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SECTION 1: INTRODUCTION

This report is the result of a workshop held at Division
of Radiophysics, Epping on 25 July and Parkes on 27-28 July 1983,
In attendance were:

Frater (Chairman), J.gG, Ables, J.,W. Brooks, D.N. Cooper,
Deane, J.R, Forster, R.F, Haynes, A.J. Hunt, C.E, Jacka,
Little, R.N. Manchester, J,D, 0‘Sullivan, P,T, Rayner,
Wand, G.W. Bothwell (AARO) and D.J. Skellern (SU/EE)

O oD
LT omim

The aims were to:

(a) determine the overall computing requirements for the
Australia Telescope:

(b) establish manpower and cost estimates, and also the
times when specific hardware might need to be
purchased:

(c) identify any problem areas which may need more urgent
and detailed study,

The approach adopted was to try to set a baseline system in
terms of existing technology which could then be kept updated by any
new advances until a final decision was neceasary,

The computing requirements were divided into three main topics
and at Parkes the workshop split into subgroups which were each assigned
one of these areas as their pPrime respongibility., The topics and sub-
groups were:

(i) on- and off-line computing® Frater (chairman), Haynes,
Manchester, Rayner and Skellern

(ii) correlator system: 0'Sullivan (chairman), Ables,Brooks
Forster and Hunt

(1ii) control/monitor system; Wand (chairman), Bothwell, Cooper,
Deane, Jacka and Little

The reports of each of these subgroups form the basis of the material
in sections 2, 3 and 4 of this workshop report,
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SECTION 2: ON-LINE AND OFF-LINE COMPUTING

2.1 GENERAL INTRODUCTION

We note that these data rates are a compromise based on astronomical
requirements and the capability of the correlator to handle the nec-
essary computations within the budget,

These data flow rates imply a large problem in accepting,
manipulating and storing the data,

The adoption of a system based on current technology could
satisfy the initial requirements for observing in 1988 but reguires
new technology to cope with the peak data rates expected in later
years,

Technological development in the computer area is so rapid that
we expect suitable hardware will become available to overcome the
present limitations, In particular, we expect major advances to be
made in the storage media area,

Software and hardware development estimates (see below) make it
essential that some hardware purchases he made immediately, Combining
such purchases with existing computing facilities makes it possible to
proceed with software design, coding and testing,

Expertise in Radiophysics is at present centred on Digital
Equipment Corp, computers and the VMS operating system. 1In addition,
many available synthesis data reduction packages are supported under
VMS., It should be noted that these systems (e,g.AIPS, GIPSY) provide
many, but not all, of the anticipated image Processing requirements,

An image processing system has to be purchased for the analysis
of AT data at Epping. This system must be additional to existing
computing facilities. For flexibility of data manipulation it is
desirable that the new equipment be interconnected with the existing
facilities,

The volume of observational data that needs to be pProcessed is
too great for Radiophysics to handle alone, Consequently, other
institutions will have to be involved in the processing of their own
data obtained on the AT. However, Radiophysics has to provide the
facilities at Culgoora for data collection and at and Epping for data
processing,

Rll off-line software must be written in such a way that it
supports subroutines, etc, written in standard VAX-11 languages. This
will permit non-specialist programmers, i,e,, astronomers, to
contribute to the software package,

Reliability of the AT computing systems is considered of para-
mount importance,
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2,2 THE CULGOORA COMPUTER SYSTENM

The Culgoora computer system must handle two broad categories
of processing tasks which will be referred to as "synchronous’ tasks
and ‘asynchronous’ tasks, Synchronous processing tasks are tied to
the basic data collection time-frame and must be completed within the
correlator integration period, currently specified to be 5 seconds,
Asynchronous processing tasks are not tied to the data collection
time-frame but must be undertaken to monitor the quality of the basic
data as it is collected, as well as to assess the previous day‘s data,

2,1.1 Broad requirements

The broad requirements for the Culgoora system include:

1. The ability to process incoming correlator data at a rate as
close as possible to the maximum data rate of 400kbytes/second.

