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Storage-Hierarchy-Aware Prefix KV Cache System for Large Language Models
HE Shuibing, QU Haoyang, DANG Zheng
(Zhejiang University, Hangzhou 310027, China)

Abstract: As the capacity demand of prefix key-value (KV) caches in large language model services
for agent scenarios continues to grow, it has gradually exceeded what GPU memory and CPU
memory can support. Although using high-capacity and low-cost SSDs to expand prefix caches is
promising, SSDs have high access latency and low random-read bandwidth, and directly introducing
them can significantly increase time to first token (TTFT), making it difficult to meet practical
deployment requirements. To address this issue, this paper proposes PCache, a storage-hierarchy-
aware prefix key-value (KV) cache system for large language models. On a GPU memory-CPU
memory-solid state drive (SSD) hierarchy, PCache reduces SSD accesses and random input/output
(I/0) overhead through data-layout-aware important KV selection, page-level continuous KV
loading, dynamic KV reordering, and out-of-order computation. Experimental results show that
PCache significantly reduces TTFT while maintaining stable inference accuracy, providing a
technical reference for designing efficient prefix KV cache systems for long-prefix large language
model serving.
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