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Performance analysis of the CG method with parallelized PAGME
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Abstract: A preconditioning based on AGM (Arithmetic-Geometric Mean) of eigenvalues for symmet-
ric positive definite matrix was newly proposed by Somehara et al. In this preconditioning, sequential
forward (backward) substitution process is changed to mupltiplication of lower (upper) triangular matrix
and vector due to preferable performance of parallelization. Therefore, we may expect more speedup on
parallel computer with shared and distributed memory. In this article, we evaluate performance of the CG
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method with parallelized PAGME using MPI and OpenMP.
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size, -+, i, 7O RXFS, - -, ireq(count), - - -)
count = count + 1
end if
end do
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if(if/ = 70t X&) then
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if(i == (B A% — 1)) then
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else
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end if
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end do
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ccs20 4|1975| 25.10| 1523  7.26 246 ccs20 4|1975| 3038 2367|  6.70
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8|2873| 62.96| 3829  17.97  6.30 8|2873| 112.27| 59.75| 52.52
162873 |  32.51| 19.71 9.13 3.4 16]2873| 126.34| 3183 9446
T[3750 | 1484.11|94354 443.30 96.01 1[3759 | 1466.74| 1432.55| 34.19
2(3759| 781.60|476.77  223.06 80.76 2|3759| 810.38| 75216 58.21
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83759 | 197.46(120.46 5571 20.32 8|3758| 368.15| 186.38| 181.77
163758 | 102.00| 62.23 2827 10.69 163758 | 380.99| 99.27| 28172
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# 4: MPI_ALLGATHER /K PAGME D ¥ CG DKM
B & BIERTER.

Av VEVirn
R EE| AR EE
68.41 0.43] 13.39 12.46
35.02 0.75] 8.29 6.28
18.26 1.27| 6.20 3.21
13.52 9.59 3.93| 9.47 1.65

7.03 5.05 1.98| 494 0.83
149.22 148.35 0.87| 26.87 25.02
77.02 7496 2.06| 16.97 12.72
38.64 36.41 223| 11.26 6.17
24.06 19.09 4.97| 13.29 3.22
33.30 9.86 23.43| 47.92 1.64
129.84 128.88 0.95| 29.59 27.57
64.64 62.55 2.09| 18.23 13.72
33.70 31.34 2.36| 12.09 6.71
20.60 15.59 5.02| 13.42 3.25
32.67 8.39 24.29| 50.21 1.67
66.28 65.90 0.38] 12.23 11.31
3439 3299 140 7.69 5.78
1748 1648 0.99| 5.05 291

9.88 837 1.52| 4.58 147
10.73 4.32 6.40| 13.80 0.74
58.98 58.17 0.81| 28.49 26.85
30.54 29.44 1.10| 15.65 13.42
16.63 14.60 2.04| 10.74 6.71

984 7.19 264| 894 3.36
10.34 3.47 6.86| 13.75 1.69
297.65 293.93 3.72(139.65 131.96
153.51 148.36 5.16| 77.52 66.61
83.31 74.43 8.88| 51.65 33.08
49.15 37.09 12.05| 40.75 16.52
39.16 19.92 19.24| 43.93 8.38
934.86 923.53 11.33[434.12 411.44
484.56 465.87 18.69|245.27 206.04
261.91 233.86 28.05(161.98 102.86 59.12|34.44| 16.75
158.33 116.50 41.83|131.12 51.50 79.63{17.13| 60.31
121.86 61.16 60.69|146.49 27.30 119.19| 9.50| 101.8

o] D
AR SEE
2.67| 0.14
1.63| 0.29
0.69| 0.27
0.36| 0.38
0.20] 0.58
5.47| 0.21
4.10| 0.33
1.60| 0.64
0.77| 0.98
0.39] 3.91
5.96| 0.22
4.34| 0.74
1.65| 0.73
0.78| 0.98
0.40| 3.69
2.35| 0.06
1.94| 0.62
0.80| 0.92
0.33| 0.65
0.16] 0.99
5.96| 0.06
4.78| 0.10
2.20| 0.63
5.58| 1.10| 227
12.06| 0.47| 7.05
7.68({30.60| 0.12
10.91|23.55( 0.25
18.57|10.83| 1.94
24.23| 5.60| 16.24
35.55| 3.03| 39.67
22.68(96.37| 0.18
39.23(79.03| 0.30

751 it
68.84
35.77

19.53

iEfE
0.94
2.01
2.99
7.82
4.11
1.85
4.24
5.09
10.07
46.28
2.02
4.51
5.38
10.17
48.55
0.92
1.91
2.14
3.11
13.06
1.64
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4.03
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Fifk PAGME D¥ CG £ Tl&, AL REFILDS HER)
Thoiz.

