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Opening of Hatfield Starlink Node 

The new Starlink node at Hatfield Polytechnic was 
opened by astronomer and author Patrick Moore on 
10th May 1991. At the opening, Dr Moore, who was 
awarded an honorary doctorate by the Polytechnic 
two years ago, said 'this equipment will put Hatfield 
right at the forefront of modern astronomy'. Thanking 
him, Professor Jim Hough, head of the Division of 
Physical Sciences and new chairman of SERC's 
Ground Based Programme Committee, said 'Patrick is 
highly regarded in the national astronomical 
community for the tremendous work he does 
promoting astronomy. His association with Hatfield is 
something we regard highly'. 

In the picture on the left, Patrick Moore (seated) 
looks at an image of Saturn on a Starlink colour 
workstation. Standing behind him (from left to right) 
are Chris Clayton, Patrick Wallace, Adrian Fish, John 
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Sherman, and Eric Dunford. 
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Editorial 

For ten years Starlink has been based on VAX/VMS 
machines, and very successfully too. Ten years ago, they 
were the right choice. 

But for some time now there has been an irre-
sistible momentum behind the rise of Unix-based ma-
chines. In August, Patrick WaJJace issued the paper 
'Unix and Starlink' (SGP/7) which explains the ratio-
nale and plans for the transition to a Unix-dominated 
Starlink. The advantages of Unix, for Starlink, are 
the improved price/performance of Unix hardware, and 
compatibihty with astronomers overseas, with conse-
quent benefits to software exchange. The problem, of 
course, is transferring existing software from VMS to 
Unix. Part of this process is porting the kernel of 
Starlink's ADAM software environment. Once this is 
done, the large number of applications which depend 
on ADAM become usable on Unix machines. Rapid 
progress is being made in this area, as described on page 
10. 

Another harbinger of change was the conference 
held at Southampton University at the end of Septem-
ber on 'Future Needs in Astronomical Computing', re-
ported on page 12. Here, the main promise is the in-
creased computing power offered by parallel processors. 

Ten years ago 

The year 1981 saw big changes in the top echelons 
of the Project. In March, Eric Dunford replaced Cliff 
Pavelin as Project Manager. In October, Eric moved 
up to head the Planetary and Astronomical Data Divi-
sion and was replaced by the present incumbent Patrick 
Wallace — happy anniversary Pat! At the end of Oc-
tober, Bob Dickens, who had seen the Project through 
its early years as Head of Starlink, left the Project to 
return to full-time research. 

In July, the colourful Starlink Binders arrived which 
have been standard issue ever since. The font used for 
the heading has never been a favourite of mine, and I 
think making them 4-hole binders was a mistake. But I 
like the picture of the Horse Head Nebula on the front; 
it has become almost a Starlink icon. 

In August, Dave Pearce started designing and im-
plementing HDS, the Hierarchical Data System which is 
one of the foundations of today's ADAM software envi-
ronment, and was joined in this work by Anton Walter 
in October. (Anton joined the Project in 1979 but pre-
viously had been working on Networking). Sadly, both 
these talented men have since died, but their work lives 
on. 

The production of the 'Starlink Information Bul-
letin', ENTERPRISE, slowed down in 1981. After three 
editions in 1980, only one was produced in the following 
year. The front page story was the successful experi-
mental transference of a message from the PDP11/70 at 

The technical problem is that many of these machines 
are effective only for a subset of astronomical comput-
ing needs and are likely to be most useful for specialist 
applications. 

Hovering over the exciting prospects of powerful 
Unix workstations and dazzling parallel processors is the 
incubus of funding. Starlink has been hit this year by 
SERC's financial problems, and its future level of fund-
ing is uncertain. But these problems are nothing new. 
Ten years ago, Starlink was heading for similar finan-
cial stringencies, but survived to enjoy a tremendous 
increase in its hardware power, software provision, and 
number of sites. Let us hope that the 90's will tell the 
same story. 

Finally, if you aren 't sure what software is available 
on Starlink computers, take a look at the new SUN/1. 
It describes the Starlink Software Collection and has 
been heavily revised and reorganised to make it more 
accessible. It also contains a functional classification of 
the software items. Get a copy from your Site Manager, 
or ask me for one. 

Mike Lawden, Starlink, RAL 
RLVAD::MDL, MDL@UK.AC.RL.STAR 

Readers are reminded that the views expressed in the articles 
do not necessarily reflect those of Starlink management. 

Groningen university computing centre to the Starlink 
VAX 11/780 at RAL. In today's world of planet-wide 
e-mail traffic this may not sound like a big deal, but it 
represented a major step forward at the time. Further 
down the page there is a sentence which readers unfa-
miliar with the original Starlink Versatec electrostatic 
printer/plotters may find mystifying: 'Printronix line 
printers are all in full use, economising greatly on sta-
tionery'. Having spent a not inconsiderable proportion 
of my life folding up and pigeon-holing tons of paper 
spewed out by these beasts, I hate to think what would 
have happened if such 'economies' hadn't been made. 

This edition also contained a 'Milestone' chart in 
which we told readers our predictions of when things 
(like the 'Environment') would happen. This turned 
out to be a cruel hoax, but fortunately few people took 
it seriously. I still think it was in bad taste. 

Finally, a quote from the June 1981 Bulletin which 
has a contemporary ring: 'The current financial posi-
tion makes it unlikely that large scale enhancements can 
be provided in the near future despite a strong demand 
for new nodes and rapidly increasing pressure on the ex-
isting facilities'. After some good years in the middle, 
ten years on sees Starlink facing similar challenges. Let 
us hope that the Project rises to them in the next ten 
years as successfully as it has in the past ten. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, MDL@UK.AC.RL.STAR 
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Successful launch of Solar-A 

Figure 1. One of the many thousands of images already obtained from the Soft X-ray Telescope (SXT) on the 
Japanese solar mission Yohkoh (formerly Solar-A), launched on 29th August 1991. This full-disc image is taken in a 
broad range of soft X-ray wavelengths (wavelength discrimination is by broad-band filters), and shows active-region 
and other loops, as well as a 'polar plume' of radial structures that bound a coronal hole. The SXT is a Japan/US 
collaboration as described in the article. 

The Japanese solar space mission Solar-A was 
launched on 29th August 1991 from the Kagashima 
Space Centre in southern Japan, and everything appears 
to be operating well. The spacecraft has been renamed 
Yohkoh, Japanese for 'sunbeam', a name chosen for it by 
the Japanese public. It carries four major instruments, 
all designed to observe various high-energy aspects of 
solar flares and active regions. One is the Bragg Crystal 
Spectrometer (BCS), designed and built by a consor-
tium led by Mullard Space Science Laboratory; Ruther-
ford Appleton Laboratory and the US Naval Research 
Laboratory are the other consortium members. 

The BCS will be observing X-ray spectral lines 
that will give diagnostic information about the flare 
and active-region high-temperature plasmas. Prelimi-
nary data indicate that the instrument is performing 
well. Other instruments include the Japanese Hard X-
ray Telescope and the US (Lockheed) Soft X-ray Tele-
scope (SXT), both designed to form images of flares at 
the highest spatial resolution ever obtained. The data 
appear to be fully up to expectations. 

As with data from all the instruments, the BCS 
data are being received at the Institute of Space and 
Astronautical Science. It is here and at the National 
Astronomical Observatory of Japan, both near Tokyo, 
where most of the analysis will take place in collabo-
ration with Japanese colleagues, but data will also be 
analyzed at the home institutes in the UK, partly using 
Starlink facilities. A display and quick-look facility is 
being used on the Starlink Astrophysics VAX Cluster 
at RAL. 

Figure 1 shows one of the images taken by the SXT 
on the Yohkoh solar research spacecraft of the Japanese 
Institute of Space and Astronautical Science. SXT is a 
Japan/US collaboration involving the National Astro-
nomical Observatory of Japan and the Lockheed Palo 
Alto Research Laboratory. The US work is supported 
by the National Aeronautics and Space Administration. 

Ken Phillips, RAL 
RLSACr.KJHP, KJHP@UK.AC.RL.STAR.AST 
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New products 

From the beginning of March to the end of Octo-
ber there were 36 software releases and 60 document 
releases. These included an unusually large number of 
new software items. All the documents mentioned be-
low can be obtained from any Starlink Site Manager, 
or directly from RAL. 

Software 

Fourteen new software items were released: 

CHI: Catalogue Handling Interface — routines and 
applications to access star catalogues. It is in-
dependent of the underlying database system, al-
though it currently uses ADC (SUN/119,120). 

CNF: routines to allow C and Fortran code to be 
mixed within a program (SGP/5). 

EMAIL: searches e-mail addresses of astronomers and 
astronomical sites, and gives help on mailing syn-
tax and network access. 

FITSIO: routines to access FITS files (SUN/136). 

H E L P : interactive help system similar to VMS help, 
but implemented in a portable way. Versions for 
VAX/VMS and PC/Microsoft Fortran are avail-
able (SUN/124). 

G W M : Graphics Window Manager; controls creation 
and destruction of windows on X-terminals and 
Workstations (SUN/130). 

LOG: logical name utility for creating or extending 
search lists (SUN/135). 

PATTLOAD: &TEX PATT form generator (SUN/22). 

P S S M B : print symbiont to handle PostScript printers 
(SUN/131). 

PSX: Posix routines. 

R E F : reference handling routines from HDS; now a 
separate item in the Collection (SUN/31). 

R G A S P : reduced version of GASP, the Galaxy Sur-
face Photometry Package (SUN/52). 

W F C _ S O R T : makes ASTERIX-type datasets from 
WFC observation data (SUN/62). 

XDISPLAY: command procedure to set route infor-
mation to allow X-windows output to be routed to 
X-terminals. Available on VAX, SUN, and DEC-
stations (SUN/129). 

Existing software items which have been improved 
include: 

ADAM: includes changes to match those to HDS, and 
a neater way into ICL (SSN/45, SG/4). 

HDS: now portable and compatible with SUN version, 
also includes error reporting (SUN/92). 

KAPPA: now available from both ICL and DCL. 
More applications using NDF. Uses 1.5Mb less 
memory than before (SUN/95). 

FIGARO: handles NDF as well DSA data (SUN/86). 

T E X : wider selection of document styles and DVI file 
processors (SUN/9,12). 

IRCAM: supports the use of X-windows on VaxSta-
tions (SUN/41). 

Documents 

In addition to the documents mentioned above in 
connection with software releases, new documents in-
clude: 

S G P / 4 : Starlink's C programming standard. This is 
the C equivalent of the Starlink Fortran program-
ming standard (SGP/16). 

SGP/7: Starlink's Unix migration policy. 

S U N / 3 4 - EMACS: Unix text editor. 

S U N / 7 7 - NBS: noticeboard system for processes to 
share data in global memory. 

SUN/127: describes the EXOSAT database system, 
points to further information about it, and gives a 
quick guide to using it. 

SUN/128 - QDP: introduces a new system for plot-
ting graphs. 

A number of existing documents have been revised, 
including: 

SGP/25: Starlink Site Manager's Guide. 

S U N / 1 : describes the Starlink Software Collection. 
Look at this if you want to know what software 
is available and what it does. 

