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ABSTRACT

As context lenghts grows, the increasing size of Key and Value (KV) cache poses
a significant challenge to efficiently serving Large Language Models (LLMs).
KV cache pruning, by preserving only a small subset of important KV cache for
sparse inference, is a recognized effective solution. Our research revealed that
large activations are the key to identifying these important KV cache. However,
existing methods have not been successful in effectively identifying these important
KV cache due to neglecting the impact of Value cache, and are also incompatible
with Grouped-Query Attention (GQA) architectures. To address these issues, we
introduce an innovative KV cache pruning method that preserves these large activa-
tions and is compatible with Grouped-Query Attention. Featuring a novel pruning
metric, this method operates within each attention group to enhance efficiency and
minimize performance degradation. Experimental results demonstrate that our
approach not only maintains comparable accuracy with existing methods but also
significantly reduces KV cache requirements. Specifically, It demonstrates similar
accuracy while utilizing only 1/10 of the KV cache compared to existing SOTA
methods.

1 INTRODUCTION

Large Language Models (LLMs) have garnered significant attention due to their remarkable perfor-
mance across various applications, such as ChatGPT (OpenAll 2022), Claude (Anthropic}, |2024) and
Gemini (Team)| 2024). However, as the context lengths utilized by these models increase, serving them
efficiently becomes an increasingly challenging task. For example, the Llama-2-7B model (Touvron
et al., [2023)), when configured with a batch size of 16 to handle a context length of 32K, requires 256
GiB of VRAM solely for storing its KV cache and an additional 28 GiB for model weights. Given
that the most advanced GPUs currently available offer a maximum of 80 GiB of VRAM, this results
in substantial inference costs due to the latency involved in accessing large amounts of KV cache and
the excessive consumption of valuable storage resources.

Pruning KV cache is a pivotal approach to efficient LLM serving. Specifically, during the prefill
phase, LLMs generate extensive KV cache, and existing pruning methods utilize various strategies
to assess the importance of KV cache, subsequently evicting the majority and retaining only an
important subset for sparse inference computations during the generation phase. Our analysis has
revealed that the key to KV cache pruning is preserving large activations. Recent studies (Sun et al.,
2024) have indicated that large activations have a significant impact on model inference results and
remove these large activations will lead to severe performance degradation. However, current methods
do not adequately identify the important KV cache because they focus only on large activations
within Key cache, neglecting those in the Value cache, leading to notable performance degradation.
Our experiments indicate that large activations in the Value cache also have a significant impact on
inference results. Furthermore, existing pruning methods are also incompatible with mainstream
models employing more efficient Grouped-Query Attention (Ainslie et al., 2023)) architectures, such
as Llama-3 (Dubey et al.,|2024) and Mistral (Jiang et al.| [2023).

To address these issues, we propose a novel KV cache pruning method, named SlimKV, which ensure
the retention of large activations within the KV cache while supporting both Multi-Head Attention
(MHA) and Grouped-Query Attention (GQA) architectures. Specifically, we introduce a new KV
cache pruning metric that identifies large activations in both Key and Value cache and calculate the
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importance of KV cache within each group, preserving these important KV cache during inference to
maintain optimal model performance.

We conducted extensive experiments on various long-context LLM generation tasks using popular
models with different attention architectures, including MHA and GQA. The experimental results
demonstrate that our method not only reduces the storage requirements of the KV cache but also
maintains superior model performance. Specifically, It demonstrates similar accuracy while utilizing
only 1/10 of the KV cache compared to existing SOTA methods.

Contributions:

* This paper addresses the importance of identifying and retaining large activations when prune KV
cache. It further examines the limitations of existing KV cache pruning methods, which fail to
account for large activations in Value cache and do not support GQA.

* We propose a novel KV pruning method that supports both MHA and GQA architectures while
retaining large activations in both Key and Value cache, thereby enhancing overall performance.

» Experimental results on various long-context datasets show that our method achieves comparable
accuracy to baseline methods while reducing the required only 1/10 KV cache.

2 BACKGROUND & MOTIVATION

2.1 GROUPED-QUERY ATTENTION AND KV CACHE

In the context of LLMs and during the prefill phase of the inference process, the attention mechanism
within a specific attention group g is described by the following computational steps for the h-th
attention head in g:

h T
AP = Softmax (Q(\/f%’))
o = Ahv9 )

Here, Qh, K9, and V'Y stand for the query, key, and value vectors, respectively, which are fundamental
components of the attention layer. The attention weights A" are calculated by taking the dot product
of the query vectors Q" with the transposed key vectors K9, scaling the result by the inverse square
root of the dimensionality of the key vectors (v/d},), and then applying the softmax function to ensure
the weights sum to one. The final output for the attention head O" is produced by weighting the
value vectors V9 by the computed attention weights A”. MHA can be regarded as a special case of
GQA, wherein each group contains exactly one query head.

2.2 IMPORTANCE OF LARGE ACTIVATIONS IN KV CACHE

Large activations refer to the neuron outputs in LLMs that have high absolute values. Recent
studies (Sun et al.|2024) have indicated that removing these large activations in LLMs can lead to a
significant reduction in model performance, thus sustain large activations in KV cache is essential for
maintaining model performance during pruning. The significance of large activations within the KV
cache during the pruning process is profound, primarily due to their substantial impact on the outputs
of models. These large activations, present in both the Key and Value cache, wield considerable
influence over the resulting computational outcomes, and their exclusion can precipitate significant
performance degradations in models. We delve into how these large activations crucially influence
both the Key and Value cache.

