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I) Introduction

This memo will describe the present state of the design of the VLBA
correlator. The thoughts given here represent an evolution in the design of
the correlator on a path to a final specification and design. In this light,
information in this memo is to be considered somewhat preliminary in nature,
being the next step up from VLBA Correlator memo 62. ’

Some of the discussions given here are responses to new concepts
that have surfaced since the last spate of VLBA correlator memos, such
as zero padded Fourier transforms.

One change in the VLBA correlator design from that described in
correlator memo 62 that should be pointed out at the onset is the intention
to use only a single length of FFT. The memo 62 design tried to optimize
the station electronics and do long Fourier transforms when only a small
number of IF channels per antemnna were active and do shorter transforms
when more channels per antenna were active. In this memo it will be assumed
that the FFT length and the number of active channels per antenna are
independent. Designs and specifications for FFT lengths of 1024, 2048,
and 4096 points will be presented.

II) Correlator optioms

This section will try to give the observation options presently planned
for the VLBA correlator and to show how these options interact in operation.
Three equations are presented from which important operational specifications
for the VLBA correlator may be derived. Parameters used in these equations
include;

1) A, antenna parameter »=1/2 for 10 antenna operation
»=1 for 20 antenna operation

2) C, channel parameter %1, 2, 4, or 8 for 1, 2, 4, or
8 IF channels per antenna

3) D, sample dispersal »=1 normal
»=2 if channel is oversampled and the
observer wants to perform independent
Fourier transforms on interleaved sets
of samples (for example on odd and even
samples if the oversample factor is 2).




4) E, to observe multiple s=1, 2, 4, or 8 for 1, 2, &4, or

phase centers 8 phase centers per IF channel
5) P, polarization parameter »=1 for no polarization cross products
»=2 when polarization cross products
desired
6) S, sample factor (S=S1 X S2) »=1 for Nyquist sampling

,=1/2 for twice Nyquist sampling
»=1/4 for four times Nyquist sampling
»=1/8 for eight times Nyquist sampling

7) 81, fraction of S alloted to ,=1, 1/2, 1/4, 1/8
station electronics

8) s2, fraction of S alloted to »=1, 1/2, 1/4, 1/8
baseline electronics

9) V, FFT overlap parameter »=1 for contiguous Fourier transforms
+=2 for overlapping Fourier transforms

10) Z, =zero padding parameter »=1 for non-padded Fourier transforms
»=2 for zero padded Fourier transforms

The equations below establish the operational capability of the
presently envisioned VLBA correlator. To best understand these equatioms,
one should keep in mind a little of the system block diagram. The station
electronics will include enough logic to perform 160 simultaneous fast
Fourier transforms on the playback data (8 per antenna for 20 statioms)
and the baseline logic will include 8 20-by-20 triangular arrays of cross-—
multipliers. If the number of channels per antenna is small, the transformed
output of these channels may be spread out among the multiplier arrays and the
accumulator made simpler by requiring fewer accesses to RAM per unit time. If
there are many channels per antenna active, spectral points at the FFT
output cannot all be preserved after cross-multiplication and some number of
adjacent points must be summed together before accumulation to accomplish the
same simplification above. Equation 1, below, fits all of the possible Fourier
transforms into the 160 available FFT logic circuits, and equation 2 fits the
possible spectral resolution into the accumulator.

M = C*D*E*V°Z (1)

Equation (1) defines M which is the number of independent Fourier
transforms that will be performed per antenna. Allowable values of M in
the design described here depend on the sample factor Sl since the hardware
log;c that will do the transforms can do a certain number of transforms per
unit time. If A has a value of 1, M.Sl can only have values of 1, 2, 4,
or 8. If A is 1/2, M*Sl may also take on a value of 16.
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1°M-A (F = 2048 or 4096) (2)
M-A (F = 1024) (2a)

NB
NB

Equation (2) defines NB which is the number of spectral points obtained
from a given experiment per baseline in terms of the Fourier transform length,
F. Two forms of this equation (2 and 2A) are given. The reason for the two
forms is an attempt to preserve the resolution specification given in VLBA
correlator memo 62 of 1024 spectral points for line observations.

