An introduction to
Topological Data Analysis

Julien Tierny



About dimension reduction



About dimension reduction

e Data reduction
o nxn image: n>-dimensional vector



About dimension reduction

e Data reduction

o nxn image: n>-dimensional vector
o Modern simulations

m [ime-varying

m Multiphysics

m Ensemble runs



About dimension reduction

e Data reduction
o nxn image: n>-dimensional vector
o Modern simulations
m [ime-varying
m Multiphysics
m Ensemble runs
o Large collection of
high-dimensional vectors



About dimension reduction

e Data reduction
o nxn image: n>-dimensional vector
o Modern simulations
m [ime-varying
m Multiphysics
m Ensemble runs
o Large collection of
high-dimensional vectors
o |O bottleneck



About dimension reduction

e Data reduction
o nxn image: n>-dimensional vector
o Modern simulations
m [ime-varying
m Multiphysics
m Ensemble runs
o Large collection of
high-dimensional vectors
o |O bottleneck

e How to reduce data?



About dimension reduction

e Data reduction
o nxn image: n>-dimensional vector
o Modern simulations e Dimensionality reduction
m [ime-varying
m Multiphysics
m Ensemble runs
o Large collection of
high-dimensional vectors
o |O bottleneck

e How to reduce data?



About dimension reduction

e Data reduction
o nxn image: n>-dimensional vector

o Modern simulations e Dimensionality reduction
m Time-varying o Projections down to "*human’
m Multiphysics dimensions
m Ensemble runs o Interactive analysis and

o Large collection of exploration

high-dimensional vectors
o |O bottleneck

e How to reduce data?



About dimension reduction

e Data reduction
o nxn image: n>-dimensional vector

o Modern simulations e Dimensionality reduction
m Time-varying o Projections down to "*human’
m Multiphysics dimensions
m Ensemble runs o Interactive analysis and

o Large collection of exploration

high-dimensional vectors

o |0 bottleneck e How to preserve the important

information?
e How to reduce data?
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e Context
o Data
o On "meshes’, or "‘meshable” things

e Swiss-army knife for feature extraction
o Points, curves, surfaces, volumes, ..
o Robustness
o Multi-scale nature
o From raw data to features of interest
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Critical point extraction

e Locallink inspection
o Banchoff 1970
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Persistence diagrams/curves

e Arbitrary dimension
o Boundary matrix reduction
o Edelsbrunner et al. 2002

e Low-dimensions
o Union-Find data structures
m Min-saddle pairs
m Saddle-max pairs
m Gueunet et al. 2017
o Saddle connectors
m Saddle-saddle pairs

®

]-l
0.1

Persistence Curve
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T T T T
02 05



Persistence simplification

e Simplify the data
o Retain only persistent features

e Algorithms
o Edelsbrunner et al. 2006, Attali et
al. 2009, Tierny and Pascucci 2012,
Bauer et al. 2012
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Reeb graphs

e Vertex based contouring
o Shinagawa and Kunii 1991
e Quantized range contouring
o Biasotti et al. 2000, Hilaga et al. 2001,
Wood et al. 2004
e Critical contouring
o Patane et al. 2008, Tierny et al. 2009,
Doraiswamy and Natarajan 2013, Hajij
and Rosen 2018
e Dynamic connectivity
o Cole-MclLaughlin et al. 2003, Pascucci
et al. 2007, Doraiswamy and Natarajan
2009, Parsa 2013, Gueunet et al. 2019
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Discrete Morse Theory

