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Representation Learning
Motivation

Representation learning, also called 
feature learning, is ubiquitous in ML.

Broadly, we seek a tractable 
representation of data sampled from a 
complex space.

This representation should preserve 
structure within the data space, 
informing a down-stream task 
(regression, classification, 
reconstruction, etc.).
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Representation Learning
Motivation
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Node Embedding with DeepWalk
Motivation
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Node Embedding with DeepWalk
Motivation

Qiu, Jiezhong, et al. "Network embedding as matrix factorization: Unifying deepwalk, line, pte, and 
node2vec." Proceedings of the eleventh ACM international conference on web search and data mining. 2018.

flat representations 
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Graph Neural Networks
Motivation
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Graph Convolutional Networks (GCN)
Motivation
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Graph Convolutional Networks
Motivation

coboundary / 
incidence matrix
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Sheaves

Sheaves
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Level 4: Categorical Definition
Sheaves



Sheaves ApplicationsMotivation Cellular Sheaves

Categorical Definition
Sheaves

The nerve organizes 
into a category
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Categorical Definition 
Sheaves
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Level 3: Sheaves as Equalizers
Sheaves

set function equalizer fiber kernel
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Recap
Sheaves
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Cellular Sheaves

Cellular Sheaves
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Graph Topology
Cellular Sheaves
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Towards Applications

Given

Ignored

Assumed FVect

Ignored/Trivial

By treating graphs as cell complexes endowed with the Alexandrov topology, 
cellular sheaves can provide a model for representation learning on graphs.

Cellular Sheaves
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Sheaves on Graphs
Cellular Sheaves

Stalks

Restriction Maps



Sheaves ApplicationsMotivation Cellular Sheaves

Sheaves on Graphs

Space of 0-cochains

Space of 1-cochains

Cellular Sheaves
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Sheaves on Graphs
Cellular Sheaves
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Sheaves on Graphs
Cellular Sheaves
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Sheaves on Graphs

<latexit sha1_base64="dOKd82qKKVr5NsHZMgx5i8S22JE="></latexit>

LF = �>�

(LF )u,v =

✓
F>

v P eFv P e �F>
v P eFuP e

�F>
uP eFv P e F>

uP eFuP e

◆

(LFx)v =
X

u,v P e

F>
v P e(Fv P exv �FuP exu)

x>LFx =
X

u,v P e

kFv P exv �FuP exuk2 = E(x,F)

Cellular Sheaves

Hansen, Jakob, and Robert Ghrist. "Toward a spectral theory of cellular 
sheaves." Journal of Applied and Computational Topology 3.4 (2019).
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Graph Laplacian
Cellular Sheaves
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Applications

Applications
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Julia Sachin Anja
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Knowledge Graph Embedding
Applications
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Knowledge Graph Embedding
Applications

Learn 0-cochains and 
restriction maps 
simultaneously.
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Knowledge Graph Embedding
Many of the most popular knowledge graph embedding methods (TransE, SE, 
RotatE) are implicitly learning sheaf representations. 

Gebhart, Thomas, Jakob Hansen, and Paul Schrater. "Knowledge Sheaves: A Sheaf-Theoretic Framework for 
Knowledge Graph Embedding." International Conference on Artificial Intelligence and Statistics. PMLR, 2023.

These methods use contrastive learning to find entity and relation representations 
which are as consistent as possible with respect to the typing schema. 

The sheaf Laplacian allows one to solve boundary value problems on the knowledge graph 
via harmonic extension, providing a method for reasoning over conjunctive queries.

“What is Julia’s friend’s 
friend’s favorite movie?”

Applications
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Sheaf Neural Networks
Applications
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Sheaf Neural Networks
GCN SCN

Applications
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Sheaf Neural Networks

Hansen, Jakob, and Thomas Gebhart. "Sheaf neural networks." NeurIPS
2020 Workshop on Topological Data Analysis and Beyond (2020).

Bodnar, Cristian, et al. "Neural sheaf diffusion: A topological perspective on heterophily and 
oversmoothing in gnns." Advances in Neural Information Processing Systems 35 (2022).

Applications
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Questions?
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