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Abstract To increase the computing efficiency of Calculix in large scale numerical calculation, this paper researched
Calculix and proposed a three-level parallel optimization scheme including preprocessing-level, task level and thread le-
vel. A multiple row double threshold incomplete LU matrix decomposition strategy based on column pivoting and dyna-
mic abandon was presented. The corresponding algorithm was given and proved to be efficient, available and convergent.
Furthermore, to utilize the powerful computing resources of TH-2 supercomputer,a task level parallel scheduling algo-
rithm using between computing nodes and a thread level parallel algorithm using between multiple computing cores
were also developed and deployed in the experimental platform which focused on the ship fatigue analysis. Both the
theory analysis and the actual engineering cases testing were provided to show that the three level parallel optimization
scheme based on Calculix can increase the solving speed of liner equations and the analysis efficiency in engineering de-
sign areas,and the average speed-up ratio can reach about 2~4 when enough resources can be obtained.
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X Calculix %7 FRICR AR cox MR HEATIHT LB
%K. B MPL f A FrontMtx_ MPL_split X% B #47
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FEEM B ATIEE T LTI A E4E LU 44+ B
W R EERBIE D column pivoting O , N 4E REFEATF L
EI50; 2 abandon strategy (), 3 BT [ B AT IETE B & 4
THILFEWE; 3) dynamic abandon strategy O, %F L =58
MR =ASE T3S TR 4 FrontMtx_MPI_Re-
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Function preconditioning(n, b, A)
fori=1:n
if z==Db then z==0;
else z++;
a;=column pivoting(A);
a=a;;
for k==1;i—1 and when o= 10
o =0y /a3
abandon strategy(a);
if =1 0 then a=a—oy * uy;
end for k
abandon strategy(a);
if z==Db;
then dynamic abandon strategy(a) ;
for j=1:i—1
lij =Uy3
for j=itn
uy=a;
end for i
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MPI_Init(&arge, &argv) ; // & XL A5 &, MP1 ¥ #54L

MPI_Comm_rank(MPI_COMM_WORLD, &myid) ;

MPI_Comm_size(MPI_COMM_WORLD, &nproc) ; //#] F§ MPI # &

{55015 BUE , AN 5 A—~InpMtx, b—DenseMtx, 343 B

.

InpMtx_init(mtxA, INPMTX_BY_ROWS, type,nent,0);

DenseMtx_init(mtxY, type, 0,0, nrow, nrhs, 1, nrow) ; / /2 R F/NE

FEHERF P R EIEE S BB ST, SPRERET B .

adjIVL=InpMtx_MPI_fullAdjacency (mtxA, stats, msglvl, msgFile,

MPI_COMM_WORLD);

frontETree=order ViaMMD(graph, seed+myid, msglvl, msgFile) ;

frontETree= ETree_MPI_Bcast ( frontETree, root, msglvl, msgFile,
MPL_COMM_WORLD) ; / /£ 4t B35 R AT 5 BAG%T
&, IHER Y RIERIEER T BAA AL BR, #H1T
T,

FrontMtx _ MPI _ split ( frontmtx, solvemap, stats, msglvl, msgFile,

firsttag, MPI_COMM_WOQORLD) ;

FrontMtx_MPI_postProcess{frontmtx, ownerslV, stats, msglvl, msg-
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File, firsttag, MPI_COMM_WORLD) ; / /45 &% 5 YL ¥ 35 % %7 . #I H
MPI 1§ S8 10 S8R B A A,
MPI_Finalize() ; //MPI BEFRE5 3R .
3.2 TRAESAE
5 5 M)A 45 98 BE 58 U » Caleulix JiF 3 85 CCX AT
LA ] SpoolesMT LB AL BN 45 8 LI BB LA IF
it ®. £ XF SpoolesMT (AL 55 A BE 317 Ak B 58 Bk 4 ik
W
Begin
/ /B E T CPU B8
if(nthread > (nfront=FrontMtx_nfront(frontmtx)))
{nthread=nfront; }

/AT Y
DV_init(cumopsDV, nthread, NULL) ;
/ /€4 CPU #.L> 5 front [ ILHL
ownersIV=ETree_ddMap(frontETree, type, symmetryflag,

cumopsDV, 1, 0/(2. 0 * nthreads)) ;
/335 /N B TU R R AE B ST B I R AR b AT R AR
SubMtxManager_init(mtxmanager, LOCK_IN_PROCESS, 0) ;
FrontMtx_init(frontmtx, frontETree, symbfacI VL.,

type, symmetryflag,

FRONTMTX_DENSE_FRONTS,

pivotingflag, LOCK_IN_PROCESS, 0,

NULL, mtxmanager, msglvl, msgFile) ;
/| BB ERIATHA TR It
Rootchv="FrontMtx_MT_factorInpMtx(

frontmtx, mtxA, tau,droptol , chvmanager,

ownersIV, lookahead, & error, cpus, stats, msglvl, msgFile) ;
/RS At Ab B
FrontMtx_postProcess(frontmtx, msglvl, msgFile) ;
WEIRRV T 35F &2 Gilk Y
solvemap=SolveMap_new() ;
SolveMap_ ddMap ( solvemap, symmetryflag, FrontMtx _ upperBlock-
IVL (frontmtx) , FrontMtx_lowerBlockIVL (frontmtx) , nthread, ow-
nersIV, FrontMtx_frontTree(frontmtx) , seed, msglvl, msgFile) ;
mtxX=DenseMtx_new() ;
DenseMtx_init(mtxX, type, 0,0, neqns, nrhs, 1 ,neqns) ;
DenseMtx_zero(mtxX) ;
/| BEBERBIATRIG
FrontMtx_MT_solve(frontmtx, mtxX, mtxB, mtxmanager, solvemap,
cpus, msglvl, msgFile) ;
/B8R mE
DenseMtx_permuteRows(mtxX, newToOIldIV) ;
End
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