
CSCE 633 Regularization in Logistic Regression

Model: f : x→ y, f(x) =

{
1, σ(wTx) > 0.5
0, otherwise

, σ(η) = 1
1+e−η

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

Evaluation through cross-entropy error (no regularization):
E(w) = −

∑N
n=1

{
ynlog

[
σ(wTxn)

]
+ (1− yn)log

[
1− σ(wTxn)

]}
Evaluation through cross-entropy error (l2-norm regularization):
E(w) = −

∑N
n=1

{
ynlog

[
σ(wTxn)

]
+ (1− yn)log

[
1− σ(wTxn)

]}
+ λwTw

∇E(w) =
∑N

n=1

(
σ(wTxn)− yn

)
xn + 2λw

Approximate solution through gradient descent:

w(k + 1) := w − α
(∑N

n=1

(
σ(wTxn)− yn

)
xn + 2λw

)
H = ∇

(
(∇E(w))T

)
= ∇

(
N∑

n=1

(
σ(wTxn)− yn

)
xT
n + 2λwT

)

=
N∑

n=1

σ(wTxn)︸ ︷︷ ︸
∈[0,1]

·
(
1− σ(wTxn)

)︸ ︷︷ ︸
∈[0,1]

·
(
xn · xn

T
)︸ ︷︷ ︸

∈RD×D

+ λID×D

The above Hessian is positive semi-definite, since both matrices xnxn
T and ID×D are positive

semi-definite.


