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Fig. 3 Reordering with Original Coloring.
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Fig. 4 Reordering with Modified Coloring.
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Fig.5  Sparse Matrix with Colors.
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Fig. 6  Sparse Matrix with Original CRS.
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Fig. 7 Sparse Matrix with Interleaved CRS.
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Fig. 8 Prolongation and Restriction Matrix with colors.
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Fig. 10  Generation of Aggregate.
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Fig. 11 Communication of Restriction and Prolongation.
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4. BIERBREBER

I TCIRFHTRE LERE R EFM L, BUEFEBRORR
LERETRT.

F 1 FETEREE
Table 1 Execution environment.

CPU Intel Xeon E5507 Quad-core 2CPU 2.27GHz
Graphics ETS2050-C3ER
Memory 12GB (6x 2GB DDR-3 SDARM 1333MHz)
oS Cent0S 5.8
CUDA 5.0

# 2 GPU DOffEk

Table 2 GPU Spec.
GPU Chip NVIDIA TESLA C2050

Peak Performance 515Gflops
Number of CUDA core 448

CUDA core Clock 1.15GHz
Memory Transfer 144GB/s
Memory Interface 384bit

Video memory 3GB GDDR5

1/0 Serial Interface

PCI Express 2.0 x16 (x8)

#£ 3 100° 0 ®GVEREY A X
Table 3 Test case of 100° problem for anisotropic.

Level Number of rows Number of nonzero elements

0 500,412 + 499,588 13,242,677 + 13,220,915
1 38,279 + 38,510 3,071,769 + 3,087,250
2 2,837 + 2,232 297,068 + 229,645
3 409 + 158 36,711  + 14,952
4 81 + 0 3273 + 0

# 4 60° 0 RGHEREYA X
Table 4 Test case of 60° for anisotropic.

Level Number of rows Number of nonzero elements

0 110,195 + 105,805 2,877,293 + 2,762,459
1 8,117 + 7,984 616,702 + 609,161
2 651 + 429 57,203 + 35,763
3 84 + 6 3,184 + 260
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AFFIALEE & U TR ENEIZ LD 8 3FINIThil T\ 5.
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JiiE GPU it & F~_CHEMKN TSN FRE KL, GPU
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LA IR TIT GPU AR BB FEFI ik 0O S E [R5k % 1
RF L TEROMEE B ookt L, CPU K TIX
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7-.
WITRRFIIEOE OIS D . iEko GPU FE# T3 IC ik
DHBHNGNTE 2. AR TIEI MCGSEZ WD Z &
WL, KERKOBL ZR LTS, fERE L TR
DORBEICB W TKERROBD DR TE . LHALEK S
RFK 6 NHLAD XD ITHERIEIC X 2R D 253 X
BREIBOEI D /NI N ERbD. ZHUIERI D bt
BHMEMET T2 2 LIk 2EOREREEMIZE oz
MBI L, BEBEENRE L RDIFEHEEEDE
WF/NEL 2%, | 1413 GPUXL RO AE = & O FF R %
RLTWD. BT A R KT, MCGSikafMT 252
LI XD KE D L OF B OBMNET 1.5 f5F Tl i
BRTWLORb»s. RELTIFFEEKZELT
MCGS {E&FIH L= fREN R b & 7e o Tz,

M Jacobi Multi Color GS  XMCGS / Jacobi

150 x3.0

100

x2.0

x1.0

Rate of Increase

<

x 0.0

10 20 30 40 50 60 70 80 90 100
Problem size [n?]

Computation time per Iter [ms]
U
S

B 14 GPUx1 O Z & D FHH [
Fig. 14 Computation time per Iter of GPUx1.
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# 5 GPUx1 #HE#EF
Table 5 Result for GPUX1.
Time [sec] Iter Omega
size
Jacobi MCGS Jacobi MCGS Jacobi MCGS
10° 0.06 0.11 25 14 0.4 1.1
20° 0.08 0.12 24 16 0.4 0.9
30° 0.15 0.14 29 13 0.4 0.9
40° 0.33 0.25 35 14 0.4 1
50° 0.49 0.41 30 13 0.4 0.9
60° 0.77 0.58 24 11 0.4 1
70° 1.22 0.89 26 12 0.4 0.9
80° 1.77 1.28 26 12 0.4 1
90° 3.06 2.14 45 15 0.4 1
100°  4.10 2.37 45 13 0.4 1
# 6 GPUx2 FHE#5H
Table 6 Result for GPUX2.
Time [sec] Iter Omega
size
Jacobi MCGS Jacobi MCGS Jacobi MCGS
10° 014 0.12 28 11 0.4 0.9
20° 0.19 0.22 31 16 0.4 1
30° 017 0.16 27 13 0.4 1
40° 0.24 0.19 28 14 0.4 1
50° 0.37 0.29 29 13 0.4 0.9
60°  0.59 0.59 29 15 0.4 1
70° 076 0.63 25 14 0.4 1.1
80° 1.10 0.90 34 13 0.4 0.9
90° 1.48 1.10 26 13 0.4 0.9
100° 232 1.78 30 15 0.4 1.1
# 7 CPU st
Table 7 Result for CPU.
Time [sec] Iter Omega
size
SGS SGS SGS
10° 0.23 21 0.8
20° 0.36 28 0.8
30° 0.44 21 0.8
40° 0.85 26 0.8
50° 1.42 25 0.8
60° 3.28 22 0.8
70° 5.96 23 0.8
80° 9.38 23 0.8
90°  12.72 25 0.8
100° 18.62 25 0.8
6
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Fig. 15 Convergence time with MCGS method.
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Fig. 16 Computation time per Iter with MCGS method.
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Fig. 17 Comm time and Other time.
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Fig. 18 Via host time and Via IOH chip time.
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