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A Survey on the Jacobi-Davidson Method and its Characteristics for

Large-scale Eigenvalue Problems

AKIRA NISHIDAT and YOSHIO OYANAGIt

The Jacobi-Davidson method, which was recently proposed by Sleijpen, et al. (1996) is a
promising alternative to the Lanczos/Arnoldi approach. In fact, the Lanczos/Arnoldi ap-
proach is suitable for computing extreme eigenvalues of general sparse matrices, whereas the
Jacobi-Davidson method does not have such ristrictions. In this paper, the details and the
characteristics of the Jacobi-Davidson method are surveyed and compared with other ap-

proaches.
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input a starting vector v and a tolerance ¢;
compute u1 = v1 = v/ || v |l2;
w1 = Avy, 0 = hy 1 = wivy, r=wy — Ovy;
for k =2, ...
solve approximately a z L u from
I —uwu*)(A—=0I)I —uu)z = —r;
forj=1,...,k—1
z=z— (2"v;)vj;
ve =2/ || 2 ll2, wi = Avg;
for j=1,...,k
hjyk = w]:Uj;
compute the largest eigenpair (6, y)
of the matrix Hy with || y ||= 1;
compute the Ritz vector u = Vy
and @ = Au = Wy;
r=a— fu;

stop if || r [[2< ¢
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Fig.1 Computation of the largest eigenpair by JD.

solve @ from Mpu = u;
compute 7 = Mk_lr as:

solve = from Mpxz = r;

*
R utxT .
T=T = FLW

solve approximately M,:IAZ = —7

with zg = 0;

02 00000000000000000O0
Fig.2 Computation of correction equation with left
preconditioning.
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choose starting vectors v and w;
set V =[v], W= [w], k=0;
for k=0, ...
compute eigenpairs (y, ) of the
projected eigenproblem
W*AVy —OW*BVy =0
of dimension k + 1;
select a solution y and associated
Petrov value 6;
compute the Petrov vector u = Vy
and the residual » = Au — 6 Bu;
stop if v and 6 are accurate enough;
select a w in span{W} and select
@ Juand w Jf w;
compute an approximate solution
z L 4 of the correction equation
(1 - 31”“) (A—60B)z = —r;
if k is too large:
select an I < k, select k X 1
matrices Ry, Ry and compute
V=VRy, W=WRw, k=1
select a v € span{V, z} \ span{V'}
and V = [V v];
select © ¢ span{W} and W = [W, 9];

03 0O000OooooooJbOoooo
Fig.3 Application of JD to generalized eigenproblems.
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Fig.4 Spectrum of MHD1280.

05 MHDI128000000000 Alfvén partQ
Fig.5 Alfvén part of the spectrum.
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