
Spectral Clustering



Apply spectral clustering to the first ten points of the previous dataset



Step 1: Create a similarity Graph



We can now get the Adjacency/Degree Matrix

0 1 1 1 0 0 0 0 0 0
1 0 1 1 0 0 0 0 0 0
1 1 0 1 0 0 0 0 0 0
1 1 1 0 1 0 0 0 0 0
0 0 0 1 0 1 0 0 0 0
0 0 0 0 1 0 1 1 0 0
0 0 0 0 0 1 0 1 1 1
0 0 0 0 0 1 1 0 1 1
0 0 0 0 0 0 1 1 0 1
0 0 0 0 0 0 1 1 1 0

3 0 0 0 0 0 0 0 0 0
0 3 0 0 0 0 0 0 0 0
0 0 3 0 0 0 0 0 0 0
0 0 0 4 0 0 0 0 0 0
0 0 0 0 2 0 0 0 0 0
0 0 0 0 0 3 0 0 0 0
0 0 0 0 0 0 4 0 0 0
0 0 0 0 0 0 0 4 0 0
0 0 0 0 0 0 0 0 3 0
0 0 0 0 0 0 0 0 0 3
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The non-zero values of the 
Degree Matrix are the rows 

of the Adjacency Matrix 
added up
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Now we can calculate the Laplace Matrix L = D - A

3 −1 −1 −1 0 0 0 0 0 0
−1 3 −1 −1 0 0 0 0 0 0
−1 −1 3 −1 0 0 0 0 0 0
−1 −1 −1 4 −1 0 0 0 0 0
0 0 0 −1 2 −1 0 0 0 0
0 0 0 0 −1 3 −1 −1 0 0
0 0 0 0 0 −1 4 −1 −1 −1
0 0 0 0 0 −1 −1 4 −1 −1
0 0 0 0 0 0 −1 −1 3 −1
0 0 0 0 0 0 −1 −1 −1 3

L



Calculate the Eigenvectors and Eigenvalues of L

3 −1 −1 −1 0 0 0 0 0 0
−1 3 −1 −1 0 0 0 0 0 0
−1 −1 3 −1 0 0 0 0 0 0
−1 −1 −1 4 −1 0 0 0 0 0
0 0 0 −1 2 −1 0 0 0 0
0 0 0 0 −1 3 −1 −1 0 0
0 0 0 0 0 −1 4 −1 −1 −1
0 0 0 0 0 −1 −1 4 −1 −1
0 0 0 0 0 0 −1 −1 3 −1
0 0 0 0 0 0 −1 −1 −1 3

L

The first eigenvalue will always be 0 for a connected graph 
The first non-zero (smallest) eingevalue is our spectral gap, which gives us a notion of the density of our graph

0 
0.17316160468804823 
1.3998043064038725 
3.094787587743074 
3.9999999999999956 
3.999999999999999 

4.0 
4.999999999999997 
5.0000000000000036 
5.332246501165005

The Eigenvalues



Finding Clusters

We can now perform K-Means clustering on our results. Reference the python file. 
If you want to run it at home, make sure to install numpy and sklearn in your corresponding venv 

For further reading: https://towardsdatascience.com/spectral-clustering-aba2640c0d5b 
Get back to me if you run into a paywall

https://towardsdatascience.com/spectral-clustering-aba2640c0d5b

