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Gordon Bromage 

January 31st 1993 saw the departure from Starlink of 
one of its longest serving members: the Project 
Scientist, Gordon Bromage (pictured on the left). 
Gordon joined us in 1983: a difficult year for Starlink. 
He fought hard for the Project and saw its user and 
site numbers treble during his term of office. 
Starlink has been very fortunate in having as one of 
its primary representatives a man who is widely 
respected in the astronomical community. Gordon was 
therefore able to be a persuasive advocate for the 
Project in the committees and corridors of power 
which governed its destiny. The Project's remarkable 
growth is a tribute to his  and tenacity. He 
was particularly successful in his efforts to obtain 
more application programmer posts, and he set up 
many 'Minor Nodes' (as they used to be called) which 
greatly expanded  geographical coverage. 
Gordon is now Professor of Astrophysics at the 
University of Central Lancashire. We wish him well in 
his new position and thank him for his contribution to 
Starlink. 
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Editorial 
I t 's nice to be noticed! 
Last year the Starlink Project came under the 

scrutiny of the Starlink Review Panel which produced 
a lengthy report containing 20 recommendations. Later 
this year the work of the ADAM Support Group is due 
to be reviewed. But right now the National Audit Office 
is examining us. 

The N AO is a government organisation which checks 
tha t the public (i.e. taxpayers) is getting value for the 
money the government spends for them. So far, its main 
activity in connection with Starlink has been to prepare 
and circulate a questionnaire to a sample drawn from 
our  user list. The results should be out by 
the time of the next issue — jus t in time for the start 
of the ADAM review. 

The move of the Project from VMS-based comput-
ers to Unix is gathering momentum. The new Star-
link Panel, which met for the first time on 22nd March 
1993, allocated funds for the new financial year for the 

Ten years ago 

Ten years ago was a time of ferment and anxiety 
for the Starlink Project. 

The tragic death of Anton Walter, one of its prime 
architects, left the development of the Starlink Software 
Environment in a state of crisis. It had also become clear 
tha t the increasing demands on the Project for services 
could not be met adequately by the existing manpower. 

On 3 November 1982, Patrick Wallace brought 
these mat ters to the at tent ion of SAG (the Starlink Ad-
visory Group). They decided to set up what was called 
a 'Tiger Team' to produce a wri t ten case for more man-
power. (The 'Tigers ' were Len Culhane, Mike Penston 
and Ed  white.) In spite of their efforts, no ex-
tra staff could be funded, and Starlink entered its 'Dark 
Age' (1983 was the only year in the period 1982-1990 in 
which no new Starlink site was opened). 

The crisis with the Environment led to a meeting 
at UCL at which it was decided to abandon the a t tempt 
to develop it centrally. Instead, Sid Wright (UCL) was 
made coordinator of the implementation effort, within 
guidelines set by the Project . The initial implementa-
tion was presented at  workshop at R G O in April 1983. 
It proved to be very slow; it 's the only occasion I can 
recall in which a software package took over a minute to 
give the user the first prompt . 

April 1983 ended with another SAG meeting at 
which papers with titles like 'The Future of Starlink' and 
'Re-siting the Starlink Management ' were presented. 
For those in the Project, they were interesting times. 

Another sign of the encroaching Dark Age was the 
appearance of what proved to be the last in the original 
series of Starlink Bulletins (called Enterprise). After 

purchase of new capital equipment. Most of this was 
for Unix workstations. Sometime this summer, the first 
Starlink site to be totally Unix-based will appear . This 
will be an impor tant milestone in the Project 's history, 
as it will be the first complete break with VMS since the 
Project began 13 years ago. 

The Starlink Review Panel set a target da te of April 
1995 for the "completion" of the move to Unix, a t which 
time Starlink will have ceased maintaining and manag-
ing VMS hardware (apart from a  vesti-
gial service). At this stage there will be as many X-

 and workstations as there were terminals and 
workstations at the time of the Review, namely one seat 
for every three registered UK scientific or technical sup-
port users, though their properties may vary from site 
to site. Ultimately, the goal has to be one screen per 
user; something precluded at present by cost. 

Mike  Starlink, RAL 

RLVADr.MDL,  

this issue, it would be nearly 5 years before another 
newsletter hit the  was just not enough 
manpower to get one out. 

This last issue proudly announced the first 'Starlink 
Users Meeting' which took place at R G O and a t t rac ted 
60 people (over 10% of the users). Despite the success 
of the meeting, organised by the then Project Scientist 
Keith Tri t ton, no subsequent a t t empt has been made to 
hold a similar meeting. 

The main software packages then were ASPIC 
and  but the hot news was a new package for 
analysing  da ta called  Another i tem in that 
Bulletin reported tha t a small but steadily growing num-
ber of VAXs were being connected to a network called 
' SE R C NE T ' . This was the progenitor of today 's exten-
sive ' J A N E T ' network. 

Some things never change. Keith Tr i t ton asked in 
the Bulletin for 'pre t ty colour pictures ' of astronomical 
interest. I always ask for the same thing before prepar-
ing each of the current series of Bulletins. While search-
ing for suitable material for this issue, I came across a 
pretty colour picture in my archives tha t was taken ten 
years ago and is therefore appropriate for this article. I 
reproduce  on the opposite page. 

Some things do change, however. One of them 
is the price/performance ratio of computer hardware. 
Ten years ago, IBM introduced its P C / X T . This was 
the original P C with an added hard disk (available in 
10 or 20 Mbyte capacities). The basic system with 
128Kbyte RAM cost £4850 ( tha t ' s  in today's 
money). There are bet ter deals available now. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, mdl@uk.ac.rl.star 
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The picture above was taken ten years ago and shows the Starlink VAX 11/780 installation at RAL. Those were 
the days when Starlink's computers were all housed in air-conditioned temples and served by nubile young acolytes 
imbued with arcane knowledge. Yes, I know the box sitting on your desk is twenty times more powerful than the 
computer in the picture, but it doesn't seem as powerful as a row of cabinets giving out 30kW of heat and a set of 
washing-machine-size disk drives making the floor shake beneath your feet as their heads bend to the will of powerful 
motors. On the left, about to strain her back by loading a 176MB exchangeable disk cartridge into a drive, is Ann 
Sweeney, who worked for Starlink on graphics software from 1981 to 1984. On the right, attempting to wrench open 
the door of a tape drive (crudely labelled ' 1 ' with sticky tape), is Julie Morris who worked for Gordon Bromage as 
a student in 1983. 
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Comings and goings 

This has been an unusually quiet half-year on the 
personnel front with only 2 comings, 3 goings, and one 
transfer to report . 

A l a n P e n n y has replaced G o r d o n B r o m a g e as 
Project Scientist at RAL. Gordon left, after nearly 10 
years with the Project, to take up his new post of Pro-
fessor of Astrophysics at the University of Central Lan-
cashire. A t r ibute to Gordon's work for the Project 
appears on the front page. 

After a degree at Cambridge, Alan spent 18 years 
at the RGO before joining the Astrophysics Division of 
RAL's Space Science Depar tment in 1985. Since then 
he has spent two years on leave of absence at the Space 
Telescope Science Inst i tute in Baltimore. His research 
interests are the birth and evolution of globular clus-
ters, the use of space and ground-based observations 
for the study of white dwarfs, and the techniques of 
stellar photometry. 

Alan has been a Starlink user for many years 
and has contributed two software packages to Star-
link: the STARMAN stellar photometry package, and 
the FORMLOAD (previously PATTLOAD) program 
for preparing telescope time applications. 

N i c k E a t o n has replaced  S idher as the 
manager of the Imperial College Starlink site. Sunil 
has been acting manager at Imperial College since the 
departure of Graeme Willoughby. Nick first joined 
the Project in 1987 as an applications programmer at 
Durham. In 1990 he became a systems programmer 
and worked on the  D A O P H O T , GNS,  and 
P H O T O M software. 

A n n e Char les has joined the Project part- t ime at 
RAL as an assistant to Mike Lawden. She will be doing 
the VMS software releases for the Project. She last 
worked at La  on instrument control software. 
Before that she worked all over the USA in computing, 
including Goddard Space Flight Centre. She is married 
to Phil Charles, who is also a Starlink user and works 
at Oxford University. 

Finally, Ju l i an Gold , the VIMSIG programmer 
at Cambridge, has left the Project. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL,  

How the W O R M turns 

(Optical Discs in a Nutshell) 

Optical discs offer cheap long-term storage com-
bined with random access to da ta , so it is not surprising 
that astronomers are using them in increasing numbers. 
But a confusing variety of sizes and formats is available, 
hence this brief survey. 

Functionally, optical discs fall into three categories: 

• Read-only (CD-ROM). 

• Write-once ( W O R M ) . 

• Fully re-writable. 

CD-ROM 

This was the first form of optical disc to appear, 
being an obvious adapta t ion of the audio compact disc. 
A 12 cm disc can hold up to 630 MB of formatted data . 
The production of  master costs a thousand pounds or 
so, but after tha t any number of copies can be s tamped 
out for around 80 pence each. The CD-ROM has be-
come popular for the distribution of s tandard data-sets, 
such as catalogues, because CD readers are cheap, and 
because a s tandard da ta format and file s tructure were 
agreed at an early stage. Now, virtually everyone (ex-
cept DEC) produces discs which conform to ISO 9660, 
and all leading operating systems (except "open" VMS) 
can read them directly. There are rumours tha t a future 
release of VMS will follow suit, but until then Starlink 
VMS users will have to put up with the C D C O P Y util-
ity (SUN/69) . 

