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Starlink demonstration 

Rutherford Appleton Laboratory was 
open to the public during the week of 
July  The picture (left) 
showing NGC 7552, a barred spiral 
galaxy in the Grus group, was among 
those featured in the Starlink display for 
the open days. The hardcopy was taken 
by dumping the image from an Ikon 
onto a DEC ink jet printer using the 
IKONPAINT program (see SUN/71). 
These printers are now available at 
most Starlink sites. A popular aspect of 
the Starlink display was a 
demonstration program showing around 
twenty minutes of image analysis. The 
program runs on a VAXstation 3100 
and is available on request from 
Malcolm Currie (RLVAD::CUR). 
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Editorial 
One piece of good news since the last issue is that 

the ADAM Support Group recruitment procedure is es-
sentially complete; the Group's key figures are pictured 
on page 4. This boost to the software effort available to 
Starlink  a shift in emphasis occurring within the 
Project. Whereas in previous years, Starlink users' most 
urgent pleas concerned hardware requirements, signifi-
cant upgrades in this area have taken place and software 
issues are coming to the fore. Everyone agrees we need 
more and better applications software. However no such 
consensus has yet been reached on the relative merits of 
the integrated and ad hoc approaches. 

Reaction to the  Environment Question" fea-
tured in the last issue of the Bulletin has been muted, 
with most Starlink users adopting a wait and see at-

titude. However, Unix equipment is increasingly be-
coming available at Starlink sites and the debate will 
doubtless continue. 

This is the last Starlink Bulletin to be edited by me, 
and I would like to thank everyone who has helped with 
the preparation of the first six issues. Contributions to 
next  Bulletin should be sent to RLVAD::MDL 
by 16th November. 

Jo Murray, Starlink, RAL 
RLVADr.JM, JM@UK.AC.RL.STAR 

Readers are reminded that this Bulletin comprises a collec-
tion of articles from many sources. Hence the views ex-
pressed do not necessarily reflect those of Starlink manage-
ment. 

New Starlink node at Sussex 

The new minor node at the University of Sussex was opened officially on Friday 13th, July by Dr. James Hirschfeld, 
Dean of the School of Mathematical and Physical Sciences. Despite the date, all went well, with fifty guests in 
attendance, including representatives from RAL, UCL and the RGO. The new node became necessary when the RGO 
moved to Cambridge. 

The Dean (right) opened the node by pressing a key to start a 25-minute sequence of images on the Ikon about 
the work done at Sussex using Starlink. Also shown in the photograph is Dr. Robert Smith of the Astronomy Centre. 
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Language sensitive A D A M programming 

In the previous Starlink Bulletin, Dave Terrett in-
troduced the VAX Language Sensitive Editor, LSE. In 
this article, I will try to explain how this editor can be 
used to help you write high-quality software using the 
ADAM programming environment. 

LSE is part of the VAXset suite of Software En-
gineering Tools and is primarily intended for the pro-
fessional programmer, so when it first comes out of its 
box it can be a little daunting. Almost anything you do 
seems to fill the screen with things like: 

 = [+ or  {aop} 
{aelm} [{aop} { a e l m } ] . . . 

which is  way of telling you to type in something 
like I = 2* J. 

Actually, LSE has a tremendous amount of power -
but how to get at it? Well, fortunately, LSE is 
urable", which means you can fiddle with it to make 
it do what you want (to some extent, anyway). So, 
over the last year or so, I've been assembling bits and 
pieces in an attempt to make LSE more friendly and use-
ful for ADAM programming. It's been an uphill strug-
gle at times, because new versions keep arriving which 
means that my  no longer work and have to 
be changed. Still, at least it's nice to know that DEC 
are actively developing it. 

An augmented version of LSE now exists. I've called 
it STARLSE, and it's described in  To use 
it, you'll need to log on to a machine where VAXset is 
installed. (Ask your site manager if you are unsure.) 

Briefly, this is what STARLSE contains in addition 
to the standard features of LSE (many of which are also 
very useful for ADAM programming): 

Languages . Some attempt has been made to simplify 
the Fortran language which LSE uses to make it re-
semble the Starlink recommendations in  This 
mainly means removing VAX extensions (which gets rid 
of nearly 80% of VAX Fortran!). The result is that 
you now get bombarded with rather fewer sets of nested 
square brackets etc., and the language-sensitive options 
are a little easier to understand. 

A new language has also been defined to provide 
templates for writing ADAM interface  files. This 
contains all the information you need to avoid ferreting 
in the documentation cupboard whenever you need to 
write one of these files. 

Prologues. The new languages contain templates for 
prologues - i.e. fancy header comments at the start of 
programs and subroutines, etc. If you are even half se-
rious about the future maintainability of your software, 
then you will already be using these - but they do take 
a long time to write. STARLSE can save you a lot of 
time here by doing all the repetitive bits automatically. 
It will even fill in things like the name of the routine, 
your personal name, the date, etc. at the press of a key. 

On-line help is provided to show you what information 
to enter where. 

Package definitions. I regard these as LSE's best fea-
ture. They are particularly good at solving one of the 
ADAM programmer's biggest headaches - too many sub-
routines and libraries to remember. 

LSE package definitions save you having to refer to 
endless documents describing all the ADAM libraries, by 
allowing the editor to hold this information and make it 
available in exactly the form you need. For instance, 
with STARLSE you can enter the name of an ADAM 
routine, press a key, and its argument list will automati-
cally appear in your program with the cursor positioned 
ready to enter the first argument. 

If you can't remember the routine you want, then 
that 's no problem either. Just enter what you can re-
member (just the package name, perhaps) and you get 
a menu of routines with descriptions of what they do. 
You pick the one you want, and it's entered into your 
program. 

Most (although not yet all) ADAM subroutine li-
braries are supported by STARLSE. Some also have full 
on-line help available, which means you can simply press 
a key and get a  description of a routine and all 
its arguments without leaving the editor. This is not 
only useful for writing your own programs, but also for 
understanding other people's programs which use rou-
tines you aren't familiar with. 

Miscel laneous c o m m a n d s . STARLSE also contains 
a mixed bunch of commands and extra key definitions 
collected from a variety of sources. Some of these pro-
vide simple functions which are missing from LSE (but 
may be provided as standard in future). Others do more 
elaborate things, like running the GENERIC compiler 
(SUN/7) on a selected part of your editing buffer - odd, 
perhaps, but sometimes very useful. 

Finally, a word of encouragement... although it's 
quite easy to learn how to use STARLSE (or LSE), the 
keyboard technique is rather different to other editors. 
In general, you need to press far fewer keys (especially 
the space and return keys), but each key does much 
more. This means that clumsy typing can get you into a 
mess quite quickly, so it's easy to be put off by your first 
mistakes. With a little practice, however, you'll find you 
can type more slowly but still write software faster than 
with other editors! If you do a lot of programming, and 
want it to be of high quality, then give STARLSE a try; 
you'll almost certainly save yourself a great deal of time. 

Rodney  Starlink, RAL 
RLVADr.RFWS RFWS@UK.AC.RL.STAR 
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ADAM Support Group 

The  left to right - Peter Allan, Brian Mcllwrath and Alan Chipperfield. 

Readers will be pleased to hear that the creation of 
the ADAM Support Group is all but complete with the 
appointment of Peter Allan and Brian Mcllwrath (see 
pictures, above) to the remaining two senior positions 
of Head of the Group and Real-time/Systems expert 
respectively. They are expected to take up their posts 
at RAL around September, joining Alan Chipperfield 
(also pictured above) who is already in charge of ADAM 
development and maintenance. 

Peter Allan is in overall charge of the Group. For 
the last six years he has been the Starlink Site Man-
ager at Manchester. Prior to this, he was a research 
fellow at both Leiden and Kitt Peak, where he worked 
on quasars and radio galaxies. Although Unix has yet 
to make an impact on most Starlink users, Peter has 
been using it for many years and is even learning to ap-
preciate some of its idiosyncrasies. He is married with a 
son and daughter, enjoys playing bridge, golf and tennis 
and is a licensed radio amateur. 

Brian  principal rôle will be manag-
ing the creation of versions of ADAM running on new 
hardware architectures, in particular Unix-based work-
stations. He will also be responsible for liaison with 
the real-time communities at the ground-based observa-
tories. This should ensure that Starlink's development 
of ADAM maintains or enhances its usefulness for data 
acquisition work, and that work taking place at the ob-
servatories can be exploited for data analysis purposes. 
Brian has been the Jodrell Bank Starlink Site Manager 
since 1986 but a Starlink user for even longer. He was 
involved in integrating the Jodrell  Alliant into the 

existing Starlink VMS cluster (see Starlink Bulletins 1 
and 3) and gained a lot of Unix experience in the process. 
His background is in radio astronomy, and his other in-
terests include networking, portability, systems software 
and the integration of different makes of computers. To 
date, Brian's main experience has been with the  
and OLAF environments, but he is looking forward to 
bringing a fresh approach to ADAM. Starlink's most el-
igible bachelor, Brian has social interests which range 
from membership of the notorious "Adventurer's Club" 
to badminton. 

Alan Chipperfield is in charge of supporting the 
operational versions of ADAM. He has been working for 
the SRC/SERC for twenty-five years, the current Star-
link record. Before joining Starlink six years ago, he 
worked on real-time data reception and control software 
for the Ariel V and Ariel VI X-ray astronomy satellites 
at the Appleton Laboratory, and on software system 
integration for the IRAS control centre after the Ap-
pleton Laboratory moved to Chilton. Most of his time 
with Starlink has been spent investigating and support-
ing various software environments, notably ADAM. He 
is married with two daughters, and enjoys gardening and 
rambling in his spare time. 

