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Introduction

○ 2D or 3D data 

 (physics simulation, medical imaging…)

○ High resolution

~ 29,000 cells ~ 16,500,000 cells



Introduction : Ensemble Analysis

○ Ensemble of data-sets

○ Characteristics ?
  Commonalities / differences between members
  Average number of topological features, clustering, trend analysis, ...



Introduction : Ensemble Analysis

○ Data reduction using TDA



Introduction : Summarization of topological features
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○ Cost of an optimal matching between two diagrams

○ Pairwise distance :

○ Wasserstein distance :

○ Augmented diagrams for a balanced problem

○ Diagonal matchings ( ≃ removal of a feature)

Wasserstein distances for PDs



Auction algorithm
○  Approximation of  an optimal assignment 

○ Mimics a real-life auction between bidders and 
objects.

○ Auction Round : several bids
○ Each bidder a successively acquires the object b 

of greatest value 
○ Objects prices increase
○ Provides  a perfect matching 

○ .

○ Several Auction Rounds  :  ε-scaling



Auction algorithm : Toy example



Turner algorithm 
Computation of a Fréchet mean of a set of PDs

○ Gradient descent-like approach
○ N assignment computations for each Relaxation



Progressive Barycenters

○ Naive approach : Auction + Turner

■ Key observations :
○  The assignments can be re-used between two Relaxations

○  The early Relaxations do not necessarily need great 
precision in the assignments.

○ Emphase should be put on larger Persistence Pairs

○ Trivial parallelization

 



Progressive Barycenters Progressivity in accuracy

○ Only one Auction Round 
at each Relaxation

○ Prices memorization

○ Global ε-scaling



Progressive Barycenters Persistence-driven 
Progressivity

○ Decreasing persistence threshold 
Pairs are added at each Relaxation

○  

○ Introduction of a time-constraint
 



Progressive Barycenters
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Application to Ensemble Topological Clustering

○ Use of the K-Means algorithm
Two sub-routines : Assignment and Update

○ Progressive accuracy : One relaxation per clustering Update

○ Persistence-driven progressivity and time constraint

○ Geometrical lifting for the metrics

○ K-Means++, Accelerated K-Means



Results
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Barycenter computation

Barycenter quality



Barycenter computation

Barycenter quality : Comparison of Fréchet energy

○ Disparity of 2% at most



Barycenter computation

Visual quality : Ours (bottom) compared to the Auction approach



Results : Barycenter computation

Visual quality : Ours (bottom) compared to the Auction approach



Gaussian Data-set : 100 members, 3 clusters

 Ensemble Visual Analysis with Topological Clustering



Starting Vortex Data-set : 12 members, 2 clusters



Vortex Street Data-set
 
45 members, 5 clusters



Sea Surface Height Data-set : 48 members, 4 clusters



Conclusion

○ Algorithm for the computation 
of PD barycenters

○ Two layers of progressivity

○ Interruptibility

○ Interactive analysis of 
ensembles

○ Extension to topological 
clustering of ensembles

○ Open-source implementation in 
the Topology Tool Kit


