THE INTERACTIVE ANALYSIS WORKING GROUP FINAL REPORT

K. Leech^1, Otto H. Bauer^2, Diego Cesarsky^4, Helmut Feuchtgruber^2, Carlos Gabriel^1, Ken Ganga^5, Pedro García-Lario^1, Rene Gastaud^6, Gerard Hutchinson^8, Martin Haas^7, Do Kester^2, Ulrich Klaas^7, Steve Lord^5, Patrick Morris^4, Stephan Ott^1, Peter Roelfsema^3, Russell Shipman^3, Sunil Sidher^8 Ekkehard Wieprecht^2

SAI/2000-008/Dc, Version 1.9

August 13, 2001 1 ISO Data Centre, Astrophysics Division, Space Science Department of ESA, Villafranca, P.O. Box 50727, E-28080 Madrid, Spain 2 Max-Planck-Institut fur extraterrestrische Physik, Postfach 1603, D-85740 Garching, Germany 3 SRON, P.O. Box 800, 9700 AV Groningen, The Netherlands 4 Institut d’Astrophysique Spatiale, Universite d’Orsay, F-91405 Orsay, France 5 Caltech, IPAC, Pasadena, CA, USA 6 Service d’Astrophysique, DSM/DAPNIA CEA Saclay, Orme des Merisiers, F-91191 Gif sur Yvettte CEDEX, France 7 Max-Planck-Institut fur Astronomie, Konigstuhl 17, 69117 Heidelberg, Germany 8 RAL, Chilton, Didcot, Oxon OX11 0QX, UK

Document Information

Document: The IA WG Final Report Title: The IA WG Final Report Reference Number: SAI/2000-055/Dc Issue: Version 1.9 Issue Date: August 2001 Authors: K. Leech

Document Change Record

Date Revision Comments Nov 2000 Version 1.0 First Draft May 2001 Version 1.1 Second Draft May 2001 Version 1.2 Third Draft Jul 2001 Version 1.3 Fourth Draft Aug 2001 Version 1.4 Fifth Draft – CIA paper included Aug 2001 Version 1.9 Final Draft – PIA paper included

IA WG Webpage

The IA WG webpage is kept by K. Leech at http://isowww.vilspa.esa.es:1909/ kleech/WG/index.html.

Contents

1 Introduction 5 1.1 Team Members . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1.2 Why have an IA? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1.3 Why have an IA WG? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 1.4 What did the IA WG do? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 1.5 Why have an IA WG Final Report? . . . . . . . . . . . . . . . . . . . . . . . . . 6

2 Questioning the developers 7 2.1 Looking back on IA development . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

3 Recommendations applicable to the Future 8 3.1 Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3.2 Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3.3 Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 3.4 Developers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 3.5 Users . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

A Lessons learned from ISAP 10 A.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 A.2 Summary of ISAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 A.2.1 ENVIRONMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 A.2.2 ARCHITECTURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 A.2.3 PROCESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 A.2.4 PRODUCT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

B Questionnaire sent to other IAs 15 B.1 Was your IA started before or after the Pipeline? . . . . . . . . . . . . . . . . . 15 B.2 Was your IA started before or after the Launch? . . . . . . . . . . . . . . . . . . 15 B.3 What were the Design goals? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 B.4 Did these goals change during the evolution of the IA Package? . . . . . . . . . . 16 B.5 Who was it primarily designed to be used by? . . . . . . . . . . . . . . . . . . . . 17 B.6 Did this change during the evolution? . . . . . . . . . . . . . . . . . . . . . . . . 17 B.7 Which languages were used? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 B.8 Did this change during the evolution? . . . . . . . . . . . . . . . . . . . . . . . . 18

4 CONTENTS

B.9 How many authors were there, what was their distribution, and what was their turnover? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 B.10 What was the final size of the package? . . . . . . . . . . . . . . . . . . . . . . . 19 B.11 How many users does it have? Number of new users per year? . . . . . . . . . . . 19 B.12 How was it maintained and distributed? . . . . . . . . . . . . . . . . . . . . . . . 19 B.13 Was it platform independent? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 B.14 How necessary is it to use the IA’s as opposed to OLP products? . . . . . . . . . 20 B.15 Were there any changes to the package to use archive results? . . . . . . . . . . . 21 B.16 What lessons have you learned? And would you do things differently if you were starting writing it again? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

