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Parallel Processing of Sparse Cholesky Factorization
by Generalized Skyline Method

YOSHIO MIYAKAWA,t AKIRA MATSUDA' and TAKASHI KATO?

This paper presents an efficient method of sparse Cholesky factorization on the shared
memory parallel computer based on RISC processors. A looping structure, which is suitable
for RISC and hasn’t been examined fully yet by other researches, is chosen in the Cholesky
factorization. Moreover, in order to handle sparse matrix, a generalized skyline method is de-
veloped. The method is independent of the elimination tree and makes the blocking scheme,
which uses processor’s cache-memory effectively, possible for general sparse matrix in the
same way as dense matrix. For parallel processing, instead of the barrier synchronization
inserted by automatic parallelization, the eventcount synchronization which reduces the wait-
ing time on each processor is introduced. The parallelized code is described concretely with
multithread programming. Experimental results on the Sun Enterprise 450 demonstrate the
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effectiveness of the new algorithm.
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for(j=0; j<m; j++) {
Factor(j,j);
for(i=j+1; i<n; i++) {

Factor(i,j);

01 j«k000000O0OOOCOOO
Fig.1 Basic style of jik-Cholesky factorization.
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(a) Finite element grid by natural ordering.
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(b) Profile of the matix by natural ordering.
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Fig.2 Finite element grid and its matrix by natural
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(a) Finite element grid ordered by nested dissection.
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(b) Profile of the matix by nested dissection.
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Fig.3 Finite element grid and its matrix by nested

dissection
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Fig.4 Storage scheme of sparse vector and sparse inner
product.
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for(j=0; j<m; j++) {

i0 = MyFirst(tid,j);

if (10 == j) {
Factor(j,j);
i0 += nth;

3

Barrier;

for(i=i0; i<n; i+=nth) {

Factor(i,j);

05 00000000000O0O0DOO
Fig.5 Parallel Cholesky factorization with barrier.
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if (tid == 0) {
Factor(0,0);
Advance(E) ;
}
for(j=0; j<n-1; j++) {
Await (E,j);
i0 = MyFirst(tid,j+1);
if (10 == j+1) {
Factor(j+1,j);
Factor(j+1,j+1);
Advance(E) ;
i0 += nth;
}
for(i=i0; i<n; i+=nth) {

Factor(i,j);

}

06 O0OOOOOODOOODOOOOOOOOOO
Fig.6 Parallel Cholesky factorization with eventcount.
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Table 1 Statistics of data sets for evaluation.

gooo ooooo oad ogd ood
N n % Gflop
D30L0 30 89,373 6.46 759.35
D30L1 30 89,373 3.28 242.37
D30L2 30 89,373 2.20 159.36
D30L3 30 89,373 1.93 151.33
D30L4 30 89,373 1.92 151.33
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Fig.7 Floating-point performance on Cholesky
factorization of band matrix.
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Fig.8 Performance of parallel Cholesky factorization to

various sparse matrices.

Generalized skyline
with eventcount

Generalized skyline
with barrier

Ratio of execution speed

MUMPS
(Multifrontal method)

D30L3

O 1 1 1
0 1 2 3 4

Number of processors

09 00O000ODODOOOOOOoOOoDOoOoOOn
Fig.9 Performance comparison of each technique for

sparse Cholesky factorization.
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