—75, BilEE PAGME D& CG EiC B 5 MPI DFhEM
ARAER, /— FROBROETTII AL, B8/ — R
A URSET, $%01& OpenMP EHARDETNAT U w
RAFULTHZ LEZBNS. 2T T, 5%, LO—E=%
MEVBEHEOESE, BLUER/ — REHH L E5RZ
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[1] szt W TS5 2 VAR MPI kR, BIF R 83> -
AT LEBEEATFA R, 2007.

# 5: MPLISEND iR PAGME D ¥ CG HD K & i
R,

151 [pro| itr. [ AaTRid | sl e Elar
1|1976 93.20 93.13 0.07
211976 52.90 48.97 3.94
ccs20| 411975 30.80 24.27 6.53
811975 20.35 12.02 8.33
16 | 1975 23.36 5.93 17.43
1/2874| 469.15| 469.01 0.14
2(2874| 261.41| 244.85 16.56
ccs30| 42873 150.74| 121.26 29.48
812873 96.55 60.75 35.81
16 | 2873 86.94 33.14 53.79
1[3759| 1466.19 | 1465.99 0.20
2|3759| 825.41| 769.49 55.92
ccs40| 4)3759| 480.43| 381.91 98.52
813758 | 302.62| 191.19| 111.43
16]3758| 282.72| 101.95| 180.77

#* 6: MPIISEND kR PAGME D ¥ CG DK ERE L &
TERTERER.

Av
AR EE
60.47 0.00
30.53 1.67
15.12 2.05
745 2.36
8.66 3.61 5.05
305.71 305.70 0.01
159.53 154.46 5.07
85.91 76.88 9.03
49.36 38.35 11.01
37.69 21.17 16.52
958.71 958.69 0.01/410.47 410.44
500.75 482.90 17.85(244.25 206.39
270.29 243.15 27.14{162.50 102.74 59.76/34.80(11.62
155.33 121.43 33.90|117.01 51.48 65.53|{17.03|12.00
114.98 64.20 50.78|132.16 26.98 105.18| 9.46|24.81

flid
A
5.91
4.84
2.29

ftao
g
0.06
0.09
0.78
118
2.06
0.11
0.20
3.65
4.24
7.86

VEVir,

AR
26.59
13.42
6.69
3.34
1.68
132.39
66.61
33.03

731 &t
26.60
15.59
10.40

8.13
11.99

132.41
77.90
49.83
37.02 16.46
37.79  8.38

w3
0.01
2.18
3.70
4.79| 1.06
10.31| 0.46
0.02{30.40
11.29/23.24
16.80(10.81
20.55| 5.38
29.41| 3.03
0.03]95.66| 0.16
37.86|78.97| 0.21

it
60.47
32.20
17.16

9.82

ccs20

—

D00 BN O 00BN D0 RN

ccs30

—

ccs40

-

[2] Lo, J.L., et al. : Tuning compiler optimizations for simul-
taneous multithreading, International Journal of Parallel
Programming Vol.27, No.6, pp.477-503, 1999.

Pacheco, P.: Parallel Programming with MPI, Morgan
Kaufmann Publishers, 1997, FKZEf$3R : MPI 51 7055
VY, HEEAE, B, 2001.

PYF—(Z, BEIFRR - B ORI - FISRTES 0GR FIE L
TeRTIAFRONER. BARISHEERES #iviE, Vol18, Nod,
2008. (ERIFR)

[5] Somehara, K., Fujino, S.: A Proposal of Preconditioning
based on AGM (Arithmetic-Geometric Mean) of Eigenval-
ues and its Estimation, Abstract of PMAA’08, p.23, June,
Neuchatel, Switzerland, 2008.

University of Florida Sparse Matrix Collection: http://
www.cise.ufl.edu/research/sparse/matrices/index.html
[7] & ¥ : OpenMP IC X 3 UFNT T F'S5 I 5 L B EHE,
HELARR, BT, 2006.

3

[4

[6





