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Data challenges for pre-training LMs

� Large amount of data makes pre-training quite inefficient.
� High-quality pre-training data is running out.
� Data selection/cleaning is a heuristic-based tricky task.
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Motivation

� Large amount of data makes pre-training quite inefficient.
� High-quality pre-training data is running out.
� Data selection/filtering is a heuristic-based tricky task.

Models consume faster than 
humans produce.
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� Large amount of data makes pre-training quite inefficient.
� High-quality pre-training data is running out.
� Data selection/filtering is a heuristic-based tricky task.

The filtering pipeline is complex!

Can we establish a more theoretical 
foundation for data selection?

Data challenges for pre-training LMs
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Data Selection based on Optimal Control

� Data challenges for pre-training LMs
u Large amount of data makes pre-training quite inefficient.
u High-quality pre-training data is running out.
u Data selection/cleaning is a heuristic-based tricky task.

� Our data selection method PDS addresses the above problems

2x acceleration on selected data Perf. improvement on limited dataGood theoretical guarantees
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Data Selection as a Control Problem

𝛾 = [1,0,1,⋯0] ∈ 𝑅!

𝛾∗ = 1,1,1⋯0 ∈ 𝑅!

� The Data selection strategy is the control signal to optimize



� The Data selection strategy is the control signal to optimize
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Formulation



� Pontryagin’s Maximum Principle (PMP)
uGives a necessary condition for the optimality of the problem
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Solving the Problem

Lev	Pontryagin,	1908	- 1988



� PMP gives the ideal gradient direction for optimal data selection
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PDS: PMP-Based Data Selection

Random Data Selection
Optimal Data Selection

𝑡0 Training Steps

Lo
ss



� Select data whose gradient aligns with the optimal direction 
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PDS: PMP-Based Data Selection



Performance Improvement
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� Select 50B-token corpus from 125B-token corpus.
� Match the total training steps with the baselines (training computation)



Computation Saving
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� 2.0x acceleration on 1.7B models � PDS is efficient and offline
u Select data once for all models



Data Utilization Improvement
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� Performance improvement with limit data (50B tokens)

Extrapolation with Scaling Laws

~1.8x reduction of data use

1 Ep.

1 Ep. 2 Ep.

1 Ep. 2 Ep. 3 Ep. 4 Ep.
1 Ep. 2 Ep. 3 Ep. 4 Ep. 5 Ep. 6 Ep. 7 Ep. 8 Ep.

Pre-Training (w/o Data Selection)

Select 50% data, train for 2 epochs

Select 25% data, train for 4 epochs

Select 12.5% data, train for 8 epochs



Conclusion
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� A novel perspective for Data selection: Optimal Control problem
uGood theoretical guarantees ✅
uEfficient Implementation ✅
uSound empirical results ✅

A rigorous, theory-driven alternative to the ad-hoc 
practices that currently dominate LM pre-training



Thanks!

Paper: https://arxiv.org/abs/2410.07064

GitHub: https://github.com/microsoft/LMOps/tree/main/data_selection

HuggingFace: https://huggingface.co/Data-Selection

Paper: Code: HuggingFace:


