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Efficient Multimodal Spatial Reasoning
via Dynamic and Asymmetric Routing

Goal: Achieve strong adaptation and reasoning performance
with minimal additional parameters and system overhead

Yixian Shen



Multimodal Tokens Saturate the Context Window

[ Text-only reasoning is often insufficient for spatial tasks

J Multimodal Chain-of-Thought improves spatial understanding

O But interleaved text—image tokens rapidly saturate the context window

[ Context overflow degrades long-horizon reasoning

[Pmmpl: Track the agent’s path and verify whether it reaches B ]
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(a) Text-only Chain-of-Thought (CoT [NeurlIPS 2022])
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(b) Image—Text Co-Thought (MVoT [ICML 2025])

Wei, Jason, et al. "Chain-of-thought prompting elicits reasoning in large language models." Advances in neural information processing systems 35 (2022): 24824-24837.

Li, Chengzu, et al. "Imagine while reasoning in space: Multimodal visualization-of-thought." arXiv preprint arXiv:2501.07542 (2025).



DARE: Efficient Multimodal Spatial Reasoning via
Dynamic and Asymmetric Multimodal Token Routing

 Intra- and Inter-Hop Adaptive Token Compression for MLLMs
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Asymmetric Redundancy in Multimodal Reasoning

J Text and vision tokens exhibit different redundancy patterns

(J Routing importance evolves differently across reasoning steps

J Motivates modality-specific routing strategies

[ Router's importance score for yisual tokens ]

Router's importance score for fext tokens
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DARE: A Fully Differentiable and Dynamic Routing Framework

d Modality-specific, learnable routing for text and vision tokens
1 End-to-end differentiable routing objectives
J Adaptive token compression across layers and hops
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The Asymmetric Redundancy

O Information cliff in visual token utility
[ Greedy cutoff identifies where vision tokens become redundant

(1 Aggressive pruning applied after the cutoff layer
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Dynamic Spatial Reasoning---MAZE

(J DARE achieves the highest success rate with the lowest compute and KV-cache cost.
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Zhang, Yuan, et al. "Sparsevim: Visual token sparsification for efficient vision-language model inference." arXiv preprint arXiv:2410.04417 (2024).
Wu, Wenshan, et al. "Mind's eye of LLMs: visualization-of-thought elicits spatial reasoning in large language models." Advances in Neural Information Processing Systems 37 (2024): 90277-90317.
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Dynamic Spatial Reasoning---FrozenlLake

(J DARE achieves the best success—efficiency trade-off on FrozenLake.
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Summary: A Scalable Recipe for Multimodal Reasoning
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Dynamic Routing Asymmetric System Efficiency
Compression

Intra- and Inter-hop Exploits the >40% Compute &
adaptation prevents visual-to-verbal Memory Savings.
redundancy. information cliff.

] Limitations

» Requires tuning of text—vision compression targets

» Requires tuning of hard pruning thresholds
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