2, Continuous operation of the AT. Data taking should be possible
even when one VAX is inoperable. To achieve this, the archi-
tectural design of the computer system at Culgoora should be
such as to allow observations to continue in the event of a
CPU failure,

3. Control of the AT array from Culgoora, Parkes or Epping.
This implies a central computer at culgcora to control the
entire AT. All operations could then be directed from a
console at culgoora or else from one of the other sites via
a communications network,

The solution best able to accomodate these requirements is a
dual VAX-11/750 system (see Fig. 2.1), The two machines would be
interconnected via a CI (Computer Interconnect) bus, The large disk
packs and magnetic tapes required to support the data base are attached
to this bus and hence available to both CPU's at all times, All
peripherals which are required to control the array would be located
on & piece of UNIBUS which can be switched for use by either CPU.

Such a system would allow the functions of one VAX machine to be taken
over by the other in the case of a malfunction of one CPU,

The ’asynchfonous' and ‘synchronous’ tasks can then be
allocated between the CPU’s so that one will be responsible for all
"synchronous’ tasks and the other for "asynchronous’ tasks,

Although the 11/750 has been selected as the most appropriate
VAX currently available for the on-line computers, it does have a
limitation of only 3 buffered data paths (whereas the 11/780 has 153,
This may limit its I1/0 usefulness, especially if one of the 11/750s
had to take the load of both the asynchronous and synchronous computers
in the event of a breakdown of one of them. Further investigation is
needed to determine how serious this procblem may be,
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Correlator to Computer Connection:
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The major problem identified in the above broad aims given in
2.2.1 is item (1), This data rate is very close to the maximum rate
that can be Supperted by a VaAXx system, A number of different inter-
face connections are possible and each wil) need to be investigated
to find the most feasible one. The Possible interfaces include:

1. Dual-ported disks., Data would enter via one port and be
extracted by the Vvax via an alternate port, Off-the-shelf
DEC systems do not currently support this option,
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This device would provide the interfac
to the AT correlator and attach directly to the VAX-750

supported through the memory of the VAX itself rather than
direct to the disk, Thus, this approach requires a backplane
data rate of twice the desired correlator-to-mass storage rate,
and is architecturally unsound,

3. Direct interface to the backplane of a vay . This may require
& piece of purpose built hardware which interfaces to the
backplane and recognises a block of addresses, Trangfers
could then bhe done directly from backplane to magnetic tape
via a disk storage buffer, The problem with building a Special
purpose interface of this type is that difficulties usually
Crop up later (e.q, support, inconsistency with vendor software
updates),

4. As for (2) above but the DR32 would be connected to a separate
processor on the CI bus, This third processor would then be
solely responsible for servicing the correlator data, Thisg
approach would brobably prove too expensive in practice,

All methods broposed above have problems but it was felt that
(3) offered the best path for development in this area and this scheme
is shown in Fig.2.1, Up to six man months should he allocated to
investigating the problems of connecting the correlator data output
channel to the computers, In particular, it wi]l] be necessary to see
if there are any approaches similar to (3) which are {or will soon
become) commercially available. For full redundancy of the system two
identical connection devices would he required if system (3) was
adopted, One would then be mounted on each VAX, Data could be
switched to the appropriate VAX commensurate with the function being
performed by a particular Vax system at that time,

kbytes/sec, However, at the maximum data flow rate of 400 khytes/sec
a tape would need to be changed every 5,8 minutes.



