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Parallelization for Band Gaussian Elimination

Hidehiko Hasegawa! and Shoji Itoh'?
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We applied some tuning and parallelization methods for the Band Gaussian Elimination
solvers, and measured their performance on some latest parallel computing environments.
The storing method and algorithm let us difficult to tune and parallelize them. At the
measurement they did not show a good parallel performance, however the parallelizaton using
OpenMP was very cost-effective, especially on the Symmetric MultiProcessor. It reduces the
load to the memory system, then shows a high parallel performance ratio larger than number
of CPUs. Finally we conclude that some tuning methods such as unrolling are applicable

with the paralleization using OpenMP for the Band Gaussian Elimination solvers.
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dok=1, N
do i = k+1, min(k+M1,N)
do j = k+1, min(k+2*M1,N)
A(j-i,i) = A(j-i,1)
-A(k-1i,1)*A(j-k,k) /A(0,k)
end do
end do
end do
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0 1: BGLU1OOOOOOd, M1=100, N=10100
Type of source and its performance by MFLOPS
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dok=1, N, 2
k1 = k+1
do i = ki+1, min(k1+M1,N), 2
do j = k+1, min(k1+2*M1,N)

A(j-i,1) = A(G-1,1)+T1*W1(§)+T2*W2(J)

A(j-i-1,i+1) = A(j-i-1,i+1)
O0O000000O0+U1*W1(j)+U2*%W2(J)
end do
end do
end do
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Number of LOAD, STORE, and Branch, m = M1
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Work Array 82 251 316 280 o000 | 3mn?  2mn? 2mn? 2
Both 82 256 1330 354 0000 | 2mn? mn? mn? 0 4
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Loop unrolling and its performance by MFLOPS
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0 4: BGLU40O0O0O0000O, M1=100, N=10100
Type of source and its performance by MFLOPS
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Historical Data by MFLOPS, M1=100, N=10100
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do K=1, N, 2
K1=K+1

O 6: Performance on Power Edge 6350
BGLU4, 4 threads, by MFLOPS

BGLU1 BGLU2 BGLU4 Peak M1 100 150 200
S-810/20 142 234 232 630 most inner 152 209 244
S-820/80 640 1060 1070 2000 middle(array) 299 381 384
M682H-IAP 90 110 110 - middle(private) | 331 434 423
M-880/310 54 70 72 - PPGen 310 417 407
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T = -A(1,LLK)/A(0,LLK)
do J = K+1, min(K1+MU,N)

A(J-K1,LLK1) = A(J-K1,LLK1)+T*A(J-K,LLK)

enddo
(ooo )
goooobobooooooo
do I = Ki+1, min(K1+MU,N)
if( MY.eq.IPROC(I) ) then
T = A(I-K ,LLK)*DIVA
OO0 T1 = A(I-K1,LLK1)*DIVA1
do J = I, min(K1+MU,N)
A(J-I,LLIOE) = A(J-I,LLIOE)
goooooono +T*A (J-K,LLK)
+T1*A(J-K1,LLK1)
enddo
endif
enddo
enddo
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O 7: Performance on Altix
BGLU4, 8 threads, by GFLOPS
M1 100 150 200
most inner 0.08 0.12 0.14
middle(array) 1.1 1.6 2.0
middle(private) 1.2 2.1 2.9
PPGen 0.6 1.0 1.5
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0 8: Performance on SR8000
BGLU4, 8 threads, by GFLOPS
M1 100 150 200
most inner 0.41 047 0.71
middle(array) 1.10  1.72 233
middle(private) | 1.21  1.85 2.41
PPGen 1.67 261 3.58
auto parallel 1.93 255 3.56
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O 9: Parallel Performance on Power Edge 6350
BGLU4, 4 threads, by MFLOPS
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O 12: Parallel Performance on VPP5000
BSLU2, by MFLOPS

PEs 1 2 4 8 16

M1=100 | 455 525 640 539 436
N=20300 | (1.00) (1.15) (1.40) (1.18) (0.95)
M1=150 | 735 935 1210 1210 810
N=45450 | (1.00) (1.27) (1.63) (1.63) (1.10)

O 11: Parallel Performance on SP2
BSLU4, by MFLOPS

PEs 1 2 4

M1=100 91 70 60

N=20300 | (1.00) (0.76) (0.65)

M1=150 93 100 96

N=45450 | (1.00) (1.08) (1.03)




