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iterative method for eigenvalue problems

for standard eigenvalue problem Ax = �x it

� extracts (�;u) � (�;x) from search subspace

construct H � V
�

AV,

solve H s = � s, and compute u = V s

where V orthonormal basis for search subspace

� corrects u

compute correction t from correction equation:

t ? u; PBPt = r

where P � I� uu�

u�u , B � A� � I, and r � �Bu

� expands search subspace with t

Vnew = [V j t?]

where t
? = � (I�VV

�) t such that kt?k2 = 1

(Sleijpen & van der Vorst ’96)
the Jacobi-Davidson method
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for linear system By = d it

� enhances linear system

By = d �! BC y
�

= d

� splits BC = M � N such that preconditioner M
invertible locally on subdomains

� computes solution of enhanced system by

X Richardson iteration
y
�

(i+1)
= y
�

(i)
+M�1

�
d �BC y

�

(i)
�

or

X a more general Krylov method with
Km

�
M�1BC ;M

�1 d
�
= span

�
M�1 d;

M�1BCM
�1 d; : : : ;

�
M�1BC

�m�1
M�1 d

�

� tunes C for “minimal” spectral radius of M�1N

(M�1BC = I�M
�1N) error of Richardson iter-

ation amplified by error propagation matrixM�1N)
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an optimized Schwarz method
(Tan & Borsboom ’93, generalization of Tang ’92)
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stencil: � � �

By = d�!BC y
�

= d :

2
66664
B11 B1` B1r 0

B`1 B`` B`r 0

0 Br` Brr Br2

0 B2` B2r B22
3

77775
2

66664
y
1

y`
yr

y
2

3
77775 =

2
66664
d1

d`
dr

d2
3

77775�!
2

66666666664
B11 B1` B1r 0 0 0

B`1 B`` B`r 0 0 0

0 C`` C`r �C`` �C`r 0

0 �Cr` �Crr Cr` Crr 0

0 0 0 Br` Brr Br2

0 0 0 B2` B2r B22

3
77777777775

2
66666666664
y
1

y`
eyr

ey`
yr

y
2

3
77777777775

=

2
66666666664
d1

d`
0

0
dr

d2
3

77777777775

enhancement

1 dimension
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2 dimensions

enhancement system
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y x
y x

analysis spectrum M
�1
N for model eigenvalue

problem:

advection-diffusion operator Lx 
 I+ I
 Ly ,
constant coefficients, two subdomains with
interface in y-direction

+

x-direction: harmonic & exponential behavior

y-direction: coupling by eigenvectors of Ly

+

subblocks of C can be any linear combination
of powers of Ly,

e.g. C`` = Crr = I, C`r = Cr` = � I+ � Ly ,
minimization spectral radius M�1

N w.r.t. �; �; : : :
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tuning coupling
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correction equation indefinite �! deflation
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deflation
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results from analysis yield accurate estimates of opti-
mal coupling C for

� more than two subdomains

� variable coefficients

� complicated geometries

applications
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the Jacobi-Davidson method
for eigenproblems

Menno Genseberger

Domain decomposition in

hardcopy available here
for electronic version surf to

www.cwi.nl/ �genseber
see also poster at exhibition

for more information about Jacobi-Davidson check
www.math.uu.nl/people/sleijpen

www.math.uu.nl/people/vorst
and
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more details

Ph.D. thesis


