
The dilemma about K

The following hain of reasoning:
Eout(g)≈(small K)Eout(g−)≈(large K)Eval(g−)

highlights the dilemma in seleting K:
Can we have K both small and large?
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Leave one out
N − 1 points for training, and 1 point for validation!

Dn = (x1, y1), . . . , (xn−1, yn−1),����(xn, yn), (xn+1, yn+1), . . . , (xN , yN)

Final hypothesis learned from Dn is g−n

en = Eval(g−n ) = e (g−n (xn), yn)

ross validation error: Ev =
1

N

N∑

n=1

en
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Illustration of ross validationPSfrag replaements

e1

x

y

0.10.20.30.40.50.60.70.80.9-0.200.20.40.60.811.2

PSfrag replaements

e2

x
y

0.10.20.30.40.50.60.70.80.90.650.70.750.80.850.90.9511.051.11.15

PSfrag replaements

e3

x

y

0.10.20.30.40.50.60.70.80.90.650.70.750.80.850.90.9511.051.11.15
Ev =

1

3
( e1 + e2 + e3 )
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Model seletion using CVPSfrag replaements

e1
x

y

0.10.20.30.40.50.60.70.80.9-0.200.20.40.60.811.2

PSfrag replaements

e2

x

y

0.10.20.30.40.50.60.70.80.90.650.70.750.80.850.90.9511.051.11.15

PSfrag replaements

e3

x

y

0.10.20.30.40.50.60.70.80.90.650.70.750.80.850.90.9511.051.11.15

PSfrag replaements

e1

x

y

0.10.20.30.40.50.60.70.80.90.70.750.80.850.90.9511.051.1

PSfrag replaements

e2

x

y

0.10.20.30.40.50.60.70.80.90.70.750.80.850.90.9511.051.1

PSfrag replaements

e3

x

y

0.10.20.30.40.50.60.70.80.90.70.750.80.850.90.9511.051.1

Linear:

Constant:
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Cross validation in ation
Digits lassi�ation task Di�erent errors

PSfrag replaements

Average Intensity
Symmetr
y

Not

1Not 1

0.10.20.30.4-8-7-6-5-4-3-2-10
(1, x1, x2)→ (1, x1, x2, x

2
1, x1x2, x

2
2, x

3
1, x

2
1x2, . . . , x

5
1, x

4
1x2, x

3
1x

2
2, x

2
1x

3
2, x1x

4
2, x

5
2)

PSfrag replaements

# Features Used

Eout
Ev

Ein5 10 15 20
0.010.020.03
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The result
without validation with validation

PSfrag replaements

Average Intensity
Symmetr
y0.050.10.150.20.250.30.35-5-4-3-2-10

PSfrag replaements

Average Intensity
Symm
etry

0.050.10.150.20.250.30.350.4-5-4.5-4-3.5-3-2.5-2-1.5-1-0.50
Ein = 0% Eout = 2.5% Ein = 0.8% Eout = 1.5%© AM
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Leave more than one out
Leave one out: N training sessions on N − 1 points eah
More points for validation?

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10train trainvalidate
D

z }| {

N
K

training sessions on N −K points eah
10-fold ross validation: K = N
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