CD-ROMs are, however, not divided into concen-
tric tracks and sectors like magnetic discs: the da t a are 
writ ten in a continuous spiral pa th from the inside to 
the outside. They also work at constant linear velocity. 
As a result, seek operations are quite slow, typically 
taking a second, because the read head has to hunt 
around for the right radial position and the motor has 
to reach the right speed. Also, the normal da t a transfer 
rate is only 150 kB/sec, just what is needed to read an 
entire CD in 74 minutes . Fortunately, drives can now 
be obtained tha t run at twice or four times the s tandard 
audio CD speed. 

WORM 

The next advance was the blank disc on which da ta 
could be writ ten permanently using a higher-powered 
laser beam: hence "write once read many-t imes"— 
W O R M . The laser does not actually produce physical 
pits (as on a CD), but jus t heats up a layer of dye until 
it changes colour, a change which is said to be perma-
nent. W O R M discs come in a range of sizes from 5.25" 
(around 1 GB capacity) up to 12" (holding up to 9 GB). 
Reading speeds can be as high as from a magnetic disc. 

Although the write-once nature of the medium 
clearly rules it out for many applications, and means 
that mistakes can be expensive, it can be a positive ad-
vantage in a few cases: for example recording the audit 
trail of  company, or producing an archive of astronom-
ical data . There are, however, a few drawbacks. Firstly, 
write-once devices are not well supported by current op-
erating systems: while each disc is being writ ten it is 
necessary to store the directory files and file-allocation 
tables on a separate magnetic disc. These can only 
be copied to the W O R M disc when its da t a collection 
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is complete. Serious problems arise if the optical and 
magnetic disc structures get out of step. Secondly, there 
is no standard da t a format: each manufacturer 's discs 
are incompatible with almost all the others. Thirdly, 
because the medium has not caught on in a big way, 
prices have stayed high, especially for the larger sizes. 

Re-writable discs 

Finally, a couple of years ago, the fully  
disc arrived. In these, da t a are writ ten in a layer of 
magneto-optical plastic by using a laser to heat it be-
yond its Curie point while it is magnetized by a coil un-
derneath. Because the field cannot be switched rapidly 
enough with a coil tha t is not in physical contact with 
the disc, the writing process actually takes two passes: 
on the first pass the whole sector is magnetised one 
way, say to all zeros, then on the second pass the bits 
that need to be ones are heated up again with the field 
reversed. Only one pass is needed to read the data, 
which involves detecting the plane of polarization of 
the reflected light. 

These  (sometimes called erasable) discs 
are functionally identical with magnetic discs, but have 
the great advantage of being removable. There is an 
ISO s tandard for the 5.25" discs which allows just under 
300 MB to be stored on each side of a double-sided 
disc. The typical seek time of the original magneto-
optical drives was around 60  several times slower 
than the best magnetic discs, but newer models are a 
bit faster. Another development is the 3.5"  disc 
(holding 64 MB per side) based on Sony's new audio 
mini-disc; these may be too small for astronomical use, 
but are catching on as a backup medium for personal 
computers. 

In Leicester we now have three 5.25" magneto-
optical drives and around 100 discs in use. Most of 
these hold an archive of  and ROSAT data , al-
though a few have been assigned to our more prolific 
users as personal backing store. We find that the great 
convenience of the medium, allowing almost instant ac-
cess to any file in what is now over 60 GB of data , more 
than makes up for the slightly sluggish transfer speeds. 
We have, however, experienced very occasional pari ty 
errors in files wri t ten to magneto-optical disc. Unfortu-
nately, these tend to occur in directory or volume bit-
map files where they do the most damage, since these 
files are, of course, the ones most frequently rewritten. 
It is, as always, essential to keep a second copy of one's 
most valuable da ta . 

Recordable CD 

Recently, devices have become available for just 
a few thousand pounds tha t can record in CD-ROM 
format on blank discs. This is also (at present) a write-
once medium, but it looks at t ract ive for da ta archiving 
for  number of reasons. Firstly, the ISO 9660 format 
looks as if it will survive for some years because of its 

use on PCs and its links with domestic audio; secondly, 
blank discs cost under £20 each, giving a cost per gi-
gabyte of around a fifth of tha t of any other optical 
medium, and not much more than tha t of magnetic tape 
storage; and thirdly, CD readers are cheap and already 
there are five million drives in use around the world. 
Wha t we are still waiting for are cheap jukeboxes that 
can handle large numbers of discs, although a 6-disc 
auto-changer is already on sale for under a thousand 
pounds. For more information on CD recording see the 
February 1993 issue of Byte magazine. 

What next? 

The speed and capacity of rewritable optical disc 
systems will, no doubt , continue to increase, but for re-
ally large-scale da ta archiving perhaps we ought also to 
consider the merits of optical tape . Optical tape decks 
that can store a terabyte on a single reel are start ing 
to appear: unfortunately at present drives cost around 
 

 Page, Leicester 
LTVADr.CGP,  

Meeting the 64-bit challenge 

At the beginning of February, Starlink received its 
most powerful computer yet; a DEC Alpha workstation 
alleged to deliver 108  than 100 times 
faster than Starlink's original VAX 780s1. The machine 
was delivered with a field-test version of  Ver-
sion  latest flavour of  the doc-
umentat ion states emphatically tha t the system must 
not be used for running benchmarks, so we will have 
to remain silent on the subject of performance. In any 
case, the performance of real applications is probably 
very sensitive to the system configuration; our machine 
is the absolute minimum configuration with (only!) 32 
MB of memory and a 1 GB disk. 

Installation couldn't have been simpler; the oper-
ating system had been installed on the disk at the fac-
tory, so all tha t was needed was to run a few config-
uration scripts and enter things like a network name 
and address, and the like. The system comes with an 
ANSI-standard C compiler (a refreshing contrast to the 
policies of some other workstation manufacturers) , but 
we had to wait a few days before we could get hold 
of  Fortran  a field-test  
begin porting the Starlink software. 

We have been running  on a DECstation 
5000 for some time so we didn ' t expect any surprises 
from the operating  is, in any case, very 
similar to Ultrix as far as a programmer is  
but the hardware, with 64-bit rather than 32-bit mem-
ory addresses, was expected to be more of a challenge. 

 Surprisingly, the main  bus on the Alpha, the turbochan-
 at 90 MB/s is no faster than the  on a 780. 
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We had given some thought to the possible difficul-
ties before the machine arrived and considered that the 
most likely problem area was the way tha t a pointer to 
a piece of memory allocated by HDS is stored in a For-
tran integer (still 32 bits on the Alpha). The pointer 
was obviously going to be t runcated and point to the 
wrong place when converted back to an address. Vari-
ous solutions had been discussed, but it turned out tha t 
DEC have anticipated the problem and provided a way 
of ensuring tha t the addresses always have the top 32 
bits set to zero. 

Armed with this trick and a Fortran compiler, we 
embarked on building the Starlink software. A few mi-
nor problems showed up, mostly code that the ANSI C 
compiler objected to and a few examples of the wrong 
da ta type being used (although an int is 32 bits as on 
most other machines, a long int is 64 bits. If int is used 
where long int is required or vice-versa, the code will 
work on a 32-bit machine but not on an Alpha). The 
first a t t empt at running an ADAM application was not 
encouraging; there was obviously something seriously 

 was quickly tracked down to the fact that 
various common blocks had not been initialised; there 
was a bug in the Fortran compiler and block da ta sub-
programs were not being loaded from libraries. 

 supports shareable libraries, and  few ex-
periments quickly demonstrated tha t they did not suffer 
from any problems with block da ta subprograms, so we 
proceeded to build shareable libraries for all the Star-
link libraries (except for NCAR which cannot be made 
into a shareable library for various technical reasons). 
NAG Ltd. had given us permission to compile the NAG 
libraries for testing purposes so we were then able to 
build the Starlink applications packages: KAPPA, FI-
GARO, CCDPACK and the rest. Testing revealed that , 
although they seemed "mostly" to work, a number of 
applications consistently crashed and so we still had at 
least one significant problem to deal with. It turned 
out to be a subtle difference in the implementation of 
IEEE floating point ari thmetic on the Alpha and the 
other RISC chips we have encountered. 

Once the values of the appropriate parameters in 
one of the Fortran include files were adjusted and the 
code rebuilt, most, but sadly not quite all, the prob-
lems disappeared. The only remaining bug that has so 
far been fully investigated appears to be caused by the 
Fortran optimiser, so further progress is awaiting the 
arrival of a new version of the compiler. 

To sum up: the Starlink software has been ported 
to Alpha  with very little  a few 
bugs fixed here and  a new Fortran com-
piler is needed before it is robust enough to be used 
in anger, and of course until the NAG libraries are offi-
cially available from NAG (and the appropriate licences 
purchased) we can ' t distr ibute the software. 

Dave Terrett, Starlink, RAL 
RLVADr.DLT, dlt@uk.ac.rl.star 

Real astronomers don't use A D A M 

Talking to Starlink users at a variety of sites, I have 
often heard something like the following. (The names 
of packages can be freely exchanged with any tha t you 
love, or love to hate.) "Well, I mostly use F IGARO, 
although the only decent way to read FITS tapes is with 
KAPPA's FITSIN program. I need to write a few of my 
own programs to process da ta to my own specification 
and I find some of the Starlink libraries quite useful. It 
is much easier to do character manipulat ion with CHR 
than to have to write my own routines, but P G P L O T 
does all tha t I want for drawing graphs. So no, I don' t 
use ADAM." 

Many users seem to think tha t because they never 
type ADAM or  they are not using ADAM. Nothing 
could be further from the t ru th , and most Starlink users 
use some part of it every day. 