Another problem associated with handling the maximum data rate
is the total quantity of data collected in 12 hours of observation,
amounting to some 20 Gbytes, Storing such a large amount of data would
require over 140 magnetic tapes., This obviously is not sustainable,

It is felt that video tape recording techniques may offer a longer-ter
solution to this storage problem, VLBI experience demonstrates that
data rates of 4 Mbits/sec stored onto 2 hour video tapes works, This
gives a storage capacity of about 4 Gbytes/tape. It is foreseesble
that a doubling of such storage densities and recording times may be
achieved within the next 4 years which would allow a full 12 hour
observation to be stored on 3 such tapes, Another possgible storage
medium that could be congsidered would be streamer tapes. With large
400+ Mbyte disks now becoming common throughout the "computer world"
there will be extreme pressure for manufacturers to develop support
backup media to hold such large volumes of data. Any purchasing plan
for magnetic media must fake account of the developments occurring in
this field, In particular the form of the disk and magnetic tape
“"farmg" for the computing system at Culgoora (and Epping of course)
must not be decided at an early stage, Waiting some 2-3 years to make
such a decision will result in a much improved cost/Mbyte of storage

2.2.3 The Synchronous System

This VAX computer (see Fig., 2.1) will be responsible for all
of the tasks synchronised to the data taking cycle, The volume of
data being handled in real-time and the telescope control operations
associated with that data-taking require significant computing power
in this machine, A VAX-11/750 is suggested as a suitable computer
to perform this function.

Table 2.1 gives a list of tasks to be performed by this machine

Table 2,1 - Synchronous Tasks

Operator interface

Control of the communications links to antennas

Correlator configuration and coentrol

Correlator checking and error flagging

Antenna Pointing

Receiver contro]

Phase and Delay control

Storage of output correlation data

Storage of monitor data

Monitor data checking and flagging
{minimal system)

Initial data calibration
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If the responsibility for checking the quality of the
correlator data (item 4 in Table 2,1) lies with the VAX Synchronous
system, the VAX machine must access the correlation data as it flows
to the storeage medium, This would place a computational load of up
to 1 million floating point operations per second (MFLOPS) on the VAX,
A VAX is unable to handle that computational load. In that case an
array processor must bhe an integral part of the Culgoora Synchronous
Computer, Alternatively, the correlator data could be checked in the
correlator system itself. Not all data need be analysed in real time
to form a meaningful estimate of its quality. Nor do the engineers nee:
to access all the monitor data to assess that the telescopes are
operating correctly, However, a sub-set of the data does need to be
processed for statistical analysis in real time,

The cost estimates shown in Table 2.4 do not include the cost
of an array processor, The inclusion of such an item will run the
estimates well over the allocated budget: however, the speed require-
ments of this monitoring function are such that an AP will almost
certainly be necessary. A full investigation of this area is
required before an AP is placed on the purchasing list,

Initial calibration of the data (item 11 in Table 2.1) calls
for the "synchronous" VAX to calculate initial entries in the gain
tables which in turn are entered into the archived data stream after
each calibrator is observed,

Estimates of the manpower requirements for the synchronous
computing system are detailed in Table 2,2,

Table 2.2 Manpower requirements for development of
the Synchronous Computing system at Culgoora,

TASK MANPOWER
REQUIREMENTS
{Man years)

1) Correlator interface design 1.5
2) Data guality assessment 0.75
3) Video recorder system 0.75
4) Communications network to antennas 1.5
5) Array control ( operations control,

Rx, antenna, turret,LO,cal contrl,

fringe rate and delay calculations,
correlator setup, observation

gcheduling, assessment of monitor
information } 5.5

TOTAL 10.0
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The engineering design work necessary to develop the correlator
interface and the antenna communications system are included in other
sections of this report, The development of the required software
interfaces to the antennas and the correlator will require interaction
with these microprocessor engineers,

Items (1),(2),(3),(4) call for an investigation of methods that
can be used to satisfy operations requirements, 1Item (3) is long term
and may not be satisfied for some years,.

2.2.4 The Asynchronous System

This computer system performs all observational tasks which are
not time-critical to the visibility data collection and telescope
control functions, Time-critical tasks completely occupy the
synchronous computer,

Since there are no time critical tasks to be performed by this
asynchronous computer, the data rates are not critical to its
performance. However, the quantity of observatonal data to be monitored
ig in excess of 1 Gbyte for each day’'s ohservation assuming typical,
not maximum, parameters,

Table 2.3 gives a list of tasks to be performed by this machine
together with estimates for the software development time for each task.