The objectives of the ADAM Support Group are 
outlined in the Proceedings of the 1989 ADAM Work-
shop, available from your site manager or from Alan 
Chipperfield  

Jo Murray, Starlink, RAL 
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The Joy of X 

Over the last twelve months, you have probably 
heard or read about the X windowing system. You may 
well have seen it running on one of your VAXstations. 
X is not just another windowing system. It is not just 
a flash version of VWS that you are already using. X is 
different and will be coming to a Starlink site near you 
soon, so read on. 

What benefits does X windows offer Starlink users? 
For starters, X applications can easily be ported to any 
system that supports X windows. At present this in-
cludes all three types of Starlink CPU - VAX, DECsta-
tion and SUN Sparc. A practical example of such an 
application is the X-based  image display 
program SAOIMAGE, which is already running on SUN 
and DEC CPUs at Starlink sites. The source code  
SAOIMAGE for all CPUs that support X is identical, 
and only the compilation and linking procedures differ 
from machine to machine. 

With X, a user can sit, for example, at a VAXstation 
and run X applications on either the local CPU, or a 
nearby DECstation, or a remote VAX or a SUN and 
have the output appear on the screen in front of him 
as if the applications were running locally. The user 
simply has to log into the remote machine through one of 
the windows and  that machine to send all X output 
back to his or her screen. The advantage of this is that 
users on slower workstations can run applications on fast 
compute servers but have the same convenience as if the 
application were running on his or her own workstation. 
Also, it means that one can use, say, a VAXstation to 
access X-based applications that are only available on a 
SUN, or vice versa. Such a situation might arise if the 
source code for the application is not available. Again, 
to the user, it appears that the application is running 
locally. 

To take this a step further, the user may use an 
intelligent bitmapped terminal - an X window termi-
nal. To the user such a terminal appears just like a 
workstation, except that applications can only be run 
on remote machines.  have several advan-
tages over workstations - they are cheaper and almost 
as simple to manage as a traditional terminal. However, 
they don't have any local processing power and can place 
a strain on your existing system and network if used im-
properly. By the time you read this, your system man-
ager may well be using such a terminal to help  
manage your VAXcluster. Ask for a demonstration of 
X today! 

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

Error reporting 

Writing user-friendly programs has often been called 
the user's dream and the programmer's nightmare. The 
term "user-friendly" can mean many things, from the 
quality of the documentation provided with a program 

to the intelligibility of its output. However, one key as-
pect of user-friendliness is how a program behaves when 
it encounters an error. Making a program robust to 
faulty input and internal errors is fundamental to writ-
ing the kind of highly interactive programs most used on 
Starlink. 

To make the task of trapping and reporting errors 
within applications software less of a burden, Starlink 
has recently released a package designed specifically for 
reporting error messages - the Error and Message Re-
porting System (EMS), (SUN/104). Its documentation 
also recommends a set of conventions for writing robust 
applications software. For example, in order to trap er-
rors effectively, a program has to "know" that it has gone 
wrong somewhere. This has led to the convention of in-
herited status checking being recommended by Starlink. 

 rules are: 

• An integer status argument is placed in the argu-
ment list of each subroutine in the program (by con-
vention  is always the last argument in the list and 
is named STATUS). 

• The subroutine returns without action if the value 
of STATUS on entry is other than "no  (by 
convention represented by the symbolic constant 
SAI__OK). 

• The subroutine leaves STATUS unchanged if it com-
pletes successfully. 

• The subroutine sets STATUS to an appropriate er-
ror value if it fails to complete successfully. 

This is a simple convention for making a program 
aware of errors, and ensuring that its default behaviour 
is to attempt no further processing if an error occurs. 
However, it is clearly important that the application pro-
gram also outputs an informative message to the user 
when an error occurs. To facilitate this, the last rule 
itemized above can be changed to read: 

• The subroutine sets STATUS to an appropriate er-
ror value and reports a message if it fails to complete 
successfully. 

Here, the error reporting is done using subroutine calls 
to the Error Reporting System. 

It is also useful to be able to report a number of error 
messages in response to a single error condition and to 
be able to defer the delivery of error messages to the user 
(e.g. in order to handle the error within the program). 
The Error Reporting System provides facilities for both 
these functions. 

SUN/104 covers error and message reporting from 
Starlink software in detail. If you are writing software for 
Starlink release, or just want to write more user-friendly 
software, then have a good look at this SUN - it will 
save you a considerable amount of time and help make 
your applications software more robust. 

Paul Rees, Starlink, RAL 
RLVADr.PCTR,  
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Starlink Users' Committee. 

Members of the Starlink Users' Committee (SUC) with members of Starlink Project staff in attendance, are shown 
in the photograph above. Apologies for the fashionably extended point-spread function; the next generation of the 
camera will benefit from a corrector lens. Back row, left to right: Gordon Bromage, Starlink, (SUC secretary); Ralph 
Spencer, Jodrell Bank; Brian Bates, QUB; Pat Wallace, Starlink; Rodney Warren-Smith, Starlink; Front, again left to 
right: Jim Emerson, QMW; Alan Willis (Chair), UCL; Gerry Gilmore, Cambridge and John Sherman, Starlink. 

The Starlink Users' Committee (SUC) chose the 
neutral territory of RAL for its 19th meeting on June  
The rôle of the SUC is to provide advice on the opera-
tion and future development of Starlink. It establishes 
scientific priorities in hardware enhancement, software 
development and support, network expansion etc. and 
reports to the Astronomy and Planetary Science Board 
of the SERC. (SUC members not in the picture are: 
Charles Jenkins, RGO; George Efstathiou, Oxford and 
Richard Willingale, Leicester.) 

A D A M developments 

The last release of ADAM (1.7) was timed to make 
several bug fixes and new facilities available prior to the 
launch of the ROSAT X-ray satellite. The two most 
important new features are described below. 

Firstly, and most importantly, ADAM can now re-
port error messages and other program information via 
the new Error Message Service (EMS, see page 5). The 
introduction of EMS calls into the lower levels of  
will be a gradual process, but will allow much better er-
ror reporting from within ADAM. Users are invited to 
suggest priority areas or pinpoint particularly unhelpful 
error messages for early action. A special topic has been 
set up in the  VAXnotes con-
ference for this purpose and, yes, we already know about 

 File not found". 
Secondly, the use of the Graphical Name Service 

(GNS - see SUN/57) now makes it possible for your site 
manager to define friendly device names which can be 
understood by ADAM and non-ADAM software alike. 

This begins the process of removing ADAM's inter-
nal device naming scheme (the DEVDATASET file) al-
though it will remain in use for magnetic tape devices 
for the time being. 

A forthcoming release (1.8) includes the facility to 
obtain multi-line help information "in-line" when re-
sponding to prompts from programs. This includes an 
option to remain in the help system and search it be-
fore returning to the prompt. The release also improves 
ADAM's menu-driven control system (SMS), notably by 
providing a special window for the help system. 

Future releases will include re-implementation and 
enhancement of the ADAM message system. The new 
system will allow different ADAM processes to commu-
nicate over networks. This is particularly useful for data 
acquisition and remote observing. 

Another development of particular interest for data 
acquisition work involves changes to the structure of 
ADAM tasks which control devices (D-tasks). These 
changes are part of a general move towards reducing the 
confusing number of different ADAM task types and, 
furthermore, will permit the same error reporting sys-
tem (EMS) to be used both during data acquisition and 
data reduction, thus unifying the approach to error re-
porting in ADAM. 

Of more particular interest to Starlink users will be 
the ability to respond to prompts by typing MAX or 
MIN to indicate that program-generated upper or lower 
limits are to be used - a development that will please 
FIGARO users. 

Alan Chipperfield, Starlink, RAL 
 AJC@UK.AC.RL.STAR 
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Software and documentation news 

There have been 33 software releases since the last 
Bulletin. New software items of general interest include: 

 A package to analyse interstellar absorption 
lines (SUN/103). 

A P M : An object finding and analysis package (SUN/109). 
See also page  

ASURV: A package for statistical analysis of astro-
nomical data with upper limits (SUN/13). 

CLUSTAN: A commercial multivariate cluster analy-
sis package (SUN/26). 

EMS: A revised version of the ADAM Error and Mes-
sage reporting system. It is available in stand-alone 
form (SUN/104). 

FORCHECK: A Fortran verifier and programming 
aid which helps you produce high quality Fortran 
code - see following article (SUN/73). 

GENSTAT: This is GENSTAT 5, not one of the earlier 
versions. It is a general purpose statistical analysis 
package. It includes a flexible command language 
which can be used to write your own programs when 
the standard analyses are inadequate (SUN/54). 

M A P L E : An interactive system for symbolic algebra 
computation  See also page 25. 

QUOTAS: Displays the usage of disk quota on VMS 
disks. Enables you to identify "disk hogs" and apply 
peer pressure (SUN/49). 

STARLSE: An enhanced version of the VAX Language 
Sensitive Editor (SUN/105). See also page 3. 

Many existing software items have been enhanced. In 
particular, a heavily revised version of the astronomi-
cal database management system SCAR has been re-
leased with a completely revised supporting document 
(SUN/70). 

