
Using Dval more than one
H1 H2 HM
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Dval
Dtrain

gm∗

E2(Hm∗, Em∗)

| {z }pik the best
D

M models H1, . . . ,HM

Use Dtrain to learn g−m for eah model
Evaluate g−m using Dval:

Em = Eval(g−m); m = 1, . . . ,MPik model m = m∗ with smallest Em
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The bias

PSfrag replaements

Validation Set Size, K

Expet
edErro
r

Eval (g−m∗

)

Eout (g−m∗

)

5 15 250.50.60.70.8We seleted the model Hm∗ using Dval
Eval(g−m∗) is a biased estimate of Eout(g−m∗)

Illustration: seleting between 2 models
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How muh bias
For M models: H1, . . . ,HM Dval is used for �training� on the �nalists model:

Hval = {g−1 , g−2 , . . . , g−m}
Bak to Hoe�ding and VC!

Eout(g−m∗) ≤ Eval(g−m∗) + O

(√
lnM
K

)

regularization λ early-stopping T
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Data ontamination
Error estimates: Ein, Etest, Eval
Contamination: Optimisti (deeptive) bias in estimating Eout

Training set: totally ontaminated
Validation set: slightly ontaminated
Test set: totally `lean'
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