
Validation versus regularization
In one form or another, Eout(h) = Ein(h) + over�t penalty

Regularization:
Eout(h) = Ein(h) + over�t penalty

︸ ︷︷ ︸regularization estimates this quantity
Validation:

Eout(h)
︸ ︷︷ ︸validation estimates this quantity= Ein(h) + over�t penalty
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Analyzing the estimate
On out-of-sample point (x, y), the error is e(h(x), y)

Squared error: (
h(x)− y

)2

Binary error: q

h(x) 6= y
y

E

[e(h(x), y)
]
= Eout(h)

var [e(h(x), y)
]
= σ2
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From a point to a set
On a validation set (x1, y1), · · · , (xK, yK), the error is Eval(h) =

1

K

K∑

k=1

e(h(xk), yk)

E

[
Eval(h)

]
=

1

K

K∑

k=1

E

[e(h(xk), yk)
]

= Eout(h)

var [Eval(h)
]

=
1

K2

K∑

k=1

var [e(h(xk), yk)
]

=
σ2

K

Eval(h) = Eout(h) ± O

(
1√
K

)
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K is taken out of N

Given the data set D = (x1, y1), · · · , (xN , yN)

K points
︸ ︷︷ ︸
Dval → validation N −K points

︸ ︷︷ ︸
Dtrain → training

O
(

1√
K

): Small K =⇒ bad estimate
Large K =⇒ ?

PSfrag repla
ements

Number of Data Points, N −K

Expe
t
edErro
r

Eout
Ein

204060801001200.050.10.150.20.25
←− K
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K is put ba
k into N

D −→ Dtrain ∪ Dval
↓ ↓ ↓
N N −K K

D =⇒ g Dtrain =⇒ g−

Eval = Eval(g−) Large K =⇒ bad estimate!
Rule of Thumb:

K =
N

5

Dval
D

(N)

Dtrain
(N − K)

g

(K)

Eval(g )g
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Why `validation'
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Dval is used to make learning 
hoi
es
If an estimate of Eout a�e
ts learning:

the set is no longer a test set!
It be
omes a validation set
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What's the di�eren
e?
Test set is unbiased; validation set has optimisti
 bias
Two hypotheses h1 and h2 with Eout(h1) = Eout(h2) = 0.5

Error estimates e1 and e2 uniform on [0, 1]

Pi
k h ∈ {h1, h2} with e = min(e1, e2)

E(e) < 0.5 optimisti
 bias
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