There have been 46 document releases since the last 
Bulletin. Some of these have been noted above. Others 
of particular interest to users are: 

S G / 4 — A D A M : A comprehensive introduction to the 
ADAM software environment. 

 A completely revised and expanded introduc-
tion to Starlink software. 

S U N / 1 1 — ARY: A subroutine library for accessing 
ARRAY data structures. 

S U N / 3 3 — N D F : A subroutine library for accessing 
NDF data structures. 

S U N / 5 3 - E C H W I N D : A UCL  spectrograph 
observation planning program which used to be 
called MANUAL. 

S U N / 6 7 - SLALIB: A deluxe  version of the 
previous R UNOFF based document on this astro-
nomical subroutine library. It is much more com-
pact and attractive, but still doesn't  you how 
to use the stuff, but that 's coming. 

S U N / 8 2 - IRAS: Completely rewritten and updated 
document describing a package to process IRAS 
data. 

Fourteen documents have been withdrawn because of 
obsolescence. Currently over 66% of the 106 SUNs and 
SGs have been issued since the beginning of 1989 so, in 
general, the documentation set is well up-to-date. 

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

FORCHECK - a Fortran verifier. 

Very early on, Starlink published an application 
programming standard, a set of rules and guidelines 
for those wishing to produce reliable and easily main-
tained Fortran programs. A cornerstone of this standard 

 is the advice to stick to ANSI Fortran 77 wher-
ever possible, and to avoid gratuitous (or accidental) use 
of properties of VAX Fortran which might cause trou-
ble  other systems. A new tool, called FORCHECK, 
has recently been installed on the STADAT computer, 
to help you look for non-standard, naughty or illegal 
things in your programs. Developed by Erik W. Kruyt of 
Leiden University, FORCHECK was purchased by Star-
link from Polyhedron Software, the company that earlier 
supplied us with the spaghetti-unscrambler SPAG (see 
SUN/63 and the January 1989 Bulletin). Copies of the 
FORCHECK manual and the introductory document 
SUN/73 can be obtained either through your Starlink 
Site Manager or from the Starlink Software Librarian 
(RLVAD::STAR). 

FORCHECK is very easy to use, and fast. Just lo-
gin to STADAT, and type "FORCHECK prog", where 
prog is the name of the Fortran program you wish to 
check. (You can either specify the full DECNET ad-
dress of the file, or copy it to a STADAT disc first.) 
FORCHECK then examines the program and reports 
anything it doesn't like the look of. 

As well as checking the syntax of each statement, 
and of each module as a whole, FORCHECK is able to 
compose various cross-reference tables and perform con-
sistency checks on subprogram argument lists, common 
blocks, etc. By default, the VAX extensions are sup-
ported, but can be disabled when rigorous compliance 
with the ANSI standard is to be tested. Work is in hand 
to produce a special Starlink configuration file which will 
limit the acceptable extensions to those sanctioned in 
SGP/16. 

Several ace programmers within the Project have 
been startled and embarrassed by the mud FORCHECK 
has been able to dredge up when let loose on  sup-
posedly immaculate software. Try it yourself! 

Patrick Wallace, Starlink, RAL 
RLVADr.PTW, PTW@UK.AC.RL.STAR 
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IUE final archive 

When the idea of a reprocessed  final archive 
was first mooted, five or six years ago, the IUE database 
consisted of 40,000 spectra. Since then, the precise con-
tent of this final archive has been discussed exhaustively 
by both the IUE Project and the astronomical commu-
nity. Now there are over 80,000 spectra in the IUE 
database, about one third of which are high-resolution 
spectra, and observations are still being added daily. 
Clearly, this is an extremely important database which 
will complement the astronomy done with the Hubble 
Space Telescope, the forthcoming Lyman/FUSE mission 
and future ground-based spectroscopy. 

From a scientific standpoint, the improvement in 
the signal/noise ratios of IUE spectra has been a pur-
suit of many IUE users since 1978. Both trailing low-
resolution spectra (e.g. Heck, 1981, ESA IUE Newslet-
ter No. 9, 10) and co-adding extracted high-resolution 
spectra (e.g. West, 1982, ESA IUE Newsletter No. 12, 
27) have been investigated as ways of improving the sig-
nal/noise in IUE data. However, it has been found that 
a signal/noise ratio of around 30 is difficult to improve 
upon, suggesting that the apparent noise in IUE spectra 
is not entirely random, but has a "fixed  com-
ponent. This has led to a number of strategies for min-
imising the problem and efforts to understand its cause 
(see NASA IUE Newsletters Nos. 34  38). 

In 1987 a Workshop on   Im-
provement" was held at Goddard Space Flight Center. 
This Workshop came at a time when the results of work 
on IUE signal/noise improvement at Lund Observatory 
(Linde  Dravins, 1988, ESA IUE Newsletter No. 29, 11) 
were becoming known. This work demonstrated that the 
effects of fixed pattern noise could indeed be significantly 
reduced.  committees later, an overall strategy 
for producing a uniformly processed archive of IUE im-
ages has been agreed and accepted by the IUE Project. 
It is intended to begin the reprocessing by April 1991 
and complete within three years. 

From recent investigations it is already clear that 
fixed pattern noise in the image background can be 
routinely minimised in an automated manner. This is 
likely to have the greatest effect on spectra of poor sig-
nal/noise, e.g. those of extragalactic objects. The two 
most important problems still being investigated are: 
the enumeration and behaviour of statistical uncertain-
ties with respect to IUE Data Number for each pixel in 
the raw image; and understanding geometrical shifts in 
the raw image produced by the distribution of charge 
(i.e. the image data) on the camera target, known as 
beam pulling. This latter problem is fundamental to 
improving signal/noise ratios in the spectrum data of 
well exposed images. Areas in high-resolution data pro-
cessing which are still being developed are: improved 
spectrum extraction algorithms, the correction of  
order overlap, and the correction of  ripple. The 
UK IUE Project will contribute in some of these areas. 
RAL has already set up a contract with UCL to provide 
this effort with Paul O'Brien being the programmer ap-
pointed. 

For low-resolution data, the  reduction prod-
ucts are likely to be a line-by-line spectrum and a 
weighted, or optimally, extracted spectrum. Both of 
these will be available in absolute flux units and have 
associated variance data for the spectrum fluxes. The in-
tended products are: a high-resolution line-by-line spec-
trum for each  order, a weighted (or optimally) 
extracted spectrum for each order, and the whole high-
resolution spectrum with resampled and merged orders. 
Again, each of these will be available in absolute flux 
units and have associated variance data for the spec-
trum fluxes. It is intended that the reprocessing of the 
high-resolution data will begin rather later than the low-
resolution data - this will allow more development work 
on the reduction of these data. 

What does all this mean for IUE data reduction on 
Starlink? Well, from about April 1991 reprocessed low-
resolution IUE images will begin to become available. 
The reprocessed data will be distributed in a "FITS" 
format, with several extensions not defined in the cur-
rent FITS standard. One important improvement at 
this level is the inclusion of very complete and homoge-
neous (over the entire IUE archive) header information 
in the FITS format. Clearly, for people to be able to 
use these data on Starlink there needs to be software to 
read them and use them properly. A big question for 
Starlink users must be whether programs like  
will still be considered necessary for the spectrum ex-
traction. The products of the reprocessing of the IUE 
archive will be superior to IUESIPS products, and so the 
continued need for a UK alternative is not obvious. Al-
though this will remain an open question for some time 
to come, now is the time to ensure that the data reduc-
tion provided by the IUE Project for the Final Archive 
is as good as it can be. If this concerns you, why not 
join the IUESIG VAXnotes conference and contribute to 
the discussion? 

Paul Rees, Starlink, RAL 
RLVADr.PCTR,  

Conferences on VAXnotes 

To date, only a minority of Starlink users are in the 
habit of reading the various conferences on VAXnotes 
(see Bulletin 4). However, many topics of general inter-
est are discussed in the 30+  conferences. 
For example, items to which a conference has been 
dedicated include hardware, on-line astronomical data, 
FITS,  HST, Starlink programming and  Ad-
ditionally, conferences exist for each of the Starlink Spe-
cial Interest Groups  and many local conferences 
have sprung up in which users at a particular node can 
discuss issues such as the management of disc space etc. 
on their local cluster. 

VAXnotes provides an informal medium for commu-
nication between all Starlink users and can prove com-
pulsive reading at times - so why not have a go? See 
SUN/44 for details. 

Jo Murray, Starlink, RAL 
RL VADr.JM,  A C.RL.STAR 
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X-ray observations from T T M 

     

  

  

   

Figure 1. An image of a 16 degree square region of sky centred on the galactic centre. The image is sampled on a 
grid twice as fine as the 1.8 arcminute instrument resolution and so is approximately 1000 x 1000 elements. Data from 
about 70 observations with slightly different pointing directions have been combined. Several new X-ray sources (some 
of which are labelled with KS numbers) are visible. 

What do you do with an image which is so blurred 
that the patch illuminated by a single star extends over 
the whole picture? This is the problem which coded 
mask telescopes present to X-ray astronomers. In the 
case of the Birmingham/Utrecht  instrument on 
the Mir Space station, which is designed as a wide field 
camera, the blurring in the image falling on the detector 
corresponds to more than 17 degrees. Yet it is still pos-
sible to obtain final images with a resolution better than 
2 arcminutes. (OK, it's hardly competing with optical 
telescopes, but it's just about the best that anyone has 
done with photon energies greater than 5 keV.) 

