
Transformer 怎麼知道 Token 的順序？

Positional Embedding
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調換順序

不影響輸出!
Self-attention 沒有順序資訊 (?)
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Zero-shot Long Context 

• Train short, test long 

Transformer Transformer 

Train short Test long 

<1M tokens >1M tokens



Outline 

Absolute Positional Embedding

Relative Positional Embedding

RoPE

Train short, test long

No Positional Embedding?!
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embedding 
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Sinusoidal Positional Embedding 
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https://arxiv.org/abs/1706.03762



Sinusoidal Positional Embedding 
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Sinusoidal Positional Embedding 



Sinusoidal Positional Embedding 
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https://arxiv.org/abs/1706.03762



Relative positioning is crucial!

Self-attention

貓  吃  了 魚

Self-attention

貓  吃  了 魚…
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Relative positioning is crucial!

Self-attention

貓  吃  了 魚
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只跟內容有關

只跟位置有關

內容、位置
交互影響

 



Back to Sinusoidal Positional Embedding 

 
  

  

 

 

 

 

 

 



Back to Sinusoidal Positional Embedding 
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只跟內容有關

只跟位置有關

內容、位置
交互影響

 

  



Relative Positional 
Embedding　
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Attention with Linear Biases (ALiBi)
https://arxiv.org/abs/2108.12409

 

距離越遠，attention 越小，
就這樣!

 

 



https://arxiv.org/abs/2108.12409



Text-to-Text Transfer Transformer (T5)

https://arxiv.org/abs/1910.10683

 Trainable 
parameters

  

      

 

  

      

  

https://arxiv.org/abs/2108.12409



RoPE
Rotary Position Embedding

https://arxiv.org/abs/2104.09864

Llama、Qwen、Gemma
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Rotation as Position

 

 

 

 

 

  
 

 



 

  
Rotation as Position

 

 
 

 

 

 

 

 

 

 

 

  

  



 

 

  

  

 

   

 

   

 

  

position 101 position 103

 

   

 

   

貓 貓魚 魚
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我跟你說喔 ……



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

  

 

 

 

 

  

 



  

  

  

 
 

 

  



旋轉角度怎麼設定 https://arxiv.org/abs/2104.09864

 

  

  

 

 

  

 
 

 

 

 

 



RoPE 沒有越遠越小

  

 

https://arxiv.org/pdf/2410.06205

https://colab.research.google.com/drive/1rWDtAkScrb2K3tc
prSTzwuRQo5bGiyKJ?usp=sharing



RoPE 沒有越遠越小，不一定是一件壞事
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Train Short, 
Test Long

Reference: 
https://amaarora.github.io/posts/2025-09-21-rope-context-
extension.html



Train Short, Test Long
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https://arxiv.org/abs/2108.12409



Why Fail?
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Position Interpolation 
https://arxiv.org/pdf/2306.15595

https://kaiokendev.github.io/context#a-bigger-problem

仍然需要微調模型參數
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Frequency-Based Approach
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Frequency-Based Approach
 

 

  



Frequency-Based Approach
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NTK-Aware Scaling

 

 

 



https://www.reddit.com/r/LocalLLaMA/comments/14lz7j5/ntkaware_scaled_rope_allows_llama_models_to_have/
NTK-Aware Scaling



Source of figure:  https://arxiv.org/pdf/2512.12167

YaRN (Yet another RoPE 
extensioN method)
https://arxiv.org/abs/2309.00071



Dynmaic Scaling 
https://www.reddit.com/r/LocalLLaMA/comments/14mrgpr/
dynamically_scaled_rope_further_increases/
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https://www.reddit.com/r/LocalLLaMA/comments/14mrgpr/
dynamically_scaled_rope_further_increases/



Frequency-Based + Dynmaic
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LongRoPE

Use 
evolutionary 
search 



https://arxiv.org/abs/2402.13753



No Positional 
Embedding?!



Self-attention 真的沒有位置資訊？

貓  吃  魚  嗎 魚  吃  貓  嗎



貓  吃  魚  嗎 魚  吃  貓  嗎



https://arxiv.org/pdf/2305.19466



https://arxiv.org/pdf/2512.12167



https://arxiv.org/pdf/2512.12167



Concluding Remarks 

Absolute Positional Embedding

Relative Positional Embedding

RoPE

Train short, test long

No Positional Embedding?!