SUN/109 - PISA: the Position, Intensity and Shape 
Analysis package. 

SUN/118 : how to use the Starlink Software Collec-
tion on Unix machines. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, MDL,@UK.AC.RL.STAR 

Martin Bly, Starlink, RAL 
RLVADr.STAR, STAR@UK.AC.RL.STAR 

STOP PRESS 
Overseas readers have asked for access to the 
Starlink NEWS service, in particular to re-
ceive information about job vacancies. A cap-
tive account has been set up to allow this. It 
has username NEWS_SERVICE on SPAN node 
RLVAD (address 19.1, or 19457) or Internet 
RLSTAR.BNSC.RL.AC.UK (1S0.246.32.1). 

mailto:STAR@UK.AC.RL.STAR


Comings and goings 

After the frenetic activity reported in the last Bul-
letin, the last six months have been rather more sub-
dued from a staff and site point of view. No new 
Starlink sites became active, although the one at Hat-
field Polytechnic received its official opening by Patrick 
Moore, as reported on the front page. 

A major enhancement to the ADAM support group 
occurred in June when three people joined it to help 
with the task of porting the ADAM software to run 
under Unix. The members of this team came from the 
Informatics Department within RAL. Heading the team 
is Ken Hartley who has had a long association with 
Starlink. Ken worked at RGO (during its Herstmon-
ceux incarnation) and made a major contribution to 
the ASPIC package — the first comprehensive applica-
tions package to be written for Starlink, and still lin-
gering on. The other two members were the husband 
and wife team Crispin Goswell and Karen Goswell. 
I use the past tense here because, to our regret, they 
left the Project at the end of September, Crispin hav-
ing accepted a position with Microsoft in Seattle. Dur-
ing their three months with the Project, Crispin and 
Karen proved to be quite outstandingly productive and 
completed major components of the ADAM port. We 
are sorry to see them go. They have been replaced by 
Stuart Robinson, also from Informatics Department. 
Stuart is an expert on computer languages and is a wel-
come addition to the team. 

Another departure from the Project has been the 
irrepressible Jo Murray. Jo has more important 
things than Starlink on her mind at the moment: she 
had her first baby in November. Since joining the 
Project as an applications programmer in June 1986, 
Jo has shown great versatility. She set up the highly 
regarded IUE Uniform Low Dispersion Archive system 
from VILSPA for Starlink. She was the UK agent 
for the enormous FIGARO data analysis package (the 
largest item in the Starlink Software Collection), mas-
tered its labyrinthine complexities, and prepared it for 
release within Starlink. She was the acknowledged TpX 
virtuoso at RAL. Her 'Introduction to ADAM Program-
ming' (SUN/101) is the best guide to writing ADAM 
programs currently on offer. She also wrote the Star-
link standards for programming in C (SGP/4), and pro-
duced the first of a new series of display charts which 
summarised the contents of the Starlink Software Col-
lection. 

But for readers of the Starlink Bulletin, Jo's great-
est claim to fame is simply that she did the practical 
work of getting the first six issues of it onto the streets. 
I didn't realise how much detailed work Jo had done on 
preparing the Bulletin until I took over the job myself 
for the last issue. I found myself involved in a fight with 
the lATjrX document preparation system and was los-
ing on points, until I discovered Jo's toolbox of macros. 
These were what a modern marketing man would de-
scribe as 'business solutions'. From then on I won every 

(well, almost every) round against lATgX and usable 
copy started pouring from the laser printer. Jo will 
certainly be missed at RAL. 

Finally, Martin Bly, has taken over the responsi-
bilities of Starlink Software Librarian from Mike Law-
den, who will now be able to concentrate on improving 
and enhancing the voluminous Project documentation 
under the banner of Starlink Documentation Librarian. 
The growth of Starlink has increased the scale of both 
these jobs to the stage where they are now each full-
time activities. Martin has just completed his first year 
doing the crucial job of designing and distributing Star-
link software releases. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, MDL@UK.AC.RL.STAR 

SPECSIG news 

Progress in the area of the Spectroscopy Special 
Interest Group has been concentrated on the UCLES 
(University College London Echelle Spectrograph) data 
reduction package, ' E R I C This is a flexible, instru-
ment independent set of programs for reducing 2D mul-
tiple spectra frames into ID spectra. It has facilities to 
cope with: 

• Cosmic ray contamination 

• S distortion 

• 2D distortion 

• Wavelength calibration 

• Flat fielding 

• Sky modelling 

• Profile modelling 

• Optimal extraction 

• Scrunching and merging 

All intermediate results are stored in a container file 
which makes it easy to repeat and alter individual steps 
in a reduction. Results may also be 'cloned' from pre-
vious reductions with ease. A flexible graph plotting 
interface is provided, and all programs may also be run 
in batch mode. 

The current version runs using FIGARO, and an 
ADAM version is under development. 

The package includes a step-by-step introduction 
to its use (by means of a demonstration using included 
data files), and also has extensive on-line help. 

An official Starlink release should occur soon, but 
pre-release versions of the package are already installed 
at some sites (ask your System Manager). 

Dave Mills, UCL 
ZUVADr.DMILLS, DMILLS@UK.AC.UCL.STAR 
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RASIG news 

The membership of the Radio Astronomy SIG 
has been increased during the year 1990-91 to pro-
vide greater representation of users of radio astronomy 
software, and to provide links with other SIGs. Alan 
Pedlar (NRAL, Manchester) was appointed chairman 
in October 1990. The current membership is: Robert 
Laing (RGO), John Lightfoot (ROE), Geoff MacDon-
ald (Kent), Rachael Padman (MRAO, Cambridge), Pe-
ter Warner (MRAO), Patrick Leahy (NRAL), Kevin 
Richardson (QMW), David Hughes (Lanes Poly), Ian 
McHardy (Southampton) and Steve Unger (RGO + 
VIMSIG rep). 

The SIG has been without a programmer for the 
past 12 months. The last major task completed by 
its last programmer was the development of continuum 
imaging software, mainly for use at the JCMT. This 
has been completed and released on a test basis to ROE 
users, who are presently evaluating the package. 

In the last year, progress has been made only by 
local effort — mainly at Jodrell and MRAO. The AIPS 
package has been successfully installed on the Jodrell 
Bank SUN workstation cluster, and Dave Shone is port-
ing OLAF PLOT and MAP from the Affiant to the 
SUN. Several local AIPS tasks, mainly concerned with 
Merlin imaging, have already been installed. Almost 
all the Merlin calibration is now possible using AIPS. 
AIPS has also been installed on the SUN cluster at the 
IOA, Cambridge. 

Although we have obtained permission from NRAO 
to set up a Starlink distribution of a compact version 
of AIPS, without a RASIG programmer we are finding 
it increasingly difficult to help Starlink users install or 
update this package. This is a particular problem on 
VMS based systems as this version is no longer used, 
and hence debugged, at NRAO before release. Severe 
difficulties have been experienced at a number of nodes. 

The most important development this year has 
been the start of a major rewrite of the NRAO AIPS 
package in object-oriented code (AIPS++). Among a 
number of other benefits, this will result in easier code 
maintenance and a more sophisticated user interface. 
While the package would clearly be oriented towards 
radio users, it is expected that extensive use will be 
made of it at other wavebands, and there is already 
close collaboration with the IRAF software group. We 
also intend to support single telescope reduction as well 
as synthesis, which in principle could be used for the 
JCMT. 

AIPS++ is a major software project requiring at 
least twenty man-years of effort. NRAO has requested 
advice and assistance from the user community, and has 
already had commitments from the Australian, Dutch 
and Indian communities. RASIG organised an open 
meeting at Jodrell where interested parties discussed 
the proposal and the UK involvement. Unfortunately it 

does not seem likely that there will be significant Star-
link involvement in this project, and hence program-
ming staff from Jodrell Bank will attempt to represent 
UK interests. 

Alan Pedlar, Jodrell Bank 
JB VADr.AP, AP@ UK.A C.MAN.JB.STAR 

SASIG news 

The appointment last November at Armagh Obser-
vatory of the SASIG programmer, Michael McSherry, 
has breathed some new life into the UK solar physics 
community. Michael has made a lot of progress in get-
ting some software running for the analysis of HRTS 
data. HRTS is a high-resolution ultraviolet spectrom-
eter developed for launch on rockets and on Spacelab 
2. Through Michael's work, software for the analysis 
and display of the data, originally developed by the US 
Naval Research Laboratory, is now generally available 
for Starlink- users. 

The next big task for him is making available the 
software for analysis of the XRP experiment on Solar 
Maximum Mission. The software has a long history, 
and there are several generations of programs, some 
dating back to the days when the main analysis tool 
was a PDP 11/34! As with so much other solar astro-
physics software, IDL (Interactive Data Language) is 
extensively used, particularly in the US, and so most 
of the more recent XRP software consists of IDL pro-
cedures. We hope to have these programs available for 
use on Starlink in the near future so that the large and 
still largely untapped store of XRP data can be better 
used by UK solar people. 

Another major software development was the re-
lease of the HXIS analysis package. HXIS — Hard 
X-ray Imaging Spectrometer — was, like XRP, an ex-
periment on SMM, and analysis software was available 
at the home institutes of this experiment (Utrecht and 
Birmingham). Through the efforts of James Tappin, 
George Simnett and others at Birmingham, this soft-
ware has been made available to the Starlink commu-
nity. It is described in SUN/76. 

Our VAXnotes conference is still not being used 
as fully as it should, but at least one item — written 
by James Tappin (BHVAD) — has proved valuable: an 
IDL procedure to read on-line images of the sun from 
Big Bear Observatory in southern California. These can 
now be pulled across routinely by any Starlink user, as 
is being done at RAL by Jeff Payne (RLSAC). 

At the SASIG meeting in June 1991, interest was 
expressed in having interactions with other SIGs, in 
particular SPECSIG and DBSIG, and most likely we 
shall second people to represent us at the meetings of 
these SIGs. 

Ken Phillips, RAL 
RLSAC::KJHP, KJHP::UK.AC.RL.STAR.AST 
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The database problem 

In the earlier stages of astronomical data reduction 
one usually handles objects such as images, spectra, or 
time-series, in which all the elements have the same 
data type. Lots of Starlink packages are available to 
process such objects, and often it is feasible to pass 
such data from one package to another because they 
are all based on the Hierarchical Data System, HDS. 

The later stages of processing often produce tab-
ular datasets: lists of things like detected sources, 
spectral-lines, or red-shifts, in which each object has 
fewer values attached to it but uses many different data 
types. Although HDS can be used to handle such lists, 
it is not ideal for the purpose. Typically, one needs 
to browse through the lists of objects, selecting sub-
sets, computing new columns, merging one list with 
another, inserting new entries, perhaps altering some 
values. These are just the sort of operations that rela-
tional databases axe designed to perform. 

There are, of course, two Starlink packages specif-
ically designed to handle tables: SCAR and REXEC. 
Unfortunately, both have important limitations. 

SCAR 

SCAR was designed by the RAL IRAS team to 
access large celestial catalogues, whether held on tape 
or on disk. Although it performs some operations quite 
well, and has a band of devotees, it has numerous draw-
backs which cause widespread frustration: 

• Many potential users are put off by its impenetra-
ble documentation, the rather hostile user-interface, 
and the need to grapple with fixed-format descriptor 
files. 

