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By the end of this class , you

should know what is meant by :

Hilbert
↓ space

- A feature map : : 7) - H
↑

- Ridge regression :
Ira

,
inner

product: G

d large

min 11Xw-y /12 + X lwi

normal egs
: X

*

X + xw : X
*

Y

- Kernel ridge regression : lessentially)
solving ridge regression via

OXX* + 10 =

y
↑

② w = X* 2 Thm "Representer
theorem."This
works
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- Representer : The above

- The Gram Kernel/matrix : K = XX
*

above
,

soI becomes

ko + 10 =

y

Reproducing Kernel Hilbert space

RKIS :

160-Span( in 13
①

projection matrix p,l ][
113

②
H

.
= Hot in IRS

[projection Q : I-p-
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Hilbert space that doesn't have a

reproducing kernel is ...
S

Any finite dimension inner product

space, No t product that locks

like dat product

Vikelto : dot product

[V
,
V2) Ho

e . g . Ho-R
,
standard example

[t]. V +nav +us
-
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Brother <1)

[bi: Sur

+ (u ,uz)(v - Vz)

+ 34j3

Def:Lis
,

is an inner

product if

(1) [] is bilinea

[iiig : HaxHs -IR

[+ ,+) = (ii) + (iii)
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( ,) =0( ,)

and

as(i)( ,),j, 0,
equality ifa 0

(ii) (v) = (i)
Ha Ho

(iii) IIallunit

Hula
(fig) = Sifleigladx
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arepeois
[fig) : [f(xiglas de
is an inner product, here fig

12 (2 , 1] = "functions on (91] + IR

st . [fad
"

-

these days ,

we speak of measure theory
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Does it make sense to speak of

f(() ? Date pas (E , 3)

min (f( +2)-3)2
fe2(1)

-XII fll-

problem
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3 If KilE
fg(x) = I O elsewher

ClaRdx = 9 - 2

falk) = 3

mi (1)-3) + )11 fli
-

o
s

2 + 0
, min +

8
.



mm)-3)
- XIlfl

im
for L (c, 1)

i I Hoc(2(1) ,

wor

so Ho- Spar (Vr .
-

+
Vm)



So

RKIS1 what

are the questions,
the quantities to

minimize that make sense
.

-

f(x) = ( f(y)24) by

but x()(L2(0, 1] on LDiR]
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In (1) : < +
, g) = %fexige d

Take ON basis
,

"
Un(x) : Esin(ix)

.

Let

Ho = Span (V , (x) , .... Vm(x)]
Ther projection

k(x
iy)= Y(x)
here sinijsiy a

Rem

:Su
is problematic .
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But... (2(G1) is not a RKNS
,

since although

f(x) = ( &x(y) f(y)dy

Ex(y)4L(0, 13.
-

So while any finite dimensional subspace

o RE is a RKS
,
LEG1) isn't ;

also the representer theorem fails !

The real point here is not what is

a RKIS
,
but what is not

...

And that the representer theorem fails

there-- Indeed
, (f(xi)-yi) doesn't

make sense , as fixil doesn't .
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E
go one data paint : (x,Y .) : (12 ,

3)
,

min ((f(z) -3) + 11 fiz)

can be arbitrarily small .

Heed to replace

& (12) with continuous

I - IR



- 4-

Most of all :
we should know why

kernels and kernel tricks arise

from feature
maps

:

&: T - H 1Hilbertspace

alarge
Daten:

(X
.41) .. - , (nym) F) xRR

Madel : Pick well,
,

or well
,

or
felt

Y
= Y(x) modeled by :

f(x) - w =

Y
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So

min Allulli (i)-w-y ,?
-

& xilow
1/ b

becomes [(xi) ,
w)/
)

Xw
,
where when we

Want to

X- emphasize
Hilbert space

Then : back to variational

argument , and write K : XXT
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How we generalize : min w

6)< ,
,
w)

. . . ., ((x) ,
w
,)

- ↓ m(11 w1) , Go mild conditions

Obscure or shorter

min G(f(x
,

+, ... f(x) + XIIf
f el

f(x) (i) , fis

Yokornellagg-[
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and introduce

K : It <D - R

as

k(x
,
x)= (x) · (x))

or (y(x) , (x)) +

Also
2. X*

means(...
-
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and future predictions :

predict
-y(x)~ (x)0 m

become

Y(x)= (x)0 (wil
-(x)

- k()


