
CSCE 633 Regularization in (Non)-Linear Regression

Model: f : x→ y, f(x) = wTx

Training data: {(x1, y1), . . . , (xN, yN )}, or X =

 − xT
1 −
...

− xT
N −

 and y = [y1, . . . , yN ]T

Evaluation through residual sum of squares (no regularization):
J(w) = RSS(w) =

∑N
n=1 (yn −wTxn)2 = (y −Xw)T (y −Xw)

Evaluation through residual sum of squares (l2-norm regularization):

J(w) = RSS(w) + λ
D∑

d=1

w2
d

= RSS(w) + λ‖w‖22
= (y −Xw)T (y −Xw) + λ‖w‖22
= yTy − 2wT (XTy) + wT (XTX)w + λwTw

= yTy − 2wT (XTy) + wT (XTX + λID×D)w

We compute the first-order derivative of the above cost and set it to zero:
θJ(w)

θw
= 0⇒ −2(XTy) + 2(XTX + λID×D)w = 0 ⇒ w∗ = (XTX + λID×D)−1XTy

The same calculations hold for non-linear regression, where we can substitute X with Φ.


