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This paper describes the development of a general-purpose software correlator code known as
Distributed FX (DiFX). The code was developed primarily to facilitate an upgrade of the Long
Baseline Array (LBA) network for Very Long Baseline Interferometry (VLBI) in Australia, en-
abling an upgrade from the S2 tape-based recording system to aPC-EVN disk-based system. This
upgrade has brought 4-8 fold increases in bandwidth and greatly expanded the available correla-
tion parameter space. This expansion in correlator capability has led to a range of new science,
both with the LBA and other VLBI arrays outside Australia, and these applications are briey

described.
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1. Introduction

1.1 Function of a correlator

Excellent overviews of correlator functionality are givenin [[4] and [[], and the operations will
only be described briey here. Essentially, a correlator manipulates the do wnconverted, sampled
data from each telescope to produce the basdline visibilities which are the fundamental interfero-
metric observable, containing information on the spatial frequency structure of the observed source.
In order to produce visibilities as a function of frequency, the telescope data streams are appropri-
ately delayed, channelised, compensated for Earth rotation, and cross-multiplied. This process of
channelisation, usualy via a Fourier transform (F), followed by a cross-multiplication (X), gives
rise to the so-called FX correlator algorithm we have implemented in hardware.

1.2 Correlator implementations

Traditionally, correlators have been implemented on Application Speci ¢ Integ rated Circuits
(ASICs), athough recently the use of Field Programmable Gate Arrays (FPGAS) has become
widespread. In either case, custom design or con guration of the boar ds and data transport is
required, and such implementations are referred to in this paper generically as ‘hardware correla
tors'. Examplesof current VLBI hardware correlatorsinclude the LBA S2 correlator [[LT], the Very
Long Baseline Array (VLBA) correlator [|], and the Joint Institute for VLBI in Europe (JVE)
correlator [@].

An aternative to customised hardwareisto write software which carries out the correl ation op-
erations on non-application speci ¢ hardware, such as a Beowulf commod ity cluster. A correlator
implementation consisting of re-usable code which can run on more than one computing platform
is referred to in this paper as a ‘ software correlator’. An example of an existing VLBI software
correlator is the code developed by the Communications Research Laboratory (CRL) in Japan [[].
Generally speaking, software correlations possess the advantage of much greater exibility than
hardware correlators, as data structures are allocated dynamically, rather than being constrained by
the xed hardware boards.

An intermediate approach could be considered, consisting of a software framework with min-
imal hardware-speci ¢ optimised plug-ins. Such a‘hybrid correlator’ isp lanned as an extension to
the DiFX project, but is not discussed here.

1.3 Development of DiFX

The DiFX code was initially developed as a more ef cient replacement for the XF correlator
code used for testing with the LBA from 2004 [[I]]. It can read and process LBA, MkV and K5 data
formats. For LBA operations, it runs on the Swinburne supercomputer!, which comprises over 200
CPUs connected by gigabit ethernet. It iswritten in C++, but all computationally intensive sections
of the code are implemented using Intel Performance Primitives (IPP). IPP is a library of vector
functions optimised for arange of Intel architectures, with a C interface.

The code can run on any number of nodes depending on available resources, and internode
communication uses the Message Passing Interface (MP!) standard®. On the Swinburne cluster,

Lhttp://astronomy.swin.edu.au/supercomputing/
Zhttp:/fwww-unix.mcs.anl.gov/mpi/
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Figure 1: The high-level structure of the DiFX code

the mpicK implementation of MP! is used.

The high level structure of the DiFX code is shown in Figure 1. The cdroslas directed
by a master node, which also performs long-term integration of visibilities aitdsathe results
to disk in FITS format. Data is buffered in memory and coarsely delayed tastlaam nodes,
and transported in short (typically 1-10 millisecond) time ranges to coresnatiere the actual
correlation is performed. The partial visibility results from the core nodegransported to the
master node. Double buffering is used at each transfer stage to émstvariable network latency
does not reduce correlator performance. The spectral and time tiesoddi the correlator are
completely con gurable, unlike hardware correlators which have limitsvedrirom the number
of boards and output data rates, and sophisticated pulsar binninglitegsadre built in.

The structure of the DiFX code is described in detail in [3]. The code acdmentation can
be downloaded dittp://astronomy.swin.edu.au/~adeller/software/difx /.

2. Veri cation and performance

We have undertaken several comparisons with existing hardwardatorseto validate the
DiFX code. In this paper, we present a small subset of one compafistimer testing results and
performance benchmarks are presented in [3].

Figure 2 shows the visibility amplitude and phase obtained from DiFX and frenvittBA
hardware correlator for a two-minute window in a 2.3-GHz test experimesgrwing 0923+392, a
strong and compact active galactic nucleus. Delay model differentesde the correlators were
subtracted from the phase plots. The agreement between the two cosredarcellent. A signal
to noise analysis shows that the results agree within the RMS errors.

Benchmarking of the DiFX code has shown that the performance scaleslyineth addi-
tional compute nodes to 40 CPUs, the largest cluster used for testing tadCtaigutational load
scales linearly with station bandwidth, is relatively constant over moderaigrap resolutions,
and scales near-linearly with number of stations (for typical VLBI ariagsy, as shown in Figure
3. To illustrate typical requirements, correlating the LBA in real time at maximuta-cde (6

Shitp://www-unix.mes.anl.gov/mpi/mpich1/
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