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Table 2 Technical difficulties in key issues of performance optimization for data recovery process
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Optimization of data placement
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Optimization of data recovery
process
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disk failure probability

Improve the parallel 1/O perform-
ance and scalability

Reduce the computation and disk
1/0 overhead

Schedule coding sequence to reduce

disk 1/0O overhead

Obtain the state of the storage
nodes and network

Fully utilize network bandwidth
between storage nodes

Reduce the disk I/O and transmis-

sion overhead

Select the proper transmission
scheme for data recovery process

Obtain the network state
between cloud storage nodes

Fully utilize the network band-
width between clouds

Reduce the network traffic
across data centers

Optimize the transmission
process between storage nodes
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Table 3 Key technologies of data recovery optimize the implementation mechanism of various performance overhead
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Key technology

Coding calculation overhead

Disk I/O overhead

Network transmission overhead

State management of
storage systems

Optimization of data
placement scheme

Optimization of date cod-
ing scheme

Optimization of data
recovery process

Migrate the data with high failure
probability to avoid unnecessary
coding calculation overhead

Select the proper storage nodes
and parallelly perform coding oper-
ations

Design coding scheme with low
coding calculation overhead

Allocate the coding calculation o-
verhead to multiple storage nodes

According to the state of storage
nodes,migrate the data to improve
disk 1/0O performance during data
recovery process

Reasonable place the data in stor-
age nodes to speed up the I/O per-
formance

Design coding schemes with low

disk 1/O overhead

Schedule disk I/O process to
reduce data volume

According to the network state migra-
tion data between nodes to improve
network transmission performance

Reasonable place the data in storage
nodes to speed up network transmis-
sion process

Design coding schemes with low net-
work transmission overhead

Schedule routing scheme to speed up
data recovery process
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Lu B0 5 A % B 28 9 2% - 1 38 391 14 (Convolu-
tional Neural Network Long Short-Term Memory,
CNN-LSTM) B0 % 4 v 0 (9 0 2 s = 1F . X
AU ) P B A0 B 4 R AE HEF (Wearout-updating
Ensemble Feature Ranking, WEFR) J5 & 3¢ 1 £ S.
M. AL R. T, HRAE . DL T T50 00 (A 47 1 48 550 B 1) 1 0
P, Han %52 0001 7S [ 76 28 18 3% 5t 67 3R IN A7
LT L 2 ) 1 R . O T AR B s i R 55
R e P Lin Z5 3 1 MING HESR 5 & Z FhHL a8
) B WO PO S R R . L

FIH] SystemX fe Ml KA BE = A7 i £ 48 19 5 AN
4

TR 2 B A i AR e B B TR L BIF
HWE T R AR 2 A s R G AL, Lin
4 B2 th RepairBoost J5 %8, ff FH AT i) JC 9 B LA 58 43
P A 22 1] B8 L1 Al 5 BT U 58 i 18 A2 R AR
ML 51 AL > 5 B D s R AR A2 4 R A
6, Li S8 T — R R A BB R 48 (Automa-
ted Intelligent Healing System, AIHS) , i@ id % # &
B ST HEmE TR = I 55 R gl e iy A g
52 s Guo FFEAE A AT BT LA o0 I I T BRI Y
BUPE R (¥ AP 5 Cheng 2500 il F 21 0 5% ok {3t e 43 A
AL 2 o 59K 38 17 109 1T 5 7 5 Huang 255 #2103
OmniMon 2244, 8 FI AR R SC I 2% 2 R 32 00 5 40 v
O F18 ) 2 R 2% i ik 55 4% 1) P 45 IR 2

h TR A ] N R A A R S R T L IF ST
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SEEEN T EBEERML T E. Zhang FUC R
RS6. 9 /> RAID-6 ¥ 855 T $h A7 17 %) ) 2k a7 18 12 56
(Row-Diagonal Parity, RDP) 5 ¥ & #:1E Fr 18 %8 19 4%
5 H 5 R0 R 5% 38 5 JT 8. Zhang %Y B F§ SLAS
( Sliding window, Lazy updates and movement
Scheduling) J5 58 2 £2 T+ 24 M 4 47 it 2 e i T 4 g
P, Zhang %™ $2 i McPod 77 %, 5 B 7 RAID-4
Y F B T B, DA £ T B B B AE B R 5
MTLE PEfE . 8 i 5 0y P B S 3 b il
FELZAAEAE T . Wu 5 2 ERS (Elastic Reed-
Solomon) i , ik 21> 21 W) Bt 2t B 2 K i Ak 3k A 47 K 1Y
FERE T AR S P45, Yao 27 4R MY Stripe-
Merge 77 %8  JRIUE LLBAR AR (S S 5 lE DKW S
It R FE 4 4R L SE BAE /N AR E A A I 00 R IR
%3 &7 ST 4

Peylide 9 i oS v NI B2 % 1 G 31X 7 K L i S
BTHAI M AS 77 % RGP fE . Gong 45" H2 B ¥
16 52 3k B2 v AE AT R REBEHL AR D B 18 I A
T TH AE RIS [R] o 8 A 7R R %A W A R 8 A7 R A
RS ES HLAE g HLH . Ha & 1 EC-
Wide J5 %, 0 /0 B4 & &2 A5 i JF 85 . Tang 454 2
tH UniDrive $0#8 5275 J7 28 , TR 3803 5 M 45 47 58 %F A
BEZM AP 5 F 88% . Plank 4877 42 ) 4]
T A7-fik 22 8 1O JF UR 92 B0 7 28 A 4 Jerasure AN
Zfec FEH, IR 45 T AN MBS A7 Gk R GE R 2
Y TR R GRS 1 7 AT XA [ R
SN B PR RE I S0 R Y 22 Sk L 2 N A A7 it R 4 aE
WA ZMEE TR, URIEUEE Z 5 ED
PEfE .
3.2 BENERR

R T E G P b B G T AR
T 2R R CE Ty 58 . 38l R E SS LT U R B
W B 5 25 1 b fR 77 5 2 A W 4, Zhang S5 4R
RAID + 77 58 525 FF 4 43 e B 4 A i il B 5
R PrFERY BT . Yao 255" 2 ElasticRAID J5
Z LA ZARIARIFATIORE F 3 5 A . il TR
BB TE A 2R G0 b AR A7 80 0 B BN » Wan 2505 $2
S2-RAID. /DB i Re i B B i . o 178
PRAE A it 25 (R R FH 22 00 1 B2 T R AR B0 18 &2 3R 1
PERE . Wang 23 1 OI-RAID, DL I 4746 F) JH 5 4%
B o v D B A 52 4 A P TE R Y IR IE]

TERARAT it 25 ) FF 85 i w4 1 o AR A FH P 5080
R EE A R, Xia 255K 0 Al 2 A T 46D A ) i

ORI A 1Y F P Bl S B2 TE T N R A7 i R S8 TR AT R A
PRI VE FRCHE 18 S B i RE . Wu 50 R
WorkOut, K 544 1 A< 55 5 19 B0 1 A7 B 45 1 1Y
B W 90 47 i R 45, Wan 7 4 i VDF-LRU Hi
VDF-LFU , M35 A7 6 505 19 2 B0RE 4ok G A7 808l . 0l
/Ul 8 2R RN B TS RS

1 3 R M T IR0 A AN T AR RGeS
TR B AR M PA TR . Hou %77 4 — Fhil
FH A% KB B 7T 7018 (Maximum Distance Separable
code, MDS) ¥4 4k 77 ¥ , 75 A 20742 5187 19 1 42 1 o8 2D
HOHE A6 52 B VB T AR 0 0 45 415 BE BT R . Shen 455 3%
H T AR S N AR AF X B 8 . Huang 5550 42
R B B 15 (Local Reconstruction Code, LRC) , 5|
AR A5 0 B ok i — 25 /0 K 18 5 4R A Y R AR
B, Wu S0 3 — R m sy LRC 516 i, °F
B mi AL A Z PR . Wu SV 1 —Fh
Ry LRC G it Ei 48 i e S s o LA sl 20 $ 48 07 9 484
R R B A A B T A . TR B T A
MR R S EB AR, KUK TAEE
Pyramid #%"' | AR-TwoStep-ILP** \MiPiL"*/,