e Morse-Smale complex
o Integration equivalence
o Challenging PL computation

e Discrete Morse theory
o Forman 1998
o Algorithms
o Gyulassy 2008, Robins 2011,
Shivashankar and Natarajan 2012,
Tierny et al. 2017
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{ScalarF1e1dCriticalpoints] Data-set (360600 vertices) processed in 0.332333 s. (3 — Display (UnstructuredGric |8 |k " 5
thread(s)). “ F'
DiscreteGradient] 2359 0- l:ell(s) a1 2328 (nEacopiRL i
DiscreteGradient] 66740 1-cell(s) and 4665 interior Pl FEpresentation Surface ,
DiscreteGradient] 64382 2- cell(s) Sha 2956 sncertor Pl ol ,
DiscreteGradient] Initialization step : 0.160249 5. Coloring [ i
DiscreteGradient] Ordering of the vpaths :  0.166387 s.
DiscreteGradient] Processing of the vpaths : 0.662908 s. 5
DiscreteGradient] Gradient reversal step : 0.02404 s ®/Solid Color il
Dis ddle-Maxinum pa in1,0046 5, 24 thread(s).
DiscreteGradient] Initialization step : 0.8633931 s. ®. Edit o) [ e RSY| W
[DiscreteGradient] Ordering of the vpaths : 9.670792-05 5.
DiscreteGradient] Processing of the vpnths ©.000452005 . e
DiscreteGradient] Gradient reversal ste SlarColing;
DiscreteGradient] Saddle-Maximun pairs sxmpunm in-5:o6sse89 s, 24 thread(s). d & v seal
mscrenevaamnz] Gradient reversed in 1.22784 s. (24 thread(s)). BRSNS
eConplexad] Descending 1-separatrices computed in 0.436725 s.
norsasnlscoml-x:n] Ascending 1-separatrices computed in o. 170968 5. R e T L
ot ssseateComlexaD] Sagmentation computad1n:0:4615¢ Stylin
DiscreteGradient] 11(s). 9
Msnretecradxent] G926 1. eell(s)- Opacity
{DiscreteGradient] 2568 2-cell(s). 1
MorseSmaleComplex2D] Data-set (366000 points) processed in 4.22795 s. (24 thread(]
). Point Size 2 o
ttkMorseSnaleComplex] Memory usage: 74.6533 MB.
ttkIdentifierRandomizer] Shuffling vertex field 'DescendingManifold.. tinewidth A o 12 ! & 7 = o 4] L
ttkIdentifierRandonizer] Memory usage: O MB. 1 v 8t
EexSpharoFrompolntd; Spneros comuted 1n'3 7301 2. < &5
ttkSphereFronPoint] Memory usage: 175.912
ttkIdentifierRandonizer] snurrung vertex Fiela “DescendingManifold’ ..
ttkIdentifierRandomizer] Memory usage: O MB. x
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(24 thread(s
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Ordering of the vpaths :
Processing of the vpaths
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DiscreteGradient]
DiscreteGradient]
DiscreteGradient]
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thread(s) .
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S

cell(s

MorseSmaleconplex] Data-set 11731550 points) processed in 29.0236 5. (24 thread
s)).
vtkMorsesmaleComplex] Memory usage: 527.7
veksphereFronPoint] Spheres computed in o aznossl 5.
vtkSphereFronPoint] eyl sioe

1 Edge-list built in 0.000203848 5. (2536 e ges. 1 thread(s)).
ZeroSkeleton] One- Tkeleton built in 0.000781059 5, (24 thread(s)).
S(llurheldSlnntherl Data-set (2560 points) smoothed in 0. Somssils 5.

(24 threa

vtheontrysnoo(hzrl Memory usage: 0 MB
vtksphereFronPoint] Spheres computed in "0.0205429 5.

vtkSphereFronPoint] Memory usage

Oneskeleton] Edge-list built in 7.79629e-05 5. (1146 eie e (2
Zeroskeleton] One-skeleton built in 0.000314951 5. (24 thre:
ScalarFicldsuoother] Dataset (1148 points) smoothed in 0.0448481 5. (24 thread

s)).
[vtkGeometrySmoother] Memory usage:
. (71885 edges, 1 thread(s)).
on i 5. (24 thread(
ScalarFieldsmoother] Data-set (24189 yun“) snoothed in 0.09689 5. (24 thread(
M.

vtkGeometrySmoother] Memory usage: 0 MB.
vtkSphereFronPoint] Spheres computed m "0.00316596 5.
vtkSphereFronPoint] Memory usage:

Oneskeleton] Edge-list built in 0. Tioes <. (s34037 edges. 1 thread(s)).
Zeroskeleton] One-skeleton built in 0.26147 5. (24 thread(s))

ScalarFieldSmoother] Data-set (311246 points) smoothed in 0.360777 s. (24 threa

d(s)).
'lJvthmIetrySI:ontherl Menory usage: 17.4795 MB.
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e How about generic high dimensional point clouds?
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What about point cloud data?

e Chazal et al. 2013
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@ Threshold1
¥ TTKTopologicalsimplification 1967 1967 9 -1.42678 0.864739 -0.17088
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o 1 TTKSphereFromPoint1
@ TTKTopologicalsimplificationt 1969 1969 9 924041 181564
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EILHELE ) i ation 1977 1977 9 997781 553028 -1.10031
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& 1980 1980 o 985507 -1.57893 283625
~ 1981 1981 9 8.80656 -4.46107 2.96431
@ Orientation Axes Outline Color 1982 1982 9 319700 328903 0.538314
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Hidden Line Removal
Camera Parallel Projection 1984 1984 {f 276989 1.87633 -2.84187
Background 1985 1985 9 978339 -1.62619 1.92431
single color 1986 1986 9 599145 213549 0.864982
Color v Restorel 1987 1987 9 327144 0.672267 -0.001962.
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¥ Enable OSPRay 1989 1989 9 111654 -1.40145 221145
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OSPRay Renderer
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Ambient Samples o
1992 1992 9 299455 7.10886 23235
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1997 1997 9 188161 061461 -3.6129
Background North >
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| e I TTKDimensionReductiont
XNTT
S ol )Tab!evopounmz
DinensionReduction] Loading Python script from: /usr/local/share/scripts/ttk [+ GaussianResampling2
DimensionReduction] Python: numpy module found. isnm
DimensionReduction] Python: scipy module found.
DinensionReduction] Python: sklearn module found. CH TTKPersistenceDiagram1
1 ] Memory usage: 133.514 MB. Btehold
ttkDinmensionReduction] Memory usage: 133,514 MB. Threshold1
ttkPersistenceDiagran] Starting computation on field "SplatterVales'.. @ PersistenceThreshold
OneSkeleton] Edge-1ist built in 0.00146704 s. (24193 edges, 1 thread(s)). p
ZeroSkelaton] One.skeloton bullt in 0.08267604 . (24 thread(s)). ¥ TTKTopologicalsimplificatic
ZeroSkeleton] Vertex stars built in 0.600777 (1 thread(s)). ;
Oneskeleton] Edge stars butlt in 0.06676408 b (24:93 edges, 24 thread(s)) W TEpk Bk i
™) - L TTKSphereFromPoint2
FTN] nuser of Enreads : 24 :
£TM] * debug 1 o W TableToPoints1
FTM] * tree typa ¥ Joln + Split o 8 GaussianResampling1
£TH] - 2
£TM] alloc in 0.060795841 © @ outline1
FTM] init in 0.648341 -1 TTKTopologicalSimplification1
ETM] sort step in 0.6188899 n
FTM] leafSearch JT in  ©.800741605 ?WKMomeSmaleCamplm
FTM] leafGrowth JT in  0.806738859
£TH] trunk JT in 0.000336885 A Ciitical Polnts
ETM] leafSearch ST in  0.860707865 8 TTKSphereFromPoint1
FTM] leafGrowth ST in  0.609555992 2
FTM] trunk ST in 0.860208139 W 1-Separatrices
FTM] merge trees in  0.80592184 0 Threshold2
FTM] build tree in 0.60507 n
ETM] Total 1in 6.673338 [ Threshold3 2
ttkPersistenceDiagram] Memory usage: 360.087 = 5
OneSkeleton] Edge-11St built in 0.00313306 s. (24193 sdges, 4 thread(s)).
ZeroSkeleton] One-skeleton built in 0.00525084 s. (24 thre:
TopologicalSimplification] Scalar field simplified in 0. el "(24 threads(s), | OutputMessag.. Informati..
ite.).
ttkTopologicalSimplification] Memory usage: 6 MB. Pt o x

