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A Survey on the Research of Novel High-Density Disk Performance
Optimization Techniques

WU Wei-guo, ZHANG Chi, YU Fang-xing, NIE Shi-qiang, LI Meng-han, NIU Jie
(Department of Computer Science and Technology, Xi’ an Jiaotong University, Xi’ an, Shaanxi 710000, China)

Abstract: In the digital age, the generation and accumulation of massive amounts of data are exploding, driving the
demand for storage capacity sharply. Conventional magnetic recording disks (CMR) are considered the preferred solution
for massive data storage due to their high capacity and low cost. However, the presence of the superparamagnetic effect
(SPE) limits further improvements in CMR disk density. To overcome this limitation, shingled magnetic recording (SMR)
technology was developed. Based on the conventional hard disc architecture, this technology dramatically increases disk are-
al density by overlapping tracks. However, SMR disks produce unpredictable write amplification effects when performing
random writes, which can severely impact I/O performance. To solve this problem, the industry then proposed interlaced
magnetic recording (IMR) technology, which uses an optimized track layout and heat-assisted magnetic recording technolo-
gy to effectively balance storage capacity and performance. In this paper, we first introduce the technical principles, disk
types, and applications of SMR and IMR in detail, and quantitatively analyzes the write interference problem that affects
their I/0 performance. It then focuses on solutions to optimize their I/O performance at the device level, analyzing and sum-
marizing the advantages, disadvantages, and optimization objectives of different strategies in each type of solution. An over-
view of device-oriented system-level and application-level optimization solutions, such as file systems, redundant array of
independent disk (RAID) technologies, and databases, is then provided. Finally, possible research directions for optimizing
the performance of SMR and IMR disks in the future are discussed.

Key words: superparamagnetic effect; shingled magnetic recording; interlaced magnetic recording; track layout;
write interference; write amplification
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