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Extremum Graph

Maxima

Saddles (potentially genus-changing)
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Descending Manifold
• use path compression: 

• each vertex points to largest neighbor 
• maxima point to themselves 
• in each step replace your pointer with the pointer of your pointer 
• repeat until all pointers converge to the maxima
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• critical points are characterized by the connectivity of their upper and 
lower link, for split tree upper link

Critical Point Computation



• critical points are characterized by the connectivity of their upper and 
lower link, for split tree upper link 

• a vertex can only be a split / merge saddle if its upper link vertices lead 
to at least two distinct maxima through a monotone path 

• this is already recorded in the descending manifold

Critical Point Computation
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Extremum Graph Computation



Merge Tree Computation



Merge Tree Computation
Correct pairing

(mi, si) where mi is the smallest maximum of si  
and si is the largest saddle of mi



Merge Tree Computation
Simplification
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Path Compression
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Merge Tree Augmentation



Results



Conclusion
Contributions: 
• generic merge tree computation scheme 
• novel merge tree algorithm with high parallel efficiency and low memory 

footprint 
• open-source implementation in the Topology ToolKit 

Future Work: 
• adapting the generic concept with other merge tree algorithms e.g. 

Triplet Merge Tree or Parallel Peak Pruning 
• GPU and distributed versions of ExTreeM
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