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What if we want to do density estimation with 
multimodal or clumpy data?
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The GMM assumption
• There are k components. The 

i’th component is called ωi

• Component ωi has an 
associated mean vector µi
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The GMM assumption
• There are k components. The 

i’th component is called ωi

• Component ωi has an 
associated mean vector µi

• Each component generates data 
from a Gaussian with mean µi 
and covariance matrix σ2I

Assume that each datapoint is 
generated according to the 
following recipe: 

1. Pick a component at random. 
Choose component i with 
probability P(ωi).

2. Datapoint ~ N(µi, σ2I )
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The General GMM assumption
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• There are k components. The 
i’th component is called ωi

• Component ωi has an 
associated mean vector µi

• Each component generates data 
from a Gaussian with mean µi 
and covariance matrix Σi 

Assume that each datapoint is 
generated according to the 
following recipe: 

1. Pick a component at random. 
Choose component i with 
probability P(ωi).

2. Datapoint ~ N(µi, Σi )
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Unsupervised Learning: not as hard as it looks

and sometimes                  
in between

Sometimes impossible

Sometimes easy

IN CASE YOU’RE 
WONDERING WHAT 
THESE DIAGRAMS ARE, 
THEY SHOW 2-d 
UNLABELED DATA (X
VECTORS) 
DISTRIBUTED IN 2-d 
SPACE. THE TOP ONE 
HAS THREE VERY 
CLEAR GAUSSIAN 
CENTERS
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Gaussian 
Mixture 

Example: 
Start

Advance apologies: in Black 
and White this example will be 

incomprehensible
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After first 
iteration
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After 2nd 
iteration
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After 3rd 
iteration
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After 4th 
iteration
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After 5th 
iteration
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After 6th 
iteration
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After 20th 
iteration
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Some Bio 
Assay 
data
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GMM 
clustering 

of the 
assay data
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Resulting 
Density 

Estimator
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