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(Kernel)

Problem 1 (Perceptron/SVM):

Answer 1a:
Perceptron is SGD on the perceptrion loss function

∇lp(wi, x, y) =

{
0 if y = sign(wTx)

−yx if y 6= sign(wTx)

Answer 1b:
Perceptron

min
∑
i

max{0,−yiαT ki}

SVM

min
∑
i

max{0, 1− yiαT ki}+ λ||w||22

Difference is essentially an L2 penalty
Answer 1c:

∇G(w) = 1

n

B∑
i

∇gi(x)

∇gi(w) = ∇max(0, 1− yiwTxi) +∇λ||w||22
So looking at these separately:

∇λ||w||2 = 2λwk

∇max(0, 1− yiwTxi) =

{
0 if yiw

Txi ≥ 1

−yixi otherwise

So from this we get:
w = w + η(−2λw) if yiw

Txi ≥ 1

w = w + η(yixi − 2λw) otherwise

Answer 2a:
Can show that -f(x) is convex√

tx1 + (1− t)x2 > t
√
x1 + (1− t)

√
x2

tx1 + (1− t)x2 > t2x1 + (1− t)2x2 + t2(1− t)
√
x1x2

x1 + x2 > 2
√
x1x2

(
√
x1 −

√
x2)

2 > 0



Answer 2b:
Note that x is restricted to be positive, so one can easily check a few examples of p to gain some intuition.

f ′′ = p(p− 1)xp−2

p(p− 1) > 0

Since p positiv and x positiv, the second derivated will always be positive

Problem 2 (Feature Selection):

JEL(w) = |y −Xw|2 + λ2|w|2 + λ1|w|1
cJEL(w) = c|y −Xw|2 + cλ2|w|2 + cλ1|w|1

= cyT y − 2cyTXw + cwTXTXw + cλ2|w|2 + cλ1|w|1
= cyT y − 2cyTXw + c(wTXTXw + λ2|w|2) + cλ1|w|1
= cỹT ỹ − 2ỹT X̃w + c(wTXTXw + λ2|w|2) + cλ1|w|1

= cỹT ỹ − 2ỹT X̃w +
1

c
(wT X̃T X̃w) + cλ1|w|1

Let w̃ = c−1w:

JEL(w̃) = cỹT ỹ − 2cỹT X̃w̃ + c(w̃T X̃T X̃w̃) + c2λ1|w̃|1
JEL(w̃) = c|Ỹ − X̃w|2 + c2λ1|w̃|1

Problem 3 (Kernel):

Answer a:

k(


x1
x2
.
.
.
xn




x′1
x′2
.
.
.
x′n

) = (1 + x1x
′
1 + x2x

′
2 + ... + xnx

′
n)

2

= (1 + (x1x
′
1)

2 + ... + (xnx
′
n)

2 + 2x1x
′
1 + ... + 2xnx

′
n + 2x1x

′
1x2x

′
2 + ... + 2x1x

′
1xnx

′
n + ...)

= φ(x)Tφ(x′)

Thus:

φ(x) = (1,
√
2x1, ...,

√
2xn),

√
2x2x1,

√
2xn−1x1, ...,

√
2xn−1xn−2,

√
2xnx1, , ...

√
2xnxn−1, x

2
1, ..., x

2
n)

Answer b:
k(x, x) = φ(x)Tφ(x′)

k(x, x) =

(
x(1)x(1) + x(2)x(2) + ||x||2 x(1)x′(1) + x(2)x′(2) + ||x||||x′||

x(1)x′(1) + x(2)x′(2) + ||x||||x′|| x′(1)x′(1) + x′(2)x′(2) + ||x′||2
)

k(x, x) =

(
50 2
2 2

)

2


