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INTRODUCTION 

This document is provides responses to questions raised in the "Review 
of 'Architectural Design for the VLBA Correlator1" by Clark et al . f 

dated June 28, 1985. The Architectural Design was presented in 
Correlator Memorandum VC041f dated April, 1985. The format includes 
relevant parts of the Review offset in the text and preceded by a ">" 
character. Our comments follow, left-justified. 

After this Response is discussed and revised, we may issue a revised 
Architectural Design report. 

SUMMARY 

>The committee found that the report represents an 
Acceptable architecture for the VLBA correlator. It incorporates 
>the expected features and covers the necessary ranges of all 
>parameters. 

Thank you. 

> We have . . . reviewed the cost estimates dated June 10. 
>These are very difficult to evaluate because the basis of their 
Calculation is not given (except to say that programmers produce 10 
>lines per day). It is also difficult to relate the cost estimates 
>to the design, because (except for purchased computer hardware) the 
>costs are not broken down functionally. Finally, the cost estimates 
>contain some internal inconsistencies (e .g . , the PWG labor estimate 
>is given in three separate tables as 9 .7 , 15.7 , and 30.4 work-mos., 
> respectively.) 

In general, one must remember that estimates provided with the design 
report are not based on a detailed design. That was to have been 
undertaken in Phase A2 of our contract. Obviously, cost estimates would 
have been much refined in that process. 

Nevertheless, we agree that cost estimates can be clarified to some 
extent. See Ted Seling's memo "Basis of the Revised VLBA Correlator Cost 
Estimate" of July 23, 1985. 

MAJOR COMMENTS 

> A. The plan to calculate station phase to 4 bits and then 
>difference at the cross multipliers is probably inadequate. 
>Systematic effects (resonance between fringe rate and phase update 
>rate) will cause persistent roundoff error, and this will be too 
>large unless more bits are transmitted. We recognize that further 
>study of this has been done since the report was written, but a 
>clear demonstration that there is an adequate scheme for phase 
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>transmission is still lacking. 

Refer to memo VC044 in which Dave Fort discusses these issues. We do 
not regard them to be particularly urgent at this time. It is clear that 
more bits can easily be sent by using higher speed transmission or more 
wires. The point for this Report is that substantial economies will be 
realized by cutting the number of fringe phase generators from about 190 
per channel to about 20. The communication scheme must be designed 
carefully in order to meet the overall phase and delay tracking 
specifications. (See below.) 

> B. There are major omissions in the software for 
>post-correlation corrections: very slow fringe rate case; very fast 
>fringe rate case; quantization correction. 

The quantization corrections for two-level and four-level 
sampling will be done in the TOP. The corrections will be applied 
to the data before it is transformed into spectral frequency 
channels. 

Very fast natural fringe rates will require corrections for 
three effects : 

a ) . acceleration in the phase causes mistracking in the lobe 
rotator phases (<20 deg at 100 kHz, 4 ms rate updates), 

b ) . high fringe rates and narrow video bandwidths mean 
different portions of the bandpasses are correlated 
on different baselines, 

c ) . the lobe rotator phases are updated every 0.5 microsecs. 
At 100 kHz, there will be a saw-toothed phase error 
pattern that swings between +/- 10 degrees. 

All three of the above produce non-closing errors. The phase errors 
caused by a) will be slowly varying (a turn of phase in 10's of minutes). 
The a) phase errors can be removed in the Transform Output Processor. 
The amplitude and phase errors caused by the misaligned bandpasses 
depend on the complex responses of the individual bandpasses. Since 
this is information that the correlator may not have, we may be required 
to calculate and apply corrections for b) in the post-processing 
software. This will be reasonably straightforward to do. The sawtoothed 
phase errors c) will swing centered on 0.0 degrees phase error if the 
correlator model calculates its phases for the correct time. We will, 
however, need to apply some small amplitude corrections due to the c) 
phase errors. These can be applied in the TOP. 

In the case of very slow fringe rates, we propose to shut off the 
lobe rotators on the affected baselines and rotate the fringes in 
the DSP's. The accumulators with the slow fringe rate data will be 
dumped more rapidly than the rest of the correlator, and the DSP 
fringe rotation will be accomplished in software. The question of low 
fringe rates requires further attention. For example, how is the DSP 
told what fringe rates to use? Can the correlator chip communicate 
baseline phase downstream to the DSP? 
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> C. There are major omissions in the hardware descriptions 
>which make it difficult for us to assess the design. Such 
>statistics as estimated chip counts and power consumption for each 
>major subsystem are needed. Similarly, the number of p.c. or w.w. 
>boards and the interconnection scheme are of interest. 

