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Motivation I: On-Device LLM

• Challenges of Cloud-based LLMs 
➢Pressure on Cloud: substantial computational pressure on cloud 

infrastructure 

➢High Latency: Real-time applications suffer from delays due to network 
dependency

➢Underused Device Power: The potential of device is underexplored

• Advantages of on-device LLMs
➢Offline Capability

➢Better Personalization

➢Enhancing Privacy



Motivation II: Performance Gap

• The trade-off
• On-device LLMs

➢Offer privacy, low latency, and device customization

➢But suffer from limited capacity and weaker performance

• Cloud LLMs
➢Deliver superior accuracy and reasoning power

➢But introduce latency, privacy risks, and network dependency

• The Key Challenge
• How to balance efficiency and accuracy by leveraging both on-device and 

cloud LLMs



Existing Pipeline

• Task Optimization
➢Prompt tuning

➢SFT

➢RLHF

➢Etc..

• Router optimization
➢Binary classifier



Unified Problem Formulation

• Key Idea: The on-device model autonomously decide whether to solve 
the problem independently or invoke the cloud model

Two possible cases: 



Lagrangian Relaxation

Unconstrained Optimization

Unified Problem Formulation



Unified Problem Formulation

• Two possible case

• Accuracy Reward (the largest ): Rewards the correctness of the on-
device model’s final answer

• Coordination Reward: Rewards effective delegation, granted when the 
device invokes the cloud model and the joint output is correct 



Collaborative Unified Training Framework

• Our methodology
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The proposed method generalize well to the out-of-distribution data
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