• It was designed for static data-sets; insertions and 
alterations can be done (with difficulty) but they 
often invalidate any indexes or destroy the ordering 
of any sorted column (often without any warning to 
the user). 

• It seems to have too many commands that do 
very similar things (e.g. LIST, PRINT, REPORT, 
WRAP), while other important operations seem 
to be missing (e.g. grouping, computing sums or 
means, outer-join). 

• Bugs, some quite serious, continue to surface at an 
alarming rate. 

• The code was designed for VMS, and it would prob-
ably take a lot of effort to make it portable. 

REXEC 
REXEC was produced at RAL by the Scientific 

Databases Section for the geophysical community. Ver-
sions for several operating systems are already avail-
able, including VAX/VMS and MS-DOS. Although it 
has a coherent design, is reasonably well documented, 
and has a better user-interface than SCAR, it has only 
been used at a few Starlink sites. Among its limitations 
are: 

• There is no form of indexing; efficient access de-
pends on sorting on some key field, which means 
only one of them, and (as with SCAR) alterations 
and insertions are liable to invalidate the key. 

• Most operations generate a new file; this can be 
expensive on I/O and disk space. 

• There is no specific support for astronomical no-
tation or functionality, and some important opera-
tions, such as joining two source catalogues on po-
sition, simply cannot be done. 

• It has its own unique data format, which means all 
external files need format conversion. 

Other packages 

Several other Starlink packages can do simple 
things with tables, but each tends to have its own data 
format, making transfers from one to another very awk-
ward. Just about the only common standard is the text 
file. Also, it is notable that neither SCAR nor REXEC 
can handle directly any of the 'standard' table formats 
that astronomers use elsewhere: FITS tables (ASCII 
and binary) and MIDAS table files. 

The Database SIG feels that a good relational 
database package would greatly assist many data man-
agement and analysis tasks, and that none of the ex-
isting packages is adequate. Instead of trying to make 
SCAR more user-friendly and portable, it might be bet-
ter to search for a replacement. We need, of course, to 
find a package available for both VMS and Unix; an 
additional version for MS-DOS might be a bonus. 

Many powerful relational database packages are 
now on sale; though mostly not designed for scientific 
work they might provide a good engine to sit beneath 
astronomical applications. Although these packages are 
often rather expensive, it is worth noting that some 
(like INGRES and ORACLE) are already site-licensed 
on many campuses. Fortunately, Starlink will soon have 
a database programmer again, and one with consider-
able experience in this area: Clive Davenhall (presently 
at ROE) will be moving to Leicester to start work in 
January. His first task will be to evaluate the suitabil-
ity for astronomical use of various alternative packages, 
including the leading commercial ones. 

CHI 

One other development is relevant, as it may help 
the migration of SCAR applications to a new system. 
Alan Wood of RAL had the idea of providing a sim-
pler subroutine layer to sit on top of the ADC library 
of SCAR. Applications can now be modified to call 
his CHI routines instead of ADC routines. Later, one 
hopes, it might be possible to implement these CHI 
routines using the new database engine, so the SCAR 
applications can be left unaltered. 

Clive Page, Leicester, Chairman of Database SIG 
LTVADr.CGP, CGP@UK.AC.LE.STAR 

mailto:CGP@UK.AC.LE.STAR


The EXOSAT database system Table 1: Databases at Leicester 

The EXOSAT database system (EDS) allows users 
to access results and data products produced by the 
ESTEC analysis of EXOSAT (European X-ray satel-
lite) data. It comprises a relational database manage-
ment system, associated databases and product files, 
an integrated plotting package, and the applications 
software required to analyse the data products. The 
databases contain information about individual sources 
detected by EXOSAT (position, count rate, time of 
observation, results of spectral fits etc.), whereas the 
product files are images, spectra, and time series. The 
applications packages to analyse these products are 
XSPEC for spectral fitting, XRONOS for time series 
analysis, and XIMAGE for image analysis. 

Since first becoming available in April 1989, the 
EDS has been continuously developed. Originally writ-
ten by the EXOSAT Observatory team, it is now being 
upgraded by HEASARC (GSFC) so that data prod-
ucts will be archived from GRO, ROSAT and ASTRO-
D. Einstein and HEAO-1 results are already accessible 
from the EDS. 

The EDS has a particularly astronomer-friendly 
user interface. Access to the databases is achieved via 
commands to the program BROWSE. Access is fast as 
indexes are created for the most frequently used pa-
rameters. BROWSE will allow you to: 

• search by coordinates, name, or other parameter 
• plot parameter values and data files 
• create samples pointing to selected table entries 
• establish correlations between tables 
• extract data files 
• run analysis programs on selected data files 
• write analysis results to database tables 
• run procedures based on previous dialogues 
• query using Structured Query Language (SQL) 

Graphs are produced by PGPLOT and QDP, allowing 
substantial customization of plots. Also, there is an on-
line help service available (which will always be more 
up-to-date than any paper documents). 

Although the EDS can be accessed at ESTEC, 
ESRIN, and HEASARC, it was thought that a local 
site would give a better service to UK users. Starlink 
therefore provided a MicroVAX II and 154 MByte of 
disk space at Leicester for this system, and the X-ray 
astronomy group at Leicester provided 2 Gbyte disks 
for the storage of the EXOSAT data products. The 
EDS at Leicester became accessible on Feb 20, 1991. 
Since then there have been some 500 logins, averag-
ing 2.9 sessions per working day. 12 sites have used it, 
major users being Leicester (26%), Lanes Poly (17%), 
Birmingham (16%) and Cambridge (14%). 

The number of databases in the EDS has increased 
from the 24 in February to 44 now. New databases have 
been provided by HEASARC and Leicester. Table 1 
shows the major classes of databases available. 

Astronomical Catalogues 
EXOSAT 
Einstein 
HEAO-1 
ROSAT 
Ginga 

14 
9 
6 
6 
3 
2 

EDS sites store different databases, although all 
sites maintain the original EXOSAT databases. Lack 
of disk space at Leicester prevents storage of a number 
of useful databases; the Hubble Guide Star Catalogue 
and some of the main data products from the Einstein 
Observatory are not in the UK EDS for this reason. 

Recent work has been on completing the set of high 
energy astronomy satellite databases and improving the 
management facilities within the EDS, as well as in-
creasing the number of astronomical catalogues avail-
able. Soon we will see a much more complete SQL 
interface to the databases (and indeed SQL will be the 
internal language of the system). Conversion to UNIX 
is expected to be done early in 1992, although VMS 
support will continue for several years. 

To use the EDS, SET HOST to LTXDB, and give the 
username XRAY (no password is needed). This captive 
account allows you to use EDS. First, you will be given 
a list of new bulletins giving news on the EDS; use 
the BULLETIN command to access these. Enter BROWSE 
name to access the database name, or BROWSE ? to 
list the databases available. You can now search the 
databases, plot data values, extract data products, or 
whatever. A log of your session is stored in the file 
browse.log in your captive account directory and you 
can mail this, or any ASCII-converted extracted file, 
back to your home node. (Extracted files are retained 
for at least 30 days.) Substantial on-line help is avail-
able at every stage by entering HELP or ?. If you have 
problems, please contact me, LTV AD: : JULO, for advice 
(I shall also be grateful to hear of any bugs in the sys-
tem). The first 4 documents listed below should be 
available at your site; the BROWSE User's Guide is 
the most useful: 

1. The EXOSAT Database System. SUN/127 
2. The EXOSAT Database System: Browse 
User's Guide. ESA TM-11. 1991 
3. The EXOSAT Database System: On-Line 
User's Guide. ESA TM-12. 1991 
4. The EXOSAT Database System: Available 
Databases. ESA TM-13. 1991 
5. The EXOSAT Database System. White, 
N. &: Giommi, P. p l l in Databases &: On-
Line Data in Astronomy, eds. M. Albrecht 
fc D. Egret, Kluwer (Dordrecht) 1991. 

Julian Osborne, Rosat Observer Support, Leicester 
LTV AD:: JULO, JULO@UK.A C.LE.STAR 
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Figure 1. From the CMA database, the soft X-ray light curve of the synchronously rotating magnetic cataclysmic 
variable E2003+225 (QQ Vul). 
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Figure 2. From the ROSAO database, the 2403 pointings of the ROSAT AO-1 and AO-2 programmes in galactic 
coordinates. 
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Progress with ADAM 

It is now a year since the ADAM support group 
actually came into being, so it is worth looking at what 
has been achieved in that year. The first thing that is a 
definite step forward is that at last there is a group with 
the clear responsibility of maintaining and enhancing 
ADAM; something that has been sorely lacking in the 
past. 

The focus of much of the work of the ADAM sup-
port group over the last year has been to make the 
ADAM kernel portable so that it will run on Unix based 
computers. Since Unix workstations are likely to form 
the mainstay of Starlink's computing power in the fu-
ture, a portable ADAM is absolutely vital if our current 
software is to run on the new workstations. 

In our efforts to make ADAM independent of the 
VAX, we have received help from two quarters. Firstly, 
DEC has made a loan of four DECstations and a VAXs-
tation to the ADAM support group, specifically for 
making ADAM portable (more details are given later). 
Secondly, extra manpower has been made available 
from the Informatics Department at RAL. This has 
been especially important in certain areas where the 
Unix knowledge of the Starlink staff was limited. 

Recently released software 

Of necessity, we are working from the bottom up-
ward, so the items of software available at the time of 
writing are mostly subroutine libraries. The libraries 
currently available on Unix are CHR, CNF, GKS, GNS, 
GWM, EMS, HDS, NAG, PGPLOT, PSX, SGS, and 
SLALIB. The heroic efforts of Rodney Warren-Smith 
in making HDS portable, and at the same time more 
efficient, are especially worthy of mention. 

On the good old VMS front there have been some 
simple enhancements to ICL and the parameter sys-
tem to make them more user friendly. For example, to 
start up an ADAM application such as KAPPA, you 
no longer need to type ADAMSTART, then ICL, then 
KAPPA. This can all be achieved by typing the single 
line ADAM KAPPA. While on the subject of KAPPA, 
there is now a DCL version available for people who 
hate ICL. As always, the ICL version is faster if you 
are running more than one command, but at least you 
now have the choice. 

ADAM on Unix 

Something that will be appearing soon is a Unix 
version of the ADAM kernel. This will allow ADAM 
programs that are currently run from DCL to be run 
on a Sun Sparcstation or a DECstation. The basic sys-
tem should be available around the turn of the year. 
Not all of the subroutine libraries will be available ini-
tially, but missing ones will be added fairly rapidly 

thereafter. What will certainly be available initially are 
the libraries that have already been released on Unix 
(mentioned earlier) and the parameter system. If your 
favourite library is not available in the initial Unix re-
lease and you desperately need it, please let us know — 
we may be able to move it up the list of outstanding 
tasks. Once the kernel is available, applications pro-
grams can be ported. These will be much easier to port 
than the ADAM kernel. 

