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Outline

FrequencyAdomain
‣ direct*factorization
‣ iterative*methods

TimeAdomain
‣ timeAstepping*for*overdetermined*ODEs



Frequency-domain

(mildly) Overdetermined system:

Normal equations
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Direct factorization

QR*factorization:

Choleski:

OK*for*2D,*prohibitive*for*3D?!
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Iterative methods

Solve*overdetermined*system

*********************************************or****************************************************************

***************************************************************where*

‣ LSQR/LSMR
‣ CGLS?!
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Conditioning
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Preconditioners

Use*rightApreconditioner*and*solve*

‣ incomplete*LU*of*
‣ incomplete*Choleski*of*
‣ ...

✓
A
P

◆
M�1v ⇡

✓
q
d

◆

u = M�1v

A
A⇤A+ P ⇤P



100 101 102 103

10−2

100

iteration

re
si

du
al

 

 

vanilla
initial guess
ILU(0)
ICHOL



Preconditioners

Helmholtz:
‣ Multigrid*(Erlangga*’05)
‣ Sweeping*(Enquist*’10,*Pouson*’12)
‣ Factorization*(Wang*’11)

DataAaugmented*(incomplete*QR*etc.)
‣ MultiALevel*QR*(Li*&*Saad*‘06)
‣ HSSAbased*methods*



Time-domain
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Time-discretization

Standard*LeapAfrog*leads*to

We*need*to*compute*the*leastAsquares*solution*globally*over*all*timeA
steps!
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Time-discretization
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Time-discretization

Standard*leapAfrog*leads*to*large*(block)*overdetermined*system

Normal*equations*lead*to*pentaAdiagonal*system

We*can*never*form*the*complete*matrices,*have*to*solve*by*forward/
backward*substitution!
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Conclusions & Future work

FrequencyAdomain:
‣ A*number*of*standard*tools*can*be*reAused
‣ preconditioning*requires*extra*attention

TimeAdomain:

‣ need*to*solve*LS*problem*globally*over*all*timeAsteps

‣ forward*substitution*may*require*many*sweeps
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