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Background

• 1) Federated Learning (FL) Core Challenge

• Clients exhibit distinct distribution shifts

• Need: Models must adapt to each client’s unique data distribution for good performance

• 2) Limitations of Existing Methods

Personalized FL

• Relies on labeled data from test clients for personalization

• Infeasible for real-world scenarios

Test-Time Adaptation (TTA)

• Assumes training data from a single source domain

• Designed for specific distribution shifts

• Predefines adaptive modules — ineffective for mismatched shifts



Background

• 3) Novel Setting: Test-Time Personalized FL (TTPFL)

• Training Phase: Server trains a global model using source clients.

• Test Phase: Target clients adapt the global model locally with unlabeled data.

• Goal: Address complex distribution shifts for cross-device FL with unlabeled target clients.



Motivation

• Core Conflict in TTPFL

• Existing methods fail to handle diverse distribution shifts in FL with unlabeled test clients.

• Gap 1: TTA Ignores FL’s Multi-Source Nature

• In FL, data comes from multiple source clients with inherent distribution shifts.

• Overlooking inter-source domain relationships degrades generalization to target clients.

• Gap 2: TTA Lacks Flexibility for Diverse Shifts

• TTA predefines adaptive modules

• Performance Trade-off: A module effective for one shift harms performance on another 

• Motivation for ATP

• Adapts to multiple distribution shifts

• Learns optimal adaptation rates from FL’s multi-source clients

•  Enables effective unlabeled personalization in TTPFL



Motivation



Method——ATP: adaptive test-time personalization

• Modules: Fine-grained model components — each has an adaptation rate 𝜶[𝒍]

- BN layers split into running mean/variance/weight/bias

• Update Direction: Unsupervised shift-aware direction for adaptation

• Module Update:   



Method——ATP: adaptive test-time personalization

• Training Phase                                         • Testing phase 

ATP-batch for test-time batch adaptation/                

ATP-online for online test-time adaptation

Communication Cost: 2𝑇𝐷 → 𝐷 + 2𝑇𝑑



Experiments

RQ1: Can ATP handle different distribution shift?



Experiments



Experiments

RQ2: Does ATP learn adaptation rates specific to distribution shift?



Experiments

RQ2: Does ATP learn adaptation rates specific to distribution shift?
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