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What is Data Visualization? 
  9.50000e-001   9.11270e-001  9.50000e-001    9.50000e-001   9.11270e-001  9.88730e-001    9.50000e-001   9.11270e-001  9.11270e-001    9.11270e-001   

9.11270e-001  9.50000e-001    9.11270e-001   9.11270e-001  9.88730e-001    9.11270e-001   9.11270e-001  9.11270e-001    9.88730e-001   9.50000e-001  
9.50000e-001    9.88730e-001   9.50000e-001  9.88730e-001    9.88730e-001   9.50000e-001  9.11270e-001    9.50000e-001   9.50000e-001  9.50000e-001    
9.50000e-001   9.50000e-001  9.88730e-001    9.50000e-001   9.50000e-001  9.11270e-001    9.11270e-001   9.50000e-001  9.50000e-001    9.11270e-001   
9.50000e-001  9.88730e-001    9.11270e-001   9.50000e-001  9.11270e-001    9.88730e-001   9.88730e-001  9.50000e-001    9.88730e-001   9.88730e-001  
9.88730e-001    9.88730e-001   9.88730e-001  9.11270e-001    9.50000e-001   9.88730e-001  9.50000e-001    9.50000e-001   9.88730e-001  9.88730e-001    
9.50000e-001   9.88730e-001  9.11270e-001    9.11270e-001   9.88730e-001  9.50000e-001    9.11270e-001   9.88730e-001  9.88730e-001    9.11270e-001   
9.88730e-001  9.11270e-001    8.88730e-001   9.11270e-001  9.50000e-001    8.88730e-001   9.11270e-001  9.88730e-001    8.88730e-001   9.11270e-001  
9.11270e-001    8.50000e-001   9.11270e-001  9.50000e-001    8.50000e-001   9.11270e-001  9.88730e-001    8.50000e-001   9.11270e-001  9.11270e-001    
8.11270e-001   9.11270e-001  9.50000e-001    8.11270e-001   9.11270e-001  9.88730e-001    8.11270e-001   9.11270e-001  9.11270e-001    8.88730e-001   
9.50000e-001  9.50000e-001    8.88730e-001   9.50000e-001  9.88730e-001    8.88730e-001   9.50000e-001  9.11270e-001    8.50000e-001   9.50000e-001  
9.50000e-001    8.50000e-001   9.50000e-001  9.88730e-001    8.50000e-001   9.50000e-001  9.11270e-001    8.11270e-001   9.50000e-001  9.50000e-001    
8.11270e-001   9.50000e-001  9.88730e-001    8.11270e-001   9.50000e-001  9.11270e-001    8.88730e-001   9.88730e-001  9.50000e-001    8.88730e-001   
9.88730e-001  9.88730e-001    8.88730e-001   9.88730e-001  9.11270e-001    8.50000e-001   9.88730e-001  9.50000e-001    8.50000e-001   9.88730e-001  
9.88730e-001    8.50000e-001   9.88730e-001  9.11270e-001    8.11270e-001   9.88730e-001  9.50000e-001    8.11270e-001   9.88730e-001  9.88730e-001    
8.11270e-001   9.88730e-001  9.11270e-001    7.88730e-001   9.11270e-001  9.50000e-001    7.88730e-001   9.11270e-001  9.88730e-001    7.88730e-001   
9.11270e-001  9.11270e-001    7.50000e-001   9.11270e-001  9.50000e-001    7.50000e-001   9.11270e-001  9.88730e-001    7.50000e-001   9.11270e-001  
9.11270e-001    7.11270e-001   9.11270e-001  9.50000e-001    7.11270e-001   9.11270e-001  9.88730e-001    7.11270e-001   9.11270e-001  9.11270e-001    
7.88730e-001   9.50000e-001  9.50000e-001    7.88730e-001   9.50000e-001  9.88730e-001    7.88730e-001   9.50000e-001  9.11270e-001    7.50000e-001   
9.50000e-001  9.50000e-001    7.50000e-001   9.50000e-001  9.88730e-001    7.50000e-001   9.50000e-001  9.11270e-001    7.11270e-001   9.50000e-001  
9.50000e-001    7.11270e-001   9.50000e-001  9.88730e-001    7.11270e-001   9.50000e-001  9.11270e-001    7.88730e-001   9.88730e-001  9.50000e-001    
7.88730e-001   9.88730e-001  9.88730e-001    7.88730e-001   9.88730e-001  9.11270e-001    7.50000e-001   9.88730e-001  9.50000e-001    7.50000e-001   
9.88730e-001  9.88730e-001    7.50000e-001   9.88730e-001  9.11270e-001    7.11270e-001   9.88730e-001  9.50000e-001    7.11270e-001   9.88730e-001  
9.88730e-001    7.11270e-001   9.88730e-001  9.11270e-001    6.88730e-001   9.11270e-001  9.50000e-001    6.88730e-001   9.11270e-001  9.88730e-001    
6.88730e-001   9.11270e-001  9.11270e-001    6.50000e-001   9.11270e-001  9.50000e-001    6.50000e-001   9.11270e-001  9.88730e-001    6.50000e-001   
9.11270e-001  9.11270e-001    6.11270e-001   9.11270e-001  9.50000e-001    6.11270e-001   9.11270e-001  9.88730e-001    6.11270e-001   9.11270e-001  
9.11270e-001    6.88730e-001   9.50000e-001  9.50000e-001    6.88730e-001   9.50000e-001  9.88730e-001    6.88730e-001   9.50000e-001  9.11270e-001    
6.50000e-001   9.50000e-001  9.50000e-001    6.50000e-001   9.50000e-001  9.88730e-001    6.50000e-001   9.50000e-001  9.11270e-001    6.11270e-001   
9.50000e-001  9.50000e-001    6.11270e-001   9.50000e-001  9.88730e-001    6.11270e-001   9.50000e-001  9.11270e-001    6.88730e-001   9.88730e-001  
9.50000e-001    6.88730e-001   9.88730e-001  9.88730e-001    6.88730e-001   9.88730e-001  9.11270e-001    6.50000e-001   9.88730e-001  9.50000e-001    
6.50000e-001   9.88730e-001  9.88730e-001    6.50000e-001   9.88730e-001  9.11270e-001    6.11270e-001   9.88730e-001  9.50000e-001    6.11270e-001   
9.88730e-001  9.88730e-001    6.11270e-001   9.88730e-001  9.11270e-001    5.88730e-001   9.11270e-001  9.50000e-001    5.88730e-001   9.11270e-001  
9.88730e-001    5.88730e-001   9.11270e-001  9.11270e-001    5.50000e-001   9.11270e-001  9.50000e-001    5.50000e-001   9.11270e-001  9.88730e-001    
5.50000e-001   9.11270e-001  9.11270e-001    5.11270e-001   9.11270e-001  9.50000e-001    5.11270e-001   9.11270e-001  9.88730e-001    5.11270e-001   
9.11270e-001  9.11270e-001    5.88730e-001   9.50000e-001  9.50000e-001    5.88730e-001   9.50000e-001  9.88730e-001    5.88730e-001   9.50000e-001  
9.11270e-001    5.50000e-001   9.50000e-001  9.50000e-001    5.50000e-001   9.50000e-001  9.88730e-001    5.50000e-001   9.50000e-001  9.11270e-001    
5.11270e-001   9.50000e-001  9.50000e-001    5.11270e-001   9.50000e-001  9.88730e-001    5.11270e-001   9.50000e-001  9.11270e-001    5.88730e-001   
9.88730e-001  9.50000e-001    5.88730e-001   9.88730e-001  9.88730e-001    5.88730e-001   9.88730e-001  9.11270e-001    5.50000e-001   9.88730e-001  
9.50000e-001    5.50000e-001   9.88730e-001  9.88730e-001    5.50000e-001   9.88730e-001  9.11270e-001    5.11270e-001   9.88730e-001  9.50000e-001 