The ADAM workshop 

Another notable event this year was the fourth 
ADAM workshop, held at the Royal Observatory, Edin-
burgh in early September. This was attended by about 
thirty people from the UK, Australia, Hawaii and La 
Palma. It was an optimistic and lively meeting. There 
was much discussion of how to improve ADAM in the 
short term and general directions for the longer term. 
For the future, there is distributed processing, an en-
hanced and rationalised parameter system, a graphical 
user interface, and greater efficiency in some key ar-
eas. In the shorter term, great emphasis was placed on 
users' gripes about the current system, and on getting 
the various problems, mostly quite minor, put right. 
Some fixes have been implemented already. 

One thing that was quite clear at the workshop 
was that the observatories are completely committed 
to ADAM for telescope and instrument control and are, 
for the most part, very pleased with the system. ADAM 
is now a fundamental requirement for UK ground based 
astronomy for data acquisition alone, and its role also 
as Starlink's principal data analysis environment makes 
ADAM support a very cost-effective activity. 

DEC loan 

Earlier this year, DEC and Starlink entered into a 
joint project with the ADAM Support Group (ASG). 
The proposed goal was to make ADAM run on DECsta-
tions on the same time scale as for workstations from 
other vendors by lending Starlink the necessary DEC 
hardware and software. This development came a few 
months after the current SERC financial crisis broke, 
and hence was very well-timed. 

The systems loaned consist of four DECstation 
5000 Model 200s and one VAXstation 3100 Model 38. 
DEC also made available to the ASG free of charge var-
ious programming tools such as VAXset, VUIT, and all 
necessary compilers. 

A number of conditions were placed upon Starlink 
in the Loan contract. The most significant to the ma-
jority of readers is that the equipment may be used 
solely for the porting of ADAM and testing of the port. 
Hence, we are not permitted to either move these ma-
chines from RAL or make them generally available to 
users (much as we would like to). However, this loan 
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has allowed us to move to other sites some Starlink 
Project X-terminals and VAXstations which otherwise 
would have remained at RAL for ASG use. 

The ASG has been making far faster progress with 
its porting program than was originally expected, and 
at least some part of this must be due to DEC's timely 
loan of systems dedicated to this purpose. 

Peter Allan, Starlink, RAL 
RLVADr.PMA, PMA@UK.AC.RL.STAR 

My first ADAM program 

I recently returned from an almost depressingly 
successful observing trip with a colossal 667 frames of 
CCD photometry data. When I began reducing the 
data, I discovered to my dismay that the CCD control 
system which wrote the tapes did not include the air 
mass in the FITS header of each observation. However, 
other basic data describing the observations (in partic-
ular object position and sidereal time) were present. I 
could hear the call of the Fortran compiler. 

Despite working for the Project, I am an ADAM 
novice. When I last wrote an astronomical application 
the Starlink Interim Environment roamed the Earth, 
and hence my proposed air-mass program was to be 
my first ADAM application. However, before putting 
fingers to keyboard I thought I should check the current 
Starlink Software Collection in case a suitable program 
already existed. Not surprisingly, there wasn't one to 
do just what I wanted, but I did discover the useful 
KAPPA routine FITSIMP which I then used on my 
data to extract the relevant information from the FITS 
header into an NDF extension. 

My next stop was the Starlink User Note 'Introduc-
tion to ADAM programming' (SUN/101). This docu-
ment clearly and concisely describes what ADAM has 
to offer the programmer via a series of examples, all 
of which are available on-line. It covers a wide range 
of topics from compiling, linking and running a simple 
ADAM program to using NDFs and building monoliths. 
I soon spotted an example describing how to access data 
in an NDF extension and adopted that as my template. 
Virtually everything I needed to know to get my pro-
gram working was contained in this useful document. 

SUN/101 also gave pointers to other miscellaneous 
ADAM packages. Further browsing of the Starlink doc-
umentation relating to these packages revealed some 
handy SLALIB routines which could easily be strung 
together to get the air mass from the information that 
I did have. These were soon incorporated into my NDF 
reading program and the job was done. 

How long did all this take me? In total about five 
hours, but this did include reading the introductory 
documentation which I will not need to do again, and I 
was doing Starlink Project work in another window at 
the same time. To produce a similar program with my 
new-found knowledge should only take an hour or so. 

Writing my first ADAM application was a painless 
affair, despite all the stories I had heard. Virtually 
all of the difficult parts were done for me by easy-to-
use ADAM subroutine libraries, and my program was 
mostly just a framework used to string these routines 
together. 

Chris Clayton, Starlink, RAL 
RLVADr.CAC, CAC@UK.AC.RL.STAR 

The Unix Starlink software collection 

The Unix Starlink Software Collection (USSC) is 
software that is both supported and distributed by Star-
link for use on DECstations and SUN Sparcstations. 
The fast progress of the ADAM support group is most 
clearly illustrated by Table 1 which lists the software 
that makes up the current USSC. 

Table 1: Starlink software available on Unix 

Mnemonic 
CHR 
CNF 
EMS 
PSX 
HDS 
SLALIB 
GKS 
GNS 
GWM 
SGS 
PGPLOT 
NAG 
XDISPLAY 
EMACS 

Name 
Character handling routines 
C/Fortran interface library 
Message and error reporting 
POSIX interface routines 
Hierarchical data system 
Positional astronomy library 
Graphical kernel system 
Graphic workstation name service 
X graphics window manager 
Simple graphics system 
Graphics subroutine library 
Mathematical subroutine libraries 
Easy use of X-Windows 
GNU EMACS editor 

The first distribution of the USSC for Sparcsta-
tions occurred on 6th April 1991 and that for DECsta-
tions on 28th June 1991. To date, there have been nine 
updates to the USSC for the SUN systems. It is our 
intention to support Sparcstations and DECstations to 
an equal level, and hence the mechanisms for the distri-
bution of software updates (and indeed complete new 
distributions) for SUN and DECstations will be modi-
fied and merged in the near future. 

It may not always be possible to distribute soft-
ware supplied by non-Starlink-funded workers for both 
architectures. However, Starlink-funded programmers 
will write software that runs equally well on both plat-
forms. Applications written to run under ADAM are 
likely to be the most portable ones. 

We intend to keep the source trees for the stan-
dard USSC items identical for both Sparcstations and 
DECstations. From these identical trees it will be pos-
sible to rebuild the entire standard part of the USSC 
on either platform at the target site. Support for other 
Unix architectures will then be relatively easy to add 
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in the future if so desired. This is a significant im-
provement over the VMS SSC organization which (of 
course) only supports one architecture, but also does 
not allow a ready-to-run system to be regenerated eas-
ily from source. 

Further information on the USSC can be found in 
the following Starlink Documents: 

• Starlink software on Unix (SUN/118) — A brief 
guide to the USSC that summarizes the software 
available and references more detailed documenta-
tion. It is updated regularly as the USSC grows, so 
look out for the latest version. 

• Starlink software organization on Unix (SSN/66) — 
Details of the USSC directory structure and some 
software distribution mechanisms. Intended for any-
one submitting software to the USSC, and other in-
terested parties. 

• Starlink software submission for Unix systems 
(SGP/11) — Essential reading for anyone intending 
to submit software to the USSC. 

• Installing the Unix starlink software collection 
(SSN/9) — Instructions on how to install, update 
and rebuild the USSC on DECstations and Sparc-
stations. (In preparation.) 

Chris Clayton, Starlink, RAL 
RLVADr.CAC, CAC@UK.AC.RL.STAR 

Future needs in astronomical computing 

At the end of September, over 50 people gathered 
in the Physics Department at Southampton University 
to attend a two-day conference entitled 'Future Needs 
in Astronomical Computing' (FNAC). This meeting 
was organised jointly by the Southampton astronomy 
group and Starlink. The purpose of the meeting was 
to consider astronomical computing needs in 1995, and 
to explore the different possible solutions to these re-
quirements within the projected financial constraints. 
Eleven papers were given by astronomers working on 
computing-related projects, and eight manufacturers 
made presentations and/or demonstrated their prod-
ucts. 

The astronomers' talks were far ranging. Bernard 
Schutz (Cardiff) started off the meeting by summaris-
ing the Bahcall Report's recommendations on the fu-
ture of astronomical computing in the USA. Our US 
counterparts would appear to have similar problems to 
our own, but rather more money with which to con-
front them. The main recommendations of the report, 
especially the ones related to greater computing sup-
port and resources actually on-site at observatories, met 
with widespread support from the meeting. 

Steve Duncan (Southampton), Dave Mills (UCL), 
Martin Gorrod (Southampton), and Alan Penny (RAL) 
all described in separate talks how the use of parallel 
architectures had allowed, or will allow, them to run 
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highly CPU-intensive astronomical applications that 
otherwise would have taken too long. 

Steve Unger (RGO) and Dave Shone (Jodrell Bank) 
summarised the approaches to data reduction of their 
respective observatories, and Paul Alexander (MRAO) 
gave a candid description of his experiences of using 
Unix workstations for data reduction. 

With the growth of what are optimistically called . 
'open systems', more and more Starlink sites are po-
tentially going to be faced with a zoo of machines. In 
principle, it will be possible to switch data and pro-
grams between networked machines, and it was reassur-
ing to hear from Mike Yearworth (Bristol) that mixing 
and matching different systems was feasible. One very 
important development from such networked machines 
should be the utilisation of any spare computing power 
in an efficient manner. 

The penultimate presentation of the astronomers' 
session wasan animated talk by Craig MacKay (Cam-
bridge) on the successful use of an i860 add-on proces-
sor as a fast Maximum Entropy deconvolution engine 
running on a SUN. The increasing ease of use of such 
go-faster machines should provide a relatively simple 
path for astronomers with large computationally inten-
sive needs. 

The first day ended with speculation by Chris 
Clayton (Starlink) on the state of astronomical com-
puting and Starlink in 1995. 

Company presentations 

The companies exhibiting their wares at the confer-
ence included DEC, SUN, IBM, AMT, Parsys, Caplin, 
Parsytec, and Maximum Entropy Data Consultants. 
Several of the manufacturers had obtained pieces of 
astronomical code prior to the conference and demon-
strated that they had been able to port them to their 
hardware. They also demonstrated their own image 
processing packages that were relevant to astronomy. 
Most of the manufacturers gave formal presentations 
on the second day of the conference and were, on the 
whole, successful in avoiding the hard sell. 

Most astronomers seemed to agree on the future 
problems, in particular a dramatic increase in the data 
rate from observatories (both ground-based and space-
borne), and the newer CPU intensive applications that 
are now being used and developed. Many different so-
lutions to these problems were suggested, but the route 
forward is so heavily controlled by future funding levels 
that specific choices are not yet possible. 

The conference was considered to be a great success 
by those who attended. In particular, the bringing to-
gether of the manufacturers and the consumers greatly 
helped both sides appreciate each other's constraints. 

Malcolm Coe, Southampton 
SOTONr.MJC, MJC@UK.AC.SOTON.PHASTR 

Chris Clayton, Starlink, RAL 
RLVAD.-CAC, CAC@UK.AC.RL.STAR 
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Even faster ASTERIX with Caplin Cybernetics 
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Figure 1. Time comparison for period folding with unweighted means (weighted means give similar results). 

