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Announcements
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• Project proposal is due today
– One page
– Team of 2
– Problem statement
– Dataset description
– ML Models and metrics for evaluation
– Related work 

• Homework 3 is due on Monday, March 8



Outline
• Decision Trees
– Entropy, information gain
– Learning decision trees
– Stopping conditions

• Ensemble models 
– Majority vote over multiple models
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Sample Dataset

Categorical 
data
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Decision Tree
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Decision Tree
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Interpretability
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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

13



Entropy Examples

14



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

20



Example Information Gain
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Example Information Gain

22



Example Information Gain

Pure 
node

Max 
Information 

Gain
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Learning Decision Trees

ID3 algorithm uses Information Gain
Information Gain reduces uncertainty on Y
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Impurity Metrics

Split a node according to max reduction of impurity
1. Entropy
2. Gini Index 
– For binary case with prob 𝑝", 𝑝#: 

𝐼 𝑝", 𝑝# = 2𝑝"𝑝# = 2𝑝"(1 − 𝑝")
– For multi-class with prob 𝑝#, … , 𝑝$ :         

𝐼 𝑝#, … 𝑝$ = 1 − ∑%&#$ 𝑝%'

• Properties
– Impurity metrics have value 0 for pure nodes
– Impurity metrics are maximized for uniform 

distribution (nodes with most uncertainty)
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When to stop?
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Full Tree
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Case 1
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Case 2
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Decision Trees
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Overfitting
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Solutions against Overfitting

• Pruning
− Remove branches of the tree that increase 

error using cross-validation
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Real-valued Features
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Humidity
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