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Introduction

• Long-sequence inference in LLMs is 
computationally intensive.

• The attention pre-filling phase scales 
quadratically with sequence length.

• Softmax attention scores are usually 
sparse.
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• Attention Patterns Vary

• Diverse, unstructured patterns.

• Structured patterns (e.g., vertical-slash 1).

• Sparse Ratio Vary

• Input length & task type

• Different layers and heads

Understanding Attention Sparsity

[1] Jiang, Huiqiang, et al. "Minference 1.0: Accelerating pre-filling for long-context llms via dynamic sparse attention." Advances in Neural Information Processing 
Systems 37 (2024): 52481-52515.



• What is FlexPrefill ?

• A flexible, context-aware sparse attention 
mechanism for faster long-context pre-
filling.

• Key Features:

• Dynamic sparsity

• Plug-and-play

Introducing FlexPrefill
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1. Determine sparse pattern.

2. Select critical query-key pairs based on the pattern.

3. Compute sparse attention only on selected QK pairs.

Algorithm - Overview

Xunhao Lai, Jianqiao Lu, Yao Luo, Yiyuan Ma, Xun Zhou. "FlexPrefill: A Context-Aware Sparse Attention Mechanism for Efficient Long-
Sequence Inference." ICLR 2025



• Query-Aware Pattern: 

Attention is concentrated on various positions and 
does not follow a specific structure.

• Structured-Sparse (Vertical-Slash) Pattern:

Attention is concentrated along vertical and slash 
like structures, which is consistent across queries.

Algorithm – 1. Sparse Pattern Determination
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How to handle these two types of  patterns ?

• Use block-wise attention score approximation to identify important key-
value blocks for each query block.

• If  the approximation is inaccurate, apply a predefined vertical-slash 
pattern.

Algorithm – 1. Sparse Pattern Determination

Xunhao Lai, Jianqiao Lu, Yao Luo, Yiyuan Ma, Xun Zhou. "FlexPrefill: A Context-Aware Sparse Attention Mechanism for Efficient Long-
Sequence Inference." ICLR 2025



Compare true and estimated 
attention distributions using 
JS divergence. 

If  𝐷!" < 𝜏, use Query-Aware 
pattern, else fallback to 
Vertical-Slash pattern.

Algorithm – 1. Sparse Pattern Determination
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• Define a threshold 𝛾 for cumulative attention scores.

• Select tokens with the highest scores until the threshold is reached.

Algorithm – 2. Sparse Index Selection
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Algorithm – 2. Sparse Index Selection

Query-Aware Pattern:

1. Compute a pooled 
attention map.

2. Select important KV 
blocks for each query 
block.
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Algorithm – 2. Sparse Index Selection

Vertical-Slash Pattern:

1. Use a subset of  query vectors to identify important vertical and slash lines.

2. Extend to the full attention map to get QK pairs.

Xunhao Lai, Jianqiao Lu, Yao Luo, Yiyuan Ma, Xun Zhou. "FlexPrefill: A Context-Aware Sparse Attention Mechanism for Efficient Long-
Sequence Inference." ICLR 2025



• Based on FlashAttention 1, we only calculate attention over selected KV blocks

• Implement using Triton 2 and achieve expected acceleration ratio

Algorithm – 3. Sparse Attention Calculation
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[1] Dao, Tri. "Flashattention-2: Faster attention with better parallelism and work partitioning." arXiv preprint arXiv:2307.08691 (2023).
[2] https://github.com/triton-lang/triton



Results on RULER:

• FlexPrefill consistently preserves 
models’ performance across 
multiple context lengths. 

Experiments - Performance
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Results on InfiniteBench:

• FlexPrefill outperforms baselines across multiple models and tasks.

Experiments - Performance
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• Tune the threshold 𝛾 to balance speed and performance.  

• Achieves high acceleration ratios for pre-filling while maintaining performance.

Experiments - Latency
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• Dynamic allocation improves performance and balances inference 
speed with effectiveness.

Ablation Study - Dynamic Allocation

Xunhao Lai, Jianqiao Lu, Yao Luo, Yiyuan Ma, Xun Zhou. "FlexPrefill: A Context-Aware Sparse Attention Mechanism for Efficient Long-
Sequence Inference." ICLR 2025



• Setting an appropriate 𝜏 enhances performance.

• Overly large τ will misclassify some heads as Query-Aware 
pattern, leading to degraded performance.

Ablation Study - Impact of  𝝉:
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Visualization Insights

• Sparse Masks:

Query-Aware pattern 
capture scattered blocks, 
some resembling vertical-
slash lines.

• Sparsity Variations:

Different tasks and context 
lengths yield distinct 
sparsity ratios.
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Code available at https://github.com/bytedance/FlexPrefill

Accelerate your long-context LLMs with just a few lines of  code:

Open Source
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https://github.com/bytedance/FlexPrefill


Thanks!
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