
Problem Definition

to obtain a cell complex    s.t. the loss F harm F (i.e., harmonic flow) is minimized.
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Empirical Results

Hemholtz Decomposition

Heuristics to find Cell Candidates

A Spanning Tree induces a Cycle Basis
(cycles covering the harmonic space)

E�cient Computation

Efficient computing on spanning trees:
Sum of flows around induced cycles
1. sum up flows from root to all nodes
2. flow through tree = difference
    between sums (green dashed line)
3. cycle flow = tree flow + edge flow 
    (green and red dashed lines)

Length via lowest common ancestor

1.  Maximum Spanning Tree (by edge flows)
2. Similarity Spanning Trees (edges with similar flow values):
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Finding Spanning Trees

Idea: A cell ~ a set of edges with similar flow values.
Similarity: Find k clusters; one spanning tree each with 
max. similarity to cluster center.
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Hodge
Decomposition
discrete equivalent of the
Helmholtz Decomposition

Runtime Complexity

Prior work found the hodge decomposition useful, but was 
limited: [2] selects rather than inferring; [3] limits cycles to all 
triangles. Infeasible to consider exponentially many cycles.
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Preselected Cells [2] All Triangles [3]
(Simplicial Complex)

All Cycles?
infeasible
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The Problem is NP-Hard.

Experimental Evidence shows
near-linear Runtime
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n nodes, m edges

Flows are ubiquitous 

Flows exist on the edges of many networks: People, goods, 
energy, or data for example. Other relationships may be 
abstracted in a similar way.
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https://github.com/josefhoppe/edge-flow-cell-complexes

