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Introduction

Reinforcement learning (RL) has become a key driver

behind the recent reasoning advances in large language

models. However, the internal parameter dynamics during

RL training remain largely unexplored, leaving the process

as a black box.

In this work, we uncover two fundamental properties of RL-

induced parameter updates in LLMs:

1.Rank-1 Dominance: The top singular subspace of the

parameter update matrix Δ𝑊 captures over 99% of

reasoning gains.

2.Rank-1 Linear Dynamics: This dominant subspace

evolves in an approximately linear manner throughout

training, enabling accurate prediction from early

checkpoints.

Methods

We describe the method for quantifying the contribution of the

Rank-1 Subspace to reasoning gains in RL. Sepecifically,

performing SVD on Δ𝑊:

Key finding1: Rank-1 Dominance

Comparison between RL-trained models and their Rank-1(1%)

parameter update counterparts across five reasoning benchmarks.

The results demonstrate that retaining only the Top 1(1%) of the

parameter update matrix is sufficient to recover the reasoning

gains achieved by RL-trained models.

Key finding2: Rank-1 Linear Dynamics

Rank-1 Linear Dynamics reveals that the dominant singular

subspace of RL-induced parameter updates evolves in an

approximately linear manner throughout training, with an

average 𝑅2 exceeding 0.96. This property enables accurate

prediction of final parameter updates from early training

checkpoints, forming the foundation for acceleration methods like

AlphaRL.

RL Accelerate framework：AlphaRL

Based on the two findings, we propose AlphaRL, which accelerates 

RL training by predicting the future updates of the Rank-1 subspace 

using only early-stage checkpoints:

Further Thoughts

Could the linear predictability of the Rank-1 subspace serve as

a simple yet powerful signal for monitoring and stabilizing RL

training — enabling early detection of anomalous updates or

guiding adaptive interventions? If you're interested in

exploring this direction, feel free to reach out and discuss

with me via email.


