The polynomial model

Hq: polynomials of order )

inear regression in Z space

1 . \
Z = Ll_(x) Hq = {Z wy Lg(x) 2
: =
Lo() )
Legendre polynomials:
Ll L2 L3 L4
(327 — 1) 1(52° — 3x) +(352* — 3027 + 3)

©
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Given

©

Unconstrained solution

(3317 y1)7 T (:CN7 y’n)

—

(Z17 y1)7 T (ZN7 yn)

1
Minimize FEj,(w) = NZ(WTZH — yn)2

n=1

Minimize + (Zw —y)"(Zw —y)

wi, = (2'2) 72"y
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Constraining the weights

Hard constraint: Ho i1s constrained version of Hjg with w, = 0 for ¢ > 2
Q
Softer version: Z w?] < (C “soft-order’ constraint
q=0
Minimize =~ (Zw —y)"(Zw —y)

subject to: w'w < (C
Solution: Wy, instead of wy,
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Solving for wye,

Minimize Ei,(w) = % (Zw —y)' (Zw —y) E:, = const.

subject to: w'w < (C
VEin(Wreg) X —Wyeg
A
— _Qﬁwreg

VEin(Wreg) =+ Q%Wreg = 0

Minimize  Ei,(w) + %WTW CT Al
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Augmented error

Minimizing ~ Eae(W) = Ein(W) +4w'w

A e T

= + (Zw —y)"(Zw —y) + &w'w  unconditionally

— solves —

Minimizing Ei(w) = % (Zw —y) (Zw —y)

subject to: w'w < (C «—— VC formulation

© @ Creator: Yaser Abu-Mostafa - LFD Lecture 12 10/21



The solution

Minimize Eoo(w) = Epn(w) +sw'w

((zw ) (Zw—y) + A wTw)

VEu(w) = 0 — 2'(Zw —y)+Aw =0

Wiee = (ZTZ4+ M) Z7y (with regularization)

as opposed to wi, = (Z'2)"'2Z"y (without regularization)
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The result

Minimizing  Ei, (W) + % w'w  for different \'s:

A=0 A = 0.0001 A= 0.01 A=1
© Data
— Target
—Fit
SN S SN S
X X X X
overfitting — — — o underfitting
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