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Lecture Notes 
Data Mining

https://ml-graph.github.io/winter-2025/
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Course Lecture is very heavily based on 
“Introduction to Data Mining” 

by Tan, Steinbach, Karpatne, Kumar

Data Mining: Naïve Bayesian

https://ml-graph.github.io/winter-2025/
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Probability Review

𝑃!(𝑋 = 𝑥)Probability of the random variable 𝑋	taking the value 𝑥

𝑋: Type of Ball

𝑥!: Football 𝑥": Vollyball 𝑥#: Basketball
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Probability Review

Two ways of obtaining the distribution of something

𝑥! 𝑥" 𝑥#
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Probability Review

𝑃!(𝑋 = 𝑥)Probability of the random variable 𝑋	taking the value 𝑥

𝑋 ∈ ℝ"%&×"%&	: Image

𝑥!: Image1 𝑥": Image2 𝑥#: Image3
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𝑃! 𝑋 = 𝑥" 𝑃! 𝑋 = 𝑥# 𝑃! 𝑋 = 𝑥$
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𝑃(𝑋)
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Probability Review

𝑃!,+(𝑋 = 𝑥, 𝑌 = 𝑦)Probability of the random variable 𝑋, 𝑌	taking the value 𝑥, 𝑦

𝑃()*+,,.*/,+012(Image = Image, Category = Category)

Sampling something about Cat Sampling something about dog
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Probability Review

𝑃!|+(𝑋 = 𝑥|𝑌 = 𝑦)Probability of the random variable 𝑋 = 𝑥 given 𝑌 = 𝑦

Sampling something about Cat

P(X|Y=Cat)

Sampling something about Dog

P(X|Y=Dog)
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Probability on Modern Deep Learning

𝑃!|+(𝑌 = 𝑦|𝑋 = 𝑥)
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Probability on Modern Deep Learning

𝑃!|+,8(𝑌 = 𝑦|𝑋 = 𝑥)

𝜃∗ = argmax8𝑃(𝑌|𝑋)

What is the probability distribution 
does your ML model characterize?

Marginal or Conditional
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Probability on Modern Deep Learning

𝑃+|!,8(𝑋 = 𝑥|𝑌 = 𝑥)
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Bayes Classifier
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Bayes Classifier

P(Earthquake>=6.5|Big Damage)=𝑷 𝐁𝐢𝐠	𝐃𝐚𝐦𝐚𝐠𝐞 𝐄𝐚𝐫𝐭𝐡𝐪𝐮𝐚𝐤𝐞 ≥ 𝟔. 𝟓 𝑷(𝐄𝐚𝐫𝐭𝐡𝐪𝐮𝐚𝐤𝐞 ≥ 𝟔. 𝟓)/𝑷(Big Damage)

P(Earthquake<6.5|Big Damage)=𝑷 𝐁𝐢𝐠	𝐃𝐚𝐦𝐚𝐠𝐞 𝐄𝐚𝐫𝐭𝐡𝐪𝐮𝐚𝐤𝐞 < 𝟔. 𝟓 𝑷(𝐄𝐚𝐫𝐭𝐡𝐪𝐮𝐚𝐤𝐞 < 𝟔. 𝟓)/𝑷(Big Damage)

Do we care about the denominator?
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier
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Bayes Classifier



24

Bayes Classifier

P(Yes|Married, Refuned= No)
=0*1*3/10/P(Married)=0
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Issues Bayes Classifier


