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Lecture 4.1 - Supervised Learning

Model Selection
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Supervised Learning: Evaluating Errors

Question 1:

How can we estimate the model performance properly for unknown data?

Question 2:

How can we choose the optimal hyperparameters?
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Divide data                                            in 3 groups:  
‣ Training set Dtrain (±       % of D):  

‣ Minimize the error                      for  

‣ Validation set Dval (±      % of D):  

‣ Used to estimate test error 

‣ Test set Dtest (±      % of D):  

‣ final test/generalization error estimate
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Supervised Learning: Evaluating Errors

Solution 

D = {(x1, t1), ..., (xN , tN )}

(x, t) 2 Dtrain

E(y(xtest,w
⇤), ttest)

E(y(xval, w*), tval)
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To

Can never be part of model selection
! It
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‣ Small dataset            small validation and test set 

‣ Approximate validation step! 
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Supervised Learning: Small Datasets

• Split data:

• Train y on K-1 folds

• K = N  : leave-one-out cross validation

Cross-validation

D = {(x1, t1), ..., (xN , tN )}

ValidationTrain

1 2 3 4 5

Train Train Train

Figure: K-fold splitting of dataset (ESL 7.10)

ŷ�k(x)

into K - folds
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1.   

2.  
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Cross-Validation
• K trained functions 

• Indexing function 

• Estimate of prediction error

 : {1, ..., N} 7!
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‣  Hyperparameter selection  

‣   

‣ Optimal  

‣ Multiple hyperparameters:  

‣ How many times should CV be performed? 

‣ Total number of training runs?
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Cross-Validation: Model Selection
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‣  After Model selection   

‣ Retrain f on all K folds with  

‣ Evaluate model on held-out test set 

‣ Nested cross validation!
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Cross-Validation: Test Error Estimation
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Nested Cross-Validation

Figure: Nested cross-validation 
https://mlr-org.github.io/mlr-tutorial/devel/html/nested_resampling/index.html
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