In the last issue of this Bulletin it was shown how 
easy it was to run computationally intensive Asterix rou-
tines on a parallel t ransputer machine. The article also 
indicated the potential of using the new Intel i860 pro-
cessor for the computation, with a t ransputer handling 
the communication between processors. Caplin Cyber-
netics have recently loaned an i860 processor board to 
Southampton so tha t the potential gains could be veri-
fied. 

The code used was identical to tha t described in 
the previous article, except tha t some of the syntax 
for the communications code had to be updated to use 
new libraries writ ten by Caplin for the i860. Typically, 
this took about 5 minutes of editing for the two rou-
tines described here. Hopefully, with the availability 
of generic communications routines, in the near future 
any message-passing code should be portable from one 
message-passing machine to another, reducing this over-
head. Clearly, though, it is the decomposition of the 
code that takes most of the effort. The reader is re-
ferred to Starlink Bulletin 7, pp 9-11 for details on the 
precise decomposition of these routines. The use of a 
vectorising compiler automatically compiles the routines 
into efficient object code for the i860, so tha t no sepa-
rate vectorising of the routines was required. Obviously, 
some restructuring of the code can make the compiler's 
task easier and result in more efficient code, although 
this was not investigated here. 

The Intel i860 microprocessor defines a complete 
architecture that balances integer, floating point, and 
graphics performance. Its parallel architecture achieves 

a high throughput with RISC design techniques, wide 
da t a paths , pipelined processing units, and large on-
chip caches. The da ta cache supports programs with-
out explicit programming, providing a fast local mem-
ory store, and may also be used explicitly for vector 
operations to provide a large block of vector registers. 
The compiler used with the system is the Por t land Su-
percompiler which provides a large number of advanced 
optimisation and vectorisation techniques tha t exploit 
the architecture of the i860, and can produce efficient 
object code from standard Fortran. It supports the For-
t ran s tandard and also many of the VAX/VMS Fortran 
extensions so that minimal modification is required to 
port code. The version of the vectoriser used was only 
a t the test release level, so tha t further performance in-
creases will be possible with the final release. 

For the timings, one dimensional ROSAT da ta were 
used that were comparable in computat ional load to the 
EXOSAT da ta used in the previous article. Again, the 
timings are for the period folding and periodogram rou-
tines for a number of periods, with the MicroVAX 3400 
times being CPU time and the i860 times being elapsed 
time with an unladen MicroVAX 3400. Provided the 
amount of computation is large enough to outweigh the 
time spent communicating data , a reduction in execu-
tion time will occur. For small work loads, the VAX 
and i860 execution times are comparable, although for 
larger loads the true benefits of the i860 design can be 
seen. This can also be further enhanced by a full parallel 
implementation and indicates impressive performance, 
provided the volume of computation exceeds the com-
munication overheads. 

14 



100000 ooo pis i8ous 
10000 p ts i860s 

»35000 p ts i860s 
1000 p ts //VAX 34 

• 10000 p ts /iVAX 
35000 p ts /J,VAX 

10000 

S 1 

R 100 

100 1000 
Number of Periods 

10000 

Figure 2. Time comparison for periodogram fitting. 

The i860 processor gives a decrease of six to eight 
times for CPU time on the MicroVAX 3400. This does 
not reflect the true power of 80Mflops quoted for this 
processor, but to attain such high performance requires 
restructuring of code and/or hand coding, although for 
some test code a decrease of 100 times was achieved us-
ing the compiler. This involved code that could all be 
vectorised simply. For code that is not so easily vectoris-
able, the performance above seems to be normal. This 
performance should improve with the release of better 
compilers and vectorisers, and also the use of hand coded 
library routines that fully exploit the potential of the 
i860. One i860 still gives improved performance over our 
previous eight transputer implementation and there is 
an impressive potential parallel performance using mul-
tiple i860 processors. 

Unfortunately, as only one i860 processor was avail-
able, the time using eight i860 processors could not be 
measured. As a transputer is used for all communication 
the increase in performance, provided communication 
bandwidth is not saturated, should be better than for 
the transputer system. The precise increase in perfor-
mance is difficult to estimate due to the latency involved 
in filling and emptying work from the pipeline of pro-
cessors, work packet size, and processing rates. Also, as 
the i860 is a more powerful processor with no increase 
in communication bandwidth over a transputer based 
HEX system, fewer processors can be added to the sys-
tem before communication saturation occurs, although 
at this point the run time is likely to be low anyway! 

All other features of the routines are identical to 
those in the previous article for the transputer system, 
except that execution time has decreased even further. 
As a final point, the reader's attention is drawn to Am-
dahl's Law that indicates the maximum decrease that 
can be attained in execution time due to the inherently 
sequential nature of some sections of code such as input 
and output. Clearly, we can decrease the execution time 
towards the time taken by these routines on the VAX, 
but never any lower. 

Evidently, this system can provide dramatic reduc-
tions in execution time for some computationally inten-
sive tasks, and can be incorporated into the Starlink 
environment with few problems. The system, which 
consists of system software, Fortran compiler, and one 
board containing an i860 with twenty-eight megabytes 
and a T800 with four megabytes of memory, on which all 
the code was run, costs about £19,000. Further details 
are available from Robert Sawyer at Caplin Cybernetics 
on 071-538 1716. 

Thanks are due to everyone at Caplin Cybernet-
ics, our site manager Laurence Jones for putting up 
with another piece of hardware, and Andy Fabian, Ian 
McHardy, and Andrew Green for the ROSAT data used 
in the timing analysis. 

Martin Gorrod, Southampton 
SOTONr.MG, MG@UK.A C.SOTON.PHASTR 
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Using a parallel computer to do astronomy 

Introduction 

When people talk to me about supercomputers, 
co-processors, parallel computers, and other gizmos to 
speed up my data reductions, my eyes glaze over. I 
know this means a computer whizz spending serious 
amounts of money and effort to produce anything use-
ful. It's not so much that one cannot get these machines 
to do 'hello world' or invert a matrix, it's that with an 
actual astronomical problem, there always seems to be 
a reason why the speed gain does not happen. Perhaps 
the code is too big, or the I/O to the machine too slow 
for your data, or the turn-round time is too long for 
code development. Something always seems to turn up 
which needs time, and a real expert, to solve. 

However, life is not always like that: sometimes one 
gets pleasant surprises, and this article is about how a 
simple parallel computer has actually enabled me to do 
astronomy, if not with no extra effort, then with a not 
unreasonable amount of extra effort. 

The computer hardware and software described in 
this article is attached to a Starlink node, so there is the 
possibility of it being available for use by any Starlink 
user. 

The problem 

Here in the Space Science Department at RAL, we 
are much exercised with providing tools and facilities to 
support the handling and processing of the data that 
come from the various satellite experiments that UK 
University and Polytechnic groups are involved with. 
The problems with processing tend to be associated 
with the need for advanced algorithms to calibrate and 
reduce the data, and with the need for large amounts of 
computer power to use these, often complex, algorithms 
on large data sets. 

As part of our studies of these problems, we de-
cided to investigate the usefulness of parallel processors 
in data processing. As RAL is1 one of the Regional Cen-
tres for the SERC/DTI Transputer Initiative, and we 
were also investigating the transputer as an on-board 
processor for satellites, it was clear that a transputer-
based system would make sense as a test bed. 

To make sure that a real problem was used for this 
test study, I decided to use it to solve a major processing 
problem I had, that of performing crowded-field stellar 
photometry on Hubble Space Telescope images. This is 
done by fitting (via a linearised least-squares method) 
a PSF with a mixture of analytical and empirical com-
ponents to each star in the field, taking into account 
nearby stars. This has some important advantages over 
other packages, such as DAOPHOT. 

The software I use for this is complicated, as it has 
to deal with the HST pixel undersampling and posi-
tion and colour dependent Point Spread Function. This 
STARMAN software package was originally developed 
to deal with similar problems for data from ground-
based telescopes. Even for the relatively easy data from 
those, it was taking a couple of days to reduce one im-
age on a 3000 series MicroVAX. Thus, this is a problem 
— with complex code, largish data sizes, serious pro-
cessing power needs, and a need to get it right so I could 
use it to do research. 

The software solution 

There are many languages which one can use with 
parallel systems, some general, some machine specific, 
and some specific to various tasks such as database 
work. For this test study it was important to keep 
things as simple as possible, and as the software which 
was to be ported was in VAX Fortran, a Fortran-based 
system was chosen. There is a firm in Scotland called 
3L which produces 'Parallel Fortran' (and also 'Paral-
lel C ) . This is Fortran 77 with many VAX extensions 
which, runs on a transputer. It also has a number of 
subroutines which perform the intercommunication be-
tween tasks on the same or different computers. There 
are also tools for loading the software onto the trans-
puters and arranging that they know about each other. 

Since the transputers were to be hosted on a Mi-
croVAX, rather than being PC-based, it was neces-
sary to use a version which would run from VMS. The 
company Caplin Cybernetics produces a version which 
does just that, with the means of loading the software 
from the MicroVAX to the transputers, and a subrou-
tine package for communicating between a Fortran (or 
other) program on the MicroVAX and the transputers. 

The hardware solution 

For a test study, a simple, low-cost solution was 
needed. With the host system being based on a Mi-
croVAX, it turned out that the most appropriate way 
was provided by Caplin Cybernetics. An interface card 
fitted onto the host Q-bus could be connected to a 
group of five cards, each with four transputers, each 
with 1 Mbyte of memory. As this was only a test, there 
was no need for the extra facilities, such as switching 
cards, graphics cards and local disks, which are useful 
for multi-user or special purpose systems. Any reorgan-
isation of the transputer topology can be done simply, if 
a bit slowly, by rearranging by hand the wires between 
the transputers. The I/O rate between the MicroVAX 
and the transputers in this set-up is high. 

A further description of transputers and of more 
powerful Caplin hardware and software was given by 
Martin Gorrod in issue no. 7 of the Starlink Bulletin. 

1 I t is now also, in conjunction with Oxford, one of the 
SERC/DTI/Industry Parallel Processing Centres. 



Porting the code — General Hardware problems 

There was then the question of how exactly the 
existing code was to be transported. Since it was, to 
use a technical term, 'embarrassingly parallel', in that 
the same sort of analysis was done repeatedly on a large 
number of different areas of the image, the best way 
was to arrange that each transputer was loaded with 
identical analysis code, and then arrange that each was 
given different packages of data to work on. 

The existing code was then split into two parts, 
that which handled the 'outside world' and would reside 
in the MicroVAX, and that which did the calculations 
and resided on the transputers. 

Porting the code — The MicroVAX 

The MicroVAX part of the code would be mainly 
the original code, with the bits that did the heavy cal-
culation replaced by sections that fed data out to the 
transputers and accepted the answers back. It would 
read the input data of an image and a list of star po-
sitions off the disk, and sort out which groups of stars 
should be done in which order. 

It would then bundle up a package of data (a small 
section of the image, some star positions, the PSFs ap-
propriate to the stars, and some control data), and push 
it out to the transputers. This involved not only re-
placement of the subroutine calls, but also replacement 
of the relevant COMMON block communications. First 
of all, packages were sent to all the transputers, then 
every time an answer came back from a particular trans-
puter, another package was sent out to that transputer. 

