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⚫ The LLM ecosystem has rapidly expanded — dozens of models now coexist.

Background – What Is The Problem?

⚫ User queries vary drastically in difficulty and domain.

⚫ Sending all queries to a single large model causes:

➢ Suboptimal performance

• Each LLM has its own specialized domain or reasoning strength.

• A “one-size-fits-all” approach ignores this diversity.

➢ Resource inefficiency

• Complex models are overused for trivial queries.

• Simple tasks could be handled by smaller, cheaper models.
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⚫ Early single-round routers: RouterDC, GraphRouter…

Background – Related Work

⚫ Core idea: select one LLM per query

➢ Lack of multi-step coordination — cannot combine complementary LLMs.

⚫ Limitations:

➢ Static and one-shot decisions → no feedback or reasoning loop.



Method – Overview

⚫ Prior routers (RouterDC, GraphRouter) → effective but single-round.

⚫ They overlook a key fact:

➢ Complex reasoning often requires multiple coordinated model calls.

⚫ Goal: orchestrate multi-model collaboration through multi-round routing + aggregation.

⚫ Inspired by DeepSeek and Search-R1, Router-R1 introduces the first multi-round router.



Method – Overview

⚫ Router Initialization: a capable LLM itself (e.g., Qwen or LLaMA).

⚫ Candidate LLM descriptions are injected into the prompt as cold-start knowledge.

⚫ Through training, Router-R1 learns the strengths & weaknesses of each model.



Method – Reward Curation

⚫ Optimization: Proximal Policy Optimization (PPO)

⚫ Reward components:

➢ Format Reward – encourages correct <think>/<route> syntax.

➢ Final Outcome Reward – based on answer correctness (EM).

➢ Cost Reward – inverse to (API price × #output tokens).

⚫ Overall Reward:

where α controls the performance–cost trade-off.

⚫ Enables the router to balance accuracy and efficiency during RL training.



Experiments



Experiments
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THANK YOU

 Github: https://github.com/ulab-uiuc/Router-R1

 Homepage: https://viktoraxelsen.github.io/

Welcome Star & Discussion
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