
 

Preconditioning Next Lecture time Oculus'll
today 0cm413IgnIg44

Solve equations in A by solving systems in a

precondition B and multiplyus by A

Cf Richardson Chebyshec just used mults be A

of iteratorsdepends on HCA B
ma B

Xmin CB t

orthogonal to common nullspace if there is one

Lee Xmat B Al min p AEPB
Linin B Al mat a a B ft

proof A f BB iff f Ar e Bt Bt

tax
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so KCA B E where B k A e p B

A E B iff B KA



Recall E is e approx sol to A t if

Il E HIA e ellAll

A very good precor would be B sit Ce BE A Eckel B

By Con and a result from last lecture

IfB Ax x HA e eKAH for all x

Iterative Refinement is a procedure for increasing accuracy

Set x B b B Ax

residual i b Ax

If A y Ti then AG t il Ax t b Ax D

So set Xz B r

Now HX K 1 411a HE H HA
e e KHWHA
E E KHIA

If repeat k times can get an et approx solution
after t iterators
each using a malt by A

solve in B

So once can get an e approx for some constant e

can achieve Lu k dependence

Origin going from low to high precision



Most preconditions are not the good

But it can solve B quickly then apply in CG

or Chebyshev

Let X Xu be eigs of B A eigs of A B A 2

If 9CH l xpCH is a poly set HailI ee fi

then F E P B t B D

is an E approx solution to
AE b

proofi
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HA A 2ptCB A BAxl
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E Il I A Pe1B HB t Il AHA

I A Pt B AB t I Pelt B A
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felt B A 4
As A B t k is symmetric

II 9 CA B t N E E

Preconditioned CE PCE finds the best polynomial

But because polynomial depends
or input

is not a linear operator
ReconCheby needs to know a aid B but

is a linear operator



Laplacian
Vaidya precondition LG by LH for H E G

Gaacentess LH k LG
Just need to know B sit Le k pLH

Use a spanning tree T

Can solve equations in Lt in time 0cal
elimination takes time 0cal because
every tree has a vertex of degree 1

and eliminating it gives another tree

Will show is athee T sit B k C m Ign IgIgn

for some constant c

Now
XmaxCLiILateTrILtTLeIlem.TrL

lHtLa7e Tqee.wais stretchyfeels

where view lengthof an edge as weight

stretchy aid lengthofpath art from a lo b

Matt b wais divide by length of Cab edge



proof

write LG Zzwas Ida Alta dist

Tr Little waist hiIda didIdadid

AZwah Cda didhttCda di

IZ wa b RefftCa b

RefftCan I seem over weightsof edges

on the unique path in T between a aid b

AZwad stretchfails

theorem Every weighted graph E CuEid
has a Seamus Tree F Ufcw with FEE

sit

2geewodsSTretrhtlalHEOCm1gnlglgnlJrd.ca
compute it in time OCmlgub.ba

StvetahtCal



Gwen T can compute strethtCGI use it to set p

and run Precor Cheeky for cOTBlg k iterations

to set e accurate solution

Each iteration takes time 0cal mattis La
n solve in CH

sototalisOCMkiggyi
Using PCG can do better as there is a betterpolynomial

Reason there can be at most f eigenvalues Tr Leyte

tem let 1 E X E e kn

and dn k e B

Then for every te k F poly f CH of degree t sit

9Col 1 and ftcxitf 2expf2ft.tt rp

use with f Tr Little K Tr Little

t Ck ith CA to set c accurate solution

proof let TCH be poly of degree t k
sit

1 CD I f CHIE 2 expf 2ft Hep E le te B

constructed last week
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