Large Activations of Key Cache. Key cache is pivotal in shaping the distribution of attention logits.
Within the architecture of self-attention, Key cache interact with query vectors to compute attention
logits. When one specific Key cache is important, it profoundly affects the softmax computation,
resulting in elevated attention logits at specific positions. This increased attention indicates that the
associated value vectors, which are weighted according to these attention logits, will exert a stronger
influence on the resultant output. Consequently, pruning large activations of Key cache can impair the
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model’s capacity to concentrate on essential aspects of the input data, potentially leading to significant
information loss and a decrement in model efficacy.

Large Activations of Value Cache. Similarly, large activations in the Value cache directly determine
the magnitude of output components. The value vectors, when augmented by their corresponding
attention logits, make a direct contribution to the final output. Thus, large activations in Vaue cache
lead to more substantial contributions to output, particularly when aligned with high attention logits.
These vital elements of Value cache contain essential information crucial for the accuracy and richness
of the model’s output. Neglecting these large activations during pruning could result in the loss of
critical output features, thereby diminishing the model’s overall effectiveness and accuracy.

2.3 LIMITATIONS OF EXISTING KV CACHE PRUNING METHODS

Current pruning methods for KV cache primarily focus on Key cache and tend to overlook Value
cache that could impact model performance. Here, we explore the inherent limitations of these
methods.

Neglect of Large Activations in the Value Cache. Existing approaches to KV cache pruning
typically utilize large activations in the attention logits as metric. This methodology, however, often
overlooks large activations in the Value cache. The Value cache is feature of input data, and when
this data, weighted by attention logits, significantly influences the output, its importance cannot be
understated. By not considering large activations in Value cache, current methods might discard
valuable information, potentially leading to a substantial decline in the accuracy and effectiveness of
the model’s output.

Incompatibility with Grouped-Query Attention. Traditional pruning methods generally prune KV
cache on a per-head basis, which can lead to issues when dealing with architectures like GQA, where
queries within a group share a common KV cache. This shared mechanism in GQA is designed to
optimize processing efficiency and coherence across grouped queries, but it poses a challenge for
typical pruning strategies. Since each head’s KV cache is independently assessed and pruned in
these traditional methods, they fail to accommodate the shared nature of KV caches in GQA settings,
leading to potential inefficiencies and inconsistencies in how information is retained or discarded
across groups.

3 DESIGN OF SLIMKV

The core objective of SIimKYV is to minimize the usage of the KV cache while ensuring the preser-
vation of model performance as much as possible. This necessitates identifying which KV cache
are important and retaining them. We hypothesize that not only the large activations of Key cache
determine the importance of KV cache but also the large activations in Value cache play a significant
role. Hence, a comprehensive metric needs to be designed to assess the importance of specific KV
cache.

3.1 GROUPED-WISE RECOGNITION OF LARGE ACTIVATIONS OF KEY CACHE

To effectively identify Key cache with large activations, we employ a methodology that traces
back from large attention logits to their corresponding significant Key cache. Specifically, regions
with elevated attention logit values indicate a proportional impact on the model’s output, thereby
warranting the preservation of the Key cache associated with these logits. Consequently, our system
gives precedence to maintaining KV cache linked to these high-magnitude activations within the
attention logits to ensure that essential contextual connections are retained during the pruning
process. Moreover, to accommodate both GQA and MHA architectures, we introduce a grouped-wise
voting mechanism to facilitate the recognition of large activations. By doing so, we curtail the
quantity of KV caches during the generation phase, thus alleviating the computational load for LLMs
when processing extensive contexts. To delineate our methodology with precision, we propose the
subsequent definitions.

* Prompt Length (Lomp): The total length of the input provided by the user.
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* Observation Window (L): This refers to the most recent segment of the prompt that is critical
for analyzing how various contexts affect attention distribution.

* Prefix Length (L.qx): This is the length of the input that precedes the observation window. It
is included in the prompt but does not overlap with the observation window. The relationship
between these lengths is given by:

Lprompt = Lpreﬁx + Lobs (2)

Finally, we obtain the grouped-wise importance score of Key cache. This process involves computing
the attention logits for each query within the observation window across all query heads in one
attention group. These weights are then aggregated to identify the most significant positions in the
prefix. For a single batch sequence, the computation can be formally expressed as:

N Lobs

S1 =Y Wanlh,i, 3)

h=0 i=0

Here, tensor S; € R represents the importance of Key cache within current attention group. The
tensor Wps € RV X Lovs X Liprein represents the subset of softmax-normalized attention logits over N
heads in current attention group.

3.2 RECOGNITION OF LARGE ACTIVATIONS IN VALUE CACHE

To identify important information in the Value cache, the most direct and effective strategy is to focus
on large activations, which are typically indicative of key components in the model’s output. These
large activations in the Value cache directly affect the magnitude of the output. The importance of
Value cache based on these large activations can be computed as follows:

Sz = max(|V],dim = —1) 4)

where Sy € R represents the importance of the Value cache, and the max operation extracts the
maximum magnitude from each Value cache. Here, V € REIwenxXdr depotes the Value matrix.

To comprehensively assess the importance of various KV caches, we propose an integrated metric
that combines the indicators S; and S, which respectively reflect the importance of the Key and
Value cache. The overall importance of one specific KV cache is thus quantified by the product of
these two indicators:

8181*82 (5)

This metric allows us to capture the joint impact of both the Key and Value components on the
significance of the KV cache within the system.