C ISO Calibration Legacy Conference Papers 23 C.1 SWS Data Analysis Software Systems, E. Wieprecht et al. . . . . . . . . . . . . . 24 C.2 The ISOCAM Interactive Analysis System, S. Ott et al. . . . . . . . . . . . . . . 28 C.3 LIA 10 – The Legacy LIA Package, G. Hutchinson et al. . . . . . . . . . . . . . . 32 C.4 PIA, C. Gabriel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 C.5 SWS COCO. Lessons learned, Rik Huygen et al. . . . . . . . . . . . . . . . . . . 41

Chapter 1

Introduction

1.1 Team Members

The Interactive Analysis (IA) WG members were the following: Helmut Feuchtgruber, Carlos Gabriel, Pedro García-Lario, Rene Gastaud, Gerard Hutchinson, Do Kester, K. Leech (chair), Stephan Ott, Russell Shipman & Ekkehard Wieprecht.

Observers were: Otto H. Bauer, Diego Cesarsky, Ken Ganga, Martin Haas, Ulrich Klaas, Steve Lord, Patrick Morris, Peter Roelfsema & Sunil Sidher.

1.2 Why have an IA?

It is not immediately obvious why an IA system should be developed for a space mission. It costs extra in manpower and there are many astronomical software packages available. Why go to the bother of developing an IA?

There are several reasons why IAs are more than a nice-to-have.

• If you are developing an Off-Line Processing (OLP) system you have to be able to develop the system, try routines out etc. An IA system can be the perfect testbed for such activities. As an example, the Short Wavelength Spectrometer (SWS) IA was primarily designed to help develop the SWS OLP system.

• An IA system is essential when deriving the calibration files that describe the instrument.

• IAs are a flexible approach to data reduction, whereas OLPs are, by definition, not flexible.

An IA system can rely on users knowledge of how to reduce observations affected by rare events that are not worth coding into the OLP system.

• An IA system is essential to perform ad-hoc investigation of instrument anomalies

Furthermore, many of the IA routines can be re-used in OLP software, QLA, RTA as necessary. The added expense in developing the IA system can be minimal and can reduce the time needed to develop OLP.

6 CHAPTER 1. INTRODUCTION

1.3 Why have an IA WG?

The purpose of the IA WG, as set out in its Web page, is to:

• Coordinate the information flow between developers of the different instruments’ IAs. Each team should be aware of what other teams are doing. S/W tools developed by one of the teams should be made available to other teams if they consider it useful.

• Stimulate the implementation of new S/W tools in the four ISO instruments’ IAs.

• Raise the profile of the various IA packages as means to enhance data reduction.

• Investigate communication channels between the IA users and IA developers in both directions.

1.4 What did the IA WG do?

To achieve the purpose the IA WG held four meetings, minutes of which can be seen on the IA WG web pages (internal access only). The IA WG chairman also circulated e-mails concerning problems with IDL, issues to do with upgrading etc. And it produced this final report.

1.5 Why have an IA WG Final Report?

Individual developers have passed on their hard learnt lessons to other space missions. This has been done by moving onto other missions, attending conferences and by writing papers on their IA for the ISO Calibration Legacy Conference. This document attempts to gather many of their recommendations together into one place.

Chapter 2 reports on a questionnaire sent around to all IA developers to see what had been learned. Chapter 3 discusses the lessons learned from the development of the IAs. Appendix A discusses the lessons learned from the development of ISAP, appendix B gives the results of the questionnaire sent round to the IA developers, while appendix C reprints the various papers submitted to the legacy conference.

Chapter 2

Questioning the developers

2.1 Looking back on IA development

Near the end of the development of ISAP (ISO Spectroscopy Package) the developers gathered together to summarise their experiences. Their full paper is listed in Appendix A, while their recommendations are subsumed into the general lessons in section 3.

Similarly, the IA WG chairman distributed a questionnaire to all IA writers to try and capture their experiences. The full results are given in Appendix B, with some general trends apparent. The one general trend that can be gleaned from these answers is that the IAs changed with time. Their prime purpose, their target users and even the programming language used to write them in changed over the mission. Change should be planned for in the sense that you want the systems you develop to be as flexible as possible so as to accommodate change, but none of the developers planned for this.

