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The discrete Fourier transform (DFT),

N-1
X[k =Y x[NW{, k=0,1,..,N -1,

n=0
i2 . . .
where W,’\}k = e /W ¥ are rotations in the complex plane called twiddle factors.

Complexity: N2

The radix-2 fast Fourier transform (FFT),

N/2—1 N/2—1

Xkl = Y x[2nw2s + Z x[2n+ 1wk,
n=0

Complexity: N -log, N
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Perfect shuffle and perfect unshuffle
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Input and output orders

Natural Input:
Bit-reversed Input:
Natural Output:

Bit-reversed Output:
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Latency and throughput in memory-based FFTs

The Latency: the total clock cycles that are needed for the whole FFT calculation.
Tiar = Troap + Teroc + Tout
The Throughput: the average number of samples processed per clock cycle.

Th =N

= ATeer
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Conventional memory-based FFTs
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ATrer = Tiar = 5 - (2+1log, N) Th= g
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9 Proposed Access Patterns
@ Case 1: Natural Input - Bit-Reversed Output
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@ Case 3: Bit-Reversed Input - Natural Output
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Case 1: Natural input - Bit-reversed output
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Case 2: Scrambled input - Bit-reversed output
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Case 3: Bit-reversed input - Natural output
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Case 4: Bit-reversed input - Scrambled output
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Access Order Performance

Pattern Input Output Latency \ Throughput
Conventional Natural Bit-reversed | (2+logy, N)-N/P | P/(2+logs N)

Case 1 Natural Bit-reversed | (1 +1logy, N)-N/P P/(logs N)

Case 2 Scrambled | Bit-reversed (logo N)-N/P P/(log, N)

Case 3 Bit-reversed Natural (1+logoyN)-N/P P/(logs N)

Case 4 Bit-reversed | Scrambled (logo N)-N/P P/(log, N)
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Conclusion

@ The new access patterns have been proposed for the memory-based FFTs.

@ The proposed architectures are based on the perfect shuffle and perfect
unshuffle.

@ All patterns allow for reducing latency and increasing throughput with respect
to conventional approaches.

@ Improvements are achieved without increasing the number of hardware
resources of the architecture.
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Thank you!
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