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Kernels : set theoretic map

&: 7) + IRE f = features ( ? )
# = "feature map"
- - dimensional

Claim : finite dimensional

k(x
, x)

= f(x) - f(x))
-S

kernel trick" something
is easier to

compute
- positive semidefinite

- positive definite iff

& in injective ,
and

& (7)) is a set of linearly
independent vectors in IRF.



Definition : A positive semidefurtte

kernel function k ! x) + 7) - IR

is IRF- represenable -- blah

blah blac

Thm : If k
,
k'are---

.. then

↑ = k(x
,
x)k(x

,X)

is
---



->

Survey results
:

- Contiguous days(4)

12 added : 6 classes now on kernels)
- Different topics MWF (3)

I ll make
Homework : blank/ * 4 S ther blank/ *

AlBIC 2
-- file

Topics : G
,
G
,
CLG,

>, 0 ,

0
, Q

So far!



Definitions and product theorem :

Let t be a set
,

and

& : i + I f = 0
,
)
,
2
,
--
.70

L

= "feature map

- = "number of fectures"

Ther

k(x
,
x
,) #(x) - G(x)

is called the kernel /function) induced

by 5 . Say that1k are

f-dimensional , finite-dimension).



Goal :

Prove : any such k is a

- symmetric , positive semidefine

- classify# site I is definite

Prove : K
,
K' are arbitrary kernels

that are pos semi
def

, ther so is

k
,

k'
·

Rem ! ( = It
,
and

k(x
,
x = e

- (x -xi

Co
,
ther k is pos

definite.

Hence K is not induced from # : 1R + IRS



Thm : If k : 22x7 + IR is

induced by : -If , then

k is pos .

semi-def
.

->
makes sense

Pf :
- as in IRP

k(x ,x) = G(x) - E (x)

= (x) of(x) = k(x, )
.

k is symmetric -

Let X - ~ ,
Xm + C

.

Think of :5 ,
me 1000 .]

Than
,
for any &1

,
-r.,
&m



??

* : ; kXX) 0
ijj =

ori

& (x) · G(x
,
) E(x)o # (2) --- (x)(xm)

& (x2) - G(X ,)

,I "

&

---

& I
F(xm)(xm)

[f + 5 , mel00 , ↑ is a 1000i



Buter-

EdiGik(Xij) = -
-
!

is

(since (s(x , x1) =(x)(x) is bilinear)
-

-
..

- d(xm)

a
is 30

So l is
pas

semidefinite
.

R : - is rather strange thing---



Example i

Let T
+ IR

,
let

& 7) + IR3

x + (2) , Giza
Far

any xy -yXm ,

~ (x()
k (x,,x,) - - i

< k(xi
,xj)

VI -F -

k]:
& (i) ·&(xj)

~ zan [ii]



* : 294 mules
, O mult my

Example 2 :

Let : IR
+ IR be

& (x) = X
,

&(0) () = 0 .0 =0

k(0
,
0 =0

x. = 0
, (k8X,xi] = [0]

So Gil
,
X
,
50

& 2,
k(x
,
x) =0

So I is not pas
definite herrel.



S say you
have a

positive definite
!

k : ( x() + IRI
----

↳Then k(x , x) > 0

pas semidet,

Contraring & (x) + xi

X: 1
,
X2 : 2 , Xy = 3 , then

I
k(x
.,
X
,
)

I
k(x

,
x]

i
kxysti

= G(x)o(x))



is

(ii)
- [i] : 232

Hillspace ( has d 2

Exempti ! F) : IR -12

whre
xa = [i]

7) (1 .
3) = (7)

7) (2) : (I] Crouserdell



X : 0
, Xyli3 ,

Xz2i

k) -, :)

S

(
G

C-~ (1
-

- []]
Choose 0

1 52 , by Sit

· (2 ) + on[] + 0(2) =4)
i in Es



lang)
·

I some thing S

- (o) - [i] = o


