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Abstract: To reduce the execution time of an MPI parallel application, it is necessary to balance the loads
among MPI processes. In the case of our target application, flood simulation, the land area assigned to
each MPI process affects the performance of vector processing. Thus, it is difficult to find the optimal load
balance in advance. To make matters worse, each location might need a different computation based on
the type of land usage. Conventionally, an expert programmer finds an appropriate load balance by hand
in a try-and-error fashion, which needs expertise and is also labor-intensive. Since one trial execution of
the simulation is time-consuming, simple search algorithms such as grid search and random search are not
practical to automate the load balancing. This work, therefore, proposes an automatic static load balancing
method using Bayesian optimization and parameter space pruning, while assuming the flood simulation as
our target application. Bayesian optimization can efficiently search the maximum value of a given unknown
function, and needs less trials than grid search and random search to perform load balancing. In addition,
in the case of the flood simulation, as the load of each MPI process can roughly be estimated by the area
of land regions assigned to the process, the parameter search space can be limited based on the estimation.
Within the limited search space, the proposed method balances the load among MPI processes so as to min-
imize the standard deviation of their execution times. This paper demonstrates that the proposed approach
can properly reduce the total execution time of the flood simulation to approximately 55% of its original
execution time.
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Fig. 2 Domain decomposition for flood simulation.
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& 1 SX-Aurora TSUBASA A300-8 OFEAN
Table 1 Specification of SX-Aurora TSUBASA A300-8.
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Fig. 5 Initial search range for each process, and

manually-tuned optimal decomposition.
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Fig. 6 Updated search range for each process, and manually-

tuned optimal decomposition.
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Fig. 7 Optimization based on standard deviation.
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Fig. 8 Comparison of the optimization based on standard de-

viation and random search.
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Fig. 9 The execution time of each process after optimization.
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IR LTWAE, F72, HILRFEFAN—F S Ak
¥ —1lBWT, A—X—ar¥a—% AOBA D& B L
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AL LI B DSR2 2V T
WEEICHER. 4 HATEHRASHA
. OB T AV F —FIEHE
IZHER.
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EfE §8

1990 FEH ALK ZE T EF AR TR A
. 1995 FEHAL K FRFBE L5 o
B LR ARG T, Wt (T5).
FLE KRS TRk, & AET Y
7 TRRFBE#AG, BAL R AR BB
SRR 7R S & R C Bk, BRBE
FFeAa G HEAE R S-18 [RUEA BT - WILFRE O E
BORFZE] BN, EARSES, K - KERFE, EFKIC

HERsRA.
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