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RNELMEMOD

· The proofof Grothondieck's inequality (previous class) is based

on the existence of maps a,4:RRP +IRYs.t.

(4(u), f(r)) =sin (E (v) Fu,weIR"
unit
vectors.

&

realizes nonlinearity.

·This idealeads tothemetrick in Machine Learning (ML)

Our firstexample of a ML task:

-

CLASSIFICATION

· Wantautomatic cancer diagnostics-

-

cell- aputer-diagnosis:
1=cancer

- I =no cancer

d

Each cell-vector ofa parameters, e.g. features of a cell

Cradius, perimeter, texture, symmetry, ...) -I

->Want 5:RR*-4=13.

f(x) =y
test results

&prediction

I· Trainingdata:(Xi, yib, izl, ..., m
-

=I calls thatare already classifiedby doctors

"Supervised learning"

- I-



*First, assume eparation:

Ewerd:
(w,x:) D1 if yi

=1

: E (w,xei) --1 if y =- 1 3 =>(W,xi) y,<1 Fi (*)

S

&

... LearningIk:Given data (xi, yi), i=1,...m
- ~

↑

- thatis cineally separated, find the separator W.

REMARK

Generally, we wanttoinclude
-

(*) =linear constraintson we" -

whan offset: (w,x) +6 =0

- Linear(feasibility) program.but can include itinto wi

[W*6, k*1)=0 Tractable. ⑰

Prediction:A new cell seed, diagnose it:

f(x) =2 ncess in3 =sign (w,x)

· "SrectorMachine" (SVM), "Perception"

· Whatif there is no linear separation?Transform:
--

1

I
>

..
↑

S

I

&

I

I -I- &

↑ ↑

& 1
↑ ↑

I --
I
1 / ↑

-

↑ ↑

↑ ↑
↑ "Feature map" I &

- & ↑ ?
* ↑

&
T "

v &

3

Ad
S
- IRP:"feature space"

e.g. stereographic projection I transformed data is linedly separated.
=>proceed as before.

~

·e..? Rowdon and ofa
NO NEED!
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EELRRICK
·Express everything in terms of the products (xi,453:

WLOG w=2,x;t(w,xi) =(x,x;

learn:find (66),E, yid; (xi,10 Vi ↓ (6),yi2j(b(x),d(x)) fi
- Inre (()-sign((d),plusPredict: f(x) =sign (,[i(x,x;)) b
-

↳program still a leprogram

· Denote *(x,y) = =(4(x),b(y)) el" o

I
ken:2nd (IE 45d5 K(xi,xj) >0 * i

((x)
Predict f(x) =sign (I di K(x,xi)(-i

(still a liner program).

·etb. Justchoose a suitable kernel R(.,)

and solve (X). "Kernel SVM"

· E: k(x,y) =exp) -1) BassFunction" Kee
Inontrivial

<P(x), bly)) but we don'tneed toknow!Justuse in (A)

114(a)? =k(x,x) =exp(0)
=1 =maps RP-sphere.->

1.)-

·Inelizingalgorithm:

I
2. Expren it in terms of inner products of data (rei, i)

2. Replace all instances (x,y)) r> k(x,y)
for a suitable choice of the Kernel K.
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b.Not perfect
somere

⑳ ...

·Penalize:pay penalty 1-(w,xeby
for each Gad pt:

Gad here

- good here

=>loss ((w):=E(1-(w,xi) yi)
0 A

4 - t)
+1where L 2

t ->t
I

Minimize ((w) over WAR" (convex program). hinges

· Furthermore, regulze (for robustnes):

Loss: f(w) =E, (1-(w,x)y)++xlW?

"Soft-margin SVM"
· And, since data may

not be linearly separated, Kernelize as before:

↳:exx):=E11- ,2i6;k,ni))+ + 62;k(x,xi)ji=1

Learn: find d= 121, ..., (n) thatminimizes ((d).
-

edit:for any points, outputf(x)
= sign ([a; K(m, n;)).

"Kernel SVM"

Example:ROF kerel R(x,y) =exp(-1) I
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