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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 ¢;
compute uy = v; = v/ || v ||2;
wy = A'Ul, 9 = h1,1 = w{vl, T = w] — 9‘01;
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compute the Ritz vector u = Vy
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r=14-— fu;
stop if || 7 [2< ¢
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choose starting vectors v and w;
set V=[v], W=[w], k=0
for k=0,...
compute eigenpairs (y, 8) of the
projected eigenproblem
W*AVy —6W*BVy =0
of dimension k + 1;
select a solution y and associated
Petrov value 6; ‘
compute the Petrov vector u = Vy
and the residual r = Au — 6 Bu;
stop if » and 6 are accurate enough;
select a w in span{W} and select
% fuand o { w;
compute an approximate solution
z L @ of the correction equation
(I- %) (A-6B)z = —r;
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, 2} \ span{V}
and V = [V v;
select § ¢ span{W} and W = [W, iJ;

B2 —RCEHHEME~ND JD EO#K

(I~ 2Zr1Z51)(BA - aB)(I - Qx-1Q%-1)g=0
(36)
Y LD DT, Shur ¥ (q,(a, 8)) i, MK & A7
Floxf
(I = Ze-1Z; 1) AT = Qk-1Qk-1),
(I -— Z;,_XZ,:_l)B(I - Qk—lQl:~l)) (37)

. OBRERICEo TR BT EFESH B, IDQZ T, —#

{LEHEREICH T 5 Jacobi-Davidson % VT
DEHFHERELREL.
5.3 iB# Petrov {#
TIREVEEEL KD 254, A Petrov it
(6,u) = Vis i3, Wi ¥ We = (A—7B)Vi Lt %
B3 (£7:3 (A—rB)V; LERTH L) WA,
(28) DEPLEETE S,

6. IL LIEAERTME

Jacobi-Davidson E0OHF % 55l 5 729, BT
BERTVITY XLDEE RUEEAT) T—%52
Fr LCOETULFBICOWTRE L. 70754 12H
L Tid, Fokkema, van Gijzen® 512t JDQZ v —
FUrRN—RE LT RAEHEDTRIZIE Templates?),
E72MBIRE 212 BLASY, LAPACKY #vTwv 3
0, BRI Lo TR IALDIA TS R PELT



5.

SEMG A L 72 B3 i3, Intel Pentium III Xeon
(550MHz, 512KB L2 cache) % 4 EHIE#H L7z Dell
Computer # 8 #HE < v F 71 ¥ v ¥ PowerEdge
6300 (450NX chipset, 768MB main memory) L
Solaris 7 T, I ¥ /%4 J 12t Portrand Group #t
@ PGI Parallel Fortran % fi\>7z. PGI Fortran &
OpenMP API %4 K—FLTW5%.

¥, BAESBRSTH 5 EMHATIEHVTHEE
BT AEFER TR o7 HAER?, BIHAER-1O
nk 3 BAETH A, RO n = N2 X5 EdATTS

Tn -1 [0

a= T , (38)
o,
0] -1 Tn
4 -1 (0]

w=| 1t " - (39)
S
[0} -1 4

OEAMEIR, FRENBITEIC 2 — 2cos[kn/(n + 1)),
k=1,..,n,4=2(cos(kn/(N+1))+cos(jm/(N+1)),
jk=1,.,N THxoh5.

SITH, REOHAHELY 1078 LT, AL 4 D
BAEHEREE L. fREMOEEBIL 10-15 OFE
B L, i Petrov 2 ETRE~NT PVEERLE.
BEFEROFHI21: BiICGSTAB(4) ¥Rz,

33, MEY A X L EREOMBEE R LR,

#1 Jacobi-Davidson &Iz X AR KEAEOFHHER
Size Time(s)
n Al Az
322 2 1
642 50 12
1282 | 4328 60
2562 — 396

£92 139562 KD A KOWTEHBLABEO 7T
T7 45k BBIRERTS 5, BiCGSTAB 0FtH
BRSSO 85% F EHTWV5D. Ay, Ax OFRFHI
FhEN
4 4
2—2COS(R%) ~ 7l'2n ’ (40)
8 4 .,
4 —4cos (—ﬁ’fm—) = ‘fsz
CEELBIEHFTELZDT, A DHEDIEITER
HIREREOINHENENIIH B LELLNDY, 20
X 312, Jacobi-Davidson i IC BV TiHEEHFEROF
HOBRHAFTRTH DI ENTD5.

(41)

2

Function | Calls  Cos (s)
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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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