3.3 IMPLEMENTATION OF SLIMKV

The core approach of SlimKV involves identifying and selecting the most crucial KV cache per
attention group. Listing[I|shows the PyTorch-style pseudo code of SimKV. Overall, SlimKV operates
through two stages as follows:

* Scoring for KV cache. By the scoring process defined above (Eq.[3)), we select the important KV
cache based on the observation window. We also highlight the consistency of the attention logits
pattern within observation windows throughout the generation, suggesting that these selected KV
cache are also vital for subsequent generation. Furthermore, we implement clustering to retain the
KV cache surrounding the selected KV cache. Line shows the pseudo code of the scoring
process for KV cache.

* Update and store compressed KV cache. We concatenate the selected KV cache with all KV
cache within the observation window, which encompasses all the necessary prompt information.
Line 22} 28| shows the compressing process. The concatenated KVs are stored for later use in
generation, thereby saving memory usage.
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def slimkv (query_states, key_states, value_states, window_size, max_capacity_prompt,
kernel_size):
bsz, num_heads, g_len, head_dim = query_states.shape
# Ensure it is the prompt phase.
assert key_states.shape[-2] == query_states.shape[-2]
if g _len < max_capacity_prompt:
return key_states, value_states

else:

# Compute attention weights of o rving window’s queries and prefix context’s Keys.

attn_weights = compute_attn(query_states[..., -window_size:, :], key_states,
attention_mask)

# Sum the weight along the query dimension to obtain S1.

S1 = attn_weights[..., -window_size:, :-window_size].sum(dim=-2)

# Calculate S2 for prefix KV cache

S2 torch.max (torch.abs (value_states[..., :, :-window_size]), dim=-1)

# Combine S1 and S2 for final KV cache metric

S = S1 x S2
# Apply 1D pooling for clustering.
pool_S = poolld(S, kernel_size=kernel_size, padding=kernel_size//2, stride=1)

# Select top-k indices based on the pooled weights to identify important positions.
indices = pool_S.topk (max_capacity_prompt - window_size, dim=-1).indices

# Expand the indices to match the head dimension for gathering.

indices = indices.unsqueeze(-1) .expand(-1, -1, -1, head_dim)

# Gather the compressed past key and value states based on the selected indices.
k_past_compress = key_states[..., :-window_size, :].gather(dim=2, index=indices)
v_past_compress = value_states[..., :-window_size, :].gather(dim=2, index=indices)
k_obs = key_states[..., -window_size:, :]

v_obs = value_states[..., —-window_size:, :]

key_states = torch.cat ([k_past_compress, k_obs], dim=2)

value_states = torch.cat ([v_past_compress, v_obs], dim=2)

return key_states, value_states

Listing 1: Implementation of SlimKV in pseudo PyTorch style.

4 EVALUATION

We conducted extensive experiments to validate two primary questions: 1) SIimKV outperforms other
KV cache pruning methods in maintaining model performance after preserving large activations; 2)
SlimKYV effectively supports the GQA model while reducing the GPU memory footprint of LLMs’
KV cache. Firstly, we introduce the underlying LLMs (Section[4.1)), the datasets used for evaluation
(Section[4.2), and the baseline methods for comparison (Section[4.3)). Subsequently, we present the
performance of SlimKV in memory-oriented scenarios with MHA models (Section[#.4). Following
this, we report on the capability of SimKV to support GQA models (Section[4.3). Finally, we discuss
the effectiveness of the different components that constitute SimKV (Section [4.6).

4.1 BACKBONE LLMSs

We compare SlimKYV against baselines using state-of-the-art open-sourced LLMs, namely Llama-
3-8B (Dubey et al., [2024), Llama-2-7B (Touvron et al., 2023), Qwen-2-7B (Yang et al., [2024),
Mistral-7B (Jiang et al.l 2023)). Testing examples are evaluated in a generative format, with answers
generated by greedy decoding across all tasks to ensure a fair comparison.

4.2 DATASETS

We use LongBench (Bai et al.l 2024) to assess the performance of SIimKV on tasks involving
long-context inputs. LongBench is a meticulously designed benchmark suite that tests the capabilities
of language models in handling extended documents and complex information sequences. This
benchmark was created for multi-task evaluation of long context inputs. It includes 17 datasets
covering tasks such as single-document QA (Kocisky et al., 2018} |Dasigi et al.l [2021)), multi-
document QA (Yang et al., 2018} |Ho et al.| 2020), summarization (Huang et al., [2021}; [Zhong et al.,
2021} [Fabbri et al.|[2019)), few-shot learning (Li and Roth}|2002; |Gliwa et al., 20195 Joshi et al., 2017)),
synthetic, and code generation (Guo et al.,[2023} [Liu et al2023). The datasets feature an average
input length ranging from 1,235 to 18,409 tokens (detailed average lengths can be found in[Table 2),
necessitating substantial memory for KV cache management. For all these tasks, we adhered to the
standard metrics recommended by LongBench (i.e., F1 for QA, Rouge-L for summarization, Acc for
synthetic and Edit Sim for code generation.) We refer readers to more details at



