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The Rules of Probability 

 
Sum Rule 

Product Rule 
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Probability Densities 
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The Gaussian Distribution 
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Gaussian Mean and Variance 
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The Multivariate Gaussian 
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Examples 
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Examples 
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Examples 
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Gaussian Parameter Estimation 

Likelihood function 
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Maximum (Log) Likelihood 
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Properties of          and  
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Binary Variables (1) 

•  Coin flipping: heads=1, tails=0 

•  Bernoulli Distribution 
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Binary Variables (2) 

•  N coin flips: 

•  Binomial Distribution 
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Binomial Distribution 
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Parameter Estimation (1) 

•  ML for Bernoulli 
 Given:  

  



17 

Parameter Estimation (2) 

•  Example: 
•   Prediction: all future tosses will land heads up 

•  Overfitting to D 
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Beta Distribution 

•  Distribution over              . 
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Bayesian Bernoulli 

The Beta distribution provides the conjugate prior for the 
Bernoulli distribution. 
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Beta Distribution 
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Prior · Likelihood = Posterior 
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Properties of the Posterior 

As the size of the data set, N, increase 
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Prediction under the Posterior 

What is the probability that the next coin toss will land 
heads up?  
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Multinomial Variables 

1-of-K coding scheme: 
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ML Parameter estimation 
•  Given: 

•  Ensure                  , use a Lagrange multiplier 
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The Multinomial Distribution 
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The Dirichlet Distribution 

Conjugate prior for the 
multinomial distribution. 
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Bayesian Multinomial (1) 
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Bayesian Multinomial (2) 
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Thanks! 
Jie Tang, DCST 
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