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Conclusions 

The methods presented in this thesis provide a set of tools and open novel possibilities 
for interactive visualization. Tools have been provided for distributed data manage
ment in a computational steering environment, the development of portable virtual 
reality applications, and a new method for representing graphs as continuous fields. 
Two issues have been addressed in this thesis. These were: 

• How can the application of interactive visualization result in a more effective 
modeling, computation and analysis cycle? 

• How can the development costs of interactive visualization applications be low
ered? 

Interaction has been the driving force behind these visualization methods. The assump
tion is that direct control can improve the scientist's insight in the relations between 
input parameters and output results. This assumption has been studied by applying the 
interactive tools to three applications. For each application it was shown that a scientist 
could pose questions which would be inconceivable in a non-interactive computation: 

• The smog application presented in Chapter 4 was done with a scientist that de
veloped the numerical techniques for solving the underlying transport equations 
in a four layer model. In a non-interactive environment, the scientist could spec
ify only the boundary conditions and run the computation for a number of time 
steps. In the interactive environment, the scientist could mutate the emission, 
meteorological and geographical conditions at any time step. This can not be 
achieved in a non-interactive environment since it is inconceivable to perceive 
these scenarios in advance. 

In addition, the interactive environment provided a visual debugger for the devel
opment of the numerical techniques. By analyzing the scenario, the developer 
was able to debug and improve the conditions for the adaptive grids and test 
these conditions in various scenarios. 

• The Fekete application presented in Chapter 7 was done with two mathemati
cians that modeled and solved the underlying complex problem. In a non-
interactive environment, they could specify only the initial conditions and run 
the computation for a number of time steps. The output could be used only to 
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analyze the convergence properties of the solution method. In the interactive 
environment, the mathematicians could analyze the dynamics of Fekete point 
configurations by monitoring the solution process and analyze the stability of 
a configuration by directly perturbing it. Moreover, special purpose visualiza
tion techniques (snap dragging and moonscapes) allowed global and local energy 
landscapes to be plotted. Virtual reality was experienced to be a natural interface 
for the visualization and precise interaction of point configurations. 

• The feature space visualization in Chapter 9 was done with a developer of image 
features. In a non-interactive environment, multidimensional scaling can be used 
to project the high-dimensional space onto a lower dimensional space. The pro
jection can be used to display a number of images in a way that allows the user 
to see at glance the commonalities of the image set. In an interactive environ
ment, the developer can interactively scale a feature allowing the effectiveness 
of a feature in a particular context to be analyzed. 

This application illustrates situations in which the feature developer can do a 
better job of directing search than any pre-programmed algorithm. 

A number of software engineering lessons have been learned when developing inter
active visualization tools: 

• 

• 

Both the CSE and PVR are based on event-driven programming models. Event 
driven models can simplify the programmer's task because these models can 
decouple the coordination and management of multiple event streams from ac
tual data processing. Programmers need only provide actions associated with an 
event and the run time system manages the control flow of events. 

The CSE and PVR environments use event driven models in different ways. 
Events in the CSE denote data mutations in the blackboard. Satellites can only 
write to a variable, and are not aware of other satellites that are subscribed to 
the variable mutation. The blackboard is responsible to dispatch the event to 
satellites. Events in PVR denote a state change in a process. Processes can 
only send an event to the PVR bus, and are not aware of other processes that are 
subscribed to the event. The bus is responsible to dispatch the event to processes. 

Tools should allow for rapid integration of existing scientific codes. Rapid inte
gration is crucial particularly in the early development stages of the simulation 
and when user wishes to experiment with various aspects of the simulation. For 
example, when uncertainties exist if the problem is modeled detailed enough, 
when it is not yet known if the correct numerical methods were chosen, and 
when many parameters have still to be tuned. 

Integration has been addressed in the CSE by providing application program
mer interfaces that are easy to use and flexible mappings between the data used 
and stored in the simulation and the data used and stored by the visualization 
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tools. Integration has been addressed in PVR in two ways. First, by provid
ing the application programmer with simple mappings between the application 
workspace, standard workspace and device workspaces. Second, by providing 
an abstract device model which shields specific low-level device specific details. 