Under review as a conference paper at ICLR 2025

Single-Document QA Multi-Document QA Summarization Few-shot Learning Synthetic Code
Method QP & oo VAR LA & @ O Q@ 9 Ave
$<‘*Q Qﬁe \I&,e Q\o\Qc’\ N"@I\ “\&\o\ 00“?&? @,\cy * 0\@ &Q& x(\“‘z’ o Py\% ?00“ I g

18409 3619 4559 9151 4887 11214 8734 10614 2113 5177 8209 6258 111419289 1235 4206
Llama-2-7b, KV Size = Full
FKV 1839 21.05 3554 31.69 25.38 10.14 2477 2092 233 640 8338 4099 55 9.5 59.3152.8531.61
Llama-2-7b, KV Size = 256

SKV  14.68 1847 30.35 3149 25.13 8.79 1726 20.18 1.85 565 8331 3785 6.0 9.0 559 50.7429.22
H20 1547 1696 27.82 30.84 25.12 791 14.47  19.65 144 420 7993 3817 5.0 85 56.1251.0227.53
Ours 1491 19.1 3149 3157 2491 9.07 17.25 2043 1.9 585 8412 38.88 6.0 10.556.7951.03 29.78

Llama-2-7b, KV Size = 2048

SKV  18.01 21.86 35.65 31.72 25.42 9.86 2334  20.78 226 640 8346 4092 55 9.0 58.9951.9531.42
H20 18.19 2148 3439 31.32 26.4 9.71 2229 21.07 228 630 829 410 5.5 8.5 58.4652.0731.16
Ours 18.1 2151 3568 3176 25.42 9.85 23.56  20.63 237 640 8338 4044 55 9.0 59.2553.8231.52

Table 1: The retention of large activations during KV cache pruning can substantially preserve model
performance. We present a performance comparison of SIimKV (Ours) with SnapKV (SKV), H20,
and FullKV (FKV) on the LongBench dataset for Multi-Head Attention (MHA) LLMs. Generally,
SlimKV outperforms competing KV cache compression methods across a spectrum of KV cache
budget sizes. The superior performance of SlimKV becomes particularly pronounced at smaller KV
cache size (e.g., KV Size = 256). Text in bold denotes the highest performance metrics achieved.

4.3 BASELINES

We compare SIimKV with robust baseline methods, including StreamingLLLM (SLM) (Xiao et al.,
2024), Heavy Hitter Oracle (H20) (Zhang et al.| [2023)), SnapKV (SKV) (Li et al.| [2024)) and
FullKV (FKYV). All of which maintain a consistent KV cache size budget across various layers,
albeit employing different strategies for the selection of important KV cache. It is important to note
that while H20 and SKV are exclusively applicable to MHA models, the remaining methods can be
utilized in both MHA and GQA models.

4.4 EFFECTIVENESS OF PRESERVING LARGE ACTIVATIONS

In our experimental evaluation on the Multi-Head Attention (MHA) model, we compare the perfor-
mance of our proposed method, SIimKYV, with other methods that do not preserve large activations
during KV cache pruning. The assessment results, sourced from the LongBench dataset (Bai et al.|
2024) using the Llama-2-7B model, are delineated in This table presents the outcomes
for two distinct KV cache dimensions: 256 and 2048. These dimensions epitomize two divergent
operational conditions: one that is memory-constrained and another that prioritizes performance
retention, thus underscoring the inherent trade-off between memory conservation and model efficacy.

In a comprehensive analysis, SIimKYV is observed to consistently outperform other contemporary
state-of-the-art (SOTA) pruning methods in terms of maintaining model performance. With a KV
cache size budget constrained to 256, SlimKV secures an average accuracy of 29.78, which is notably
higher than the 29.22 average accuracy achieved by other SOTA techniques. In scenarios where the
KV cache size budget is expanded to 2048, SlimKV demonstrates an average accuracy of 31.52,
marginally surpassing the 31.42 average accuracy recorded by its SOTA counterparts. These findings
emphasize the critical role of large activation preservation in sustaining the long-contextual modeling
proficiency of expansive neural models.

Moreover, SlimKV exhibits exceptional performance across a diverse array of sub-tasks. For instance,
when operating with a KV cache size budget of 256, SlimKV outstrips competing approaches in
terms of accuracy on Few-shot Learning tasks. This indicates that the model adeptly consolidates
information from a limited number of examples, thereby accentuating the prospects for in-depth
exploration into in-context learning paradigms.

4.5 SUPPORT FOR GQA ARCHITECTURE

In this subsection, we focus on showcasing the comparative performance of SlimKV and other KV
cache pruning methods across various Grouped-Query Attention LLMs. The evaluation results, drawn
from the LongBench dataset (Bai et al.,2024) and encompassing models such as Llama-3-8B, Mistral-
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LlaMa-3-8B-Instruct, KV Size = Full
FKV 2570 29.75 41.12 4555 3587 2235 2563 23.03 2621 73.00 90.56 41.88 4.67 69.2558.0550.77 41.46
LlaMa-3-8B-Instruct, KV Size = 128

SLM 1861 9.65 2599 3795 29.39 1634 18.03  20.11 20.08 4350 74.08 29.86 590 69.5047.47 45.60 32.00
Ours  20.05 831 3122 40.72 29.91 18.1 16.82 2092 1859 445 8936 377 543 69.50 54.74 51.59 34.84

LlaMa-3-8B-Instruct, KV Size = 2048

SLM  21.71 2578 38.13  40.12 32.01 16.86  23.14 22.64 2648 70.00 8322 31.75 5.74 68.50 53.50 45.58 37.82
Ours 2579 29.08 41.15 4526 34.62 2238 2527 2287 2644 725 9056 4122 5.1 68.7558.3952.27 41.35

