
Elastic Graph Neural Networks

Introduction
While many existing graph neural networks (GNNs) have been proven
to perform 𝐿! -based graph smoothing that enforces smoothness
globally, in this work we aim to enhance the local smoothness
adaptivity of GNNs via 𝐿"-based graph smoothing. We introduce a
family of GNNs (Elastic GNNs) based on 𝐿" and 𝐿! based graph
smoothing. Particularly, we propose a novel and general message
passing scheme which imposes locally adaptive smoothness (e.g.,
piecewise behaviors) in GNNs with a theoretical convergence
guarantee. Experiments on semi-supervised learning tasks demonstrate
that the proposed Elastic GNNs obtain better adaptivity on benchmark
datasets and are intrinsically robust to graph adversarial attacks
without hurting the performance on normal data.
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• Introduce 𝐿"-based graph smoothing in GNNs to enhance local smoothness adaptively
• Derive a novel, general and efficient message passing scheme (EMP) that promote
piecewise behavior in information diffusion

• Develop a family of GNNs (Elastic GNNs) that has better adaptivity and that are
intrinsically more robust to noise and adversarial graphs.
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These MP schemes enforce global smoothness
shared across the whole graph
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Classification accuracy (%) under different perturbation rates of adversarial graph attack. 

Can we enhance local smoothness adaptively
across different region over the graph?
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Motivated by the idea of (graph) trend filter, we propose new smoothness priors which favor
adaptive piecewise constant signal over the graph:

The first step in EMP is the standard message passing in existing GNNs, and the following
steps accumulate #∆%Z to promote the sparsity in #∆F and to preserve jump signals over edges
that might be noise or adversarial. The sparsity patterns in #∆F indicates the piecewise
constant behavior over the graph (e.g., clusters in the graph), and the preserved large node
differences prevent the inappropriate diffusion of features over edges.

Code: https://github.com/lxiaorui/ElasticGNN

https://github.com/lxiaorui/ElasticGNN

