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Erasure code with low recovery-overhead in distributed storage systems

ZHANG Hang, LIU Shanzheng, TANG Dan’, CAI Hongliang
(School of Software Engineering, Chengdu University of Information Technology, Chengdu Sichuan 610225, China)

Abstract: Erasure code technology is a typical data fault tolerance method in distributed storage systems. Compared
with multi-copy technology, it can provide high data reliability with low storage overhead. However, the high repair cost
limits the practical applications of erasure code technology. Aiming at problems of high repair cost, complex encoding and
poor flexibility of existing erasure codes, a simple-encoding erasure code with low repair cost — Rotation Group Repairable
Code (RGRC) was proposed. According to RGRC, multiple strips were combined into a strip set at first. After that, the
association relationship between the strips was used to hierarchically rotate and encode the data blocks in the strip set to
obtain the corresponding redundant blocks. RGRC greatly reduced the amount of data needed to be read and transmitted in
the process of single-node repair, thus saving a lot of network bandwidth resources. Meanwhile, RGRC still retained high
fault tolerance when solving the problem of high repair cost of a single node. And, in order to meet the different needs of
distributed storage systems, RGRC was able to flexibly weigh the storage overhead and repair cost of the system. Comparison
experiments were conducted on a distributed storage system, the experimental analysis shows that compared with RS (Reed-
Solomon) codes, LRC (Locally Repairable Codes) , basic-Pyramid, DLRC (Dynamic Local Reconstruction Codes) , pLRC
(proactive Locally Repairable Codes), GRC (Group Repairable Codes) and UFP-LRC (Unequal Failure Protection based
Local Reconstruction Codes) , RGRC can reduce the repair cost of single node repair by 14%-61% through adding a small
amount of storage overhead, and reduces the repair time by 14%-58%.
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Fig. 1 Schematic diagram of encoding and decoding
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Fig. 11  Comparison of average repair cost of

different erasure codes with single-node failure

4.0
35 —0—RS
——LRC
g 3.0F --A--basic-Pyramid
= - —%~DLRC
= --%-- pLRC
iy
A 2.0 —0—GRC
—+— UFP-LRC
Lo —=—RGRC

—

1 2 345 678 910
(LEERE3

12 2 ARSI ) BT RO E S R L
Fig. 12 Comparison of average repair time of single node by

different erasure codes

3.4.2 5WEMSA

1) 2795 B AL

13 R 209 0RO B B A L B A Y
RURBURE T3 B - B8R LR . H TS JRT S5 8
HYHE 22, B 0T LU IS 25t F B R 2R S8 RE T, PR, 52383
T S ERIRAECh 4, R M8 5 A .

RGRC #1852 50747 s R AL, W LU 43 J2 e s 2 A 1)
T R IRREAE A . TEBE 21 mUR A, th T4 W
FI2H R IR AN A R AR B S A 2N 22 IR B 5
IR L B W o AHERG T IBE S NA, T 25T i
I, RGRC 1B K A4 T RS\ LRC \basic-Pyamid i |
DLRC .pLRC ,GRC \UFP-LRCHIREH s /1Y .

2) 25 MBI L5

& 14 0 2795 sURB T Y E A R X LG . AR 14 T,
AT S4B E I RGRC & & I [l 5 /b, B 2 15w 2R A4
BT, R IV P08 S A )2 48 0, AR T A 2 AT , I
BRI AT EEE N ], AT RS % \LRC  basic-
Pyamid % .DLRC ,pLRC ,GRC .UFP-LRC,RGRC 7£ £ 35 fi i
BT, BN Je B AR B (R SR A Tl 11

G3AR RATAE R G b R 2B R IR T AT SRR, R



% 10

TRALEF : o0 A XA Z 2 P 094845 SR A 2 M 2 2949

A ST R BOT LA S AT i R b 2 R AU
Do T AYCBE 4 2 I F2 20 By s AT R R
R R RA MBS 1A o P, AR T B9 s i R S
RGRC 152274 i B8 S AR A8 S I 18] ek 18 1) 1 B 52
ARG IR L, 6 T 219 s I RO 278 T — L i e v
L RIT .

RS LRC basic-Pyramid § DLRC
[ pLRC FGRC UFP-LRC MRGRC
14

12 =

10

8

6

55 /K /MB

&

Vil i i i i i A AT AT AT AT AT

P T T )
Vil i iV i iV i i o7y

5
4
b
]
e
b
b
]
b
]
b
]
]
b
b
]
]
b
b
4

P L L e L L L]
E A

P ]

AN
P o o s ]

o I

o M T T T T T T

3

RAGNT wiE

K13 25 SRS Y 2795 s R BOE B S AR [
Fig. 13 Comparison of average repair cost of
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