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Abstract: Emerging low earth orbit (LEO) mega-constellations demonstrate significant potential in global communica-
tions. However, the vast network scale and frequent disruptions result in poor scalability and robustness of existing deep
reinforcement learning (DRL)-based routing schemes. GraphSR, a robust and scalable routing framework based on graph
reinforcement learning was proposed. First, GraphSR adopts a new topology model, called virtual traffic topology to
shield dynamic topology disruptions. The physical topology changes caused by network failures are converted into the di-
versity of traffic demands to facilitate robust routing calculations. Second, to achieve routing scalability, GraphSR divides
the constellation into multiple software-defined networking (SDN) control domains and designs a graph neural network
(GNN)-based DRL algorithm to get rid of the input dependence on fixed topology. Lastly, by quickly evaluating critical
failure scenarios and selecting some critical links that significantly impact network performance, GraphSR focuses on con-

trolling the weights of critical links to reduce the action space dimension of DRL. Simulations on the Starlink mega-
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constellation topology show that compared with other baseline routing schemes, GraphSR improves path reliability by

more than 7.04% under various link failure scenarios, while the end-to-end delay remains within an acceptable range.

Key words: low earth orbit mega-constellation, resilient routing, software-defined networking, deep reinforcement learn-

ing, graph neural network
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