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Vectorization and Parallelization Technique of
Block ILU Preconditioning for Unstructural Problems

TsuroMu OsoDA," KUNIHIDE MARUYAMA, TAKUMI WASHIO,
SHUN Dort and SUSUMU YAMADATt

In this paper, we propose techniques to extract vector and shared memory parallel per-
formance of a parallel vector machine, and we evaluate the proposed techniques on an NEC
super computer SX-4. As the linear solver, we have implemented the block ILU precondi-
tioned iterative method, which is frequently used for many large sparse problems. Here, a
block corresponds to unknowns on one node in a mesh or in a grid. As for the vectorization
and parallelization technique, we propose IDS-MJAD (Independent set multiple jagged di-
agonal) format. With this technique, we can decrease the number of synchronizations. The
numerical experimental results show that we achieved about 1.0 Gflops on 1 CPU and about
6.8 Gflops on 8 CPUs for some FEM problems.
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Fig.1 A pattern of nonzero elements of original matrix.
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Fig.3 This figure shows the timinig of synchronization

necessary for the execution of the matrix-vector
multiplication with the JAD format. The horizon-
tal direction coressponds to the row direction and
the vertical direction coressponds to the column di-

rection. Synchronization takes place by each col-

umn operation.
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vertical direction corresponds to the column di-
rection. The computational load is well-balanced
among CPUs because rows are cyclically allocated
to each CPU with descending ordering of the num-

ber of nonzero elements.
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Fig.5 This figure shows the timinig of synchronization

necessary for the execution of the matrix-vector
multiplication with the MJAD format. The hor-
izontal direction coressponds to row direction and
the vertical direction coressponds to the column di-
rection of matrix. Synchronization takes place once
after all column operations.
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This figure shows the total computational time of
the iterative method with upto 8 CPUs case. The
horizontal line represents the number of CPUs. The

Fig. 6

vertical line represents the computational time over
the computaional time of 1 CPU case.
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Fig.7 This figure shows the MFLOPS of the BILU-

BICGSTAB method with upto 8 CPUs case. The
horizontal line represents the number of CPUs. The
vertical line represents the MFLOPS. Three lines
represents the MFLOPS with the MC ordering, the
MC2 ordering, and the RCM ordering from the top
to the bottom.
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BILU-BICGSTAB method with upto 8 CPUs case.
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The vertical line represents the total computational
time. Three lines represents the computational
time with the RCM ordering, the MC ordering, and
the MC2 ordering from the top to the bottom.
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