Since the dramatic replacement of the troublesome 
detector by two Soviet cosmonauts in October 1988 (af-

ter a first attempt five months earlier had failed be-
cause of problems removing the old detector) the in-
strument has been working extremely well. Over 500 
observations have been made, even though each requires 
the entire 33 tonne station to be re-oriented and sta-
bilised to 1 arcminute. Among the targets studied are 
the LMC (including a continuation of the search for X-
rays from SN1987A) and a survey of the galactic centre 
and  bulge. The instrument is co-aligned with 
other X-ray and gamma-ray instruments on the Kvant 
module, and other observations have been of bright, 
hard X-ray emitters where the TTM information is com-
plementary to that obtained with the MPE/Tübingen 
HEXE Phoswich instrument and the Soviet Pulsar  
gamma-ray detector. 
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Figure 2. Pseudo-3d image of the central part of the TTM image, showing the concentration of X-ray sources close 
to the nucleus. 

The image processing involved in getting from the 
detected blur to the reconstructed image relies on the 
fact that the instrument has been designed so that al-
though the point source response function is wide it con-
tains lots of useful structure - the structure in fact of 
the mask pattern. The transformation process, and the 
corresponding one for the data from the similar instru-
ment we flew on the the Spacelab 2 mission, is one of the 
major jobs which keeps the Birmingham Starlink node 
busy. (Conversely, until recently it tended to keep any-
one sitting at an interactive terminal idle, but replace-
ment of the VAXl 1/750 with two 3400s has alleviated 
this problem.) 

The programs which do the inversion use Fast 
Fourier Transform techniques (Fast Hadamard trans-
form for the Spacelab 2 data, where the telescope is 
of a design which allows some further short cuts) and 
are rather specialised and  How-
ever, they are designed to work within the ADAM en-
vironment and store data in HDS format with standard 
ASTERIX components so that the facilities of the AS-
TERIX application programs can be used for the later 

stages of data analysis and interpretation. 
These later stages of analysis include examining 

cross-sections in various directions through the data, 
which are intrinsically  because the time 
and energy of every photon are telemetered to the 
ground along with its detected position. Figure 1, for ex-
ample, shows a spatial image, but time series (for X-ray 
bursts, for example) and spectra can also be extracted, 
as can various combinations of dimensions. 

The TTM instrument is not currently being used 
because the addition of a transverse module (Kvant-
2) to Mir has destroyed the balance and it cannot at 
present be controlled with the required precision, but it 
is hoped that the addition of a second transverse mod-
ule in the near future will bring back the the remarkably 
good stabilization of the Mir station. In the meantime, 
the data already collected are providing a lot to keep us 
busy. . . 

Gerry Skinner, Birmingham 
BHVADr.GKS, GKS@UK.SC.BHAM.SR.STAR 
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Ultraluminous starburst galaxies 

 

 

 

Figu re 1. 001505.5+493732 is a colliding system. 
A plume of material comes from one side of it whereas 
less material is seen on the other side. It has a redshift 
of 0.1478 and a  luminosity of 1.3 x  

Ever since the launch of the  Astronomical 
 (IRAS) and the discovery of galaxies that are 

ultraluminous in the  (here ultraluminous means an 
Infra-Red luminosity more than  ) we have been 
trying to find out what is their energy source. Opti-
cal spectroscopy shows that star formation powers these 
galaxies, but to produce the required amount of IR en-
ergy requires stars to form at a much higher rate than 
is usually observed. One theory is that galaxy-galaxy 
interactions act as a trigger to star formation. 

At the moment there is disagreement between our 
group and another group in the USA about the fraction 
of such ultraluminous galaxies that are in interacting 

 They believe that all are, whereas from an 
earlier survey we believe a smaller fraction are interact-
ing. To try to resolve this problem we at Queen Mary 
and Westfield College recently observed a large sample 
of such ultraluminous galaxies using the Isaac Newton 
Telescope on La Palma. We observed 47 galaxies with 
a cumulative exposure time of 2000 s per galaxy. The 
limiting isophote of these images is about R — 25 mag-
nitude per square arcsec, making these some of the deep-
est images ever taken of ultraluminous IRAS starburst 
galaxies. The images were processed using the FIGARO 
software package on La Palma and  QMW node of 
the Starlink network. 

Presented here are three R band CCD images of 
galaxies from the sample. Figure 1 shows 001505.5 + 
493732, Figure 2 shows 181426.5+652717 and Figure 3 
shows 185802.6 + 335612, the Joy galaxy. Whilst the 
three galaxies shown here were selected for photographic 

 and are all in interacting systems, the results of 

the survey show that not all the ultraluminous IRAS 
galaxies are interacting. Something else must be trig-
gering the star formation observed in them. . . 

 

  
     

 

Figure 2. 181426.5+652717 is a fairly classical in-
teracting system. The two galaxies are so close no bridge 
between them can be seen but tails are prominent. The 
redshift of this system is 0.1605 and it has a  lumi-
nosity of 1.3 x  

 

Figure 3 . 185802.6+335612, the Joy system, is 
both the most distant and most luminous of the three 
IRAS galaxies shown here. It has a  luminosity of 
1.8 x  and a redshift of 0.1763. The system is 
composed of two galaxies twirling around themselves. 

Kieron Leech, Michael   on, Joanne Hughes 
& Andy Lawrence, Queen Mary and Westfield College 

QMCMV::KJL,MRR,JDH & AL, 
KJL,MRR,JDH & AL@UK.AC.QMC.STAR 
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Ten years ago 

Yes, Starlink has now reached the age where we 
can run one of those columns which remind old people 
about the good old days and amaze young people with 
the primitive conditions of the past. So, here are some 
of the things that happened to Starlink in the first half 
of 1980; 

Feb. 1 1 : At today's SAG (Scientific Advisory Group -
precursor to SUC) meeting, most sites demanded 
lineprinters (it had previously been thought that a 
Versatec would do). 

Mar. 28: The first Starlink software release was made 
today containing five items:  MTRU, NAG, 
TEKPAK, VERSAPLOT. (Only NAG has survived 
to the present day, in a heavily revised form.) 

Mar. 3 1 : Bob Fosbury became the first  Star-
link user by signing up at RGO (6 weeks before 
Barry Kent who was thought to be the first when 
Bulletin 3 was written). 

Apr. 1: The Starlink user service officially began to-
day! Before now the service has been experimental. 

M a y : The first Sigma ARGS image display was in-
stalled at RAL. Now we can do image processing 
and see the results. 

July: Starlink sites are star-linked! The original six 
Starlink sites began to communicate for the first 
time, at 2.4 Kbaud. 

The Project's activities and plans were reported in 
the newsletter Enterprise which was first published in 
April 1980. The first issue contained an announcement 
of plans for a Starlink Software Environment which in-
cluded the following prescient announcement:  the 
environment will take time to develop . . . " How right 
they were! There are also, of course, touching exam-
ples of naivety, as in:  it is hoped to produce a 
Starlink Manual, describing everything about the system 
. . . " Some great plans were simply never carried out 
because the 'temporary' stop-gap measures became the 
traditional way of doing things, e.g.:  initial appli-
cants simply have to complete a form ... and send it to 
the Head of Starlink . . . After the first year, potential 
users will apply for Starlink time as part of grant appli-
cations ... and these will be considered by ASR Board 
Committees . . . " 

It is also interesting to browse through the files con-
taining the papers which were generated during the ges-
tation of Starlink. In one of these, a respected luminary 
recommended the purchase of a network of WAX (sic) 
computers. A younger celebrity presented the following 
confident views to the committee advising on the setting 
up of Starlink: 

"For the type of computation required in process-
ing and displaying astronomical data, a 16-bit mini-
computer should be perfectly adequate. I can think of 
no good reason for having a 32-bit machine ... I would 

therefore recommend one of the top end  as a 
very good choice for the main computer. " 

 first three ... people should be employed when 
the machines are ordered, in order to design the basic 
software. It should require about three months to get 
a good system running after the first machine has been 
installed. " 

 connection between the minis might be use-
ful, but certainly not essential as the basic software sys-
tem should be relatively stable after the first six months 
or  

Fortunately, the committee took other views into 
consideration. 

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

What's in a node? 

How many Starlink nodes are there? A trivial ques-
tion one would think but in fact since the last  
the answer to this question has been changing frequently 
as nodes come and go. 

In the last few months, the Major Nodes at RGO 
and the  Cambridge have merged into a single Ma-
jor (Monster?) node (CAVAD) as a consequence of the 
relocation of the RGO at Cambridge. One spin-off of the 
RGO move away from  has been the cre-
ation of a new Minor Node at Sussex University,  
to accommodate Starlink users there who previously re-
lied on the nearby RGO node (RGVAD). 

A new Minor Node has also been set up at the Uni-
versity of Kent at Canterbury where astronomers will, 
amongst other things, be analysing radio molecular line 
spectra from the  and other telescopes in the form 
of data cubes. 

We have also witnessed the birth of the first "Re-
motely managed Node" at Hatfield Polytechnic. Initially 
this very small node will be run by the UCL site man-
ager Adrian Fish, and later by the Starlink node man-
agers at Cambridge, once the dust has settled after the 
RGO/Cambridge merger. 