The intent is, if a transform length of 1024 is adopted for the VLBA
correlator, to provide 1024 spectral points over 2 channels (512 points
each). If an FFT length of 2048 or 4096 points is adopted for the

correlator design all of the good spectral points (1024 or 2048 respectively)
will be kept as a final processor output for one channel operation. When two
or more channels per antenna are active, however, the accumulator will no
longer be able to keep all spectral points delivered at the cross-multiplier
output. In order to fit into a practical accumulator some number of adjacent
points will be summed together before accumulation. If an FFT of 1024 points
were selected for the correlator, however, spectral line performance would
suffer since one channel operation would result in spectral resolution of 512
points per baseline. Equation (2A) is an attempt to make a 1024 point FFT
more acceptable by promising an accumulator that will preserve all of the
cross—points for 2 as well as 1 channel operation. Actually, for an FFT size
of 1024 and one channel operation equation (2) should be used instead of
equation (2A). The number of spectral points per channel per baseline is
tabulated for the three proposed FFT lengths in tables I, II, and III.

K=F/ 2N (3)

Equation (3) defines K, the number of adjacent FFT spectral
points that must be summed together after cross-multiplying in order to fit
into the accumulator. K is given in terms of N, the number of spectral points
obtained per channel (given by NB/C*'E°P in most cases).

It may seem as if the list above contains many parameters
and that the VLBA correlator will be excessively complicated in
order to provide so many options. However, equatiomn (1) illustrates the
underlying simplicity in providing all these options in that many options
are functionally the same thing. In other words the apparent complexity reduces
to a simple question of how the FFT logic circuits are initially loaded
with data (the complexity of the software to support many operating modes
is, of course, another matter).



III) PERFORMANCE

This section presents three tables of correlator performance
for three hardware FFT lengths. The reason for giving three optioms is to
help to illustrate the hardware/performance trade—offs. Section IV will
discuss hardware considerations that pertain to the FFT length.

Table I gives the VLBA correlator performance if 1024 point Fourier
transforms are dome, table II gives the performance for 2048 point transforms,
and table III is for 4096 point transforms. Column N gives the number of
spectral points per channel per baseline an observation will produce and NB
gives the number of spectral points per baseline.

IV) HARDWARE

This section will discuss the numerical standard tentatively selected
for the mathematiecs of the FFT and cross-multipliers and other topics of the
VLBA correlator design.

The numerical standard being comsidered for the FFT logic is a
9-bit floating point system with a 5-bit 2°s complement mantissa and
a 4-bit positive integer exponent. The hardware design of the last month
or so seems to indicate that a floating point notation would be the most
. inexpensive method of satisfying both the resolution and dynamic range
requirements of the station based FFT logic. Since all of the numbers
represented through the FFT, the fractional sample time correction, and the
baseline multipliers (see next paragraph) are complex, the floating point
structure was simplified to a 5-bit mantissa for real components, a 5-bit
mantissa for imaginary components, and a common 4-bit exponent (Marty
Ewing’s idea). Later reference to this number format will call it 5,5,4
floating point.

The present design concept is to implement the FFT butterfly logic
in a single custom gate array chip. Modern gate array techmnology seem to
be able fit the four (5-bit by 5-bit) multipliers, adder stages, and the
floating point to fixed point and fixed point to floating point conversion
logic required by a butterfly onto a single medium size chip with ease. This
butterfly chip will reduce the FFT logic to a simple structure of RAM chips and
butterfly chips reducing the overall system chip count delightfully. In
addition, since the butterfly chip must have the complex multiply function
required by an FFT butterfly, this complex multiplier may by used other places
in the system. For example the fractional sample time error correction logic
and the baseline multipliers both require complex multipliers for which the
butterfly chip can be made usable. A small amount of additional logic can be
put into the gate array to further reduce the system chip count. For instance
the butterfly adder stages may be modified somewhat to also serve as the
accumulator adder. Figure 1 illustrates the intended multi-use functionality
of the gate array.

Figure 2 gives a block diagram of part of the station electronics data
path. The functions include a programmable window function circuit, the fringe
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