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Large-scale Molecular Orbital Calculation by FMO-MO Method

YuicHt INADOMI, 1 HIROAKI UMEDA,*it TOSHIO WATANABE, 11
TETSUYA SAKURAIH 1t and UMPEI NAGASHIMA® i

We describe brief explanation of molecular orbitals based on fragment molecular orbital
method (FMO-MO), and demonstrate its efficiency showing the result of the example FMO-
MO calculation for a protain. Using FMO-MO method, molecular orbital calculations for
molecules containing over 1,000 atoms can be achieved in a short time because large-scale
iterative procedure for entire molecule is not required in FMO-MO calculation. FMO-MO
calculation for Lysozyme molecule has been finished in almost 4.5 hours using large-scale PC
cluster. The generalized eigenvalue problem is 34% of total wall clock time in our calculation
and needs significant computational time for large-scale molecular orbital calculation with

FMO-MO.
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int nao2 = Nx(N+1)/2;
double D[nao2], GP**2l[na02], G [nao2];
MPI_Comm_size (MPI_COMM_WORLD, &nproc);
MPI_Comm_rank (MPI_COMM_WORLD, &myid);
if (myid == 0) { read density matrix D};
MPI_Bcast (D, nao2, MPI_DOUBLE, 0, MPI_COMM_WORLD) ;
Grartial _ g g,
ijcs = 0;
for (i=0; i<ncs; i++) {
for (j=0; j<=i; j++) {
ijcs++;
if ( (ijcsnproc) != myid) continue;
for (k=0; k<=i; k++) {
Imax = (k==i ? (j-1) : k);
for (1=0; 1<=lmax; 1++) {
calculate integral (ij|kl);
addition to GP?tal yging
i, j, k, 1, D and (ij|kl);

}
T
MPI_Barrier (MPI_COMM_WORLD) ;
MPI_Allreduce (GP*'*2! G, nao2,
MPI_DOUBLE, MPI_SUM, MPI_COMM_WORLD);

*; N = number of basis functions.

ncs = number of contracted shells.

01 00 FockDDDODOODODDOODOOOOOO
Fig.1 Pseudo-code for parallel Fock matrix generation.
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0 1 AIST Super Cluster 00000 3000000000
Table 1 Outline of three cluster computers constructing AIST Super Cluster.

cluster processor

name

# processors

network
(bandwidth)

memory

P32 Opteron 2,048
(model 246) (2 x 1,024)

M64 Itanium?2 512
(1.3 GHz) (4 x 128)

F32 Xeon 536
(3.06 GHz) (2 x 268)

6 GB/node Myrinet
(2 Gbps)

16 GB/node Myrinet
(4 Gbps)

4GB/node Gigabit ether
(1 Gbps)
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Table 3 Elapsed time (seconds) to solve the generalized eigenvalue problem for

large scale Fock matrix (matrix size = 10,969 x 10,969, 40 eigenvalues

and corresponding eigenvectors were calculated).

Operation subroutine® Elapsed time
Cholesky decomposition of S DPPTRF 866
Transformation to standard eigenproblem DSPGST 2,016
Tri-diagonalization DSPTRD 2,512
Eigenvalue calculation with bisection method DSTEBZ <1
Eigenvector calculation with inverse iteration DSTEIN <1
Eigenvector transformation for standard eigenproblem DOPMTR 27
Eigenvector transformation for generalized eigenproblem DSPTV 18

Total 5,439
a; subroutine name of BLAS and LAPACK.

02 00000000000 FockOOOOOOOODO
06-31G00000010,969 000
Table 2 Elapsed time (seconds) of Fock matrix generation
for Lysozyme molecule (6-31G basis set, 10,969
basis functions).

# processors 240 480
elapsed time 5,884 3,150
(for communication)  (117) (145)
speedup ratio® 1.00 1.87

a; speedup ratio to the results using 240 processors.
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Fig.2 Highest occupied (left lobe) and lowest unoccu-
pied (right lobe) molecular orbitals of Lysozyme
molecule obtained by FMO-MO method.
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