Finally, the Starlink node at RAL has been split 
for operational reasons into two clusters - the Starlink 
Project cluster RLVAD and the Astrophysics Research 
cluster  

So we now have Major Nodes (some more major 
than others), Minor Nodes,  Nodes, 
single Starlink nodes (such as CAVAD and REVAD) 
with a single VAXcluster serving two organisations, and 
single Starlink nodes with separate clusters such as at 
RAL (RLVAD and  AC) and in N. Ireland  
and ARVAD). 

Despite the detailed analysis above, readers should 
be aware that the word "node " means different things to 
different people and that I have a adopted a pragmatic 
approach to the counting of nodes. 

So how many nodes is it? Er . . . u m . . . twenty-one! 

Chris Clayton, Starlink, RAL 
 CAC@UK.AC.RL.STAR 
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An expedition into Starlink software 
Starlink software changes have been going on for 

ten years, and next year should see the 500th release in 
the series. The standard of presentation of the software 
submitted for release varies enormously from text-book 
clarity and precision to - well - rubbish. For all these 
releases our primary concern has been to ensure that 
each released item attains certain minimal standards of 
hygiene. Is it documented? Has the author heard of 
the PURGE command? Is he/she aware that you can 
compress libraries? And we try to cage each item in 
its own  to prevent it from attacking the 
other inmates. Unfortunately, these mechanical checks 
and precautions give you no insight into the really im-
portant characteristics of the submitted software. For 
example, does the source code satisfy Starlink program-
ming standards (SGP/16)? Has the code been properly 
tested? Does it depend on other Starlink software? I 
can't answer these questions because my section hasn't 
got time to investigate them. Thus, I regard Starlink 
software as the early Victorians regarded Central Africa 
- a dark unexplored continent. I knew how many disk 
blocks each item occupied, but that was about it. 

In April of this year, I conducted my first serious 
expedition into the dark interior of the Starlink software, 
and this article is a journal of my discoveries. 

The primary objective of the expedition was to find 
out how many lines of source code each item contained. 
I was often asked for  grand total by people who seemed 
to think it was an important metric, and I always replied 

 don't know". This didn't seem to satisfy them. If 
they pestered me further I used to reply "Half a mil-
lion lines". They then walked away apparently happy, 
even though the reply was largely guesswork. However, 
recently I became aware of a program written by Rod-
ney Warren-Smith which actually counted lines of source 
code and gave lots of extra information as well. I realised 
that this could help me answer that silly question, so I 
seized it and spent several feverish days measuring ev-
ery source module I could find in the Starlink Software 
Collection. Unfortunately, 17 of the 79 items then in 
the Collection had been released without source code, 
so I still can't give a definite answer to that question. 
However, I can give a much better estimate than before: 

Not including proprietary items (NAG, FORCHECK, 
SPA G, etc.), the Starlink Software Collection contains 2 
million lines of source code. Half of these are comments, 
including blank line comments. This leaves one million 
lines containing statements (mainly Fortran). 

The five largest items, measured by number of source 
lines, are FIGARO (318K), ASPIC (200K), ADAM 
(172K), ASTERIX (160K), and SCAR  

Of the 300 Mbyte occupied by Starlink software, 
source code takes 18% and compiled code takes 37%. 

Fortran accounts for 98.1% of the source lines, C 
1.2%, and MACRO 0.7%. 

One thing we can do with these figures is to put 
them into some formulae used in the software industry 
to obtain estimates for cost and maintenance require-
ments, and see what numbers come out. The parameters 

of these formulae vary widely depending on programmer 
productivity, software complexity, and pay levels. Nev-
ertheless, the orders of magnitude involved should give 
us an insight into the capital value of Starlink software 
and its support requirements. 

So, let us assume that a programmer produces 5000 
lines of debugged and documented code per year and 
costs an employer  a year, including overheads -
that's £4 a line (i.e. a very productive programmer who 
works for public-sector levels of pay). The nominal value 
of the Collection then comes out at: 

400 m a n - y e a r s / £ 8 mill ion 

On this reckoning, FIGARO is worth  and ADAM 
 The nominal software cost can be compared 

with the total capital cost of Starlink hardware since the 
Project began, which is about  million. This suggests 
that the intrinsic value of Starlink software is at least as 
great as the capital cost of the current hardware. Fur-
thermore, the software effort measured above refers only 
to software in the Starlink Software Collection which is 
formally released by the Project. But this is merely the 
tip of the Starlink software iceberg. There is also all 
that software in the private directories of the thousand 
Starlink users. Who knows what exotic blooms flower in 
these software jungles? 

Maintenance of commercial software often costs 
around 10% of its purchase price per year. On this 
basis, maintenance of the Starlink software would take 
around 40 MY/yr - much more than the effort available 
to Starlink. Now you know why Starlink software isn't 
maintained to commercial standards. 

The precise figures quoted above are not really im-
portant. The important point is that the orders of mag-
nitude involved make it clear that Starlink's central team 
can only hope to maintain properly a core of software 
such as ADAM and basic infrastructure software. Sup-
port for applications must come from Starlink contract 
programmers and volunteers in the astronomical com-
munity. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL,  

Starlink software support policy 

Mike Lawden's Expedition into Starlink Software 
(above) brings home both the impressive size of the UK 
astronomical community's software investment and the 
clear impossibility of Starlink's central team providing 
more than a fraction of the development and support 
effort involved. 

Over the past year or so, in consultation with the 
Starlink Users' Committee, we have been reviewing all 
Starlink's activities - hardware and software - and de-
ciding on which to concentrate the Project's central team 
manpower resources. (See SGP/2.) 

The new policies agreed by SUC leave the scope of 
Starlink's hardware and organisational activities much 
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as at present, focussing instead on the issue of software 
development and support. The central team is to con-
centrate on providing a stable base of the infrastruc-
ture software needed by astronomers in order to write 
their own applications. The bulk of the applications 
software itself is expected, as in the past, to be written 
and looked after by astronomer users in the community, 
albeit with considerable assistance from   link-funded 
contract programmers, and under the guidance and coor-
dination of the various Starlink Special Interest Groups 
and the Starlink Head of Applications at RAL. 

At one or two Starlink sites, it has been assumed 
by some users that local responsibility for writing soft-
ware was limited to specialised applications needed by 
that site alone - and that everything to do with general-
purpose applications packages must therefore be Star-
link's responsibility. This was, in fact, never the case; 
Starlink's  bodies have always expected most of 
this software to come from the community. Starlink 
management's job is primarily to encourage, advise and 
coordinate the astronomers doing this work, for exam-
ple by providing programming and documentation stan-
dards and by providing infrastructure software. 

One aspect of this policy that has raised some eye-
brows is that work coordinated by  and carried out 
by the Starlink-funded contract programmers will not 
automatically be supported later by Starlink's central 
team. In fact, continuity of support must be obtained 
either through successive generations of contractors, or 
through volunteer users themselves. However, the fund-
ing of contract programmers has recently been set at a 
very high priority by SUC, and this is expected to con-
tinue for the forseeable future, with a modest increase in 
the number of applications programmers likely to take 
place. 

But what does all this mean to the ordinary user, 
more interested in actually using the software than in 
philosophical debates about the true function of Star-
link? Clarifying the software issue is, in fact, a key part 
of the new policy statements and paper  One 
manifestation of this is a revised and expanded version 
of the file (RLVAD::LADMINDIR:SUPPORT.LIS) 
which defines the support status of every item in the 
Starlink Software Collection. Please print out this file 
(or ask your Site Manager to do so) and look at the listed 
Support Level of each item of software you are currently 
using in your work. Then please think twice before us-
ing anything for which proper support is not available, 
especially where long-term use is envisaged. At some 
stage in the  we will give all Starlink documenta-
tion colour-coded covers indicating the support level of 
the item in question, letting the astronomer know at a 
glance that GKS, KAPPA, PGPLOT,  (for ex-
ample) are safe to use but that ARGSLIB and INTERIM 
should be avoided because they are obsolescent and have 
essentially no support. 

Patrick Wallace, Starlink, RAL 
RLVADr.PTW, PTW@UK.AC.RL.STAR 

Gordon Bromage, Starlink, RAL 
 GEB@UK.AC.RL.STAR.AST 

Crossword solution 

The solution to the crossword competition in the 
last edition of the Bulletin is given below. 

 R L I N K | B U L L E T 
 IS      

  R I N T I N D I  
Ni   I M   

 S E | C A M  D G E 
  s E 

. 
E | E |  

 I T E D . D   S 
Gl  •  
A N | D | O  A E |N A  
R | | I M    | C 
  I  ID JE A T H 
 m   | E | | R   

 N L E E  
 S  
G  D D E N ME A S U R E D 

Thanks to Lilliput Woman (William Lupton, now of 
the Keck Observatory, Hawaii) for devising the puzzle. 

Twelve correct entries were received, and the winner 
(drawn at random after the closing date) was a joint 
entry from John Bellis, John Fordham and Mike Oldfield 
of UCL. 

The winners with their prizes, which included a 
"Captain Starlink" T-shirt. 
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 analysis on Starlink 
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Figure 1. A frame 
containing a mixture of 
stars and galaxies is shown 
(left). The results of the 
isophotal analysis have 
been overlayed on the 
data. Note how the soft-
ware has separated the 
overlapping images. 
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 the last issue of this Bulletin there was a brief 
paragraph, following the COSMOS article, announcing 
that various object finding packages were being investi-
gated for inclusion in the Starlink Software Collection. 
The purpose of these packages is to take a digitised as-
tronomical image, locate all the individual objects on 
the frame (including unwanted objects such as defects 
and satellite trails) and make sufficient measurements of 
these objects (such as position, size, shape and bright-
ness) to enable subsequent processes to classify them 
according to type (stars, galaxies, defects etc.). Identi-
fying and counting galaxies according to brightness is a 
typical application of these packages. 

