
vary reference policy quality to directly validation.

Experimental results

Conditional Equivalence of DPO and RLHF: Assumptions, Failure Modes, and Provable Alignment

Question: Under what conditions can DPO be derived through 
RLHF?
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Why this paper?
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Key failure condition

Assumption violation when 𝜹𝒓𝒆𝒇 ≤ −
∆𝒓∗

𝜷

DPO still minimize loss while preferring the rejected response.

DPO is widely used because it is simpler than 

RLHF and often claimed to be theoretically 

equivalent. 

This paper shows the equivalence is conditional, 

not universal.

• CPO achieves the best overall performance across 

benchmarks.

• CPO remains strong while preserving competitive 

response length.

➢ 1. Core relation from RLHF optimum

At the RLHF-optimal policy 𝝅∗ , the 

margin satisfies:

𝜹𝝅∗ = 𝜹𝒓𝒆𝒇 +
∆𝒓∗

𝜷

• 𝜹𝒓𝒆𝒇 = 𝒍𝒐𝒈
𝝅𝒓𝒆𝒇(y𝑤|𝑥)

𝝅𝒓𝒆𝒇(y𝑙|𝑥)
: reference log-margin

• 𝜹𝝅∗ = 𝒍𝒐𝒈
𝝅∗(y𝑤|𝑥)

𝝅∗(y𝑙|𝑥)
: optimal policy log-margin

• ∆𝒓∗ = 𝒓 y𝑤 , 𝑥 − 𝒓(y𝑙 , 𝑥): reward gap (> 0)

•  𝜷 > 𝟎: RLHF/DPO temperature

For RLHF-optimal policy 𝝅∗ to still prefer the 

human-preferred response, we must have: 

𝜹𝝅∗ > 𝟎

➢ 2. When does equivalence holds? ➢ 3. Failure evidence

Case A

Aligned reference

Case B

Misaligned reference

𝜹𝒓𝒆𝒇 > −
∆𝒓∗

𝜷
↓

𝜹𝝅∗ > 𝟎

−∞ +∞0

𝛿𝜃

𝛿𝑟𝑒𝑓(𝐴)
−

∆𝒓∗

𝜷
(𝑨) −

∆𝒓∗

𝜷
(𝑩)

𝛿𝑟𝑒𝑓(𝐵)

𝜹𝒓𝒆𝒇 ≤ −
∆𝒓∗

𝜷
↓

𝜹𝝅∗ ≤ 𝟎

Equivalence fails:
RLHF-optimal no loger prefers

human preference

Equivalence holds:
RLHF-optimal still prefers

human preference

ArXiv

The distribution of
∆𝒓∗

𝜷
 

Violation fraction: 45.5%

How CPO fix the problem

1

Methodology: Conditional equivalence analysis

𝒙 (prompt)

y𝑤 y𝑙

Reference pair

(y𝑤 preferred over y𝑙)
2

Compute margins

𝜹𝒓𝒆𝒇 and 𝜹𝜽

𝜹𝒓𝒆𝒇 from reference

 𝜹𝜽 from current policy

3 Compute corrected margin

Use reference-based correction term

4 Add adaptive correction or 

conservative margin

Apply ෤𝛾𝑟𝑒𝑓 or 𝜷𝚽𝒄𝒐𝒏𝒔(𝜹𝒓𝒆𝒇) 

5
Obtain non-negative 

effective margin

𝜹𝜽 − 𝜹𝒓𝒆𝒇 − 𝒄𝒐𝒓𝒓 ≥ 𝟎

Optimize to increase it 

Theoretical guarantees

• Conditional equivalence criterion: DPO = RLHF iff 𝜹𝒓𝒆𝒇  > −
∆𝒓∗

𝜷

• CPO enforces a non-negative effective margin.

• CPO avoids convergence to undesirable space 𝒰. 

Code

Varying reference policy quality
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