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Tutorial plan

• Questions for Homework 3 with Anastasia
• Dimensionality Reduction via PCA with Mohammad

Note 1: Please open EduApp on your mobile phone or web
browser (link in the chat)
Note 2: Please bring paper and pen for the second part

2 / 10



HW3 Q4: Valid kernel. Problem
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HW3 Q4: Valid kernel. Recap

Definition 1: Kernel

A kernel k is a two-argument real-valued function over X⇥X ,
such that for any x, y 2 X :

k(x , y) = h�(x),�(y)iF

for some inner-product space F such that 8x 2 X �(x) 2 F .

How to show that k is a valid kernel?
• It is sufficient to present a mapping �,
• Or show that K is PSD for finite subset of X

K denotes kernel matrix of corresponding kernel k .
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HW3 Q4: Valid kernel. Basics

1 k(x , y) = k1(x , y) + k2(x , y)
K = K1 + K2 !

2 k(x , y) = ↵k1(x , y), ↵ � 0 !

3 k(x , y) = k1(x , y)k2(x , y)

4 k4(x , y) = f (x)f (y), f : X ! R
By defining � : x ! f (x) we show
9� : X ! F : k(x , y) = h�(x),�(y)i

5 / 10



HW3 Q4: Valid kernel. Basics

1 k(x , y) = k1(x , y) + k2(x , y)
K = K1 + K2 !

2 k(x , y) = ↵k1(x , y), ↵ � 0 !

3 k(x , y) = k1(x , y)k2(x , y)

4 k4(x , y) = f (x)f (y), f : X ! R
By defining � : x ! f (x) we show
9� : X ! F : k(x , y) = h�(x),�(y)i

5 / 10

?

PER
"

,
Kernan

BKPTZO why ? 2
pkpt-pkspt-pk.pt?o



HW3 Q4: Valid kernel. Basics

1 k(x , y) = k1(x , y) + k2(x , y)
K = K1 + K2 !

2 k(x , y) = ↵k1(x , y), ↵ � 0 !

3 k(x , y) = k1(x , y)k2(x , y)

4 k4(x , y) = f (x)f (y), f : X ! R
By defining � : x ! f (x) we show
9� : X ! F : k(x , y) = h�(x),�(y)i

5 / 10

-70

apkaptzo→.



HW3 Q4: Valid kernel. Basics

1 k(x , y) = k1(x , y) + k2(x , y)
K = K1 + K2 !

2 k(x , y) = ↵k1(x , y), ↵ � 0 !

3 k(x , y) = k1(x , y)k2(x , y)

4 k4(x , y) = f (x)f (y), f : X ! R
By defining � : x ! f (x) we show
9� : X ! F : k(x , y) = h�(x),�(y)i

5 / 10

✓
eigenvalue decompositionsM

T

kn= II
,

Ai Ii of ; ke tia : U;
i - .

u
L

K = Kno ke I hit; ( Q. ou ;)(o : -00; ) rank - s matrices

i
, j -20



HW3 Q4: Valid kernel. Basics

1 k(x , y) = k1(x , y) + k2(x , y)
K = K1 + K2 !

2 k(x , y) = ↵k1(x , y), ↵ � 0 !

3 k(x , y) = k1(x , y)k2(x , y)

4 k4(x , y) = f (x)f (y), f : X ! R
By defining � : x ! f (x) we show
9� : X ! F : k(x , y) = h�(x),�(y)i

5 / 10



HW3 Q4: Valid kernel. Basics

1 k(x , y) = k1(x , y) + k2(x , y)
K = K1 + K2 !

2 k(x , y) = ↵k1(x , y), ↵ � 0 !

3 k(x , y) = k1(x , y)k2(x , y)

4 k4(x , y) = f (x)f (y), f : X ! R
By defining � : x ! f (x) we show
9� : X ! F : k(x , y) = h�(x),�(y)i

5 / 10



HW3 Q4: Valid kernel. Solution

(a) ka(x , y) = f (k(x , y)) polynomial with non-negative
coefficients

(b) kb(x , y) = f (k(x , y)) polynomial. Counter example

(c) kb(x , y) = exp(k(x , y))
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HW3 Q4: Valid kernel. Solution

(d) kd(x , y) = g(x)k(x , y)g(y)

(e) ke(x , y) = f (x)k(x , y)f (y) = k4(x , y)k(x , y)

(f) kf = k(�(x),�(y)) We want to show that Kf is PSD.
As k(.) is a kernel, when applied to any set of vectors
{�(xi )}Ni=1

will result if PSD matrix.
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HW3 Q4: Valid kernel. Eduapp question

Please open eduapp
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HW3 Q4: Valid kernel. Eduapp question
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negation of a valid kernel
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HW4 Q3: SVM update rule via SGD

The exercise suggests to train an SVM, where we penalise the
margin violation given by (1 � ywTx)+ = max(1 � ywTx, 0), not
linearly but with the square root instead. Correspondingly, our
modified SVM seeks to optimise the following objective

L(w) =
1
n

nX

i=1

q
(1 � ywTx)+ + �||w||2
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