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SuperLU[ %10] ,
Ax = b, (1)
, neq X neq A= (Ay), Aij ER , x b
MLPG , A , A
. ) A
2 A ’ L]
MLPG A s A
A= LDU, (2)
,L U ,D * )
(1) 3 Iy=bDz=y k= 7"+ A - U=1L"
L U (1) . A )
L U , A
1
(3) , a, b> b} L ’ (L* ’
b, it 1 IA,JCA,PA QA A / ,
3 IA, JCA PA ,
IA, JCA QA . 1A / JCA PA/ QA
/ . k IACE)- TA(E- 1)( TA(OQ) = 0),
k . (1A, JCA) ,(PA,QA) .
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R
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1.1
A , A
. A .
(master_equaion), (slave_equation) *
[7) , .
MASTERA ( neq) . MASTERA (i) i
, 0 MASTERA (i) i . ,
IV o {029 (9 (e
A Sherman [12)
JCA . / JA. JA,
KA, / JA . A 1
. neq A ,nja JA , N7r /
, A nzr X 2— neq° nja<nzr*
1
1 2 3 4 5 6
TA( neq) 3 7 10 12 14 15
JA(nz) 1 5 6 2 3 4 5 3 4 5 4 5 5 6 6
PA (1ur) N a b 22 ¢ d e 33 f & 4 h 55 i 66
QA(na) @b ¢ d e A h i
KA (neq) 1 4 5 6 8 10
JA(nja) 1 5 6 2 3 4 s 5 6 6
MASTERA (neq) 1 3 0 0 1 1
A L/ U, IU JU MASTERU PU QU
A ;
, (fillLin’ s) * A ,
UL / / ,
/ , / ('sparsity) ® /
U/L L131 IU, JU, MASTERU, PU ~ QU*
1.2
[ 13~ 15] .
A L U . ,
. , 5 .
2 Sherman . A /
blk L U Iblu laxt .
BOUND( Iblk+ Iblu) . ILDU ,
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2
TA( neq) ,KA(neq) , KU(neq , MASTERA (nreq) ,
MASTERU ( neq), BOUND ( blk+ bk
JA(laxt, IbK) , JU(laxt, THu) lact Iblat Tblu
PA( laxt, Iblk), QA( laxt, Ibk) , PU( laxt, Iblu) , QU( laxt, Ibk) lat Iblk+ Iblu
2 LDU
A ,
LDU (LDU)T [13]
) AMD!! METB!I
PA  QA,
2.1 LDU
_ 2 Left_looking LDU FORTRAN
, IDU left look ing (:_loop for all appropriate k
( backw ard_reference) '« k= CHAIN(j)
left Tooki do while (k. gt. 0)
1 A eft_looking e &
LDU . RowColumn_ k= CHAIN(k)
Task (k, ]) Aj, A Ak,j , ¢ RowColumnTask(k, j)
i y UL k ss= QU(IU(kk— 1)+ 1)* QU(UPD(kk))
= PU(IU(kk— 1)+ 1)* PU(UPD(kk))
/ Row Column_ do i= UPD(Kk) , IU(Kk)
Task(j,j) j ! PU(UPD(JU(i)))= PU(UPD(JU(i)))- s* PU(i)
/ . QU(UPD(JU(i))) = QU(UPD(JU(i)))- tt* QU(i)
[ 13] end do
(direct updating method) end do

1 Left looking LDU

¢ RowColumnTask( j, j)
ss= 1.0d0/PU(IU(j- 1)+ 1)
doi= WU(j- )+ 2,1U(j)! off_dingonal

For ow j = l:neq

For k = all appropriate rows

RowColumnT ask(k, j)
o -
. o
)= 1) * ss
RowColumnT ask( j, j)

end do
End

( scatter_gather) . 2, ,



1177

/ i/ {(Pucn.Quen 11 - 1 < 1 <G s ’

UPD(j:neq) Jo! / PU/Qu .

22 LDU

. 1, RowColumnTask (%, ;)
RowColumnTask (m, j) ‘ ok | '
k ( ) . 3
left_looking , k :
3 Left_looking LDU
For row j = 1:1eq

For mk = all appropriate master_rows
SuperRow Column Task(mk, j)
End
RowColumnT ask( j, j)
End

4 Left looking LDU FORTRAN
¢ SuperRowColimnTask(mk, j)
if (size(mk) . eq. 1) then
ss= QU(IU(kk— 1)+ 1) * QU(UPD(kk))
= PU(TU(kk- 1)+ 1)* PU(UPD(kk))

do i= UPD (kk) , IU( kk)
PU(UPD(JU(1)))=PU(UPD(JU(i))) - ss* PU(i)
QU(UPD(JU(i)))= QUCUPD(JU(i))) - t* QU(i)
end do

else if (sze(mk) . eq 2) then
s0= QU(IU(kk- 1)+ 1)* QU(UPD(kk))
tt0= PU(IU(kk- 1) + 1) * PU(UPD(kk))
ssl= QU(IU(kk )+ 1) * QU(UPD(kk)+ kshl)
ttl= PU(IU(kk )+ 1)* PU(UPD(kk)+ kshl)
do i= UPD(kk) , IU( kk)
PU(UPD(JU(1)))=PU(UPD(JU(i))) - ssO* PU(1i) - ss1* PU(i+ kshl)
QU(UPD(JU(1)))= QU(UPD(JU(1))) - tt0* QU(1)— ttl* QU(i+ kshl)
end do
else if (sze(mk) . eq 3) then