Mistral-7B-Instruct, KV Size = Full

FKV 2543 31.72 4831 4221 26.78 1750 2545 2390 498 6850 8633 4244 500 88.4051.3047.89 39.76
Mistral-7B-Instruct, KV Size = 128

SLM 1657 14.68 3240  30.19 22.64 1234 18.08 18.96 371 4350 7422 29.02 4.50 29.48 39.23 36.16 26.60

Ours  20.66 17.64 40.78  36.21 23.17 14.06 1581 21.1 354 450 8423 39.19 45 35.6945.5742.15 30.58
Mistral-7B-Instruct, KV Size = 2048

SLM  20.31 26.64 4572 3525 24.31 1220 2747 2157 487 6850 7195 31.19 5.00 22.5643.38 37.08 31.12

Ours 262 31.8 492 425 26.8 18.11 2488 2322 485 695 86.06 4258 55 88.4 51.7448.1439.97

Qwen-2-7B-Instruct, KV Size = Full
FKV  25.11 42.64 4446 55.02 54.66 3596  36.18 2343 2653 77.0 89.99 4488 6.75 75.9255.73 49.03 46.46
Qwen-2-7B-Instruct, KV Size = 128

SLM  19.01 2448 2821 43.09 44.72 26.36 18.3 18.96 1822 465 776 31.8  8.25 15.5 36.94 32.28 30.64
Ours 222 26.64 37.82 4877 47.65 30.44 16.4 2012 1622 410 88.16 41.19 5.05 53.68 46.01 39.18 36.28

Qwen-2-7B-Instruct, KV Size = 2048

SLM 2026 36.26 44.17  46.56 51.83 27.67 3046 2069 2673 735 7712 3295 6.2 21.0 48.95 36.1 37.53
Ours 2434 4401 4481 54.02 54.46 3465 29.73 22.8 2623 755 89.84 4422 575 74.0 55.09 47.48 45.43

Table 2: SlimKV not only facilitates KV cache pruning for GQA models but also significantly
outperforms other pruning methods. We present a performance comparison of SimKV (Ours) with
StreamingLLM (SLM) and FullKV (FKV) on the LongBench dataset for LlaMa-3-8B-Instruct, Qwen-
2-7B-Instruct, and Mistral-7B-Instruct models. Across a range of KV cache budget sizes, SimKV
consistently outshines other KV cache compression techniques. Instances of the best performance
are highlighted in bold within the text.

7B, and Qwen-2-7B, are presented in Within [Table 2] we delineate the outcomes for two KV
cache sizes: 128 and 2048. These sizes are emblematic of two distinct operational scenarios—the
memory-efficient scenario and the performance-preserving scenario, respectively—thus illustrating
the balance between memory utilization and model performance.

Overall, SlimKV not only supports KV cache pruning within GQA model architectures but also
significantly outperforms existing methods in terms of performance. Across an array of GQA LLMs,
SlimKYV surpasses other pruning methods: for example, on the Mistral-7B model with a KV cache
budget size of 128, SIimKV achieves an average accuracy of 30.58, exceeding the 26.60 average
accuracy of other state-of-the-art (SOTA) methods. This advantage is even more pronounced when
the KV cache budget size is 2048, where SlimKV attains an average accuracy of 39.97, substantially
higher than the 31.12 average accuracy of other SOTA methods.

In scenarios where the KV cache size budget budget is 2048, SlimKV’s performance on Mistral-7B
even surpasses that of FullKV—meaning that the model, post-SlimKV pruning, sees an average
accuracy increase from 39.76 to 39.97. This level of performance enhancement is unattainable by
other KV cache pruning methods. Such a phenomenon can be attributed to the presence of certain
‘noisy’ contexts that, when included, may actually degrade model performance. By excising the
KV caches corresponding to these disruptive contexts, one can effectively augment the model’s
performance.

4.6 ABLATION STUDY

To investigate the individual impacts of large activations within the Key and Value caches on model
performance, we conducted separate pruning using the metrics S7 from Equation [3] for the Key cache
and S, from Equation [ for the Value cache. Specifically, S; was employed to identify and preserve
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Llama-2-7b, KV Size = Full
FKV 18.39 21.05 3554  31.69 25.38 10.14 2477 2092 233 640 8338 4099 55 9.5 59.3152.8531.61

Llama-2-7b, KV Size = 256

Ours (only S1) 1547 1696 27.82  30.84 25.12 7.91 14.47  19.65 1.44 420 7993 3817 50 85 56.1251.0227.53
Ours (only S;) 14.87 17.13  26.5 30.22 255 8.3 14.09  19.59 1.63 425 80.55 37.11 50 7.5 56.3950.1927.32
Ours (Origin) 1491 19.1 3149  31.57 2491 9.07 1725 2043 1.9 585 84.12 38.88 6.0 10.556.79 51.03 29.78

Table 3: Ablation Study: Our findings indicate that focusing exclusively on either the Key cache
or the Value cache for large activations leads to a decline in model performance. Empirical results
demonstrate that simultaneously addressing large activations in both the Key and Value caches is
more effective in preserving the integrity of the model’s performance.

large activations in the Key cache, while Sy was utilized for the Value cache. We evaluated the
efficacy of SlimKYV in pruning on the Llama-2-7B model with a given KV cache budget size of 128.
The experimental outcomes are displayed in Table [3]

Overall, focusing solely on large activations within either the Key or Value cache results in a
significant decrease in model performance post-KV cache pruning. Specifically, the removal of Sy
led to a decline in SlimKV’s performance from 29.78 to 27.53, while the removal of .S; resulted in
a decrease from 29.78 to 27.32. This underscores that large activations in both the Key and Value
caches are crucial for sustaining the model’s performance.

