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Link Prediction

• Graph Neural Networks (GNNs) are used for link prediction in high impact tasks. 

• These predictions are used to invoke expensive or time-consuming actions.

• Understanding prediction confidence is important for making informed decisions. 

Product Recommendation Gene-Gene Interaction Drug-Drug Interaction
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Calibration for Trust Worthy Predictions

• Calibration is the process of adjusting a model’s output probabilities to 
ensure that they accurately reflect the true likelihood associated with a 
specific prediction.

However, calibration for link prediction remains understudied!
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- Model’s uncertainty in its prediction is a function of its node-level uncertainties. 
- Existing calibration methods do not take individual node’s into account.
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What is Stochastic Centering(ΔUQ)?

• Stochastic Centering uses anchoring to 
simulate the behavior of an ensemble 
using only a single trained model. 


• Anchoring creates a relative 
representation for an input sample x in 
terms of a random anchor c: [x − c, c]. 

• During training, the anchor is randomized 
emulates the process of sampling 
different solutions from the hypothesis 
space.
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• Like a Deep Ensemble, the variance over 
different predictions is indicative of the 
uncertainty.
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- Stochastic Centering has state of the art performance for calibration and OOD detection 
on vision, graph classification and node classification tasks. 


- We adapt it to provide node level uncertainty that can improve link prediction performance.
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E-ΔUQ (v1)

• Perform anchoring after the encoder over the node 
representations.  

• Anchors are sampled by shuffling the node 
representations. 


• The encoder is deterministic, and the decoder is 
stochastic. 

- While this is a viable extension of ΔUQ, it does not directly use the node uncertainty.
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E-ΔUQ (v2): Partially Stochastic Encoder

• Sampling a diverse set of hypotheses is important 
for ensuring useful epistemic uncertainty 
estimates.


• Using a stochastic encoder supports more diverse 
hypotheses and helps capture more node level 
uncertainty. 

While we know have more diverse node level uncertainty, there is no apriori 
guarantee that these are calibrated!



E-ΔUQ (v3):  
Partially Stochastic Encoder + Node Level Pretraining

• To improve node level uncertainty, we use an 
auxiliary feature reconstruction task. 

• The model is trained end to end with the 
additional task at a negligible loss.
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Experimental Evaluation

• Obs 1: E-ΔUQ improves the  

calibration on all datasets over 
the vanilla model.


• Obs 2: E-ΔUQ perform 
comparably on AUPR (best 2/3). 

• Obs 3: E-∆UQ (v3) obtains the 
best calibration on 2/3 datasets.
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Questions?: pujat@umich.edu

pujacomputes.github.io

Thank you!
• Extending Stochastic Centering 
to Edge-Level Uncertainty


• Creating Meaningful Node-level 
uncertainties


• Experimental Evaluation of 
Edge-ΔUQ
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