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GSP traditionally focuses on node
signals, but what about signals on
edges”?

* Flow in water distribution
networks

* Troffic flow

* Information flow

\
\

il

8
&

* Power transfer in grids

Josef Hoppe * Don't be Afraid of Cell Complexes! * hoppe.io 1



RWTHAACHEN

Processing Edge Signals | ‘ UNIVERSITY

.IA\

Smooth Flow
(Global Trend)

Josef Hoppe * Don't be Afraid of Cell Complexes! * hoppe.io 2



Processing Edge Signals | ‘ R UN|\I}|I§\|%I|%¥

.IA\

Smooth Flow Noisy Flow
(Global Trend) (Local Fluctuations)

Josef Hoppe * Don't be Afraid of Cell Complexes! * hoppe.io 2



Processing Edge Signals | ‘ R UN|\I}|I§\|%I|%¥

.IA\

Smooth Flow Noisy Flow
(Global Trend) (Local Fluctuations)

Smoothness via Node in-/ outflow

Josef Hoppe * Don't be Afraid of Cell Complexes! * hoppe.io 2



Processing Edge Signals |l

B
o/
.l:\

RWTHAACHEN
UNIVERSITY

Smooth Flow
(Global Trend)

Josef Hoppe * Don't be Afraid of Cell Complexes! * hoppe.io



Processing Edge Signals lI ‘ J. UN|\I}|I§\|§:§I|%¥

.IA\

Smooth Flow Noisy Flow
(Global Trend) (Local Fluctuations)

Josef Hoppe * Don't be Afraid of Cell Complexes! * hoppe.io 3



Processing Edge Signals lI ‘ J. UN|\I}|I§\|§:§I|%¥

.IA\

Smooth Flow Noisy Flow
(Global Trend) (Local Fluctuations)

Nodes have net 0 in-/ outflow, Smoothness via Circulation
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If you know:
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* Linear Algebrao, and
* Basic Combinatorics
this talk is for youl!
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Start: Flows

Harmonic Flows

- Each iteration reduces 3/ T
N harmonic space by

expanding curl space

e
N

loss: 168 044
Evaluate Candidates

Add best Cell Find Candidates

4 O—

Hoppe and Schaub. "Representing Edge Flows on Graphs via Sparse Cell Complexes.” LoG 2023.
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4Santoro et al. "From Nodes to Edges: Edge-Based Laplacians for Brain
Signal Processing." EUSIPCO 2025.
SLiu et al. "Kalman Filtering on Cell Complexes." arXiv preprint
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Cell Complexes add Structure to Graphs

EERDN + Geometric Intuition
"' '}'4 * Built upon Boundary Map
F : Topological SP Applications
-- + Hodge Decomposition
Cell Complex * Linear TSP / Filter Learning
Some Current Research Areas hoppe.io
(/—\ i ) C i i i isti Personal
. + Combinatorial Complexity — Heuristics
RS + Non-linear Dynamics and SP Website
Boundary Map + Inference of (higher-dimensional) Cells Full Paper

Josef Hoppe, Vincent P. Grande, Michael T. Schaub. "Don’t be Afraid of Cell
Complexes! An Introduction from an Applied Perspective”. Preprint, arXiv:2506.09726
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Boundary Maps: Example

/ \ 0-1 0-3 0-4 1-2 2-3 3-4
O/ -1 -1 -1 0 0 0
@ 1 0 0 -1 0 0
@) 0 0 0 1 —1 0
® 0 1 0 0 1 —1
@ 0 0 1 0 0 1
Cell
Complex By
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Frequency Filters

Eigendecomposition:
Lk = UAUT Udlag(/\o /\1 ...,)\n) UT

Spectral Filter:
H = Udiag(h(Ag), h(A1), ..., h(Ap))UT

Learnable h, e.g. for time series prediction®:

h(A) = ag + O1A + apA? + ... { {

ICanbolat et al. "Cellular Autoregressive Higher-Order Models
EUSIPCO 2025.
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