ZeroSkeleton] Vertex stars built in 0.80169811 s. (1 thread(s)).
Oneskeleton] Edge stars built in 0,00570803 5. (24193 edges, 24 thread(s))
ZeroSkeleton] Vertex edges built in 0.66228 s. (1 thread(s)).
ThreeSkeleton] Cell edges built in 0.08321067 s. (24 thread(s)).
TwoSkeleton] Cell neighbors. (16662 cells) cosputed in 0.00836086 s. (24 thread(s)

% 0 [ A B AN e . BN A u RenderView3 ™ =
ttkMorseSnaleConplex] Launching computation on field “SplatterValues'...

DiscreteGradient] Data-set: 8102 v., 24193 e., 16002 = =
DiscreteGradient] Processed in 0.00856996 s. (24 thread(s)). Properties (TTKDimensionRe( &
DiscreteGradient] Data-set (8192 points) post-processed in 0.08413168 s, (24 thre
d(s)).

Input options
MorseSaleConplex2D] Discrete gradient overall computed in 0.012794 s.
ScalarFieldCriticalPoints] 1 minima,
ScalarFieldCriticalPoints] 7 saddle(s). + Input Columns
ScalarieldCriticalboints] @ mlti-saddla(s).
ScalarFieldCriticalPoints] 7 maxina Elevation
ScalarFieldCriticalPoints] Data-set (8192 vertices) processed in 0.0769401 s. (2
thread(s)). ¥ Points:0
DiscreteGradient] 1 8-cell(s) and @ interior PL.
DiscreteGradient] 180 1-cell(s) and 6 interior PL. ¥ Points:1
DiscreteGradient] 180 2-cell(s) and @ interior PL.
DiscreteGradient] Initialization step : 0.66688601 . ¥ Points:2
DiscreteGradient] Ordering of the vpaths :  ©.006118017 s.
Discratateatiant) Processing of the vpatns SO 06031 ¢
DiscreteGradient] Gradient reversal step
DiscreteGradient] Saddle-Maximun pairs smpmm xn o emssn s, 24 thread(s). | output options
DiscreteGradient] Initialization step : 2829
DiscreteGradient] Ordering of the vpaths : T Sorasecce s, Method T >
DiscreteGradient] Processing of the vpaths : 7,152568-66 s. MulD Imernsional Scaling

DiscreteGradient] Gradient reversal step : _ 3,09944-66 s
DiscreteGradient] Saddle-Maximun pairs simplified in 0.6104551 s, 24 thread(s). | COmPonents Spectral Embedding
DiscreteGradient] Gradient reversed in 0.0284312 s. (24 thread(s)). Locally lineas Erbadding

VorseSmaleConplex2D] Descending 1-separatrices computed in 0.08420964 s. Neighbors

MorseSnaleConplex2D] Ascending 1-separatrices computed in ©.08365591 s. Multi-Dimensional Scaling
MorseSmaleComplex2D] Segmentation computed in ©.013467 s -
Discretedradiont) 119.5311(5)‘ e ¥ Keep Al t-distributed Stochastic Neighbor Embedding
DiscreteGradient] 7 1- Cell(s)

DiscreteGradient] 7 2-cel Multi-Dimen; 50™Map Embedding

WorseSmaleConplex2D] Bt (8192 points) processed in 8.0714762 s. (24 thread( Principal Component Analysis

))- v Metric
ttkMorseSmaleComplex] Memory usage: 1.84668 M8,
ttkSphereFronPoint] Spheres computed in 6. eensxsas s. Number of 4
ttkSphereFronPoint] Memory usage: 0.15639: init runs
OneSkeleton] Edge-1ist built in 0. consésost <. (220 edges, 1 threa(z)). Tiaration
ZeroSkeleton] One-skeleton built in 0.006349998 s. (24 thread(s)). 300
ScalarFieldSmoother] Data-set (832 points) smo0thed in 0406252 3. (24 thread(s))| Threshold

i v
[ttkGeometrySnoother] Memory usage: O MB. Varhosity T
[ttkSphereEronPoint] Spheres computed in ©.136478 s.

