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Ensemble Methods

Construct a set of classifiers from the training 
d tdata

Predict class label of previously unseen 
records by aggregating predictions made by 
multiple classifiersmultiple classifiers
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General Idea

Why does it work?

n independent classifier (2 class problem)

Each has error rate eEach has error rate e

Assign the majority‐vote class

Error when more than n/2 are eroneous

Expected error E:

4/51
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Plot of expected error

5/51n=10, e=0.2, E =0.0064

Examples of Ensemble Methods

How to generate an ensemble of classifiers?
Bagging

Boosting
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Bagging

Sampling with replacement

Build classifier on each bootstrap sample

Original Data 1 2 3 4 5 6 7 8 9 10
Bagging (Round 1) 7 8 10 8 2 5 10 10 5 9
Bagging (Round 2) 1 4 9 1 2 3 2 7 3 2
Bagging (Round 3) 1 8 5 10 5 5 9 6 3 7

Each sample has probability 1‐(1 – 1/n)n of 
being selected

Boosting

An iterative procedure to adaptively change 
di t ib ti f t i i d t b f idistribution of training data by focusing 
more on previously misclassified records
Initially, all N records are assigned equal weights

Unlike bagging, weights may change at the end of 
boosting round
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Schematic illustration of boosting
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AdaBoost
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AdaBoost

11

Importance of each classifier

• Importance of a classifier: 
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Example AdaBoost
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