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Software Correlation and objectives

This poster presents and characterises our work on accelerating a software
radio astronomy correlator using reconfigurable computing (RC) hardware.
Radio astronomy correlation is an embarrassingly parallel signal processing
application, which is used heavily in radio astronomy for imaging and other
astronomical measurements. Radio astronomy correlators typically operate
on huge data sets and often require real-time processing, as storage of raw
data is impractical - resulting in substantial computational requirement.
We discuss our attempt to accelerate the DiFX (Distributed FX) correlator, a
software correlator, using FPGA reconfigurable computing hardware.

With the exponential growth of microprocessor performance, new generations
of general purpose processors are able to match the performance of older
custom correlation hardware, while being significantly more accessible, in both
cost and usability. For this reason software correlation has become popular
where specialised hardware is not available or necessary.
In this project we investigated whether software correlation can be
successfully accelerated using FPGA coprocessors. We used the DiFX
software correlator as a reference design, which provided us with a software
template and a benchmark to evaluate coprocessor performance.

Results

The implementation used 2 Nallatech H101 Boards (Virtex 4LX100 FPGAs
with PCI-X interface). The figure below presents the performance
speedup our two Nallatech FPGAs had over optimised software running
on a 3.0GHz Quad-Core Xeon (although the software correlator is running
on a single thread). The FPGAs outperform the CPU in most situations,
except when the array size is small.
The RC correlator implementation is fully pipelined, so the input size has
very little effect on its processing efficiency, once data is in onboard
memory. Unfortunately, the FPGA is connected via a slow PCI-X bus,
resulting in large transfer overheads, affecting performance when the
number of input antenna is low [The computation to communication ratio
increases steeply as the number of input antenna increase].
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Implementation

FX correlators computes the
correlation in the frequency domain,
which firstly requires the FFT of each
antenna in the array to be computed;
secondly, the transformed output of
each antenna is multiplied with every
other antenna and accumulated for a
period.
The FFT is performed on each
antenna, in contrast the multiplication
and accumulation is performed for
each antenna pair. This means the
MAC operation being the dominant
function for large inputs [ O(N2) vs
O(N log N) ]. This project focused on
the MAC operation, because of its
greater computational significance
and the availability of reasonably
optimised FFTs libraries for FPGAs.
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Figure: FFTs were performed using vendor
libraries, while the correlation complex conjugate
multiplication was user code.
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Conclusion
Our RC correlator implementation is, for the majority of the time, faster than
the optimised CPU code. This is despite the fact that the Virtex 4 FPGAs
used are out of date. Newer FPGA generations can have up to 20x the
number of onboard DSP blocks, which was a limiting factor to our correlator
implementation. Despite these advantages, the software correlator is
however running on a single thread, required much shorter development
times and does not require expensive FPGA hardware to run. This could
indicate that the DiFX correlator is not well suited to co-processor
acceleration. However, we have shown that radio astronomy correlation can
be accelerated using reconfigurable computing.
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Xeon 3.0GHz processor at varying number of antenna streams. Correlation results are
accumulated over for a period of 1000 time samples, A = 1000. The results on the left shows
speed up with 32 spectral channels and includes IO times in the shaded regions. The image on
the right shows the maximum bandwidth capable when using 256 spectral channels.
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Figure: Results showing the performance of the two Nallatech FPGAs vs. the single threaded
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What is important in interferometric radio telescopes is not the individual
antenna feeds, but the cross correlation between each antenna pair. This
cross correlation is usually computed in custom digital hardware able to cope
with the high data rates.
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Radio astronomy correlation

Modern large radio telescopes consist of many separate receivers. Alone
each of these individual antennas only produces very low resolution results.
However if these individual results are combined, the collection of the
receivers can be used to emulate the response and the resolution of an
antenna much larger than the separate antennas. This interferometric
process is called Aperture Synthesis which is used extensively in radio
astronomy.

Performance for transform length L=256
Max Bandwidth per Stream (Hz)

Introduction

University of Cape Town

