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Stripe Matching and Merging Algorithm-based Redundancy Transition for Locally Repairable
Codes

DU Qingpeng' ,XU Yinlong® and WU Si*

School of Computer Science and Technology, University of Science and Technology of China, Hefei 230027, China

Abstract Compared with traditional replication technique,erasure coding is another data redundancy mechanism with lower space
overhead at the cost of high repair cost. Locally repairable code is a special kind of erasure code with low repair cost, which is
widely deployed in big data storage systems. In order to accommodate itself to dynamic workload and varying failure rate of sto-
rage media,modern storage systems make better trade off between access performance and reliability for erasure coded data by
means of redundancy transitions. A redundancy transition method, which selectively matches and merges stripes of specific lay-
out,decouples data placement and redundancy transition,is proposed. Furthermore, it reduces the cross-rack network traffic by
designing cost quantification and optimization model. In contrast to those algorithms that designing data placement,the proposed
algorithm has almost the same performance but eliminates the constraints on data layout and can be run iteratively. Experiment
results show that under the two common transition setups,compared with naive approach of random layout,the proposed algo-
rithm approximates the theoretical optimum,mitigates network traffic by 27. 74% and 27. 47% ,and shortens transition time by
39.10% and 22.32% respectively.
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Fig. 1 Locally repairable code of parameter(6,2,2)
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Fig. 4 Process of stripe matching and stripe merging algorithm
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Fig.5 Stripe merging process of two(6,2,2) locally repairable codes stripes of random placement
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Table 2 Experiment results of different locally repairable code parameters
CHLAL: 0D
g =g & 2g d=g g'=2g
B4 random_ opt_ opt_ random_ random_ opt_ opt_ random_
£ 4 match sparse compact naive match sparse compact naive
(4,2,2) 11.11 11.11 11.11 0.00 33.33 0.00 33.33 0. 00
(6,2,2) 40.74 40. 74 25.93 0.00 30.00 0. 00 33.33 0. 00
(8,2,2) 37.11 37.11 16. 14 0.00 24.13 0.00 25.00 0. 00
(10.2.2) 35. 86 36. 10 20.13 0.00 20.00 0.00 20.00 0. 00
(12,3.2) 45.48 49.75 34.05 0.00 23.17 0.00 25.00 0. 00
(12,3.3) 35.71 35.71 25.00 0.00 20. 83 0.00 25.00 0. 00
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Table 3 Server configuration

T4 2% 4 [
0s Ubuntu 18, 04.1 LTS
CPU Intel(R) Core(TM) i7-10700 CPU @ 2. 90GHz
DRAM 64 GB DDR4 (2666 HZ)
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I+ 1Gb/s
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Table 4 Time consumption and optimization ratio of different

control groups

g":g,ﬁiZg' g,:g g/:2g
S B 38 AR AT A4 #HE/s R/ % HE /s /%
random_match 3501 27.74 3794 27.47
opt_sparse 3320 31.48 5331 —0.02
opt_compact 4956 —0.02 3661 30.01
random_naive 4845 0.00 5231 0.00
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Cross-rack traffic and optimization ratio of different

Table 5

control groups

g =g @ 2¢ =g g =2g
5K 48 A AT R 4 HE/GB /% WmE/GB /%
random_match 57.73 39. 10 61.25 22.32
opt_sparse 52.06 45.08 79.85 —1.27
opt_compact 68.00 28.27 58.50 25.81
random_naive 94. 80 0. 00 78.85 0. 00
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