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Probabilistic classifiers

• How can we find the probabilities required in the 
Bayes decision rule?

• Probabilistic classification approaches can be 
divided in two main categories:
• Generative

• Estimate pdf 𝑝(𝒙, 𝒞𝑘) for each class 𝒞𝑘 and then use it to 
find 𝑝(𝒞𝑘|𝒙)

• or alternatively estimate both pdf 𝑝(𝒙|𝒞𝑘) and 𝑝 𝒞𝑘 to find 
𝑝(𝒞𝑘|𝒙)

• Discriminative 

• Directly estimate 𝑝(𝒞𝑘|𝒙) for each class 𝒞𝑘

2 Probabilistic classification 
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Generative approach

• Inference stage
• Determine class conditional densities 𝑝(𝒙|𝒞𝑘) and priors 𝑝(𝒞𝑘)

• Use the Bayes theorem to find 𝑝(𝒞𝑘|𝒙)

• Decision stage: After learning the model (inference stage), 
make optimal class assignment for new input 

• if 𝑝 𝒞𝑖 𝒙 > 𝑝 𝒞𝑗 𝒙 ∀𝑗 ≠ 𝑖 then decide 𝒞𝑖
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Discriminative vs. generative approach

4

[Bishop]
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Class conditional densities vs. posterior

5

𝑝 𝒙 𝐶1
𝑝 𝒙 𝐶2

𝑝 𝐶1 𝒙

𝑝 𝒞1 𝒙 = 𝜎(𝒘𝑇𝒙 + 𝑤0)

𝒘 = 𝜮−1 𝝁1 − 𝝁2

𝑤0 = −
1

2
𝝁1
𝑇𝜮−1𝝁1 +

1

2
𝝁2
𝑇𝜮−1𝝁2 + ln

𝑝(𝒞1)

𝑝(𝒞2)

[Bishop]

𝜎 𝑧 =
1

1 + exp(𝑧)
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Probabilistic discriminant functions

• Discriminant functions: A popular way of representing a 
classifier

• A discriminant function 𝑓𝑖 𝒙 for each class 𝒞𝑖 (𝑖 = 1,… , 𝐾):

• 𝒙 is assigned to class 𝒞𝑖 if: 

𝑓𝑖(𝒙) > 𝑓𝑗(𝒙) 𝑗  𝑖

• Representing Bayesian classifier using discriminant functions:

• Classifier minimizing error rate: 𝑓𝑖 𝒙 = 𝑃(𝒞𝑖|𝒙)

• Classifier minimizing risk: 𝑓𝑖 𝒙 = −σ𝑗=1
𝐾 𝐿𝑖𝑗𝑝 𝒞𝑗|𝒙
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Discriminative approach

•
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Discriminative approach: logistic 
regression

•
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Logistic regression

•
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Logistic regression: Decision surface

•
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Logistic regression: ML estimation

•
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Logistic regression: cost function

•
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Logistic regression: Gradient descent 

•
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Logistic regression: loss function

•
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Logistic regression: cost function 
(summary)

•
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Posterior probabilities

•
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Multi-class logistic regression

•
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Multi-class logistic regression

•
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Logistic regression: multi-class

•
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Logistic regression: multi-class

•
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Log-odds Ratio
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Logistic Regression (LR): summary

•

22 Discriminative models 



Sharif University

of Technology2323
Sharif University

of Technology2323

Discriminative vs. generative: number of 
parameters

•
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Summary of alternatives

•
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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
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