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Motivation
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Definitions

For a graph G( , )
Incidence: ∈ R × ,
Graph Laplacian: ∈ R × .

> : ∇·, : ∇ =


1 −1 0 0
0 1 −1 0
0 0 1 −1
0 1 0 1
−1 0 0 1



= > : ∇ · ∇ = ∆ =


2 −1 0 −1
−1 3 −1 −1

0 −1 2 −1
−1 −1 −1 3
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Spectral Graph Partitioning

Calculate an edge separator using the Fiedler eigenvector of ∈ R × .

=
{

1 , ∈
0 , ∈

> = ‖ ‖22 = | |

has nonzero elements only for edges that connect a vertex in with one in .

cut( , ) = ‖ ‖22
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Spectral Graph Partitioning

2-Laplacian partitioning

min
⊂

‖ ˆ‖22
‖ˆ‖22

≈ min
∈R

‖ ‖22
‖ ‖22

= min
∈R

>

> = λ

(λ1 = 0, 1 = )→ = ∪ ∅
(λ2, 2)→ Fiedler’s eigenvector
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2-Laplacian partitioning

min
⊂

‖ ˆ‖22
‖ˆ‖22

≈ min
∈R

‖ ‖22
‖ ‖22

= min
∈R

>

>

> = 0

-Laplacian partitioning, ∈ (1, 2]

min
⊂

‖ ˆ‖
‖ˆ‖ ≈ min

∈R

‖ ‖
‖ ‖

= min
∈R

( )>φ ( )
>φ ( )

>φ ( ) = 0
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Promoting Sparse Solutions

2-Laplacian partitioning

∈R

‖ ‖22
‖ ‖22
> = 0

-Laplacian partitioning

∈R

‖ ‖
‖ ‖
>φ ( ) = 0
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Promoting Sparse Solutions

2-Laplacian partitioning

∈R

‖ ‖22
‖ ‖22
> = 0

-Laplacian partitioning

∈R

‖ ‖
‖ ‖
>φ ( ) = 0

p = 2
p = 3/2
p = 1

min ‖ ‖
s.t =

ˆ ˆ
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Constrained Optimization Problem

2-norm minimization

∈R

‖ ‖22
‖ ‖22
> = 0

-norm minimization

∈R

‖ ‖
‖ ‖
>φ ( ) = 0
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