Problem

* Dedicated FFT hardware is typically designed as a standalone
block and then integrated into systems

* Relatively fixed functionality once implemented

* System-level integration with FFT-based application software
becomes manual and challenging to optimize

Hardening of FFTW Codelets

* FFTW kernel approach: Compose and execute small pieces of
highly-optimized FFT code known as codelets

1 #include <fftw3.h>

3 int main() {
// Declare in/out arrays and plan
fftw_complex xin, =*out;

fftw_plan p;
// Allocate/Init

in = (fftw_complex =x)
out =

// Construct 1D complex FFT plan
// Execute FFT plan
fftw_execute (p);

// Post-process and cleanup

fftw_destroy_plan(p);
fftw_free(in), fftw_free(out);

fftw_malloc (sizeof (fftw_complex)
(fftw_complex ) fftw_malloc(sizeof (fftw_complex)

p = fftw_plan_dft_1d(2«N, in, out, FFIW_ESTIMATE);

1 // Data structure contalning codelet
— parameters

> descriptor_t dft4d[] = {

{Uu, X, NULL, 1, 2, 0},

{U-I'Zr X+lr Tr lr Zr O}r

FENCE,

{y, u, NULL, 1, 2, 0},

{y+1, U+1, NULL, 1, 2,

DONE

* N); k
* N); 4

6
— 7 O}r
8

9o };

n // Execute plan
2 execute (dftd);

Example Codelet Plan

FFTW Example Code
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* Accelerator is exposed to the user through the FFTW API but
codelet plan is executed in custom hardware
* A Radix-8 Twiddle Codelet Accelerator fabricated in a TSMC

28nm process co-designed using SPIRAL

Hardware Designh Flow using SPIRAL

* SPIRAL script defines
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Test Chip Architecture

* SPIRAL-generated FFT: Fully unrolled radix-8 single-precision FFT

* Diag: Eight element-wise complex multi

* 4.5 kB of on-chip FIFO memories: Input, Twiddle, Output data
* Configurable ring oscillator-based on-chip clock generator
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FFT Kernel Implementation

* Unrolled radix-8 FFT dataflow and eight complex multipliers for
general twiddle factor multiplication compute a twiddle codelet

* Pipelined design to concurrently process codelet invocations

* Shift register FIFOs feed and capture input/output data

* Peak throughput: 8 complex samples per cycle
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A 1.19GHz 9.52Gsamples/sec Radix-8 FFT Hardware Accelerator in 28nm

Larry Tang, Sivuan Chen, Keshav Harisrikanth, Guanglin Xu, Franz Franchetti, Ken Mai

Department of Electrical and Computer Engineering, Carnegie Mellon University
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Measured Results

 Maximum operating frequency of 1.19 GHz at 1.15V
* Peak throughput of 9.52 Gsamples/s
* One of the first test chips with SPIRAL-generated hardware

Implementation Summary

Process TSMC 28 nm
Chip Area 1.5mmx1mm
Core Area 1.2 mmx 0.7 mm

Core Voltage

0.65-1.15V

Frequency 455 — 1188 MHz
Throughput 3.8 —9.52 GSamples/s
Latency 15.1-39.5 ns
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Demonstrates a first step towards a new automated design

paradigm for FFT hardware accelerators
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