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Spiegel - A Visualization Framework for Large and Small Scale
Systems

Hans-Peter Bischof, Edward Dale, Tim Peterson

Rochester Institute of Teclmology
102 Lomb Memorial Dr., Rochester, NY 14623

hpb~cs.rit.edu, erd4819~cs.rit.edu, tjp4434~cs.rit.edu

Abstract. Visualization systems allow the visualization of n-dimensional data. In order to do so, the
systems read the data, then convert the data into a phase space, and finally visualize the phase space.
This paper discusses a visualization framework, which allows the creation of visualization systems ranging
from visualizing the behavior of atoms under the influence of temperature to colliding galaxies and the
spread of the plague in 1347 A. D. in Europe. The vis'ualization framework which we present is extensible,
which means a user can easily add new components to the framework and create visualization systems
that could not be anticipated at present time. The paper will give an overview of the framework, and will
be focusing on the graphical programmingLenvironment and the extensibility of it. The last part of the
paper will focus on how a simulation system can interact with the visualization, and for example inform
the visualization system of interesting events.

Key words:: Visualization frame work, pipeline architecture, dense stellar systems

1 Introd uction

Visualization systems play an important role in interpreting vast amounts of data. The simulation run of a
dense stellar system [2] creates simulation data of a size greater than 20 CB. It is virtually impossible to
analyze the dynamic nature of the simulation without having a visualization of the data. Very often the data
is transformed into a different phase space first, which is then visualized. For example it can be of interest
to visualize the mass density distribution [3] of colliding galaxies and not the positions of the individual
particles.

In this paper we will discuss Spiegel. Spiegel is a visualization framework that supports the creation of
specialized visualization systems by combining existing or new tools.

A visualization system is a tool which allows one to visualize data. A visualization framework provides
facilities to program its components in order to create a visualization system. It should be easily extendable
to meet future visualization needs that are not currently supported.

Spiegel is a visualization framework for both large and small scale systems. Figure 1 shows an example
to two different visualizations. The left image shows the protein ID66. The backbone of the protein, which
is the connection made up of a chain of carbon atoms called alpha-carbons, is highlighted. The right image
shows the collision of three galaxies. The big red balls are black holes, the particles of each galaxy is shown
as single pixels in different colors.

In order make a visualization, the following is needed:

Visible attributes of an object. The visible attribute of an protein could be spheres with a color indicating
the kind of atom it is. The spheres would be arranged at the corresponding x, y, z positions in space.
Artificial visible attributes must be created for immaterial attributes like density.
Cameras which can look at the scene, which is constructed of the visible attributes, like the spheres of
a protein. The camera can view any scene that has been created, and therefore it is independent of any
specific visualization scenario.
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Fig. 1. Protein ID66 and Colliding Galaxies

2 Visualization System versus Visualization Framework

There are two general approaches to implementing a visualization system: A very focused and specialized
visualization system, or use of a very general visualization framework.

The general functionality of a visualization system is described in Figure 2. The data is read from an
input strearp, converted into a internal data structure and filtered based on the request of what should be
visualized. The extracted data is then sent to a a module which converts the internal data structure to a
visual representation which will be shown on the screen. User input allows one to change the behavior of the
visualization as far as the visualization system allows.

,
Fig. 2. Schematic of a Visualization System

A focused and specialized visualization system is designed to perform a specific set of tasks. For example,
Xnbody [6] is a very nice tool to visualize a specific set of attributes of stellar simulations, like orbits of
particles. Xnbody becomes useless if the user is interested in the visualization of attributes which Xnbody was
not designed for, like the density of the stellar space using the algorithm described in [3]. Even very minor
modifications are extremely difficult in Xnbody [7]. The same difficulties are faced by the web interface [4]
to NEt-.IO and a VRML approach to visualizing astronomy data [1].

Spiegel is an environment which allows one to create visualization systems. Spiegel provides the functional­
ity to add new components to the existing set of components, allows for connections between the components,
and provides a communication channel between the components .
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3 Spiegel

The Spiegel visualization framework is an environment, or a toolbox, which facilitates creating visualization
systems. A visualization system in Spiegel terms is nothing more or less than a Spiegel program. Spiegel is
written in Java and utilizes Java3D for visual effects.

A component in Spiegel is equivalent to a UnixTMcommand.It can have arguments, like a Unix™command,
but it can have multiple typed in- and out-put streams. The Spiegel programming environment is equivalent
to a UnixTMshellwhich allows to write a shell script. The Spiegel runtime environment is equivalent to the
Unix™OS in which the shell script is executed.

Spiegel is a flexible, programmable visualization framework which uses the Unix™pipeline concept for data
flow. A plugin technology is applied to make the system extensible. Spiegel also includes flight path and movie
making capabilities.

Spiegel's pipeline structure assigns a data type to each input and output stream of each component. Only
matching communication points can be connected. Additionally, an output stream can connect to multiple
input streams and a input stream can connect to multiple output streams, if the respective components allow
it. Each component can be fine-tuned by using component-specific arguments.

The main functionality of Spiegel is defining communication channels between the components of the
visualization system and transmitting the. data from the sending component to the receiving component.
Spiegel ensures that output streams can only be connected with matching input streams.

Spiegel has a graphical programming environment in order to create visualization systems. Using this
environment is one way to create Spiegel programs. The programs are stored as text files, so a standard text
editor can also be used to create a Spiegel program. A Spiegel program is shown in its graphical representation
in Figure 3.

201

File Access

+

Star Extracter

+

Stars

0.0

i
Constant Argument

File Visualizaer

+

Stars3D

I

I

J

Fig. 3. Hello World in Spiegel

In Spiegel pipelines the data flows from left to right. The file component is an argument for the star extracto1·.
The star extractor opens the file specified in the file component, reads the data, and converts the data into
3-dimensional star objects and sends the star objects to the two star cameras. One star camera looks at the
scene from the top, and one camera looks from the side. Figure 4 shows what would be seen on a computer
screen. The constant argument defines the size of the black holes in the visualization. The clock moves the
visualization through time. At each clock tick the star extrador extracts the data for the current simulation
time.

Each Spiegel program has a textual representation. 'Vhen the system starts up, the program is read from
a file. The visualization system then reads additional statements from standard input.




