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● How to preserve the important 
information?
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● Context
○ Data
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● Swiss-army knife for feature extraction
○ Points, curves, surfaces, volumes, …
○ Robustness
○ Multi-scale nature
○ From raw data to features of interest

What is Topological Data Analysis?
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● Local link inspection
○ Banchoff 1970

Critical point extraction
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● Arbitrary dimension
○ Boundary matrix reduction 
○ Edelsbrunner et al. 2002

● Low-dimensions
○ Union-Find data structures
■ Min-saddle pairs
■ Saddle-max pairs
■ Gueunet et al. 2017
○ Saddle connectors
■ Saddle-saddle pairs

Persistence diagrams/curves



● Simplify the data
○ Retain only persistent features

● Algorithms
○ Edelsbrunner et al. 2006, Attali et 

al. 2009, Tierny and Pascucci 2012, 
Bauer et al. 2012

Persistence simplification
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● Vertex based contouring
○ Shinagawa and Kunii 1991

● Quantized range contouring
○ Biasotti et al. 2000, Hilaga et al. 2001, 

Wood et al. 2004
● Critical contouring
○ Patane et al. 2008, Tierny et al. 2009, 

Doraiswamy and Natarajan 2013, Hajij 
and Rosen 2018

● Dynamic connectivity
○ Cole-McLaughlin et al. 2003, Pascucci 

et al. 2007, Doraiswamy and Natarajan 
2009, Parsa 2013, Gueunet et al. 2019

Reeb graphs
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● Morse-Smale complex
○ Integration equivalence
○ Challenging PL computation

● Discrete Morse theory
○ Forman 1998
○ Algorithms
○ Gyulassy 2008, Robins 2011, 

Shivashankar and Natarajan 2012, 
Tierny et al. 2017

Discrete Morse Theory









Application of the Morse-Smale complex
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● How about generic high dimensional point clouds?

So far
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What about point cloud data?

● Chazal et al. 2013
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Mapper

● Singh et al. 2007
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● History
○ Developed since 2014
○ Released on April 1, 2017 (BSD license)
○ http://topology-tool-kit.github.io

● Since the release
○ ~2k commits, ~100k lines of C++
○ 11 contributing institutions: Caboma Inc., 

CNRS, INRIA, Kitware, Linkoping University, 
Sorbonne Universite, Total, TU Kaiserslautern, 
U. of Arizona, U. of Utah, Zuse Institute Berlin

○ >9k YouTube Views
○ >14k unique visitors

The Topology ToolKit (TTK)

http://topology-tool-kit.github.io
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TTK Tutorials

http://www.youtube.com/watch?v=Hn8w0V-jHgw
http://www.youtube.com/watch?v=etAe13KEWsk&t=245
http://www.youtube.com/watch?v=YVk9vRKIEX8&t=197
http://www.youtube.com/watch?v=xjKh6YTq5RA&t=257
http://www.youtube.com/watch?v=A2pzpU4Onf4&t=664
http://www.youtube.com/watch?v=Rdsfkb6SpK8&t=190
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■ Robust, multiscale, successful in applications

● The Topology ToolKit
○ http://topology-tool-kit.github.io
○ Efficient and easy-to-use implementations
○ ParaView, Python, VTK/C++, C++

● Perspectives
○ Statistical/topological analysis of data ensembles 
○ Towards high performance topological data analysis

Take-home messages

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


● Papers, video, code, teaching material, exercise packages, tutorials...
○ http://lip6.fr/Julien.Tierny
○ http://topology-tool-kit.github.io

● Thanks to all my co-authors!
○ Roberto Alvarez-Boto, John Bell, Timo Bremer, Bert Buchholz, Hamish Carr, Amit Chattopadhyay, Fang 

Chen, Bruno Conche, Julia Contreras, Joel Daniels, Mohamed Daoudi, Marcus Day, Florent Dupont, 
Tiago Etiene, Noura Faraj, Guillaume Favelier, Tarik Filali, Pierre Fortin, Juliana Freire, Mariem Gargouri, 
Zhao Geng, Brad Grimm, Charles Gueunet, Attila Gyulassy, Hans Hagen, Bernd Hamann, Mike Kirby, 
Pavol Klacansky, Scott Klasky, Aaron Knoll, Erwan Jolivet, Julien Jomier, Ayla Khan, Guillaume Lavoue, 
Josh Levine, Lauro Lins, Jonas Lukasczyk, Pooran Memari, Michael Michaux, Gustavo Nonato, Valerio 
Pascucci, Philippe Petit, Sujin Philip, Jean-Philip Piquemal, Melanie Plainchault, Norbet Podhorszki, 
Daisuke Sakurai, Joseph Salmon, Emanuele Santos, Carlos Scheidegger, Claudio Silva, Eddie Simon, 
Maxime Soler, Brian Summa, Roselyne Tchoua, Jean-Marc Thiery, Will Usher, Jean-Philippe Vandeborre, 
Ana Vintescu, Gunther Weber, Qi Wu

● Questions?

Thanks!

http://lip6.fr/Julien.Tierny
http://topology-tool-kit.github.io
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