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Topics

• Probabilistic approach
• Bayes decision theory

• Generative models 

• Gaussian Bayes classifier

• Naïve Bayes
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Classification problem: probabilistic view 

•
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Definitions

•
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Bayes decision rule 

•
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Optimal classifier

• The optimal decision is the one that minimizes the 
expected number of mistakes

• We show that Bayes classifier is an optimal 
classifier
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Bayes decision rule
Minimizing misclassification rate
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Bayes minimum error

•
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Zero-one loss
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Bayes theorem

•
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Likelihood Prior
Posterior
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Bayes decision rule: example

•
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Bayesian decision rule

•
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Equivalent

Equivalent
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Bayes decision rule: example

•
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Bayes Classier

•
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Diabetes example

• white blood cell count

14

This example has been adopted from Sanja Fidler’s slides, University of Toronto, CSC411
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Diabetes example

•
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Diabetes example

16

This example has been adopted from Sanja Fidler’s slides, University of Toronto, CSC411
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Estimate probability densities from data 

•
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Diabetes example
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This example has been adopted from Sanja Fidler’s slides, University of Toronto, CSC411
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Diabetes example

• Add a second observation: Plasma glucose value
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This example has been adopted from Sanja Fidler’s slides, University of Toronto, CSC411
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Naïve Bayes classifier

•
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Naïve Bayes classifier

•
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Naïve Bayes: discrete example

•
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Diabetes 
(D)

Smoke 
(S)

Heart 
Disease (H)

Y N Y

Y N N

N Y N

N Y N

N N N

N Y Y

N N N

N Y Y

N N N

Y N N
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Naïve Bayes: discrete example
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Diabetes 
(D)

Smoke 
(S)

Heart 
Disease (H)

Y N Y

Y N N

N Y N

N Y N

N N N

N Y Y

N N N

N Y Y

N N N

Y N N
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Naïve Bayes classifier

•
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Multivariate Gaussian

•
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Multivariate Gaussian

•

26 Probabilistic classification 



Sharif University

of Technology2727
Sharif University

of Technology2727

Multivariate Gaussian

•
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Decision boundary for Gaussian Bayes 
classifier 

•
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Decision boundary for Gaussian Bayes 
classifier 
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Decision boundary
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Shared covariance matrix 
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Likelihood

•
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Shared covariance matrix 

•
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Decision boundary when shared 
covariance matrix
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Multi-class Bayes decision rule
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Bayes minimum error

•
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Zero-one loss
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Minimizing Bayes risk (expected loss)
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Minimizing Bayes risk (expected loss)
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Minimizing Bayes risk (expected loss)
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Minimizing expected loss: special case
(loss = misclassification rate)
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Minimizing expected loss: special case
(loss = misclassification rate)
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Probabilistic classifiers

•
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Generative approach

•
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Probabilistic discriminant functions

•
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Discriminative vs. generative approach
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[Bishop]
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Class conditional densities vs. posterior

46

[Bishop]
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Feed back

? https://forms.gle/vKRbyVVsWRKcZuqr8

https://forms.gle/vKRbyVVsWRKcZuqr8
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Resources

• C. Bishop, “Pattern Recognition and Machine Learning”, 
Chapter 4.2-4.3.

• Course CE-717, Dr. M.Soleymani

48 Discriminative models 


