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IntroductionIntroduction
What is locally true everywhere, is

not necessarily globally true.

continuous local solutions

 Lipschitz global solution

Cauchy Problem

SHEAVESSHEAVESSheaf theory is meant to encode and
study the passage from local to global.

A sheaf enhances a mathematical object by attaching data to
its pieces and organizing how this data behaves across the

structure. [1]



Definition.Definition.

Restriction maps

SHEAVES on graphsSHEAVES on graphs

Stalks

terminologyterminology



Opinion dynamicsOpinion dynamics

“Stalks over vertices are individual
opinion spaces, stalks over edges are
discourse spaces, and restriction maps

are expressions of opinions on the topics
of discourse, formulated linearly from

basis opinions.” [2] 

Opinion dynamics provides a nice mental
picture of cellular sheaves.
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SHEAF LAPLACIANSHEAF LAPLACIAN



THEOREM (HODGE THEOREM)

Sheaf diffusion Sheaf diffusion 

Heat diffusion
on graphs 

Heat diffusion
on graphs 

Heat diffusion converges to the kernel of the Laplacian,

which for a connected graph is the space of constant
signals.

Heat kernel acts as a low pass filter Heat kernel acts as a low pass filter 

Standard diffusion converges to the space of constant signals, while sheaf diffusion
converges to the space of global sections, which can encode non-trivial structure.
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Node Features

Adjacency Matrix

Raw Node Features

Adjacency matrix

The node signal is lifted to a higher-dimensional
geometric space, where each node carries a d-

dimensional fiber (stalk), enabling richer interactions.

Any node classification task can be reduced to
performing diffusion with the right sheaf.

Oversmoothing Problem Heterophilic Problem



Heterophilic Problem
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diffusion 

Oversmoothing Problem

With more layers, GCN approaches
a “smooth” subspace where all the
node features are constant. [3]

The performance of GNNs
is strongly correlated to
the homophily level of a

graph. [4]

Different classes of sheaves induce diffusion
processes with different capabilities.

Furthermore, any node-classification problem
can be reduced to performing diffusion with

the right sheaf. [5]



Learning SheavesLearning Sheaves



Real-World EvaluationReal-World Evaluation
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