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Abstract:  With the growing demand for deploying large language models (LLMs) in edge intelligence scenarios, re-
trieval-augmented generation (RAG) has emerged as a pivotal paradigm for edge-side deployment due to its ability to re-
duce dependency on large models while enhancing domain-specific knowledge coverage and privacy protection. However,
RAG systems still face significant challenges on resource-constrained edge devices: large-scale, high-dimensional embed-
ding vector indexes cannot be fully loaded into memory, and frequent cache evictions coupled with slow storage accesses
lead to substantially increased retrieval latency. Currently, embedding vectors are primarily acquired through three ap-
proaches—disk loading, online generation, and in-memory caching—which differ significantly in terms of latency, computa-
tional overhead, and resource consumption, and lack a unified, efficient scheduling mechanism. To address these challeng-
es, this paper proposes BP-Cache, an efficient online caching algorithm specifically tailored for resource-constrained edge

RAG systems. The core innovation of BP-Cache lies in its multi-path access cost modeling and dynamic hierarchical cache
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management mechanism, designed to resolve performance conflicts at the edge through fine-grained resource scheduling.
First, we uncover two key characteristics of embedding vector access patterns in edge environments through empirical anal-
ysis: (1) the cost of online vector generation exhibits a pronounced long-tail distribution, where the computational latency
for large vector clusters far exceeds that of disk loading; and (2) access patterns show strong locality and sparsity, with over
60% of vectors accessed only once throughout their lifetime. Based on these observations, BP-Cache introduces a light-
weight admission filtering mechanism that uses a small buffer cache as an “observation window” to temporarily hold newly
arriving vectors, enabling rapid bypass of low-value access requests and effectively mitigating cache pollution. Simultane-
ously, the algorithm constructs a joint cost—size scoring model that integrates the online generation cost, disk I/O latency,
and memory footprint of each vector cluster into a unified evaluation framework. When cache capacity is insufficient, BP-
Cache dynamically prioritizes retaining vector clusters that deliver the highest utility per unit of memory, thereby approach-
ing the performance of an optimal offline strategy—without requiring any knowledge of future access sequences. We imple-
ment and evaluate our system on a real-world edge platform based on the NVIDIA Jetson AGX Orin, conducting extensive
experiments across multiple datasets from the BEIR benchmark suite. Results show that, compared to state-of-the-art edge
RAG solutions such as EdgeRAG, BP-Cache reduces average retrieval latency by approximately 29% and improves cache
hit rate by about 21% across multiple datasets, while significantly optimizing tail latency performance. Further sensitivity

analyses confirm that the algorithm demonstrates excellent robustness and adaptability under varying cache capacities,

small-buffer ratios, and vector cluster granularities.
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