The ADAM software is split logically into two sec-
tions: applications and subroutine libraries. The ap-
plications are the most visible par t of ADAM and are 
the programs tha t you run to reduce your da ta . So, if 
you use ASTERIX, CCDPACK, Starlink F IGARO, 
CAM, J C M T D R , KAPPA, P H O T O M , P O N G O , SCAR, 
S P E C D R E or T S P (this is not an exhaustive list), then 
you are using ADAM. The other par t of ADAM is the 
subroutine libraries tha t you might use in your own pro-
grams. Examples of these are CHR,  HDS, NDF, 
PAR, PSX, SGS etc. If you call any of these libraries, 
then you are using ADAM. 

When people raise the question of how much 
ADAM is used, the next question is "well, what ex-
actly is an ADAM program?" Unfortunately, there is 
no simple answer to this. 

The classical answer is that an ADAM program 
is one that uses the ADAM message system. This is 
an appropriate definition at observatories, but not in 
a data-reduction environment. Another possible def-
inition is tha t an ADAM program is a program tha t 
can be run from ICL. However, this implies tha t you 
are defining an ADAM program in terms of how it is 
linked, not how it is writ ten. There is nothing intrinsi-
cally wrong with this, but people usually think in terms 
of the source code defining the program. 

Another possible definition is tha t any program 
that calls one of the ADAM subroutine libraries is an 
ADAM program. At first sight this is a ra ther extreme 
point of view. Some even consider it t an tamount to 
cheating. Has my program really been magically trans-
formed into an ADAM program jus t because I have 
added a single call to PSX_ASCTIME to get the cur-
rent time? Pu t like tha t , it seems not, but consider a 
related question: to whom would you report a bug or 
request an enhancement in the routines tha t you have 
used? If the answer is the ADAM support group or a 
Starlink applications programmer, then you might say 
that your program is an ADAM program. There are 
certainly examples of what one might call  
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programs in use. The version of DAOPHOT that Star-
link distributes uses the HDS library to read Starlink 
data files. Does that make it an  program? Who 
cares? The important question is "does it analyse your 
data correctly?" 

The point of all this is not to convince you that my 
definition of what constitutes an ADAM program is the 
correct one. Such arguments are like which is the best 
text editor; people disagree, and that is fine. The point 
is to make people appreciate that the use of ADAM is 
far more widespread than you might think. 

Finally, consider this. Would your programs con-
tinue to work if the ADAM software was not available 
on your computer? If you don't use ADAM, then of 
course they would, but are you sure that you don't? 
Try the following test. On a Sun there is an easy way 
to see if you are using ADAM libraries. Type: 

   

The resulting output is a list of pointers to the names of 
the shared libraries that your program uses. If any of 
these contains /star/ l ib as the first part of its name, 
then the chances are that you are using ADAM li-
braries. On a VAX you can type: 

$ ANALYZE/IMAGE  

This will produce a tremendous amount of garbage, 
but towards the end there is a section called 'Shareable 
Image List'. If there are any shareable images whose 
names end in  or  then again 
you are probably using ADAM libraries. Neither of 
these tests is fool-proof, but they do give an indication 
of the use of ADAM libraries. Why not try this? You 
might find that you have been using ADAM all these 
years without realising it. 

Peter Allan, Starlink, RAL 
RLVADr.PMA, pma@uk.ac.rl.star 

 A D A M command language 

Why do you need a command language to run ap-
plications using the Starlink ADAM software environ-
ment? 

Well, as it happens, you don't in simple cases. 
Straightforward ADAM tasks can be run using the com-
mand languages that come with the operating system 
of the host computer (VMS on VAXs and some variant 
of Unix on other Starlink computers). Using ICL can 
provide important advantages, though. It has a simple 
but powerful  language, and procedures of ICL 
commands can execute sequences of ADAM tasks. Sev-
eral tasks remain loaded in memory at one time, so task 
startup overheads only occur  for large com-
posite tasks such as KAPPA or FIGARO. Also, as tasks 
remain loaded, they can retain state information very 

 in graphics packages such as PONGO. 
At its most sophisticated level, ICL, and complicated 
command procedures built  ICL, play an impor-
tant part in the running of the   and 
WHT telescopes. 

Evolution of ICL 

ICL started life to aid telescope control at JAC, 
Hawaii, but because of staff changes major develop-
ments were not made for some time. Until recently, the 
version of ICL released by Starlink was a maintenance 
update of version 1.5 (the latest being  doc-
umented in SG/5). Because of the original design aims 
and the competing ability to run ADAM tasks directly 
from the host command language, ICL has, in practice, 
been of limited value for programmers and users. For 
some purposes it has been indispensable but, at some 
level, it has not been worth the overhead and annoy-
ance of continually having to load ICL to run simple 
programs. There have been a number of annoying fea-
tures to discourage further the casual user. 

ICL 1.6 

The responsibility for looking after ICL now rests 
with the ADAM Support Group in Starlink, and a new 
version (1.6) for VMS is undergoing tests as part of the 
latest ADAM release. This version has important im-
provements for running applications programs, includ-
ing much improved task loading and control, clearer er-
ror messages, and the optional ability to have unknown 
ICL commands passed transparently to DCL. This last 
enhancement should eliminate much of the annoyance 
of having to exit ICL to perform other jobs, such as 
dealing with mail messages. Some improvements are 
less obvious, but include features such as the ability 
of ICL to determine more accurately task completion 
status (to take appropriate action), and for the user 
to customise the command prompt (including the date 
and time if desired). A revised version of SG/5 describ-
ing these features will be issued shortly. 

The future 

VAX ICL is written in VMS-specific Pascal (which 
seemed  good idea at the time to the original author), 
which is impractical to port to Unix. Currently, ADAM 
tasks on Unix are run from the shell, but a totally new 
version of ICL (provisionally 2.0) is in the final stages 
of development. This is very closely modelled on VMS 
ICL, but is written in C and is based on the Unix lan-
guage tools yacc and lex. The ability to enhance eas-
ily the ICL syntax using these tools and the relative 
speed of process-creation on Unix as compared to VMS 
should make this  powerful and popular way of running 
ADAM tasks. 

Brian  Starlink, RAL 
RLVAD::BKM,bkm@uk.ac.rl.star 
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ROSAT data archive centre news 

The UK ROSAT Da ta Archive Centre (RDAC) at 
Leicester University has now been open for over four 
months . An introductory article about it, writ ten just 
before it officially opened in November 1992, was pub-
lished in Starlink Bulletin 10. Since then it has made a 
great deal of progress in creating the archive and mak-
ing da ta available to the UK astronomical community. 

The archive contains observations from the pointed 
observation programme of the ROSAT mission tha t 
have been released into the public domain. In general, 
a PI has exclusive rights over his or her da ta for a pe-
riod of about 1 year (counting from the time they were 
released with adequate calibration information). Af-
ter this t ime, by international agreement, the da ta are 
made publicly available. 

As of 15th March 1993, 754 X R T / P S P C and 228 
 datasets (constituting a volume of around 

15 GB) have been received at the RDAC from the pro-
cessing and distribution centres at the Goddard Space 
Flight Center (GSFC) and the Max Planck Insti tut  
Extraterrestrische Physik (MPE) . The complete XRT 
archive is expected eventually to reach a total volume 
of around 70 GB. 

During March 1993, observations from the UK 
Wide Field Camera (WFC) instrument were also archived 
for the first t ime. The volume of the complete W F C 
archive will be similar to the XRT one. 

Users can access the archive da ta either via an 
off-line tape request, or through the on-line service 
based on the EXOSAT Database Management Sys-
tem (EDBMS) already installed on the VAX at Le-
icester. A copy of the s tandard tape request form is 
stored in 

 To access the on-line 
system, s e t h o s t  and give xray as the user-
name (no password is required). The databases within 
the archive are accessed via program BROWSE. This 
enables you to select, list and extract da ta from the 
archive using commands. It also contains various dis-
play and analysis packages.  tells you how to 
access this account. Also, some  Technical Memos 
have been sent to Starlink sites, in particular ESA 

 The EXOSAT Database System: Browse User's 
Guide (MUD/111) , and ESA  The EXOSAT 
Database System: On-Line User's Guide (MUD/110) . 

The on-line X R T da ta archive essentially consists 
of datasets (event files, images and housekeeping files) 
originally distr ibuted to each PI . Initially, the on-line 
W F C archive will consist of selected da ta products only 
(images, exposure maps and a header file) derived from 

 re-processing at Leicester. Users will, however, re-
ceive the W F C event and housekeeping files in addition 
to these products in off-line tape requests. 

The databases tha t list X R T archive observation 
datasets are: 

• ROSPUBLIC — This lists GSFC-processed PSPC 
and  datasets and the MPE-processed PSP C 
datasets from the CAL, PV and AO phases of the 
pointed observation program. It is updated ap-
proximately  as new datasets are 
released to the archive from M P E and GSFC. No 
HRI datasets have been distributed from M P E due 
to processing delays. 

To extract da t a files from specific observations (by 
using the xp command within BROWSE) you must 
switch to one of the following databases: 

• ROSUSPSPC — a subset of ROSPUBLIC that 
lists on-line GSFC-processed P S P C datasets . 

• ROSUSHRI — like ROSUSPSPC, but lists GSFC-
processed HRI datasets . 

• R O S G P S P C — like ROSUSPSPC, but lists MPE-
processed P S P C datasets . 

The databases tha t list W F C observation datasets 
are: 

• ROSWPUBLIC — contains the complete list of 
distributed W F C observations from the ROSAT 
pointed observation programme (to 19-Jan-1993). 

• R O S W F C — a subset of ROSWPUBLI C listing 
the current da t a products from publicly released 
observations that have been processed at Leicester. 
These can also be extracted using the xp command. 
It is updated approximately weekly. 

Because of disk-space limitations, there may be 
some delay between a publicly-released observation ap-
pearing in ROSPUBLIC and in ROSUSPSPC, RO-
SUSHRI or R O S G P S P C . At the time of writing around 
5 GB of da ta are stored on-line. In the future, RDAC 
aims to have the entire archive on-line by storing it on 
a mass-storage medium, probably a CD-WOR M disk 
jukebox. 

