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1.0 INTRODUCTION

The large volume of data from the AT is likely ¢to put
s@vere demands on the capacity of pressent data storaqe and
transport technology. A discussion of this problem may seem
premature because aof the rapid developments in this field,
but some rough idea at this stage is necessary so that
related software tasks may bhe evaluated. By 1983 same of
the arguments of this report (and certainly the prices!)
will be very dated, so that thiz subject will need to be
reviewed at intervals. However, this report makes a first
stab at estimating where our priorities should lie.

2.0 THE NEED FOR DATA STORAGE AND TRANSPORT

AT data will be preprocessed at Culgoora, and then
transported either to Epping or to the wuser’s home
institutiaon for final processing. The latter option will be
encouraged in order to reduce pressure on the Epping
computars, but will require some sort of standard data
format and medium, and wmay not be practicable for
expariments involving large quantities of data. [f the data
are processed at the user’s home institution, then it would
be reasnonabla to ask that institution to provide the media
or their cost: the choice of media is then partly
determined by the institution, but will obviously depend on
what facilities are available at Culgoora.

In either case the preprocessing at Culgogra should he
such as to produce a uv data set which has been corrected
far all telescope-dependent errors, and so may be processed
subsequently by standard packages such as AIPS. This does
not of course preclude further data correction at Epping.

A second requirement is to archive all AT data. The
madium feor this need not be re-usable. If it is decided ta
archive all data then it is logical to use the same medium
far transport to Epping. Data would then be preprocessed
(preferably in real time) at Culgoora, and written straight
an to the archive medium. This medium is then transported
to Epping, used for data processing, and finally archived.

3.0 DATA RATES

The format in which the data are encoded need not be
considered here, except for the special case of a medium
with intrinsically high error rates. It will be assumed
that, whatever format is chosen (e.g. FITS, BACKUP)>, it
will be encoded on the medium with an efficiency close to
100%. In the following calculation, it is assumed that each
word is encoded into 2 bytes (giving & bytes/complex



~¥

Data Storage & Transport Requirements for the AT Page 3

vigibility), and 10s integrations are wused. It is also
assumed that the quantity of data other than visibilities
{e.g. values of u,v,w, ha, etc.) is small compared to the
guantity of visibility data. The values below are based on
the correlater caonfiguratiaon aqutlined in the Correlatar
System Report (AT/10.4/003%, and represent the total data
output from the & telescaope campact array (CA) together with
the long baseline array (LBA} operating with either 4 or 5
telescopes. The maximum dakta rates will be increased if the
planned future extensions to the correlator are implemented,
but this is unlikely to affect the average data rates very
much .

LBA=4 LBA=5
Maximum data rate 48.8 81.9 kbytass

Typical line
data rate 17.2 20.5 kbyte/s
(512#4/baselineg)

Maximum continuum
data rate G.8 0.3 kbyte/s
(CA: 32*#4/haselinse
LBA: 1#4/baselinel

4.0 LONG TERM DATA RATE

The data rate averaged over a long period will depend
critically on the proportions of observing time spent in
different modes. One way taoa assess this (as the §pace
Telescapa Institute has done) is by canvassing potential
users on the types of project they are likely to propose,
although even this may nat reflect ¢the propartions of

projects that are finally scheduled. Here 1 arbitrarily
assuma a mean data rate aof 2Z0kbyte/s, which is likely ta be
an over- rather than an under-estimate. Assuming a mean

fup-time’ af 240 days/year, this then gives an annual data
rate of 415 Gbyte/year.

5.0 MAXIMUM DATA RATE

The maximum data rate of 81.%9 kbyte/s is sufficiently

"low that all the wmedia caonsidered here will be able to

record at that rate. The maximum data rate will therefore
not ba a problem for the recording systam, althaugh it may
be a problem for the internal workings of the computer
systems. The maximum data rate will ©be increased by a
factor of about 2.5 if all the planned correlator extensions
are implemented. Although all the media wauld still be able
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to record at this rate, the video cassettes are approaching
their limit so that it may imn practice be more convenient to
record con two cassettes simultaneously. In any case, the
maximum data rate does not seem to pose a problem for any of
the media considered here.

