



































































































































von Neumann's Algorithm for feasibility
to determine if CE CHCa am

and to find y sit Aye c

Is easy if m del and taek 9 4 del

just solve F Y E and check if y is 20

Difficulty comes from having m dtl vectors






































































































































Unlike simplex this is iterative with more iterations

giving better approximations

Simplification I Is equivalent to determine
if 0 E CH ai Tent where Eli a i c

proof 14 1 E yatai O Ey ai L

Simplification 2 Is equivalent to determine if
0 E CH 4ham am

llanll but this is

special for 0

proof 0 CtCH a am if 3 Sep hyperplane
iff 3 x sit Iai O ti

And this does not depend on norm of ai

Real goal find Ayec or find a separating
hyperplane

To start let yo tmH F Ayo a convex combination

At step K construct it Aye and measure kHz






































































































































Motivating picture a

93 a
Het

K D Az

At step Kel choose i to maximize XI Kk Qi
If we view Xk as the error to be corrected
then think of maximizing Cxtf ai XH

This minimizes the angle

If XE Xt ai L 0 fi then we have found a
separating hyperplane O XEXie L XE ai th

same if xetaiso.fi

IfxElXt ai zO we will set X to be the

point of least norm on the segment Heat
These points are in the convex hull because they
have the form

G Axe that A Cl d yet he OE KI

writing C Yuet Kei Xk t Hai Xie

we compute the squared norm to be






































































































































11 1 162 t.tl ai xkHi e2XxE Cai H

KE te ai
The optimal value of X is Hee aik 1

and using this to choose X i gives

HXK.nl
2 HXeI

2 CxECxk a
Htt auth

Thml Dantzig
If O CCHCa am then 11Hell E 4ft

proof
As ai C Bloat and XieE CHCa am He CBCal

1kHz EI
So the statement is trivially true for ke 4
We prove it by induction
As 0 E CH ai am iFjs.t.xEajeo
For this j XECXK ajlext.tl t kxHk2

a
So for the chosen i a

XECXK a.dz lxHlz2

As Axelle 1 and Hailket Ike aHE e 4






































































































































Combining gives x Cxe a

te avi Yet
ard HH Hi a HHelli Hell 1

Hell I MII

Let f CH z l E
f z l 242 E O for Zzz so

this is monotonically decreasing to 2 22

Thus it suffices to show f MK E 4 for kz2

This follows from

4 1 4 E 4 II a 41 41

Thad Freund Epelman If Blatt C CH ai am i

hello e expC

proof we will show Httull e 11h12 I I

Use 1K 11 k 112
CXECXK.ae
HH ailh

en Fist E Iai IEEE






































































































































FEET Ke ai t

xECx ai z t knell
CxECXt z little
Htt aHE 4

So little aC E
k

Il Hella aC E e exp C E expftzI

So get Axelle e by expf ee

s In Ye
k z 8h 14 1 2

If we use this algorithm to max sit MECH

it slows down as ac approaches the boundary

Condition numbers
Let t be maximum sit Blah CCH ai am

t measures distance to infeasibility
obvious direction is t e dist to infeasible move c

Renegar proved Yt is a condition number






































































































































We say the problem is illposedy when
C C boundary CHCa any
so can deal with feasible infeasible

let K dist to ill posed
That is k min HdHt Hon'll111811 sit

Ct 8 C bday CH actor am 1dm

tem k t

proof k Et because C is dist c from baby HCG am

To show Kat let 8 Cbday CHCaitoil it
7 a supporting hyperplane given by 1141 1 so

Ces ext lait dit ti

XTC z Hai t Hoi XT8 z Fai IldIl 11811

On the other hand BCc it CCHCa am

3 Fi s it Fae Z XTC t T

So xtc z xtctt lldi.lt 11811
11811 11811 et






































































































































Running Times
Each step of this algorithm requires computing

aix for all i time and per iteration

what about simplex Practical experience is that it
needs t 0cm steps But in each must solve
a system of equations in d variables which can

take time d Lor dw
But Can make faster because only change one
column of the matrix in which solve the system

Sherman Morrison

µ turi n m tuutnltutu.lu
So if change one column car update an invese

in a Ocd't time Is key to many fast algorithms
Can do for LU factorization too

Interior Point Methods time e 0cm 1g Mel
E accurate condition K
Is logarithmic in condition
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