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● Context
○ Data
○ On “meshes”, or “meshable” things

● 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, Lukasczyk et al. 
2020

Persistence simplification
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Vortex extraction



Vortex trajectory analysis



Vortex tracking



● 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
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What about point cloud data?

● Chazal et al. 2013





Applications

Live demo
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Mapper

● Singh et al. 2007



● Open-source TDA library
○ ~120k lines in C++, BSD license
○ Python bindings, binary packages
■ Officially integrated in ParaView (5.10)

○ http://topology-tool-kit.github.io
○ Best paper honorable mention IEEE VIS’17

● Structuring research receptacle
○ 17 contributing institutions
■ 14 universities, 3 companies
○ Mini-symposia: 
■ IEEE VIS’18-19-20-21 (2020-1: online)
■ Hackathons

TTK Hackathon’19

me!

The Topology ToolKit (TTK)

TTK Hackathon’21

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


● What is it good for?
○ Low dimensional data
○ Continuous scalar fields
○ Science & engineering
■ Astrophysics, biological imaging, 

quantum chemistry, fluid dynamics, 
material sciences

● What is it not good for? (yet)
○ Vector / tensor data
○ High dimensional data

Why using TTK?



Online resources

● https://topology-tool-kit.github.io/
○ Installation instructions
○ Gallery
○ Data and examples
○ Video tutorials
○ Documentation
○ Exercises
○ Mailing lists
■ ttk-users@googlegroups.com

https://topology-tool-kit.github.io/
mailto:ttk-users@googlegroups.com


Installation

● http://topology-tool-kit.github.io/installation.html 

● Easy installation
○ Officially integrated in ParaView 5.10
■ http://www.paraview.org/download 
○ Binary packages
■ Linux (Ubuntu), MacOS, Windows
○ Anaconda package

■ conda install -c conda-forge topologytoolkit

● Virtualization images
○ Virtualbox & docker

● For the latest features
○ Github repository
■ https://github.com/topology-tool-kit/ttk

https://topology-tool-kit.github.io/installation.html
http://www.paraview.org/download
https://github.com/topology-tool-kit/ttk


How should I interact with TTK?

● End users
○ Plugins for ParaView
■ De-facto standard in scientific computing
○ Light Python API 
■ Fast scripting
○ Inviwo environment
■ https://inviwo.org/

● Developers
○ Recommended
■ VTK-based APIs: C++ & Python
○ Advanced
■ Dependency-free plain C++ API

https://inviwo.org/


About ParaView

● Interesting features
○ Rich IO support
○ Modern rendering
■ OpenGL, OSPRay, Optix
○ Advanced user interface
○ “Visual” programming
■ Pipeline philosophy
○ Python scripting



User experience
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User experience

● https://github.com/topology-tool-kit/ttk/tree/dev/examples

https://github.com/topology-tool-kit/ttk/tree/dev/examples


TTK data & examples



● Overview
○ Presentations + hands-on
○ ~10 speakers, attendance: ~50
○ https://topology-tool-kit.github.io/ieeeVisTutorial.html
○ Slides, data, examples, pre-installed virtual machines, more

IEEE VIS Tutorials 2018-2021

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


           TORI

● Large-scale data reduction
○ Until 2025
○ High-Performance TDA
○ Statistical framework for ensembles

● We’re hiring!
○ 4 1 Ph.D. offers
○ 2 1 Post-docs
○ 2 1 engineers

● Website
○ http://erc-tori.github.io/

http://erc-tori.github.io/


● Data on meshes, or meshable data?
○ Features of interest?
○ Recover ‘structural’ information

Topological Data Analysis
■ Robust, multiscale
■ Successful in applications
■ Software available

Take-home messages



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

● We are hiring!
○ 1 Ph.D. student, 1 post-doc, 1 engineer
○ http://erc-tori.github.io/ 

● Thanks to all my co-authors!
○ Roberto Alvarez-Boto, John Bell, Timo Bremer, Bert Buchholz, Joseph Budin, Hamish Carr, Amit Chattopadhyay, Fang Chen, Bruno Conche, Julia Contreras, Joel 

Daniels, Mohamed Daoudi, Marcus Day, Julie Delon, Harish Doraiswamy, Florent Dupont, Tiago Etiene, Noura Faraj, Guillaume Favelier, Tarik Filali, Pierre Fortin, 
Juliana Freire, Mariem Gargouri, Christoph Garth, Zhao Geng, Brad Grimm, Charles Gueunet, Pierre Guillou, 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, Małgorzata Olejniczak, Valerio Pascucci, Philippe Petit, Sujin Philip, Jean-Philip Piquemal, Melanie Plainchault, Norbet 
Podhorszki, Mathieu Pont, 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, Jules Vidal, Ana Vintescu, Gunther Weber, Qi Wu

● Questions?

Thanks!

http://lip6.fr/Julien.Tierny
https://twitter.com/JulienTierny
http://topology-tool-kit.github.io
http://erc-tori.github.io/
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