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More on kernels :

A kernel on a set
,

7),

is a map

k : < + 7) + 1R
.

Warning : in mathematics
,

a

kernel on a set
,
X,

is a map

1 : XxX + 1 .



"In mathematics
, you

don't

understand things. You

just get used to them .

"

- John vonHeumann

"In mathematics
,
it takes

1 / - 1a while for things to

sink in?

- A . Friedman



Example : if nell : <1 .

2
,
3, ... 3

() = (n) = 41 ,
2, ..., n]

then a kernel is a map

k : Sn]x[n] -> IR
.

To k we associate a matrix

I
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k(

,
n)

I= k(2
,
1) k(2

,2) --- h(2
, n)

i
k(n

, 1) kIn .2) ...
know



Hence a kernel on (2 : (n)

can be viewed as :

& nor metrix with real entries
,

& an element of IRM
* Y

,

③Gr ,
),-

Warning : One can define kernels

overD

Remark : Usually positive definiteness

is important to kernell applications ,
5 typically : over 1 or over I



A matrix KCI
*

is

&mmetric if

(1) KT = K

k(x, x) = kkx

positive semidefinite if

① for all:



0 :ko

20 · (ko) o
↑

dot product

⑳
( .

--)
Kisdi



positive definite if

①equality in GK& 30

holds (i . e.T = 0)

iff[
②

⑫

⑮



A Kernel K : E) x(t- R

is :

(1) symmetric if VX
,X

k(x
,
x)) = k(x

, x)

(2)pesitivesemidefinite if

V C'c 7)
,

Cl'is finite

k(x
=x

is positive
semidefinite

as a finite square matrix



(3) positive definite if

↓ jic()
,

Cl'is finite

k(x
=x

is positive

definite

as a finite square
metrix



↑ he kernel trick 66

.
G

"linear separator
". Cows
·
is S

i
=

lizards- IR3

use

????? ⑳
c

lizzey
IR2



Idealized mathematically :

land,-a lo
,
0

as circles about10
,
0)

of radius +
.

Trick begins :

& (x,y) = ( 1
.
x

, 4 ,
x2

, xY , 42)
# IR2 -IRS (not linear ! )
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Wate

Ag : (1, ,

distinguishes between different circles

We want :
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W
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Cows < IR2
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Aug Value (1
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X2
,XY , 42]
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↳ Or Here ?
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=

-(X-



- &

-&&-↑
,
·g ·

b

(a -5) = m

1-2 MX -TD
* . * -2 T ---



Avz
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So : somethy -> IRG

a = (axiay)

5 = (bx , by)

Then

(1 ax1ay ,
aaya)

(1
,
b

,
by ,b , baby , bul

= (1 + ab
+ ayby) 3

it never have leave I



CM = (ax
, ay)

·PmR
We need to know

= (p).(j) = i
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Modadey :

more examples

an Monday