What is surprising is that the developers did not expect that astronomers would want to use their software for astronomical analysis to the extent they were used. Initially they were written either to calibrate the instruments or to develop software, and only later modified for general astronomical data reduction. Software written to calibrate an instrument is inherently useful for astronomers and it should be expected that they will want to use it. By the end of the Active Archive Phase (AAP), although the OLP data products are good for many observations, a large number of observations have to be processed by the IAs to extract the maximum science. What is also interesting is that none of the IA developers have any real idea how many users their software has. CIA knows sites, and ISAP has a good idea, but it was felt to be a mistake not to keep track of users via some means.

In general the IAs were developed with a small team of people, ranging from 10 to 20, with a larger number of people contributing to a lesser extent. There was considerable turnover for the lessor contributors, with a small core retaining consistency. Despite the small team size, the IAs turned out to be fairly large software projects.

The IAs were started after the OLP pipelines were begun, which was felt to be a mistake. If they are meant to be a means to develop the pipeline they should be started before.

Chapter 3

Recommendations applicable to the Future

Combining the ISAP recommendations with other general recommendations from the IA WG developers produces the following list. Some recommendations appear more than once in different sections.

3.1 Systems

Start developing the system(s) early – 5-6 years before first light.

Hire a project manager to assist in the interaction between scientists and engineers. A scientist alone typically has insufficient time for that.

All routines must be speced and the specs must be used for documentation. Formal test plan and test logs are needed. Use an established configuration control system.

If writing software for more than one instrument, determine where the commonalities lie between the instruments early on in the project.

3.2 Architecture

Use the minimum number of programming languages. The more you have, the more it will cost in terms of manpower and money to support them. Use the same language for any pipelines, RTA, QLA, IA etc. Support the minimum number of systems for the same reasons.

Define the fundamental unit of data or object (e.g. arrays vs. structures) early on and try to stick to it.

Software lives longer and is much more expensive than hardware. Try to make sure the software is as much hardware and platform independent as possible.

3.3. DOCUMENTS 9

3.3 Documents

Establish a software requirements document and enforce its implementation. The URD must be written by the ultimate users – astronomers. The ADD must be written by s/w engineers. Formal test plan and test logs are needed.

Prepare detailed tutorials, user manuals etc for the users.

3.4 Developers

Development teams are usually at different institutes in different countries. Have the development team congregate in one location regularly to do work together (team building). Regularly review of the code for content, style, approach is necessary. Develop close relationship with software vendors (where used), enabling the team to be aware of changes to the commercial software before they’re implemented. URD writers should be astronomers and in close contact with (ideally part of) the instrument team(s).

Use a team with a healthy mixture of scientists and s/w engineers. Remember that people are expensive, computers cheap.

3.5 Users

Ensure you know who your users are. This means that they must register to get the software, and to make this palatable keep registered users aware of what is going on via users communities, newsletters etc.

Develop a viable user community, via such things as meetings, newsletters etc.

Appendix A

Lessons learned from ISAP

A.1 Introduction

Steve Lord, IPAC, for the ISAP Group, June 1999 The following is the report from a three day review conducted at IPAC (June 28-30 1999) by members of the ISAP team, recording “lessons learned” in the development of ISAP, the ISO Spectroscopy Analysis Package.

Purpose of this report is to identify what our team did right and what we did wrong, so as to aid future efforts. Our summary recommendations may be found by looking for entries marked REC:

Participants:

S. Lord, E. Sturm, S. Molinari, I. Khan, J. Brauher, S. Unger, S. Sidher, J. Li, O. Bauer, K. King, D. van Buren.

A.2 Summary of ISAP

ISAP took 5 (real time) years to develop; starting 1.5 years before launch. It required 18 person-years of work - split between designers (40%), testers (20%) and developers (40%). This was a internationally distributed team.

100,000 lines of code were written, including comments. More than half the code lines are non-comments.

The final package consisted of 280 IDL procedures There are 11 major modules - Average, Photometry, Rebin, Arithmetic, Defringe, Blackbody Fitting, Line Fitting, Zodiacal Light Subtraction, Clipping, Smoothing, and Shifting. There are about 30 minor modules, performing less fundamental tasks, and with some assisting major modules.

