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Abstract: With the rapid advancement of the Internet of Things, the volume of data generated by large-scale, ubiqui-
tous distributed terminals is surging. To enhance the intelligence of network services, we adopt the semi-decentralized feder-
ated edge learning (SD-FEEL) paradigm, in which multiple edge servers each coordinate a cluster of terminals to perform
local model updates, while periodically exchanging updates among themselves. This approach preserves learning perfor-
mance while effectively mitigating network congestion. However, real-world deployments encounter key challenges: inade-
quate incentives reduce terminals’ motivation to participate in training, and wireless communication interruptions during the
process can degrade overall training efficiency. To address these issues, this paper proposes an incentive mechanism for SD-

FEEL scenarios, leveraging evolutionary game theory and optimization of interruption probabilities. Specifically, first, we
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design a terminal contribution metric that incorporates both data quantity and quality, along with a corresponding reward
function to encourage participation from high-quality terminals. This not only boosts global model performance but also en-
sures fairness in incentives. Second, we introduce an evolutionary game framework to model terminals’ bounded rationality
and dynamic decision-making behaviors. This framework balances edge server loads, determines the optimal proportions of
terminals associating with each server within the population, and maximizes the population’s overall utility. Building on this
foundation, we further optimize specific terminal-to-edge server association strategies with the goal of minimizing the prob-
ability of wireless communication interruptions. Simulation results demonstrate that the proposed method can effectively
balance the edge service load. Compared to the random access method and the reputation-aware incentive mechanism

(RAIM) scheme, the communication interruption probability is reduced by 32.04% and 35.55% respectively, and the model

accuracy is improved by 3.58% and 4.34%, respectively.
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