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Long context inference:

Large language models (LLMs) encounter computational challenges during long 

sequence inference, especially in the attention pre-filling phase, where the complexity 
grows quadratically with the prompt length. 

Introduction

1. Classify attention heads into Query-Aware patterns and Vertical-Slash patterns 

using JS divergence.

2. Select important query/key blocks until the cumulative attention threshold is 
reached.

3. Implement a hardware-aligned attention kernel to perform attention only on 

selected blocks.

Method Overview

Sparse Pattern Determination
Determine with JS divergence:

We classify attention heads into Query-Aware pattern and Vertical-Slash pattern. We 

take the last few queries to compute the true block-wise score distribution and the 

estimated distribution. Then, we identify a head as a Query-Aware head when 𝐷!" < 𝜏; 

otherwise, we use the Vertical-Slash pattern.

Sparse Attention Calculation

Customized GPU kernel:

Implement sparse attention based on FlashAttention, and only calculate attention over selected KV 

blocks for each query block.

FlexPrefill: A Context-Aware Sparse Attention Mechanism for Efficient Long-Sequence Inference

Sparse Index Selection
Cumulative attention threshold:

Define a threshold 𝛾 for cumulative attention scores. Select tokens with the 

highest scores until the threshold is reached.

Query-Aware pattern:

Compute attention scores using pooled queries and keys, then sort and select 

the top blocks until their cumulative score exceeds 𝛾.

Vertical-Slash pattern:
Use last few queries to get partial attention and select vertical and slash lines 
until their cumulative score exceeds 𝛾. Then extend to the full attention map 
to get selected QK pairs.

Results
RULER:

InfiniteBench:

Attention Speedup:

Performance-Efficiency Balance:

Our Contribution:

Propose FlexPrefill, a novel, flexible sparse pre-filling 

attention mechanism designed to adapt in real time to the 
specific needs of each input and attention head. 
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