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Ensembles of trees

BAGGING and
RANDOM FORESTS

Å learn many big trees

Åeach tree aims to fit
the same target concept
ï random training sets

ï randomized tree growth

Åvoting Ғ ŀǾŜǊŀƎƛƴƎΥ
DECREASE in VARIANCE
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Ensembles of trees

BAGGING and
RANDOM FORESTS

Å learn many big trees

Åeach tree aims to fit
the same target concept
ï random training sets

ï randomized tree growth

Åvoting Ғ ŀǾŜǊŀƎƛƴƎΥ
DECREASE in VARIANCE

BOOSTING

Å learn many small trees
(weakclassifiers)

ÅŜŀŎƘ ǘǊŜŜ ΨǎǇŜŎƛŀƭƛȊŜǎΩ to a 
different part of target 
concept
ï reweight training examples

ïhigher weights where still errors

Åvoting increases expressivity:
DECREASE in BIAS

Boosting

Åboosting = general method of converting
rough rules of thumb (e.g., decision stumps)
into highly accurate prediction rule
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Boosting

Åboosting = general method of converting
rough rules of thumb (e.g., decision stumps)
into highly accurate prediction rule

Å technically:

ïassume given άǿŜŀƪέ ƭŜŀǊƴƛƴƎ ŀƭƎƻǊƛǘƘƳthat can 
consistently ŬƴŘŎƭŀǎǎƛŬŜǊǎ(άǊǳƭŜǎ ƻŦ ǘƘǳƳōέ) at least 
slightly better than random, say, ŀŎŎǳǊŀŎȅ җ рр҈
(in two-class setting)

ïgiven ǎǳŶŎƛŜƴǘdata, a boosting algorithm can provably 
construct single ŎƭŀǎǎƛŬŜǊwith very high accuracy, say, 99%
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AdaBoost [Freund-Schapire 1995]
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AdaBoost [Freund-Schapire 1995]

AdaBoost [Freund-Schapire 1995]
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AdaBoost [Freund-Schapire 1995]

AdaBoost [Freund-Schapire 1995]
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weak classifiers = decision stumps
(vertical or horizontal half-planes)
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A typical run of AdaBoost

Å training error rapidly drops
(combining weak learners increases expressivity)

Å test error does not increasewith number of trees T
(robustnessto overfitting)
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