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Supervised Learning: Evaluating Errors

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

How can we choose the optimal hyperparameters?

Machine Learning 1



Supervised Learning: Evaluating Errors

Solution

Divide data D = {(x1,t1), ..., (xn,tN)} in 3 groups:
» Training set Diain (= ¢ © % of D):

»  Minimize the error E(\‘j(x)t c) for (X,t) € Dipain — = W

» Validation set Dval (= /0 % of D): Wwy - “6«;( W:)‘“{N
\QN/

» Used to estimate test error  E(y(Xy,, W*), f1) ulk M
Ve

» Test set Diest (= /0 % of D):

» final test/generalization error estimate E(y(Xtest, W), ttest)
o ——
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Supervised Learning: Small Datasets
» Small dataset ==p small validation and test set

»  Approximate validation step!

Cross-validation
o Splitdata: D = {(z1,t1), ..., (xn,tN)} /o K_gdto&

e Train yon K-1folds 4" (z)

| 2 3 4 5

Train Train Validation Train Train

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

e K= N :leave-one-out cross validation
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Cross-Validation

e Ktrained functions ¢~ " (z)

e Indexing function & : {1,...N}— | |-, I< §
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Cross-Validation: Model Selection
»  Hyperparameter selectlon o~ -

OV (i _/‘Zb('\f&)e -

I
» Optimal o™ = g mih C\/(ﬁm> .
A

» Multiple hyperparameters: o < [og\/oqs B ef(ﬁklﬁz((&ﬂ

» How many times should CV be performed”?

7 X3

» Jotal number of training runs”?

A<

Machine Learning 1



Cross-Validation: Test Error Estimation

\
%
»  After Model selection CV \z
o~
a™, B* L
.
» Retrain fon all K folds with o™, 8* I
» Evaluate model on held-out test set _
o - I

» Nested cross validation!
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Nested Cross- Valldatlon iy

:

Use tuned
parameters

Outer resampling

Use tuned
parameters
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Tune parameters

Training set Test set Training set Test set
. outer resampling i outer resampling — inner resampling —3 inner resampling

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