Refer to correlator memo VC052, Subsystem Estimates. 

> E. The DPS Control Interface discussion ignores the 
Requirement to provide clear separation of those functions which are 
>record-technology dependent from those which are not. This 
>separation may be logical and not physical, but it must be definite 
>and rigorous... 

The presentation in the Architecture Report could be improved 
semantically. We have always intended to separate these functions. 

DETAILED COMMENTS 

OVERVIEW 

> 1.3 - Is the full flexibility of the crossbar switch 
>necessary? This is a rather large switch; how much does it cost? 

The latest designs do not include this switch as a separate entity. The 
forthcoming correlator memo "Revised Signal Switching" by David Fort and 
Martin Ewing will describe the current switching plan. Basically, the 
ECA input switching that is required to handle various observing modes, 
coupled with IF channel switching in the Station Electronics, appears to 
provide all the capability of the crossbar switch in VC041. 

SPECIFICATIONS 

> 2.1 - Mode names should have some mnemonic value. 
>Narrow-band spectroscopic.modes are missing from the tables. 

We agree that better names will be needed; we would prefer to let the 
design settle before going further in this matter. 

The mode tables are not meant to be exhaustive, but to give an overview. 
Each mode listed can be multiplied several fold. For example, mode 6d 
is the highest resolution mode in the tables ("16 kHz) . At least 4 
options (additional modes) are available to achieve higher resolution. 
A tape speedup factor of 2 or 4 may be used, corresponding to recording 
a 4 or 2 MHz IF band. Playback may occur in 2 , 4, or more passes to 
cover more delay space. Combinations of these options would give 
frequency resolutions of 8 , 4 , 2 , or 1 kHz while keeping correlation 
time comparable to observation time. Occasional experiments could 
employ more playback passes to achieve even higher resolution. 

> 2.2 - Is any other mode than "8" not possible? 
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Mode 8 is only prohibited for 2-bit sampling with more than 5 (or 
possibly 6) antennas. Twenty DPS units can play back 512 million 1-bit 
samples for each of 10 antennas or 1024 million 2-bit samples for each 
of 5 antennas. Mode 8 is the only mode that has this particular 
restriction. 

> 2.4 - The meanings of "delay tracking error" and "phase 
>tracking error" need clarification. Are these just roundoff errors 
>in the calculations or total errors for the whole correlator? 
Calculations to show that the proposed design achieves these specs 
>are not given anywhere in the report. Is the maximum rate 128 or 
>256 kHz (cf. p 31)? Is this a "station" or "baseline" rate? 

Correlator Memos VC049 and VC050 discuss the phase and delay tracking 
specif ications. 

> 2.7 - The 4-level samples will be recorded in ones 
>complement, not sign/magnitude. The correlator should use 
>sign/magnitude only if there is a good reason to do so, and then 
>should perform the necessary conversion. The input data should be 
>ones complement. 

It may well be that sign/magnitude is more useful for the correlator's 
multipliers. All our designs are based on this, but it is trivial to 
make the conversion. From our perspective, this is part of the DPS 
interface specification, many features of which have yet to be 
determined. (Note also that the "need" for l ' s complement is recording 
technology dependent.) 

> 2.10 - The option to support 2x oversampling at full 
>frequency resolution is vaguely expressed. 

We would have been happy to ignore the possibility of oversampling 
support at the chip level. It gains only a few per cent sensitivity for 
a few kinds of observing. It is difficult to assess the extra cost of 
providing it, although we estimated $150K in memo VC 047, the option 
list. Our preference would be to proceed further with VLSI design 
before stating the actual costs that would be incurred by the extra chip 
functions. 

> 2.12 - What imposes the limit of two subarrays? What does 
>the sentence in parenthises mean? We think that support of at least 
>four subarrays should be required, [sic] 

This comment from the review committee was based on the following 
passage from VC041: 

2.12 Simultaneous correlation of unrelated experiments 

* 2 experiments. If two independent experiments involve a total of 10 or 
fewer antennas (including possible duplicated antennas), they may be 
processed together in " f u l l " mode. If the total is 11—14, they may be 
processed in ^ h a l f ' 1 mode; 1 5 — 2 0 , in ^ q u a r t e r ' 1 mode. The two 
experiments must be of compatible types* High-resolution spectroscopy 
cannot generally be processed in parallel with wideband continuum, for 