The package can be run in either a batch (command line) mode or a GUI mode Our user base consists of more than 180 ISO Astronomers - and it is still growing by 20 The package is written solely in IDL code - all ASCII procedures. We developed routines for both scientific analyses and ISO instrument expert routines The package’s most notable virtue is that is provides an efficient way to look at one’s data. During the five years, there were seven releases, all offering major improvements. It received high marks from it’s users in several IPAC surveys.

ISAP Lessons Learned.... A collection of the comments and recommendations of the the ISAP designers, developers, and testers.

Comments were made regarding the good and bad parts of the process and the software. We divided our collective comments into four areas: 1) work environment we were forced to work within, or else chose to work with; 2) decisions made regarding the software architecture; 3) how well our development process worked, and finally, the pros and cons of the software product. All four areas are listed below, with pros, and cons, and recommendations (RECS). A.2.1 ENVIRONMENT PRO -we formed good interpersonal relationships -we were a dedicated, motivated team of stakeholders -we held useful engineering workshops (”hacks”) -our product is supported under UNIX and VMS -we were assisted by good external process reviews -we started with and stuck to a good directory structure CON -IDL changed under our feet. (An especially hard setback for our team was the upgrade from IDL v. 3.6 to IDL v 4.00.) -ISO pipelines changed -the ISO data understanding changed -we had a severe lack of realistic testdata before development began -the distributed software needed implementation on many different window environments -we were understaffed -we experienced some personnel turnover -the data always lacked true error bars, -the combined UNIX and VMS version maintenance was difficult -the data always lacked true error bars, -we lived with complicated ISO politics (LIA, OSIA vs. ISAP) -our schedule was driven by external factors: -other packages -user community needs - propriety data periods expiring REC:

-Have international development team congregate in one location regularly to do work together (team building).

-Hire a project manager assist in the interaction between scientists and engineers. A scientist alone typically has not sufficient time for that.

-Establish a software requirements document and enforce its implementation

-Regular review of the code for content, style, approach is necessary. -Develop close relationship with software vendors. (Predict change.) -Designers should be astronomers and should be in close contact with (ideally part of) the instrument team(s).

-Define commonality between instruments early on in the project. A.2.2 ARCHITECTURE PRO -We established routines that supported both GUI and command lines -we used no binary files -ISAP was coded in pure IDL -It is easy to add command line routines to the product -We established connectivity with the other interactive spectroscopy packages: LIA and OSIA -we were efficient in using commonly shared modules (e.g., CW DRAW) -we captured IDL’s astrolib and made a static and internal version of it. -we found common routines for LWS and SWS -we required procedures with standard headers (finally). -the GUI provided flexibility and multiple routes to access software tools -we made sure that the user could alternate between command line and GUI modes -IDL modules interlaced data processing and graphics in one file. CON -our’s was a changing architectural design -we mixed of modal and non-modal widgets - adding to inefficiency -the software architecture was such that it is not easy to add GUI routines -compatibility with command line (especially SWS IA) necessitated complex structures REC:

-Significant development effort could be saved by not requiring all routines to be callable from a central GUI. I.e., have no central GUI.

It is easier to develop command line routines which provide a GUI when called (the ”OSIA/LIA mode”). Some convenience is lost for the user, though. -Define the fundamental unit of data or object (e.g. arrays vs. structures) early on and try to stick to it.

A.2.3 PROCESS PRO -we had an efficient production of code -algorithms were designed by instruments experts -we responded to ISO community -we responded to Instrument Teams -we learned development techniques (formal specs etc.) -we had initial design manual -we had good version control -we found hosting workshops gave good feedback CON -we started way too late -we formed changing specs -we suffered at times poor code ownership control -we had a lack of code development strategy to apply to all developers -we forgot our programming rules -testing was never a formal process -we were short-staffed we used user community as beta tester -we had continual redesign of modules -we developed too quickly -our astronomer algorithm designers had erratic schedules -we didn’t reuse specs for documentation -we often started coding without hard specs -we lacked a ”look and feel” manager (style review) -our contact to RSI not close enough REC:

-start early - 5-6 years before first light.

