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Router is too weak to fully utilize expert parameters？

• Mixture of Experts (MoE) uses router to conditionally and sparsely
assign each input token to its corresponding experts (FFN)
• MoE can scale the model size and keep computational costs nearly unchanged

• With a cost of parameter inefficiency:
• In DeepspeedMoE, a 52B MoE only performs comparably to a standard 6.7B model.
• In DeepseekMoE, a fine-grained 16B MoE is comparable with a standard 7B model.

• The router might be the bottleneck for utilizing expert parameters:
• Typically, the router is parameterized as one lightweight linear layers, which may 

limit its capacity to explore the optimal token-expert combination.
• OpenMoE (Xue et al., 2024) finds the routing converges to the token-id-based 

routing very quickly, which means the token-expert combination is not explored.
• Some works even show hash functions (Roller et al., 2021), stochastic routing (Zuo 

et al., 2021), and fixed-random router (Chen et al., 2023) also works well.

• The learnable router component in MoE needs further enhancement!



Capturing Cross-Layer Routing Dependencies with a Recurrent Router

• The routing in consecutive layers can be viewed as a sequence
• The routing results of the i-th layer is conditioned on previous layers’ decisions.
• Existing attempts to improve router still operate independently in each layer.

• We introduce a lightweight Gated Recurrent Unit (GRU) to capture the 
cross-layer routing dependencies!
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Capturing Cross-Layer Routing Dependencies with a Recurrent Router
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Layerwise recurrence increases cross-layer mutual information



Layerwise recurrence encourages expert diversity



Thanks!


