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Dark Matter Simulation Neurons



Effective visualization is the bridge between 
quantitative information and human intuition 

Man cannot understand without images 
Aristotle, De Memoria et Reminiscentia 

You can observe a lot just by watching 
Yogi Berra, an American philosopher 



p6

p5p1

p4

p2

p3

Example: Visualizing Parameter Spaces 
Measured or derived physical parameters of objects form a 

multi-dimensional parameter space, with clustering, 
correlations, outliers, etc. 

But what if 
D >> 3 ? 





Key Challenge: Visualizing Complexity 
•  Hyperdimensional structures (clusters, correlations, etc.) 

are likely present in many complex data sets, whose 
dimensionality is commonly in the range of D ~ 102 - 104, 
and will surely grow 

•  It is not only the matter of data understanding, but also of 
choosing the appropriate data mining                     . 
algorithms, and interpreting the results 

•  We are biologically limited to perceiving     .                             
~ 3 - 12(?) dimensions  

What good are the data if we cannot effectively 
extract knowledge from them? 

“A man has got to know his limitations” 
Dirty Harry, another American philosopher 
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Immersive VR and the Emerging 3D Web

Justin Rattner, Intel CTO, in a keynote talk at the SC’09:

“… There is nothing more important to the long-term 
health of the HPC industry than the 3D Web…” 

“… the 3D Web will be the technology driver 
that revitalizes the HPC business model …” 

Video games  and Virtual Worlds

… and the gamer generation growing up Holywood going 3-D

… and the future of the Web:

We are exploring these emerging technologies for scientific 
purposes, data visualization in particular



Immersive Data Visualization

Chemistry and biology Mathematics and networks

Numerical Simulations Parameter Spaces



Quasars in a Color Parameter Space:
A Traditional Multi-2D Representation

Quasars (colored dots) project over the normal stars (black dots)



Quasars in a Color Parameter Space:
An Immersive 3D Representation



Interactive Data Visualization
Data points linked to web resources Experiments in Intel’s 

ScienceSim world

(F. Sauer, E. Lawler, S.G. Djorgovski)



Data Browser Using Unity 3D 

(A. Cioc, C. Donalek, 
S.G. Djorgovski)

Standalone or 
Web browser

100,000 points plotted 
in ~ 15 sec on a laptop



Data Browser Using Unity 3D 

More functionalities 
now being added

Data selection, 
zoom-in, navigate, 
overplot, reproject, 
etc.



Data Browser Using Unity 3D 

Multi-user, 
collaborative



3D Interfaces
•  3D displays (multiple technologies)
•  Haptic interfaces (Kinect, Sixth Sense, ...) 

to capture expressions, body language
•  Increasingly photorealistic avatars
•  Now driven by the games/movie industry, 

but likely to become a standard interface 
to the immersive/augmentative VR web



From Science Fiction to (Virtual) Reality



Summary
•  Visualization is a key need for discovery and understanding
•  The 3D Web is coming, and probably sooner than you think
Enabling technologies: 3D video, games, virtual worlds, haptic interfaces

•  3D, interactive, collaborative visualization is far more intuitive 
than the traditional 2D approaches – greater insights?

•  Up to a dozen dimensions can be encoded effectively (more if 
we add sonification to visualization)
 That is still not enough for the hyperdimensional data spaces 

that we are dealing with – a key limitation

•  Working tools already on the OpenSim/SL platform; Unity 3D 
based, web-browser data visualization tool coming soon

•  Cost is very low (hardware); zero cost for virtual worlds