Table 2.3 Manpower requirements to develop
software for the Culgoora Asynchroncus

Computer.
TASK MANPOWER

REQUIREMENTS
(Man years)

Software management 1.5

Scheduling software 0.75

Monitor database interrogation 3.0

Baseline calibration 06.7%

Visibility data edit and check 0.75

Viasibility data display 0.75

Initial data calibration 3.0

and mapping
Data transportation system 0.75
Data archival system 0,75

TOTAL 12.0



2,2.5 Cost Estimates
Cost estimates for the Culgoora computing system are given in
Table 2.4,

Table 2.4 Hardware costs for Culgoora Synchronous
and Asynchronous Computers,

ITEM COST (sk)
2 X VAX 11/750 with 2 x RAS1 disks, 370
3 x TA78 magnetic tapes
2 x FPA750 floating point accel, 20
CI bus system 130
2 printers 15
1 colour display 10
floppy disks 5
incremental plotter 10
unibus switch 20
software licences 20

TOTAL: $600 k

Major item costs will probably drop with time. All items
except one VAX 11/750 and the CI bus will be purchased at the end of
1984, The remaining items will be purchased in late 1986 for delivery
in early 1987,

2.3 EPPING ASTRONOMICAL REDUCTION SYSTEM
2.3.1 Introduction

The basic purpose of the Epping Astronomical Reduction System
(EARS) (see Fig. 2.2) is to take partially calibrated visibility data
and associated monitor data from Culgoora and produce publication
quality images, graphical displays and associated numerical parameters,
Intervening steps include data calibration and editing, map-making,
image restoration (CLEAN and MEM), self-calibration, data-cube (two
spatial dimensions plus velocity) manipulation and display, and model
fitting. In addition, the EARS must support a number of ancilliary
tasks such as schedule Preparation, network communications, and word
processing,
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It is clear that we should not ‘reinvent the wheel’ in a number
of the off-line computing areas. Existing software packages for map-
making, image restoration, self-calibration and data-cube manipulation
must be assessed, and where possible incorporated into the software
system., An immediate consequence of this is that the hardware must be
VAX-based since existing software packages such as AIPS, GYPSY,
STARLINK etc, all operate on VAX machines. Since AIPS uses the AP-120B
array processor, a further probable consequence is that the array
processor(s) must be Floating Point Systems units compatible with the
AP-120B. Software written for this system must operate on the VAX
systems owned by users outside Radiophysics, with the provisoc that
other users provide their own interface to image processing systems
and possibly hard-copy devices. EARS software will bhe written so
that interfacing is as simple as possible. Similarly, interfaces to
the array processor will be kept as clean as possible so that they
can be replaced by VAX software or some other device. The estimates
for capital expenditure and man-power which are given below are for
the period from now te the AT commissioning in 1988. They are
intended to provide a minimum data processing system at the time of
commissioning,

2.3.2 Map-Making considerations

The compact array is planned as a precisely ‘east-west’ array,
so the two-dimensional FFT is adequate for map-making. The Long Base-
line Array is clearly not 'east-west’. However, for the small fields
expected the 2D FFT is adequate. This can be shown as follows:®

The phase term in the usual definition of vigibility is

2n [uf+vm+w(1-02 -m2 )r2],

For small 2,m the w term can be written

2awl{1-0,5(0% +m? )],

80 we require nw(#2+m?) to be small, Following
Thompson (VLA Synthesis Mapping Workshop, 1982),

w(max) ~1/(synth, beamwidth)
8o the maximum phase error on the map is about
n(fieldsize)? /(4synth beamwidth)

where all angles are in radians. For a MAXIMUM error of
0.2 radians

fieldsize < (0.25synth beamwidth)?)

