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Sources

Å Lecture 15: decision trees, information theory and random forests, Dr. Richard E. Turner

Å Trees and Random Forests, Adele Cutler, Utah State University 

Å Random Forests for Regression and Classification, Adele Cutler, Utah State University 
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Guess who?
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Decision tree
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ClassificationandRegressionTrees
Pioneers:
Å MorganandSonquist(1963).
Å Breiman, Friedman,Olshen, Stone(1984).
Å Quinlan(1993).
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Å Tree-basedmethodsaresimpleandusefulfor interpretation.

Å Howeverthey typicallyare not competitivewith the best supervisedlearning

approachesin termsof predictionaccuracy.

Å Hencewe alsodiscussbagging, randomforests, and boosting. Thesemethods

grow multiple trees which are then combined to yield a single consensus

prediction.

Å Combininga largenumberof treescanoften result in dramatic improvements

in predictionaccuracy,at the expenseof somelossinterpretation.
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Bootstrap aggregation is a general-purpose procedure for reducing the variance of a
statistical learning method; it is particularly useful and frequently used in the context of
decisiontrees.

Averaginga set of observationsreducesvarianceĄ this is not practicalbecausewe generally
do not haveaccessto multiple training sets.

Instead,we canbootstrap, by taking repeatedsamplesfrom the (single)training data set.
We generateB different bootstrappedtraining data sets, then train our method on the bth
bootstrappedtrainingset in order to get f(x), the predictionat a point x.

Thenaverageall the predictionsto obtain:

Thisis calledbagging.

Bagging
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ά5ŜŎƛǎƛƻƴtreesare the individual learnersthat areŎƻƳōƛƴŜŘέ.

Decisiontrees, one of most popular learning methods commonlyused for
dataexploration.

Onetypeof decisiontree iscalled:
CARTĄClassificationAndRegressionTree(Breiman1983)
CART: greedy, top-down binary, recursivepartitioning that divides feature
spaceinto setsof disjoint rectangularregions.
Å Regionsshouldbepurewith respectto responsevariable.
Å Simplemodelis fit in eachregion

o constantvaluefor regression
o majority vote for classification

Decision trees
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Regression
Givenpredictor variablesx, and a continuous responsevariabley, build a

modelfor:
Å Predictingthe valueof y for a newvalueof x
Å Understandingthe relationshipbetweenx andy
e.g. predictaǇŜǊǎƻƴΩǎsystolicbloodpressurebasedon their age,height,weight,etc.

Classification
Givenpredictor variablesx, and a categoricalresponsevariabley, build a

modelfor:
Å Predictingthe valueof y for a newvalueof x
Å Understandingthe relationshipbetweenx andy
e.g. predictaǇŜǊǎƻƴΩǎ5-year-survival(yes/no)basedon their age,height,weight,etc.
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Regression Methods

Å Simple linear regression

Å Multiple linear regression

Å Nonlinear regression (parametric)

Å Nonparametric regression:
ï Kernel smoothing, spline methods,

wavelets

ï Trees (1984)

Å Machine learning methods:
ï Bagging

ï Random forests

ï Boosting

Classification Methods

Å Linear discriminant analysis

(1930ôs)

Å Logistic regression (1944)

Å Nonparametric methods:
ï Nearest neighbor classifiers (1951)

ï Trees (1984)

Å Machine learning methods:
ï Bagging

ï Random forests

ï Support vector machines
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ÅGrowa binarytree.

ÅAt eachnode,άsplitέthe datainto twoάŘŀǳƎƘǘŜǊέnodes.

ÅSplitsarechosenusingasplitting criterion.

ÅBottomnodesareάǘŜǊƳƛƴŀƭέnodes.

ÅFor regressionthe predicted value at a node is the averageresponse

variablefor all observationsin the node.

ÅForclassificationthe predictedclassis the most commonclassin the

node(majority vote).

o For classification trees, can also get estimated probability of

membershipin eachof the classes

Classification and Regression Trees
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