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Abstract: To ensure the timeliness of multicast services in space-air-ground integrated networks, for minimizing en-
ergy consumption, this paper proposes an energy-efficient multicast routing algorithm based on multi-dimensional time-
varying graphs. First, we analyze the energy consumption issues of multicast routing in low earth orbit (LEO) satellite net-
works and develop a multi-dimensional time-varying graph model to characterize the time-varying topology, energy con-
sumption, and delay of LEO satellite networks. Then, the K-shortest path (KSP) candidate path algorithm is applied to gen-
erate a path set that satisfies the quality of service (QoS) requirements of multicast services. A minimum path heuris-
tic (MPH)-based multicast tree construction algorithm is further employed to derive the solution. Finally, it is theoretically
proven that the multicast tree constructed by the proposed algorithm achieves near-optimal energy consumption under QoS
constraints. Simulation results demonstrate that the proposed algorithm outperforms the existing methods in terms of net-
work energy efficiency.
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