For the LBA at 1.,4GHz, the synthesized beamwidth is about 0,07"
and so a field of up to 1 arcminute in size can be mapped without
substantial distortion. This corresponds to a 2kx2k map, larger than
would be generally used - especially if there are only four elements
in the array.
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2.3.3 Data Rates

The average data rate into the system is assumed to he about

2.1 Gbytes per 12 hours with a basic S-second integration time. This
corresponds to 120 baseline/IF combinations each having 256 freguency
channels, The S5-second integration time gives a 1% amplitude drop at

the edge of a 1K x 1K map., With current tape technology (6250bpi) this
will require 15 magnetic tapes per 12 hours for data storage, or ahbout
9000 tapes per year, Clearly the data cannot be archived indefinitely
in this way, However, existing video recorders have a data capacity

of about 4 Gbytes. We must either develop, or buy when available,
computer interfaces for such recorders, Their cost is moderate (82k to
$3k per unit) and it is not unreasonable to expect other users to
provide their own video tape drive(s),

For a basic spectral-line observation of 256%1K21K maps x 4
polarizations the time required for the Fourier Transform is about 2
hours with the basic FPS 5205 unit (12 Mflops). This unit can be
upgraded to 48 Mflops. An equally fast method of gridding the data
will have to be found.

2.3.4 Cost Estimates

The power/dollar of computing equipment is, in general,
increasing with time. Hence, it is in our interests to leave major
purchases until as late as possible, However, the software system is
very extensive and development must commence as Soon as possgible and
certainly within the next 12 months. We propose to use the present
Epping VAX 11/750 as a base for this development work. This system
has a De Anza image processor and most of the necessary peripherals.
It does not, however, have an array processor, We propose that a
Floating Point Systems 5205 array processor (12 Mflops) be purchased
for this machine as soon as possible,

The remaining EARS hardware should be purchased for delivery in
early 1987, A block diagram of the system is shown in Figure 2.2, and
major capital items are listed in Table 2.5,

Table 2.5 Capital Expenditure for the Epping
Data Processing System,

Item Current Cost Delivery Date
( 1983 sk)
VAX 11/780 300 1987
2x FPS 5205 array processors 140 1984, 1987
4% 400 Mbyte disks 150 1985-1987
2x 125ips, 6250bpi,
Magnetic tape units 120 1987
Image Processor 100 1987
Image hard copy devices 50 1987
Printers, plotters, floppies 50 1987
2% CI-bus interfaces 50 1987
H5Cxx file server 42 1987
CI Star coupler 10 1987
€I - disk and tape channels 20 1987

TOTAL 51032
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This system is entirely based on currently available equipment.,
Hence it does not include video recorders, It is hoped and/or
expected that a CPU superseding the VAX 11/780, and higher capacity
disks and tape drives will he available at the time of order. It may
be necessary to purchase one of the new disk drives before 1987 to
add to the 11/750 system for development work,

For versatility, reliability and ease of data transfer, i+ is
proposed that the new VAX will be connected via a CI bus to the
existing VAX 11/750. This also gives redundancy for many of the
peripherals,

Clearly in thisg minimal configuratinn it will not be possible
to store full databases for spectral-line maps (up to 18 Gbytes of
data). Data compression, selection and/or pipelining (e.,g.sequential
by day) will be required. After gridding, the full database for one
polarisation and frequency band will be typically 128 maps each 1k x 1k,
which is about 500Mbytes. In general, it will be possible to have
several of these on disk. The system will be able to cope with one
or two such users at a time,

2,3.5 Manpower Requirements

These are listed in Table 2.6. Estimates are for the period
from now to 1988,

Table 2.6 Manpower requirements for the
Epping Data Processing System

Item Estimate
(man-years)

System management 3.0
Array processor integration 0.5
Assessment of available software 1.5
packages
Vigibility data input 1.0
Visibility calibration 1.0
Visibility editing 1.5
Mapping, image restoration, self-
calibration etc, . 4.5
Data~cube manipulation and display 7.5
High quality data presentation 1.5
TOTAL 22.0

System management (Table 2.6) includes operating system updates,
storage management, fault diagnosis etcg,

Half a man-year is allowed for integration of the array
processor into the existing VAX 11/750 system,



14

Considerable time will have to bhe spent on assessing available
software packages such as AIPS, GIPSY, DWARF and STARLINK, The aim o
this assessment is to rate the functionality of these systems and the
ability to integrate them (or portions of them) into a total system
suitable for use on AT data,

Visibility input, editing and calibration functions are unique
to the AT and will have to be provided from acratch,

We estimate that 4.5% man-years will be required to set-up,
interface and supplement existing software packages for mapping, image
restoration and self-calibration.