The image processing community has been request-
ing for a long time that such a package should be avail-
able on Starlink. As was pointed out in the COSMOS 
article, the DAOPHOT package is not suitable for gen-
eral image finding and analysis because it uses a pre-
defined model of the point-spread function; this is ex-

cellent at measuring stars (especially in crowded fields) 
but does not work so well with a frame containing galax-
ies of mixed morphology. 

The APM (RGO) and COSMOS (ROE) facilities 
perform automatic plate measurement and on-line anal-
ysis of astronomical photographs. To reduce the amount 
of data storage these usually go from the original mate-
rial directly to the measured parameters (position, size, 
shape etc.) without saving the intermediate pixel map. 
This results in a data compression factor of the order of 
1000. For smaller data sets both facilities offer an 
line reduction that starts from a digitised array, rather 
than the original material, and performs a similar image 
analysis. Both packages work in a similar way; the COS-
MOS method was described in the previous Bulletin. It 
is clear that a lot of effort and experience has gone into 
the implementation of the APM and COSMOS packages 
and it would be foolish for Starlink to ignore this. 
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Figure 2. The second example shows the results of the surface modelling option on a crowded field of stars. 
On the left is a V CCD frame of the globular cluster M15 which was obtained as part of a project to construct its 
colour-magnitude diagram and search for binary stars. The right hand diagram shows the images detected from the 
frame using the surface modelling option, and a local background following correction. 

on photometric CCD frames in order to calibrate the 
APM Galaxy survey. To calibrate the survey accurately 
requires a large number of galaxy images to be measured 
- typically 6 to 10 per CCD frame in two colours for over 
60 fields. The automatic location and measurement of 
images on the frames greatly speeds up the laborious 
task of measuring each image individually. 

Two of the available analysis options are illustrated. 
Figure 1 demonstrates the isophotal analysis for a frame 
containing a mixture of stars and galaxies. An example 
which demonstrates the crowded field capabilities of the 
software is shown in Figure 2. The results compare well 
with more specialist stellar photometry packages such 
as DAOPHOT. 

The possible photometry and image analysis op-
tions, together with instructions on how to use the Star-
link implementation are summarised in  

Nick Eaton, Starlink, Durham 
DUVADr.NE, NE@UK.AC.DUR.STAR 

Steve Maddox, Oxford 
OXVADr.SJM,  

In order that a tried and tested package could be 
implemented promptly on Starlink it was decided to take 
the off-line APM software as the basis of a Starlink pack-
age. The decision to use APM was made because the 
source was freely available for adaption and distribution, 
and it should not be to imply that the APM software is 
necessarily superior to COSMOS. 

Several different image analysis options are avail-
able in the Starlink implementation of the APM soft-
ware, including simple isophotal analysis, curve of growth 
fitting to estimate total magnitudes, overlapping image 
analysis, aperture photometry and full surface modelling 
of crowded fields. In each case the position, magnitude, 
size, eccentricity, orientation and  profile are mea-
sured for all of the images detected on the frame. 

A typical application of the software would be to 
measure the total magnitudes of galaxies on a CCD 
frame in order to calibrate photographic photometry 
over a wider area of sky. The  fitting 
option measures the asymptotic total magnitude of an 
image without assuming anything about the details of 
the image profile, and so gives a reliable estimate of the 
total image magnitude, even for galaxies. This option 
was used to measure the magnitudes of many galaxies 
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FIGARO 3 - the FIGARO yet to come 

Nobody has actually got a copy of FIGARO ver-
sion 3 yet, not even me, but it's now clear what it will 
look like, and the answer is that it will look exactly like 
FIGARO 2 and that an awful lot of work has gone into 
achieving that staggeringly null result. 

FIGARO went from version 1 to version 2 when it 
changed its data file format in order to use HDS files. 
The old format was cast into outer darkness and there 
was the traditional wailing and gnashing of teeth, allevi-
ated only slightly by the provision of a couple of format 
conversion utilities. In keeping with such a precedent, 
the intention was that FIGARO would move to version 3 
when it finally adopted the  new Starlink 
data structure format, known properly as  and de-
scribed in mind-numbing detail in SGP/38 (one of the 
few Starlink documents I've read so much I can even 
remember its number). 

The prospect of all the existing FIGARO format 
files becoming as extinct as the ccelacanth (basically 
dead for aeons, but still turning up on occasion to confuse 
the issue) was uninviting, but it was obvious that this 
was outweighed by the advantage of having FIGARO 
use a file format that was compatible with that used by 
the other standard Starlink packages such as KAPPA. 

The lower levels of FIGARO (the DSA routines) 
were re-written with this in mind, the original inten-
tion being that two DSA versions would be produced, 
one that would handle the original FIGARO format 
files  files), and one that would handle the new 
NDF format.  first would be used by FIGARO ver-
sion 2, and the switch to the NDF version would mark 
the change to version 3. The file format would change, 
suddenly, but the application programs would remain 
the same. Fortunately, it turned out that it was almost 
as easy to produce one DSA version that could handle 
both formats - essentially combining the code for the 
two versions into one and adding enough intelligence to 
distinguish the two file formats. 

This is what FIGARO 3 will use, and this is why it 
will look superficially the same as version 2. Given an 
old FIGARO format file (a  file) it will recognise 
it for what it is and will handle it as before. But it will 
also be able to recognise an NDF format file and handle 
that as well. 

The default file extension will be controlled by a 
logical name. Assume that this is set so the default is 
the  used by NDF format files. Then a FIGARO 
command like 

 A, B ( . D S T ) , C 

will add the main data arrays from the file  and 
the file B.DST (the  in parentheses after a file name 
is a existing but unpublicised FIGARO way of specifying 
a file extension explicitly) and will produce a file C.SDF 
whose contents will be based on those of  Nor-
mally, the  files will be in NDF format and   
file will be in old FIGARO format, but in fact that isn't 

necessary - it's the contents of the file that determine 
the format. 

There are - aren't there always? - some caveats. 
The NDF format is very flexible, and not all the 

formats allowed under NDF will be supported by the 
version of DSA that will come with FIGARO 3.0. In 
particular, DSA does not support the use of quality ar-
rays that apply to anything other than the main data 
array, nor does it like to see data arrays with both qual-
ity data and flagged ('magic') pixel values. However, it 
should at least be able to  that it can't handle a file 
and output an appropriate warning. 

Some files will have ambiguous formats. People who 
have been doing tricks like 

RENAME   
 f i l e . Z STRUCT 

LET  =  

in order to turn a KAPPA file into one that FIGARO 
can read will find that they now have a file with both 
a  array and a  array. The old 
FIGARO would only notice the  array, but the 
new one will notice both and will produce a pained and 
confused error message complaining that it has no idea 
which format the file is using. 

Also, when FIGARO 3.0 comes out, it seems likely 
that not all FIGARO applications will have been re-
worked to use the new DSA routines. The missing appli-
cations will simply continue to work only on the original 
FIGARO format. For example, the particularly esoteric 
RNTYB (the one that reads tapes produced by a 
lived version of Todd Boroson's data acquisition system 
that ran for a few months back in 1983) will still only 
produce old format FIGARO files. The reworked FI-
GARO routines will still be able to handle these, but if 
they need to be passed to, say, a KAPPA program, this 
will have to be addressed using the conversion routines 
that already exist. However, it should only be the more 
esoteric  that will not have been reworked 
(it's going to be hard to test a reworked RNTYB, be-
cause there aren't many tapes we can try it on). 

At the moment, the new version of DSA is being 
tested at  and will soon be being tried out at RAL. 
The tedious reworking of the various applications (a job 
begun by Dave Allan, and continued mainly by Jo Mur-
ray) is almost complete, although a lot of testing is still 
required before FIGARO 3 will be regarded as safe to 
release. So the exact timescale is still uncertain, but 
the intention is definitely that FIGARO 3 will be out 
some time this year. The revised FIGARO Program-
mer's Guide, which describes how to write FIGARO 
programs using the DSA routines, has been out for a 
while now. Programs written using this should not even 
need relinking to be able to handle KAPPA format files 
when the new DSA shareable image is released, which 
is a nice thought. (Although to make full use of all the 
SGP/38 facilities a program will have to use the new 
NDF subroutine library now being completed at RAL.) 

Keith Shortridqe. Evvinq, Sydney 
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 imaging of the host galaxies of quasars 

Figu re 1. An IRCAM K—band image of the  quasar 2135—147 at z = 0.2. The image is 36 arcsec square 
and the lowest contour is at K —  arcsec- 2 . The  trail to the south is not seen in the deepest of the 
optical images. 

Although quasars were first discovered at radio 
wavelengths, the vast majority of the quasar population 
are radio-quiet. An understanding of the physical dif-
ference between these two classes of quasar constitutes 
a crucial step towards constructing any unified scheme 
of Active Galactic Nuclei. This problem can be tackled 
from various angles, but recent years have seen grow-
ing recognition of the rôle played by the environment in 
determining the appearance of an active nucleus. We 
(myself, David Hughes and Ian Robson) have therefore 
commenced an extensive IRCAM imaging study of the 
environments of radio-loud and radio-quiet quasars with 
z = 0.4, with the aim of (i) determining whether there 
is any clear evidence that these two types of quasar are 
housed in galaxies of different morphological class and 
(ii) investigating the prevalence of tidal tails and com-
panion galaxies. 

