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Bayesian networks are powerful probabilistic models for uncertain reasoning but still pose scalability and expressive
power in large graph domains even with traditional approaches. This paper introduces a new pipeline using graph neural
networks (GNNs), namely Graph Attention Networks (GAT) and GraphSAGE, to learn efficient Bayesian network inference.
Synthetic graphs are created with extensive node and edge features, structure parameters that can be controlled, and
metadata encoding centrality, node type, degrees, and CPDs. Data is pre-processed into PyTorch Geometric tensors and
enriched with evidence flags and entropy measures. The proposed framework performs probabilistic reasoning by
masking CPDs for selected evidence nodes and inferring root node conditional probability (given observed evidence).
Experimental evaluation demonstrates that GNN-based estimators achieve high accuracy on synthetic datasets, with a
particular focus on minimizing underprediction to enhance reliability in safety-critical applications. Computation time is
also evaluated to measure the speed of computation. The results will highlight the capability of GNNs to generalize
Bayesian inference. Benchmarking against classical methods and further extension to real-world data remains as future
work.
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