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A Survey of Update Methods for Erasure-Coded Storage Systems
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Abstract  In the era of big data, data volume continues to grow, and the risk of data loss in stor-
age systems is also increasing accordingly. Although traditional replication technology can ensure
data reliability, it incurs extremely high storage overhead. Erasure coding technology, by con-
trast, can achieve reliability comparable to that of replication technology with extremely low stor-
age overhead, effectively saving storage resources. However, erasure coding technology con-
sumes substantial system computing and network resources during data updates—any update to a
data block requires synchronous updates to all parity blocks within the stripe, thereby maintai-
ning the coding consistency between data blocks and parity blocks in the erasure coding stripe.
This paper systematically reviews the research status of erasure coding data update methods in re-
cent years: first, it elaborates on the basic concepts and update fundamentals of erasure coding,
clarifying the core scientific challenges it faces in current storage systems; second, it summarizes
the relevant research progress from four dimensions, namely disk I/O reduction, network traffic
reduction, parallel transmission optimization, and system update optimization, focusing on ana-
lyzing the key technical characteristics of various methods, conducting a comparative analysis of
the performance indicators of representative update methods, and summarizing their advantages
and disadvantages; finally, it sorts out the unsolved research challenges in this field and looks

forward to potential future research trends and adaptive technical paths.
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cessive storage costs. Erasure coding (EC) emerges as a su-
perior alternative, as it maintains comparable fault tolerance
(e. g. » tolerating 2 node failures) with minimal storage over-
head (e. g., 1. 5Xfor RS(4,2) code). However, EC intro-
duces a critical bottleneck: updating any single data block re-

quires synchronously updating all parity blocks in the stripe.,
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leading to high overhead in disk 1/O, network traffic, and
computation—this severely degrades system performance,
especially in high-update-frequency scenarios (e. g., 50%
update ratio in Yahoo’s data centers).

Internationally, research on EC has long prioritized data
repair (e. g., reducing repair bandwidth via regenerating
codes or local reconstruction codes) , while systematic studies
on EC-based data updates remain limited. Existing update
optimizations are fragmented and scenario-bound: disk 1/0O
reduction methods adapt to specific workloads but lack flexi-
bility; network traffic optimizations reduce cross-node/rack
traffic but fail to handle dynamic bandwidth fluctuations;
parallel transmission techniques enhance parallelism but ig-
nore heterogeneous network topologies; system-level designs
fit specific architectures but lack generality. These gaps hin-
der EC’s application in diverse storage systems.

This review addresses these limitations by systematically
synthesizing EC data update methods over the past five years. It
categorizes optimizations into four directions (disk I/O reduc-
tion, network traffic reduction, parallel transmission optimiza-
tion, system update optimization), clarifies their key features,

advantages, and drawbacks, identifies unresolved challenges (e.

g. » multi-stripe scheduling, invalid data recycling, dynamic net-
work adaptation) , and proposes future trends (e. g. , wide-stripe
EC, regenerating code updates, SSD-aware designs). By filling
the gap in systematic reviews of EC updates, it provides a com-
prehensive road map for advancing EC’s industrial utility in high-
performance storage systems.

This work is supported by the National Natural Science
Foundation of China under Grant No. 62272185 and
623B2037. The project aims to research data recycling tech-
niques for erasure-coded cloud storage to ensure low storage
overhead, improve recycling and updating performance, and
guarantee user service efficiency. The work of our research
team is to enhance the performance of parity updates brought
by migration coverage in data recycling. Works related to
this have been published in international conferences and
journals, such as ACM/IEEE SC'24, ACM/IEEE SC'25,
IEEE TPDS2026, IEEE TC2025, ACM TACO2024, etc. E-
rasure coding, as a technology that achieves high storage ef-
ficiency and fault tolerance, has attracted attention from both
industry and academia. This review helps us achieve a thor-

ough grasp of the pros and cons of erasure coding, which in

turn propels our research forward.





