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High Performance Stencil Computation on Mesh Connected FPGA Arrays

RYOHEI KOBAYASHI,t SHINTARO SANO,t
SHINYA TAKAMAEDA-YAMAZAKI"t and KENJI KISEt

FPGA (Field Programmable Gate Array) is a remarkable device to easily develop custom
hardware accelerators with higher performance. In this paper, we propose scalable stencil
computation mechanism by employing multiple small FPGAs. Stencil computation is one of
the most important kernels in scientific computations. This paper describes the architecture
of our multi-FPGA-based stencil computation system with 2D-mech topology and the details
of primary implementation. In order to eliminate the handshaking overhead among the neigh-
bor FPGAs, computation order is customized for each FPGA to increase the overwrap rate
of computations and communications. The evaluation result shows that a single FPGA node
archives 2.24GFlop/s in 0.16GHz operations with 2.37W power consumption. We estimated
the system performance of 256 FPGAs. The 256 FPGAs system achieves 537GFlop/s with

0.94GFlop/sW efficiency.
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Device Utilization Summary

Slice Logic Utilization Used / Available Utilization
LUTs 4,560 / 9,112 50%

Slices 1,527 / 2,278 67%
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