
ENSEMBLES for Classification
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Ensembles
• Methods combining multiple ML models to create 

low-bias, low-variance, models
• They combine multiple models to create new more 

accurate models
• Types of ensembles of trees

• Bagged trees
• Random Forest
• Gradient boosting trees
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Hyperparameters

Random Forest

• max_features
• n_estimators
• max_depth
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Gradient Boosting

• learning_rate
• max_features
• n_estimators
• max_depth



BAGGING
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Bootstrap samples (from dataframes)

• A bootstrap sample is a sample with 
replacement

• May include same row many times

• Bootstrap samples are usually of the 
same size
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Bagging for Classification Trees

There are two approaches
• Predict the most frequent category  
• (majority vote)
• If the model yields probability estimates, 

average the probabilities for each class, then 
predict the class with the highest average
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Bagging for Trees
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Bagging for Classification Trees
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Bagging for Classification Trees
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Bagging for Classification Trees

  n

13

B
bootstrapped 
train sets

predicted
category

true
category

most common category →

find most common 
prediction among all

B predictions 
on 1st row

in the test set



Bagging for Classification Trees
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Bagging for Classification Trees
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Bagging for Classification Trees
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Bagging for Classification Trees
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Bagging - Notes

• Sometimes a few predictors are very good 
while many are poor predictors

• If so, many of the trees may contain the same 
set of powerful predictors 

• Then the trees would yield similar predictions
• We say that the predictions are co-rrelated
• We need a way to de-correlate them
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RANDOM FORESTS
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Why are we selecting m predictors instead of all  
p predictors for splitting?

• If there is a single strong predictor, most bagged 
trees will choose it for the first split (and for the 
following splits too)

• Most trees will look similar 
• As a result their predictions will be highly correlated
• Averaging many highly correlated quantities does 

not lead to a large variance reduction 
• By selecting the predictors for splits, from different 

subsets of predictors, Random Forest “de-correlates” 
the bagged trees leading to a reduction in variance
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GRADIENT BOOSTING



Gradient Boosting
. 

• Trees are built sequentially to improve upon 
the errors made by their predecessor trees

• Each new tree fits the data to the error made 
by the previous tree, predicting that error 

• The new prediction is equal to the prediction of 
the previous tree plus 𝛼 times the predicted 
error

• Parameter 0 < 𝛼 < 1 is called the learning rate
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Example 1



Example – Polynomial data
.
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Example – Polynomial data
.
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Example – Model 1
.
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← X is a 1D array with 100 values

← x1 is a 1D array with 500 values



Example – Model 2
.
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e_hat1



Example – Model 3
.
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e_hat2



Example – Model 4
.
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Example – Model 5
.
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Example – Model 6
.
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Example
.
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Gradient Boosting with 6 steps



Example – Gradient Boosting with 6 steps
.
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Example – Gradient Boosting with 20 steps
.
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Example – Gradient Boosting with 50 steps
.
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Example – Gradient Boosting with 80 steps
.
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Example 2 – Ensembles on Classification



Example – Cancer dataset
The Cancer data from sklearn contains data from 569 
patients with breast tumors. It is of interest to predict 
whether the tumor of a patient is malignant. 

• Compare test AR of bagged trees with 25 and 500 trees. 
Find the test accuracy rate.

• Fit Random Forest models with 25 and 500 trees (and 
max_features = 4). Which predictors are most important?

• Fit 500 Gradient boosted trees with max_depth = 4, and    
𝛼 = 0.01, 0.20. Which predictors are found most important?
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Example – libraries
.
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Example – Cancer dataset
.
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p = 30



Example 2 – Bagging Model



Decision Tree vs. Bagging
.
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Decision Tree vs. Bagging
.
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Bagging – Find best n_estimators
.
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Bagging – Find best n_estimators
.
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Bagging – Feature Importance
.
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Bagging – Feature Importance
.
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Example 2 – Random Forest



Random Forest 500 vs 25 trees
.
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Random Forest vs Bagging (25 trees)
.
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Random Forest – Find best max_features
.
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Random Forest – Find best max_features
.
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Random Forest – Feature Importance
.
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Random Forest – Feature Importance
.
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Example 2 – Gradient Boosting



Gradient Boosting Classification Trees
.
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Gradient Boosting – Find best learning_rate
.
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Gradient Boosting – Find best learning_rate
.
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Gradient Boosting– Feature Importance
.
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Gradient Boosting – Feature Importance
.
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GridSearchCV - Tuning 2 hyperparameters
.
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GridSearchCV on 2 hyperparameters
.
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cv_results_ has the accuracy rates of each fold and their average in column mean_test_score



GridSearchCV on 2 hyperparameters
.
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cv_results_ has the accuracy rates of each fold and their average in column mean_test_score



GridSearchCV on 2 hyperparameters
.
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Validation Set AR
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GridSearchCV on 2 hyperparameters
.
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GridSearchCV on 2 hyperparameters
.
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GridSearchCV results on a Heatmap
.
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GridSearchCV results on a Heatmap
.
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GridSearchCV results on a Heatmap
.
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Gradient Boosting – Feature Importance
.
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