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Improvement of Efficiency in Numerical Simulation using MHD
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In recent years, magnetohydrodynamic (MHD below) simulations have been performed on supercomputers using Fortran to
reproduce interactions between the Earth’s magnetosphere and the solar wind. The Reproduce Plasma Universe (REPPU)
code for modeling complex systems of a magnetohydrodynamics (MHD below) model and a magnetosphere-ionosphere interaction
model. The REPPU code becomes larger, the more costs for developments and operations we will need. Furthermore, only certain
people can develop and execute scientific calculations with a supercomputer. For giving new knowledge, we have to allow the
verification of scientific claims, by allowing others to look at the reproducibility of results, and by integrating data from many
simulation codes. Therefore, we should rewrite the REPPU code into C so that it can be executed on PCs in the future. To enhance
maintenance performance, we propose to partially rewrite and to modularize the source code so that the development cost and the
calculating delay time will be reduced. In this study, we rewrite some part of the REPPU simulation code including conditional
branch instructions and repeat instructions into C. In addition to that, the computational efficiency depends on how the grid is
constructed in the simulation. Therefore, we rewrite the grid construction modules of the code in order to improve the computational

efficiency.
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Fig. 1 The magnetic field around the Earth®
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Fig. 2 Generating a dodecahedral triangular lattice®
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Table 1 Optimization Option O3

fgcse-after-reload fsplit-paths

fipa-cp-clone ftree-loop-distribution

floop-interchange ftree-partial-pre

floop-unroll-and-jam funswitch-loops

fpeel-loops fvect-cost-model=dynamic

fpredictive-commoning fversion-loops-for-strides

fsplit-loops
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Table 2 Optimization Option Os
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Fig. 4 Percentage of time saved from Fortran to C
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Table 4 CPU time comparison

F7Tav Level-2 Level-3 Level-4 Level-5

01 0.076563 [ 0.082813 | 0.132813| 0.796875
02 0.071875 | 0.085938 | 0.131250| 0.671875
03 0.075000 [ 0.079688 | 0.126563| 0.671875
00 0.079688 | 0.089063 | 0.234375| 2.278125
Os 0.068750 [ 0.082813| 0.126563| 0.721875
ffloat-store 0.076563 | 0.092188 | 0.232813| 2.284375
fno-defer-pop Fortran | 0.078125| 0.089063| 0.234375| 2.285938
fforce-addr 0.076563 [ 0.087500 | 0.228125| 2.278125
fomit-frame-pointer 0.070313 | 0.090625| 0.234375| 2.448438
fno-inline 0.078125 | 0.090625| 0.229688 | 2.282813
finline-functions 0.078125 | 0.090625| 0.231250| 2.281250
fkeep-inline-functions 0.076563 [ 0.090625 | 0.229688 | 2.281250
fno-function-cse 0.071875 | 0.092188 | 0.229688 | 2.284375
ffast-math 0.078125 | 0.089063 | 0.232813| 2.285938
F7Tav Level-2 Level-3 Level-4 Level-5

01 0.012109 | 0.014878 | 0.049457 | 0.530291
02 0.012081 | 0.015746| 0.046593| 0.490441
03 0.011909 | 0.014615| 0.045762| 0.491096
00 0.012851 | 0.021772| 0.130471| 1.779455
Os 0.012326 | 0.015405| 0.049712| 0.536237
ffloat-store 0.012692 | 0.022499 | 0.132194| 1.784917
fno-defer-pop C 0.012484  0.021198 | 0.129711| 1.779390
fforce-addr 0.012215| 0.021174| 0.129511| 1.779619
fomit-frame-pointer 0.011915| 0.021140| 0.129542| 1.783634
fno-inline 0.011628 | 0.021479| 0.130300| 1.779856
finline-functions 0.012094 [ 0.021072| 0.129468 | 1.780051
fkeep-inline-functions 0.011849 | 0.021587| 0.130102| 1.780077
fno-function-cse 0.012374 | 0.021462 | 0.130522 | 1.779790
ffast-math 0.012168 | 0.021542 | 0.130130| 1.779640
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