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n Tasks on real-world graphs are challenging…
p Most real-world graphs exist in dynamic and open environments
p Dynamic & Open: emerging new classes, decremental/incremental features, 

changing data distributions, varied learning objectives, etc.

p Distribution shifts naturally exists in graph data, and can be spatio-temporal
p Out-of-distribution (OOD) generalized GNNs are critically needed!
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nMain challenges for handling OOD generalization on graphs
p Challenge 1: types of distribution shifts are complex

p Challenge 2: spurious correlations
u GNNs tend to exploit statistical correlations during training
u spurious correlations fail to generalize during testing
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Task: predicting if there exists House Motif

train test
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nProblem formulation
p OOD generalization:
p OOD generalization on dynamic graphs: 

nMain idea
p Investigating environments carefully, finding spatio-temporal invariant patterns, 

applying causal inference to decorrelations by interventions

goal
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nStep-1: Environments Modeling
p Goal: capture latent environments around each node
p Environment-Aware DGNN (EA-DGNN)

u EAConv:
u multi-channel convolutions with spatial aggregation:

u holistic temporal aggregation:

u overall architecture:
p Now we have modeled environments by obtaining 

environment-aware node representations

(easily extended to other sequential convolution models)
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with their respective multi-label

sampling & generating

nStep-2: Environments Inferring
p Goal: infer distribution of latent 

environments and instantiate 
samples with given labels
u ECVAE to infer:
u denote observed sample library

as:

u maximize ⇔ minimize 
u environment recognition network                    (encoder)

prior network                (observed)
environment sample generation network                   (decoder)

p Now we have inferred distributions of environments and established joint sample libraries
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nStep-3: Environments Discriminating
p Goal: discriminate spatio-temporal invariant / variant patterns for generalized prediction

u Assumption
(a) Invariance Property:
(b) Sufficient Condition:

u Proposition

p Now we have discriminated
spatio-temporal invariant / variant 
patterns node-wisely over time

Invariance
OOD Generalization

Variance
Environment / Domain

Information
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nStep-4: Environments Generalizing
p Goal: applying causal inference to decorrelations with interventions on variant parts

Ladder of Causation (Judea Pearl)

u Objectives

u Intervention

u Overall Loss
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nDatasets
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nMain results (future link prediction)
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nMain results (future link prediction)
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nAblation Study
p EAGLE (w/o EI). Remove the Environment Instantiation mechanism in Section 3.2.
p EAGLE (w/o IPR). Remove the Invariant Pattern Recognition mechanism in Section 3.3
p EAGLE (w/o Interv). Remove the spatio-temporal causal Intervention mechanism in 

Section 3.4.
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nAnalysis on Invariant Pattern Recognition Mechanism
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nEfficiency Analysis of Intervention
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nParameter Sensitivity Analysis
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nVisualization
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nConclusions

p A novel framework named EAGLE for OOD generalization by exploiting 
spatio-temporal invariant patterns with respect to environments. 

p The first trial to explore the impact of environments on dynamic graphs 
under OOD shifts.

p Design the Environment “Modeling-Inferring-Discriminating-Generalizing” 
paradigm to endow EAGLE with higher extrapolation power for future 
potential environments. 



Environment-Aware Dynamic Graph Learning for Out-of-Distribution Generalization (EAGLE), submitted to NeurIPS 2023 20

ConclusionExperimentsMethodologyBackground

2023.6.15

Haonan Yuan, Qingyun Sun, Xingcheng Fu, Ziwei Zhang, Cheng Ji, Hao Peng, Jianxin Li