5 RELATED WORK

Efficient Attention. Efficient attention mechanisms have been developed to address the compu-
tational and memory inefficiencies of standard self-attention in LLMs. One such approach is the
Grouped-Query Attention (GQA), which organizes queries into groups before computing the at-
tention, significantly reducing the number of attention calculations required (Ainslie et al.| [2023)).
Another variant is Multi-Query Attention (MQA), which extends the idea by allowing multiple
queries to interact within the same attention framework (Shazeer, 2019). TopK Attention is an
adaptive mechanism that focuses only on the top-K most relevant keys for each query, reducing
the computational complexity from quadratic to linear with respect to the sequence length. This
method not only improves efficiency but also enhances model interpretability by focusing on the
most significant interactions (Gupta et al.;,[2021). Among the linear transformers, Mamba stands out
by utilizing a moving-average-based approach to bypass the need for the softmax calculation, thereby
linearizing the computational cost with respect to the input length. This model achieves comparable
or even superior performance to traditional attention models on several benchmark tasks (Gu and
Dao, 2024).

KV Cache Compression. Numerous previous works have sought to compress the KV cache by
selectively dropping KV pairs using various algorithms. StreamL.LM (Xiao et al.,2024), for instance,
retains only the most recent tokens and attention sinks (the first few tokens), reducing the KV cache
size but potentially discarding important information carried by the middle tokens. The Heavy-
Hitter Oracle (H20O) (Zhang et al., [2023) introduces a policy that greedily drops KV pairs during
generation based on a scoring function derived from cumulative attention. Similarly, Adaptive KV
Compression (FastGen) (Ge et al.,[2023) employs a dual-phase algorithm that encompasses four KV
cache compression policies. It initially identifies optimal policies through profiling results obtained
from prompt encoding, then dynamically evicts caches during the generation phase based on these
policies. ScissorHands (Liu et al.,|2024) aims to identify and retain pivotal tokens that exhibit a
consistent attention weight pattern with previous token windows during generation steps. However,
these methods overlook the impact of the Value cache, focusing solely on the Key cache to retain
the most important KV pairs. Moreover, they are not applicable to efficient attention architectures
like Grouped-Query Attention and Multi-Query Attention, which are utilized by popular LLMs such
as Llama-3, Qwen-2, Mistral, Falcon, and others. The method proposed in this paper, referred to
as SlimKYV, is capable of supporting efficient attention architectures while fully considering the
preservation of important information in the KV cache.
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6 CONCLUSION

This paper presents a novel approach to KV cache pruning for Large Language Models (LLMs) that
addresses the critical challenge of efficiently managing increasing context lengths. Our proposed
method, SlimKV, effectively retains large activations in both Key and Value caches, thereby enhanc-
ing model performance while supporting both Multi-Head Attention (MHA) and Grouped-Query
Attention (GQA) architectures.

Through extensive experimentation, we demonstrate that our method reduces more GPU memory us-
age by than baseline methods, while maintaining comparable accuracy. This work not only highlights
the significance of preserving large activations during KV cache pruning but also contributes to the
ongoing efforts to optimize LLM serving, ensuring that these powerful models can be utilized more
efficiently in practical applications. Future research can build upon our findings to further enhance
the efficiency and performance of LLMs in diverse contexts.

REFERENCES

Joshua Ainslie, James Lee-Thorp, Michiel de Jong, Yury Zemlyanskiy, Federico Lebrén, and Sumit
Sanghai. 2023. GQA: Training Generalized Multi-Query Transformer Models from Multi-Head
Checkpoints. arXiv:2305.13245 [cs.CL] https://arxiv.org/abs/2305.13245

Anthropic. 2024. Claude 3 haiku: Our fastest model yet. https://www.anthropic.com/
news/claude-3-haiku.

Yushi Bai, Xin Lv, Jiajie Zhang, Hongchang Lyu, Jiankai Tang, Zhidian Huang, Zhengxiao Du, Xiao
Liu, Aohan Zeng, Lei Hou, Yuxiao Dong, Jie Tang, and Juanzi Li. 2024. LongBench: A Bilingual,
Multitask Benchmark for Long Context Understanding. (2024). arXiv:2308.14508 [cs.CL]
https://arxiv.org/abs/2308.14508

Pradeep Dasigi, Kyle Lo, 1z Beltagy, Arman Cohan, Noah A Smith, and Matt Gardner. 2021.
A Dataset of Information-Seeking Questions and Answers Anchored in Research Papers. In
Proceedings of the 2021 Conference of the North American Chapter of the Association for
Computational Linguistics: Human Language Technologies. 4599-4610.

