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ABSTRACT

A multigrid preconditioned conjugate gradient method (MGCG method), which uses the
multigrid method as a preconditioner of the PCG method, converges rapidly even for the
problems that the original multigrid method does not converge effectively. This paper
considers parallelization of the MGCG method and proposes the MGCG method with high
parallelism and high efficiency. There are various problems when the multigrid method is
parallelized, however in the case of the MGCG method, these problems can be successfully
settled. Next implementation of the MGCG method on the Fujitsu multicomputer AP1000
is performed and the most efficient MGCG method is studied. Then it is evaluated by

comparing with the Scaled CG method that is often used on the multicomputers.
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Vector MG (L, f, &, v, 1)
{
if (I == coarsest_level) Solve Lz = f;
else {
& = pre_smoothing(L;, f, @, p1);
d = restrict(f — Liz);
v = initial_@;
repeat (y) v = MG(L;_1, d, v, v, p);
& = @ + prolongate(v);
« = post_smoothing(L;, f, &, p);

}

return @;
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size | # iter. | 1x1(0) | 2x1 4x1 8x1 | 16x1 | 32x1 | 64x1
632 19 6.72 2.93 1.65 0.85 0.55 - -
1272 38 62.48 29.46 14.41 6.73 3.94 2.21 -
2552 71 476.99 236.95 | 114.84 | 58.20 | 29.24 | 15.43 | 9.40
(sec)
01 (A)ooD {MGCG(RB, 1, 2, 2)}
size | # iter. | 1x1 (O) | 2x2 | 4x4 | 8x8
632 19 7.09 1.66 | 0.50 | 0.23
1272 38 60.67 14.26 | 3.46 | 1.01
2552 71 455.4 113.8 | 27.3 | 6.49

(sec)

0 2. (B) D00 {MGCG(RB, 1, 2, 2)}

ideal ——
63x63 ~+--
127x127 -8--

ideal =—
63%63 ——-
127x127 -B--

255x255 - x

10 |

speed up

10
number of processors

05 (A)1000000000

ooO0-oboooobo,1obooogoooo
goob0o1o00bOoo0oboboobooobOoooo
oooob, oobooobooboooooobooon
gbooobobooobooboboon.

gobob,booboobooo,cboboon
goooobo, oooboooobooobooo,
(B)O 20000000000 DOOOODOOO
gboo.obo,00bobooobobooboboo
gooo,bboboooboobobob,boboo
gooooooboobooobo,1o0obobooo
gooooooboo,0obooobooooo,oon
0000o0oo0oo0ooOoooobooooo. (B)o
gooboboooboobobbooobbbooooo
T00ooooo.

255x255 %

speed up
-

10
number of processors

06 (B)2000000000

oogov7mmooao, goobooboobd
266x260 00 0000DOO0OODODOOOOO
gooogooobooobooo,. obooboobooooo
0,000000000000OUO0OD (B)oo, o
gooobD2000000000000D0OO0OO
goboooooboog.

4.2 0O0OODOO

O0O00OpoooOoO VeycdleoOOOOQOOOOO
gobooboboobo,oo0bo,00b000
gogo. booobboobbooobbooobob
00,0000 fOoO0008OOO,0000000
ooono.

goooboobb, oobboboooooobb



T GaxdB o—
. 127x127 —+- |
255x%255 -8

cache hit ratio

10
number of processors

0Ov. 0000000000

08 O00OO0OODOOO

ocooooo, oooooo g, 4000. 0300
OO0 2s6x2560 00000000000, 0400
O0512x51200000000000000. OO
ooooooDooooOoe4000D000O0O.

OODOcoarsest 0O OOOOOOOOOOOO
oooooooocooo. ooboe&xgsoooono
ooOo,1000000000000o0000000
O0000000. OO0 perliter. 0000000
coobo1l100o00oo0o0o00oo0ooo. ooooo
cooboo, oooooboboooooooooon
ooooooooo. boooooooooooo
gooobooobooooboboobooo.

coooboooooooooobooooooo 2
00000000 1/4000. DOODODOOODOO
ooood, ooocooooooooooooo, O
00000000000000000000 1/40

grids | iter time (s) per 1iter. | coarsest
2 135 11.35 0.084 128 %128
3 64 6.37 0.100 64 x 64
4 32 3.43 0.107 32x32
5 17 1.91 0.112 16x16
6 10 1.18 0.118 8x8

03.00000000000000 (256x256)

grids | iter time (s) per 1 | coarsest
2 270 104.4 0.387 | 256256
3 129 56.1 0.435 | 128x128
4 64 29.0 0.453 64x64
5 33 15.3 0.463 32x32
6 17 8.00 0.471 16x16
7 11 5.24 0.476 8x8

04.000000000000O0O0O (512x512)

goboboooobooobbooo. boooobo
goooobobooooooobobo, bbobobo
gooooooooobgo. ooboooboooo
goboooob,0bo0oo0oboogoo,0o0oo
goooboobooo, bbbooobobbbo
goobobooboboooboooboboboo. bo
goobobooboboooboooobobboo. b
gooooboo, booboboobooboon
gooobooooboobooobooobo, oboo
goooobob. boooboboooobooa, bo
goooooboooooooboboobob, bobo
gbobooobooboboooooooboooboo
gbooboooooboobooooboog.

4.3 0000000

goboboooobobboooobobbboooon
go,b0o00bobob0.obobooboobooob
oo0ooD. ocooooos, e000.

gboobos, 60000, D0OOODOOOOO
goooooooobooboboooboo110b00oo
0200000000D00000000. OOOO
go0ooooobo10o00b0oo0obDoooooon
0% 0000000000, 000DO000DOODO
gobobooobobooboboo.ob,b00n
g01oboo0o0oOo0obOobooboboooobooo
goooooo. booooobooobobooo



grids 1 2 4 5 6
smoothing | iter time | iter time | iter time | iter time | iter time | iter time
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size | iter. time (s) per 1 iter.
2562 | 972 15.87 0.0163
5122 | 1954 165.71 0.0848
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