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Abstract. A key online and o�ine software component of the Sloan
Digital Sky Survey (SDSS) is Shiva. Shiva provides a readily extendible
framework upon which the SDSS data reduction pipeline software is built.
In this paper we present an introduction to the Shiva data analysis frame-
work. We brie
y discuss the features and the inherent prototyping and
rapid development capabilities that make Shiva an integral part in the
on-going development of SDSS software.

1. SDSS Introduction

The Sloan Digital Sky Survey2 (SDSS) is an astrophysics project to map � stera-
dians of the northern galactic hemisphere. The survey will utilize a dedicated
2.5 meter telescope at the Apache Point Observatory in New Mexico to take
tens of terabytes of imaging data and spectroscopic data. SDSS collaborators
include the Fermi National Accelerator Laboratory, the Institute for Advanced
Study, the Japan Promotion Group, The Johns Hopkins University, Princeton
University, the United States Naval Observatory, the University of Chicago, and
the University of Washington.

2. Shiva Introduction

Since software development for the SDSS would be conducted by a variety of
scienti�c programmers throughout the collaboration, the goal of providing a low-
level \building-block" software toolkit was initiated at the projects onset. The
culmination of this e�ort was the Shiva (Survey Human Interface and Visual-
ization Application) product. The intent of Shiva was to supply a set of tools
useful to astronomical programmers, packaged in a readily extendible frame-
work. Additionally, Shiva was meant to isolate developers from such mundane

1Sponsored by DOE Contract DE-AC02-76CH03000.
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programming tasks as I/O, error reporting, and memory management, allow-
ing them to concentrate on the science at hand. Shiva's ANSI-C based core is
the foundation for each of the survey's data reduction pipelines (astrometric,
photometric, spectroscopic, etc.).

3. Integrated Products

To avoid duplication of e�ort and reduce software development costs, Shiva
was integrated with existing software products obtained from independent insti-
tutions. For instance, Shiva's user interface is provided through Tcl/Tk/TclX,
while SAOimage allows displaying of FITS image data, PGPLOT supplies graph-
ical plotting capabilities, and LIBFITS is used for FITS I/O. Although these
products were extended to interface with the Shiva environment, attempts were
made to minimize and isolate changes. This permits future releases of the orig-
inal products to be installed without signi�cant disruption.

4. Main Shiva Features

4.1. Prototyping and Expandability

Through Shiva's Tcl/Tk based user interface, and the interpretive and scripting
capabilities it a�ords, users can easily make additions, test, and debug new ideas
at run-time, without the need for changes to the underlying Shiva framework.
If certain prototypes prove useful, they may remain as Tcl code or be converted
to C code for more time-critical applications.

This ability to easily migrate from Tcl to C code is facilitated by the re-
dundancy of the Shiva toolkit - both Tcl and C callable routines are available
for most basic functions. This was achieved by simply providing Tcl wrappers
around all (ANSI-C) user callable functions of Shiva.

4.2. Data Object Management

With Shiva, built-in utilities are available to assist in the creation, manipulation,
and management of a variety of pre-de�ned data object types. For example,
FITS images can be read into objects known as \regions" and then operated
upon as complete objects (arithmetic region adds, comparisons, etc.) or modi�ed
individually (alteration of individual pixel values).

In addition to the ability to provide custom manipulation utilities for pre-
de�ned objects, users can declare their own object types and include associated
support software. The objects themselves are analogous to C-style data struc-
tures and therefore are not limited to just simple types, but may include more
complex types, such as pointers. Like other primary functions in Shiva, object
de�nition and management can take place from both the C and Tcl levels.

For more common object operations, Shiva contains a suite of generic sup-
port routines. For instance, \chain" utilities can be used to maintain linked-lists
of objects. Other utilities allow objects to be saved to/restored from FITS �les.
Shiva also has the ability to \dump" all current objects to disk.
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4.3. Image Displaying

Shiva's image display capabilities are furnished through SAOimage. From Shiva,
users can perform basic control functions such as spawning SAOimage processes
and supplying image data to be displayed or redrawn.

The communication interface between Shiva and SAOimage supports a
number of capabilities, including the ability to assign user-speci�ed C/Tcl rou-
tines to mouse buttons so that further analysis can be conducted based on
where/when a mouse event occurs in SAOimage. Basic geometric shapes (nor-
mally drawn interactively through SAOimage), can also be speci�ed remotely
through Shiva, while the display mask feature permits colored bit planes to be
overlayed on existing images.

4.4. Miscellaneous Features

Shiva has a built-in memory manager, which helps increase e�ciency of memory
utilization and provides utilities to assist in determining memory requirements
for the various pipelines. Other components of Shiva support histogramming
and mathematical operations on 
oating point values and arrays, while plotting
of results can be accomplished through the PGPLOT interface.

In short, Shiva consists of numerous features and components, many of
which are particular to the needs of the survey and are beyond the scope of this
paper. Shiva also derives numerous bene�ts from the products it incorporates.

5. Conclusion

Shiva has been successful in its role as an extensible framework as it's been
readily accepted by astronomers for the construction of the pipeline software.
Naturally, the acceptance of Shiva has also helped regulate survey software qual-
ity, as all low level functionality is conducted through Shiva instead of through
independent means.

Throughout the development process, and continuing today, the input and
ideas of the end-users have easily been incorporated into the mainline. So far,
Shiva has already been used to successfully reduce test data and is envisioned
to continue as an integral part in the on-going development of SDSS software.
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