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September 21, 2009 

Last time: linear regression

Goal:
predict a continuous response
from continuous/categorical inputs

Input:
(x1,y1), … , (xN,yN)

Model:
y wjφj(x)

Performance measure:
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Linear regression

Goal:

Input: (x1,y1), … , (xN,yN)

Assume:  y wjφj(x)
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Linear regression

y  ≈  w0 + w1x + w2x2

Linear regression

y  ≈  w0 + w1x + w2x2

+ w3x3 + w4x4

+ … + w10x10            
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Training & Test Error
Don’t Match

degree of polynomial

test error

training

error

Training & Test Error
Don’t Match: Why?

errortrain

errortrue
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Training & Test Error

Training error:
overly optimistic

Test error:
approximation of prediction error
as long as
test data set never touched during training

Sweet spot for
model complexity

degree of polynomial

test error

training

error
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Sweet spot for
model complexity

Bias-variance
tradeoff

Bias:

• faithfulness
to the truth

Variance:

• sensitivity to 
randomness
in training data

=

true error
= bias2 + variance + necessary evil

Bias:

• decreases with 
model complexity

Variance:

• increases with 
model complexity

• decreases with
size of data set degree of polynomial

test error

training

error
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true error
= bias2 + variance + necessary evil

X

Y = f(X) + ε

prediction at x0:

error(x0)  = 

true error
= bias2 + variance + necessary evil
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Announcements

• project proposals due
this Wednesday at 10:30am

Least squares fit
= max likelihood
for Gaussians
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Beyond max likelihood
for Gaussians

• add a prior over w

• replace the Gaussian
by a different model

– different noise model

– different support for Y

Regression with a Gaussian prior

Y

w
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Regression with a Gaussian prior

Y

w

strength of regularization

test 

error

training

error

Bias-variance tradeoff
for ridge regression
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strength of regularization

test 

error

training

error

Bias-variance tradeoff
for ridge regression


