
Untie the Knots: An Efficient Data Augmentation Strategy 
for Long-Context Pre-Training in Language Models

Junfeng Tian1*; Da Zheng1*; Yang Chen2;Rui Wang3;
Colin Zhang1;Debing Zhang1†

1Xiaohongshu Inc,   2East China Normal University,  3Decilion

Motivation

Method

Results

Discussion

Conclusion

Instead of searching for scarce long data, we can augment existing data to 
explicitly train the model's ability for long-range information retrieval.

UtK transforms standard pre-training into a challenging long-context 
reasoning task, forcing the model to develop robust long-range 
attention capabilities.

Tangling Phase (Data Augmentation):
A. Chunking: Documents are split into several segments.  
B. Tying: Chunks from different documents are shuffled and "knotted" 
together into a single long sequence. 
C. Backtracing:  the model must explicitly output the correct order of 
the chunks for a document.

Untying Phase (Training Task)
The model is trained on this "knotted" sequence. 
Its objective is three-fold:
A. Next Token Prediction: Standard language modeling. 
B. Untie the Knots: The model must learn to attend to the correct 
preceding chunk (e.g., Chunk5->Chunk1) across thousands of distractor 
tokens.  
C. Backtracing: Predict the original sequence of [Chunk IDs] at the end, 
forcing it to learn the full document structure.

The path to better long-context models may not be through finding 
more long data, but by making better use of the data we already 
have.

✓ SOTA Performance on RULER, LV-Eval, and InfiniteBench.
✓ No new data required
✓ Maintain performance on Short-Context Tasks
Models & Code Available at: https://github.com/rgtjf/Untie-the-Knots

We also trained and open sourced dots.llm1.base and dots.llm1.inst based on UtK. 
• A MoE model with 14B activated and 142B total parameters trained on high-quality corpus.
• Intermediate model checkpoints are released spanning the entire training process. ACL 2025


