
5. MODULAR DESIGN

A key step in any correlator is parallelizing the computation.
For the MOFF correlator one could use the same approach as an
FX correlator and parallelize by frequency. In this approach, one
X board handles all of the antennas (or spatial nodes) for a small
range of frequencies. The complication is the corner turn
between the F and X stages: the output of the F-stage boards
is all the frequencies for one antenna, and the input of the
X-stage boards is all the antennas over a small subset of the
frequencies. Much of the design of modern FX correlators is
concerned with efficiently performing this corner turn to allow
the necessary parallelization (e.g., Parsons et al.2008).

Due to the structure of the spatial FFT, there is an alternate
approach to parallelizing the computation of the MOFF corre-
lator that may offer some distinct advantages. The spatial FFT
can be separated into spatial units we are calling “modules,” as

shown in Figure 1. Each module would calculate a portion of the
full FFT for all of the frequencies. For the first few stages of the
FFT this approach will require horizontal communications be-
tween the modules to pass intermediate results through the array
(label d in Fig. 1). The later stages of the FFT are all contained
within one module (label e) and can be performed without ad-
ditional module-to-module communication.

In the module approach to parallelization, intermodule com-
munication is required at several different stages. In the gridding
stage (label b), the kernel used to grid can overlap the boundary
of adjacent modules. In this case, a copy of the digital antenna
signal needs to be provided to the neighboring module(s). The
gridding kernels are usually about the size of the antennas in
extent, so the fraction of antennas that straddle module bound-
aries tends to be small. Intermodule communication is also re-
quired in the first stages of the spatial FFT, where intermediate

FIG. 1.—This illustration graphically depicts a one-dimensional version the MOFF correlator structure. (a) Electric field gathered by a 1D array of irregularly spaced
antennae (EðaÞ, eq. [11a]) is digitized and sent to the frequency portion of the correlator. (b) Digital antenna signals are then transformed into many narrow frequency
channels. Through this step the MOFF correlator is identical to an FX correlator. (c) Antenna signals are weighted by the thermal noise and gridded onto a regularly
spaced grid of input nodes using the holographic antenna patterns. This step is analogous to the uv-gridding procedure in a standard imaging pipeline. (d–e) Spatial FFT
algorithm is illustrated as a power-of-2 Cooley-Tukey algorithm (Brigham 1974). At each node in the algorithm the two numbers indicated by the input arrows are
multiplied by a rotation and summed. The output at the last node of (e) is a spatial image of the electric field (however, the pixel locations have been scrambled by the
algorithm). (f) Electric field image is squared and integrated to create the interferometric image. The FFT algorithm can be separated into spatially separate modules, as
indicated by the dashed box (§ 5). Calculating the stages of the FFTwithin (d) requires communication between the modules, whereas the portion of the FFTwithin (e) is
wholly contained within one module.
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