, SuperRowColumnT'ask Row ColumnTask . J
/ , mk / Super
RowColumnTask  ° n+ 1 .

mk Jj— mke*
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(o1, , LDU
(instrudtion interleaving) .
,CPU .
3 ILDU
, _ LDU .
) 5 .
, , BlockTask RowColumnTask ~ SuperRow-
ColumnT ask® 2 4 , BCHAIN ( nblu) ,
. ,  BlockTask( BK, BJ) ( chain
filter) BK -
5 Left_looking LDU 6 Left_looking LDU
For BJ= 1: nblu For BJ= 1: nblu: nthlk
Initialize block BJ Initialize blocks BJ, BJ+ 1, .-, BJ+ ntblk— 1 to a big block BJJ
For BK= all appropriate Bock For BK= all appropriate block
Load block BK Load block BK
BlockTask( BK, BI) BlodkTask( BK, BII)
End End
BlockT ask( BJ, BI) BlockTask( BJJ, BIJ)
Save block BJ Save block BJ, BJ+ 1, .-, BJ+ ntblk— 1
End End
ntblk+ 1(ntblk> 1) , ntblk
. 6 LDU (multi_block LDU factorization) . ,
BJ BJ, BJ+ 1, .., BJ+ ntblk- 1 , BCHAIN( nblu) ntblk
. , 6 5 LDU .
LDU 1/ 0
, . LDU
, ntblk+ 1 * s ntblk
. , , LDU
, /0 .
4
Petrov_Galerkin (MLPG) (PKUML")
, PARASOL ,
3191 501 501 ,

30
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3
neq nzr
PKUMLOL MLPG ,131x 131 3% 191 1968 955
PKUMLO4 MLPG 2 ,201 % 201 80 601 4653 525
PKUML05 MLPG ,151x 391 117 691 8 817 691
PKUML07 MLPG , 161x 701 225 021 16 900 141
PKUMLO8 MLPG ,501x 501 501 501 33 554 431
Hood 220 542 5 494 489
BMW 7t 1 141 347 3740 507
BMWCRA 1 148 770 539 386
CRANKSG2 63 838 7106 348
PWTK 217918 592 171
4.1
)
Suped U* Intel Pentium IV 3.0G CPU  PC
s Windows , Superl.U Linux .
Windows  Linux . 4
. , Superl.U
4.2
) )
, . , 128 Mb
256 Mb  512Mb . 4 Su-
perlLU , , .
, , 501 501
33 554 431 PKUMLO8 512 Mb . ,
, .
4
t/s SuperlLU t/s
128 Mb 256 Mb 512 Mb 128 Mb 256 Mb 512Mb
PKUMLOI 80.98 60. 24 - 30. 62 174. 11 47.90 - 37.19
PKUML 04 466. 20 307. 05 210. 45 114. 14 3492.00  38.97 24. 12 1%. 91
PKUML 05 498. 55 473. 34 329. 81 187.20 N/ A 888. 533 49. 02 1%. 11
PKUMLO7 N/A* 1079.56  825.03 472.33 N/ A N/ A N/ A N/ A
PKUML(8 N/ A N/ A 3449. 41 N/ A N/ A N/ A N/ A N/ A
Hood 39.29 37.78 - 8.20 2172.37  39%.57 7.22 8. 33
BMW7st 1 37.53 - - 10. 88 803. 91 214. 60 59. 80 40.35
BMWCRA 1 227.25 229. 00 224. 56 .61 832.17 162.85  907.08 336. 55
CRANKSG2 161. 22 160. 70 - 41.72 4645.28  712.51 401. 73 228.29
PWTK 151. 91 75.39 - 21. 06 17%.12  753.79 301. 34 102. 46

* “N/A” ;u_ » .
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High Performance Sparse Solver for Unsymmetrical Linear
Equations With Out_of Core Strategies
and Its Application on Meshless Methods

YUAN Weiran', CHEN Pu', LIU Kaixin"’
(I.LTCS &Department of Mechanics and Aerospace En gineering, Peking University ,
Beijing 100871, P.R. China;
2. Engineering Research Institute, Peking University, Beijing 100871,P.R . China)

Abstract: A new direct method for solving unsymmetrical sparse linear systems( USLS) arising from
meshless methods was introduced. Computation of certain meshless methods such as meshless locad
Petrov_Galerkin (MLPG) method need to solve large USLS. The proposed solution method for unsym-
metrical case performs factorization processes symmetrically on the upper and lower portion of ma-
trix, which differs from previous work based on general unsymmefrical process, and attains higher
performance. It is shown that the solution algorithm for USLS can be simply derived from the existing
approaches for the symmetrical case. The new matrix factorization algorithm in the method can be
implemented easily by modifying a standard JKI symmetrical matrix factorization code. Multi_blocked
out_of core straegies were also developed to expand the solution scale. The approach convindngly in-

creases the speed of the solution process, as is demonstrated with the numerical tests.

Key words: sparse matrices; linear equations; meshless methods; high performance computation



