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Background

 In prefilling, the key and value vectors are computed for all the input tokens

 In decoding, only the key and value vectors for the newly generated token are calculated



Background

 For every token, two vectors for each head and each layer are stored using FP16. The size is 2 ∗ 2 ∗
𝑑ℎ ∗ 𝐻 ∗ 𝐿 bytes

 Accommodate the full context size and batch size, the result is 2 ∗ 2 ∗ 𝑑ℎ ∗ 𝐻 ∗ 𝐿 ∗ 𝐶 ∗ 𝐵. In Llama-

2-13B, the size is 25GB under the context of 4096 tokens and batches of 8, which is similar to the 

model size

 Reduce the KV cache size to reduce the memory footprint and increase the inference speed

Model Cache size per token

Llama-2-7B 512KB

Llama-2-13B 800KB



Background

 General KV cache compression framework

 Prefilling stage

 The importance of each KV vector is derived based on the attention scores or the distance to the output

 The most important ones are retained while the less important KV vectors are removed

 Decoding stage

 With the inclusion of KV vectors for newly generated tokens, the importance of each KV vector is updated 

 Less critical ones are removed to ensure that the cache size consistently aligns with the overall budget



Background

 Importance estimation

 The attention score that token 𝑡𝑙
𝑛 received from token 𝑡𝑙

𝑚

 Leverage the sum of attention scores as the importance

 Top 𝑅𝑙 proportion of KV vectors are retained in the 𝑙-th layer

 Decoding stage

 Prune the vectors at fixed distance to the latest generated token

 Protect the important initial instruction and related generation



Motivation

 Distinct importance distributions across layers

 Normalize the importance metric in each layer

 Sort the importance set in descending order with indices of

 Obtain the cumulative priority for each prefix size ratio 𝑜

 Analyze the Lorenz curve for the importance distribution

 The cumulative priority growth trends vary significantly across layers

 Previous adoption of 𝑅1 = 𝑅2 = 𝑅3 = ⋯ = 𝑅𝐿 suffers from contextual 

information loss for layers with dispersed distributions



Methodology

 Global prefix configuration

 𝑅1, 𝑅2… , 𝑅𝐿 constitute the prefix configuration space of the model

 The target is to identify the optimal 𝑅1, 𝑅2, … , 𝑅𝐿 for compression

 To reserve the information in each layer as much as possible, 

discover the information retention ratio 𝑝

 The prefix size ratio 𝑅𝑙 for the 𝑙-th layer can be derived by

 The value of 𝑝 needs to satisfy



Methodology

 Binary search for optimal configuration

 Obtain 𝑝 is challenging due to its numerous possible values

 Binary search for 𝑝 to derive the prefix size ratios

 Start with the initial interval of [𝑝1, 𝑝2] with 𝑝1 = 0 and 𝑝2 = 1

 Try 𝑝 =
𝑝1+𝑝2

2
 and check 



Methodology

 Offline estimation

 Search for 𝑝 introduce the extra inference overhead in the KV cache compression

 Estimate the 𝑅1, 𝑅2, … , 𝑅𝐿 offline by the calibration data

 It’s supported by the fact that the cumulative priority sequences of layers are similar 

and robust across different samples



Methodology

 The overall pipeline



Experiments

 It outperforms previous works (Metrics: PPL and ROUGE score)

LLaVA-Description

MMVet



Experiments

 The effectiveness of PrefixKV

 The inference efficiency of PrefixKV



Experiments

 Combination with merging

 The impact of sample size

 The effectiveness of offline estimation

 The feature disturbance



Experiments

 Chat examples



THANKS！
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