
LECTUR-F-19-NEKERNELMF-tnoD.TK
proof of Grothendieck's inequality in lecture 18 is based

on the existence of maps *, 4 : Rd → RN s.t.

( ¢ (a) , 4G)) = sin ( Elvis) Hu
,
u c- Rd unit

↑

realizes nonlinearity .

• This idea leads to the kerneltrick in Machine learning Cmc)

Our first example of a ML task :

BINARYCCASSIFK.AT/ON-

• Want : automatic cancer diagnostics
f-cancer

cell → 1¥- diagnosis : -1 -_ no cancer
Trd

Each cell = d parameters , e:S. features of a cell

(radius
, perimeter, texture, symmetry, . . . ) c- I;Rᵈ

⇒ want £ : Rd - { Ii } .

5- (a) =y
↑
test

☒prediction

• Training data : Ki
, Yi) , 1=-1 , -- y u

= n cells that are already classified by doctors
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• First
,
assume linear separation :
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i (win. > yi > 1 Ki 1*7

• Learning : find weird that satisfies (4)

REMA-nk.to#fCx-)-- Intersection of half- spaces ¥offset : twin> +6--0 ⇒ Linear (feasibility) program .

but can include it into w :

Lw⊕t_ Tractable .

•Prediction : Y new cell a c- tRᵈ
, diagnose it :

fla) = { 1 (cancer ) if twins
> I

-1 ( no cancer) if <w, n> < -1} = ,
sign twin>

•
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Transformed data is linearly separated.
e.g. stereographic projection \ ⇒ proceed as before .

Kx) •

• What if
.

' ' '

;

i-i.TL ? how do we find ∅ ?
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' NO NEED :
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tERNELTR
• Rewrite the learning algorithm in terms of inn fastest :

WCOG w= Étnj Kj .
(wiki> = Étj (Ri,Kj >

5--1
i. = .

Find on;);↑= , : ,É, Yitj (risks) > 0 Hi
to Find on;);↑= , : ,Éyi✗j(tbh ), Ghs))≥oV- i\ Prediction : fla) = sign ( É, Alain;D É| Prediction : flu)=sign(§d;( the) , the;)> .

← Linear program
still a linear program

• Denote K(my) : = ( Ku), Ky))
" kernel

"

-

⇒

Find (g) : EYstiktri.no) > ◦ ☒ i

f ⇔j\ prediction : sign ( Fdj Klan;))

(still a linear program ) .

•Forgette .

Just choose a suitable kerned Kfi )

and solve (*) .
"

kernelsvmu.EE
: Klay> = exp (-1*-2%1) "REEM

"

kernel

CRBF_)
☒ nontrivial

( flatly )) but we don't need to know tf Just use in ⇔

KAGAME = Ktn , a) = exp6) =L ⇒ maps
Rᵈ→ sphere
-

^

-

•

"

tenderizing"aM2algorith- :

I. Express it in terms of inner products of data (ring>

2. Replace all instances (x,yD ↳ Klay)
for a suitable choice of the kernel K

.
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