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Accurate Molecular Simulation on the Grid

—— Replica Exchange Monte Carlo Simulation for C,y Molecule

TsuromMU IKEGAMI,t HIROSHI TAKEMIYA,* UMPEI NAGASHIMA, ¥
YOSHIO TANAKAt and SATOSHI SEKIGUCHIt

The new library was developed to perform a high precision molecular simulation by dis-
tributing energy calculations over the grid. Those calculation jobs are submitted asyn-
chronously to parallel machines on the grid, while each job is executed in a fine grained
fashion. The library obscures the remote execution from users, yet is flexible enough to be
adopted to various calculation methods. The library was used in the replica exchange Monte
Carlo (REXMC) simulation with ab initio molecular orbital (MO) method for the energy cal-
culation, and was tested on a small fllerene molecule, C2p. In the course of 150 hours of the
test run, the maximum of 860 CPUs over 16 calculation servers were operated simultaneously,
showing the grid capability to perform a large scale simulation that cannot be run on a single

computer.
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Fig.1 Structure of GON library.
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#!/usr/bin/perl
use GON;

Gon_setup("ninf://uri_to_Bookkeeper") ;
@JobList = setup_job();

for (@JobList) {
$id = Gon_submit ($_->{Nice}, $_->{Dir},
$_->{ARGV});
$Job{$id} = $_;
}

while ($id = Gon_wait_any()) {
$_ = delete $Job{$id};
after_care($_);
next if $_->{End};
$id = Gon_submit ($_->{Nice}, $_->{Dir},
$_->{ARGV}) ;
$Job{$id} = $_;
}
02 GONOOODDOODOOOOOPerlOODOOOOOO
Fig.2 Example Perl script for the usage of GON library.

Bookkeeper Client Calc. Servers

g
B S

Client ID

Prepare jobs

Request Server

Provide Server

Transfer Directory

Job ID

Request Execution

Request Server

y)

(If job exists) \_/

_
"

e
Return Server End of Execution
Transfer Directory

Prepare next job

03 GONODOOooooooooooo
Fig.3 Typical workflow of GON library.
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01 CyU REXMCOOOODDOUDDOODOODODO
Table 1 Machines used for the REXMC simulation of Caq.

Sited ! Machine

Mul”2  Comm"3  NProc?4 NCPUs"®

AIST 1 SGI Origin 2000
2 Linux Cluster (Dual PentiumIII 1.4 GHz)
JAERI 3 Compaq Alpha Cluster (ES40)
4 Compaq Alpha Cluster (ES40)
5 Fujitsu PrimePower
PSC 6 Compaq Alpha Cluster (ES45)
CFS 7 Cray T3E

1 MPI 16 32
1 Socket 22 44
1 Shmem 16 16
11 Shmem 64 704
3 MPI 16 96
1 Shmem 256 256
1 Shmem 64 64

o1 From top to bottom: National Institute of Advanced Industrial Science and Technology, Japan

Atomic Energy Research Institute, Pittsburgh Supercomputing Center, and Computation for Science.

02 Multiplicity of batch queue. 93 Communication mechanism for parallel ab initio calculation.

U4 Number of calculation processes run in parallel
calculations.
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Fig.6 Data transfer performances between a client and
calculation servers.
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