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“The obsolescence of an implementation must be measured against
other existing implementations, not against unrealized concepts”.

Brooks, 1975; p.9.

SUMMARY

An interactive, integrated software and hardware computer
system for the reduction and analysis of astronomical images is
described. After a short historical introduction, some examples of
the astronomical data currently handled by the system are shown,
followed by a description of the present hardware and software
structure. The system is then further illustrated by describing its
appearance to the user, to the applications programmer, and to the
system manager. Finally, some quantitative information on the size
and cost of the system is given, and its good and bad features are

discussed.
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I. INTRODUCTION

In this paper we describe the current state of an image pro-
cessing system which has been under continuous development since
1971. This system was originally installed as a single interactive
program in a PDP-9 computer with a single-user operating system and
modest hardware resources, as described previously by Ekers, Allen,
and Luyten (1973). The next version ran as a single program in a
time-sharing CDC 6600 computer during the period 1976-78. The pre-—
sent version, commonly known by the acronym GIPSY, is an organized
set of independent, interactive programs which runs in a PDP 11/70
computer with advanced image display facilities and a multi-user,
multi-tasking operating system.

The design and development of GIPSY has been strongly driven
by the needs of its users, and it is the users themselves who con-
tinue to add most of the new software to the system. Details of the
investment in manpower and of the current size of the system are
given later in this paper; a summary can also be found in the paper
by Allen and Ekers elsewhere in this volume.

Many aspects of GIPSY software architecture have influenced
the designers of newer systems. The original STARLINK project mana-
gers decided to include a number of GIPSY features into the defini-
tion of their first-generation "software environment” in 1980 (SGP
/7). The major new element in their design was to take specific
advantage of the facilities offered by the VMS operating system in
the VAX computers used on STARLINK. Although this plan was largely
abandoned in 1981 in favour of a new scheme (sGP/18.1), several
other groups had already begun the design of systems based on the
first-generation STARLINK software environment. In this indirect
way, GIPSY has had an effect on MIDAS and FIPS (both described in
this volume). Also, the development of PANDORA (Simkin, Bosma,
Pickles, Quinn, and Warne 1983) at Mount Stromlo in Australia grew
out of an early version of GIPSY installed there in 1979.

At the start in 1971, application programs written by the
users for GIPSY concentrated on the analysis of two-dimensional
radio astronomy map data obtained from the Westerbork Synthesis
Radio Telescope (WSRT). With the advent of spectroscopy at the
WSRT, the architecture and application programs were expanded be-
ginning around 1976 in order to allow processing three—dimensional
data. Presently, the users of GIPSY analyse observations made with
a variety of radio, infrared, and optical detection systems. Some
examples of the kinds of data currently being processed are given
in section II.

Our description of GIPSY will follow the general scheme sug—
gested by Allen elsewhere in this volume. Section III describes the
current hardware and software structure of the system. Section IV



discusses the appearance of GIPSY to the user, to the programmer,
and to the system manager. Fimally, in section V we present some
statistics about the system and comment on its good and bad fea-
tures.

II. SOME EXAMPLES OF ASTRONOMICAL DATA

In our paper describing the first generation system (Ekers et
al. 1973), we showed a number of examples of the radio continuum
aperture sythesis data which was being analysed at that time. Six
years later, multiple-image radio astronomy data sets were being
accomodated in GIPSY, and methods of displaying such enormous quan-—
tities of data were being explored (Allen, 1979b). Presently, mul-
tiple-image optical data cubes and infrared observations are also
routinely analysed.

We have chosen a few recent examples from current research
programs; for the most part these results have not yet been shown
elsewhere. Figure 1 illustrates a multiple-image optical data cube,
and Figure 2 shows the results of some analysis on that data. Fig-
ures 3 and 4 have been obtained by a similar analysis of a radio
data cube. Finally, Figures 5 and 6 show exaples of radio and in-
frared continuum maps.

IIT. IMPLEMENTATIONS

13 Hardware Configuration

The configuration of computer hardware in which the present
version of GIPSY is implemented in Groningen is shown in Figure 7.
The host computer and its standard peripherals are provided by the
Groningen University Computer Center as a general facility to the
university research community. Astronomical image processing is the
major activity, but the computer is also used by several other
groups. For image processing and display, three additional devices
are also connected as peripherals to the host computer. The func-
tion of these devices is described below.

Image Computer and Display. This consists of a commercially-
available device® to which a few minor local modifications have
been made. It is used for the manipulation and display of digital
images in a variety of sizes and data formats. The internal orga-
nization consists of six image memories of 512 x 512 B-bit bytes,
but these memories can be re-configured for multiple-byte words and
for larger or smaller images. Besides the standard display (e.g.

a. Model 70E, International Imaging Systems, 1500 Buckeye Drive,
Milpitas, CA 95035.



Fig. 1 Portions of a seeing-limited data cube of optical HB line
emission from a central 5.5 arc minute field on the south-
ern spiral galaxy M83 = NGC 5236, as observed with the
TAURUS imaging Fabry~Perot spectrometer and the Image Pho-
ton Counting System detector on the Anglo—Australian Teles-
cope. The full data cube is 256 x 256 pixels x 98 channels.
The channels selected for this mosaic have a velocity width
of about 27 km s~! and are separated by 20.7 km s~ ), be-
ginning at 670 km s~! in the upper left corner, and de-
creasing to 360 km s7l at the lower right. The continuum
emission has been estimated from channels outside the range
of the HB line and subtracted from each remaining channel;
however, owing partly to intrumental effects, the bright
nucleus of the galaxy remains visible just to the north of
the center on each channel map. From unpublished work by
R.P.J. Tilanus; see also Allen, Atherton, and Tilanus (1985).



Fig. 2 1Image of the total HBP emission of M83, obtained from the
data cube illustrated in Figure 1 by computing the zero
moment along the velocity axis at each pixel position. The
gray scale along the bottom of the figure indicates the
total number of photons detected per 1.3 x 1.3 arcsecond
pixel. From unpublished work by R.P.J. Tilanus.






