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Parallelization for Band Gaussian Elimination with OpenMP

HIDEHIKO HASEGAWAT

‘We applied some tuning and parallelization methods for some Gaussian Elimination solvers
for the band matrices with OpenMP, and measured their performance on some latest parallel
computing environments. The storing method and band algorithm let us difficult to tune
and parallelize them. From the measurement the parallelization using OpenMP was effec-
tive on some shared-memory parallel computing environments. Especially on the Symmetric
MultiProcessor, it reduces the load to the memory system, then may show a high parallel
performance ratio larger than the number of CPUs. Finally we conclude that the paralleliza-
tion using OpenMP is very cost-effective for the Gaussian Elimination solvers to the band

matrices.
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01 BGLU1OOOOODOOOM1=1000N=10100

Table 1 Type of source and its performance by
MFLOPS.
DELL SR8K  Altix
(A) Original 83 252 957
(B) Scalar 84 254 957
(C) Work Array 82 251 1330
(D) Both 82 256 1330

00 4)000000000oooooooooooo
gboboooboboooooboogoo

3.1 0D0OO0O0O0oooog
gooooocooboooboobobooobboooo
obobooobooboboooooboobooooo
gooobobooooooobo jboooboboo-
A(ki,i)/A(0K)000000000000i0000
000 A(-kk)0DDOO 100000000000
00o00dooD 4000000000 1CPUOODOO
gooooobobooobbooooooooboo
goo10000

(A) A1) = A(40)-A (ki) *A G-k k) /A 0,K)
(B) AGHi) = A4+ T*A(k k)

(C) AGHLE) = AGHD)-A (kL) *WK () /A (0,k)
(D) A(ii) = A(40)+T*WK )

DELL Power Edge 6350 0 HITACHI SR8000 O
goboooooooobobooooooooboooo
OD0O0OSGI AltixOO Intel 00O OOOO 1000
gooooooobob.300booooboooo
gooobbobooobooooboobobooo
goboooboboooobobooobobooboo o
000000000000 Power Edge 63500 15%0
SR8000 0 17%0 Altix O 25%0 0 0 O

3.2 DOcCcpUbOOOOO
gocpUOOOOOOOOOOODOOOODO
gobbooooi10oooobobobobooboobog
goooboob0oooboobobooooobobooboo
goooooo0o0obbOooOOoobooouooboobo
goboobooboooboboobobobobooob oo
gbobobobobobbobooooooboooo
jodobbooobobooooboooob3obooo
goooooboooboboooooooooooo
gboboojjooboooboooboooooboobooo
gboooooboboobooboooooboobooo
goobooobobooboooooooboobooon
o00DO0000oobOo0ooOoOo0oOoooob kooo
gooooooboboooboboobooboooooo
goodoooboooooboobobbbooboo



Vol. 45 No. SIG 6(ACS 6)

02 0000000
Table 2 Number of LOAD, STORE, Branch. m = M1.

LOAD STORE Branch 0000
oo 4 mn2 2 mn2 2 mn2 1
2000 | 3mn? mn? 2 mn? 2
2000 | 3mn? 2mn? 2 mn? 2
2000 | 3mn?  2mn? 2 mn? 2
20 20 2 mn2 mn2 mTL2 4

03 00D00000000O0M1=1000N=10100
Table 3 Loop unrolling and its performance by
MFLOPS.

DELL SX-6 SR8K  Altix
Normal BGLU1 82 1680 256 1650
2000 BGLU2 152 2600 492 1790
20 20 BGLU4 145 2990 504 3300
Normal BHLU1 87 702 310 1730
2000 BHLU2 151 2690 538 2270
20 20 BHLU4 147 2440 558 1730

Normal BSLU1 82 1830 216 754
2000 BSLU2 148 3360 447 1230
20 20 BSLU4 146 1550 533 1390

04 BGLU4OOOOOODOOM1=1000N=10100
Table 4 Type of source and its performance by

MFLOPS.
2020 DELL SR8K Altix
(A) Original 110 484 553
(B) Scalar 124 486 2030
(C) Work Array 129 518 576
(D) Both 145 504 2700
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Table 5 Historical data by MFLOPS. M1=100, N=10100

BGLU1 BGLU2 BGLU4 Peak
S-810/20 142 234 232 630
S-820/80 640 1060 1070 2000
S-3800/480 839 1320 1470 4000
M682H-IAP 90 110 110 -
M-880/310 54 70 72 -
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06 202000 BGLU40O0OO
Table 6 Performance of BGLU4. M1=100. Machine, #
of threads, by MFLOPS.