Then at the end, when no more packages were to be 
sent out, the remaining answers were waited for. Each 
time an answer came back it was stored on disk, and 
the result of the PSF fit was displayed on the screen. 

Porting the code - The transputers 

The transputer part of the code consisted of two 
functional sections: software to deal with passing data 
to and from the MicroVAX and between the transput-
ers, and software to do the actual calculations. 

The first section has to pass the incoming data 
packages down along the transputers to the targeted 
one, and then to take the output data packages and de-
bugging messages back to the MicroVAX. Each trans-
puter thus has to have these passing tasks loaded onto 
it, and the tasks then run concurrently with the calcu-
lating task loaded onto that transputer. 

The calculating tasks were taken from the origi-
nal code. Only minor changes had to be made — the 
removal of one VAX Fortran extension not then sup-
ported by the Caplin Fortran, the replacement of COM-
MON block communication with subroutine parameter 
passing, and the redesign of debugging message com-
munications. 

There were no hardware problems, apart from the 
heat and noise from the fans in the box containing the 
transputers, which means that they should preferably 
be located in a machine room. 

Software problems 

Writing the new sections of the MicroVAX code 
that did the communications was not trivial, as one is 
communicating with a parallel system. So what is com-
ing back at any one time is data from any one of the 
transputers, which was sent out some time ago. Futher-
more, it might be data, or a debugging message. So the 
host code has to be able to deal with the random order 
of arrival of the answers. 

The transputer communication code was, as might 
be expected, more difficult to write. As a complete 
parallel neophyte, I had to learn about buffers, priori-
ties, task placement, and other parallel arcana. A ma-
jor problem about parallel code is the debugging. The 
user is sitting at the terminal and suddenly there are 
no more messages from the transputers. Where is the 
problem? In a calculating task? In one of the commu-
nicating tasks? Is there a deadlock with two processes 
waiting on each other? Parallel software is improving 
rapidly, and debugging tools are becoming available, 
but one still has, in a sense, to do one's own debugging 
with lots of messages flowing round in the design stage 
so one can see where the faults are starting. 

A limitation on the system was that although 20 
Mbyte of memory was with the transputers, each trans-
puter had only 1 Mbyte. Thus, the calculations could 
only handle problems which had storage requirements 
of this order. It turned out however that that was large 
enough for this particular problem. 

The results 

After some effort, the port was done and the out-
put gave the same answers as the original software. To 
illustrate what it does, Figure la shows a star field and 
Figure lb shows that field after the stars have been 
measured and subtracted. 

The efficiency of the system could then be investi-
gated. This was done by running the original code on a 
3000-series MicroVAX, and comparing the timing with 
that achieved with the ported code. The results are 
shown in Figure 2, where the effective power per trans-
puter is plotted against number of transputers being 
used. As can be seen, each transputer is about as pow-
erful as the MicroVAX, and adding more transputers 
led to little loss in efficiency. 

As the present cost of the system is £10k, we have 
demonstrated that a parallel system can be effective 
and be good value for money. 
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Figure l a . The star field used to test the program for performing crowded-field stellar photometry on Hubble Space 
Telescope images. 
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Figure l b . The star field shown in Figure la after it had been processed by the program described in the text. 
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Figure 2. The effective processing power per trans-
puter, plotted against the number of transputers being 
used. 

The future 

With this experience, we are now in a better po-
sition to evaluate the parallel processing option for fu-
ture space missions. It is clear that these systems can 
be effective for particular problems, but should not be 
thought of as general-purpose systems. 

We also have a powerful system for doing crowded-
field photometry. In conjunction with colleagues at 
Leeds University, other programs are being ported, in 
particular a powerful star-finding program, tuned to 
crowded star fields, which will involve a more truly 
parallel solution with much message passing between 
transputers. 

As mentioned in the Introduction, as this trans-
puter hardware and software is attached to a machine 
at a Starlink node, there is the possibility of it being 
made available for use by any Starlink user, both for 
the development of code and running programs. 

Alan Penny, Space Astrophysics, RAL 
RLSACr.AJP, AJP@UK.AC.RL.STAR.AST 

Error handling applications 

When I started as the SpecSIG's applications pro-
grammer one year ago, one of the magical words I heard 
again and again was 'errors'. This turned out to be 
nothing to do with my making mistakes, or what mes-
sages my programs issue when something goes wrong. 
Rather, there are astronomers who want to know how 
bad their data are, i.e. what the statistical uncertainty 
of any point of the spectrum is. The error may not 
be constant for the whole spectrum. Or there may be 
no range of baseline or continuum from which one can 
derive a standard deviation. 

Dealing with errors is often merely the inclusion of 
Gauss's error propagation law in the application pro-
grams. In other cases the changes are more severe. 
For example, taking the sum or the mean is almost the 
same thing only when you disregard errors. A rather 
challenging problem is the case where several spectra 
with slightly different wavelength calibrations have to 
be combined into a low-noise spectrum, which then is 
fitted by a model spectrum. The combination is nor-
mally done in two steps: resampling to a common grid 
and averaging. The standard fit method is to use the 
X2 function both to derive the fit parameters and their 
errors. However this method — falsely — assumes the 
pixels of the combined spectrum to be independent of 
each other. Somehow the spectra combination has to 
provide information about the pixel interdependence. 
And the fit routine has to pick up and use that informa-
tion and thus drop the false assumption. There seems 
to be a mathematically simple approximate solution to 
this problem. ) 

The HDS data format and the specification for 
NDF (SGP/38 and SUN/33) already provide for a vari-
ance array to be stored along with the data. NDF is 
short for Extensible N-Dimensional Data Format, and 
I was surprised how flexible it is compared to two or 
three other products I have seen on the Continent. The 
term 'NDF' is also used to refer to the NDF-library of 
subroutines that give access to data files. And data 
files themselves are referred to as 'This is an NDF'. 
NDF's store variances V rather than errors yV, be-
cause it makes most mathematical operations simpler 
and faster. Gauss's error propagation through a func-
tion f(p) of several parameters becomes 

But it is not always that simple: this equation is incom-
plete if the parameters p are not independent. Similar 
to the variance of one parameter one can define the co-
variance between two parameters. And if it is not zero, 
it contributes to the variance of / . 

Also, Gauss's law does not hold when the variances 
are large. The law looks a bit like a first-order Taylor 
approximation, and it fails if the derivative does not re-
main constant while the parameter varies by one error 
bar. Or the errors may not be normally distributed. 
The error propagation is actually not restricted to nor-
mal distributions, but in other situations normal distri-
bution may be assumed. 

If you use variance information, it suddenly makes 
a difference whether you add two spectra and divide 
the sum by two or if you take the average of the two 
spectra. This is because the average uses the reciprocal 
variances as weights and calculates the resulting vari-
ance as the reciprocal of the sum of weights. Thus, one 
should average spectra only, if they are in theory identi-
cal. For example several rows from a longslit spectrum 
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that observed different parts of the diffraction disk of a 
star are not identical in that they have different count 
rates. They should not be averaged, since the resulting 
variance reflects only the given variances. The scatter 
of the data is larger because some of it is a systematic 
row-to-row difference. 

Depending on how correct you want to be, vari-
ance handling may become very complex. There may 
be good data with an undefined variance, which then is 
assigned the bad value. There may also be data with 
variance equal to zero. Such a variance cannot be used 
for a statistical weight. Thus, it is 'bad' in some situa-
tions and good in others. Once you get used to thinking 
about the variance of a single intensity value you might 
start considering the covariance between two intensity 
values. A convolution will, for simplicity, assume that 
the input has independent intensity values. But the 
output certainly does have pixel interdependence! It is 
up to the user to not convolve the result again (or to 
delete the then invalid variance information). 

A resampling routine will create a new data set 
with a specified grid of x values and will calculate the 
data and variance values from a given data set (with 
different x values). Since the x values are not identi-
cal in input and output, the output data values have 
to be combined by some algorithm from one or more 
input data values. The simplest algorithm is linear in-
terpolation between two neighbouring input data val-
ues, though it is probably not the best one. The output 
variances will be calculated according to Gauss's prop-
agation law, assuming that all covariances in the input 
data set are zero. The output covariances are not zero. 
Some resample algorithms may not introduce pixel in-
terdependence. If you just want to improve signal to 
noise by choosing wider pixels, you can just average 
two or three old pixels into one new pixel. The new 
ones then would be independent of each other. But 
sometimes you want to linearise a slightly non-linear 
grid of x values. (Non-linear coordinates are more or 
less unheard of in the astronomical reduction software 
that I have seen before Starlink's NDF.) 

A quite reasonable course of data reduction is to 
resample several similar spectra of the same object to 
a common grid of xi values, to average these spectra, 
and to fit a profile y(x) to the averaged spectrum. This 
case poses a significant problem with respect to variance 
and covariance. The quality of the fit is usually assessed 
from x 2 which adds up the squared deviations of data 
points from the fit curve. The deviations are expressed 
in units of error bars: 

=E [ii - y(*Q]2 

v, 
In a similar way that we would expect a third of the 
data points to deviate by more than one error bar, we 
expect x2 to be approximately the number of degrees of 
freedom (i.e. the number of data points minus the num-
ber of fit parameters), provided there are many degrees 

of freedom. If x2 is significantly greater, the fit is not 
sophisticated enough, if it is smaller, we can do with a 
simpler fit profile. The fit parameters a.j are derived by 
minimising x2-

The variances of fit parameters are usually derived 
from the curvature of x2 — Bevington [1] shows that 
if we change one parameter by an amount of its error 
and optimise all other parameters for minimum x2, then 
the new value of x2 will be 1 greater than the old value. 
That is, if Gauss's law as given above is valid for the 
propagation from the data variances to the parameter 
variances. But in our case the pixels of the average 
spectrum are correlated with their neighbours and next 
neighbours. The correct variance propagation would 
have to include an additional term for the covariances. 

So, the curvature of x 2 gives us overoptimistic pa-
rameter variances and is thus useless. Or is it? After 
all, the pixel interdependence we introduced by resam-
pling should not be too bad. Each pixel correlates only 
with pixels in its vicinity. We would hope that when-
ever the covariance covar(I\, Im) ^ 0, the pixels I and 
m are not far apart and the derivative of the param-
eter a,j with respect to J; is the same as with respect 
to Im. Then Gauss's error propagation only needs a 
rather simple modification: 

^?(ny V + ^^ covar(Ii,Im) 

If there was an application that resampled and av-
eraged the spectra in one go, it could store a vector 
C\ — ̂ m covar(L, Im) alongside Vj in the output file. 
A fit routine could then pick up that information and 
assess the parameter variances from the curvature of — 
let's call it i/>2: 

^2 = £ v, + c, 
The best fit parameters are defined by minimising \2, 
but the variances of the fit parameters are defined by a 
corresponding increase of yj2 by 1. 

As yet there are no applications for resampling and 
averaging that take account of the covariance problem. 
And there is no application that fits a profile by min-
imising x2 and that assesses the parameter uncertain-
ties from the curvature of i/>2. But that might change, 
some day. . . 

Thanks are due to Bob Carswell, Andrew Cooke, 
and Rodney Warren-Smith, who contributed ideas to 
the resample-average-fit problem. 

[1] Bevington, P.R., Data Reduction and Error Anal-
ysis for the Physical Sciences, McGraw-Hill, 1969. 

