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Hz = Standard 2x2 Hadasmard matrix

Hin : [ii] Kronecker
Product,

Tanger Products
Hp : [H :He

-

IB =
00

,

IB : 0:

B= IB'xB



Want to talk about graphs :

Path a-o-a-0

↳ edges ,
4 vertices

3x4 grid
· · · ·

① ① ① ①

⑧ ⑧ ⑧ ⑧

① ① ① ①

X 6 & ⑧

Y
Cartesian Product



Examples of Kernels

( + (x + IR

DC-IR" (any map of sets)

therk(x
,
x) (x) · E(x)

is positive semi-definite

& 2
.% : (t=?

,
x

,
x+ (1 + x oxi)2]

⑪ Not definite if (C) > n

② Sum of kernels
,
via ①

& Product of kernels ,
via Q



⑪ "Kernels representable in IRN

Admini

- Hand in some homework

around Sept 30 ,
2025

- I'll give you feedback , you

can resubmit them at the

end of the course

- Some problems may
be optional

- See me if you'd like to do a

project if presentation



Current document :

↑ pp D : Exercises on
kernel trick

IApp Bi - in linew alg

App C :

#

V

=

Glossary

Office hours : start next week



12 : H2

(i -i) (ii) = (2)
= 25

=> CH2 is symm ,
hence diagonalizable ,

real eiganeclues)
only possible :12 = / 1

HzHz =2

25 = 12
= X-r



Rem ! Here is how we know that I

has one eigenvalue& and one -E :

if not
,
then

Hc = v[i]r"
and we must have 1, ) ·

But then

Hz = r(I)u" = XF

which is impossible: Hence

So is Hah 12 = 25



HuH2 * 12

- [I]
i

-

[i]
H = (H2 +)

(Hu * (2)

(Hu · (n) * (102 · Hz) = (25) = (5)



If A is men

B is pxg

A*B is (mp) x(ng)

BainI
7· (BB I&

- -

Bann

as block

(
--Air

I
metrix

D= i Y

am1 -- am



& men metrix

* eR" D cm

B pog matrix

↑ Ra ,
BYEY

IRV Ra

(A +B) (Y)

= (A) * (BT)
im i

??



* * Y =

(x
. c - , Xn) * (y, - , Yg)

= (x ,4 -
-

- / xn49)

all ne possible combos

& ecoders make the most sense

( 14. ,
X

,421- -
X. *Y---)

(X , % 1. X2Y1 ·
Y, ---

⑳ ( .. Xity ,X24e
-- (



IRV = P

IRS
,

S is a set,

IRS : maps+IR

IRS * IRT maps SxT -I

IDV= PRENS - pphim]
Elsea,

hi xGhing]

IR" * 1R9 -> IR

* IR9



I, Hz eigenvalves

↳
ase

Ar-Ir
,
Burm

(B)( ) = (A) + (B)
↑
sod



= Xm()

Alsoi if F + Y
,
Wi ,

We

anythy

( )o(v +z)

·

C
S

(X
-~

,Xm) · (Yvor-gYn)

[x - -x](y =G.x))



Application :

&: IRV-> IRS

(x, ,y) + + (1
,
Ex

,
E4 , x

-xy , yz)

Define : K : IREXIR + IR

(2)(x, , i) ,
(x2 :Ye))

- &(x
,4) (x242)

Clim : This is positive semidefinite



IfIt is
any

set,

&: 7) - 1Rm

there

k(x
,
x)
& (x) f(x) ,

then k is a positive semidefinite

kernel function .

~I : IRV- RM set

2= MM
,
then 2 pas

ind



Fres : If

k
,

l ave pos semi de

or f) x7) -> 1
,

ter

kok' is also

positive semi definite

(using * )


