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linear Separators - Perception
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Want to find an optimal w*

Constraints
Assume wk is sealed appropriately .

$
Hi . wk.xi.li >①

Objective function
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maximize µ÷ . 2 → minimize (WLWT



Minimize Lw
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Suspect to
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W - Xi - le > l W -xiyi > I
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Unknowns ? W Each constraint is linear

But objective function is quadratic

Not linear programming



Convex qptimivhin
Lagrange Multipliers

One multiplier ai for each constraint

Minimire
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lngenerat Minimize f-Cx)
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fohihn must satisfy KKT conditions is exact
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Can be solved iteratively
Wolfe Dual
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Solving the dual produces a solution of the fan

Fes, lili Lxi . = o

=
( unknown input

Support vectors = those that satisfy

Support Vector Machine = SVM



Can accommodate non - linearly
0
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← error term
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Minimise the need for { i k

f
- K

Minimize .
. Lw + §

,
{? etc

Sulfur to -- W -Xi - ti z l - {i
=

{ i 20

Soft Margin' SUM



Kernel functions
-

Not linearly separable ? → Geometric transformation

* "
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Final solution depends only on dot products

Solution requires 0145 . cflxj)
Find klxiixj) = Loki) -ollxj )



Suppose X = Lxiii

4G) = Lxiii, rzxixz>

X z 4th -- EEE,z5fEzzz>

467.46) = X?zftXEzft2XiXz4Zz

k (x , 2) = 26.272 = Lxizitxztez)2
= Xfzihtxzzz +247×22-2



K (x ,y) is a kernel funk - if 74
sit - Klay) -- 4867.44)> they

Interestingly 9 could create infinite dunes-

Iiic) → LX , ,Xz , Xixz, Xin -
- -
- Xiii- .

Curren k
,
is it a kernel ?



Simpleton
Each I -- Lx. . . > Xm> , each ni has finitely

many possibilities
(e.g Xo -- o, i )

Enumerate all possible I '
- XT

, XT , . . . In

Explicitly write KLXTT) XT E - Eg Tmi
as a make Itf )¥- k¥5)
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Square Matrix

Symmetric & Positive Semidefinite
tf e E IRAN CT Kc Z O

tf k is positive seundefmk ,
it is a valid

kernel

What if Xu's are from unbounded domain ?

- Unboundedby many inputs 5,5



For any fmte set I ,I , - , In f inputs

k over this subset is an I - - XT
I

nxn matrix :( )→
-
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Gram Matri'
xn

for any n , for any subset {I , XI . .

,
In}

,

the Gram Matrix tf k over this subset

is pohhe semidefinite



Typically - k is a similarly measure

Such a k is generally positive senidefat

Some rules for combining kernels
.

I . K is a kernel
,

so is C - K

L - k
, ,kz are kernels

,
so is kitkz

B - k
, ;kz Are kernels

,
so is ky.kz



1 is a kernel

①tied = polynomial kernels

Hai) -- th -Ill

klxiyt -- e
- thx -411

Radial Basis French

RBF↳
corresponding Q is infinite dinnerswell



Inputs X = La - - Xm>

T T

Features

k GTF) encapsulates all relevant info about

features

Individual features no longer matter
to perception, SVM -

-
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