Horst Meyerdierks, Starlink, Edinburgh 
REVADr.HME, HME@UK.AC.ROE.STAR 
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Modelling the broad line region of active 
galactic nuclei 

In recent years, variability studies of the Broad 
Line Region (BLR) of Active Galactic Nuclei (AGN) 
have shown a marked improvement in the quality of 
the data. This is a direct result of the success of inter-
national collaboration to monitor a few select objects 
with known variability in both the continuum and the 
broad emission lines. 

Objects with known variability generally exhibit 
continuum and emission line light curves of similar 
shape, but with the emission line light curve delayed 
with respect to the continuum light curve. The gener-
ally accepted explanation for this lag is that the emis-
sion lines are produced by photoionization of material 
surrounding a compact source of continuum radiation, 
and the lag is due to time travel effects across the BLR. 

The lag between continuum and line variations 
may be determined by cross-correlating the two light 
curves; the centroid of the cross-correlation gives an es-
timate of the luminosity weighted radius or 'size' of the 
BLR. Different lines often show different lags, which 
leads to the assumption of a stratified BLR. Cross-
correlating the red and blue wings of individual lines 
can give an indication of the velocity field within the 
BLR, although this requires high signal-to-noise data. 

The study of individual time-varying line profiles 
is an excellent probe of the geometry and kinematics 
of the BLR. The line profile variations L(t>,t) can be 
considered to be the result of the convolution of the 
continuum variations, C(t), with a 'transfer function' 
*(t>, r) 

L(v,t) = f™*(v,T)C(t-T)dr 

where v represents velocity and t time. 
The transfer function ^(v, T) maps continuum 

variations onto the line variations. 
A lot of effort has centred on deconvolving the con-

tinuum and line light curves using Fourier techniques 
to recover the 2D transfer function. This method re-
quires extremely high signal-to-noise data and regularly 
spaced observations. More recently, the maximum en-
tropy method has been used to find a 'best fit' image 
to the observed data. 

In this work, the 2D transfer function is used to 
distinguish between the different types of geometry and 
velocity field present in the BLR, and to produce trailed 
spectrograms (formed by convolving the 2D transfer 
function with a fake continuum) which can be directly 
compared with real data produced on Starlink. 

The Model 

The model consists of a discrete number of clouds 
positioned at random about a central object, subject to 
the restrictions imposed by the selected geometry. 

We allow: 

• the number of clouds 
• the area of each cloud 
• the velocity of each cloud 
• the emissivity of each cloud 

to be power law functions of radius: 

• Nc(r) oc (r/rmin)a 

• Ac(r) oc (r/rmin)P 
• V(r) oc Vo(r/rmin)~f 

• E(r) oc Eo(r/rmin)s 

and we assume the following: 

• clouds radiate isotropically 
• there is no shadowing or obscuration by dust 
• linear response to continuum changes 
• time independence (the structure of the BLR does 

not change with time) 
• central object is a point source 
• relativistic effects are ignored 

We show 5 basic models : 

1 Spherical shell with free-fall inflow: 
a=-1.5, (3=1.3, T = - 0 . 5 , 6=-2.0 

2 Bi-conical outflow: 
a=-1.5, 0=1.3, 7=1.0, S=-2.0 

3 Randomly inclined Keplerian orbits: 
a=-1.5, (3=1.3, 7=-0.5, <5=-2.0 

4 Thin disk with circular orbits: 
a=-1.5, /3=1.3, 7=-0.5, 6=-2.0 

5 Spherical shell with a chaotic velocity field: 
a=-1.5, 13=1.3, S=-2.0 

For each model, the minimum and maximum ra-
dius must be specified. The mass of the central object 
is set by specifying the velocity at the inner radius Vo. 
The total number of clouds used is set at 100,000. 

Figure 1 shows the response functions for the five 
basic models. We choose rmin = 5 light days, and 
rmax = 50 light days such that the ratio rmin/rmax = 
10, which appears to be the case for some AGN. The 
velocity at the inner radius is set at 10,000 km/s, which 
is consistent with the width of lines in a typical AGN. 
The plots were produced using KAPPA. 

Figure 2 shows trailed spectrograms produced by 
convolving each of the above response functions with 
a fake input continuum. The continuum we use was 
produced using a random number generator such that 
the power spectrum of this light curve is a power law in 
frequency with a slope of —2, similar to that found in 
NGC5548 (an extensively monitored Seyfert 1 galaxy). 

The spectrograms can be compared with real data, 
and have already led to some combinations of geometry 
and kinematics being ruled out for some AGN. 

Mike Goad, Paul O'Brien, UCL 
ZUVAD-.-.MGOAD, ZUVADr.PTO 
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Figure 1. Shows the 2D transfer functions for the 5 models described in the text. The intensity scale increases from 
blue-red-white. For all of these models the integrated luminosity increases with radius. Gaps in the images (shown 
here in black) are present because only a finite number of clouds are used and not all the regions of (velocity, time) 
space are filled. 
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Figure 2. Shows the trailed spectrograms formed by convolving each of the 2D transfer functions with a fake 
input continuum (see text for details). Sections through the time plane show the variations of the line to a previous 
continuum change. Note that for inflow models the red-wing responds before the blue-wing and with a greater 
intensity. For outfiow models the blue-wing of the line responds first and with the largest amplitude. For the final 
three models the line response is symmetric about line centre. 
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Studies of protostars and comets at Kent 
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Figure 1. A map of the integrated emission over the red and blue wings of the bipolar outflow in GGD12-15. 
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Figure 2. CCD images of the comet Halley taken with the AAT5hours before the Giotto encounter using multicolour 
camera filters which isolate emission bands of OH, C2 and dust. 
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As announced in the last issue of this Bulletin, a 
recent addition to the Starlink network is at the Uni-
versity of Kent where the node is shared between the 
Millimetre Wave Radioastronomy group and the Unit 
for Space Sciences. 

The Radioastronomy group specialises in mm/sub-
mm molecular line and continuum studies of star form-
ing regions. Recent JCMT observations have included 
CO J=2-l mapping of the extensive L1551-like bipolar 
outflow in GGD12-15. Figure 1 shows a map of the in-
tegrated emission over the red and blue wings, clearly 
demonstrating the bipolar structure. The data were re-
duced using SPECX, and the images displayed using 
KAPPA. Mapping over narrower velocity ranges shows 
that the blue lobe has a conical structure with a clearly 
defined apex and evidence of limb brightening, suggest-
ing that the outflow is predominantly confined to the 
wall of a conical cavity, whereas the red lobe reveals a 
much more chaotic structure with ridges and hot spots. 

The Space Group concentrates its research on cos-
mic dust, with the design of space experiments to ob-
serve dust directly in the Solar System being comple-
mented by ground based observations, primarily in the 
fields of cometary coma imaging, infrared spectroscopy, 
and asteroid photometry. Figure 2 was produced us-
ing KAPPA and shows CCD images of comet Halley 
taken with the AAT on 13th March 1986, just 5 hours 
before the Giotto encounter, using the Giotto Halley 
multicolour camera filters which isolate emission bands 
of OH, C2 and dust. The dust continuum images show 
considerable structure in the inner coma and are used 
to infer the sense of rotation of the nucleus, and the 
location of active areas. The more uniform gas images 
are used to derive the abundances and scale lengths 
for daughter species of the volatiles emitted from the 
nucleus. 

Geoff Macdonald, Simon Green, Kent 
KENVADr.GHM, KENVADr.SFG 

The enigma of 10214+4724 

One of the controversial questions of recent years 
has been whether 'ultraluminous' IRAS galaxies, i.e. 
objects with far-infrared luminosities of the order 
LFIR ~ 1012-£©> are powered by hidden quasars, or 
by bursts of star formation. This argument has now 
hit a crisis point, as we have discovered a 'hyperlumi-
nous' object at the unprecedented redshift of z = 2.286; 
territory previously reserved for quasars and a hand-
ful of radio galaxies. The object, IRAS Faint Source 
10214+4724, was discovered during a redshift survey 
of sources from the IRAS Faint Source Catalog under-
taken by astronomers from QMW, Cambridge, Caltech, 
Oxford, and Durham (the 'QCCOD' survey). It is de-
scribed in more detail in Rowan-Robinson et al (1991, 
Nature, 351, 719). 

The IR luminosity, LFIR = 3 x 1014L@, is incredi-
ble, and in fact, given the usual leeway in the assumed 

value of go and bolometric corrections, it is arguably 
the most luminous object known; more powerful than 
all known quasars. However, it is not a quasar by any 
normal definition — it shows strong emission lines, but 
they are narrow, and only a tiny fraction of the energy 
comes in the optical-UV. Likewise, we certainly can-
not see the OB stars one would expect in a massive 
burst of star formation. Of course it is very likely that, 
whatever is powering this object, it is hidden behind 
dust. A starburst explanation of such a huge energy 
output would have to involve the concurrent formation 
of more or less an entire galaxy; i.e. the argument here 
is between hidden quasar and proto-galaxy. 
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Figure 1. Optical image of IRAS F10214+4724 (la-
belled F) taken with 200in telescope and processed on 
Starlink; a galaxy with z=2.286 and an infrared lumi-
nosity of 3 x 1014L®. 

Figure 2. Image of the high redshift object IRAS 
F10214+4724 (centre) at near-IR wavelengths, taken 
with IRCAM on UKIRT. Data was processed using 
Starlink IRCAM software. 
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Recent observations are providing more clues 
(Lawrence et al 1991 in preparation), although the 
puzzle is by no means solved yet. Figure 1 is an op-
tical image and Figure 2 is a near-infrared image of 
the object (the image processing was performed using 
IRCAM software). Note that because of the high red-
shift, Figure 2 is really a picture at optical wavelengths. 
By comparison with the nearby star just to the East, 
one can see that the compact core of our object is sur-
rounded by diffuse emission, extended asymmetrically 
at PA ~ 30°. A radio map recently obtained with the 
VLA shows an elongated structure perpendicular to this 
— the exact opposite of the well-known alignment ef-
fect in high redshift radio galaxies! Finally, with the 
help of Mike Scarrott and collaborators, we have found 
that our object is very highly polarised — around 17%. 
All these factors strongly suggest that most or all of the 
optical light we are seeing is scattered light, like a giant 
reflection nebula. 

Andy Lawrence, QMW 
QMCMV::AL, AL@UK.AC.QMW.STAR 

RV Tauri stars 

RV Tauri stars are pulsating variables which pos-
sess (i) a light-curve showing alternately deep and shal-
low minima, (ii) periods in the range 30 - 150 days and 
(iii) spectral types F - K. They can be divided into 
three sub-classes: RV(A) stars are the more metal-rich 
and have approximately normal spectra, RV(B) stars 
are metal-poor but have enhanced CNO abundances, 
and RV(C) stars are simply metal-poor. They are all 
highly evolved low-mass stars, probably < IMQ. Both 
the RV(A) and RV(B) stars can possess extensive cir-
cumstellar dust shells, the enhanced CNO thought to 
make up for the general metal deficiency of the latter. 
IRAS observations indicate that all the 'dusty' objects 
have a decreasing mass-loss rate as a result of post-
Asymptotic Giant Branch (post-AGB) evolution; the 
evolutionary phase of the dust-free objects is uncertain. 

