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A Parallel Gram-Schmidt Re-orthogonalization Method
Using Data Re-distribution

TAKAHIRO KATAGIRI, 1T KENJI KISE,"t HIROKI HONDA'
and TOSHITSUGU YUBA'

In this paper, we improve a parallel re-orthogonalization with Gram-Schmidt (G-S) method.
A data re-distribution approach is used to solve the low parallelism problem for column-wise
distribution (CWD) in the method. The proposed method is implemented to the inverse it-
eration method for computing eigenvectors. The inverse iteration method using the proposed
method is evaluated with a PC cluster and three kinds of super-computers in Japan, which
are the HITACHI SR8000/MPP, Fujitsu VPP800/63, and NEC SX-5/128M8. The results
of performance evaluation indicated that the maximum speedup factor of 4 in Modified G-S
method, and of 3.5 in Classical G-S method with respect to conventional methods using CWD

were obtained.
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Fig.1 The Classical G-S method in re-orthogonalization

to the vector g;.
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to the vector g;.
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Fig.7 An overview of the proposed parallel re-
orthogonalization method.
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Table 1

shown. The unit is in seconds.
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pooooOOdobOO0obOOoOooOooooooboooooo
The effect of each re-orthogonalization method. The execution time is

oo (p=4)

0000000 (%) | 500 (5%) 1,000 (10%) 2,000 (20%) 4,000 (40%) 5,000 (50%) 10,000 (100%)
MG-S¢p (0D0O) 88 264 879 3,165 4,832 18,630
MG-Sgp (0D00) 1,151 2,989 6,036 14,302 25,768 83,633
CG-Scp (00D) 64 167 488 1,607 2,428 8,946
CG-Spp (0O0O) 102 237 616 1,794 2,592 8,747

(b) HITACHI SR8000/MPP 1000 8PE (p = 8)

0000000 (%) | 500 (5%) 1,000 (10%) 2,000 (20%) 4,000 (40%) 5,000 (50%) 10,000 (100%)
MG-Scp (00D) 203 625 2,513 8,757 17,116 65,019
MG-Sgp (00D) 56 208 722 2,985 4,052 17,550
CG-S¢p (00D) 40 147 536 2,027 3,037 12,042
CG-Sgp (0DO0O) 30 91 302 1,067 1,618 6,193

(c) HITACHI SR8000/MPP 4000 32PE (p = 32)

0000000 (%) | 500 (5%) 1,000 (10%) 2,000 (20%) 4,000 (40%) 5,000 (50%) 10,000 (100%)
MG-Scp (0D0) 155 532 2,169 7,718 12,573 50,165
MG-Sgp (00D) 134 417 1,585 6,030 10,176 36,477
CG-Scp (0ODO) 38 109 242 698 1,053 3,587
CG-Sgp (00D) 42 94 210 578 793 2,412

(d) Fujitsu VPP800/63 4000 (p = 4)
0000000 (%) | 500 (5%) 1,000 (10%) 2,000 (20%) 4,000 (40%) 5,000 (50%) 10,000 (100%)
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MG-Sgp (00D) 32 110 407 1,556 2,408 9,439
CG-Scp (00D) 12 32 94 309 461 1,667
CG-Spp (0OD) 10 25 63 182 261 860

(e) Fujitsu VPP800/63 8 000 (p = 8)
0000000 (%) | 500 (5%) 1,000 (10%) 2,000 (20%) 4,000 (40%) 5,000 (50%) 10,000 (100%)
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MG-Sgp (00D) 40 140 521 2,009 3,115 12,247
CG-Scp (0O0O) 11 26 68 201 292 983
CG-Sgp (0DO0O) 10 22 50 118 160 438

(f) NEC SX-5/128M8 1 000 4PE (p =4)

0000000 (%) | 500 (5%) 1,000 (10%) 2,000 (20%) 4,000 (40%) 5,000 (50%) 10,000 (100%)
MG-Scp (00D) 48 165 555 2,020 3,066 10,352
MG-Sgp (00D) 93 311 1,254 5,516 5,125 18,738
CG-Scp (0ODO) 13 36 106 354 531 1,929
CG-Sgp (0OD) 10 22 53 137 199 549
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on several parallel machines.
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Table 2 Parameter values based on the ratio between
communication time and calculation time (Prob-
lem size n = 10, 000).
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