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Abstract

The Jacobi-Davidson method, which was recently proposed by Sleijpen and van der Vorst [9], is a
promising alternative to the Lanczos/Arnoldi approach. In fact, the Lanczos/Arnoldi approach is suitable
for computing extreme eigenvalues of general sparse matrices, whereas the Jacobi-Davidson method does
not have such restrictions. In this presentation, the characteristics of the Jacobi-Davidson method and
its preconditioners will be surveyed and evaluated by numerical experiments.
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input a starting vector v and a tolerance «;
compute u1 = v1 = v/ || v ||2;
w1 = A’Ul, 9 = h171 = wi‘vl, T=w — 0’01;
for k=2, ...
solve approximately a z | u from
(I —uu*)(A—0I)(I —uu™)z = —r;
forj=1,..,k—1
2= 2 — (2 up)ugs
ve =2/ || 2 ||2, wk = Avgk;
forj=1,...,k
hjr = wivs;
compute the largest eigenpair (0,y)
of the matrix Hy with || y ||=1;
compute the Ritz vector u = Vy
and @ = Au = Wy;
r =14 — OQu;
stop if || 7 [|2< ¢
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solve @ from Myu = u;
compute 7 = M,;lr as:
solve x from Mix = r;
rT=x— %ﬁ;
solve approximately M, 'Az = —7
with zo = 0;
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Function Calls Cost(s) Time(%)
jdqz 1 4328 100.00
zcgstabl 990 3659 84.55
zgemv 298096 1064 24.59
zdotc 344829 794 18.35
Zaxpy 230778 719 16.63
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zgemv 10246 319 33.40

zdotc 12615 150 15.77

zaxpy 8163 116 12.14
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solve u from Myu = u;
compute 7 = M,;lr as:
solve x approximately from Mpz = r
by the block Jacobi method,
T=x— %ﬂ; } }
apply BiCGSTAB to solve Mk_lAz =—F
approximately with zo = 0 as:
solve ' from Mz’ = (A — 0r1)z;
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u*

T 7.
Lu;
u

X 3: Jacobi BTALEEZ AWV EEFBROFEEY
BRI BEFHERE BRI OV TR OBRITR T,
6 FLHLSEHDERE

AT, 74TV XLEHFLIE, BILEAS
Jacobi-Davidson £ & % D EEE X OSBRI

OWTHRH Lz, AFEIIHEBNT LWRETH S
729, BHICOWTIEHHALNIZ o TWARVWELE
V. Sk, REMEREMRIEICKT 58 REED
— Db LTIRA RIMEZIT R > T MERD B.

S5

[1] Z. Bai, J. Demmel, J. Dongarra, A. Ruhe, and
H. van der Vorst, editors. Templates for the Solu-
tion of Algebraic Eigenvalue Problems : A Prac-
tical Guide. STAM, 2000.

[2] R. Barrett, M. Berry, T. F. Chan, J. Demmel,
J. Donato, J. Dongarra, V. Eijkhout, R. Pozo,
C. Romine, and H. van der Vorst. Templates for
the Solution of Linear Systems: Building Blocks
for Iterative Methods. STAM, 1994.

[3] A. Basermann. Parallel Jacobi-Davidson Meth-
ods with Iterative Preconditioning for the Solu-
tion of Large Sparse Hermitian Eigenproblems.
In Proceedings of the Ninth SIAM Conference
on Parallel Processing for Scientific Computing,
CD-ROM, SIAM, Philadelphia, 1999.

[4] E. R. Davidson. The iterative calculation of a
few of the lowest eigenvalues and corresponding
eigenvectors of large real symmetric matrices. J.
Comp. Phys., Vol. 17, pp. 87-94, 1975.

[5] D. R. Fokkema, G. L. G. Sleijpen, and H. A.
van der Vorst. Jacobi-Davidson style QR and
QZ algorithms for the partial reduction of matrix
pencils. Technical Report 941, Department of
Mathematics, Utrecht University, 1996.

[6] C. G. J. Jacobi. Uber ein leichtes Verfahren,
die in der Theorie der Sacularstérungen vork-
ommenden Gleichungen numerisch aufzul6sen.
Journal fiir die reine und angewandte Mathe-
matik, pp. 51-94, 1846.

[7] M. Nool and A. van der Ploeg. A parallel Jacobi-
Davidson-Type method for solving large gener-
alized eigenvalue problems in magnetohydrody-
namics. SIAM J. Sci. Comput., Vol. 22, No. 1,
pp- 95-112, 2000.

[8] G. L. G. Sleijpen and H. A. van der Vorst. The
Jacobi-Davidson method for eigenvalue problems
and its relation with accelerated inexact Newton
schemes. Technical report, Department of Math-
ematics, Utrecht University, 1995.

[9] G. L. G. Sleijpen and H. A. van der Vorst.
A Jacobi-Davidson iteration method for linear
eigenvalue problems. SIAM J. Matriz Anal.
Appl., Vol. 17, No. 2, pp. 401-425, 1996.

[10] G. L. G. Sleijpen, H. A. van der Vorst, and
E. Meijerink. Efficient expansion of subspaces in
the Jacobi-Davidson method for standard and
generalized eigenproblems. Technical Report
1047, Department of Mathematics, Utrecht Uni-
versity, 1998.



