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Abstract
In this paper, we consider solving dense linear equations on Dawning1000 by
using matrix partitioning technique. Based on this partitioning of matrix, we give a
parallel block LU decomposition method. The efficiency of solving linear equations
by different ways is analysed. The numerical results are given on Dawning1000.
By running our parallel program, the best speed up on 32 processors is over 25.

1. Block LU Decomposition Method
The block LU decomposition method is based on the matrix partition technique.
Usaully, the matrix A can be partitioned into 1- or 2-directional blocks [?] . In ScaLAPACk, the matrix A is partitioned into 2-directional blocks. For very fast uniprocessor,
reducing the communication is more important than reducing a few operations. For this
reason and the convenience of FORTRAN program, we partition matrix into column
blocks. Assume that n = mq. That is,
A=



A0 A1 ... Aq−1



where Ai , i = 0, . . . , m−1 are n×m matrices. For description briefly, we denote the jth
processor by Pj . The number of processors is p. In order to get a good load balance,
we use column wrap manner to store the partitioned block matrix. That is, Ai is stored
in Pi mod p . According to this storage scheme and partitioning method of matrix, the
LU decomposition method can be given similarly to that in LINPACK.
Assume that we have a permutation matrix P such that


PA = 
∗

A00 A01
A10 A11
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=

L00 0
L10 I




U00 U01
0

Ã11
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where L00 is a unit lower triangular matrix and U00 is an upper triangular matrix, then
we have:
L00 U00 = A00 ,

L10 U00 = A10 ,

L00 U01 = A01 ,

Ã11 = A11 − L10 U01 .

From the elimination process of LU decomposition, we know that L00 , U00 and L10 are
determined. So we can calculate U01 and Ã11 by the above relations. We can use this
process to matrix Ã11 too. The block LU decomposition need a lower triangular system
solver with multiple right hand side and a matrix multiplication. The serial algorithm
is easy, so we don’t state it here. The parallel algorithm of block LU decomposition
can be described as following:

Algorithm 1:
for i = 0 to q − 1 do
if mynode = i mod p then
computing factor L
if i 6= q − 1, sending factor L to mynode + 1
else
receive factor L from mynode − 1
if mynode + 1 6= i mod p, send factor L to mynode + 1
end{if}
Modifying the rest part of matrix A which includes:
Solving triangular system with multiple right hand sides
Doing the matrix multiplication operation
end{for}
In this algorithm, each time it computes one column block of lower triangular matrix
L. But the large amount of work for modifying matrix is done parallelly, and the factor
L is computed in one processor which does not need communication of messages. The
parallel complexity of this algorithm can be given in a similar approach of [?]. So it
is omitted here. The lower and upper triangular systems solvers can be easily derived
from modifying the method of [?].

2. Numerical Results
In our test problem, we choose block size to be 8. We use Kernel Mathematics
FORTRAN library to construct our program. This library has a lot of functions which
are written by Assembly language. Therefore, we can get a very satisfactory actual

