
 

Motivation 
Federated multi-armed bandit (FMAB) setting:  agents and  arms 

Why federated setting? 
• Leveraging data from distributed agents without sharing raw data 
• Collaboratively finding a globally optimal arm 

FMAB Problem 

Goal: minimize the static regret after  rounds 

Arm  is assumed to be the optimal arm. 

What an FMBA algorithm should contain? 
Personalized arm-selection decisions for each agent 
 - delayed information          - different exploration degree 

Key Challenge: 
    Data heterogeneity        Exploration-exploitation dichotomy 

Prior Art 
Gossip UCB (Zhu et al. 2021): 
     Decentralized MAB, Local information + Neighbor information 
PF-UCB (Shi et al. 2021): Federated MAB, Global information 
Intuition:  Form local decisions 
         Obtain global information only intermittently 

FedUCB-UE Algorithm 
      exploration time counter    reward estimator 

Agents:    

Server:           

Initialization:  
Agents  

Server  

 rounds of local exploration:  
Compute underexplored set 
- If               , agent  randomly selects          from 
- Otherwise, agent  chooses the arm that maximizes  

    
 Unbiased estimator: 

  
 Confidence level: 

  

Updates the             and             according to (1)  

Communication:  
After  local rounds, agents will communicate with the server 
- Each agent  transmits             and             to the server 
- The sever calculates           and            according to (2) 
 The sever broadcasts           and            to all agents 

Convergence Guarantee 
Conjecture: Define the event                                                          . 

Assume that for all non-optimal arms , we have 

Intuition: Agents’ actions tend to achieve consensus 

Theorem: When Conjecture holds, and             , the regret  bound  
for the FedUCB-UE algorithm satisfies 

Experiments 
Verification of the conjecture: 
FMAB setting with  and  and                                   . 

Comparison with prior art: 
FMAB setting with ,  and  

Model 1:                                    ;  Model 2:                                    . 

Conclusion 
• FedUCB-UE has two features: 

• Agents form local decisions  
• Agents obtain  global information only intermittently  

• FedUCB-UE achieves the optimal              regret bound 
• FedUCB-UE outperforms the state-of-the-art algorithms
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