐺)

S = 𝐺 ; 𝑆
|S| ≤ 2 ⋅ 𝑂𝑃𝑇(𝐺)

6

𝐺
𝑀 ← 𝐺
𝑆 ← 𝑀

𝑆

𝑂𝑃𝑇



Vertex cover

• 𝐺 𝑂𝑃𝑇(𝐺)

𝑆 = 𝐺 ; 𝑆
|𝑆| ≤ 2 ⋅ 𝑂𝑃𝑇(𝐺)

•

o 𝑒 ∈ 𝐸
𝑀 𝑆

o 𝑆 = 2 𝑀 ≤ 2 ⋅ 𝑂𝑃𝑇 ∎

7

2

𝛼 < 2



Approximation

• 𝐼
𝐴𝐿𝐺 𝐴𝐿𝐺(I)

𝑂𝑃𝑇 𝐼

• c > 1 𝐴𝐿𝐺 𝑐
𝐼 𝐴𝐿𝐺 𝐼 ≤ 𝑐 ⋅ 𝑂𝑃𝑇(𝐼)

•

8



Approximation

• 𝑐 < 1
𝐴𝐿𝐺 𝑐

𝐼 𝐴𝐿𝐺 𝐼 ≥ 𝑐 ⋅ 𝑂𝑃𝑇(𝐼)
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Approximation

• (𝐺)
𝐺 𝐺

• 𝛼
𝛼

1. 𝛼 = 3

2. 𝛼 = log 𝑛

3. 𝛼 = ⌈𝑛/2⌉

4. 𝛼 = 𝑛

10



Max Cut
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Max Cut

•

•

𝐺 = (𝑉, 𝐸) 𝑉
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Max Cut

13



Max Cut
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Max Cut

15

𝐺

∃ 𝑣

𝑣



Max Cut

•

1. Θ 𝑚

2. Θ 𝑚𝑛

3. Θ 𝑚2

4. Θ(𝑚2𝑛)
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𝐺

∃



Max Cut

•
1

2

•

o 𝑣 ∈ 𝑉
deg(𝑣)/2

o

𝑚/2

o 𝑂𝑃𝑇 ≤ 𝑚 ∎
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Max Cut
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Interlude

19

https://youtu.be/6ybd5rbQ5rU



Traveling Salesman

•

𝐺 = (𝑉, 𝐸) 𝑐: 𝐸 → ℕ

•

𝑐 𝑒 = 1
𝑒 ∈ 𝐸 𝑛

•

20



Traveling Salesman
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Traveling Salesman
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Traveling Salesman
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Traveling Salesman
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𝐺
𝑇 ← 𝐺
2𝑇 ← 𝑇

2𝑇



Traveling Salesman

•

•

o

𝑐 𝑇 =  

𝑒∈𝐸 𝑇

𝑐 𝑒 ≤ 𝑂𝑃𝑇

o 𝑐 2𝑇 = 2𝑐 𝑇

o 𝑐 2𝑇 ≤ 2𝑂𝑃𝑇 ∎
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Traveling Salesman*
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𝐺
𝑇 ← 𝐺
S ← 𝑇 |𝑆|
𝑀 ← 𝑆 𝐺

𝑇 ∪𝑀



Traveling Salesman*

• 𝐶 𝑀 ≤
1

2
𝑂𝑃𝑇

•

o ∃ 𝑆
𝑂𝑃𝑇 𝑆 ⊆ 𝑉)

o

𝑀1 𝑀2
o 𝑐 𝑀1 + 𝑐 𝑀2 ≤ 𝑂𝑃𝑇
𝑐 𝑀 ≤ 𝑐 𝑀1 𝑐 𝑀 ≤

𝑐 𝑀2 ⇒ 𝑐 𝑀 ≤
1

2
𝑂𝑃𝑇 ∎
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𝑀1

𝑀1

𝑀2

𝑀2



Traveling Salesman*

•
3

2

•

𝐴𝐿𝐺 = 𝑐 𝑀 + 𝑐 𝑇

≤
1

2
𝑂𝑃𝑇 + OPT

=
3

2
OPT ∎
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Summary

•

o

o

•

o

o

o
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