There are several clear reasons for believing that 
this  study will yield less ambiguous results than 
previous optical work - e.g. (i) the luminosity ratio 
    greatest in the K waveband, and 
(ii) there is evidence that active nuclei can stimulate 

 star-formation which, in the  
may mask the true nature of the underlying galaxy. 

The expected advantages of the IR are confirmed by 
the   micron) images obtained to date, an ex-
ample of which is shown above (Figure 1). These images 
reach K =  arcsec- 2 and reveal considerably more 
extended structure than is visible on the deepest exist-
ing optical images. Each image is 36 arcsec square, and 
is the result of 54 minutes on-source integration plus an 
additional 48 minutes invested off-source in construct-
ing a median-filtered flat-field. The data were reduced 
and displayed using the IRCAM software package (see 
SUN/41) at the JAC, Hawaii and on the Lancashire 
Polytechnic Starlink node. 

The quality and depth of these images promise to 
yield important new information on the morphology and 

 colours of quasar hosts once we have achieved 
a full deconvolution of the complex IRCAM seeing pro-
file. (At very low signal levels the IRCAM profile is 
complicated by faint ghosting and diffraction effects.) 
They should also encourage other workers who are in-
terested in the study of faint extended emission in the 
near-IR. 

James Dunlop, Lancashire Polytechnic 
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The A P M   survey 

    

 

 

Figure 1. An equal-area plot of the  19,000 galaxies in the Hydra-Centaurus catalogue down to    Each 
point represents a galaxy. The boundaries of the 110 UKST fields surveyed are shown in red; the grid in green shows 
Galactic latitude (10° intervals) and longitude. 

Recent peculiar motion surveys  et ai. 
1988, Ap. J., 326, 19) have found a dipole motion of 

 600  of the Local Group of galaxies towards 
the constellations of Hydra-Centaurus. It has been sug-
gested that the cause might be a 'Great Attractor' in 
that direction at a distance corresponding to  4200 
k m s - 1 in the Hubble Flow. Maps of the sky drawn 
from existing catalogues of galaxies were found not to 
be deep enough to reveal the presence of a large con-
centration of galaxies at that distance. Therefore, in 
order to find the postulated 'Great Attractor', I under-
took the mapping of an extended region of the sky in 
this direction to a depth of  20, 000  As a re-
sult, a catalogue of about 19, 000 galaxies brighter than 

 —  (for which positions, diameters and magni-
tudes have been measured) has been compiled, using 
the Automatic Photographic Measuring (APM) facil-

 in Cambridge, from 110 UKSTU  plates, (see 
Raychaudhury, 1990, Ph. D. Thesis, University of Cam-
bridge). After preliminary star-galaxy separation, each 
galaxy candidate was inspected on film copies of the 
Schmidt plates, and the identified galaxies were assigned 
a rough morphological classification. The magnitudes of 
these galaxies have been converted to a consistent sys-
tem by matching the overlapping edges of plates, and 
calibrated using CCD photometry done at the SAAO 
and the VBO, India. The software to reduce the APM 
data was developed and the photometric data reduction 
performed on the Starlink node in Cambridge (for de-
scription of a similar but deeper APM galaxy survey, 
see the article by Steve Maddox in Starlink Bulletin 3. 
Figure 1 above shows the distribution on the sky of the 
galaxies belonging to this 'Hydra-Centaurus' catalogue. 
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Fig 2. Galaxy clusters 
with known redshifts in 
the direction of Hydra-
Centaurus, showing the 
position on the sky against 
mean redshift. (Upper 
plot: Right Ascension. 
Lower plot: Declination.) 
The plots clearly show the 
existence of two distinct 
groups of clusters: the 
nearer group, at 2800 — 

 is known as 
the 'Hydra-Centaurus Su-
percluster', and the fur-
ther group, at 10,000 < 
v < 16,000 kms'1 is the 

 Supercluster'. 

We analysed the number counts of galaxies as func-
tions of diameter and magnitude, and estimated the gen-
eral overdensity of this region. We used simple cluster-
finding algorithms to identify clusters of galaxies in this 
catalogue. These can be shown to constitute two dis-
tinct concentrations, one closer than  (the 
'Hydra-Centaurus Supercluster') and the other between 
10000 and 16000 k m s - 1 (Figure 2). I have named the 
further concentration the 'Shapley Supercluster', be-
cause in 1930, Harlow Shapley noted the existence of 
this 'remarkable concentration' in his faint galaxy sur-
vey in the Southern Hemisphere. From the analysis of 
the distribution of  clusters in the sky, the X-ray 
luminosities of the component clusters and the galaxy 

counts in this region of the sky, the 'Shapley Super-
cluster' could turn out to be the most massive galaxy 
concentration known, if it were a bound object. In spite 
of this, it seems that it is just too far away to  the 
'Great Attractor', and cannot account for more than 

 10 — 15% of the peculiar motion of the Local Group. 
If there has to be a 'Great Attractor' in the form of a 
large visible agglomeration of galaxies, it has to be the 
well-known nearby Hydra-Centaurus Supercluster (see 
Raychaudhury, 1989, Nature, 342, 251). 

 Raychaudhury, Cambridge 
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Parallel Processors 

The  transputer has been available for around 
5 years, ever since the introduction of the IMST414 in 
1985. The IMST800, with an integral 64-bit floating 
point unit and performance in the  MFLOP range, 
was introduced in 1986. The excitement generated 
by the introduction of this British microprocessor with 
novel architecture and excellent performance was mod-
erated by questions about how to use this computing 
power. The transputer, with its 4 bi-directional se-
rial communications links, was clearly designed to work 
with other transputers. However the cost of the cheaper 
transputers without floating point units meant that they 
were ideal for use as general 32-bit microprocessors in 
embedded controllers. At the other end of the spectrum 
there are now many sites which run networks of tens to 
hundreds of transputers which can all be used together 
to make 'supercomputers'. The transputer is probably 
unique in that its applications base spans vending ma-
chines to large parallel numerical solutions in  
environments! Even in astronomy the transputer is be-
ing widely used for diverse topics including: 

• theoretical modelling; 

• complex data reduction, e.g. crowded-field photom-
etry; 

• data analysis, e.g. pulsar periodicity searches; 

• instrument control, including SCUBA, superCOS-
MOS, CCDs and correlators for radio interferome-
try. 

Given such varied and popular interest it was felt 
that it was time for a conference to share practical expe-
riences. The First Southampton Workshop on the As-
tronomical Applications of Parallel Processors was held 
last December, and was sponsored by Meiko Ltd (who, 
obviously, are keen to convert the sceptical) and con-
sisted of two half-day sessions. Some sixty people at-
tended and there were eleven half-hour talks. It was 
originally intended that there would be one session on 
software applications and one on hardware. However, 
it became clear as the requests to talk rolled in that 
this was a rather artificial divide and so any clear divi-
sion between the sessions gradually broke down. Instead 
there was just a constant interaction between people on 
all aspects of transputer work, which continued through-
out the conference dinner and into the next day. This 
was further stimulated by displays from Meiko, SUN and 
T2Systems, as well as a visit to the University's Trans-
puter Support Centre. 

Although much of the conference was concerned 
with transputer applications, we did get to hear about 
some other architectures. Simon Jeffrey discussed "ad-
vanced research computers" (mainly Crays) and Alistair 
Nelson of Cardiff University presented a review of an 
body simulation running on an NCUBE. Ed Zuiderwijk's 
contribution on the use of artificial neural networks in 
data reduction introduced a subject which spans the par-
allel/distributed computing definition. 

The effect of parallel and distributed computing on 
astronomy in the future is difficult to predict. From the 
diversity of applications discussed at the conference it is 
already apparent that transputer controllers and trans-
puter supercomputers are finding their way into into the 
backplanes of more conventional machines such as the 
VAX. The number of these hybrid or  
systems is likely to increase in the future. The issue to 
be addressed is not whether hybrid architecture systems 
are a good idea, but how to design portable software 
for them. This requires the development of mature op-
erating environments which span multi-processor-type 
systems. 

Right from the introduction by Tony Hey on the 
fundamentals of parallel processing (and his exciting vi-
sion for the future) to the end of the programme, it was 
clear that the audience was intrigued by the many oppor-
tunities being offered to astronomers through transput-
ers. Though the audience came with a large dynamic 
range of knowledge, it was obvious that many people 
were there intending to learn from other people's expe-
riences. In that sense it was a particularly valuable work-
shop as we were fortunate to hear many well-presented 
and lively talks by people still carried along by the ex-
citement of the new technology. 

Exactly what impact this new computer architec-
ture will have on the day-to-day life of your mythical 
average astronomer will become clearer over the next 
few years. However, the opportunities for substantially 
greater processing power either by brute force (through 
a new generation of fast processor chips) or by a more 
sophisticated use of parallel code (or both!) will certainly 
enable previously unapproachable data sets to be dealt 
with in a routine manner. It will, of course, also encour-
age the development of more complex instrumentation 
once it is possible to handle the output from such de-
vices. 