TEMCEERY I AR50 2% Bt 13k ] T S R A7 i
0 (0 O A7 A L LB A T k. Li ST 4R
th OpenEC %% 5 , {8 F A 10) JC 25 181416 A6 A7 it 19 50
Z AL AT 8 55000 G e e et 2, AR TH B 18 5 S 4 A
MPERE . 78 Z A HER: 2 I 3 50, Fu 557 $ 1
PR R 7 & 8 5 1 Y6 S (Balance Priority . BP) Jy
F A R B ] 4] 56 (Search Time Priority, STP) 7
Z kDb TR S A B P G S T
Hou %1 42 H 28 i 5 HLAKS B0 08 5 0 85 o /0 #L
SR0A] (38 15 JF 4 . Shen %59 T8 525 Lk &
& (Seek-efficient 1/O Recovery, SIOR) &%, Ji />
R FHR A IFH . Burihabwa 57K
TN W = A IR 55 2 4 HIL R B M RE T 8
Shan %748 H T 1) 25 R0 o0 7E 6 RSO B
0377 %8 4 i 9 R 2 T EE P A F o . i T A A A
T A 36 2% 1 G B R 0] L 7E BT O ik T SR
3 W24 T A B e T R
3.3 BIERBAFRMRL

RN R C T OCIETY i N L b F BT PN &
WES A48 2R G5, FH TR A7 H P 80d . Reed %51
RS fith ke £ & HI = Bl iy T SEVE . i T RS %77 28K
K35 IF 4, Plank %Y Fl ] Cauchy-RS %k I
DRI TT 8 . S T 2D 0 A R A A il AR
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GE 1) 2 15 JF 49, Blaum 41§ 1 EVENODD %, 2
Tt RAID-6 37 5t T B B ¥l 4 #5 PEfiE . Bt 4h . Blaum
2R A Blaum-Roth £ 4 ek /b 4 A5 5 B op 5 ol
VER UL, Fu %7 42 i D-Code, 42 4 508 52 B vk
fiE. Jin YR P-Code 15, 75 £ UE A7 5% 2R 19 ]
IF 98 A A 18 2R BT 4R AR I Y g 65 OT Y.
Huang %™ 42 th B B (STAR) 4 K 3 5 =k 4 %5
5. Blaum %742 EBR )7 % #2F+ Blaum-Roth 4
B 2 e B R ROR . SR RLAY G % U7 2238 L RDP
it Liberation %™ Fl Liber8tion ",

TE R b, AR 2 5 38 2o F 5 22 Tl e T AL 1 ok
i TH g 4 B 5 47 fith % G0 10 B A8 52 1 R R 2 4 g
Zhang U0V = of ST Ak AT (R AR IR (Triple Inde-
pendent Parity, TIP) 5, Jifi /> — @ B 25 5515 &0 T 194X
P SR g B I 5 . S 1 X G A B A A R G T AT
TEK 2 0 B X #: 4E L Plank 25" #] ] SD (Sector-
Disk) % B Kot i) nl FE 24 . i T SD #5477 Fi X
FEAEBOREBR ], Li 5 o — A 3 B B (STAIR) %
e S B Z2 A I DX PR e s ) B 48 2 B AE . Plank
SESIRYR S L T & B RAID-6 497 58 9F L 1
RAID-6 i #% 5 B v 250 3 2 e 1% A AU PR RE. W
=502 Expanded-Blaum-Roth 53k # #+ Blaum-
Roth fity f) 2 it % 56 % . Khan 4555 fif F &% 8 i 12
BB TS A G A P 5 2 N S AE 2 A D T FE Y G A
BEEIF A LAY 4 B9 7 0 A4 TIP 3 X-
Code™ \HoVer 3" STAR + 3,

T D A A 2 I A e A R L RS A
BT Rk A KO S S HL . Dimakis 4587 42 1 1
At el A AT 22 ) A i B B i R IE R T %
it J7 28 R 38 o A% i de /) 1 BOHE S 58 RS AE AT
SEEARAE . FEUEEERE b Shum ™ 48 1 A 1E F A
1% (Cooperative Regenerating Code, CRC) , #f — 4 U
R4 BERMNBEREBEEZIIZNABEMERALBRE

