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Design and Performance Evaluation of High—Performance Storage Architecture in Virtual
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[Abstract] This paper aims to systematically study the design and performance evaluation of high—performance
storage architectures in virtual machine (VM) environments. First, it conducts an in—depth analysis of the
performance bottlenecks in the VM I/O path. Subsequently, a high—performance storage architecture design
integrating multiple optimization strategies is proposed, covering multi—level collaborative optimizations from
hardware acceleration (e.g., NVMe, SPDK), software stack optimization (e.g., vhost—user, io_uring), to
intelligent scheduling and resource management (e.g., QoS assurance, NUMA awareness). Based on this, a
comprehensive performance evaluation system is designed and implemented. By constructing a benchmark
testing platform, a quantitative analysis of the proposed architecture is performed on key metrics such as
throughput, latency, CPU overhead, and scalability. Experimental results indicate that compared to the
traditional kernel—based virtio—blk storage solution, the proposed architecture significantly improves 1/O
performance under high—concurrency scenarios (throughput increased by up to 300%, latency reduced by up to
70%), while effectively reducing the host CPU overhead. Finally, the research findings are summarized, and
future development trends in directions such as persistent memory (PMem), computational storage
disaggregation (CSD), and Al—driven intelligent storage scheduling are discussed.

[Key words] Virtual Machine; High—Performance Storage; /O Virtualization; Performance Evaluation; SPDK;
vhost—user; QoS
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