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On-chip Parallel Programming Techniques
for Dense LU Decomposition

HARUKI SATOSHIRO, ! KENJI KISE!
and AKIHIKO KONAGAYAT!

Recently, multicore processor architectures have been getting attention from
the viewpoint of the balance of design complexity and CPU performance in the
constraint of electronic power consumption and transistor size. In the multicore
processor architectures, high performance computing requires not only paral-
lelism to make use a number of cores but also efficient data transfer mechanism
to avoid memory access bottleneck. Dense linear algebra LU decomposition
is one of the well-known algorithms used for benchmarks in high performance
computing. It is usually said that the right-looking method is better than the
left-looking method due to the available parallelism in the LU decomposition.
However, this is not always true in the multicore architectures due to the mem-

ory bandwidth bottleneck. In this paper, architectural conditions in which the
left-looking method overperformed the right-looking method are described with
performance estimation models and empirical evaluation on Cell BE.
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(4)
for(k = 0; k < n; k++) {
for(j = k+1; j < n; j++)
alk][j] = alk][j] / alk]l[k];
for(i = k+1; i < m; i++)
for(j = k+1; j < n; j++)
alil[j] = alil[j] - alil[k] * alkl[j];

e

for(j = 0; j < n; j++) {
for(k = 0; k < j; k++) {
alk][j] = alk][j] / alk]l[k];
for(i = k+1; i < n; i++)

alil[j] = alil[j] - alil[x] * alx][j];
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Fig.1 (A) Pseudo-code and update pattern of the right-looking method, (B) Pseudo-code and up-
date pattern of the left-looking method, (C) Update pattern of the left-looking method and
localized update pattern of the left-looking method.
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Fig.2 Process of Block LU decomposition with right-looking method on Cell/B.E.
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Fig.3 The difference of parallel efficiency between left and right looking methods based on
equation (15) and (18) (8 SPEs).
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Fig.4 The difference of parallel efficiency between left and right looking methods based on

equation (15) and (18) (32 SPEs).
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Fig.5 The difference between prediction performance and real performance without considering
preprocessing overhead (32 by 32 block-partitioned left-looking method).
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Fig.6 The difference between prediction performance and real performance without considering
preprocessing overhead (32 by 32 block-partitioned right-looking method).
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Fig.7 The difference between prediction performance and real performance without considering

preprocessing overhead (64 by 64 block-partitioned right-looking method).
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Fig.8 Comparison between predicted performance and actual performance with considering

preprocessing overhead (left-looking method on seven SPEs).
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Fig.9 (A) Distribution of preferable architectural conditions (LS size and # of SPEs) for the left-

looking method when memory data transfer rate is 25.6 GB/s, (B) Distribution of preferable
architectural conditions (LS size and # of SPEs) for the right-looking method when memory
data transfer rate is 25.6 GB/s, (C) Distribution of preferable architectural conditions (LS
size and # of SPEs) for the left/right-looking method when memory data transfer rate is
25.6 GB/s.
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Fig.10 (A) Required memory throughput and local store size for the left-looking method when
changing the number of SPEs.

(B) Required memory throughput and local store size for the right-looking method when
changing the number of SPEs.
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Fig.11 Required memory throughput and local store size for the left-looking method optimized for
32768 by 32768 matrices when changing the number of SPEs.
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