
WSM: Decay-free Learning Rate Schedule 

via Checkpoint Merging for LLM Pre-training

1

1Ant Group, 2Renmin University of China

tianchangxin.tcx@antgroup.com, wangjp1010@ruc.edu.cn

Changxin Tian1*, Jiapeng Wang1,2*, Qian Zhao1, Kunlong Chen1, 

Jia Liu1, Ziqi Liu1, Jiaxin Mao2,

Wayne Xin Zhao2†, Zhiqiang Zhang1† and Jun Zhou1



2

Limitations of Cosine LRS
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From Cosine Scheduler to WSD

Pretraining-friendly
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Requires pre-specifying 
phase/strategies. Rolls back to 
the end of the stable phase.

One Decay Training
One Experiment

When to start?

How long to decay?

Which Curve?

What if modifications?

Limitations of WSD
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Requires pre-specifying 
phase/strategies. Rolls back to 
the end of the stable phase.

No annealing required during 
training. Simulates various decay 
methods via checkpoint merging.

One Decay Training
One Experiment

One Training
Multiple Experiments

When to start?

How long to decay?

Which Curve?

What if modifications?

WSD vs. WSM at a glance

Limitations of WSD
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Checkpoint Merging Gradient updating (with LR Decay)

Merging as Synthetic Decay

(c_j ~ weight of merged ckpts) (w_j ~ weight of accumulated gradient)
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Checkpoint Merging Gradient updating (with LR Decay)

Link between Checkpoint Merging and Gradient updating

Merging as Synthetic Decay
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Checkpoint Merging Gradient updating (with LR Decay)

Link between Checkpoint Merging and Gradient updating

Merging as Synthetic Decay
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The empirical ranking is consistent across both worlds: 1-sqrt > Mean > EMA.

Any decay schedule can be translated into a principled model merging weight.

Merging as Synthetic Decay
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Experiments

• Experiment Setup

• Ling-mini, a standard MoE model

with 16.3B ~ A1.4B parameters

• Begin with a checkpoint pretrained 

on 10.2T tokens



11

- Red: LR decay in WSD         - Gray: Stable LR in WSM      - Blue: Post-merge Model in WSM

WSM outperforms WSD by over 2%.

WSM vs. WSD: Main Results
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- Red: LR decay in WSD         - Gray: Stable LR in WSM      - Blue: Post-merge Model in WSM

WSM vs. WSD: Main Results

This advantage holds up after SFT.
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✓ Larger merging duration

✓ Good merging algorithm

✓ Finer merging granularity

✓ Introduction of high-quality annealing data

Key Drivers of WSM
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✓ Decay & Merging: Not additive ✓ Improved Generalization

✓ Better Load Balancing

Additional Observations



Conclusion

• We present Warmup-Stable and Merge (WSM), a simple yet general framework for 

LLM pretraining LR scheduling.

• Through extensive experiments, we systematically investigate key factors in 

instantiating this framework, including merge methods, merge frequency, and the 

compatibility of merging and decay strategies.

• WSM achieves substantial improvements over WSD, and offers significant 

flexibility in training.

Thanks for your attention
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