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K-means

•Partition n samples into k clusters

• Each sample belongs to the cluster with the nearest mean 
(cluster centroid)

https://en.wikipedia.org/wiki/K-means_clustering

https://en.wikipedia.org/wiki/K-means_clustering


Naïve K-means
1. Assignment step: Assign each sample to a cluster

2. Update step: Recalculate the means

• Iteratively perform the two steps until convergence



K-means 
Convergence



K-means for Iris Flower Dataset

https://en.wikipedia.org/wiki/File:Iris_Flowers_Clustering_kMeans.svg

https://en.wikipedia.org/wiki/File:Iris_Flowers_Clustering_kMeans.svg


K-means Applications

•Vector Quantization
−Color quantization, image segmentation,…

•Cluster Analysis
−Market segmentation

• Feature learning



Problems of k-means

• Sensitive to initialization

• Sensitive to outliers
− Solution: using k-medians

• Make hard assignments
− Gaussian Mixture Models (GMM) allows soft assignments

• Works well only for round shaped, equal sizes clusters



K-means vs. Spectral Clustering

https://rpubs.com/sandipan/199446

https://rpubs.com/sandipan/199446


Graph Clustering



Laplacian Matrix

• L = D – A,



Spectral Clustering

• Utilize the spectrum (eigenvalues) of the similarity matrix of the data 
to perform dimensionality reduction

https://en.wikipedia.org/wiki/Spectrum_of_a_matrix
https://en.wikipedia.org/wiki/Eigenvalues
https://en.wikipedia.org/wiki/Similarity_matrix
https://en.wikipedia.org/wiki/Dimensionality_reduction


https://www.youtube.com/watch?v=TMPEujQrY70

https://www.youtube.com/watch?v=TMPEujQrY70


Fei-Fei Li, CS131 2016





source: 
scikit-
learn

https://scikit-learn.org/stable/auto_examples/cluster/plot_cluster_comparison.html#sphx-glr-auto-examples-cluster-plot-cluster-comparison-py
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Dimensionality Reduction



Principle Component Analysis (PCA)

• Assumptions
− Linearity

− Mean and Variance are sufficient statistics

− The principal components are orthogonal

• Calculate PCA
− 𝑌 = 𝑊 ∙ 𝑋

max. cov 𝐘, 𝐘

𝑠. 𝑏. 𝑡 𝐖T𝐖 = 𝐈

https://en.wikipedia.org/wiki/Principal_component_analysis

https://en.wikipedia.org/wiki/Principal_component_analysis


Eigenfaces



DL Unsupervised Method: Autoencoder

• An autoencoder is a neural network that learns to copy its input to its output. 

• It learns a hidden layer to describes a code used to represent the input

https://en.wikipedia.org/wiki/Autoencoder

https://en.wikipedia.org/wiki/Neural_network
https://en.wikipedia.org/wiki/Autoencoder
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