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Structura l  In ference o f  
H igh-d im Data

TOPO



Topology Tool Kit
TTK

https://topology-tool-kit.github.io/

https://topology-tool-kit.github.io/


Installation Demo

https://youtu.be/etAe13KEWsk



Dragon Demo (contour tree)

https://youtu.be/YVk9vRKIEX8



Morse Persistence Demo (MSC)

https://youtu.be/xjKh6YTq5RA



A few tips

The installation is going to take a while (4+ hours).
Follow the demo closely, however pay attention to some differences 
in different versions of TTK



Structural Inference of 
High-dimensional Data

A topological view



Review: 
Persistent Homology





Stability of 
Persistence Diagrams





https://users.cs.duke.edu/~edels/Papers/2007-J-01-StabilityPersistenceDiagrams.pdf



Bottleneck Distance

https://users.cs.duke.edu/~edels/Papers/2007-J-01-StabilityPersistenceDiagrams.pdf



Bottleneck Distance Stability

https://users.cs.duke.edu/~edels/Papers/2007-J-01-StabilityPersistenceDiagrams.pdf

Cohen-SteinerEdelsbrunnerHarer2005



Space of 
Natural Images 

http://webee.technion.ac.il/Sites/People/adler/Boris-topology.pdf

[CarlssonnIshkhanovSilva2008]





Taking 3 by 3 patches



[CarlssonnIshkhanovSilva2008]

Highlight

http://webee.technion.ac.il/Sites/People/adler/Boris-topology.pdf



High-level techniques

Persistent homology
The space of patches: preprocessing
Klein bottle



Klein Bottle

https://en.wikipedia.org/wiki/Klein_bottle http://webee.technion.ac.il/Sites/People/adler/Boris-topology.pdf



Klein Bottle

https://en.wikipedia.org/wiki/Klein_bottle https://www.youtube.com/watch?v=AAsICMPwGPY



[CarlssonnIshkhanovSilva2008]



How do we infer the Klein bottle?

Via persistent homology…
The (persistent) homology of the space of (many) images matches 
that of a Klein bottle under Z2 homology. 



Back to homology

https://en.wikipedia.org/wiki/Homology_(mathematics)

Any cycle on the sphere can shrink to a point



Back to homology

https://en.wikipedia.org/wiki/Homology_(mathematics)

Not all cycles on the torus can shrink to a point



Back to homology

https://en.wikipedia.org/wiki/Homology_(mathematics)

Not all cycles on the Klein bottle can shrink to a point

Under Z2 homology, the rank is identical to that of a torus



Persistent homology



Application

Image compression: replace the high-contrast patches of the given 
image by the points on the surface of the embedded Klein bottle 
that best approximate them. 

http://webee.technion.ac.il/Sites/People/adler/Boris-topology.pdf



Application: Texture Representation

https://fds.duke.edu/db/attachment/2638



Analysis of 
Scalar Fields 

over Point Cloud
[ChazalGuibasOudot2008]

http://ailab.ijs.si/primoz_skraba/papers/sf_SODA.pdf



[ChazalGuibasOudot2008]



[ChazalGuibasOudot2008]



[ChazalGuibasOudot2008]



High-level techniques

Persistent homology
Merge low persistent clusters while maintain high persistent clusters



[ChazalGuibasOudot2008]







[ChazalGuibasOudot2008]



Thanks!
You can find me at: beiwang@sci.utah.edu

Any questions?

mailto:beiwang@sci.utah.edu?subject=
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