The EDBMS keeps a record of user access to the 
databases. In Figure 1 we show the number of times 
that XRT files have been accessed (either extracted 
or plotted) from Starlink sites. It is not unexpected 
that the current max imum activity is at the site where 
the archive is located (the figure for Leicester excludes 
RDAC personnel); however, it is gratifying to see how 
many other sites have already used it. 

A copy of The UK ROSAT Data Archive Centre 
User Guide is available  Leicester (E-mail a re-
quest to LTVAD::SSE). This contains an overview of 
the RDAC, a description of the observation datasets 
and how to access them, and a brief description of the 
interface to the ASTERIX da ta analysis system. Fur-
ther information is available from Mike Watson (LT-
VAD::SSE), the RDAC manager, or Steve  the 
RDAC support scientist. 

Steve Sembay, Leicester 
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Figure 1. The number of times that XRT files have been accessed from Starlink sites. 

Astronomical catalogues, databases and 
archives 

A number of astronomical catalogues, databases 
and data archives can be accessed through Starlink. 
Also, Starlink has several software packages for ma-
nipulating  catalogues and similar tabular 
datasets. This article lists some of the facilities that are 
available. Some of them are described in Starlink User 
Notes (SUNs); where this is the case, the number of the 
appropriate SUN is given. Further information on all 
the facilities described here can be found in  

A list of this sort cannot be complete, and, in par-
ticular, the lists of CD-ROMs and facilities overseas are 
not exhaustive. Such omissions are in no way pejorative 
of the facilities missed out. Indeed, I welcome sugges-
tions for additional facilities to include in future revi-
sions of SUN/162. 

Starlink catalogue manipulation software 

The Starlink software collection includes several 
items for manipulating astronomical catalogues and sim-
ilar tables. Currently, all these facilities are only avail-
able on VAX/VMS systems: 

S CAR (Starlink Catalogue Access and Report-
ing) a general-purpose relational database 

management system for manipulating astro-
nomical catalogues and private tables. SCAR 
is potentially a powerful system, but can be 
unfriendly and unforgiving to use (SUN/106, 
70). 

CATPAC A replacement for SCAR which is eas-
ier to use, but which currently does not pro-
vide all SCAR's facilities (SUN/120). 

R E X E C A general-purpose scientific relational 
database management system, but with no 
specifically astronomical functions (SUN/97; 
MUD/63,64,65). 

CHART A package for plotting finding charts 
(SUN/32). 

Databases available on CD-ROM 

The CD-ROM is becoming an increasingly popu-
lar medium for distributing astronomical catalogues and 
databases. The utility CDCOPY is available to read 
CD-ROMs (SUN/69). Starlink has no policy to hold 
copies of CD-ROMs, but most sites will have copies of 
at least some of them. The ones available include: 
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• HST Guide Star Catalog, 

• Selected Astronomical Catalogs volume 1 (a com-
pendium of  of the most widely used astronom-
ical catalogues), 

• Catalogue of Principal Galaxies (PGC) , 

• Images from the Radio Universe, 

• IRAS Sky Survey Atlas for High Ecliptic Latitudes, 

• Various disks of da t a from the Einstein X-ray as-
tronomy satellite. 

On-line facilities in the  

The following database facilities are available 
line on Starlink computers: 

• A large collection of astronomical catalogues, sev-
eral da t a archives, and a collection of spectral at-
lases are held on Starlink node  a t RAL, 

• The  da t a archive at RAL (SUN/20,58), 

• A collection of general astronomical and X-ray as-
tronomy catalogues, and the ROSAT  archive 
at Leicester (SUN/127) , 

• Plate catalogues for the UK Schmidt, ESO  
and  Telescope at the Royal Ob-
servatory Edinburgh, 

• The da ta archive for the La  optical tele-
scopes (the Jacobus Kapteyn Telescope, the Isaac 
Newton Telescope and the William Herschel Tele-
scope) at the Royal Greenwich Observatory, Cam-
bridge, 

• The da ta archive for the millimetre-wave James 
Clerk Maxwell Telescope at the Royal Observatory 
Edinburgh, 

• A collection of atomic da t a at the Queen's Univer-
sity, Belfast. 

Overseas facilities 

Some of the facilities available on-line at institu-
tions overseas are listed below. This list is by no means 
complete. 

• The Centre de Donnees Stellaires (CDS), Stras-
bourg, France provides a large collection of general 
astronomical catalogues, and also the SIMBAD 
(Set of Identifications Measurements and Bibliog-
raphy for Astronomical Data) integrated database 
(containing mostly stellar da ta ) . 

• The ADC (Astronomical Da ta Center) at the God-
dard Space Flight Center provides a large collec-
tion of general astronomical catalogues. 

• The NASA Extragalactic Database (NED). 

• The Lyon-Meudon Extragalactic Database (EDB). 

• The High Energy Astrophysics Science Archive Re-
search Center (HEASARC) provides d a t a archives 
from a number of X-ray and 7-ray astronomy satel-
lites. 

• The EINLINE database at the Smithsonian Astro-
physical Observatory provides a da t a archive for 
the Einstein X-ray astronomy satellite and other 
star catalogues. 

• The DIRA2 database (Distributed Information Re-
trieval from Astronomical Data) in Bologna pro-
vides access to a collection of astronomical cata-
logues. 

• Archives of da t a from the Hubble Space Tele-
scope (HST) are available at both the Space Tele-
scope Science Inst i tute  Maryland, and the 
Space Telescope European Coordinating Facility, 
Garching bei  

• The ESA European Space Information System 
 provides distr ibuted access to a number of 

astronomy and space physics archives in Europe. 

• The NASA Astrophysics Da ta System (ADS) pro-
vides distr ibuted access to a number of astron-
omy archives (mostly of da t a acquired by satel-
lites, rather than by ground-based telescopes) in 
the United States. 

Further information 

Further information on all the facilities listed here 
can be found in  For each facility this docu-
ment gives a brief description, access details and further 
references. 

Recently, Heinz Andernach of the Inst i tuto As-
trofisica de Canarias  Tenerife, and Bob Hanisch 
of the STScI have writ ten similar, though somewhat 
more extensive, documents . These authors have kindly 
allowed them to be made available on Starlink, and 
they have been issued as MUD/135 and MUD/136. To 
obtain copies, ask your site manager, or log on to your 
local Starlink VAX and type: 

$ COPY  * 
$ COPY  * 

They require a total of about 220 blocks of disk space. 
Both are simple text files suitable for printing. The  
document (MUD/135) contains some details which are 
specific to that insti tution. 

  Starlink, Leicester 
LTVADr.ACD,  
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New products Some had minor updates: 

From October 1992 to March 1993 inclusive there 
were 24 releases within Starlink's VMS software collec-
tion affecting 31 software items; in addition, one item 
(STARCON) was withdrawn. Also, there were 9 Unix 
releases affecting 15 items. 

Software — VMS 

Seven new software items were released: 

CGS4DR: reduces data from the CGS4 (the Cooled 
Grating Spectrometer) instrument on the  
(SUN/27). 

GRP: handles groups of objects which can be de-
scribed by character strings (file names, astronom-
ical objects, numerical values etc) (SUN/150). 

J C M T D R : is a set of FIGARO applications for re-
ducing James Clerk Maxwell Telescope data. It re-
places  for the reduction of continuum map-
ping data obtained with the UKT14 instrument 
 

LTEX: provides additional  and  facilities. 
It includes RNOTOTEX, which converts Runoff 
files to  format; TEXLSE, which uses the 
Language Sensitive Editor and provides easy ac-
cess to  document structures; and MTEX 
and MTLATEX, which help you generate docu-
ments in styles suitable for Astronomy and Astro-
physics (SUN/153,154,155). 

P O N G O : plots data interactively. It is like MONGO, 
but uses PGPLOT as the plotting package. How-
ever, PONGO can do more than MONGO and 
works with ADAM, which means you can use the 
ICL command language and the  graphics 
database (SUN/137). 

P S M E R G E : merges one or more Encapsulated Post-
Script files into  single PostScript file. The in-
put files can be individually rotated, scaled and 
shifted. The output file can be either Encapsu-
lated PostScript or "normal" PostScript suitable 
for sending to a printer. This allows multiple pic-
tures to be pasted onto a single page and pictures 
to be scaled before insertion into a  document 
(SUN/164). 

X R P : reduces and analyses XRP data. The X-ray 
 (XRP) is an instrument on the So-

lar Maximum Mission (SMM) which observed the 
solar corona  

Twenty four other software items were changed. 
Some just had bug fixes: 

A S T E R I X E M S  
 K A P P A LOG 
N A G R P S T E X 
X D I S P L A Y 

Some had major updates: 

A D A M CONVERT 
F O R M L O A D  
S P E C D R E T P O I N T 

FIGARO 
IUEDEARC H 

FORMLOAD replaces PATTLOAD. 
There are too many changes for them to be de-

scribed in detail. If you are interested in a particular 
package, get a copy of its latest document. Look in 
the tables in the loose-leaf insert to find out what the 
software listed above does and where it is documented. 

The changes to ADAM are described in  
The main ones are: 

• Enhanced ICL command language. 

• Enhanced parameter system. 

• Enhanced SMS. 

• Use of the portable Help system. 

Software — Unix 

The Unix software releases overlap the VMS ones. 
However, the following items were released within the 
Unix system independently of the VMS system: 

E M A C S G N S M A G 
N E W S P I S A R E F 
S O F T L I N K 

Documents 

ASPIC 
G W M 

 
P S S M B 

GKS 
 

In addition to the documents associated with the 
software releases listed above, and the documents men-
tioned in other articles, there have been other new is-
sues, in particular: 

 explains how to install the VMS Starlink 
Software Collection. 

 explains the restrictions on distributing the 
commercial software in the Collection. 

