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Outline
• Naïve Bayes classifier
– Laplace smoothing

• Feature selection
– Wrappers, filters, embedded methods

• Decision trees
– Information gain
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Generative vs Discriminative
• Generative model
– Given X and Y, learns the joint probability 𝑃 𝑋, 𝑌
– Can generate more examples from distribution
– Examples: LDA, Naïve Bayes, language models 

(GPT-2)

• Discriminative model 
– Given X and Y, learns a decision function for 

classification
– Examples: logistic regression, kNN
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Learning Joint Distributions
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Naïve Bayes Classifier

P[𝑌 = 𝑘]P 𝑋! = 𝑥! ∧ ⋯∧ 𝑋"= 𝑥" 𝑌 = 𝑘
P[𝑋! = 𝑥! ∧ ⋯∧ 𝑋"= 𝑥"]

P 𝑌 = 𝑘 𝑋 = 𝑥
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Naïve Bayes Classifier
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Training Naïve Bayes

𝑃 𝑋# = 𝑥# 𝑌 = 𝑘 and 𝑃[𝑌 = 𝑘]
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Training Naïve Bayes
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Laplace Smoothing

𝑘

𝑘
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Laplace Smoothing

𝑘

𝑘
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Using the Naïve Bayes Classifier

𝑘 𝑘

𝑘 𝑘

P[𝑌 = 𝑘]P 𝑋! = 𝑥! ∧ ⋯∧ 𝑋"= 𝑥" 𝑌 = 𝑘
P[𝑋! = 𝑥! ∧ ⋯∧ 𝑋"= 𝑥"]P 𝑌 = 𝑘 𝑋 = 𝑥
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Naïve Bayes Classifier

𝑘 𝑘

• For each class label 𝑘
1. Estimate prior 𝜋! = 𝑃[𝑌 = 𝑘] from the data 
2. For each value 𝑣 of attribute 𝑋"
• Estimate P[𝑋" = 𝑣|𝑌 = 𝑘]
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Comparison to LDA

• Similarity to LDA
– Both are generative models
– They both estimate:
𝑃 𝑋 = 𝑥 and 𝑌 = 𝑘 = 𝑃 𝑋 = 𝑥 𝑌 = 𝑘 𝑃[𝑌 = 𝑘]

• Difference from LDA
– LDA assumes feature densities are normal
– LDA assumes same variances for all classes
– Naïve Bayes makes the conditional independence 

assumption 
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Text Classification: Examples
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Bag of Words Representation
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• Naïve Bayes learns the distribution of 
each word per class

• Naïve Bayes becomes a linear classifier 
under multi-nomial distribution



Naïve Bayes Summary
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Supervised Learning Process
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Feature selection

• Feature Selection
• Process for choosing an optimal subset of features

according to a certain criteria

• Why we need Feature Selection:
1. To improve performance (in terms of speed,

predictive power, simplicity of the model).
2. To visualize the data for model selection.
3. To reduce dimensionality and remove noise.
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Methods for Feature Selection

• Wrappers
– Select subset of features that gives best prediction 

accuracy (using cross-validation)
– Model-specific 

• Filters
– Compute some statistical metrics (correlation 

coefficient, information gain)
– Select features with statistics higher than threshold

• Embedded methods
– Feature selection done as part of training
– Example: Regularization (Lasso, L1 regularization)
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Filters
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Information Gain

Feature importance



Embedded methods: Regularization
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Outline
• Naïve Bayes classifier
– Laplace smoothing

• Feature selection
– Wrappers, filters, embedded methods

• Decision trees
– Information gain
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Sample Dataset

Categorical 
data
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< 𝑥! , 𝑦! >
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Decision Tree
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Decision Tree
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Learning Decision Trees
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Key Idea: Use Recursion Greedily
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Second Level
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Full Tree
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Splitting

Use entropy-based measure (Information Gain)
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Entropy
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Entropy Examples
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High/Low Entropy
Which distribution has high entropy?
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Conditional Entropy
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Conditional Entropy
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Conditional Entropy
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Conditional Entropy
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Information Gain
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Learning Decision Trees

ID3 algorithm uses Information Gain
Information Gain reduces uncertainty on Y
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