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Is DPO Superior to PPO For LLM Alignment? A Comprehensive Study.

• RLHF is a crucial step for LLM alignment.

• DPO, as a simplified RLHF method, is often preferred and 
reported to have strong performances.

• Can such simplifications always lead to strong 
performances? 

• How can we make PPO work?

Pretraining Alignment

Aligned LLMPretrained LLMLarge Corpus
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PPO Formulation
Step 1: Train a reward model

Preference Dataset
Prompt: 

How to make a bomb?

Accepted Answer:
I apologize, but I cannot 

provide any information… 

Rejected Answer:
Making a bomb typically 
requires the following… 

✅

❌
Reward Model

Training Objective
• Maximize rewards on 

accepted answers
• Minimize rewards on 

rejected answers 
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Reward ModelPre-Trained/SFT LLM

Online Generation
Output

Feedback

Aligned LLM

Training Objective
• Maximize KL-regularized reward

PPO Formulation
Step 2: Reinforcement Learning
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Preference Dataset
Prompt: 

How to make a bomb?

Accepted Answer:
I apologize, but I cannot 

provide any information… 

Rejected Answer:
Making a bomb typically 
requires the following… 

✅

❌

Training Objective
• Maximize log-likelihood on 

accepted answers
• Minimize log-likelihood on 

rejected answers 

Pre-Trained/SFT-ed LLM Aligned LLM

DPO Formulation
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Understanding the 
limitation of DPO
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A simple counter-example

Preference Dataset

0.5 0.5

0

Reference Policy

Probability

𝑦! 𝑦" 𝑦#Answer

1

0 0

Optimal Policy

Probability

𝑦! 𝑦" 𝑦#Answer

✅ ❌𝑦! 𝑦"
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A simple counter-example

✅ ❌𝑦! 𝑦"

0.5 0.5

0

Reference Policy

Probability

𝑦! 𝑦" 𝑦#Answer
0.1 0

0.9

DPO Policy

Probability

𝑦! 𝑦" 𝑦#Answer

Preference Dataset

DPO training

𝒚𝟑 is an Out-of-
Distribution answer 
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DPO fails to find the optimal policy…

WHY?
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A simple counter-example

✅ ❌𝑦! 𝑦"

0.5 0.5

0

Reference Policy

Probability

𝑦! 𝑦" 𝑦#Answer
0.1 0

0.9

DPO Policy

Probability

𝑦! 𝑦" 𝑦#Answer

Preference Dataset

DPO training

In this case

ℒ"#$ is minimized when 𝜋% 𝑦& 𝑥 = 0, irrelevant to 𝑦' and 𝑦(.
DPO is not guaranteed to find the optimal policy !
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How does PPO work this case?
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✅ ❌𝑦! 𝑦"

0.5 0.5

0

Reference Policy

Probability

𝑦! 𝑦" 𝑦#Answer

1 0

10Reward Model

Reward

𝑦! 𝑦" 𝑦#Answer

Preference Dataset Train the 
Reward Model

PPO Training

𝝅𝒓𝒆𝒇 𝒚𝟑 𝒙 = 𝟎

𝝅𝜽(𝒚𝟑|𝒙)
𝝅𝒓𝒆𝒇(𝒚𝟑|𝒙)

is extremly large

if 𝝅𝜽 𝒚𝟑 𝒙) ≠ 𝟎

1

0 0

PPO Policy
Probability

𝑦! 𝑦" 𝑦#Answer

KL-term

Online
Samples
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How to improve DPO?
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Understanding the Limitation of DPO
Experiments on the Real Preference Dataset: SafeRLHF[1]

solution 1: Additional SFT over the training dataset. 
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∆ Helpfulness ↑ 
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[1] Dai, J., Pan, X., Sun, R., Ji, J., Xu, X., Liu, M., ... & Yang, Y. (2023). Safe RLHF: Safe reinforcement learning from human feedback. arXiv preprint arXiv:2310.12773.