-all routines must be speced and the specs must be used for documentation -formal test plan and test logs are needed -use established configuration control system

A.2.4 PRODUCT PRO -ISAP contains advanced science tools -ISAP is versatile -it is an expert LWS/SWS system -ISAP has functional depth -ISAP transfers expert knowledge to user -ISAP is easy to use -ISAP is easy to distribute -Documentation and download have easy web access -we wrote detailed, useful tutorials -the code has potential for other missions (algorithms at least) -it’s very interactive -it’s use is intuitive -All ISAP routines have good documentation (at last) -All ISAP routines have documentation on the web -ISAP has some important platform independence CON -our RSI stability dependence was not predictable -the whole package use is based on a difficult conceptual model (especially memory usage and diversely located functionalities -final code shows inconsistent programming styles -some code has insufficient internal commenting -use of product’s memory access too complicated -to merge S/LWS - we have data tags with dual meanings (e.g., LINES) -we gave late documentation -the software’s pop-up show inconsistent button conventions -some modules are way too large REC:

-prepare detailed graphical tutorials -this type of product should be planned to be made available for future missions

Appendix B

Questionnaire sent to other IAs

In order to canvass for views on the development of the other IAs, questions were sent around to the other IA writers. The views of the IRSKY developers was also canvassed, as this program was used heavily in the planning of ISO Observations. The questions were directed at, and answered by, the following people: OSIA Ekkehard Wieprecht, Kieron Leech LIA Sunil Sidher, Gerard Hutchinson CIA Stephan Ott PIA Carlos Gabriel ISAP & IRSKY Steve Lord

The questions were as follows:

B.1 Was your IA started before or after the Pipeline?

OSIA IA, separate from OSIA, was started after the pipeline. This, however, was a mistake. We should have developed PIPELINE within IA.

LIA After

CIA After the programming for the first pipeline steps (tdf-first-scan, derive-erd and derivespd), but before the final pipeline processing step (auto-analysis) was begun.

PIA After. First prototype begin of 1994 - Arch. Design April 94 - Coding begin in June 94 (on IDL 3.6)

ISAP It was started in RAL at the same time.

IRSKY This was conceived and written (1st version) over 3 years before launch of ISO.

B.2 Was your IA started before or after the Launch?

OSIA IA was started before launch, but OSIA (designed primarily for the general user) was only started after the end of the mission. This was far too late.

LIA After.

CIA Before.

PIA Before. See above.

ISAP Before by 1 year.

IRSKY Before. See above.

B.3 What were the Design goals?

OSIA Initially IA was designed to test the pipeline and to calibrate SWS.

LIA The software allows LWS data users to inspect the quality of the pipeline produced data, to resolve some of the specific problems encountered (e.g. glitching, dark currents, detector responsivity drift) which were not initially resolved by the pipeline in a satisfactory manner.

CIA The design goals were that CIA should be able to be used to: calibrate ISOCAM; monitor the health of ISOCAM; perform any sort of investigation requested for problem diagnostics; debug, validate and refine the off-line processing system for ISOCAM; assess the quality of ISOCAM off-line processing products; and perform the astronomical data processing of ISOCAM data.

PIA From the very beginning there was a strong accent in developing a calibration tool, to be used later for interactive scientific analysis. Therefore user friendliness (eg. GUI, but also flat treatment of the ISOPHOT data from different sub-instruments, ’external’ documentation, etc) was written with capital letters.

ISAP Originally for the LWS IDT to try out pipeline ideas during PV phase.

IRSKY To offer an observation planning tool that allowed the user to see the infrared sky in a region, see what other observations had been made in a region and also give expert knowledge about the instrument’s view of the sky-pixels, apertures, rasters. The background and confusion estimators were tuned to the parameters of the observatory.

B.4 Did these goals change during the evolution of the IA Package?

OSIA Yes. In the end it turned into a general purpose data reduction package.

LIA Yes. The ultimate goal of LIA became the following: Software which allows LWS data users to inspect the quality of the pipeline produced data, to use different data reduction algorithms from the defaults and to optimally calibrate their data interactively to produce high quality data.

CIA Yes. A new requirement that CIA should be able to run under additional platforms (Solaris, DEC Unix, Linux, HP/UX) was introduced. And as expected, over time the emphasis shifted to astronomical data processing.

