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Abstract—This paper proposes Multi-path ClusterBased Graph Distribution (MCBGD), a novel framework enabling scalable
Measurement-Based Quantum Computation (MBQC) in resource-constrained quantum networks.To address the challenge of large-
scale cluster state requirements in the NISQ era—where quantum computers typically handle only a few dozen qubits while MBQC
demands hundreds or thousands —MCBGD introduces a hybrid decomposition strategy that separates cluster states into horizontal
and vertical components. The framework features a genetic multi-path routing algorithm for optimized horizontal cluster deployment
across qubit availability, channel fidelity, and latency constraints, combined with an entanglement-efficient vertical segmentation
scheme. NetSquid simulations on grid networks demonstrate MCBGD’s significant advantages in both fidelity and resource efficiency
compared to existing methods.The proposed approach provides a practical pathway for implementing quantum algorithms on
distributed quantum processors with limited resources.
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