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Learning Reward Model

Learning Policy (PPO, TRPO)

Learning Policy (DPO, SPO)

Bradley-Terry Reward Model



Problem

3

• Non-transitive Preferences

◦ Conventional RLHF methods typically 

rely on the Bradley-Terry (BT) 

assumption for preference modeling, 

which presumes transitivity in human 

preferences—if response A is preferred 

over B, and B over C, then A should 

also be preferred over C. 

[1] Magnetic Preference Optimization: Achieving Last-iterate Convergence for Language Model Alignment. ICLR’25

𝐴 ≻  𝐵, 𝐵 ≻  𝐶 ⇒  𝐴 ≻  𝐶 
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• The Limitation of ELO score

◦ ELO score fails to capture the correct 

preference ordering between policies, 

even in transitive situations. 

[1] On the Limitations of the Elo, Real-World Games are Transitive, not Additive. AISTATS’23
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• The Diversity of Human Preference

◦ Given the inherent stochasticity of human preferences, one often learns a 

reward model that leads to a collapse in generation diversity. 

◦ Due to either finite sample or optimization error, we can easily learn a model 

that assigns a slightly higher reward to one option over the other. Then, if we 

were to optimize our policy under this model, we would learn to (almost) 

exclusively select one option, leaving half of the population unsatisfied. 

[1] Nash Learning from Human Feedback. ICML’24
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Intuitively, this means that while we don’t always make everyone 
happy (an impossibility), we never pick a solution that makes a 
significant portion of the population consistently unhappy. 

纳什均衡
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Define
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Social Choice Theory
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MiniMax Winner
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Self-Play Preference Optimization (SPO)
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Self-Play Preference Optimization (SPO)
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Experiments
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Experiments
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Discussion

[1] Magnetic Preference Optimization: Achieving Last-iterate Convergence for 
Language Model Alignment. ICLR’25, Peking University

[2] Nash Learning from Human Feedback. ICML’24, Google DeepMind

[3] A Minimaximalist Approach to Reinforcement Learning from Human 
Feedback. ICML’24, Google Reasearch.

[4] On the Limitations of the Elo, Real-World Games are Transitive, not Additive. 
AISTATS’23, CIFAR. 

Nash equilibrium in evaluating LLMs/VLMs? 
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Discussion

EM + DPO (Reward Model)?

human preference通常不具备传递性，这让学习
reward函数十分困难，reward model很难捕捉到
不同case下的偏好。有文章认为人群分布的多样
性决定了偏好的非传递性，确实很自然，比如专
业的和非专业的看同一个东西关注点确实不同，
偏好自然不同，所谓外行看热闹内行看门道。拍
脑袋一个想法是，相同batch（分布）下的人类
偏好是否具备传递性，如果这个假设成立，我们
其实可以构造一些隐藏变量去学习不同分布的聚
类关系，用EM算法来优化，是不是合理



Thanks
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