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Data Sets — Weather Simulation

Convective precipitation Precipitation Evaporation

w.“.Surface pressure Om pressure Wind
Lt
- 2® VisWeelk 119

VIS = INFOVIS = VAST Heike Janicke — Information Theory in Visualization — 7



Data Sets — Flow Simulation |

Swirling flow
[Wolfgang Kollmann, UCDavis]
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Related Work
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H(X,Y)

Information Theory

- Entropy (uncertainty in X)

Z p(x)log p(x)

xeX

- Conditional entropy (Remaining uncertainty in X when Y is known)

H(X|Y)==) > p(x,y)log,p(ylx)

yeY x€X

* Mutual information (Information X contains about Y and vice versa)

I(X;Y)=H(X)-H(X|Y)

H(Y)—H(Y|X)=1(Y;X)
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Cellular Automaton

* Rule: cyclic cellular automaton (CCA) forming spirals
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Cellular Automaton

* Rule: cyclic cellular automaton (CCA) forming spirals
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Local Statistical Complexity

+  How much information from the [[06alpast do | need to predict the dynamics
in the local future?
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Local Statistical Complexity

+  How much information from the [[06alpast do | need to predict the dynamics
in the local future?

.
1 i '_,"
- -
- py ] A A
- T - -1 A
o - - - A7 1
- - A ) - | y
- -~ - e -~
] A - -~ - - ' -~
- - - . 1
- |~ ’ , - - - S L~
r - P - P
- i A |~ |~ . - 1~ 1
y - ~ | P - e 1 e A
- |~ A - T - L & L1
A ] > = - * -
A" | g A | —T // - i f’.d 1
o |~ o o -
- A b
A =y L L~ > il 1 i
—— - / y - - A |
e L P ] |~ - P - A
A7 = rd - L~ " A~ A
- b— -~ - -
= ———— - ,,"’ = P " +
- - - - = - Iy A - -
N . S - L 1 LA L
AT A7 TP | LA 4 A 47
- -
- J'/ - P -‘:7"""-.. L v - - P = P
e - - b
- Iy - e - A | R ~
- - | - e
PPy’ Y1l AT L
- - . -
A - ~ - y e
by , 1)
- L - -
1
- -~
| -

Mutual information:

o p(x,y)
. (XY= 2 Pl loe ()
H;}E:r\!lawmtrq

VIS « INFOVIS = VAST Heike Janicke — Information Theory in Visualization — 18




Specification

PDE-simulation (e.g. engineering or natural sciences)
Simulation using finite differences on a Cartesian grid
Time-dependent data including all time steps
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Local Statistical Complexity

 |dentify pasts
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Local Statistical Complexity
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Local Statistical Complexity

 |dentify pasts
* |dentify futures
- Estimate distributions
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Local Statistical Complexity

 |dentify pasts

* |dentify futures
* Estimate distributions

 Cluster similar patterns (x?-Test)
— causal states
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Local Statistical Complexity
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Local Statistical Complexity

t =99 + LSC
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Results 2D

LSC wind and evaporation

o LSC velocity and vorticity
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Difficult Part
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- Estimate distributions
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Density-driven Voronoi Tessellation
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Flow Around an Obstacle

Streamlines

L
: VIS = INFOVIS = VAST Heike Janicke — Information Theory in Visualization — 29



Delta Wing
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e-Machine of the Delta Wing
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Delta Wing
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Flow Description

Lagrangian flow description
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Causal States in Different Flow
Descriptions
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Swirling Flow
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Particle-based complexity
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Conclusion/ Future Work

* Conclusion
» Challenges in visualization

» Multivariate data
*  Time-dependent data
*  (Automatic) feature detection
- Automatic detection of relevant structures based on information theory

- Steady visualization of unsteady data

» Application to real world data sets

* Future work
- Detecting structures in multivariate data

\ - Better analysis of temporal changes
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Thank you for your attention!

Questions?
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