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Development of fundamental methods for fast, accurate, and stable simulation of
molecular dynamics
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We have developed fundamental methods for fast, accurate, and stable simulation
of molecular dynamics (MD). We have considered numerical method to accurately and stably integrate the
equations of motion employed in the MD. To reduce the computational cost of the MD calculation, we have
developed the zero-multipole summation method, which enables both reducing drastically the cost and
keeping sufficientlg the accuracy to calculate the electrostatic interactions of particles in the system.
The efficiency has been confirmed by applying the method to fundamental systems with estimating various
qguantities, including thermodynamic quantities. To solve the slow time-development of the dynamical
system characteristic to the MD, we have developed a new equations of motion, the double density
dynamics. We have clarified its theoretical properties, realized a stable numerical integration based on
the above developed method, and validated the efficiencies by applying it to bimolecular systems.
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