DELL, 4 SR8K, 8 Altix, 8
(1) most inner 152 410 80
(2) middle (array) 299 1100 1100
(3) middle (private) 331 1210 1200
(4) PPGen 308 1650 659
(5) Auto . 1860 1160
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07 0000D0O00O0O0O0DELLOby MFLOPSO 4 threads

Table 7 (3) Private (ratio)/(4) PPGen.
M1 100 200

BGLUL | 249(3.0)/195  297(8.7)/297
BGLU2 | 345(2.2)/313  449(7.0)/434
BGLU4 | 333(2.2)/308  427(6.2)/414
BHLUL | 244(2.8)/240  286(7.9)/295
BHLU2 | 315(2.1)/299  419(6.7)/409
BHLU4 301(2.0)/299  387(5.8)/400
BSLU1 | 187(2.2)/ 70  199(2.3)/ 80
BSLU2 | 258(1.7)/144  316(2.0)/138
BSLU4 | 272(1.8)/117  313(2.1)/140

08 0000DO0OO0OOOSREO00Oby GFLOPSO 8 threads

Table 8 (3) Private/(4) PPGen/(5) Auto.

M1 100 200 400

BGLUL | 1.2/1.4/1.5 1.7/2.1/2.2 1.6/1.8/1.9
BGLU2 | 1.2/1.6/1.7 2.1/2.8/3.6  2.6/2.9/3.8
BGLU4 | 1.2/1.6/1.8 1.9/3.5/3.1 2.6/3.5/3.8
BHLUIL | 1.6/1.4/1.6 2.3/2.4/25 2.1/2.1/2.2
BHLU2 | 1.6/1.3/1.6 2.9/2.7/3.6  3.3/3.1/3.9
BHLU4 | 1.1/1.1/1.5 1.9/1.9/3.0 2.6/2.7/3.9
BSLUL | 0.7/0.4/0.4 1.2/0.8/0.8 1.1/1.2/1.3
BSLU2 | 1.2/0.7/0.7 2.0/1.4/1.4 1.9/2.1/2.2
BSLU4 | 1.4/0.9/1.0 2.4/1.7/1.8 2.1/2.7/2.8

09 0000000000AItixOby GFLOPSO 8 threads

Table 9 (3) Private/(4) PPGen/(5) Auto.
M1 100 200 400 500
BGLUL | 0.69/0.67/1.6 1.4/ 1.5/1.1 2.7/ 3.0 3.3
BGLU2 | 1.1/0.64/1.7 2.3/ 1.5/1.6 4.3/ 3.0 5.1
BGLU4 | 1.1/0.65/1.1 2.4/ 1.6/2.5 4.8/ 3.4 5.9
BHLU1 | 0.74/0.75/1.7 1.7/ 1.9/1.6 3.3/ 3.7 4.0
BHLU2 | 0.90/0.61/2.3 2.1/ 1.4/2.4 4.2/ 3.0 5.0
BHLU4 | 1.0/0.65/1.0 2.2/ 1.5/2.2 4.6/ 3.1 5.8
BSLU1 | 0.48/0.14/0.74 1.6/0.19/1.1 3.3/0.22 4.1
BSLU2 | 0.73/0.23/1.2  2.0/0.32/1.6 4.0/0.40 4.9
BSLU4 | 0.68/0.24/1.3 1.9/0.36/2.0 4.8/0.42 5.8
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010 202000 BGLU40OOO0O0OOO
Table 10 Parallel performance of BGLU4. by FLOPS,
*: PPGen, +: Auto.

Threads 1 4 8 16

DELL 145M  333M - -
M1=200 (2.2)

SX-6 2.4G . 171 M .
M1=200 (0.06)

SR8K 607 M - 1.9G:3.5G* -
M1=200 (3.1:5.8%)

SR8 K - 2.6G:3.8GT -
M1=400

Altix 29G  4.1G 24G25GT  13G
M1=200 (1.3) (0.8)

Altix 3.0G 6.0G 48G:4.9GT  27G
M1=400 (1.9) (1.5)
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1$0MP PARALLEL PRIVATE(T)
dok=1, N

1$0MP DO

do i = k+1, min(k+M1,N)

do j = k+1, min(k+2*M1,N)
A(G-1i,1) = A(j-1,1)-T*W(J)
end do

end do
end do
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