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for Fast Fourier Transform on FPGAs
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ABSTRACT

In this paper, we develop energy efficient designs for the Fast Fourier Transform (FFT) on FPGAs. Architectures for FFT on FPGAs
are designed by investigating and applying techniques for minimizing the energy dissipation. Architectural parmeters such as degrees of
vertical and horizontal parallelism are identified and a design choices. We determine design trade-offs using high-level performance
estimation to obtain energy-efficient designs. We implemented a set storage types as parameters, on Xilinx Vertex-II FPGA to verify the
estimates. Our designs dissipate 57% to 78% less energy than the optimized designs from the Xilinx library. In terms of a comprehensive
metric such as EAT (Energy-Area—Time), out designs offer performance improvements of 3-13x over the Xilinx designs.

Key Words : FFT, Energy Efficiency, Performance Modeling
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Quad = N/4; Dist = N/4;

for P=0 to Tog,N-1 do parallel (note: horizontal parallelism, Hp=1og4N)

for. K = 0 to 4-1 do
L = 4%K*Quad/4P; R = L+Quad/4P-1;

TdxTw, = K IdXTw, = 2%K; IdxTw, = 37K;
Tw, = wlIdxTw]; Tw, = wlIdxTw,]; Twy = wlIdxTw];

for 1= L to R do

. do parallel (note: vertical parallelism, V=4)

3,031 = a,[3]+a,[3+Dist/4]+a,[3+2¥Dist/4P]+3,[I+3*Dist/#];
a.p+1[J+D'i st/4F] = 4, [J]—j"‘ap[J+D'i st/4P] —aP[J+Zf-‘D'i st/4P]+j *a, [3+3%Dist/4P];
1[J+2‘~'I:ri st/4°] = ap[J] —aP[J+D-i st/4mM +aP[J+2'-=D-i st/4P]+j ’»‘ap [J+3*Dist/4"] ;

Ay [1+3¥Dist/4°]
.end parallel
do parallel

a,al1] = a,,[7];

&, [3+Dist/4F] = Tw*a, 1 [3+Dist/4F];

8,1 [I+2*Dist/A] = Tw,*a, ;[I+2%Dist/4F];
A, [3+37Dist/4] = Twg *a,,[I+3*Dist/4];

end parallel
end for
ehd for
end parallel for
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CE 1) Xilinx 2fo]=2{2]|et M5 H|n
Problem Xilinx (100MHz) Our designs (100MHz) Area Time E EAT
size(n) Aslice) | T(usec) | Em(nJ) | EAT | E/AT Vp | Hp Binding | A(slice) | T(usec) | Eest(n)) | Em((nJ) | Error | EAT | /AT (inc.) (dec.) (dec.) (dec.)
16 1362 0.16 179.68 0.04 0.83 1 2 SRAM 171 0.16 65.40 76.99 15% 0.014 0.41 0.86x 1.0x 57% 2.71x
4 2 SRAM 2390 0.04 63.55 75.18 15% 0.007 0.79 1.75x 4.0x 58% 5.45x
64 1079 1.92 1785.60 70 0.87 1 SRAM 2266 0.64 552.39 493.32 12% 0.72 0.79 2.10x 3.0x 72% 5.17x
1 3 BRAM 1613 0.64 464.24 390.40 19% 0.40 0.38 1.49x 3.0x 78% 9.18x
4 3 SRAM 5690 0.16 393.86 418.68 6% 0.38 0.46 5.27x 12.0x 77% 9.70x
4 3 BRAM 4193 0.16 403.17 400.41 1% 0.27 0.60 3.89x 12.0x 78% 13.77x
256 1303 7.68 6927.36 69.32 0.69 1 4 BRAM 2050 2.56 2582. 2223.1 16 11.67 0.42 1.57x 3.0x 68% 5.94x
4 4 BRAM 5624 0.64 2203.22 1971.3 12% 7.10 0.55 4.32x 12.0x 72% 9.77x
1024 1557 30.72 34283.5 1639.8 0.72 1 5 BRAM 2744 10.24 14963.5 13739.4 9% 86.06 0.50 1.76x 3.0x 60% 4.25x
4 BRAM 6673 2.56 11424.7 9204.2 20% 157.23 0.54 4.29x 12.0x 73% 10.43
Eest is the estimated energy. Em is the measured energy from the synthesized designs. The unit of EAT is 1E-9. Inc. stands for increment. Dec. stands for decrement.
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