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Development of Scalable Stencil-Computation Accelerator
Based on Multiple Small FPGAs

RYOHEI KOBAYASHI,t SHINYA TAKAMAEDA-YAMAZAKIH
and KENJI KISE?

Stencil computation is one of the typical scientific computing kernels. It is applied di-
verse areas as earthquake simulation, digital signal processing and fluid calculation. We have
proposed high performance architecture for 2D stencil computation and implemented the
architecture by using multiple small FPGAs. We develop the system in stages. First, We
implement software simulator in C+4++, which emulates stencil computation in cycle level ac-
curacy on multiple FPGA nodes. Second, we implement the circuits based on the software
simulator in Verilog HDL. We implement the circuits in FPGA array and verify FPGA array.
We evaluate the performance, the scalability and the power consumption of developed FPGA
array. As a result, we establish the validity on the proposed architecture since the FPGA
array operated successfully. The FPGA array with 100-FPGA achieved about 0.6GFlop/sW.
This performance/W value is about 3.8 times better than typical CPU card.
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Device Utilization Summary
Slice Logic Utilization | Used / Available | Utilization
LUTs 7,805 / 9,112 85%
Slices 2,271 / 2,278 99%
BlockRAM 28 / 32 87%
DSP48A1 32/ 32 100%
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