6.0 AVAILABLE MEDIA

Table 1 1ists the available wmedia and their data
capacities and gosts. The last two rows give the cost/year
for archiving all the data (i.e. assuming that each volume
is wused only once) and the cost/Gbyte of the media if it is
used only for transportation, and can therefore be re-used
an assumed 20 times. This factar of 20 is a (probably
pessimistic) guess at the lifetime of a volume. The cost of
the hardware {(driva, interface,etc.) is not included in
these final rows as it is generally small compared to
sevaral years worth of AT recording media.

4.1 Video Uiscs

Video discs use a laser which changes the reflective
properties of a rotating metal/glass disc, and the data is
subsequently read by scanning again with a laser at reduced
pawer. Currently availablea discs are prohibitively
expensive and can be used only once. However, projections
indicate that the price is likely ta fall rapidly, making
them amongst the cheapest data storage media. The projected
prices in Table 1 are based on a review in ‘Electranic
Design’, and may not be reliable, Re-usable discs, in whigh
a laser at a different wavelength can erase the disc, are
under development and a&are apparently expected to be

available saan. Current video disc drives are available
that are plug-compatible with conventional Winchester disc
dirives. We may expect this compatibility to cantinue, so

that using video discs offers the tremendous advantage that,
in theory at least, no special software or hardware need be
developed. We may in 1988 be able simply to buy a suitable
system off the shelf and plug it in to aur VAX.

Video discs therefore seem an extremely attractive way
of storing and transperting AT data. Howevar, their
usefulness for the AT depends <critically on the expected
rapid fall in prices.
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Table 1: Available Media

Medium 24001 ¢ Video MkIII Impraoved Vidao Video Erasable
standard cassetta VLBI MkILL Disc Disc bisc
magtape tape tape tape (1984) {(proj.1588) {(proj.1988)

Camments High ’ High Man Nan Uncertain

arror error erasable erasable
rate rate

Unit

Capacity 0.18 3.6 12.8 153 1.3 157 157

(Ghyte)

Unit

Cost 20 10 300 300 200 157 237

(%2

Cost per

Gbyte 111 3 23 2 153 1? 1.57

(%)

Hardware.

cost - 30 0.6 20+ 20+ 10 <107 ?

(K%

Transport

cost 5 0.2 1 0.1 150 17 0.17

(%$/Gbyte’

Archive

cost 44.0 1.8 ?2.2 0.8 60.0 0.47 0.67

(K$/y=ar?

The last two rows represent the cost per Gbyte of the medium if used 20 times
(i.e. for transport anly), and the caost per year of the wmedium if used for both
data transport and archiving.

The standard mag tape is assumed to be 2400ft # &250bpi # Btracks

The video cassette is assumed to be 4hr #* ZMbit/s

The MKIII VLBI tape is assumed to be ?200ft*28tracks*33kbpi

Tha improvaed MkIII YLBI tape is assumed ta be 9200ft#28tracks*33kbpini2posns.
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&.2 VLB Madia
6.2.1 Video Cassettes -

Domestic video cassette recorders have been used for
VLBL (the Mk Il system? for some years with great success.
They have the obvious advantages of cheapness and
ruggedness. A standard MkII terminal encodes digital data
onto the tape, so0 we would not have tao develop this
technolaogy, although we would have to develop an interface
between the encoder and the computer. Video cassettes seem
an attractive way of storing AT data because tha dacks are
reliable and need little maintenance, and the cassettes are
compact, rugged, and light, and so would 2ase any prablams
of transportation and storage.

4£.2.2 MKIII VLBI Recorders -

Honeywell instrument recorders have been used on MkIII
VLBI systems for a faw years, and are capabie of storing
large volumes aof data. They have a head assembly which
writes 28 <£tracks across &the width of the tape, at a
recording density of 33k bits/inch. Their overwhelming
advantage for VLBL, that of high bandwidth, is nat relavant
for AT use as all the media here can cope with the AT data
rate, Their major disadvantages are that the decks require
careful maintenance (more so tham a standard mag tape deck)
and the glass reals on which the tape is stared are heavy,
fragile, and difficult to handle.

