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● Institutions
○ CNRS researcher (DR)
○ Sorbonne University 

● Expertise
○ Topological data analysis 
■ For interactive visual data analysis & visualization
■ Papers, code, videos, demos, slides, exercises:
■ http://julien-tierny.github.io

About me

http://julien-tierny.github.io
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What is data analysis?

● Simple classification
○ Predictive data analysis
○ Exploratory data analysis
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Why visual data analysis?
● Batch analysis = Blind analysis
○ Anscombe’s Quartet
○ Datasaurus Dozen [Matejka et al. 2017]

● Batch analysis
○ Find what you expected

● Visual analysis
○ Find what you didn’t

● Data visualization
○ Essential part of data analysis

● First conclusions
○ Statistics may be insufficient
○ Shape may be informative



● Goals
○ Fast hypothesis verification
○ Novel hypothesis formulation

Visual exploratory analysis

Dwarf galaxies orbiting the 
Andromeda Galaxy

 Nature, January 3rd, 2013



● Tentative definition

What is visual data analysis?
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● Tentative definition

○ Integration of a visual component in data analysis
■ Process of generating interactive graphical data representations

○ Integration of visual descriptors in data analysis
■ Capture the visual characteristics of data
● Shape, topology

What is visual data analysis?
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● Alphabetical data: texts, arrays, etc.
● Numerical data
○ On points (i.e. arrays)
○ On cell complexes (engineering, medicine, etc.)
■ Regular grids
■ Meshes (simplicial complexes)
○ What numerical data?
■ Scalars
■ Vectors
■ Tensors
■ Emerging types: 
● multivariate, uncertain/ensembles

What data?



● Rendering
○ From geometry to pixels

● Data transformation
○ Not all datasets are directly visualizable
○ From data to visualizable geometry
■ Interactive process

Core topics



● Overview
○ Data analysis pipeline
○ Rendering

● ParaView
○ Open-source
○ De-facto standard
○ Visual programming
○ MPI support
○ http://www.paraview.org 

Visualization as a pipeline

Live demo

http://www.paraview.org


● Class summary
○ The classics
■ Rendering classics
■ Data manipulation classics
○ An introduction to Topological Data Analysis

A quick tour of visualization classics



Visualization classics



Rendering classics (1)



● Projective rendering
○ Position matrices
○ Color + Light model
○ Projection matrix
○ Screen space processing
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Rendering classics (5)

Live demo
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● Dimensionality reduction

Data manipulation classics
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● Derived descriptors
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● Level sets

Data manipulation classics
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Towards a “data map”

Raw data Structure extraction & derived indicator
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Towards a “data map”

Raw data Structure comparison

Interpretation, selection, measure, comparison



Towards a “data map”

Raw data



Towards a “data map”

Raw data Structural representation



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

What is Topological Data Analysis?



● 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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Piecewise linear setting



● Local link inspection
○ Banchoff 1970

Critical point extraction



Live demo
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Persistence diagram

● Input PL scalar data
○

● Topological abstractions
○ Critical points
○ Persistence diagrams
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Persistence diagram

● Input PL scalar data
○

● Topological abstractions
○ Critical points
○ Persistence diagrams
○ Persistence curves



Live demo



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

● Low-dimensions
○ Union-Find data structures
■ Gueunet et al. 2017
○ Discrete Morse Theory
■ Guillou et al. 2023

Persistence diagram



● Latest backend!
○ “Discrete Morse Sandwich”
■ https://arxiv.org/abs/2206.13932 

Persistence diagram

https://arxiv.org/abs/2206.13932


● 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



Live demo
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Reeb graphs for data segmentation

Live demo
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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



● Morse-Smale complex
○ Integration equivalence
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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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What about point cloud data?



Mapper
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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’18-22 
■ Hackathons

TTK Hackathon’19

me!

The Topology ToolKit (TTK)

TTK Hackathon’21

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


● Interests
○ Data, Code
○ Topology, Visualization

● Academic opportunities
○ We are recruiting a lot
■ https://erc-tori.github.io/jobs/ 
○ Internships
○ Ph.D. Thesis
○ Research engineers

Interested?

https://erc-tori.github.io/jobs/


● 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

● I’m hiring!
○ 1 Ph.D. student, 1 post-doc, 1 engineer

● 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


● J. Tierny, “Topological Data Analysis for Scientific Visualization”, Springer 2018.
● V. Pascucci, X. Tricoche, H. Hagen, J. Tierny, “Topological methods in data analysis and visualization, Springer 2010.
● Jules Vidal, Joseph Budin, Julien Tierny, “Progressive Wasserstein Barycenters of Persistence Diagrams”, IEEE Trans. On Visualization and Computer Graphics (Proc. of IEEE VIS 2019), Best 

paper honorable mention.
● M. Soler, M. Petitfrere, G. Darche, M. Plainchault, B. Conche, J. Tierny, “Ranking Viscous Finger Simulations to an Acquired Ground Truth with Topology-Aware Matchings”, IEEE LDAV 2019, 

