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Part 1. Kernel K-means.
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Part 2. Graphs and clustering




Definitions

—

Finite ( undirected / with weights ) graph
Gg={v,&, A}

with nodes V, edges £ and adjacency matrix A






Graph Laplacian

Unnormalized:

A=D-A

Normalized:
A=1—-D'2AD1/?
D= diag(z A”)
J#i

Msipka 3a ri1aaKocT:




Graph Laplacian 8

Proposition 1 (Properties of L) The matriz L satisfies the following properties:

1. For every vector f € R™ we have

1 n
fLf= 5 > wii(fi— )™
i,j=1
2. L is symmetric and positive semi-definite.

3. The smallest eigenvalue of L is 0, the corresponding eigenvector is the constant one vector 1.

4. L has n non-negative, real-valued eigenvalues 0 = X3 < Ao < ... < A\,



Algorithm 9
—

Unnormalized spectral clustering

Input: Similarity matrix S € R"*", number k of clusters to construct.

e Construct a similarity graph by one of the ways described in Section 2. Let W
be its weighted adjacency matrix.

Compute the unnormalized Laplacian L.‘

Compute the first k eigenvectors wy,...,u, of L.

Let U € R"** be the matrix containing the vectors ui,...,u; as columns.

For i=1,...,n, let y; € R* be the vector corresponding to the i-th row of U.
Cluster the points (y;)i=1,..n in R¥ with the k-means algorithm into clusters
Cyyoo, G

Output: Clusters Ai,..., A, with A; = {j|y; € Ci}.



Notebook sklearn
——

https://colab.research.google.com/drive/
1£fKcrCyAbhZEMxbkNYchpkf49VTT86bfZ7usp=sharing
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https://colab.research.google.com/drive/1fKcrCyAbhZEMxbkNYchpkf49VTT86bfZ?usp=sharing
https://colab.research.google.com/drive/1fKcrCyAbhZEMxbkNYchpkf49VTT86bfZ?usp=sharing

Tutorial qiskit+sklearn

https://qiskit.org/documentation/machine-learning/
tutorials/03_quantum_kernel.html#Clustering
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https://qiskit.org/documentation/machine-learning/tutorials/03_quantum_kernel.html#Clustering
https://qiskit.org/documentation/machine-learning/tutorials/03_quantum_kernel.html#Clustering
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