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1. Motivation

1. Wettig et al., QuRating: Selecting High-Quality Data for Training Language Models, ICML2024
2. Xie et al., Data Selection for Language Models via Importance Resampling, NeurIPS2023 

 Large-scale training data is fundamental for developing capable LLMs
 Strategic data selection enhances training efficiency and reduces costs
 Current methods rely on static, training-agnostic criteria
 Need to account for dynamic model training and data interactions
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2. Methodology

 We introduce a plug-and-play Data Weighting Model (DWM)
 weighs the data samples within each batch during model training
 focuses on the joint effects of selected data
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2. Methodology

 Dynamic Bi-level Optimization
 The lower level optimized the trained model with data weighted by the weighting model
 The upper level optimized the trained model updated by the lower-lever optimization, where the 

weighting model can be optimized with the help of the chain rule.

weight influence
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2. Methodology

 Dynamic Bi-level Optimization - Lower Level LLM Training

 Contribution Weight for Each Sample ��:

 Weighted Training Loss:
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2. Methodology

 Dynamic Bi-level Optimization - Upper Level Data Weighting Model Training

 Model Parameter Update:

 Weighting Model Update:
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2. Methodology

 Multi-stage Alternative Iteration
 Starting from parameters ��−1 ��

�−1 inherited from stage � − 1, the iteration proceeds at 
stage � as follows:
 Weighting Model Update. Fixing the trained model, we first update ��

 Trained Model Update. With the updated weighting model ��
� t, we then optimize the 

trained model:

 Each stage � ∈  1,2,⋯, �  strictly enforces an alternating update order to resolve the 
interdependence between � and ��
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Effectiveness of DWM

3 Experiments
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Transferability of DWM

3 Experiments
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Analysis of Model Dynamic Data Preference

3 Experiments
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4 Conclusion

To this end, this paper
 proposes a novel bi-level optimization framework with a data weighting model
 improves the performance of models trained with carefully selected data but also enables models trained 

with randomly selected data to achieve competitive results
 demonstrates transferring DWM to larger models yields consistent performance improvements
 provides insights into how a model’s data preferences evolve throughout training

Limitation
 The additional training cost of introducing the weighting model during training
 The incompatibility between the model and the high-quality reasoning data when transferring DWM
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