AC Her has the most regular light-curve of the 
RVT stars, whilst having a mean visual magnitude 
V = 7.4 it is one of the brighter objects in the sky 
at 10pm. Although being carbon-rich, surprisingly it 
shows a strong silicate emission feature at 9.7pm (see 
Figure 1); such emission is also seen in some peculiar 
carbon stars. In Figure 1 we have fitted the IRAS LRS 
spectrum of AC Her with a silicate dust shell; since the 
mean grain temperature is fa 500K, the model shows 
that we would expect an additional strong 18pm fea-
ture, although this is very weak. Thus, we concluded 
that only hot silicate dust was present in the form of 
current post-AGB mass-loss; the 500K IRAS dust shell 
was fitted with an additional outer dust shell of sim-
ple black-body grains, this was thought to represent 
the remnant of an earlier prolific AGB mass-loss phase. 
Finally, we added a contribution of SiC to the inner 
silicate-rich dust shell to improve the fit to the broad 

10 — 12pm emission in the form of SiC/silicate core-
mantle grains; the SiC had to reside in the inner shell 
or the emission profile would be distorted due to the 5 
day light travel time as the star pulsated (further LRS 
spectra showed that it wasn't distorted). 

In conclusion, here we have a star with two chem-
ically different dust-shells. These reflect the changes in 
the surface abundance of low-mass stars during the late 
stages of stellar evolution. 

The data analysis and plotting were carried out 
using the Starlink DIPSO package. 

14 16 
A [yum] 

Figure 1. The IRAS LRS spectrum of the post-AGB 
star AC Her; top: the spectrum has been fitted with a 
silicate dust shell, middle: the spectrum has been fitted 
with an inner silicate shell, together with an outer shell 
of black-body grains, and bottom: an additional SiC 
component to the inner shell in the form of core-mantle 
grains produces the best fit. 

Mervyn Shenton, Keele 
KLVADr.MS, MSi <UK.AC.KL.PH.STAR 

26 

mailto:AL@UK.AC.QMW.STAR
http://UK.AC.KL.PH.STAR


Numerical hydrodynamics of Nova 
remnants 

The remnants of novae are in many ways low-
energy analogues of supernova remnants, and they 
evolve on observable timescales. Recurrent novae, a 
small class of objects which undergo classical nova-like 
outbursts recurring on a timescale of tens of years, are 
of particular interest in this respect. The presence of 
dense circumstellar material, due to the wind of the 
red giant component and the relatively low energy of 
the outbursts, cause recurrent nova remnants to pass 
through the classical phases of evolution on timescales 
of weeks or months. This is to be compared with the 
timescales of centuries in which supernova remnants 
pass through similar evolutionary phases. 

The recurrent nova RS Oph was observed by 
EXOSAT during its 1985 outburst, and showed emis-
sion consistent with the interaction of the nova ejecta 
with the red giant wind. The hydrodynamical evolution 
of the nova remnant has been modelled numerically in 
one-dimensional spherical symmetry with a code us-
ing a Lagrangian formulation of Godunov's method 
(O'Brien, Bode & Kahn, submitted to MNRAS). The 
X-ray emission from the model was compared with 
EXOSAT data on the outburst which were obtained 
from the EXOSAT database at ESTEC now available 
at Leicester. 

Although the gross features of the X-ray evolution 
were modelled, it proved difficult to reconcile the low 
energy and high energy emission in the same model. A 
likely reason for this is that the outburst, and resulting 
remnant, cannot be modelled in spherical symmetry. 
Many recurrent novae (including RS Oph) show evi-
dence for non-spherical ejection of material during out-
burst; RS Oph was mapped using the European VLBI 
Network shortly after its 1985 outburst, and showed 
clear evidence for bipolar ejection. 

We are currently modelling bipolar outbursts in 
two dimensional axisymmetry using a numerical fluid 
dynamics code due to Falle (1991 MNRAS 250,581). 
The code uses a second-order Godunov scheme, and 
is extremely efficient for multidimensional applications. 
It is being run on the STADAT Vaccelerator board 
with great success — the calculation shown in Figure 
1 required about three hours of Vaccelerator time, and 
would have taken at least three times as long to per-
form on the LPVAD MicroVAX 3400. This allows a 
more thorough investigation of the parameter space, 
and greatly reduces the time for debugging and devel-
oping code. 
Figure 1. (right) False colour representation of the 
density distribution in the (r, z) plane for a bipolar 
outburst at four evolutionary times. The outburst oc-
curs at the centre of a 1/r2 radial density stratification. 
The picture was produced using Starlink KAPPA and 
IKONPAINT software. 
Huw Lloyd, Tim O'Brien, Mike Bode, Lanes Poly 
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STARLINK INFORMATION DIGEST 

Starlink sites &: site managers: 
A R M A G H : Armagh Observatory, College Hill, ARMAGH, BT61 
9DG. Tel: 0861-522928. Paul Brown. 
ARVAD/UK.AC.QUB.ARM.STAR. 
B E L F A S T : Dept of Pure and Applied Physics, Queen's Univer-
sity of Belfast, BELFAST, BT7 INN. Tel: 0232-245133 X3648. 
Paul Brown. QUVAD/UK.AC.QUB.PHY.STAR. 
B I R M I N G H A M : School of Physics and Space Research, Uni-
versity of Birmingham, Edgbaston Park Road, BIRMINGHAM, 
B15 2TT. Tel: 021-414-6447. Bill Wilson. 
BHVAD/UK.AC.BHAM.SR.STAR. 
C A M B R I D G E : This is a single Starlink node with a single com-
puter cluster serving two organisations: (1) Institute of Astron-
omy, University of Cambridge, Madingley Road, CAMBRIDGE, 
CB3 OHA. Tel: 0223-337528. (2) Royal Greenwich Observatory, 
Madingley Road, CAMBRIDGE, CB3 OEZ. Tel: 0223-374000. 
Ian Skillen, Steve Percival, Phil Herridge. 
CAVAD/UK.AC.CAM.AST-STAR 
C A R D I F F : Dept of Physics, University of Wales College of 
Cardiff, PO Box 913, CARDIFF, CF1 3TH. Tel: 0222-874000 
X5282. Rodney Smith. CARDIF/UK.AC.CF.ASTRO.Vl. 
D U R H A M : Dept of Physics, University of Durham, South Road, 
DURHAM, DH1 3LE. Tel: 091-374-2131. Alan LotU. 
DUVAD/UK.AC.DUR.STAR. 
E D I N B U R G H : Royal Observatory, Blackford Hill, EDINBURGH, 
EH9 3HJ. Tel: 031-668-8377. John Barrow. 
REVAD/UK.AC.ROE.STAR. 
HATFIELD: Dept of Physics & Astronomy, Hatfield Polytech-
nic, College Lane, HATFIELD, Herts, ALIO 9AB. Tel: 0707-
279607. Chris Brindle. HATVAD. 
I C S T M : Astrophysics Group, Dept of Physics, Blackett Labo-
ratory, ICSTM, Prince Consort Rd, LONDON, SW7 2BZ. Tel: 
071-589-5111 X6658. Graeme WUloughby. 
ICVAD/UK.AC.IC.PH.STAR. 
JODRELL B A N K : Nuffield Radio Astronomy Lab, University 
of Manchester, Jodrell Bank, MACCLESFIELD, Cheshire, SK11 
9DL. Tel: 0477-71321 X293. Michael Garrett. 
JBVAD/UK.AC.MAN.JB.STAR. 
KEELE: Dept of Physics, University of Keele, KEELE, Staffs, 
ST5 5BG. Tel: 0782-621111 X3341. James Albinson. 
KLVAD/UK.AC.KL.PH.STAR. 
K E N T : Electronic Engineering Lab, University of Kent, CAN-
TERBURY, Kent, CT2 7NT. Tel: 0227-475406. Brian Heaton. 
KENVAD/UK.AC.UKC.STAR. 

LEICESTER: Dept of Physics and Astronomy, University of Le-
icester, University Rd, LEICESTER, LEI 7RH. Tel: 0533-523599. 
Geoff Mellor. LTVAD/UK.AC.LE.STAR. 
M A N C H E S T E R : Dept of Astronomjl, University of Manch-
ester, Oxford Road, MANCHESTER, M13 9PL. Tel: 061-275-
4236. Vassilis Laspias. MAVAD/UK.AC.MAN.AST.STAR. 
O X F O R D : Dept of Astrophysics, Nuclear Physics Building, Ke-
ble Road, OXFORD, 0 X 1 3RH. Tel: 0865-273311. Tony Lynas-
Gray (acting). OXVAD/UK.AC.OX.ASTRO. 
P R E S T O N : Dept of Physics & Astronomy, Lancashire Polytech-
nic, PRESTON, PR1 2TQ. Tel: 0772-893564. Andy Adamson. 
LPVAD/UK.AC.LANCSP.STAR. 
Q M W : Dept of Physics, Queen Mary and Westfield College, Mile 
End Road, LONDON, E l 4NS Tel: 071-975-5053. Kevin Richard-
son. QMCMV/UK.AC.QMW.STAR. 
RAL: Rutherford Appleton Laboratory, Chilton, DIDCOT, Oxon, 
0X11 0QX Tel: 0235-821900. 
(1) Project cluster: Building R68. David Rawlinson, X6471. 
RLVAD/UK.AC.RL.STAR. 
(2) Astrophysics cluster: Building R25. Barbara Bromage, 
X6497. RLSAC/UK.AC.RL.STAR.AST. 
S T A N D R E W S : Dept of Physics and Astronomy, University 
of St Andrews, North Haugh, St Andrews, Fife. KY16 9SS. Tel: 
0334-76161 X8323. Roger Stapleton (acting). 
SASTAR/UK.AC.ST-AND.STAR. 
S O U T H A M P T O N : Dept of Physics, University of Southamp-
ton, SOUTHAMPTON, S09 5NH. Tel: 0703-592112. Laurence 
Jones. SOTON/UK.AC.SOTON.PHASTR. 
S U S S E X : Astronomy Centre, Division of Physics & Astronomy, 
University of Sussex, BRIGHTON, East Sussex, BNl 9QH. Tel: 
0273-678478. Stuart Keir. SUSTAR/UK.AC.SUSX.STAR. 
UCL: Dept of Physics and Astronomy, University College Lon-
don, Gower Street, LONDON, WC1E 6BT. Tel: 071-380-7147. 
Adrian Fish. ZUVAD/UK.AC.UCL.STAR. 

Starlink Project contacts at RAL: 
Tel: 0235-821900. All usernames are on UK.AC.RL.STAR (RLVAD) 
except GEB who is on UK.AC.RL.STAR.AST (RLSAC). 

Project Manager: Patrick Wallace X5372 (PTW) 
Project Scientist: Gordon Bromage X6362 (GEB) 
Network Manager: John Sherman X6367 (JCS) 
Applications: Rodney Warren-Smith X6165 (RFWS) 
ADAM Support Group: Peter Allan X6735 (PMA) 
Document Librarian: Mike Lawden X5363 (MDL) 
Software Librarian: Martin Bly X5363 (STAR) 
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