M U D / 1 3 2  M U D / 1 3 3 : explain the style guides in 
 for authors of articles in the Monthly 

Notices of the Royal Astronomical Society. These 
help you submit articles in the form of computer 
files. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, mdl@uk.ac.rl.star 
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The Starlink Family 
Who are these people in the photograph below, and why do they look so happy? Answer: They are members of the Starlink Project Team (well, most 
of them), and they are happy because they are attending the Starlink Annual General Meeting at Cosener's House, Abingdon, which was held on 29-
30th October  No less than 50 people attended this meeting, and because of the forthcoming reduction in the number of Starlink Application 
Programmers, th is is likely to remain a record for several years. Below is a list of the names, jobs, and affiliations of the people in the photo, keyed 
to their posture and position, reading from left to right. The descriptions refer to the situation that obtained when the photograph was taken. 

Standing 
A l a n L o t t S , Site Manager,  P a u l  Site Manager,  R o d n e y  Head  RAL; M a r t i n 

 Site Manager,  D a v e Mi l l s , Contract Programmer - IUESIG, UCL; M i k e L a w d e n , Document Librarian, RAL; J u l i a n G o l d , 
Contract Programmer - VIMSIG, Cambridge; D a v e T e r r e t t ,  of Systems, RAL; P a u l  SOn, Site Manager,  P e t e r D r a p e r , Con-
tract Programmer - IPESIG,  T o n y B e n n e t t , Visitor, La  A d r i a n F i s h , Site Manager, UCL; V a s s i l i s  Site Manager, 
Manchester; M i c h a e l M c S h e r r y , Contract Programmer -   D a v i d  Site Manager (Project Node), RAL; C h r i s  
Site Manager,  G r a n t P r i v e t t , Contract Programmer - IPESIG, Cardiff; R o d n e y S m i t h , Site Manager, Cardiff; R i c h a r d N i c h o l s o n , 
Site Manager, Jodrell  J a m e s  Site Manager,  B i l l W i l s o n , Site Manager,  B r i a n  ADAM sup-
port group, RAL;  P e r c i v a l , VAX Manager, Cambridge; A n d y    Site Manager, Preston; N i c k B a t o n , Contract Programmer -

   H a b i n g , Site Manager,  G e o f f M e l l o r , Site Manager, Leicester; M a r t i n  Software Librarian, RAL; J o h n 
S h e r m a n , Network Manager, RAL; J o h n  Site Manager, Edinburgh. 

Sitting 
L a u r e n c e J o n e s , Site Manager,  P h i l H e r r i d g e , Sun Manager, Cambridge;  C l a y t o n , Netxvork section, RAL; S h e i l a 
C r o s b y , Visitor, La  A n d r e a R o b e r t s , Network section, RAL; P a t r i c k W a l l a c e , Project Manager, RAL; S t u a r t K e i r , Site Manager, 

 B a r b a r a B r o m a g e , Site Manager (Astrophysics node),  H o r s t  Contract Programmer - SPECSIG,   
D a v e n h a l l , Contract Programmer -  Leicester. 

Kneeling 
A l a n  ADAM support group, RAL; D a v e B e r r y , Contract Programmer - IRASIG, Manchester; R o g e r S t a p l e t o n , Acting Site 
Manager; St Andrews; S u n i l  Acting Site Manager, Imperial College; R i c h a r d S a x t o n , Contract Programmer -X-ray Astronomy, Leicester; 
P e t e r A l l a n , ADAM support group, RAL; R h y s M o r r i s , Contract Programmer - HSTSIG, Cardiff; I a n S k i l l e n , Facilities Manager, Cambridge; 
P a u l   support group, RAL; A l a n  Acting Project Scientist,  
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The end of SunOS? 

Well not quite, but Sun's version of the Unix op-
erating system has jus t undergone a dramatic transfor-
mation. You probably won't have noticed this since the 
new version hasn ' t yet been installed at most sites, but 
most of you will be using the new system before the 
year is out. 

What have Sun done? 

They have merged their Unix operating system, 
SunOS 4.x (the version tha t virtually all of you are still 
using), with a version of Unix called System Five, re-
lease 4 (SVR4). The new operating system is called 
SunOS 5.x, al though most people refer to it as So-
laris 2. Strictly speaking, Solaris 2 consists of SunOS 
5.x and Sun's windowing   Windows ver-
sion 3. However, since it has become commonplace to 
refer to the old operat ing system as SunOS and the new 
one as Solaris, we shall do the same in this article. 

Why have Sun done this? 

Solaris is alleged to unify the Unix market by merg-
ing the best features of SunOS, Xenix, BSD and SVR4. 
It adds new capabilities including symmetric multipro-
cessing with multi- threading, real-time enhancements 
and simplified system administrat ion facilities. Sun 
claim this move unifies 80% of the Unix installed base. 

How will the move to Solaris affect you? 

The merger with SVR4 has resulted in certain com-
mands changing their names, qualifiers and locations. 
Fortunately for the general user, most of the changes 
are in the realms of system management and program-
ming. Something tha t will, however, affect most people 
is that Sun have changed the format of executable files. 
Most old programs should still run since Sun have pro-
vided (temporarily?) a compatibili ty package; however, 
some may not. Any programs tha t are statically linked 
with the C library and other system libraries will have 
to be recompiled. We are pleased to report that all of 
the existing Unix Starlink Software Collection (USSC) 
appears to run in compatibili ty mode, in spite of which 
we have now ported most of it so it can be rebuilt under 
Solaris without the overheads imposed by the compati-
bility mode. There are many other changes too numer-
ous to mention here. Further information on specific 
changes can be obtained from Chris Clayton. 

How will it affect your programs? 

The impact on the source code of most programs 
will be zero. After all, Fortran is still Fortran and C 
is still C. The only time tha t you are likely to have to 
change your source code is if you have called some low-
level C run-time library routines, especially ones tha t 

interact with the operating system. However, it is quite 
likely tha t you will have to change the procedures tha t 
you use to build your programs. Many flags on the 
compilers and loader have changed and you certainly 
need to change the values of the environment variables 
PATH and LD_LIBRARY_PATH. A C compiler and 
debugger no longer come as par t of the operating sys-
tem, but we will be providing ANSI C compilers for all 
sites. 

The format of object files has changed and, un-
fortunately, there is no compatibility mode for these. 
All your object files will need to be recompiled and all 
your libraries (both object and shared) will have to be 
rebuilt. If you create object libraries with the a r utility, 
you should note that the  command, needed on 
SunOS, no longer exists on Solaris: you should remove 
its use from any shell scripts or makefiles. Alterna-
tively, as a temporary measure, you could create a shell 
script called r a n l i b tha t does nothing. If you create 
shared libraries, you should note tha t the flags used to 
create them have changed completely and that they no 
longer support version numbers, al though the manuals 
do give a rather confusing example of how partially to 
get around this. 

To be on the safe side, you should assume tha t 
only your text files will survive unchanged the tran-
sition from SunOS to Solaris. All other files, object 
files, executable programs, archive files (including text 
archives) should be rebuilt from source when you move 
to Solaris. 

Can we avoid moving to Solaris? 

Unfortunately not. Most of the new Sun machines 
which we are interested in buying for sites this year 
only run Solaris. Many of the older machines have 
just undergone a huge price increase (up to  
strong incentive to buy the Solaris-only machines. We 
must stress tha t moving to Solaris is not something tha t 
Starlink is doing through choice. It is a change tha t has 
been forced upon us, and one which we would prefer to 
do without. 

When will we move to Solaris? 

Since this year we will be buying machines that 
only run Solaris, the sooner the bet ter . However, there 
are several factors holding us back. All of the USSC 
will be available, but certain other impor tant packages, 
such as IRAF, have not been ported at the time of 
writing. At present, we estimate tha t we will change 
over to Solaris sometime in the summer. 

More information on Solaris operations and related 
issues can be obtained from Chris Clayton, and advice 
on porting software to Solaris from Peter Allan. 

Chris Clayton, Starlink, RAL 
  

Peter Allan, Starlink, RAL 
RLVADr.PMA, pma@uk.ac.rl.star 

mailto:pma@uk.ac.rl.star
mailto:cac@uk.ac.rl


 
 

MUCIN 

LOOK TO 

THE FUTURE 

... .. 

  
 MOON. 

 

 
 

 

   

   
 TO  

     
 

    
  

  
  

 
IT'S  

\ 

   
1 HAVE  

  Y o u 
   

 
 

n 
     TIMES... 

   
  

T H A T    
     

 ALL T H E   
T H E   T H E   
    

    

 

     
      
   

  
     

    

 

 A T   THEY   
    

    
   ? 

L E T    

 

  

   
   

   
   

    I T  

      



Photometry of "box/peanut" galactic 
bulges 

There exists a gross lack of observational data re-
lating to the dynamical properties of old galaxian stel-
lar populations. In consequence, little is known of the 
role, and relative importance, of bars and mergers in 
the formation and evolution of spiral galaxies. 

This is particularly evident when one studies galax-
ies whose bulges show evidence of "box" or  -
shaped isophotal distortions. The dynamical influ-
ence of a bar, or the occurrence of one or more 
merger/accretion events, are considered the most likely 
schemes by which such structures are formed. How-
ever, the limited progress made to date in attempts to 
distinguish between these hypotheses principally results 
from the failure to fit a specific observational dataset us-
ing suitably constructed theoretical models. Given that 
more than 20% of galactic bulges possess box/peanut 
morphologies, such structures are likely to be an in-
tegral part of the evolutionary sequence of old stellar 
populations. Understanding their formation is clearly 
crucial in attempts to determine the degree to which 
galactic bulges as a whole are intrinsically 
ric (and thus presumably fully relaxed) structures. 