Vijay Natarajan Workshop on Introduction to Graph and Geometric Algorithms; Jan 10, 2012 3 

What is Visualization? 

Visible Human 
National library of medicine 

NIH, USA 

•  Study of following 

questions about data 

•  How to gain insight 

by “looking” at the 

data?  

•  How to convey 

information by 

graphical means? 
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Applications 
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Visualization Pipeline 
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Scalar Functions 

Scientific data often 
represented as scalar functions 

€ 

f :D→R



Pore structures Combustion 
Simulation 
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Scalar Field Visualization 

Visible Human 
National library of medicine 

NIH, USA 

€ 

f :D3 → R
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Scalar Field Visualization - 1D 

€ 

f :R→R
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•  Surface plot 

•  interpret scalar value as height 

•  Color mapping 

•  assign a color to scalar values 

•  Contour plot 

•  extract curves as pre-image of 
given scalar value 

Scalar Field Visualization - 2D 

€ 

f :R2 →R

Source: Wikipedia 
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Level Sets 
Preimage of an isovalue: Isocontours and Isosurfaces 

Source: Wikipedia 
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Scalar Field Visualization 

Isosurfacing - 2D Level sets 

Foot from Visible Human Data  
[US NIH and NLM] 



Level Sets 
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Level Sets 
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Level Sets 
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Level Sets 
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Level Sets 
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Minimum 

Maximum 

Critical Points 

Saddle 

Saddle 



Reeb Graphs 
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Georges Henri Reeb 



Quick Summary 

•  Scientific visualization 
(why? what?) 