PIA Not much. However, the horizon was a bit expanded with the confirmation of the absolute necessity of the package for general scientific analysis, due to the strong limitations of the pipeline / default calibration outcome.

ISAP It became the standard post pipeline reduction tool for LWS data (and to some extent SWS).

B.5. WHO WAS IT PRIMARILY DESIGNED TO BE USED BY? 17

IRSKY Not really; more was added as we discovered we could do it - Hubble Guide Stars, Object Visibility, Objects already proposed, eventually another mission: SIRTF

B.5 Who was it primarily designed to be used by?

OSIA Pipeline developers and calibration specialists.

LIA Specific LWS data users working closely in collaboration with expert user(s) who wrote LIA at IPAC or RAL.

CIA Calibration scientists and astronomers. PIA Both calibration experts and general observers. ISAP Initially the LWS IDT.

IRSKY Observers, planning their AOTs.

B.6 Did this change during the evolution?

OSIA Yes. Initially IA was aimed at the calibration specialists and pipeline developers. Then it was found that astronomers were using it for data reduction, so OSIA was released with them primarily in mind.

LIA Yes. The software became more accessible to the general user with a wider range of more flexible routines becoming available.

CIA In principle, no. But the ratio of calibration scientists to astronomers changed dramatically: from 10:5 to 0:100.

PIA No, although the accent changed. In the beginning the main calibration needs were covered. During the evolution the package development was more and more driven by general user’s requirements. This was, however, foreseen from the very beginning.

ISAP Yes, to all ISO spectroscopic observers.

IRSKY No. But it proved useful for other projects - at other telescopes, and just looking at the sky for planning of other missions, etc..

B.7 Which languages were used?

OSIA Initially IA was supposed to Fortran code running under Midas, and was prototyped as such.

LIA IDL. Some pipeline FORTRAN code was converted into IDL. CIA IDL, Fortran, C, C++. PIA Exclusively IDL.

ISAP All ASCII IDL procedures.

IRSKY Originally a Widget Language called JAM, and then it was translated into Motif - in C.

Some FORTRAN subroutines were tacked on as well.

B.8 Did this change during the evolution?

OSIA Yes. Before launch the use of Midas was rejected in favour of IDL. In IDL we connected the FORTRAN pipeline modules as shared libraries. Much later in the mission we recoded all of the pipeline in IDL. From OLP 9.0 on our complete pipeline was in the same language as IA.

LIA No. IDL remained the language used.

CIA C and C++ code was introduced for CPU intensive processing. The original idea to run Auto-Analysis within CIA was abandoned, as the IDL call external was not stable.

PIA No.

ISAP No.

IRSKY Yes - see above.

B.9 How many authors were there, what was their distribution, and what was their turnover?

OSIA It had about twenty authors spread between Holland, Germany, Belgium and Spain. The core development team stayed fairly stable throughout development. These twenty were a mix of scientists and software engineers. Best progress was made when developers were co-located.

LIA There have been a large number of different authors. There have been about a dozen main contributors: Sidher, Swinyard, Lloyd, Unger, Molinari, Lord, Brauher, Hutchinson, Chan, Khan, Harwood, Leeks. There were two main centres working in collaboration: RAL and IPAC.

There was quite a significant staff turnover in most cases. Only Sidher and Lord have remained closely associated with LIA throughout. On average an individual would have made a significant contribution for approx. 18 - 24 months.

CIA Around 10 major contributors, and around 40 less involved contributors. The core contributors continued to develop CIA during the whole mission.

PIA The team was composed of up to 5 people. In average 3 persons built the team. The average FTE was 2. The total number was 8. 70% was done by ESA (including team direction), 30% by PI and in the late stage IPAC provided people. Continuity was assured by the ESA personnel (from the very beginning to the end of the development: April 1994- December 2000), average time of PI/IPAC provided collaborators was 2 years (min=1 year; max=3 years).

ISAP See Appendix A for a discussion of this point.

IRSKY There were about 8. One person did the user interface which was a major component.

Others has a 1-3 year role. There was high turnover.

B.10. WHAT WAS THE FINAL SIZE OF THE PACKAGE? 19

B.10 What was the final size of the package?