As it is the dynamical properties of box/peanut 
bulges which differ most markedly from their non-
box/peanut counterparts, a widely held belief has arisen 
that only kinematic observations can be used to place 
any significant constraints on our understanding of this 
intriguing morphology. A photometric study of several 
box/peanut bulges shows this inference to be incorrect. 
The present article summarises the conclusions derived 
from such a study. It was carried out using Starlink's 
KAPPA kernel application software package, and cus-
tom programs which used Starlink subroutine libraries 
such as NDF, ERR, MSG. 

Data acquisition and modelling 

The dataset reported here comprises broad-band 
optical and  images of 14 edge-on spiral galax-
ies possessing box/peanut isophotal distortions. These 
data were acquired using  or  array cameras at 

 the  AT,  INT and the No. 1 0.9m at Kitt 
Peak between 1985 and 1989. The only specific sample 
selection criteria imposed were the availability of high 
quality data and the restriction to galaxies within  
of edge-on. The sample is, however, likely to be repre-
sentative in view of the wide range of morphological 
types observed and the multi-colour nature of much of 
the data used. 

The data were reduced and calibrated in the usual 
manner. They were modelled using a 2D nonlinear 
least-squares minimisation scheme which provides an 
objective means of defining the statistically optimum 
description of the observed luminosity distribution. In 
seeking to describe the photometric components within 

each galaxy by standard fitting functions (such as ex-
ponential discs), this modelling approach can identify 
that combination of functions which yields the smallest 

 of residuals between the observed and 
predicted luminosity distributions, subject to the addi-
tional (a posteriori) constraint of consistency between 
model parameters in objects for which multi-colour in-
formation is available. 

The box/peanut isophotal distortions cannot be 
described by any of the presently available fitting func-
tions. The only concession made in the present study 
to the influence of such a photometric component was, 
therefore, to fit only those regions of each galaxy not 
dominated by such components. This is a valid proce-
dure since the principal goal of modelling these data in 
such a manner is to determine the magnitude and distri-
bution of the excess luminosity within the box/peanut 
over and above that expected from a non-box/peanut 
bulge in  host galaxy of the same morphological type. 

Excess flux in the box/peanut component 

The residuals between each observational dataset 
and the optimum model description thus defined show 
the characteristic X-structure common to any boxy 
or peanut-shaped luminosity distribution, an example 
of which is given in Figure 1. However, within the 
present sample there appear considerable differences in 
the residual maps so derived. To quantify these vari-
ations explicitly, the summed luminosity within each 
residual map was calculated over that region dominated 
by the bulge component, and such integrated luminosi-
ties compared to the total flux in the galaxy before 
subtraction of the model (or, equivalently, to that in 
the model itself over the same region). 

In the majority of cases, the box/peanut contains 
an excess luminosity  of that within the bulge 
as a whole, although this fraction is as large as 65% 
in some systems. More interestingly, this excess flux 
appears to correlate with the morphological type (or 
equivalently the  luminosity ratio) in the 
galaxy  2. Whilst the bulges in late-
type galaxies are small (by implication of their assigned 
galaxy type), the box/peanut morphology appears to 
contain  larger fraction of the total luminosity within 
the old stellar population. There are tentative sugges-
tions of a similar dependence in the kinematical prop-
erties of such bulges as well. This trend is particularly 
striking as the central surface brightnesses of bulges are 
known to decrease in later-type galaxies. 

Colour distributions and isophote twists 

Seven galaxies in the sample have sufficient data 
to allow colour distributions to be derived, although 
the evidence for colour gradients is contradictory. Two 
such galaxies show clear evidence for a blueing with 
increasing distance from the nucleus, but in four cases 
no significant gradient is seen in any direction. Coupled 
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Figure l a . Contours of a portion of the observed luminosity distribution derived from an R-band CCD image of 
NGC4469. Axes are marked in pixels (1 pixel=0.5 arcsec) and contours are spaced equally in surface brightness from 
18 to 23 mag.  with the major axis marked by the dashed line. 

 SMOOTHED [0.15,0.7,8] 

 

Figure l b . As (la) after subtraction of the optimum (two component) model luminosity distribution, and af-
ter smoothing with a Gaussian with a FWHM of 3 pixels. Only positive residuals are contoured (+0.15 to +0.7 
mag.arcsec~2), and the excess flux in the box/peanut component is evident in regions A-D. Other residuals result 
from a slight warp in the disc component. 
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Figure 2. The fractional excess luminosity in the box/peanut bulge component, plotted as a function of the 
morphological type. Data from different passbands are represented by different symbols. 
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Figure 3. The maxima] Z-height of the box/peanut distortions above the disc plane  normalised by the radial 
distance R corresponding to this height and plotted as a function of R. The error-bars plotted reflect uncertainties 
in the measurement of 
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with the lack of evidence for low surface brightness arcs, 
shells or filaments, this suggests box /peanut s are not 
the result of recent merger/accretion events. 

In nine galaxies, the influence of the dust lane is 
sufficiently minimal, and the nature of the isophotal 
distortions sufficiently weak, to allow the application 
of ellipse-fitting techniques more ordinarily applied to 
studies of elliptical galaxies. This technique provides 
one with a well-known (a4) quanti tat ive estimate of the 
boxy deviations from the imposed elliptical isophotes. 
In the present sample, this parameter is roughly twice 
tha t found in the most extreme boxy ellipticals cur-
rently known. Of more interest is the fact tha t only two 
of these nine galaxies show any evidence for isophote 
twists with respect to their major axes. This provides 
some support for previous assertions (based on detailed 
kinematic studies of two such bulges) that the intrinsic 
figure of a box /peanu t bulge is not significantly triaxial. 

Orbital families and the presence of bars 

The gross observational properties of any galactic 
bulge can be understood on the basis of the dominant 
orbital families populated by the stars in such poten-
tials. Moreover, residual maps, such as that in Fig-
ure 1, provide a direct quali tative constraint on the or-
bital families present in box /peanu t s through analyses 
of the spatial distribution of the excess luminosity in 
such bulges. 

Figure 3 shows the rat io of vertical (Z) to radial (R) 
extent of this excess luminosity, plotted as a function 
of the radial coordinate. A single orbital family of the 
type widely discussed in theoretical studies of this mor-
phology would be characterised by a constant  
with R. This is clearly contrary to the results shown in 
this Figure, and may imply tha t each box /peanu t bulge 
contains several orbital families whose relative contri-
butions vary with distance. 

If the box /peanu t phenomenon signifies the pres-
ence of a bar, the observed structure results from a ver-
tical resonance in the motion of disc and bulge stars at 
radii approximately coincident with the inferred inner 

 resonances (ILRs) of such potentials. Evi-
dently, an impor tan t test of this hypothesis results by 
comparing the radii of the ILRs and the spatial loca-
tion of the extreme isophotal distortions in the residual 
maps. If one could reliably define the radii of the ILRs, 
this would provide the most direct means of detecting 
bars in galaxies which are edge-on to the  
Such radii have been estimated by appealing to the 
widely-held inference that  coincide with 
nuclear star formation rings observed in some barred 
galaxies. The ring diameters determined from those 19 
galaxies in which measurable  rings exist 
are smaller than the radial extent of the most extreme 
box/peanut isophotal distortions in the present sample 
by a factor  Clearly this result is only suggestive in 
view of the limited sample sizes involved and since no 

account is taken of, for example, possible projection ef-
fects introduced between the bar and disc planes. More 
work is necessary to identify the importance of this re-
sult for the bar formation hypothesis and thus for deter-
mining how such astonishing galactic bulges are made. 

Martin Shaw, Sheffield 
MAVADr.MAS, mas@uk.ac.man.ast.star 

Infrared and optical studies of the host 
galaxies of AGN 

We are engaged in a detailed investigation of the 
optical  infrared properties of the host galaxies of 
quasars. K-band images of matched samples of 14 
radio-quiet and 14 radio-loud quasars with z<0.4 have 
been obtained using  AM (on  and optical 
CCD imaging of the same quasar samples is presently 
in progress on the INT. In an a t t empt to discriminate 
between spiral and elliptical hosts, and thus place con-
straints on the unified theories of active galactic nu-
clei, we are analyzing these da t a in two distinct ways: 
(i) investigation of the host-galaxy morphologies via 
two-dimensional modelling of the B and K-band im-
ages, and (ii) investigation of the host-galaxy spectral 
energy distributions through the determination of their 
off-nuclear optical-infrared colours. 

To perform the first of the above tasks, a suite 
of software has been writ ten within the ADAM envi-
ronment. At its core is a multi-dimensional, conjugate 
gradient fitting routine. A model quasar+host is con-
structed in which the nuclear luminosity, host galaxy 
luminosity, host galaxy type (disk or spheroid), scale 
length, position angle and axial ratio are all allowed to 
vary as free parameters . This model is then convolved 
with the observationally-determined two-dimensional 
point-spread function and compared with the original 
image via the  statistic. The process iterates un-
til the best-fit model has been determined, and then 
the entire model-fitting procedure is repeatedly per-
formed using several different representations of the 
point-spread function, to investigate the robustness of 
the result. 

