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Announcements
• HW 4 is out, will be due on April 8
– Decision trees, ensembles, Naïve Bayes

• Project milestone is due on April 13
– Template in Gradescope
– We would like to see at least one trained ML model
– Discuss any challenges

• Experential AI opening on April 6
– Poster session 12-4pm, needs registration
– I will present on AI in Cybersecurity at 3pm
– PhD student Giorgio Severi will give the lecture and 

tutorial on language models 
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Outline
• Ensemble learning
• Boosting
– AdaBoost
– Properties of boosting
– Bagging vs Boosting

• Introduction to deep learning
– History of deep learning
– Perceptron and limitations
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Ensemble Learning
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How to Achieve Diversity

• Avoid overfitting
– Randomize the training data

• Features are noisy
– Randomize the set of features

Two main ensemble learning methods
• Bagging
• Boosting
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Bagging
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Random Forests
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AdaBoost
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Adaptive Boosting 
Freund and Schapire 1997



Overview of AdaBoost
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Better classifiers will 
get higher weights• Mis-classified examples 

get higher weights
• Correct examples get 

lower weights

Uniform weights
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Sequential training process



AdaBoost
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AdaBoost
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AdaBoost
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AdaBoost

13

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



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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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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Base Learner Requirements

20



AdaBoost with Decision Stumps
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AdaBoost in Practice
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Learn with Cross-Validation
Error less than ½ 



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
• 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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History of Deep Learning
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References

• Deep Learning books
– https://d2l.ai/ (D2L)
– https://www.deeplearningbook.org/ (advanced)

• Stanford notes on deep learning
– http://cs229.stanford.edu/summer2020/cs229-

notes-deep_learning.pdf
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