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Announcements
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• Projects
– We have received 21 projects
– You will get an assigned TA 
– Project milestone will be due on November 24
– Report of 3-4 pages on progress and challenges

• HW4 will be out soon
– Due on Nov 17

• Exam is on Thursday, November 19 
– Work on assignments and review class lectures
– Will share a list of topics 



Outline
• Ensemble learning
– Review

• Boosting
– General method
– AdaBoost algorithm
– Boosting vs Bagging

• Introduction to Deep Learning

3



Ensemble Learning
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How to Achieve Diversity

• Avoid overfitting
– Vary the training data

• Features are noisy
– Vary the set of features

Two main ensemble learning methods
• Bagging (e.g., Random Forests)
• Boosting (e.g., AdaBoost)
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Bagging

6Majority Votes



Random Forests
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AdaBoost
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Adaptive Boosting 
Freund and Schapire 1997



Overview of AdaBoost
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Boosting [Shapire ‘89]
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𝛽!

𝐻 𝑥 = 𝑠𝑖𝑔𝑛(∑𝛽!ℎ!(𝑥)



AdaBoost

11



AdaBoost
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AdaBoost
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AdaBoost
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AdaBoost
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AdaBoost
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AdaBoost
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AdaBoost
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• Compute importance of hypothesis 𝛽!
• Update weights 𝑤!



AdaBoost
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AdaBoost
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AdaBoost
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Train with Weighted Instances
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Train with Weighted Instances
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Properties

• If a point is repeatedly misclassified
– Its weight is increased every time
– Eventually it will generate a hypothesis that 

correctly predicts it

• In practice AdaBoost does not typically overfit
• Does not use explicitly regularization
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Resilience to overfitting
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Increases confidence in prediction when adding more rounds



Base Learner Requirements
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AdaBoost with Decision Stumps
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AdaBoost in Practice
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Boosted Decision Trees
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Bagging vs Boosting
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Bagging vs Boosting
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Applicable to complex 
models with low bias, 
high variance

Applicable to weak 
models with high bias, 
low variance



Review Ensembles
• Ensemble learning are powerful learning methods
– Better accuracy than standard classifiers

• Bagging uses bootstrapping (with replacement), 
trains T models, and averages their prediction
– Random forests vary training data and feature set at 

each split

• Boosting is an ensemble of T weak learners that 
emphasizes mis-predicted examples
– AdaBoost has great theoretical and experimental 

performance 
– Can be used with linear models or simple decision trees 

(stumps, fixed-depth decision trees)
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