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Announcements
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• HW 3 is due on Thu, Oct. 29
• Project proposal
– Due on Monday, Nov. 2
– Team of 2
– Resources and example projects on Piazza



Outline
• Decision trees
– Information gain
– Learning decision trees

• Ensemble learning
– Combine multiple classifiers to reduce model 

variance and improve accuracy

• Bagging
– Bootstrap samples
– Random Forests
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Decision Tree
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Information Gain
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Example Information Gain
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Example Information Gain

7



Learning Decision Trees

ID3 algorithm uses Information Gain
Information Gain reduces uncertainty on Y
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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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Interpretability
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Decision Boundary
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Decision Trees vs Linear Models

Linear model Decision tree
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Regression Trees

• Find feature and value to 
split to cause the maximum 
reduction in MSE

• Predict average response of 
all training data at each leaf
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Summary Decision Trees
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Strengths
• Fast to evaluate
• Interpretable
• Generate rules
• Supports categorical and 

numerical data

Weaknesses
• Overfitting
• Splitting method  might 

not be optimal
• Accuracy is not always 

high
• Batch learning



Decision Trees

How to reduce variance of single decision tree?
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Ensemble Learning
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Build Ensemble Classifiers
• Basic idea

– Build different “experts”, and let them vote

• Advantages
– Improve predictive performance

– Easy to implement

– No too much parameter tuning

• Disadvantages
– The combined classifier is not transparent and 

interpretable 

– Not a compact representation
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Practical Applications
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Netflix Prize
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Combining Classifiers: Averaging
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Combining Classifiers: Weighted 
Averaging

27



Reduce error
• Suppose there are 25 base classifiers

• Each classifier has error rate, 

• Assume independence among classifiers

• Probability that the ensemble classifier makes a 
wrong prediction:

35.0=e
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Reduce Variance
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