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linear regression  

where f0 = 1

y =
N�

i=0

wi × fi = w · f



learning in linear regression  

y(j)pred =
N�

i=0

wi × f (j)
i

cost(w) =
M�

j=0

(y(j)pred − y(j)obs)
2

wML = (XTX)−1XTy



Spam Email Classification – ENRON case 
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y(x) = wx + b



logistic regression  

P (y = true|x) = w · f

P (y = true|x)
1− P (y = true|x) = w · f

ln

�
P (y = true|x)

1− P (y = true|x)

�
= w · f

logit(p(x)) � ln

�
p(x)

1− p(x)

�



logistic regression  

ln

�
P (y = true|x)

1− P (y = true|x)

�
= w · f

P (y = true|x)
1− P (y = true|x) = ew·f

P (y = true|x) + P (y = true|x)ew·f = ew·f

P (y = true|x) = ew·f

1 + ew·f

∴ P (y = false|x) = 1

1 + ew·f



logistic regression  

P (y = true|x) = ew·f

1 + ew·f =
1

1 + e−w·f

P (y = false|x) = e−w·f

1 + e−w·f



classification using logistic regression  

our observation should labeled ‘true’ if 
P (y = true|x) > P (y = false|x)

P (y = true|x)
P (y = false|x) > 1

P (y = true|x)
1− P (y = true|x) > 1

ew·f > 1

⇒ w · f > 0



learning in logistic regression  

ŵ = argmax
w

�

j

P (y(j)|x(j))

ŵ = argmax
w

�

j

logP (y(j)|x(j))

ŵ = argmax
w

�

j

log

�
P (y(j) = 1|x(j)), if y(j) = 1

P (y(j) = 0|x(j)), if y(j) = 0

ŵ = argmax
w

�

j

y(j) logP (y(j) = 1|x(j)) + (1− y(j)) logP (y(j) = 0|x(j))

ŵ = argmax
w

�

j

y(j) log
1

1 + e−w·f + (1− y(j)) log
e−w·f

1 + e−w·f
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