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O(logNN) Parallel Forward Dynamics Computation
— Application to Humanoid Simulator —

*Katsu Yamane (Univ. of Tokyo), Yoshihiko Nakamura (Univ. of Tokyo)

Abstract— This paper presents a new parallel forward dynamics algorithm based on the principle of virtual
work. The algorithm achieves O(IN) complexity with serial computation and O(log N) time complexity with
parallel computation on O(N) processors. The computation time is reduced down to 1/3 of that of the
previous method with O(N?) complexity for a human figure with 30-40 degrees of freedom, even with serial
computation. The algorithm is also implemented as a computational engine of the humanoid simulator
OpenHRP. The outline of the algorithm, effects of parallel computation, and its performance as a humanoid
simulator, are shown.
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Fig.2 Two-link example
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Table 1 Computation time of human figures [ms]

DOF | 34 | 48 |

single process | 10.8 | 15.1
8.50 | 10.9
7.84 | 9.68

2 processes

4 processes
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