Figure 1 shows examples of the results of this 
model-fitting procedure. 0257+024 is a radio-quiet 
quasar  which is best fitted by a disk-domina-
ted host galaxy  — 1.34). All spheroid models 
for this source were rejected in favour of the exponen-
tial disk. 2355-082 is a radio-loud quasar of slightly 
higher redshift (0.21). Here, both models fit equally 
well (best-fit disk has   0.55; best-fit spheroid has 

 = 0.58). 
For all the sources, and particularly for objects 

such as 2355-082 whose host galaxies cannot be clas-
sified on the basis of morphology, impor tant additional 
information on the nature of the host can be gained by 
determining the crude form of the host-galaxy optical-

 spectral energy distribution. This can be achieved 
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Figure 1. Upper frames: The original K-band images (Dunlop et al 1993). Lower frames: Source with best-flt 
model superimposed. Lowest contours are  =  for 0257+024, and 21.75 for 2355-082. Contour 
intervals are  =  Positional offsets are in arcseconds. 
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Figure 2a. Host-galaxy B-K colours obtained to date, compared with predicted colours for a range of galaxy types. 
The lines shown in each plot are produced by simply redshifting the synthetic spectral energy distribution models 
produced by Guideroni and Rocca-Volmerange (1987) at a flxed age of 13Gyr. The models above are burst, UV-hot 
and  ellipticals. 
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Figure 2b. Same as for Figure 2a, except that the models shown are SO, Sa, Sb, Sc and Sd. 
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through a combination of off-nuclear B, R and K pho-
tometry (at the mean redshift of our quasar sample, 
z  0.2, the B and R filters effectively straddle the 

 break). B-band CCD images have now been ob-
tained for roughly half the quasars in the sample, and 
their B-K colours are plotted in Figure 2. At this stage 
there is little evidence for any systematic difference be-
tween the colours of radio-loud and radio-quiet quasar 
hosts. 

Geoff Taylor, University of Central Lancashire 
LPVADr.GLT, glt@uk.ac.uclan.star 

James Dunlop, Liverpool John Moores University 
LPVADr.JSD,  

Statistician's corner 

Identifying the users of Starlink facilities is an im-
portant aspect of Project Management. For example, 
we rely on accurate information about users in order to 
allocate resources efficiently. 

Every month I count the number of registered Star-
link users by merging all the  files maintained 
at Starlink sites by Site Managers. I have done this 
systematically since March  before then 
are patchy. Because the individual monthly lists are 
not kept, the names that made up the old monthly to-
tals have been recycled into newsprint and lost to his-
tory. Thus, I only have accurate information on the 
net growth of user numbers; I don't know the amount 
of  growth of 100 in user numbers might 
be caused by 200 new users arriving and 100 old users 
leaving, or it could be 600 comings and 500 goings. 

Fortunately, by the accidents of history, some com-
plete lists of registered users have survived. In fact, I 
have lists at about  intervals covering the last 
8 years. In order to preserve this information and to 
enable it to be analysed easily, I set up a database con-
taining all the names on the lists and indicating which 
list each name was on. This way I can track specific 
arrivals and departures, and estimate the turnover in 
the user population. 

Database traps 

By the way, this isn't a purely automatic opera-
tion; there are two traps awaiting the naive database-
monger: the 'one-person/multiple-name' trap, and the 
'multiple-person/one-name' trap. 

The first trap is caused by people who change their 
names. The obvious case is that of a woman who gets 
married and changes her family name. Sorry, this one is 
too difficult for me to solve; I just don't know the extent 
of this phenomenon among Starlink users, but it would 
make the measured turnover too high. A more sub-
tle problem is caused by a sociological  
the growth of friendship (or familiarity) among peo-
ple who work together. This causes some names in 

the lists to change as time goes by: Christopher be-
comes Chris; Nicholas becomes  Efrossinie be-
comes Frossie. Occasionally, relationships become more 
formal, so Cindy may become Elizabeth (promotion?). 
All this is obvious to humans, but databases don't like 

 invent doubles and ruin your statistics. 
The second trap is caused by people who have the 

same name; there are three different Dave King's on our 
books, for example. Usually the middle initial in the 
username gives the game away, but sometimes there is 
no way to tell people apart, short of genetic fingerprint-
ing. I have done the best I can and believe the results 
shown in the graphs opposite to be highly accurate. I 
ended up with 2394 Starlink users in my database,  
which 1599 are still registered (in March 1993). Extrap-
olating backwards, this suggests that over 2500 individ-
uals have been Starlink users since the Project began 
in 1980. 

User turnover 

What else does this database tell us? 
Well, the top graph shows how the Starlink user 

population has grown over the past 8 years. The top 
line counts all known users, past and present. The bot-
tom line counts the users who were registered on the 
dates plotted. The gap between the two is a measure 
of the turnover. 

Some people leave, and then come back again 
(which complicates the measurement of  
would you do it?). The middle graph shows a break-
down of the users who joined during the last three pe-
riods of the  The red groups represent people 
who had already appeared in past lists (the 'Recidi-
vists'). The green groups represent people who regis-
tered for the first time. The graph shows that about 
6% of people who now register as Starlink users have 
already been registered at some time in the past and 
left temporarily. 

Database management systems are truly wonderful 
things, and a quick sort on the Firstname field followed 
by the design of a summary report yielded the data 
for the two graphs at the bottom of the Figure oppo-
site. These show the most popular given names of the 
2394 users on my database. Once again, human intelli-
gence came to the rescue of a database's lack of insight 
into the meaning of the data it is handling, making 
sure that Bob and Robert, Liz and  and so on, 
were counted together. So, if you meet an astronomer 
and find you have forgotten his or her name, I can now 
recommend two alternative courses of action. If the 
astronomer is male, try saying 'Hello Dave'. If the as-
tronomer is female, try saying 'Hello  (with or 
without the  You'll probably be wrong, but it's the 
best you can do. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, mdl@uk.ac.rl.star 
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Figure 1. The top frame shows the growth in the Starlink user population based on username lists for February 
1985, October 1987, October 1988, February 1991 and March 1993. The middle frame shows, for the last three 
intervals of the survey, the percentage of users who registered during those intervals who were already known to the 
Project. The bottom two frames show counts for the most popular given names for Starlink users. 
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STARLINK INFORMATION 

Starlink sites  site managers: 
B I R M I N G H A M : School of Physics and Space Research, Uni-
versity of Birmingham, Edgbas ton Pa rk Road, BIRMINGHAM, 
B15 2 T T . Tel: 021-414-6447. Bill Wilson. 
 
C A M B R I D G E : This is a single Starl ink node with a single com-
puter cluster serving three organisations: (1) Ins t i tu te of Astron-
omy, University of Cambridge , Madingley Road, C A M B R I D G E , 
CB3 OHA. Tel: 0223-337528. (2) Royal Greenwich Observatory, 
Madingley Road, C A M B R I D G E , CB3 OEZ. Tel: 0223-374000. (3) 
Mullard Radio Ast ronomy Observatory, Cavendish Laboratory, 
Madingley Road, C A M B R I D G E , CB3 0HE. Tel: 0223-337200. 
Ian  Steve Percival, Phil  
s tar (1  2); MRAOCL/uk .ac . cam.phy- ravx (3). 

C A R D I F F : Dept of Physics  Astronomy, University of Wales 
College of Cardiff, P O Box 913, C A R D I F F , CF2 3YB. Tel: 0222-
874000 X5282. Rodney Smith.  
D U R H A M : Dept of Physics, University of Durham, South Road, 
DURHAM,  3LE. Tel: 091-374-2131. Alan Lotts. 
 
E D I N B U R G H : Royal Observatory, Blackford Hill, EDINBURGH , 
EH9 3HJ. Tel: 031-668-8377. John Barrow. 
 
H A T F I E L D : Dept of Physics  Astronomy, University of Hert-
fordshire, College Lane, HATFIELD , Herts ,  9AB. Tel: 0707-
279607. Chris Brindle.  

 Astrophysics Group, Dept of Physics, Blackett Labo-
ratory,  Pr ince Consort Rd, LONDON, SW7 2BZ. Tel: 
071-589-5111 X6682. Nick Eaton.  

 B A N K : Nuffield Radio Ast ronomy Lab, University 
of Manchester , Jodrell Bank, M A C C L E S F I E L D , Cheshire,  
9DL. Tel: 0477-71321 X293. Richard Nicholson. 
 
K E E L E : Dept of Physics, University of  KEELE, Staffs, 
ST5 5BG. Tel: 0782-583889. James Albinson. 
 
K E N T : Electronic Engineering Lab, University of Kent , CAN-
T E R B U R Y , Kent , CT2 7NT. Tel: 0227-475406. Rolf  
 
L E I C E S T E R : Dept of Physics and Astronomy, University of Le-
icester, University Rd, L E I C E S T E R ,  7RH. Tel: 0533-523599. 
Geoff Mellor.  
M A N C H E S T E R : Dept of Astronomy, University of Manch-
ester, Oxford Road, M A N C H E S T E R , M13 9PL . Tel: 061-275-
4236. Vassilis Laspias.  
N O R T H E R N  The following two sites are regarded 
as a single Starlink node: 
(1) Armagh Observatory, College Hill, ARMAGH , BT61 9DG. 
Tel: 0861-522928. Martin Murphy.  
(2) Dept of Pure and Applied Physics, Queen's University of 

Belfast, BELFAST, B T 7  Tel: 0232-245133 X3648. Paul 
Brown.  

O X F O R D : Dept of Astrophysics, Nuclear Physics Building, Ke-
 Road, O X F O R D ,  3RH. Tel: 0865-273311. Paul Collison. 

 

P R E S T O N : Dept of Physics  Astronomy, University of Cen-
tral Lancashire, P R E S T O N , P R 1 2HE. Tel: 0772-893564. Andy 
Adamson.  

Q M W : Dept of Physics, Queen Mary and Westfield College, 
Mile End Road, LONDON, E l 4NS. Tel: 071-975-5053. Kevin 
Richardson. QMCMV/uk .ac .qmw.s t a r . 
R A L : Rutherford Appleton Laboratory, Chil ton, D I D C O T , Oxon, 

 0QX Tel: 0235-821900. 
(1) Project cluster: Building R68. David Rawlinson, X6471. 
 