6.2.3 Iwmprovad MkIIIl VLBI Recarders -

Several groups, notably Alan Rogers’ at Haystack, have
been warking to increase the recording density, by fitting
the decks with narrow heads to increase the available number

of tracks. The tape 1is then written with 28 tracks as
normal, then the head assembly is shifted and another 28
tracks written, and sa on, It is expected that a

twelve~fold increase can be obtained this way (some claim
twenty-fold>, but a reliable production deck has yet to
appear. If this improved deck becomesz available, then -it
will be a cheaper way of staring data than a videa cassette
recorder, although whether it will be cheaper in practice
(because af maintenance, storage, etc.) is nat clear.
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b.2.4 Error Rates -

The video cassette recorder and the ‘improved’ MkIIL
VLBI vrecorder both suffar from a relatively high errar rate
({ D0.0001) and so would need a saophisticated encoding
systam, However their extremely low price would still make
them attractive if video discs did not show the expected
drap in prices. One additional worry is that, since video
cassetttes seem such a good way of storing data, why haven't
commercial camputer companies developed tham for data
storage? The reason for this may simply be that the error
rates are unacceptable for normal data processing. However,
for raobustly encoded AT data, the Ipbss of an occasional
visibility is not likely to be important, provided the error
is detected on playback.

7.0 THE CHQICES TO BE MADE
7.1 The Feasibilty Of Archiving All AT Data

The cost of archiving all the AT data will probably
cost 1less than $1000/year, whether on video discs or a VLBI
mediun, A year‘’s data {41% G&byte) would occupy 2300
standard wmag tapes, or 153 video cassettes, or 3 improved
VLBI tapes, or 28 video discs {assumed to have a 15Gbyte
capacity by 1988). Only the first option ( which would be
uneconomic anyway? represents a storage problem. It wmay be
coneluded that to archive all the AT data is realistic and
feasible,

If the prices of video discs fall as projected, then
they become the chviaus choice for this functian,
Otherwise, the use of video cassettes, or possibly the
improved MkIII VLBI systems, offer raasonable alternatives,
although requiring sophisticated encoding to cope with the
high arror rates,.

7.2 Choice Of Media For Transporting DPata To Epping

I1f the data are ta be archived at Epping, the=n the same
volumes may be used to transport the data to the Epping
caomputers. Alternatively, if ssparate transpgort media are
required for any reason, the choice must be made beween
re-usable video discs (if available by 1988 at a reasonable
price) or the VLBI systems <(video cassette or improved
MkIL13.
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7.3 Choice O0Of Media For Transporting Data Ta Other
Institutions

The choice here is clearly limited by the peripherals
available at the users’ haome institutions, and by the need
to use a standard format (e.g.FI1T5),. It is to be hoped
that, if video prices fall as expected, mast institutions
will acquire video disc readers. Otherwise, the only
alternative currently available is a standard magnetic tape.
Whilst transporting a 15 day observation at the maximum data
rate would require nearly 300 tapes, and so0 would b=
unrealistiec, the data from typical continuum observations
will fit onta a few tapas. In practice, this means that
users who observe with a high data rate will be forced to
pracess their data at Epping, wunless they acquire a
peripheral to read our archive format. Many users, however,
will not abserva at such a high data rate and will be able
to take their data (or be sent their data) for processing at
their home institution. In either case, it seeams that
compatibility with other institutions need not affect the
format we choose for aur archive and transport system.

4.0 CONCLUSION

At this stage we must wait and :see what happens to
pricas of video discs. 1If they fall as grojected, then na
special action need be taken except for the purchase in 1988
af peripherals and media that can simply be plugged into our
VAX. 1If the prices do not fally, then we must start
cansidering the necessary software and hardware that will
need to be developed in order to record data on to domestic
video cassettes, or possibly onto the impraved MIIIL ViLEBI

tapes.
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