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We optimized the parallel fragment molecular orbital (FMO) calculation program,
OpenFMO, for the effective massively parallel execution. In the optimization, we
focused on the load balancing of molecular integral calculation which is the kernel of the
FMO calculation, and on the way to access the density matrix data needed in the FMO
calculation. As the result of our optimization, we achieved the high parallelization
efficiency of molecular integral calculation and the effective access to density matrix
data. These improvements lead us to carry out the effective FMO calculation over 10000
parallel execution.
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Figure 1: Flowchart of FMO calculation
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Figure 2: Structure of parallel FMO program
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calculation_SCF_energy(int ifrag) {

for (id=0; id<(Njgsc+1); id++ ) make_cutoff_table(id);
calc_twoint ( myrank, nprocs, ERI_buffer);
V=0.0;
for (1=0; i<Nifeqe; i++ ) V+=calc_ifcdc( myrank, nprocs, i);
for (i=0; i<Njgga; i++) V+=calc_ifc3c( myrank, nprocs, i);
for (i=0; i<Nfyg; i++) V+=calc_ifc2c( myrank, nprocs, i);
if (myrank ==0) {

calc_oneint( S, H);

calc_projection( P );

/I making cutoff table
/I two-electron integral

/I 4-centered Coulomb integral
/I 3-centered Coulomb integral
/I 2-centered Coulomb integral

/I one-electron integral
/I projection operator
}

MPI_Reduce( V, comm );

SCF_procedure( S, H, P, V, ERI_bufferi, Ditrag cOMM ); /! SCF calculation

B 3 : FMO {EIC 1) B /MR TIRERI S oy O = — R
Figure 3: Pseudo code of tiny electronic structure calculation in FMO method
Nfrag= # Of monomers, Nigac= # 0f counter monomers to calculate 4-centered Coulomb interaction(=~
20), Nigesc= # of counter monomers to calculate 3-centered Coulomb interaction (=~20)
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Figure 4: MPI profile of a monomer SCF calculation without dynamic load-balancing
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Figure 5: MPI profile of a monomer SCF calculation with dynamic load-balancing
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Figure 6: Execution profile of molecular integral calculation of a monomer
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Figure 8: Two methods of storing and accessing density matrix data
Left : Method 1 using MPI-2 one-sided communication (# of worker processes = 8, # of monomers = 9)
Right : Method 2 using MPI-1 P2P communication (# of worker processes = 8, # of monomers = 9,# of storage
processes = 2)
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Figure 9: MPI profile using method 1
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Figure 10: MPI profile using method 2
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