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Parallel Implementation of the Jacobi-Davidson Method and its Evaluation

AKIRA NISHIDAT and YOSHIO OYANAGIt

The Jacobi-Davidson method, which computes high quality eigenpairs of general sparse
matrices, is one of the promising alternatives to the Lanczos/Arnoldi approach, and are stud-
ied and applied to various problems. In this paper, we discuss the parallelizing methodology
with OpenMP directives for shared memory architectures, and report its implementation and
performance evaluation on a symmetric multiprocessor.
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input a starting vector v and a tolerance e;
compute u1 = v1 = v/ || v ||2;
w1 = Avi, 0 = hi1 = wivi, r = w1 — Qvg;
for k=2,...
solve approximately a z | u from
(I —wu*)(A =00 —uu*)z = —r;
forj=1,...,k—1
2= 2 — (g
vk =2/ || 2 |l2, wx = Avg;
forj=1,..,k
hjk = wivy;
compute the largest eigenpair (0,y)
of the matrix Hy with || y [|=1;
compute the Ritz vector u = Vy
and @ = Au = Wy;
r =14 — Ou;

stop if || 7 |[2< €
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T;z-lM,'s =07 s=0s (24)
ERBERH BN, Zhix

Tii + t?+1,iTiTil€z'6: (25)
PHHETHIENRTES. 0 & A OFF Ritz &

(harmonic Ritz value) &\ 5.

5. —HRIEEHFERE

5.1 7T XL

— AL E A E R

Az —ABzx =0 (26)
IZ 2V TIE, Petrov-Galerkin #5IZ & » GERIRKEH
*EHETS.

WFRZeM span{vy, ..., vp} EOELEEERE (0,y) 1%,
ARBRE 22 M span{wi, ..., w} WX L TUTFOBEKE
WieTboEd 5.

AViy — 0BVyy L {ws, ..., wi} (27)
Vi, Wy ZHii & FERICEZE L, Ok, yr) & k WT—K
1L A fE R

Wi AViyr, — 0, Wi BViyr = 0 (28)
OffLTH. Tk, A DBEAFRE (ek, U = kak)
THERLEND. up X Petrov X7 btV Oy i% Petrov
BEMEND. u BEFNZ PVCIRET 3120
T Au~ ABu £R5Z 0D, W, OBV IGELT
%, AV & BV, OBEREELTHOBIV. EEE
r=—(A—-0rB)ur LEZET DL, BEEMIL,

(I — qrar)(A — 0xB)(I —uguy)z = —r (29)
Offf z L up ICEVIEBREND. Z 2T Petrov X7 b
Voug, BRBRRZ ML EBERILESR TS bD LT
5. —LEAEMEICRT 5 Jacobi-Davidson D
TNIAYZLEZK2ICELDD.

5.2 JDQZ

— L EEEREOSEEIC b, MR L 2 EEEEE
DHFEFUTOL I IATIRS ZLRTED.

T, B (BA—aB)g =0 1CBLT, #o—k
'ﬂ:& Shur ﬂé AQk—l == Zk_lsk_l, BQk—l == Zk_lTk
BELNTNDZ LEETS. (31) LFEERIC, EY72
q, z EAWT, Th#

M@k, d) = [Zir, 2| P Z] (30)
Bz A=loend | 5] o

IR T 52 L%EF25. ZOBEEND, u =
Zr_1(BA—aB)q &+hiuX, —#4k Shur 3t (g, (o, 3))
122N T

Qk-19=0, (BA—aB)q— Zx-1u=0 (32)
BT 2 L BAMB DT,

Qr-19=0, (33)

(I = Zy-1Zk-1)(BA —aB)g=0 (34)

BR/OLND. LEDD, (g, (o, ) IZ2VT
Qr-19=0, (35)

choose starting vectors v and w;
set V=[], W=[w], k=0;
for k=0,...
compute eigenpairs (y, 0) of the
projected eigenproblem
W*AVy — 0W*BVy =0
of dimension k + 1;
select a solution y and associated
Petrov value 0;
compute the Petrov vector u = Vy
and the residual r = Au — 0Bu;
stop if u and 6 are accurate enough;
select a w in span{W} and select
@ Juand @ Y w;
compute an approximate solution
z L 4 of the correction equation
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if k is too large:
select an [ < k, select k& x [
matrices Ry, Rw 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, 0];
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Solaris 7 ¢, =¥ /%A F 121X Portland Group #k:
@ PGI Parallel Fortran % M 7. PGI Fortran i
OpenMP API Z#AK—FLTW5.

97, EAMESBEM TH D EFITHNE AV CHER
AT AL E TR o7 XAERK2, BIAER 10O
n R 3 EXATEH A1, BROn = N2 & 5 BERHATTSI

Tn -1 o)
A= | T : (38)
IR
0] —I Ty
4 -1 o)
w=| ' (39)
IR
o) -1 4
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%1 Jacobi-Davidson 512 X % B KEAEO R
Size Time(s)
n Ay Az
322 2 1
642 50 12
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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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Function Calls  Time(s) Time(%)
zgemv 10246 319 33.40
zdotc 12615 150 15.77
zaxpy 8163 116 12.14
jdqz 1 109 11.50
jdqzmv 3479 54 5.74
zxpay 4193 54 5.68
dznrm2 5402 52 5.50
amul 3540 47 5.00
bmul 3540 31 3.26
zcgstabl 41 12 1.33
zmgs 369 3 0.32
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y := alpha*A*x + betaxy,

y := alpha*A’*x + beta*y,

y := alpha*conjg( A’ )*x + betaxy,
zdotc 1%

z := conjg(x)*y
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y := alpha*x + y,

y := x + alphaxy
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Fd Ao, n =256 TOUFIEITHEE
Function Calls  Time(s) Time(%)
jdqz 1 113 19.95
zgemv 9814 96 17.12
zaxpy 7818 54 9.69
zxpay 3954 51 9.12
zdotc 12212 50 8.93
jdqzmv 3290 50 8.85
dznrm2 5296 45 8.09
amul 3352 42 7.56
bmul 3352 42 7.47
zcgstabl 42 11 2.02
zmgs 376 3 0.56
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size of problem
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