P.S. Helpfulness and safety are evaluated by the released model in the original paper.
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Understanding the Limitation of DPO
Experiments on the Real Preference Dataset: SafeRLHF[1]

[1] Dai, J., Pan, X., Sun, R., Ji, J., Xu, X., Liu, M., ... & Yang, Y. (2023). Safe rlhf: Safe reinforcement learning from human feedback. arXiv preprint arXiv:2310.12773.

solution 2: Online generation and scoring with a trained reward model.

Helpfulness and safety are evaluated by the released model in the original paper.
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Safety Rate ↑

SFT(Safe) + DPO  +Filter Dual-Unsafe
 +Filter Dual-Safe
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SFT(Safe) + DPO  + Filter Dual-Unsafe
 + Filter Dual-Safe

Understanding the Limitation of DPO
Experiments on the Real Preference Dataset: SafeRLHF[1]

Additional Trick: Eliminate noises or controversies in the dataset.

[1] Dai, J., Pan, X., Sun, R., Ji, J., Xu, X., Liu, M., ... & Yang, Y. (2023). Safe rlhf: Safe reinforcement learning from human feedback. arXiv preprint arXiv:2310.12773.

But this will filter out some high-quality data, thus hurt helpfulness!
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What about PPO in the 
SafeRLHF benchmark?
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Understanding the Limitation of DPO
Experiments on the Real Preference Dataset: SafeRLHF[1]

[1] Dai, J., Pan, X., Sun, R., Ji, J., Xu, X., Liu, M., ... & Yang, Y. (2023). Safe rlhf: Safe reinforcement learning from human feedback. arXiv preprint arXiv:2310.12773.

What about PPO in this benchmark? An end-to-end comparison with DPO.
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Key Factors to Improve 
the performance of PPO
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1⃣‍
A LARGE Batch Size
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Key Factors to Improve the Performance of PPO
Competitive programming: APPS dataset
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Pass@5 (%)

Introductory Interview Competition

64à512:
The pass rate 

increases by ~10%
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2⃣‍
Advantage 

Normalization
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Key Factors to Improve the Performance of PPO
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HH-RLHF(OpenAssistant Reward) APPS (pass@5) CodeContest

Task: Competitive programming & conversation
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3⃣‍
Exp. Moving Average 

for the Reference Model
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Key Factors to Improve the Performance of PPO
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Update the reference model with exponential moving average during training:
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Benchmark Results
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Benchmark Results
Task: Competitive Programming (test/validation set for APPS and CodeContest).
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Benchmark Results
Task: Competitive Programming (test/validation set for APPS and CodeContests).

DPO usually fails to tackle hard 
tasks like code generation.
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Task: Competitive Programming (test/validation set for APPS and CodeContests).



Is DPO Superior to PPO For LLM Alignment? A Comprehensive Study.

0%

10%

20%

30%

40%

50%

Introductory Interview Competition

APPS

Few shot SFT DPO-Iter PPO

0%

5%

10%

15%

20%

25%

Test Set 10@1k

CodeContests

AlphaCode41B+clustering SFT DPO DPO-Iter  PPO

Benchmark Results
Task: Competitive Programming (test/validation set for APPS and CodeContests).

PPO establishes a new 
state-of-the-art 

Previous SOTA
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Task: HH-RLHF conversation.

Task: SafeRLHF conversation.
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Conclusion
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• When applying DPO, we suggest
• Performing an additional round of SFT over the accepted answers;
• Carefully annotating data;
• Iteratively generating fresh answers and labels for continuous learning.

• When applying PPO, we suggest using
• A large batch size (512 sequences or larger),
• Advantage normalization,
• And exponential moving average of the reference model.

Takeaways



Check our PPO code for training 70B LLMs at: 
https://github.com/openpsi-project/ReaLHF!

👈 Or scan the QR code here.

Running PPO for 70B+ LLMs



Thank you for listening!