[ttkSphereFromPoint] Memory usage: 22.3389 MB.
0
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ttkTopologicalSinplification] Memory usage: O MB.
ImplicitTriangulation] The getVertex*() requests are accelerated.
ttkMorseSmaleComplex] Launching computation on field 'SplatterValues'...
DiscreteGradient] Data-set: 524288 V., 3588607 e., 6088598 t., 3024378 T.
DiscreteGradient] Processed in 0.359277 s, (24 thread(s)).

DiscreteGradient] Data-set (524288 points) post-processed in 0.618482 s. (24 thre

d(s)) .
[DiscreteGradient] Data-set (524288 points) post-processed in 0.809758 s. (24 thre

ad(s)).
WorseSmaleConplexaD] Discrete gradient overall computed in 0.388959 s.
ScalarFieldCrit minina,

ScalarFieldCriticalPoints] 1284 1-saddle(s).
ScalarFieldCriticalPoints] 1926 2-saddle(s).
ScalarFieldCriticalPoints] 50 multi-saddle(s).
ScalarFieldCriticalPoints] 629 maxima.
ScalarFieldCriticalPoints] Data-set (524288 vertices) processed in 0.65005 s. (24
thread(s)).

DiscreteGradient] 56 0-cell(s) and 55 interior PL.

DiscreteGradient] 1854 1-cell(s) and 1245 interior PL.

DiscreteGradient] 3555 2-cell(s) and 1874 interior PL.

DiscreteGradient] 1756 3-cell(s) and 629 interior PL.

2
2

DiscreteGradient] Initialization step : 0.6202501 5.
DiscreteGradient] Ordering of the vpaths : 0.600731945 s.
DiscreteGradient] Processing of the vpaths : 0.8978969 s.
DiscreteGradient] Gradient reversal step :  5.19753e-85

s,
DiscreteGradient] Saddle-Maximum pairs simplified in 0.0724602 s, 24 thread(s).
DiscreteGradient] Initialization step : 0.283536 5.

DiscreteGradient] Ordering of the vpaths : 0.000257969 s.

DiscreteGradient] Processing of the vpaths : 0.255052 s.

DiscreteGradient] Saddle-Saddle pairs simplified in ©.568815 s, 24 thread(s).
DiscreteGradient] Initialization step : 0.839736 s.

DiscreteGradient] Ordering of the vpaths :  2.06272e-65 s.

DiscreteGradient] Processing of the vpaths : 0.82931 s.

DiscreteGradient] Saddle-Saddle pairs simplified in ©.0978661 s, 24 thread(s).

DiscreteGradient] Initialization step : 0.0624981 5.
DiscreteGradient] Ordering of the vpaths :  ©.8695065 s.
DiscreteGradient] Processing of the vpaths 0.06381112 s.
DiscreteGradient] Gradient reversal step : _0,00020564 s

DiscreteGradient] Saddle-Maximum pairs simplified in 0.6755041 s, 24 thread(s).
DiscreteGradient] Initialization step : 0.297937 s.

DiscreteGradient] Ordering of the vpaths :  5.292890-65 s,

DiscreteGradient] Processing of the vpaths 0.872561 s.

DiscreteGradient] Saddle-Saddle pairs simplified in 0.398996 s, 24 thread(s).
DiscreteGradient] Initialization step : 0.0587609 s.

DiscreteGradient] Ordering of the vpaths : 1.3113e-85 s.
DiscreteGradient] Processing of the vpaths : 0.826727 s.

