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Abstract Parallel lattice Boltzmann(Palabos) software is a widely used computational fluid dynamics software based on lattice
Boltzmann method(LLBM) , which is widely used in the field of porous media,free interface, particle motion,blood flow and so on
due to its excellent computing power. Palabos has a wide range of user needs, which makes it urgent to transplant,optimize and
accelerate parallel on Sunway supercomputer to serve the energy and chemical industry. In this paper, the heterogeneous parallel
design of Palabos software is carried out on the new generation Sunway supercomputer system(SW26010pro). The data structure
and template programming of Palabos are not suitable for the heterogeneous parallel of Sunway supercomputer system. So we de-
sign the parallel optimization techniques called direct getting address, polymorphic tag processing and data slicing to deal with the
Palabos data structure and template programming. Combined with the characteristics of the new generation of Sunway supercom-
puter system,the optimization technology of shared memory and register memory access(RMA) is also adopted. The acceleration
efficiency of 64 computing processing elements(CPEs) is 2~6 speed up. The Palabos software is realized the parallel computing

of one million core scale of two-phase flow algorithm in the field of complex multi-scale chemical process in the new generation
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Sunway supercomputer system. The one million cores parallel efficiency is more than 40% compared with 64000 cores.
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Table 1  Original code of collide and stream

for (plint iX=domain. x0;iX<Z=domain. x1; ++iX) {
for (plint 1Y=domain. y0;i1Y<Z=domain. yl; ++iY) {
grid[iX][iY]. collide(this-=>getInternalStatistics()) ;
latticeTemplates<<T.Descriptor=: : swapAndStream2D(grid.iX.iY) ;
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Table 2 Split code of collide and stream

for (plint iX=domain. x0;iX<Z=domain. x1; + +iX) {
for (plint iY=domain. y0;1Y<<=domain. yl; +-+iY) {
grid[iX][iY]. collide(this-=>getInternalStatistics()) ;
}
}
for (plint iX=domain. x0;iX<Z=domain. x1; + +iX) {
for (plint iY=domain. y0;iY<=domain. yl;+ +iY) {
lattice Templates{T, Descriptor) : : swapAndStream2D(grid,iX,iY) ;
}
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Table 3 Template code of collide

for (plint iX=domain. x0;iX<Z=domain. x1; + +iX) {
for (plint iY=domain. y0;i1Y<<=domain. yl; ++iY) {
erid[iX][iY]. collide(this— >>getInternalStatistics()) ;
grid[iX][iY]. revertO);
}
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Table 4 Subfunction of collide

void BGKdynamics(T,Descriptor) :: collide
(Cell{ T, Descriptor) & cell, BlockStatistics&. statistics )
{
T rhoBar;
Array(T,Descriptor(T)::d) j;
momentTemplates( T, Descriptor) : . get_rhoBar_j(cell,rhoBar,j) ;
TuSqr=dynamicsTemplates( T, Descriptor) : : bgk_ma2_collision(cell.
rhoBar,j, this-) getOmega()) ;
if (cell. takesStatistics()) {
gatherStatistics(statistics, rhoBar,uSqr) ;
}
}
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Table 5 Data structure of Palabos

Array(T,Descriptor(T) ::numPop) ;
External external;
bool takesStat;

Dynamics(T, Descriptor) * dynamics
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Fig. 7 Data structure of Palabos
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Table 6 Add polymorphic flag

Array(T,Descriptor{T) i numPop) {;

External external;
bool takesStat;
bool padl;
bool pad2;

int flagece;

Dynamics(T, Descriptor) * dynamics
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Fig. 8 Strong scaling results of cavity flow case
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Fig. 12 Strong scaling results of mixer tank case
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