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A Composable Framework to Parallelize Simulation Programs
through Replica-Exchange Molecular Dynamics

MASAKATSU ITot .0 and UMPEI NAGASHIMA® ft

We have developed a toolkit to generate a replica-exchange molecular dynamics program
which accelerates the estimation of thermodynamical quantities. The toolkit is designed as
a set of software components, so that any new variant of simulation program can be built
by assembling suitable components. They are categorized according to three types of cus-
tomizations : (1) parallelization of simulation programs, (2) selection of structure sampling
method, and (3) incorporation of an arbitrary force field implementation into the program.
The extensibility of the toolkit is demonstrated by generating new variants of replica-exchange
molecular dynamics programs, and the efficiency of the generated programs is examined in the
heat capacity estimation of Ariz and (Ala)ig. It is shown that the replica-exchange scheme
not only reduces the total computational cost with the increase in the number of replicas but
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achieves almost linear-speedup with the number of CPUs.
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Fig.1 Composite structure of an extended ensemble in an
REMD simulation.
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Fig.2 A toolkit implementing a parallelized replica-

exchange molecular dynamics was developed and
then used as a software framework to generate
variants of simulation programs by assembling the
toolkit components and force field programs.
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Fig.3 UML class diagram for the extended ensemble com-

ponent. Arrows indicate the generalization relation-
ships, lines with diamond-ends indicate the com-
position relationships, and plain lines indicate the
association relationships. * symbol indicates that
several instances are created.
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Fig.4 UML class diagram for the ensemble component and

its related classes in the other two components. MC-
related classes other than StepEnsemble are omit-
ted. “Tabbed” shape indicates a software package.
Dashed lines indicate dependency.
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Fig.5 Heat capacity of Ari3 as a function of temperature.

Solid curve was obtained from the REMD simula-

tion, and open circles are from Fig. 3 of Ref. 14).
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