
Finite Mixture Models: Beyond the EM Algorithm

Summary                      
 

Finite Mixture Models (FMMs), such as Gaussian 
mixtures, have been used and studied for several 
decades. The log-likelihood, ℓ(θ), of FMMs is thought to 
be intractable, resulting in the Expectation-Maximization 
(EM) algorithm that maximizes a lower bound for ℓ(θ). We 
propose online alternatives to EM that may result in 
better performance or accuracy. Some rely on the same 
lower bound as used by EM, and others on a different 
delta-method approximation of ℓ(θ). We also find ℓ(θ) is 
actually tractable, and leads to identical gradients as EM 
when the E-step is tight. 

Algorithms

Future Steps
❖ Implement 2nd  order learning methods (i.e. Newton’s 

Method) via Fisher information and Monte Carlo 
Simulations

❖ Implement delta-approximation method for Variational 
Autoencoders (VAEs)
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Approach
❖ Derive new approximate objective
❖ Derive gradients and Fisher information 

matrices for ℓ(θ) for new objective
❖ Implement resulting SGD algorithms

 

❖ Compare accuracy and computation of 
different approaches

Model Fitting Approaches
❖ EM

❖ Delta-Approximation Method

where

~

Second-Order Methods
❖ Newton’s Method

where
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Results for SGD

Model

Generated Model Parameters:

Model parameters are Θ and the natural parameter, η 

True Objective or ELBO(x):

:
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Note: This plot is made by setting Δ= max(delta,0) in order to 
prevent the algorithm from escaping to negative infinity for some of 
the peaks.