Abhimanyu Dubey, Abhinav Jauhri, Abhinav Pandey, Abhishek Kadian, Ahmad Al-Dahle, Aiesha
Letman, Akhil Mathur, Alan Schelten, Amy Yang, Angela Fan, et al. 2024. The Llama 3 Herd of
Models. arXiv preprint arXiv:2407.21783 (2024). arXiv:2407.21783 [cs.Al] https://arxiv,
org/abs/2407.21783

Alexander Richard Fabbri, Irene Li, Tianwei She, Suyi Li, and Dragomir Radev. 2019. Multi-News:
A Large-Scale Multi-Document Summarization Dataset and Abstractive Hierarchical Model. In
Proceedings of the 57th Annual Meeting of the Association for Computational Linguistics. 1074—
1084.

Suyu Ge, Yunan Zhang, Liyuan Liu, Minjia Zhang, Jiawei Han, and Jianfeng Gao. 2023. Model tells
you what to discard: Adaptive kv cache compression for llms. arXiv preprint arXiv:2310.01801
(2023).

Bogdan Gliwa, Iwona Mochol, Maciej Biesek, and Aleksander Wawer. 2019. SAMSum Corpus:
A Human-annotated Dialogue Dataset for Abstractive Summarization. EMNLP-IJCNLP 2019
(2019), 70.

Albert Gu and Tri Dao. 2024. Mamba: Linear-Time Sequence Modeling with Selective State Spaces.
arXiv:2312.00752 [cs.LG] https://arxiv.org/abs/2312.00752

Daya Guo, Canwen Xu, Nan Duan, Jian Yin, and Julian McAuley. 2023. LongCoder: A Long-Range
Pre-trained Language Model for Code Completion. arXiv preprint arXiv:2306.14893 (2023).

Ankit Gupta, Guy Dar, Shaya Goodman, David Ciprut, and Jonathan Berant. 2021. Memory-efficient
Transformers via Top-k Attention. arXiv:2106.06899 [cs.CL] https://arxiv.org/abs/
2106.06899


https://arxiv.org/abs/2305.13245
https://www.anthropic.com/news/claude-3-haiku
https://www.anthropic.com/news/claude-3-haiku
https://arxiv.org/abs/2308.14508
https://arxiv.org/abs/2407.21783
https://arxiv.org/abs/2407.21783
https://arxiv.org/abs/2312.00752
https://arxiv.org/abs/2106.06899
https://arxiv.org/abs/2106.06899

Under review as a conference paper at ICLR 2025

Xanh Ho, Anh-Khoa Duong Nguyen, Saku Sugawara, and Akiko Aizawa. 2020. Constructing A
Multi-hop QA Dataset for Comprehensive Evaluation of Reasoning Steps. In Proceedings of the
28th International Conference on Computational Linguistics. 6609-6625.

Luyang Huang, Shuyang Cao, Nikolaus Parulian, Heng Ji, and Lu Wang. 2021. Efficient Attentions for
Long Document Summarization. In Proceedings of the 2021 Conference of the North American
Chapter of the Association for Computational Linguistics: Human Language Technologies. 1419—
1436.

Albert Q Jiang, Alexandre Sablayrolles, Arthur Mensch, Chris Bamford, Devendra Singh Chaplot,
Diego de las Casas, Florian Bressand, Gianna Lengyel, Guillaume Lample, Lucile Saulnier, et al.
2023. Mistral 7B. (2023). arXiv:2310.06825 [cs.CL] https://arxiv.org/abs/2310.
06825

Mandar Joshi, Eunsol Choi, Daniel S Weld, and Luke Zettlemoyer. 2017. TriviaQA: A Large
Scale Distantly Supervised Challenge Dataset for Reading Comprehension. In Proceedings of the

55th Annual Meeting of the Association for Computational Linguistics (Volume 1: Long Papers).
1601-1611.

Tomas Kocisky, Jonathan Schwarz, Phil Blunsom, Chris Dyer, Karl Moritz Hermann, Gabor Melis,
and Edward Grefenstette. 2018. The narrativeqa reading comprehension challenge. Transactions
of the Association for Computational Linguistics 6 (2018), 317-328.

Xin Li and Dan Roth. 2002. Learning question classifiers. In COLING 2002: The 19th International
Conference on Computational Linguistics.

Yuhong Li, Yingbing Huang, Bowen Yang, Bharat Venkitesh, Acyr Locatelli, Hanchen Ye, Tianle Cai,
Patrick Lewis, and Deming Chen. 2024. SnapKV: LLM Knows What You are Looking for Before
Generation. (2024). arXiv:2404.14469 [cs.CL] https://arxiv.org/abs/2404.14469

Tianyang Liu, Canwen Xu, and Julian McAuley. 2023. RepoBench: Benchmarking Repository-Level
Code Auto-Completion Systems. arXiv:2306.03091 [cs.CL]

Zichang Liu, Aditya Desai, Fangshuo Liao, Weitao Wang, Victor Xie, Zhaozhuo Xu, Anastasios
Kyrillidis, and Anshumali Shrivastava. 2024. Scissorhands: Exploiting the persistence of im-
portance hypothesis for 1lm kv cache compression at test time. Advances in Neural Information
Processing Systems 36 (2024).

OpenAl. 2022. Chatgpt: Optimizing language models for dialogue. https://openai.com/
blog/chatgpt.

