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Abstract Molecular dynamics simulation has complexity in spatial and temporal scale, therefore it is critical to optimize
the simulation process of molecular dynamics. Based on the characteristics of data parallel on GPU hardware architec-
ture, this paper combined atomic partition and spatial partition of molecular dynamics simulation and optimized the Cell
Verlet algorithm for the short-range force calculation,and also designed the core and basic algorithms of molecular dy-
namics on GPU with optimization and performance analysis. The implementation of Cell Verlet algorithm in this paper
is started with atomic partition,each task of particle simulation is mapped to each GPU thread,and then the simulated
space is divided into cellular area in the spatial partition way. The cellular index table is established,and the real-time lo-
cating simulation particles are realized. Meanwhile, in the force calculation between particles, Hilbert” s space-filling
curve algorithm was introduced to keep the partial correlation of particle’s space layout in line with linear data storage,
in order to cache and accelerate the access on GPU global memory. This paper also used the memory address alignment
and block sharing memory technology to optimize the design of GPU molecular dynamics simulation process. Testing
and comparative analysis of examples show that the current implementation of algorithm has advantages in high paral-
lelism and speedup.
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