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Abstract : This paper focuses on the collaborative optimization of hierarchical metadata indexing and caching in
distributed file systems for scenarios involving massive small files. Distributed file systems commonly
face metadata management bottlenecks in such scenarios, where traditional single—index or single—
caching optimization strategies prove inadequate. We propose a collaborative optimization method
for hierarchical metadata indexing and caching to systematically address this issue. A three—tier
metadata hierarchical indexing model—"global-regional-node"—is designed. Through hierarchical
decoupling, dynamic adjustment, and aggregation optimization principles, it achieves low—latency,
highly scalable, and load—balanced metadata management. A three—tier collaborative caching
architecture—"client-regional proxy—storage node"—is constructed with a bidirectional linkage
mechanism. Data consistency during collaboration is ensured through version control, distributed
locks, and synchronization strategies. By breaking optimization silos between indexing and caching,
this approach achieves deep synergy between the two, effectively reducing metadata access latency
while enhancing overall system throughput and resource utilization. It provides an efficient and reliable
solution for metadata management in distributed file systems handling massive small files.
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