
Clustering: Unsupervised Learning



K-means Clustering - continued
k is the number of clusters we want to find and is a parameter of the 
algorithm

is the current centroid of cluster j .It is the current best guess 
for the position of the center of the cluster



K-means in Action



Gaussians – A Quick Review
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Bivariate Gaussians
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Then define ),(~ ΣμNX to mean

Where the Gaussian’s parameters are…

Where we insist that Σ is symmetric non-negative definite



Bivariate Gaussians
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Then define ),(~ ΣμNX to mean

Where the Gaussian’s parameters are…

It turns out that E[X] = μ and Cov[X] = Σ. 







Other Shapes:



Clustering: Unsupervised Learning
, No Labels with the x’s,

z’s missing labels and 

, K is

likelihood =

Assuming we know the labels:



MLE for Gaussian Mixture Model



EM for Gaussian Mixture Model



EM Continued
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Example: 
Start



After first 
iteration



After 2nd 
iteration



After 3rd 
iteration



After 4th 
iteration



After 5th 
iteration



After 6th 
iteration



After 20th 
iteration
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