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- Topological Data Analysis uses concepts from Computational Topology and 
has become a popular tool for capturing the inherent structure and features of
interest of scalar field data

- there are several topological abstractions of interest widely used for many 
applications

- growing dataset sizes makes computing them on single machines infeasible
- MS complex is a fundamental topological abstraction which segments the

domain into areas of similar gradient flow



- Persistence diagram on a subset of Turbulent Channel Flow with 6 billion
vertices, computed with over 4TB of RAM



● segmented merge tree on the entropy field of a Richtmyer-Meshkov instability 
simulation

● Fluid dynamics simulations can scale to hundreds of thousands of processors



- Extracting filaments and voids for cosmological density distributions
- The resulting topological abstractiosn may be simple, but the underlying data may
be arbitrarily complex, Nyx cosmological hydrodynamics solver with terabytes of data



● no general overview over different parallelization and distribution techniques 
exist

● TDA captures global structure, but parallelism requires local processing





- Data: piecewise linear scalar fields with data at vertices of d-dimensional 
connected simplicial complex. Values at edges and faces are interpolated



Elder rule



- Sublevelset: all vertices which have a lower function value than an isovalue
- Reeb graphs: non simply connected























● Persistence independently introduced by barannikov, robins and frosini&landi
which partition critical values into birth death pairs by upper triangular matrix 
reduction

● Pair simplices captures and quantifies topological features across different 
filtration levels in a simplicial complex. also formally introduced the 
persistence diagram

● While the worst-case complexity of this algorithm is cubic, in practice it is 
significantly faster

● Zomorodian generalized it for higher dimensional data
● One branch: De Silva et al have presented a method exploiting dualities 

between homology and cohomology to accelerate persistence diagram 
computation

● This led to the first output sensitive algorithm by Chen et al. which solves 
previous reduction on rank computation on submatrices. Do not improve worst 
case complexity, but strong results, especially in memory

● Other branch: cubical complexes instead of triangular complexes



- Morozov: compare and swap
- DMS: combining Pair-Simplices with discrete morse theory and including 

aggressive specializations for 3D. strong memory and time improvements



● Kruskals minimum spanning tree

● n vertices, t simplices, α is the inverse 
Ackermann function which grows very 
very slowly 



● major drawback of this approach is maintenance of the entire sweep front 
using Fibonacci heaps, which require a lot of memory for large sweep fronts in 
large datasets

● Another unintended consequence of starting the tasks at the maxima is that 
the tasks are not evenly distributed, which can lead to load imbalances and 
lower parallel efficiency when increasing the size of the dataset but not the 
amount of the actual work done e.g. when resampling an initial dataset to a 
higher resolution for scaling experiments. While the merge tree may not 
increase in size, FTM-Tree will still require substantially more memory and 
time to compute the merge tree on the higher resolution dataset.



- Instead of vector based approach, PPP uses data parallel primitives, identifying
saddle candidates in the data by checking which monotone paths reach multiple 
peaks



- gov saddle g of a peak p is the highest saddle from which a monotone path to p 
exists

- And then pairing saddles and peaks in an sorted array
- Then all peaks higher than governing saddles are pruned and gov saddles either

become regular points or peaks, and process is reiterated without pruned peaks





- Note that PPP  does not explicitly compute saddles, just saddle candidates. Those
are vertices whose upper link is part of at least two different regions in the
descending manifold, while ExTreeM‘s extremum graphs contains only the saddles
and allows us to replace the multiple sortings in PPP with a simpler and more
efficient maximum polling procedure



-Key use case: in-situ analysis of combustion simulations at volume size 
2025×1600×400 on 30,000 cores



- Idea of Carr: merge the join tree and split tree (two merge trees) in a 
postprocessing step











- we hope that our work can guide future work by highlighting the state of the art 
and the gaps needing to be filled










