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One Epoch Phenomenon for Large Scale
Embedding Model

• Over the past decade, deep learning has become 
prevalent in ASR domain, with most estimation models 
relying on large-scale sparse categorical features. 

• These models often exhibit one-epoch overfitting, where 
performance drops sharply after the first training epoch.



Preliminary

• Neural Network Definition

• Rademacher complexity Bound

• Embedding of each feature 

• multi-layer perceptron

• prediction for each sample



Optimization with Rademacher complexity
constraint
• Problem formulation

• Necessary Condition for the Optimal Regularization

We cast the trade-off between training loss and the generalization error 
bound as a constrained optimization problem.



Adaptive Regularization Method

• Last valid update step

• Optimization algorithm

• estimate the update interval of each feature

• adaptive regularization



Minimum Convergence

• Assumptions

• Minimum Convergence Instruction



Experiments and Results
we compare test AUC across different datasets and MLP backbones 
to demonstrate the generalization capability of our method. Each 
experiment is repeated three times with different seed



Learning Curve and Generalization Results

• For the native optimizer, training loss decreases rapidly after the first epoch. 
However, test AUC drops sharply with additional epochs, indicating clear overfitting. 

• MEDA and weight decay alleviate this problem, yielding more stable test AUC 
throughout training. Our method achieves the best overall performance.



Ablation Study

the bucket norms can be controlled 
via adaptive regularization strength 
while preserving the AUC gains 
across all buckets

compared with using a constant weight decay, 
decreasing the weight decay for high-frequency 
features and increasing it for low-frequency 
features can further improve performance 
while alleviating the one-epoch issue



Conclusion

• We propose an adaptive regularization method to address the one-epoch problem in 
estimation models for the ASR domain. 

• We provide a theoretical explanation for the one-epoch phenomenon and illustrate how 
the proposed method takes effect through analytical derivations and experiments. 

• Experimental results demonstrate that our approach effectively mitigates the one-epoch 
issue and improves estimation performance. 

code: https://github.com/alibaba-aidc/adaptive-regularization.git


