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Thread parallelization of Preconditioned CG Method
for Unstructured Grids
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Hybrid parallelization, which is combination of MPI parallelization and thread parallelization, is necessary to decrease the
communication between physical compute nodes. Preconditioned conjugate gradient (CG) method is commonly used to solve
linear equations in FEM and CFD and Incomplete Cholesky factorization is frequently used for preconditioners. This paper
proposes a new ordering method for thread parallelization of this preconditioner. Computational grid domain is divided to
subdomains and the grids connected to other subdomains are cut off. Those cutoff grids are divided to subdomains and the grids
connected to other subdomains are cut off. This process is done recursively until the number of cutoff grids becomes sufficiently
small. A matrix has hierarchical structure and is stored in a special form. Number of iterations to convergence by using this
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method is almost the same as that by using Cuthill-Mckee ordering. Computational technique is also described.
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for (register int j=0; j<n1; j++) |

int i0=iL[jI[0], i1=iL[j1[1], i2=iL[jl[2];
double s1 = x[j];

x[j] *= rD[j];

x[i0] -= L[j1[0]#x[j];

x[i1] == L[jI[11%x[]:

x[i2] -= L[j1[2]%x[j];

gamma += sl*x[j];

Figure 8 REMRAFHE (m1=3)

for (register int i=n1-1; i>=0; i—) {
int jO=julil[0], j1=julil[11, j2=julil[2]:
double s1 = ULi1[0]*x[jOI+ULil[1]#x[j11+U[i][2]%x[j2];

x[i] —= rD[i]*s1; <« HIBRA
z[i] += D[i]  *x[i] +sl;
ZLi0] 4= ULi] [ODex[i]; I R AR

z[i1l  += ULl (1[5
z[j2]1  += ULi1[2]%x[i]:

Figure 9 #£IBRAGHHE L1752 F LB (m1=3)

(©2016 Information Processing Society of Japan

Vol.2016-HPC-153 No.2
2016/3/1

BIEFER TOLB O, A7 ay 7 NO L=/
% Hiffi/2 CRS (Compressed Row Storage) 5 . Citl& 4 545
HOFEGEER 10, 11IRLTEL. 8B, XIFITHIT
Ho0 6, TEMAE 1L CCS (Compress Column Storage) &
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for (register int k=0; k<nz0: k++) {
int i=iulk]l, j=julk]l:
x[J] —= rD[iI*U[kI*x[i]:
for (register int i=0; i<n0; i++) {
gamma += x[i]*x[i]*DD[i];
1
Figure 10 AT AFHE
for (register int fi=nz0-1; fi>=0; fi—) {
int i = ipt[fil, j = jp1[fil;
double s0= U[fil*x[j]:
x[i] —-= rD[i]*s0;
z[i] += s0;
}
for (register int fi=0; fi<nz0; fi++) {
int i = ipt[fil, j = jpl[fil;
z[j1 += U[fil*x[il:
1
for (register int i=0; i<n0; i+) {
z[i] += DD[il*x[il;
1
Figure 11 fZiBUAGHE L1751_ 2 F L
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Table 2 FIHLFEIK & #5124

SRR (m) 1,500 X 2,000 X 500

ey 9,973,802

pr S Ty hexahedra 237,952
prisms 9,735,850
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Table 4 FHHfEIK & #5174
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