•  Scalar field visualization 
•  Level sets / isosurfaces 
•  Topology of level sets 
•  Reeb graph 
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Computing Reeb Graphs 



Contour Trees 
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Join tree + split tree 



Contour Tree or Reeb Graph 
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Input Data Representation 
•  Scalar data available as a 

sample 
•  Domain represented using a 

mesh 
•  Triangles 
•  Tetrahedra 
•  k-simplices 

•  Scalar function specified at 
vertices of mesh 

•  Scalar function interpolated 
within mesh elements 



Critical Points 
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Algorithm Overview: Join Tree + 
Partition into Interval Volumes 
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Each interval volume is 
simply connected 

Join tree 



Loop Saddles 

Lemma: Any join saddle that ends a loop in the Reeb 
graph appears as a degree-2 node in the join tree. 
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Algorithm Overview: Union 
of Contour Trees 
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Contour tree of interval volumes Merge Contour trees 



Properties 

•  Efficient: has a running time of              
O(n log n + sn)  

•  Generic: works without modifications 
on d-manifolds and non-manifolds  

•  Easy to implement  
•  Handles data that do not fit in memory  
•  At least an 10 times faster than existing 

generic algorithms 
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Computing Reeb Graphs: 
Other Approaches 

•  Sweep domain using level sets 
•  Explicit maintenance of level set components 
•  2D PL functions: O(n log n) [SoCG 2003] 

•  d-dim functions, d > 2 : O(n2) 

•  Sweep domain in arbitrary order 
•  Stitch pieces of Reeb graph during sweep 
•  Worst case running time : O(n2) 
•  Efficient in practice, specifically for 2D meshes 

[Pascucci et al., SIGGRAPH 2007] 
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Computing Reeb Graphs: 
Other Approaches 

•  Loop-free Reeb graph (contour tree)  
•  O(n + t log t) [Carr et al., SODA 2001] 

•  Loop surgery 
•  Very fast in practice [Tierny et al., TVCG 2009] 
•  Works only for 3D domains with 1 bdy component 

•  Collapse triangles 
•  O(n log n) [Harvey and Wang., SoCG 2010] 

•  Cylinder maps 
•  O(n + l + t log t) [Doraiswamy and Natarajan, TVCG 2011] 



Results: 2-, 3-, and Higher 
Dimensions 
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Results 
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Results 
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Results 
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Representing and Displaying 
Reeb Graphs 



Reeb Graph Visualization 

•  Embedded Layout 
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Reeb Graph Visualization 

•  Radial layout 
•  Simplification 
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Simplification threshold = 0.005 Simplification threshold = 0.01 
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Application: Transfer 
Function Design 

Topology controlled volume rendering  
[Weber et al., TVCG 2007] 

[Doraiswamy and Natarajan, TVCG 2011] 
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Application: Interactive 
Exploration of Time-Varying 

Data 

[Doraiswamy and Natarajan, IEEE Transactions on Visualization and Computer Graphics, 2011] 
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Application: Interactive 
Exploration of Time-Varying 

Data 

[Doraiswamy and Natarajan, IEEE Transactions on Visualization and Computer Graphics, 2011] 
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Application: 
Segmentation 

[Doraiswamy and Natarajan, IEEE Transactions on Visualization and Computer Graphics, 2011] 



Application: Symmetry in 
Scalar Field Topology 
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[Thomas and Natarajan, IEEE Conf. Visualization, 2011] 



Application: Symmetry 
Aware Isosurface Extraction 
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[Thomas and Natarajan, IEEE Conf. Visualization, 2011] 



Application: Symmetry Aware 
Transfer Function Design 
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Summary 

•  Reeb graph: Abstraction of level set topology 
•  Applications to Visualization: volume rendering, data 

exploration, isosurface extraction, … 
•  Applications to Graphics: model repair, segmentation 

•  Reeb graphs for large data 
•  Parallel algorithms 
•  Streaming algorithms 

•  Symmetry within a scalar field 
•  Identifying similar regions 
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http://vgl.serc.iisc.ernet.in 