DR A Sk AR P AR ) B B T g T SRR
1652 5k A o T A i 1 SR /N BSOHE Y. Hou Y
P2 A 4 18 (Rack - aware Regenerating
Codes . RRC) « Jok > B5 HIL AL ] K 190 2% 4% G IF 8 . 7E L
Heb -, Hou 55" $8 38 HI AL 2R B FE2E 5 (Gener-
alized Rack-aware Regenerating Codes, GRRC), [f]
R 3 A R RO AIL AR 801 0 T 18 S R A
WAL . MR SR T M R E BRI
J5 ¥k FF X X 46 75 5 1 S BLAIL R AT T A

= BRAFAE FR G0 W R S B 7 SR R T R BEAR R AT
fitt IR 95 1Y T A b, 300 75 2% PR A 1) 22 4 1 AAF i
23 (M) AR TS . O 1 O B A7 i B3I 19 %2 42 P, Resch
a0 AONT-RS (All-Or-Nothing Transform
with Reed-Solomon) & . M F AONT-RS {#i H Bt
BLEOR i 2 = 804 3 il 2 B ) 5080 M L P A o0 )
AR, G Li 9 i |l CAONT-RS (Convergent
AONT-RS)F AL 1 5 M #1519 PAT R0R L IF &
T CDStore = B 7 fiff £ Gt 2k 800 A7 fiff =5 i) /9 TH
FER,

WFFE 22 35 I FE 1 2 b = B A7 6 3% 46 2 i 1 e A0
7% . Shen %7 £ 356 F 3K 26 09 B0 5 A 7
25 LLFE AR T T P o 0 1 55 AR 0 AL A SRR . dE
SIAFA RS HLE] , Chen 457 42 Hy NCCloud J5 % . I
AT EHEAE S HRAE I 2 A7 A T R 22 TR) A% a1 R
. RRARESS BGET YA = PR AR R G R
MR AR T 2. KRB T B S
NCCS"' CloudS™* \RACS™™,

F 4 TR TE UL 2 I A it AR G B G R B
P FE NG M RR UL AL H AR . 1 T 4% ol 4 B4
AR FH B T 3 SR RE UL AL R R A BRI 22 57
PRI b A 21 N A A7 Ak R T L 3 5T 3 A L Y
I8 G B 75 58 o LAOR B 2 I 450 A7 A 2R 9 1 T Sk

Table 4 Main application scenarios and performance optimization objectives of common data coding algorithms

i B0 5 75
Coding
algorithm

F 5 5
Main application

scenarios objectives

PERELE AL H bx

Performance optimization

Lo JR B4

Advantages Limitations

EVENODD!"% RAID systems

RDPL™ RAID systems

Liberation""®’ RAID systems

Liber8tion ™ RAID systems

High coding performance
High coding performance
High coding performance

High coding performance

Low coding computation over- Support single coding pa-
head rameters

Low coding computation over- Support single coding pa-
head rameters
Low coding computation over- Support single coding pa-
head rameters

Low coding computation over- Support single coding pa-
head rameters
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Continued table

BT 0 1) PR 01 fe A7 s [
Coding Main application Performance optimization IR
. . L Advantages Limitations
algorithm scenarios objectives
TIp RAID systems Support three-disk error toler- Low coding computation over- Support single coding pa-

Blaum-Roth-"?
D-Code! ™
P-Code!™

HoVert®"!

Pyramid'®*

STAR'™
STAR + (88
MDR!]
SD-Code®!
STAIRM™
RS[IJ
Cauchy-RSPY
RC[ZS]
CRC™
LRC

RRC!Y

GRRCM

NeesH?

NCCloud"
AONT-RS™"
CAONT-RS™*
Clouds™*!