OSIA Approximately 1000 modules and 280000 lines of code (with comments).

LIA There are about 14 main routines with a larger number of associated subroutines. Most of the routines have several options and so the typical user should not need to use more than a few routines on a single dataset.

The next version(s) of LIA, will add about 8 new routines, so it is anticipated that LIA will eventually comprise of a suite of about 20 separate main routines.

CIA The grand total of the whole system, including configuration control files and test-files, comprises 18000 files and 2.4 GB. The delivered version (including documentation and calibration files) is only 3700 files and 160 MB. PIA ISAP 390 IDL procedures.

IRSKY 23,000 lines of original code - maybe 20% more. 2 MB for the binary object

B.11 How many users does it have? Number of new users per year?

OSIA We do not know. One of our mistakes was not to evaluate the users.

LIA 94 registered users to date. An average of around 27 per year, but probably more than this during the first 12 - 18 months of release. The exact yearly figures are not known.

CIA Difficult to guess, as we only keep track of the site where CIA is installed. Currently this is above 80. Around news 20 sites register per year.

PIA No firm numbers here. No users registration. My estimation: peak by 200-400, with about 50 strong users.

ISAP It has 230 users, with approximately 20 new users per year.

IRSKY Tough question - I wild guess would be 500 in the US, several hundred in Europe

B.12 How was it maintained and distributed?

OSIA It is maintained using CoCo, a configuration control system that locks modules being modified, distributes changes and ensures all sites remain up to date.

LIA Initially maintained jointly by IPAC and RAL, and released by IPAC. More recently, maintained and released by RAL, available via the UK ISO Data Centre website, with a US mirror site at IPAC.

CIA Development and maintainance was led by ESA and was a collaborative effort involving SAp, IPAC and IAS. The VMS development version is mirrored between SAp, VilSpa and IAS. The monthly Unix version is available for development sites via FTP. The annually released version can be downloaded from VilSpa via FTP.

PIA Maintained by the development team. Strict configuration control only in the beginning of the development (many developers + fast and deep changing S/W). Afterwards (during the ISO mission) configuration control by the maintenance of a central repository and “development” areas. “Acceptance” mechanisms in the hands of the team leader.

PIA was distributed as compiled package in tarfile through the web: PIA homepage. Documentation (html system + TeX documentation) also distributed through the homepage.

ISAP Downloaded from IPAC and RAL by FTP.

IRSKY A team maintained it with three prime people - an Astronomer, and two programmers with expert knowledge

B.13 Was it platform independent?

OSIA Initially it was designed to run under UNIX and VMS. Later we decided to support Linux, but not WINDOWS.

LIA No. It was initially written in IDL to run under VAX/VMS and had to be ported onto Unix IDL early on.

CIA It runs under VMS/Alpha, Solaris, DEC Unix, HP/UX and Linux.

PIA Up to 1996 Unix and VMS - VMS special support was ended mid 1996 (after confirmation of no need by the main PIA user’s community). From then only Unix (all flavours since pure IDL).

ISAP Yes, it has worked on VMS and UNIX.

IRSKY It was portable to Sun OS, Solaris, Linux, UNIX

B.14 How necessary is it to use the IA’s as opposed to OLP products?

OSIA In most cases IA products are preferable to OLP products.

LIA Most of the LWS problems have now been resolved by the off-line pipeline processing. But some types of data still (and will) have to be processed using LIA, e.g. L03, fringed data, debiased data.

Use of LIA is a preferred option for improving the dark current removal and the absolute responsivity correction.

Use of LIA is essential for resolving instrument problems affecting off-axis and extended sources (fringing), faint sources, bright sources (debiased observations) and unvalidated L03 FP data.

CIA This strongly depends on the type of observation. In most cases, for staring observations, OLP can be used directly. The same is valid for non-faint raster observations or CVFs with 1.5 and 3” PFOV, for which distortion effects are negligible.

PIA Indispensable. Main reason is given by the complexity of instrument and calibration.

ISAP In general yes.

IRSKY NA

B.15. WERE THERE ANY CHANGES TO THE PACKAGE TO USE ARCHIVE RESULTS?21

B.15 Were there any changes to the package to use archive results?

OSIA No.

LIA No.

CIA CIA was modified to cope with changed product definitions (e.g. corrected pointing vs standard (filtered) pointing).

