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Abstract: Federated learning (FL) is a distributed model training framework that allows multiple clients to collaboratively train a global
model in an edge computing (EC) environment while preserving the privacy of clients’ local data. However, federated learning in edge

networks often faces challenges such as resource constraints and data heterogeneity, also known as non-independent and identically
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distributed (non-IID) data, which significantly degrade model training performance. To address these challenges, this study proposes an
efficient federated learning framework—FedAlt, aiming to enhance model training performance (e.g., test accuracy) in edge networks while

reducing resource consumption. FedAlt builds upon the classic federated learning algorithm FedAvg by incorporating block-wise multi-
output and self-knowledge distillation techniques. These enhancements enable clients to more effectively absorb information from the

model’s representational layers during local training, mitigating the negative impact of non-IID data on model training. Specifically, the
model is divided into multiple consecutive blocks, and at the start of each global training round, the server sends only the initial blocks of
the global model to the clients, reducing communication overhead. Clients then combine the global model with their local models and use
self-knowledge distillation techniques to absorb information from the model’s representational layers, addressing data heterogeneity

challenges. Moreover, considering that communication overhead increases with the number of transmitted model blocks, adaptive

il

algorithms are designed for both the server and client sides: the model block distribution algorithm and the block-wise multi-output
regularization algorithm. These algorithms dynamically adjust the number of distributed model blocks based on the client’s data

distribution, computational capacity, and communication capabilities. Extensive experimental results show that, compared to existing
methods, FedAlt improves average test accuracy by approximately 2.64% under limited communication bandwidth conditions.

Key words: edge computing; federated learning; data heterogeneity; resource limitation
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K6 ANFEGEAE CIFAR-10 Al CIFAR-100 b A7 %5 29 3R A0 5ok FE

o /N[H non-1ID F2E M. 7EAFIH non-1ID FRE T, FA 1401 T AR 772 7E CIFAR-100 #¥E4E F25d [ 2
UK (1140 200 %2) (45 I 2615 2 A B i a0RE 2. ARYE SR 1, 75 ID B T, FedAlt IR HS 1) 4 R AR B Fr ik
K 5 oA 4 73R LT AH TR SR, 30 3 P B g 22 Bt TE UL AN iR 2808 H R, FedAlt 7 non-1ID 1% 8 T 1]
DA SE I 85 v R 0RS . Fed ALt AR T~ 4 A48 572 1 20RS FE 32+ 22 B non-1ID F2 B2 (1938 i im 38 . %2, 72
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* 2 AEEREHSE S {E CIFAR-10 #1 CIFAR-100 454 I % FedAlt fIilatRs B2 (RS0 (%)
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