(2) Astrophysics cluster: Building R25. Barbara Bromage, 
X6497.  
S T A N D R E W S : Dept of Physics and Astronomy, University 
of St Andrews, Nor th Haugh, St Andrews, Fife, KY16 9SS. Tel: 
0334-76161 X8323. Roger Stapleton.  
S O U T H A M P T O N : Dept of Physics, University of Southamp-
ton, S O U T H A M P T O N , S 0 9 5NH. Tel: 0703-592112. Laurence 
Jones.  

S U S S E X : Ast ronomy Centre , Division of Physics  Astronomy, 
University of Sussex, B R I G H T O N , East Sussex,  9QH. Tel: 
0273-678478. Stuart Keir.  

U C L : Dept of Physics  Astronomy, University College London, 
 Street , LONDON ,  Tel: 071-380-7147. Adrian 

Fish.  

Starlink contacts at RAL: 
Tel: 0235-821900. All  are on  (RLVAD) except 
AJP who is on  (RLSAC). 

Project Manager: 
Project Scientist: 
Network Manager: 
Applications: 
ADAM Support Group: 
Document Librarian: 
Software Librarian: 

Patrick Wallace X5372  
Alan Penny X5675 (AJP) 
John Sherman X6367 (JCS) 
Rodney Warren-Smith X6165  
Peter Allan X6735 (PMA) 
Mike Lawden X5363 (MDL) 
Martin  X5363 (STAR) 

Starlink contract programmers: 
David Berry, Manchester, IRAS90 reduction package, MAVAD::DSB. 

  Leicester, Survey of database systems, LTVAD::ACD. 
Peter Draper, Durham, CCDPACK, DUVAD::PDRAPER. 
Michael McSherry, Belfast, XRP, QUVAD::MMCS. 
Horst Meyerdierks, ROE, FIGARO/SPECDRE, REVAD::HME. 
Dave Mills, UCL,  final archive reduction, ZUVAD::DMILLS. 
Rhys Morris, Cardiff,  restoration, CARDIF::RAHM. 
Grant Privett, Cardiff, Faint galaxy photometry, CARDIF::GJP. 
Richard Saxton, Leicester, ASTERIX, LTVAD::RDS. 



STARLINK SOFTWARE 
Applications Astronomical Utilities Operational 

Image Analysis & Photometry Archive Access NETWORK 
QUOTAS 

 utilities 
Disk quotas 

KAPPA Kernel applications IUEDEARCH IUE archive NEWSMAINT News maintenance 

DAOPHOT Stellar photometry USSP IUE ULDA NOCBS CBS error reporting 
STARMAN Stellar photometry PADAUDI T PAD auditing 
PHOTOM Aperture photometry PSSMB 

LOG 
EMAIL 
COLDMON 

Postscript print symbiont 
Logical names 
E-mail help 
File use monitoring 

RGASP Galaxy photometry 
PISA Object  Data Copying & Format Conversion 

PSSMB 
LOG 
EMAIL 
COLDMON 

Postscript print symbiont 
Logical names 
E-mail help 
File use monitoring 

Spectroscopy EDFITS  FITS tapes 
WFCSORT Format conversion Programming Support 

FIGARO General FORMCON Format conversion 
SPECDRE General SPAG Fortran code improver 

 General LIBMAINT Library maintenance 
SAM General  Library maintenance 

 Absorption profiles Observation Preparation etc FORCHECK Fortran program checker 
HRTS  high-res telescope STARLSE Language-sensitive editor 

COCO Coordinate conversion GENERIC Generic Fortran routines 
Specific Wavelengths CHART Finding chart TOOLPACK Software tools 

ASTROM  SPT Porting tools 
ASTERIX X-ray RV Radial velocity correction 
SPECX  RPS Submit Rosat proposals 
NOD2 Radio  UCL echelle spectrograph 

 Radio TPOINT Telescope pointing analysis 
APLATE Aperture plate preparation Subroutine Libraries 

Specific Instruments AATGS Guide probe predictions 
FORMLOAD Electronic form filler Astronomical & Mathematical 

CCDPACK CCD OBSERVE Check star observability 
SCP CCD NAG Numerical maths & statistics 
CGS4DR UKIRT 
IRCAM UKIRT 
  

SLALIB 
JPL 
TRANSFORM 

Positional astronomy 
Solar system ephemeris 
Coordinate transformation 

CGS4DR UKIRT 
IRCAM UKIRT 
  

SLALIB 
JPL 
TRANSFORM 

Positional astronomy 
Solar system ephemeris 
Coordinate transformation 

 SMM General Utilities MEMSYS Maximum entropy 
XRP  
IRAS IRAS 
JCMTDR JCMT/UKT14 Document Preparation & Search 

Data Management 

Polarimetry TEX Document typesetting Polarimetry 
LTEX Document typesetting NDF Access NDF objects 

TSP  & Polarimetry DOCFIND Starlink document search HDS Hierarchical data system 
STEVE Starlink EVE editor PRIMDAT Process primitive data 
PSMERGE Merge PostScript files ARY Access ARRAY objects 

General Purpose REF Reference HDS objects 
GRP Object group management 

ASPIC General CHI Catalogue handling 

 General Graphics FITSIO FITS  on disk 

IRAF General  Fortran  

MIDAS General MONGO Interactive plotting 
PONGO Interactive plotting 
IKONPAINT Ikon & X (GWM) to Inkjet Graphics 

Statistics  Quick & dandy plotter 
VSHC Hardcopy of display PGPLOT High-level 

GENSTAT General HONEY Honeywell camera output NCAR/SNX High-level 
CLUSTAN Cluster analysis GKS Low-level 
ASURV Data with upper limits SGS Simple 

GNS Workstation name service 
Device & Data Handling  Graphics database 

Database Management  Image display interface 
TPU Magnetic tape GWM X window manager 

CATPAC Catalogues & tables LZCMP File compression 
SCAR Catalogues TAPECOPY Magnetic tape 
REXEC Relational CDCOPY CDROM 

XDISPLAY X window setup 
Other 

TAPEIO Magnetic tape handling 
Utilities CHR Character handling 

EMS Error message service 
CONVERT Format conversion Mathematical HELP Interactive help system 
TRACE HDS object listing CNF  programming 
SST Simple software tools MAPLE Mathematical manipulation  Posix interface 
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STARLINK DOCUMENTS 
AAOMAIL S36 GRP S150 PONGO S137 
AATGS S6 GWM S130 POST S36 
ADAM  HDS  PRIMDAT S39 

 HELP S124 PSMERGE S164 
 S48 HONEY S72 PSSMB S131 
 M101 HRTS S138  S121 
ALLSTAR M10  S76 QDP S128 
 S103 M2,3 ICL G5 QUOTAS S49 
APLATE S89  S65 M28 REF S31 
ARGSLIB S10  M29,30,31 REXEC S97 M63,64,65 
ARY  IDXTEX M51 RGASP S52, M66 
ASPIC   IKONPAINT S71 RIO S143 
ASTERIX  INTERIM S4 RPS S18 
ASTROM S5 IPCSIN S3 RUNSTAR S4 
ASURV  IRAF M104,105 RV S78 
CATPAC S120 IRAS S60,80,81,82,91 SAM  
CCDPACK S139 S116 SCAR  
CDCOPY S69 IRASLRS S14  S148 
CDS  IRCAM  SGS  
CGS4DR S27 IUEDEARCH S58 SHOWNET S36 
CHART S32  G3,7  SIMBAD M7 
CHI S119  SIMPLEPLOT M107 
CHR S40 JCMTDR S132 SLALIB S67 
CLUSTAN  JPL S87 SNX S90 
 S56 JTMP  12 SPAG S63  
CONVERT S55 KAPPA S95 SPECDRE S140 
CRDD S91 LATEX  SPECX  M69,70 
DAOPHOT S42 M9,10  SPT  
DECWINDOWS M108 LIBMAINT S99 SST S110 
 S50  S8 STARLSE  
DOCFIND S38 LOG S129 STARMAN S141 
DRPLOT S13 LRSEXT S81 STEVE S125,126 
DSCL S74 LTEX S153,154,155 TALK S36 
DVIDIS S9 LZCMP S25 TAPECOPY S47 
DVICAN S9  S84 TAPEIO S21 
DVIPRI S9 MAPLE  M52 TAUCAL  M71 
 S9 MEMCRDD S116 TEX S93 M72,73,126 
DVITOVDU  MEMSYS S117M53 TOOLPACK S75 M74 
ECHWIND S53 METAFONT M79 TPOINT  
EDFITS S43 MONGO  TPU S68 
EDRS  MSG S104 TRACE S102 
EMACS S34 M102 NAG S28 M55,56,57 TRANSFER S36 
EMS S104 M128 TRANSFORM S61 
ERR S104 NAGRAF S29 M58 TSP S66 
ESPS M103 NBS S77 TWODSPEC S16 
FIGARO S16,86M12,13,14 NCAR S88,90 M59 ULDA S20, M75,76 
 S143 NDF S33   
FITS M15 NDPROGS S19 M78 
FITSIO S136M16 NETSHOW S36 VAXNOTES S44 
FORCHECK S73 M17 NETWORK S36 VI  
FORMCON S3 NOD2 S46 M60  S3 
FORMLOAD S22 NOTICEBOARD M106 VMSBACKUP S151 
GDP M62 OBSERVE S146 WFCSORT S62 
GENERIC S7 PAD S36  S9 
GENSTAT  PGPLOT  XDISPLAY S129 

M23,24,25 PHOTOM S45 XRP S159 
GKS  PISA S109 XSPEC M119 
GLOTEX M50 PLT M62 
GNS S57 PLUSFORT M127 

G=SG; S=SUN; ]   


