
How to minimize Ein
For logisti
 regression,
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Compare to linear regression:
Ein(w) =
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←− 
losed-form solution

←− iterative solution
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Iterative method: gradient des
ent
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General method for nonlinear optimization
Start at w(0); take a step along steepest slope
Fixed step size: w(1) = w(0) + η v̂

What is the dire
tion v̂?

Ein(w)
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Formula for the dire
tion v̂

∆Ein = Ein(w(0) + ηv̂ )− Ein(w(0))

= η∇Ein(w(0))tv̂ + O(η2)

≥ −η‖∇Ein(w(0))‖

Sin
e v̂ is a unit ve
tor,
v̂ = −

∇Ein(w(0))

‖∇Ein(w(0))‖
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Fixed-size step?
How η a�e
ts the algorithm:
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η should in
rease with the slope
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Easy implementation
Instead of

∆w = η v̂

= − η
∇Ein(w(0))

‖∇Ein(w(0))‖

Have
∆w = − η ∇Ein(w(0))

Fixed learning rate η
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