RACSH]

RAID systems

RAID systems

RAID systems

RAID systems

RAID systems

RAID systems

RAID systems

RAID systems

RAID systems

RAID systems

Distributed storage

system

Distributed storage

system

Distributed storage

system

Distributed storage

system

Distributed storage

system

Distributed storage

system

Distributed storage

system

Cloud - of - clouds
systems

Cloud - of - clouds
systems

Cloud - of - clouds
systems

Cloud - of - clouds
systems

Cloud - of - clouds
systems

Cloud - of - clouds

systems

storage

storage

storage

storage

storage

storage

ance

High coding performance

High disk 1/O performance
High recovery and update
performance

Support four - disk error toler-
ance, high performance of data
recovery process

High data recovery performance
Tolerate three-disk error
High coding/decoding perform-

ance

Low disk 1/O overhead

Tolerate sector error

Tolerate sector error

High generality

High generality

Low consumption of network

bandwidth resource

Low consumption of network
bandwidth resource

High performance of data recov-
ery

High performance of data recov-
ery process across multiple
racks

High performance of data recov-

ery across multiple racks

High 1/0 performance of mobile
user device

High performance of data recov-
ery

High security

High security, support dedupli-
cation

High security and coding/deco-
ding performance

High performance of the parallel
1/0 operations

head

Low coding computation over-

head

High data read and degraded

read performance

Low coding computation over-

head

Low coding computation over-
head, high date reliability

High performance of data recov-
ery

Low coding computation over-

head

Low coding computation over-

head

High single-disk recovery per-
formance

Tolerate up to three sectors
error

Tolerate any number of sector
error

Support multiple coding param-
eters

Support multiple coding param-
eters

Low consumption of network
bandwidth resource

Low consumption of network
bandwidth resource

Low consumption of network
bandwidth resource

High performance of date trans-
mission efficiency across multi-
ple racks

High performance of date trans-
mission efficiency across multi-

ple racks

Reduce the write overhead from
the mobile terminal

Low consumption of network
bandwidth resource

Ensure the data security of cloud
side

High utilization of storage space

Support hierarchical data securi-
ty

Provide the RAID storage serv-
ice in cloud side

rameters

Support single coding pa-
rameters

Support single coding pa-
rameters

Support single coding pa-
rameters

Non-MDS code

Non-MDS code

Support single coding pa-
rameters

Support single coding pa-
rameters

Support single coding pa-
rameters

Support single coding pa-
rameters

High coding computation
overhead

High coding computation
overhead

High coding computation
overhead

Only support functional
recovery

Only support functional
recovery

Non-MDS code

Increase the data trans-
mission within the racks

Increase the data trans-
mission within the racks

Increase the transmis-
sion overhead between
clouds

Only support functional
recovery

Cannot efficiently utilize
the storage space

Cannot ensure the secur-
ity of user devices

Non-MDS code

High overhead of syn-
chronous operations
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WFTE 5 5 4 1 2 Bt 98 88 B0 12 ok v /b i 25 B 97) A7
i 22 G0 B5CHE A %% 43 A ol SR I T B0 B . AR AT O HE
N %5 (Data Words Guided, DWG) , Luo 210U #8218
315 7 5K 3 2 7 9 B 7 %8 (DWG XOR-Scheduling) , H
T8 B G i A ok AR b %) G A TS . TR B A
o Luo A5 48 H 56 T P AR 00 g A AR O SRR
> A RS A7 ik 2R G0 00 2 B P 84 . Huang 0% 50E
B B4 2 0t 3 R B 8 A A TR AR S i E 22 T
L (Non-determinstic Polynomial, NP) [a] {5, I 42 1
T Subex S48 & A i T FE AR . Hafner 51 2
H 4 B Zm iR S H 2 fk (Code Specific Hybrid Re-
construction Optimization, CSHR) J7 %, F T i /b %
PR A7-Aitt 2 G0 56 B W 57 2 Bt 2ok 2 00 T H ST B . AE
I ELAE |, Plank 27 42 ) Uber-CSHR J5 2 3 i —
o i i 8 52 R OB 1 S B T RO

WFFE 27 3 3 22 Tl S % 5 980 R 530 o o 2D
FEREZ A7t 7 G AT B AE S 4R AE A B 30 5 TR 4
Xiang %" 42ty RDOR & 47 % . o s 1
RDP % fith 80 4 15 52 45 /5 i 78 b 19 8% 525 JF 9.
Khan % F] F & & 4 1 €48 2% J7 & FI Rotate RS
B ok U/ AT RS B K4l A8 52 o 2 b i W T
LRI A0 RS T2 A R A R RO B I
B ISR B REIL b T/ R 55 MDRR™™
PDRS" [ CaCo '™,