It is hoped that the Second Southampton AAPP 
Workshop will take place during December 17th-18th 
1990, so keep these dates free if you wish to find out 
what is happening in this fast-moving field. 

Malcolm Coe & Mike Yearworth, Southampton 
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FLAIR multi-object spectroscopy 
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Figure 1. 
A single FLAIR red frame 
of 3000 seconds exposure 
covering the wavelength 
range  -  
for some IRAS and normal 
galaxies in SERC survey 
field 352 with Bj < 17.5. 

The advent of multi-object spectroscopy with op-
tical fibres has led to a significant improvement in the 
capabilities of  for performing efficient spec-
troscopic observations, resulting in substantial savings 
of  telescope time. At the UKST, a fibre-
coupled spectroscopy system, FLAIR, (Fibre-Linked 
Array-Image Reformatter) has been under development 
for a number of years (Watson, 1986,  S.P.I.E., 
627,787; Watson, Oates  Gray, 1990, Proc.  
Tucson, in press). This system is unique, however, 
in combining multi-object capability with simultane-
ous wide-field coverage. This brings the advantages of 
a multi-object technique to brighter samples of stars, 

galaxies and quasars, where the lower number density 
makes their observation inappropriate on larger tele-
scopes with limited fields of view. 

Despite the UKST's modest aperture, its  

field permits observations to be made up to four times 
more efficiently than on a conventional 4 m telescope for 
objects brighter than Bj  18 with number densities 
in the range 1 — 10 per deg2. FLAIR has proved to  
capable of providing useful spectroscopic data for a vari-
ety of different object types and  20 different research 
projects have been supported, although it is currently 
in the area of galaxy redshifts that the majority of work 
has been done. 
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(a) An emission nebula, N22. 7200  Total blue exposure. (b) Candidate V.V. Cephei star BE577. 5400  Total red 
exposure. 
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(c) A  star, BR47. 7200  Total blue exposure. 
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(d) Quasar candidate, B  19.0.  10000 sees. Low-
dispersion data. 
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(e) IRAS galaxy, B = 16.5. 2 x 3000  Red exposure. (f) Normal galaxy, B = 16.4. 4 x 3000  Blue exposure. 
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Figure 2. Examples of spectra of a variety of different objects observed with FLAIR. 

System performance 

FLAIR is capable of obtaining reliable redshifts ac-
curate to  for normal galaxies as faint as 
Bj < 16.8 in the blue (AA3900 - 5150Á). For emission 
line galaxies observed in the red (AA5800 — 7050Â) the 
accuracy improves to  for galaxies as faint 
as Bj < 17.8 (Parker and Watson, 1990, Astronomy 

 Astrophys,  Ser., in press; Shanks, Watson, 
Oates, and Hale-Sutton, 1990, M.N.R.A.S., submitted). 
The data acquisition has also proved to be extremely 
stable and the data are very easy to reduce. Indeed, 
using the Starlink FIGARO spectral reduction package, 
almost the entire FLAIR data-reduction chain from raw 
data to final redshifts can be automated. 

Figure 1 shows a single FLAIR red frame of 3000 sec-
onds exposure covering the wavelength range (AA5800 — 
7050Â) for some IRAS and normal galaxies in SERC 

survey field 352 with Bj < 17.5. The data have been 
expanded by a factor of three perpendicular to the dis-
persion direction and wavelength increases to the right. 
Note the strong night-sky emission features at about the 
same position in each spectrum together with the strong 
galaxian emission features of Ha, N [II] and S [II] at vari-
ous redshifts. Na D in absorption is also evident in some 
spectra. The three night-sky fibres are also evident by 
their low S/N. The data are raw except for the cosmetic 
removal of cosmic ray events. 

FLAIR makes an ideal redshift survey instrument 
capable of obtaining complete magnitude-limited sam-
ples for most types of galaxies up to  2.0 magnitudes 
fainter than the CfA survey. Examples of  of 
a variety of different  observed with the FLAIR 
system for a range of magnitudes are given in Figure 2, 
illustrating both the quality and versatility of this sys-
tem. 
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FLAIR  

The current version of FLAIR was developed from 
the original experimental prototype, and has inherited a 
number of significant limitations. Most notable among 
these are the small number of available fibre channels 
(35), the mediocre performance of the spectrograph, 
and the slow turn-around time for fibre reconfigura-
tion. SERC funding, together with AAO manpower, 
have been awarded for the development of a second-
generation system - FLAIR II - that is now taking 
shape at the telescope. A new spectrograph, designed 
by the AAO's Peter Gray, will increase the fibre ca-
pacity to more than 100 channels and further improve 
FLAIR's sensitivity. Robotic techniques will provide 
semi-automation of the fibre positioning method to re-
duce turn-around time, whilst a major enhancement of 
the Durham CCD system will improve reliability and 
user-friendliness. Completion of FLAIR II is scheduled 
during 1991, and is expected to lead to fuller exploitation 
of the system's unique advantage - the  enor-
mous field of view. 

Thanks are due to colleagues at the UKST, AAO, 
ROE and the University of Durham for their contribu-
tions to the development of FLAIR over the years. Par-
ticular mention must be made of Tom Shanks, without 
whom we might still have no CCD system. We also 
thank David Morgan for the use of the FLAIR stellar 
spectra used in Figure 2. 

Fred Watson, AAO, Coonabarabran 
REVADr.FGW, FGW@UK.AC.ROE.STAR 

Quentin Parker, Royal Observatory, Edinburgh 
REVAD::QAP, QAP@UK.AC.ROE.STAR 

Paddy Oates, University of Durham. 
DUVADr.APO, APO@UK.AC.DUR.STAR 

The COSMOS mail forum 

An independent COSMOS  'COSMAIL' 
has been set up on REVAD for the receipt of mail from 
the Starlink user community concerning any aspect of 
the operation of the COSMOS facility. All queries, 
questions, suggestions, requests, complaints etc. can 
be channelled via this COSMAIL username directly to 
COSMOS personnel for action (rather than to any in-
dividual in the COSMOS group). This should ensure a 
prompt response (regardless of any individual's absence) 
and a more efficient service. 

All prospective COSMOS users (and in the future 
SuperCOSMOS users) are encouraged to direct mail to 
this username. Of course, written requests for COS-
MOS brochures, application forms etc. can still be sent 
directly to the ROE at: The COSMOS unit, Royal Ob-
servatory, Blackford Hill, Edinburgh, EH9  

Quentin Parker, Royal Observatory, Edinburgh 
  

MAPLE - maths the easy way 
I still remember the moment, many years ago, when 

I was standing in the new computer room of the Uni-
versity of Canterbury, New Zealand, and a typewriter 
suddenly sprang into life and started to type - all by 
itself. This was the output device of the first electronic 
computer I ever used (the previous ones were turned by 
handles). I was filled with a sense of wonder and amaze-
ment that a typewriter could type without a typist (and 
at 10 characters a second!). Alas, I soon became  
and now curse laser printers for being so slow. How-
ever, recently I experienced the same sense of wonder 
and amazement the first time I typed a differential equa-
tion into MAPLE and the program solved it - all by 
self. I'm sure there's a good explanation, just as there 
was for that typewriter, but there's something mighty 
clever going on somewhere. 

MAPLE is a commercial software package pur-
chased from WATCOM, Waterloo, Ontario, CANADA. 
It was developed by the Symbolic Computation Group at 
the University of Waterloo. It is licensed to run on the 
Starlink Central Data  Software Facility (STADAT) 
and is only installed on this machine. To use it, you 
must first log onto STADAT from your own account on 
your own Starlink machine. 

It is an interactive system for symbolic algebra com-
putation. It can perform hundreds of algebraic functions 
for use at all mathematical levels, and can provide solu-
tions for many types of problems: 

• Arithmetic with integers, fractions and polynomi-
als. 

• Power series. 

• Differentiation and integration of functions. 

• Systems of equations. 

• Differential equations. 

• Linear optimization. 

• Tensor manipulation. 

• Symbolic and numeric approximation. 

• Automatic generation of Fortran code and  
source for mathematical expressions. 

In addition, plots can be generated to illustrate graphi-
cally any function, including user-defined functions. You 
can also extend or redefine the numerous functions by 
writing MAPLE programs in the built-in Pascal-like lan-
guage to create specialized functions. 

For more information, read SUN/107. There is also 
a reference manual and a tutorial which I am obtaining 
for every Starlink site. 

I wish I could have had access to it when I was 
trying to do my maths homework all those years ago. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, MDL@UK.AC.RL.STAR 
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Symbiot ic s t a r s - the  Astrophysics Group has been carrying out CCD observations of symbiotic stars 
at SAAO looking for extended emission. The data have been reduced and analyzed using DAOPHOT and KAPPA 
(SUN/42  SUN/95) on the Keele Starlink node. DAOPHOT was used on isolated standard stars to define the seeing 
disk which was then subtracted from the symbiotic image; an Ho image of the environment of the symbiotic AS296 is 
shown (left), together with an image of a field star processed in the same way (right). The extended emission around 
the symbiotic is evident. It is intended to measure the extent and intensity of the emission, and compare it with radio 
data to check model predictions of Taylor  Sequist, 1984, Ap. J., 28, 263. Correlation of the extent of the nebulosity 
with observed previous  will help to refine the distances to these objects, and hence improve estimates of the 
energetics. 

Siry   Keele KLVAD::SIRY, SIRY@UK.AC.KL.PH.STAR 
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