Noam Shazeer. 2019. Fast Transformer Decoding: One Write-Head is All You Need.
arXiv:1911.02150 [cs.NE] https://arxiv.org/abs/1911.02150

Mingjie Sun, Xinlei Chen, J Zico Kolter, and Zhuang Liu. 2024. Massive Activations in Large
Language Models. In ICLR 2024 Workshop on Mathematical and Empirical Understanding of
Foundation Models. https://openreview.net/forum?id=1ayU4fMgme

Gemini Team. 2024. Gemini: A Family of Highly Capable Multimodal Models.
arXiv:2312.11805 [cs.CL] https://arxiv.org/abs/2312.11805

Hugo Touvron, Thibaut Lavril, Gautier Izacard, Xavier Martinet, Marie-Anne Lachaux, Timothée
Lacroix, Baptiste Roziere, Naman Goyal, Eric Hambro, Faisal Azhar, Aurelien Rodriguez, Armand
Joulin, Edouard Grave, and Guillaume Lample. 2023. LLaMA: Open and Efficient Foundation
Language Models. arXiv:2302.13971 [cs.CL] https://arxiv.org/abs/2302.13971

Guangxuan Xiao, Yuandong Tian, Beidi Chen, Song Han, and Mike Lewis. 2024. Efficient Streaming
Language Models with Attention Sinks. (2024). arXiv:2309.17453 [cs.CL] https://arxivl
org/abs/2309.17453

An Yang, Baosong Yang, Binyuan Hui, Bo Zheng, Bowen Yu, Chang Zhou, Chengpeng Li,
Chengyuan Li, et al. 2024. Qwen2 Technical Report. arXiv:2407.10671 [cs.CL] https:
//arxiv.org/abs/2407.10671

10


https://arxiv.org/abs/2310.06825
https://arxiv.org/abs/2310.06825
https://arxiv.org/abs/2404.14469
https://openai.com/blog/chatgpt
https://openai.com/blog/chatgpt
https://arxiv.org/abs/1911.02150
https://openreview.net/forum?id=1ayU4fMqme
https://arxiv.org/abs/2312.11805
https://arxiv.org/abs/2302.13971
https://arxiv.org/abs/2309.17453
https://arxiv.org/abs/2309.17453
https://arxiv.org/abs/2407.10671
https://arxiv.org/abs/2407.10671

Under review as a conference paper at ICLR 2025

Zhilin Yang, Peng Qi, Saizheng Zhang, Yoshua Bengio, William Cohen, Ruslan Salakhutdinov, and
Christopher D Manning. 2018. HotpotQA: A Dataset for Diverse, Explainable Multi-hop Question
Answering. In Proceedings of the 2018 Conference on Empirical Methods in Natural Language
Processing. 2369-2380.

Zhenyu Zhang, Ying Sheng, Tianyi Zhou, Tianlong Chen, Lianmin Zheng, Ruisi Cai, Zhao
Song, Yuandong Tian, Christopher Re, Clark Barrett, Zhangyang Wang, and Beidi Chen.
2023. H2O0: Heavy-Hitter Oracle for Efficient Generative Inference of Large Language Mod-
els. In Thirty-seventh Conference on Neural Information Processing Systems. https://
openreview.net/forum?id=RkRrPp7GKO

Ming Zhong, Da Yin, Tao Yu, Ahmad Zaidi, Mutethia Mutuma, Rahul Jha, Ahmed Hassan, Asli Ce-
likyilmaz, Yang Liu, Xipeng Qiu, et al. 2021. QMSum: A New Benchmark for Query-based Multi-
domain Meeting Summarization. In Proceedings of the 2021 Conference of the North American

Chapter of the Association for Computational Linguistics: Human Language Technologies. 5905—
5921.

11


https://openreview.net/forum?id=RkRrPp7GKO
https://openreview.net/forum?id=RkRrPp7GKO

Under review as a conference paper at ICLR 2025

A DETAILS OF EVALUATION

We use LongBench (Bai et al.| 2024)) to assess the performance of SlimKV on tasks involving
long-context inputs. LongBench is a meticulously designed benchmark suite that tests the capabilities
of language models in handling extended documents and complex information sequences. This
benchmark was created for multi-task evaluation of long context inputs. We present the details of

metrics, language and data for LongBench at[Table 4]
We run all the experiments on NVIDIA V100 and A100.

Dataset Source Avg len Metric Language #data
Single-Document QA

NarrativeQA Literature, Film 18,409 F1 English 200
Qasper Science 3,619 F1 English 200
MultiFieldQA-en Multi-field 4,559 F1 English 150
Multi-Document QA

HotpotQA Wikipedia 9,151 F1 English 200
2WikiMultihopQA Wikipedia 4,887 F1 English 200
MuSiQue Wikipedia 11,214 F1 English 200
Summarization

GovReport Government report 8,734 Rouge-L English 200
QMSum Meeting 10,614 Rouge-L English 200
MultiNews News 2,113 Rouge-L English 200
Few-shot Learning

TREC Web question 5,177  Accuracy (CLS) English 200
TriviaQA Wikipedia, Web 8,209 F1 English 200
SAMSum Dialogue 6,258 Rouge-L English 200
Synthetic Task

PassageCount Wikipedia 11,141  Accuracy (EM) English 200
PassageRetrieval-en Wikipedia 9,289  Accuracy (EM) English 200
Code Completion

LCC Github 1,235 Edit Sim Python/C#/Java 500
RepoBench-P Github repository 4,206 Edit Sim Python/Java 500

Table 4: An overview of the dataset statistics in LongBench (Bai et al., 2024). ‘Source’ denotes
the origin of the context. ‘Accuracy (CLS)’ refers to classification accuracy, while ‘Accuracy (EM)’

refers to exact match accuracy.
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