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Graphs
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Zhou et al. Graph neural networks: A review of methods and applications, 2018
Benson et al. Higher-order organization of complex networks, 2016
Brain: Andriy Onufriyenko / Getty Images / Moment

Knowledge
Molecules

SocialTransport Citations

https://yashuseth.wordpress.com/2019/10/08/introduction-question-answering-knowledge-graphs-kgqa/
https://www.connectedpapers.com
https://link.springer.com/article/10.1007/s10910-023-01511-6/figures/3
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Graphs
Graph: 𝒢 = (𝒱, ℰ) with 𝒱 = 𝑁 

Adjacency matrix: 

𝑨 = # 1	 if	e!" ∈ ℰ
	 0	 otherwise

∈ ℝ!×!

Features: 𝑿 ∶ 𝒱 → ℝ!×#

Labels: 𝒚 ∶ 𝒱 → 𝐶
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Node Classification
• Given: 𝒢, 𝑿, 𝒚!"#$%
• Estimate labels in 𝒱\𝒱!"#$%
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GNN



The rewiring idea
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1 Topping et al. Understanding over-squashing and bottlenecks on graphs via curvature, ICLR 2022
2 Nguyen et al. Revisiting Over-smoothing and Over-squashing Using Ollivier-Ricci Curvature, ICML 2023
3 Karhadkar et al. FoSR: First-order spectral rewiring for addressing oversquashing in GNNs, ICLR 2023
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Denoising problem: Intuition
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noise noise

Labels 𝒚&

𝑨 𝑿

+

(contextual) stochastic block model

ℙ 𝑨&' = 1 = +

𝑐$%
𝑁
𝑐()!
𝑁

𝒚& = 𝒚'
y& ≠ 𝒚'

𝑿& =
𝜇
𝑁
	𝒚&𝝃 +

𝒛&
𝐹

Alignment*(𝑨, 𝑿) = 𝑽𝑨* 𝑽𝑿*
-

./



Joint denoising and rewiring (JDR) algorithm
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!𝒗! = 1 − 𝜂" 𝒗! + 𝜂"sign 𝒗! , 𝒖# 𝒖#
!𝒖! = 1 − 𝜂$ 𝒖! + 𝜂$sign 𝒖! , 𝒗# 𝒗#

𝑨 = 𝐕𝚲𝑽𝑻 and 𝑿 = 𝑼𝚺𝑾𝑻

6𝑨 = 6𝐕𝚲6𝐕𝑻and 6𝑿 = 6𝑼𝚺𝑾𝑻

∀𝑖 ∈ 𝐿

Analysis

Interpolation

Synthesis

𝑗 = argmax0∈[3] 𝒗&, 𝒖'
𝑗 = argmax0∈[3] 𝒖&, 𝒗'

Iterate



Does JDR increase alignment?
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𝜙 = 0 𝜙 → +1 𝜙 → −1

Graphs from cSBM with 𝝓

only features

Theory ✔

homophilic heterophilic



Experiments
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AMP-BP: O. Duranthon and L. Zdeborová. Optimal inference in contextual stochastic block models, 2023
GCN: Kipf and Welling. Semi-supervised classification with graph convolutional networks, ICLR 2017
GPRGNN: Chien et al. Adaptive universal generalized pagerank graph neural network, ICLR 2021

…and many more



Thank you for watching!
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paper code lab
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