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Cache-aware Performance Improvement of
Three-Dimensional FDTD Kernel

TAKESHI MINAMI, ! YASUHITO TAKAHASHI, 2
TakesHI IwasHITAT! and HirosHI NAKASHIMA T

This paper deals with performance improvement of three dimensional FDTD
kernel for high frequency electromagnetic field analyses. The FDTD method is
one of explicit time stepping methods. The electric and magnetic fields are up-
dated alternately in each time step. Since the calculation of the FDTD method
has a large byte/flop ratio, its performance is strongly affected by memory
throughput. In this paper, we propose a cache-aware three dimensional FDTD
method, in which the analyzed domain is divided into multiple small domains.
By updating electrical and magnetic fields in each small domain in multiple
time steps, we can utilize cache data efficiently. Numerical tests on a quad-

core AMD Opteron processor show that the proposed three dimensional FDTD
method attains up to 50 percent speedup compared with an ordinary imple-
mentation of the three dimensional FDTD method. Furthermore, the proposed
three dimensional FDTD method demonstrated the best performance when the
tile size was about 25 percent of the size of the cache memory.
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Fig.7 Performance of Tiling(ST) (serial).
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Fig.9 Performance of Tiling(ST) (3 threads).
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Fig.11 Performance comparison of Tiling(ST) and Tiling(S-only).
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Fig.12 Comparison of speed up ratio of Naive and Tiling(ST) implementations.
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Table 1 Proportion of tile to the cash.

threads cache/threadd kBO tile sizeDkBO %

1thread (n; = 18, s; = 2) 2,512 596 23.7
2threads (ny = 15,8, = 2) | 1,512 384 25.4
3threads (ny = 13,5, =2) | 1,195 275 23.0
4threads (ny = 13,5, = 2) | 1,024 275 26.9
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