DiscreteGradient] Saddle-Saddle pairs simplified in ©.113457 s, 24 thread(s).
FTM

] s
FTM] nusber of threads : 24
FTM] * debug vl : @

FTM] * tree type : Contour

0.638821
t in 0.8755661
FT4] sort step in 0.623258
FTM] leafSearch JT in  0.612686
FTM] leafGrowth JT in  0.411031
truni in 0.60200761
FTM] leafSearch ST in  ©.6126278
FTM] leafGrowth ST in  ©.60806093

FTH] trunk ST in 0.60227694
FTM] merge trees in  0.450824
FTM] combine full in  0.9143611
FTM] build tree in 0.465256

FTH] Total in 0.564171

DiscreteGradient] Initialization step :

DiscreteGradient] Ordering of the vpaths :

DiscreteGradient] Processing of the vpaths :

DiscreteGradient] Saddle-Saddle pairs simplified in 1.98662 s, 24 thread(s).
- 0.6448511 5.

0.217854 5.
0.600804901 s
173784 s.
DiscreteGradient] Initialization step
DiscreteGradient] Ordering of the vpaths : 0.000411034 5.
DiscreteGradient] Processing of the vpaths : 0.0243599 s.

DiscreteGradient] Saddle-Saddle pairs simplified in ©.092857 s, 24 thread(s).
DiscreteGradient] Gradient reversed in 4.0684 s. (24 thread(s)).

Mor 1-separatrices computed in ©.835454 s.

Mor Ascending 1-separatrices computed in ©.6279231 s.
MorseSnaleComplexaD] Saddle connectors computed in 0,753166 s.

Vor Ascending 2-separatrices computed in ©,2016 s.
MorseSmaleComplex3D] Segmentation computed in 0.679845 s.

DiscreteGradient] 56 0-cell(s).

DiscreteGradient] 696 1-cell(s).

DiscreteGradient] 1270 2-cell(s).

DiscreteGradient] 629 3-cell(s).

MorseSmaleComplex3D] Data-set (524288 points) processed in 7.10692 s. (24 thread(

).

ttkMorsesnaleComplex] Memory usage: 52.7666 MB.

ttkSphereFronPoint] Spheres computed in 0.318438 s.

ttkSphereFronPoint] Memory usage: 42.4862 MB.

OneSkeleton] Edge-1ist built in 0.00581098 s. (80953 edges, 1 thread(s)).
ZeroSkeleton] One-skeleton built in 0.013974 5. (24 thread(s)).
ScalarFieldSmoother] Data-set (86206 points) smoothed in 8.102752 s. (24 thread(s

)

ttkGeometrySmoother] Memory usage: 0 MB.

[OneSkeleton] Edge-list built in 6.017684 s. (220056 edges, 1 thread(s)).
ZeroSkeleton] One-skeleton built in 0.0326891 s. (24 thread(s)).
ScalarFieldSmoother] Data-set (73228 points) smoothed in ©.114568 s. (24 thread(s]

ttk-data : paraview — Konsole
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The Topology ToolKit (TTK)

e History

o Developed since 2014

o Released on April 1, 2017 (BSD license)
o http://topology-tool-kit.github.io
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The Topology ToolKit (TTK)

e History

o Developed since 2014

o Released on April 1, 2017 (BSD license)
o http://topology-tool-kit.github.io

e Since the release
o ~2k commits, ~100k lines of C++
o 11 contributing institutions: Caboma Inc.,,
CNRS, INRIA, Kitware, Linkoping University,

Sorbonne Universite, Total, TU Kaiserslautern,

U. of Arizona, U. of Utah, Zuse Institute Berlin
o >9k YouTube Views
o >14k unique visitors

TTK...

Getting Started Guide

N fHpeavin
(c) 2018 =%

Example Visualizations



http://topology-tool-kit.github.io
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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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Take-home messages

e Data on meshes, or meshable data?
o Features of interest?

= Topological Data Analysis
m Robust, multiscale, successful in applications

e The Topology ToolKit

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

o Efficient and easy-to-use implementations
o ParaView, Python, VTK/C++, C++

e Perspectives
o Statistical/topological analysis of data ensembles
o Towards high performance topological data analysis


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

Thanks!

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

e Thanks to all my co-authors!

o 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 Piqguemal, 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

e Questions?


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

Main publications

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.

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”, [EEE 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", [EEE 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”, [EEE 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 2000)



