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Abstract As known, RS (Reed-Solomon) codes can construct any fault-tolerant codewords according
to the application environment, which has good flexibility, and the storage system using RS erasure
code as the fault-tolerant method can achieve the optimal storage efficiency. However, compared with
XOR (exclusive-OR)-based erasure codes, RS erasure codes require too much time to decode, which
greatly hinders its use in the distributed storage system. In order to solve this problem, this paper
proposes a decoding method for RS erasure codes. This new method completely discards the matrix
inversion which is commonly used in all current RS erasure codes decoding methods, and only uses the
addition and multiplication with less computational complexity, and the linear combination of the
invalid symbols by the valid symbols can obtained by the simple matrix transformation on the
constructed decoding transforming matrix, thereby reducing the complexity of decoding calculations.
Finally, the correctness of the method is proved theoretically, and for each file of different sizes, three
file blocks of different sizes are divided, and the data blocks obtained by the division are tested. The
experimental results show that in the case of different file block sizes, the new decoding method has

lower decoding time cost than other methods.
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Fig. 3 Encoding process of RS code
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Fig. 4 Decoding process based on the generating matrix
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Fig. 6 Adjustment of position of column vectors and

code elements in the check matrix
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Fig. 7 Comparison of the time cost of four different

methods to reconstruct a single failed node
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Fig. 8 Comparison of the time cost of four different

methods to reconstruct two failed nodes

K8 4 R J7 i FEA 2 A R80T A B I 1) T 8 0 L

50 MB, 100 MB, X4 e K /N5 5o 1 KB, 4 KB,
1 MB.ZR P i 1 ASF 2 AN AT R0 23 )
SR T HE 1 A QR B ) 198 R 9k ) R TR R R 1Y
R 7R SR 25 1 B R 7 ik R AR S
P B4 G A TR B I 1) 4 0l sk 2 MR 3
It 7R N SE B A5 R AR [ B S 70 B/ L
T ARSCHT R B9 7 TR B A AR T VR B 1R R I ]
TT 8 HEAIE.

I 3. RSB EAE (9,4 T RS 2l
SR 0 2 7 1 % D ik S0 2 B ) 4% e A7 21 4%
AT R A R GF (2°) R W% A7 i
RGN A RE I 5, iR £ 5 A SR A5
OB P LAA B AT B S ) A R /9 1~5 A7
i 1 a5 2R 280 I TR B30 RO e e R SO I T vk
5RO R AT R A E M R R e e [T Y AR
L E 9 s,



592 HEIR S AR 2022, 59(3)

Table 2 Comparison of the Time Cost of Reconstructing a Single Failed Node

R2 BEMBEANRYTH AR EFHEI

SRSy RN KB

2 ik K /h=10 MB SR /N=50 MB SR /=100 MB
1 4 1024 1 4 1024 1 4 1024
SCHk[24] 28.17 27.79 28.46 128.29 122.50 121.64 267.94 258.65 269.50
k(161 13.35 13.17 13.49 54.53 51.86 56.08 114.83 113.21 115.81
- CHk[25] 15.66 14.48 14.80 56.49 53.73 58.09 116.08 115.44 117.90
ATk 13.96 13.77 14.10 56.27 53.52 57.87 115.89 116.92 116.57
Hk[24] 35.54 35.14 39.17 169.06 161.35 168.74 350.23 342.67 348.34
SCikl16] 16.67 16.48 18.37 65.22 61.60 62.38 132.05 133.19 135.85
% CHk[25] 16.99 17.79 18.72 66.46 62.77 64.53 134.37 135.53 138.24
ATk 17.75 16.56 18.46 67.32 63.59 64.33 132.63 133.78 136.45
CHk[24] 49.80 46.26 59.04 238.73 235.66 237.46 491.51 482.90 495.38
k161 23.85 22.16 28.28 95.19 95.64 103.21 193.22 190.62 193.39
- SCHk[25] 25.69 22.94 29.27 98.52 98.98 106.82 199.64 198.87 196.01
ATy 24.26 23.46 24.94 100.79 95.82 109.28 196.00 194.12 200.52
SCHk[24] 63.57 62.85 69.96 308.47 297.17 312.55 622.90 618.76 627.87
k16 28.00 29.66 33.02 145.60 140.26 150.36 284.57 282.61 291.64
- k25 31.84 30.49 33.95 147.93 142.51 152.76 292.53 290.53 294.80
AR 28.25 28.92 33.30 146.89 144.36 151.69 290.49 288.49 293.70

T« BB R PR A8 A2 I 1] Jo A Y

Table 3 Comparison of the Time Cost of Reconstructing Two Failed Nodes

R3 EM2NRYTH AR EFFHEI

SO 4 Be R /N KB

ZH VRS AR /h=10 MB K /h=50 MB MK /N=100 MB
1 4 1024 1 4 1024 1 4 1024
SCHik[24] 33.56 32.86 33.32 144.72 139.63 143.21 302.16 299.83 304.25
k161 25.73 24.72 25.08 104.33 109.64 103.21 189.91 184.69 192.25
e CHk25] 19.81 18.38 19.51 79.94 76.59 79.24 148.52 147.36 149.48
ARSIy % 14.17 14.41 14.12 67.16 65.70 66.72 122.23 120.13 122.83
SCHik[24] 40.67 39.59 41.91 188.59 185.15 198.87 379.23 378.32 388.47
_ SCHk[16] 31.06 29.87 30.62 148.87 146.96 149.67 287.06 291.29 299.53
9 CHk[25] 25.25 24.13 23.47 102.33 102.74 103.99 205.61 199.19 206.86
KRS 17.89 17.5 18.57 71.13 70.14 74.64 142.84 139.58 145.49
SCHk[24] 55.84 52.81 61.24 247.31 242.21 244.26 505.61 501.92 520.29
SCHk[16] 34.56 34.45 37.03 178.85 172.97 181.65 306.38 293.9 302.09
v CHk[25] 32.19 29.02 32.91 133.5 131.14 136.71 263.59 256.89 270.37
A 24.69 24.05 23.47 106.82 105.35 109.81 205.29 204.23 206.51
CHk[24] 64.17 62.35 73.26 327.34 314.5 338.84 648.65 641.08 653.54
CHRLC16] 52.42 51.03 52.97 231.14 225.29 246.37 454.82 443,58 460.95
o SCHk[25] 41.73 34.97 37.22 191.14 189.84 196.41 361.2 362.31 372.61
ARSIy 28.69 28.79 29.19 149.08 147.27 152.36 295.03 294.72 302.13
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Fig. 9 Comparison of the time cost of four different

methods to reconstruct different number of failed nodes
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Fig. 10 Comparison of the time cost of three different

methods to reconstruct a single failed node
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Fig. 11 Comparison of the time cost of three different

methods to reconstruct two failed nodes
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Fig. 12 Comparison of the time cost of three different

methods to reconstruct different number of failed nodes
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Fig. 13 Time cost of reconstructing in the RDP

codes storage system
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