
Weak Learnability and 
Boosting



PAC (Strong) Learnability



Computational Complexity of Learning

• So far we have discussed only the “sample complexity” of learning

• ERM was often the learning algorithms

• ERM is an optimization algorithm

• Computational complexity of ERM was not analysed

• A hypothesis class may have small sample complexity – but 
computational complexity of ERM may be high



Computational Complexity of Learning

• Can we trade-off accuracy of learning to reduce computational time 
of learning algorithm?

• Can we use a simpler hypothesis class B, with a lower computational 
cost, to learn with a lower accuracy?



Weak Learnability



Are weakly learnable classes PAC learnable?



Example: Weak Learnability



Example: Weak Learnability
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Decision Stumps are Weak Learners of Three-
Piece Hypothesis Class



Efficient Learning Algorithm for Decision 
Stumps
• Decision Stumps can be (efficiently) learned in O(mlogm) time

• m – number of samples

• Assume realizability

• Idea:

• Sort the training examples

• Find the boundary between the classes - θ



Boosting a Weak Learner



AdaBoost



AdaBoost



AdaBoost



AdaBoost Results



Viola-Jones Face Detector


