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Abstract: With the rapid development of emerging services such as the Industrial Internet, Internet of Vehicles, and
telemedicine, multimodal networks have emerged. This architecture is based on the design principle of “separating technical
systems from network environments”, allowing multiple network modalities to coexist on a unified infrastructure platform.
However, existing studies mostly focus on the construction of multimodal network environments, compilation optimization,
and network element design, while lacking systematic research on load balancing in the distributed control plane. Some ap-
proaches inspired by the switch migration and dynamic reallocation mechanisms of software-defined networking (SDN) can
alleviate controller overload to some extent, but they require frequent synchronization of state information among control-
lers. This leads to high migration overhead and response delays, making it difficult to meet the real-time and scalability re-
quirements of multimodal networks.To address these challenges, this paper proposes a method called joint optimization of

routing and polymorphic network element controller allocation (JRECA), which optimizes the control plane load distribu-
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tion in multimodal networks by rationally planning data-plane traffic routing. The method explicitly incorporates the differ-
ences in control information scales among different modalities into the optimization framework, comprehensively consider-
ing constraints such as network element allocation, routing selection, controller processing capacity, and link bandwidth.
Considering the heterogeneous nature of multimodal networks, this paper introduces a load-balancing mechanism that ac-
counts for the differences in control information scale among modalities within the controller load constraints. It constructs
a unified model that simultaneously achieves control-plane load balancing and data-plane throughput maximization, thereby
realizing coordinated optimization between the control plane load and data-plane throughput—addressing the shortcomings
of decoupled optimization in prior research. Furthermore, a theoretically grounded two-step algorithm framework is de-
signed: First, a multimodal network element-controller allocation algorithm based on maximum-load priority is developed
to determine the matching relationships between network elements and controllers, with a proven approximation ratio that
strictly bounds algorithmic performance. Then, under dynamic traffic conditions, an online routing algorithm based on the
primal-dual method is designed, with competitive ratio analysis providing a theoretical lower bound on online optimization
performance. Simulation experiments on two representative topologies—Fat-Tree and ARPANet—demonstrate that the pro-
posed algorithm achieves significant performance improvements across five network modalities: IPv4, IPv6, industrial con-

trol identifiers, named data identifiers, and identity identifiers. Compared with benchmark algorithms, the proposed method
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reduces controller load by 17.56% ~ 20.97% and increases system throughput by 13.86% ~ 29.82%.
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