Best paper award.
● T. Bridel-Bertomeu, B. Fovet, J. Tierny, F. Vivodtzev, “Topological Analysis of High Velocity Turbulent Flow”, Proc. of IEEE LDAV 2019 (shorts).
● C. Gueunet, P. Fortin, J. Jomier, J. Tierny, “Task-based Augmented Reeb Graphs with Dynamic ST-Trees”, Proc. of EGPGV 2019.
● C. Gueunet, P. Fortin, J. Jomier, J. Tierny, “Task-based Augmented Contour Trees with Fibonacci Heaps”, IEEE Trans. On Parallel and Distributed Systems, 2019.
● G. Favelier, N. Faraj, B. Summa, J. Tierny, “Persistence Atlas for Critical Point Variability in Ensembles”, IEEE Trans. On Visualization and Computer Graphics (Proc. of IEEE VIS 2018)
● M. Soler, M. Plainchault, B. Conche, J. Tierny, “Lifted Wasserstein Matcher for Fast and Robust Topology Tracking”, Proc. of IEEE LDAV 2018. Best paper honorable mention.
● M. Soler, M. Plainchault, B. Conche, J. Tierny, “Topologically Controlled Lossy Compression”, Proc. of IEEE PacificViz 2018.
● J. Tierny, G. Favelier, J. Levine, C. Gueunet, M. Michaux, “The Topology ToolKit”, IEEE Trans. On Visualization and Computer Graphics (Proc. of IEEE VIS 2017), Best paper honorable mention.
● B. Summa, J. Tierny, V. Pascucci, “Visualizing the Uncertainty of Graph-based 2D Segmentation with Min-path Stability”, Computer Graphics Forum Journal (Proc. of EuroVis 2017)
● C. Gueunet, P. Fortin, J. Jomier, J. Tierny, “Task-based Augmented Merge Trees with Fibonacci Heaps”, Proc. of IEEE LDAV 2017
● J. Tierny, H. Carr, “Jacobi Fiber Surfaces for Bivariate Reeb Space Computation”, IEEE Trans. On Visualization and Computer Graphics (Proc. of IEEE VIS 2016), Best paper award.
● P. Klacansky, J. Tierny, H. Carr, Z. Geng, “Fast and Exact Fiber Surfaces for Tetrahedral Meshes”, IEEE Trans. On Visualization and Computer Graphics 2016
● C. Gueunet, P. Fortin, J. Jomier, J. Tierny, “Contour Forests: Fast Multi-threaded Augmented Contour Trees ”, Proc. of IEEE LDAV 2016
● S. Philip, B. Summa, J. Tierny, T. Bremer, V. Pascucci, “Distributed Seams for Gigapixel Panoramas”, IEEE Trans. On Visualization and Computer Graphics 2015
● H. Carr, Z. Geng, J. Tierny, A. Chattopadhyay, A. Knoll, “Fiber Surfaces: Generalizing Isosurfaces to Bivariate Data”, Computer Graphics Forum Journal (Proc. of EuroVis 2015)
● A. Gyulassy, D. Guenther, J. Levine, J. Tierny, V. Pascucci, “Conforming Morse-Smale Complexes”, IEEE Trans. On Visualization and Computer Graphics (Proc. of IEEE VIS 2014)
● D. Guenther, R. Alvarez-Boto, J. Contreras, J.P. Piquemal, J. Tierny, “Characterizing Molecular Interactions in Chemical Systems”, IEEE Trans. On Visualization and Computer Graphics (Proc. of 

IEEE VIS 2014)
● D. Guenther, J. Salmon, J. Tierny, “Mandatory Critical Points of 2D Uncertain Scalar Fields”, Computer Graphics Forum Journal (Proc. of EuroVis 2014)
● J. Tierny and V. Pasucci, “Generalized Topological Simplification of Scalar Fields on Surfaces, IEEE Trans. On Visualization and Computer Graphics (Proc. of IEEE VIS 2012)
● T. Etiene, G. Nonato, C. Scheidegger, J. Tierny, T. Peters, V. Pascucci, M. Kirby, C. Silva, “Topology verification for isosurface extraction”,  IEEE Trans. On Visualization and Computer Graphics 

2012
● J. Tierny, J. Daniels, G. Nonato, V. Pascucci, C. Silva, “Interactive quadrangulation with Reeb atlases and connectivity textures”, IEEE Trans. On Visualization and Computer Graphics 2012
● T. Bremer, G. Weber, J. Tierny, V. Pascucci, M. Day, J. Bell, “Interactive exploration and analysis of large scale simulations using topology-based data segmentation”, IEEE Trans. On 

Visualization and Computer Graphics 2011
● J. Tierny, A. Gyulassy, E. Simon, V. Pascucci, “Loop surgery for volumetric meshes: Reeb graphs reduced to contour trees”, IEEE Trans. On Visualization and Computer Graphics (Proc. of IEEE 

VIS 2009)

Main publications
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Projective rendering: depth test



Projective rendering: ambient contribution



Projective rendering: diffuse contribution



Projective rendering: specular contribution