PIA No.

ISAP Yes, it uses survey products.

IRSKY After the mission, we used the total Obs log to show what had been observed

B.16 What lessons have you learned? And would you do things differently if you were starting writing it again?

OSIA See legacy paper.

LIA 1. LIA routines should have been made available earlier, and such a need for interactive tools recognised during planning of the off-line processing pipeline, so that the same data reduction algorithms can be used in both.

2. LIA and OLP code should be written in the same language so that there is no need to convert code, i.e. no need for FORTRAN−− > IDL 3. Code should also be platform independent, i.e no need for VAX/VMX−− > Unix 4. The data format to be read by the software should be a standard, widely recognised format i.e. no need for MCFITS −− > FITS 5. Involve the data users more directly when data becomes available so that user designed tools can be included.

CIA 1. Start early

2. Review requirements and classify them from really needed to unrealistic dreams. 3. Keep it simple.

4. Have a healthy mix of s/w engineers and astronomers. 6. Have enough manpower to keep headers and documentation up-to-date. 7. Try to avoid ”doublons” — routines coded by different persons, which perform essentially the same job .

8. Enforce the same naming conventions and layout for all high-level routines. 9. Think about distribution mechanisms between development sites early. 10. Colocation during the definition/early development phase and frequent workshops are essential.

PIA First question: Too difficult to be answered by a questionnaire See papers published on PIA (specially on lessons learned).

Second question: If under the conditions of 1994 I wouldn’t do it too differently. There are things on which I would put a stronger accent (eg. internal documentation). I would also implement some slightly different technical solutions in aspects of the data organization.

ISAP See Appendix A for a list of these.

IRSKY This, for example would never run on a PC. A choice of JAVA would be the modern decision. Interprocess communication had to be done by hand which was time consuming.

We used lessons from earlier mission - imbedded debugging printout was built in. An experienced developer knew how to write in a machine-independent manner.

Appendix C

ISO Calibration Legacy Conference Papers

The Calibration Legacy Conference, held at between 5 and 9 February 2001 at the ISO Data Centre, ESA-VILSPA, Spain, was a time when all developers presented papers on their IA packages. Their papers describe the IA systems themselves, cover the IA writers experiences, problems, successes etc, and will hopefully guide developers of other software packages. Also published is another paper on topics related to IAs.

These papers, published in ESA-SP 481, are also included as part of this report. The following papers are reprinted.

OSIA: The ISO SWS Data Analysis Software Systems, Ekkehard Wieprecht, et al. CIA: The ISOCAM Interactive Analysis System CIA, Stephan Ott, et al. LIA: LIA 10 – The Legacy LWS Interactive Analysis Package, Gerard Hutchinson, et al. PIA: Development and distribution of data analysis tools: the ISOPHOT Interactive Analysis case, Carlos Gabriel COCO: SWS COCO. Lessons learned about distributed multi-platform software development and configuration control, Rik Huygen, et al.

C.1 SWS Data Analysis Software Systems, E. Wieprecht et al.

Figure C.1: The OSIA paper page 1.

Figure C.2: The OSIA paper page 2.

Figure C.3: The OSIA paper page 3.

Figure C.4: The OSIA paper page 4.

C.2 The ISOCAM Interactive Analysis System, S. Ott et al.

Figure C.5: The CIA paper page 1.

Figure C.6: The CIA paper page 2.

Figure C.7: The CIA paper page 3.

Figure C.8: The CIA paper page 4.

C.3 LIA 10 – The Legacy LIA Package, G. Hutchinson et al.

Figure C.9: The LIA paper page 1.

Figure C.10: The LIA paper page 2.

Figure C.11: The LIA paper page 3.

Figure C.12: The LIA paper page 4.

C.4 PIA, C. Gabriel

Figure C.13: The PIA paper page 1.

Figure C.14: The PIA paper page 2.

Figure C.15: The PIA paper page 3.

Figure C.16: The PIA paper page 4.

Figure C.17: The PIA paper page 5.

C.5 SWS COCO. Lessons learned, Rik Huygen et al.

Figure C.18: The COCO paper page 1.

Figure C.19: The COCO paper page 2.

Figure C.20: The COCO paper page 3.