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Parallelization of Molecular Simulations
through Replica Exchange Molecular Dynamics

MASAKATSU ITO"#t and UMPEI NAGASHIMA®-it

We developed a toolkit to generate a replica exchange method program which is suitable to
solve the multiple-minima problem that prevents the accurate estimation of thermodynamical
quantities. The toolkit was designed as an object oriented framework containing of a set of
C—++ abstract classes whose subclasses enable one to incorporate an arbitrary force field im-
plementation, to select Monte Carlo / molecular dynamics algorithm interchangeably in the
replica exchage scheme, and to parallelize the simulation program. The extensibility of the
toolkit was demonstrated by generating a new variant of replica exchange method program
which implements CHARMM?®) force field. It was shown that the replica exchange scheme
not only reduces the total computational cost with the increase in the number of replicas but
achieves almost linear—speedup with the number of CPUs.
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