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Abstract
Data is essential for machine learning, but in real-world scenarios, it is often distributed unevenly across 
sources with varying sizes, quality, and availability. This imbalance poses challenges to model training, 
potentially leading to biased outcomes. This talk addresses these challenges through the lens of federated 
learning (FL), a prominent use case where each client acts as an individual data source contributing to a 
global model. In FL, clients may participate in training at different frequencies that are unknown a priori, 
meaning that data from less active clients has less impact on the model, which can create further 
imbalance and bias. Building on our recent work, I will introduce a lightweight algorithm, FedAU, that 
dynamically adapts aggregation weights in the federated averaging (FedAvg) process to handle unknown 
and varying client participation rates effectively. By estimating optimal weights based on the participation 
history of clients, FedAU ensures fair representation of all data sources, mitigating biases and enhancing 
convergence. I will present the key ideas of our theoretical convergence analysis that connects estimation 
error with convergence guarantees, as well as experimental results validating the effectiveness of FedAU 
under various participation patterns. Afterwards, I will discuss how the principles and methodologies 
developed in this work can be extended beyond FL to address the general problem of learning from 
imbalanced data sources across various machine learning paradigms, providing new insights and tools for 
enhancing model performance and fairness in diverse settings.
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