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TL;DR  We introduce DuPO, a dual learning-based preference optimization 
framework that generates reliable self-supervised rewards via generalized 
task duality across diverse tasks including mathematical reasoning (+6.4 
avg. points) and multilingual translation (+2.1 COMET over 756 directions). PAPER

Scale to Various Backbones Effectively

Background & Motivation DuPO: Duality-based Preference Optimization

• Input Decomposition: split the input x into a known component  
and an unknown component .
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Challenge I: Limited Duality 
in Non-Invertible Tasks

Want to know more about interesting self-supervised methods?
[Factuality] CoP: Factual Inconsistency Detection by Controlling the Preference. In AAAI 2023.
[Reasoning] Advancing Multilingual Reasoning through Multilingual Alignment-as-Preference Optimization. In ACL 2024.
[LongContext] Improving Long-Context Translation via Self-Supervised Dual Learning. In ACL 2026.

RLHF relies on inconsistent and 
costly human annotations

Improve LLM Performance across Diverse Tasks without Labels (Math Reasoning and Multilingual Translation)

How to Prepare Dual Task? Automatic Pipeline 
Generation: 
• Regex for variable extraction/masking

Unknown-component Selection:  
• Answerability of the dual question
• Uniqueness of the correct completion

E.g., 3 + 5 → 8 
but 8 → 10-2 / 9-1…

E.g., Good at X→En 
but Weak at En→X

Scale Reasoning during Inference without Training

Better Task Duality Leads to Improved Performance

Achieve Similar Performance with OracleDuPO consistently boosts math reasoning across model scales and benchmarks, 
yielding an average gain of 6.4 points, outperforming commercial LLMs including 
Sonnet4-Thinking and DeepSeek-R1-0120.

DuPO improves Seed-X-7B by +2.1 
COMET across 756 translation 
directions, on par with DeepSeek-R1. 

Human evaluation confirms our 
performance matches GPT-4o and 
surpasses Google Translate.

DuPO improves LLaMA-3.1, OctoThinker, and even Qwen3-4B-Base, demonstrating scalability 
and robustness to varying initial capabilities (also evidenced by co-evolving performance on 
both primal and dual tasks). DuPO acts as a training-

free reranker

+18.7 on Distill-1.5B and 
+9.3 on Qwen3-4B

surpassing DeepSeek-R1 
and Sonnet4-Thinking.

Removing the unknown-component selection strategy degrades avg. accuracy by 3.6–5.4 
pts, validating its role in providing cleaner reward signals.

Without using any ground truth labels, DuPO 
closely tracks Oracle Baselines' accuracy 
curve, achieving comparable performance 
using self-supervised rewards.

Examples in AIME24 and Flores

• Complementary Dual Task: recovers  from the primal output  
and , serving as a self-supervised reward signal 
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• Policy Optimization:

• Generalized Duality Reward:  

Select  that robustly satisfies 
the properties of duality 
without accessing annotations.
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Traditional dual learning
requires strict duality

Dual learning proposes the dual task to provide reward

RLVR is limited to verifiable 
tasks (e.g., math, code)  

Challenge II: Bidirectional 
Competence Asymmetry

Solve with self-verification

Face two challenges
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