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' Minimum volume ellipsoid around a set
Towner - John ellipsoid of a set C : minimum volume ellipsoid E St. CEE

parametrize Eas E -- EY HAvtbtk H 's (HESH
( inverse image of a unit ball under a affine mapping )
( this representation of ellipsoid make the problem convex I

can assume A is positive definite withone loss of generality
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= EH 11 Ex - hill. 43 We only need to assume that It is nonSigmar

volume of E is proportional to deem
Min

.
lover Aib) log det H

-y

sit . H Av tbh H for all VEE
(hard to evaluate the constraints , since it needs all Ut E )

finite set ( =Ex . .
- -
-

. Xm)

mi:: Knuth:'. ⇒.
. . . . .

also g
-

hes the lownon - John ellipsoid for polyhedron Convex Hall { Hi.. . Mm}

eg . outlier detection
select the outliers in { Vii - - - Vm }

fit the Launer-John ellipsoid of Eu - -
- um}

the points right on the boundy are candidates for outliers
remote those points and redo

removing values of v with large norm is not scaling invariant
minimum volume ellipsoid is affine - invariant



• Maximum volume inscribe ellipsoid
maximum volume ellipsoid E inside a convex set c E K
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parametric E as E -- { But d l Hulk El 3 image of a unit ball under a affine mapping
volume of E is proportional to B

Max, logdet B
St - BUtd EC H Hulk 4 L a convex constraint if c Is convex )

when C is a polyhedron Ext aix Eb; it. - --in } nai
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• Efficiency of ellipsoidal approximation
C fkn convex
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bounded
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with nonempty interim

lownor - john ellipsoid . shrunk by a factor n , inside L

maximum volume inscribed ellipsoid , expanded by a factor n , avers C
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• Centering .

1. center of largest inscribed ball l
'

Chebyshev center 't fur polyhedron .
Can be solved by LP

2. Center of maximum volume inscribed ellipsoid

¥ #affine - invariant
affine-variant

• Chebyshev center

polyhedron D= Ha:-X Ebi ]
the inscribed ball parameter.
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the analytic center of a set of a set of convex inequalities
and linear equations. fill to Fx--g

min . Eloy find
St. Fx--g

g- analytic center of linear inequalities aixeb
Xac is the minimizer of

fun = -EYlbs -Atx )



• Linear discrimination

separate - sets of points Ex . . - - - xn ) { y . - - ' you} by a hyperplane
atxitb so oiyitbco ÷(homogeneous in a and b
heute equal to )

a' *by a-' y , the -I } LP feasibly problem