One of the main problem areas is the data-cube manipulation anc
display. This is a highly interactive process requiring the image
processor and involving large amounts of data, With the possible
exception of GIPSY, existing packages are not adequate for our burposes
We thus anticipate considerable software effort in this ares and have
allocated 7.5 man-years in Table 2.6,

The final item in Table 2.6 is an allowance of 1.5 man-years tc
make improvements in the area of data presentation to satisfy astronome
requirements.

2.4 OUTSTANDING

* The main area not covered is the recording and archival of data,
presumakbly on video tape. Commercial activity in this area needs
to be closely monitored,

¥ The question of whether or not special purpose processors for map-
making, map restoration, etc, should be constructed was not
considered by the workshop in any detail., The advantages of such
praocessors over general purpose computers needs to he investigated,

¥ Further investigation is needed to determine the optimum way of
interfacing the correlator to the synchronous computer so as best to
handle the maximum data rate of 400 kbytes/sec.

2.5 RECOMMENDATIONS
The recommendations are:

¥ that two VAX machines be purchased for the Culgoora observatory,
These two machines should be interconnected in a symmetrical manner
80 that their functional role may be interchanged.

* that purchases of computing hardware be made commensurate with the
developments in other parts of the AT project., In particular, the
purchase of bulk magnetic storage media should be delayed for at
least two years,

* that the VAaX 11/750 at Epping be used in the initial stage of the
project until the delivery of the first AT VAX planned for garly 1985
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that developments in the on-line and off-line computing systems take
place in the VMS environment. Other contemplated microprocessor
systems will have to interface ultimately to VMS,

that the purchase of the image processiing system be delayed., The
machine should be installed by early 1987,

that the image processing software system will be designed to be
transportable to other VMS computing systems to encourage
astronomers to process data at their home institutions,
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SECTION 3 : CORRELATOR SYSTEM

3.1 SPECIFICATIONS AND REQUIREMENTS

For the purposes of this,workshop, the ‘correlator system’
is the complete interface between the digitized, band-limited
IF signals and the on-line data handling computer. Its functions
are to (1) convert the high data rate (320 Mbits/s) serial input
data streams into pParallel streams at 10 Mbits/s: (2) adjust the
time delay from each telescope so that all data streams are
synchronized to the same instant with respect to the source
direction; (3) form a properly delayed ‘tied array’ signal from
the six compact array antennas; (4) correlate all sensible pairs
of IF data streams for a designated number of relative delays
(lags): (5) integrate the correlated data (visibilities) over
a designated number of (10 MHz) correlator cycles; (6) transform
the correlated data from the lag domain; (7) perform the van Vleck
correction to account for the effect of digitizing the IF signals:
(8) HANN the frequency spectra if required; (9) select (window)
the frequency channels desired for output and, finally (10)
present the data, sorted in either frequency or vigibility (uv)
Sequence, to the input bus of the on-line computer,

A basic specification on the correlator is the ability
to correlate a 160 MHz bandwidth, This sets the input data rate
to the correlator at 320 Mbits/sec per IF channel, For 2-bit
correlation, the maximum bandwidth at constant input data rate
is therefore 80 MHz,

The output data rate is determined by;
(i) the number of input IF channels
(ii) the number of Cross-correlation spectra generated
(iii) the number of auto-correlation spectra generated

(iv) the number of frequency points generated per cross- or
auto-correlation spectra

(v) the integration time per frequency point.

The specifications on these, and the corresponding
requirements on the correlator are discussed in this section,
The implementation of these requiremente in the AT digital
correlator is discussed in the following sections, Coat and
manpower estimates for the correlator, and the impact of the
correlator output data rate on the on-line data handling computer
are also considered,



