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Ada-KV: Optimizing KV Cache Eviction by Adaptive Budget Allocation 
for Efficient LLM Inference

Abstract
 Previous Works
The extensive KV cache required for long-sequence inference in 
LLMs presents significant efficiency challenges. Recent cache 
eviction methods aim to reduce the KV cache size but often 
overlook the unique characteristics of different attention 
heads, consequently allocating a uniform budget to each one.

Our Ada-KV: From Uniform to Adaptive Allocation
●  The first theoretical analysis to establish the necessity of head-
wise adaptive allocation from a upper-bound pespective.  
● The first head-wise adaptive budget allocation strategy capable 
of broadly enhancing existing cache eviction methods.

Theorical Anaylsis 

Empirical Analysis

Theorem 1: The attention output loss introduced by cache 
eviction methods can be bounded by ε .

Evaluation

Head-wise Adaptive Allocation minimize 
the Theoretical Loss Upper Bound.

Integrated into SnapKV and PyramidKV 
Evaluated on 29 datasets acorss Ruler and LongBench.
Two scenarios: Question-aware and Question-agnostic.
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The varying concentration characteristics of different attention 
heads necessitate an adaptive budget allocation strategy.

Theorem 2: The adaptive budget allocation achieves the minimal 
loss upper bound ε* associated with cache eviction methods.

The reduction in the theoretical loss upper bound translates 
to a significant decrease in the empirical attention output loss.

Efficient & Seamless Integration
Our adaptive strategy supports FlashAttention technique, 
achieving efficiency comparable to uniform allocation.

● Official Integration: Part of the NVIDIA KVPRESS project.
● Community Adoption: Supported in 10+ public repositories.

Ada-KV has been widely adopted in many follow-up works, 
garnering over 60 citations.

Findings
●  Question-agnostic scenarios—such as multi-turn dialogues—
pose greater challenges, warranting more attention in future.
● Ada-KV demonstrates broad applicability, improving existing 
methods under various tasks, budgets and scenarios.


