
The polynomial model
Hq: polynomials of order Q linear regression in Z spa
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Un
onstrained solution
Given (x1, y1), · · · , (xN , yn) −→ (z1, y1), · · · , (zN , yn)

Minimize Ein(w) =
1

N

N
∑

n=1

(wTzn − yn)
2

Minimize 1
N

(Zw − y)T(Zw − y)

wlin = (ZTZ)−1ZTy
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Constraining the weights
Hard 
onstraint: H2 is 
onstrained version of H10 with wq = 0 for q > 2

Softer version: Q
∑

q=0

w2
q ≤ C �soft-order� 
onstraint

Minimize 1
N

(Zw − y)T(Zw − y)

subje
t to: wTw ≤ C

Solution: wreg instead of wlin
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Solving for wreg

wlin

wtw = C

w

Ein = 
onst.

∇Ein
normal

Minimize Ein(w) = 1
N

(Zw − y)T(Zw − y)subje
t to: wTw ≤ C

∇Ein(wreg) ∝ −wreg
= −2 λ

N
wreg

∇Ein(wreg) + 2 λ
N
wreg = 0

Minimize Ein(w) + λ
N
wTw C ↑ λ ↓
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Augmented error
Minimizing Eaug(w) = Ein(w) + λ

N
wTw

= 1
N

(Zw − y)T(Zw − y) + λ
N
wTw un
onditionally

− solves −
Minimizing Ein(w) = 1

N
(Zw − y)T(Zw − y)

subje
t to: wTw ≤ C ←− VC formulation
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The solution
Minimize Eaug(w) = Ein(w) + λ

N
wTw

=
1

N

(

(Zw − y)T(Zw − y) + λ wtw)

∇Eaug(w) = 0 =⇒ ZT(Zw − y) + λw = 0

wreg = (ZTZ + λI)−1 ZTy (with regularization)
as opposed to wlin = (ZTZ)−1ZTy (without regularization)
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The result
Minimizing Ein(w) + λ

N
wTw for di�erent λ's:

λ = 0 λ = 0.0001 λ = 0.01 λ = 1
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