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Federated Multi-armed Bandit via Uncoordinated Exploration
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FedUCB-UE Algorithm ______ Experiments

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

Paper #5203
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Verification of the conjecture: i
FMAB setting with N =20 and M =5and p; m ~ N ( _ m, 1).
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Why federated setting™ Compute underexplored set S;(t) = {m|n; m(t — 1DE < np(to)} ) E =10 b) E = 20

e Leveraging data from distributed agents without sharing raw data
e Collaboratively finding a globally optimal arm

FMAB Problem

- If S;(t) # 0, agent i randomly selects A;(t) from S;(¢)
- Otherwise, agent : chooses the arm that maximizes UCB; ,,, (%)

UCB; i (t) = Bim(t —1) + Cpu(t — 1)

Unbiased estimator:

Comparison with prior art:
FMAB setting with N = 20, M = 10 and £ = 10
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Model 1: tti.m ~ N ( m, 1); Model 2: tt; 1 ~ N ( e 1).
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Goal: minimize the static regret after 7' rounds Updates the n;m(t) and X; ,,,(t) according to (1) 0 10002000 3090 4000 5000 0 10002000 3090 4000 5000
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Communication:

a) Model 1: theoretical confidence level b) Model 1: optimally-tuned confidence level

s After E local rounds, agents will communicate with the server 7. _
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Arm 1 is assumed to be the optimal arm. - Each agent ¢ transmits n; ,,,(t) and X; ,,(t) to the server B 10- — Gespucs | B 10  Gossip UCE
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What an FMBA algorithm should contain? The sever calculates n.,(t) and Xl”(t) according to (2) .. . .
. . .. The sever broadcasts nn, () and X,,(¢) to all agents = <
Personalized arm-selection decisions for each agent ;; 4- ;; 4-
- delayed information - different exploration deqgree 2 k 2
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Key Challenge: Round Round

Data heterogeneity 4+ EXxploration-exploitation dichotomy

Conjecture: Define the event DS (t) = {ni,m(t) < n”;(t) 1}.

Assume that for all non-optimal arms m, we have

a) Model 2: theoretical confidence level b) Model 2: optimally-tuned confidence level

_ - Conclusion
il fim = ZP{DSm(t)} < e « FedUCB-UE has two feat '
Gossip UCB (Zhu et al. 2021): =1 € - as two Teatures:

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

Intuition: Agents’ actions tend to achieve consensus

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

R(T)=0O(logT) .

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

 FedUCB-UE achieves the optimal O(log T') regret bound
 FedUCB-UE outperforms the state-of-the-art algorithms