H T 40 A A it 2R G0 v A7 AT R 2 TR 0 2% ¢
VRAEAE BRI S A0 Ve DR RO BIF 90 25 2 38 5 A A A i 7
AT A B 7 8 LA 0 B 48 A e, Li AR
36 T8 40 F 1 B0 18 2 1 (RCTREE) ™ ok
Ul /D BOHIE 16 O 45 A T I FE R I T 7E G BE A | Pei
SEHIRR I CTREE )7 8 8 & 2 42471 25 R 305 5t
THEUE . Wang % 42 i FastRC J7 2k A 1L %K
WA 2B O BE AL O 58 . i T AR A B R
JE UL BT RIF R BEPRAIE G S 0o AR rp B 1 S

Shah 21 5 H 3P P A2 B (Flexible regenera-
ting code) , il izt 58 73 ) F A7 fift 15 5 22 [] 19 190 4% 217 5
VR WD RS SRR BT ], B S AR
BLHI, Wang 45" #5824 4 JE 1& & (Flexible Tree
Regeneration, FTR) J7 58, f& B 1& &2 J5 B4 19 50 3%
k. Huang %% 42 1 PUSH J7 % 4 4 5 3152 01 19

ZRAL R TT 5 70 BB 2 A AT i DU TH U IE S 1Y
Gy B Y R Vel [ N TR O S W S SN O R )
P, Shen %507 Fi] FH 5L T R 45 47 55 R B9 B b 16 2
FER VI GG S B4R T I AE A BE ], Shen 451
{5 A VR RO 18 52 R v A B A T FR L R R
H i s M & 1F 18 2 19 (Flexible Cooperative Re-
generating Code, FCRC) 3 H 56 £7-fif 17 s 2 [ A% i 1)
Bl & 00 A s BN RE AU IS ] . Shen 20
$E 54 ) 2% R ) A VE 1B & (Heterogeneity-aware
Cooperative Regeneration, HCR) [ i1 ¥l & 7 &, 52
A AEAE S 3ok A vb 1) BN A% s 2B AT 55

TE B b BT 2 35 45 G BRI 3 etk — 20
T RIS R T B ATECER . Plank % ORAR
2 A R 5 (Low-Density Parity-Check, LDPC) 1%
TRE T U A it 2R 58 F Tl 0 080 A4 i O 4 LA R
BB 9 AT SRk . Mitra 255 4R R IR fr ks &2
(Partial-Parallel-Repair, PPR) J7 & , I 47 L A5 =
2Z [ B BRI A% i BRAE S LR I AEAif 19 22 B) 9 7 5 96
P . Rashmi %200 $ H — B 3 F A U I 1) 35 /N A
it 25 [8] FF #1418 & (Product Matrix-Minimum Storage
Regeneration, PM-MSR) f%"*" , #x y PM-RBT, J T
[Fi) 368 20 K90 16 5 3k R v 1% i A% i T 8 R A
EIFH . Yao 2 i H PivotRepair, 4 #3171k 1%
By 77 5% LS o0 M R R 2 ) B ) 2% T L XU
SEUERGE T AR S A BT R B A
T%

5 MG 7Y TR & 2k B b A RE AL
A I7 R W N g e dk B bs . T 20 A A7 i R
GE R B Z2 A N 5 2 E R A S A P
o ) s 1 RO RO A% AR A AR IR AT
POHSCE A2 i 450 11 45 22 0k BB O 1 WL 1 0k 42 T 450
e S BRAE R PERE

1% 5 A1, 0 FH B — B R BB DG T 58 ME LA
A TIN5 A7t 2R 98 X0 5 P BB T 5 R TR I R R 5 5
F 2 MRS SRR UL T 58 PR R P B B AT A
PE. e Ah B & 7 2 A7 fift K 1 0 1 m s 2 0 4
P R G0 2 A R T R A T P B
Bt A8 52 7 A B 38 3 6 T 22 A A7 1 R B A
it F1 I 46 B U, LABE v 24 N A 7 ik 3R S 800 18 2 e A
AT 0%



I ARE,2023 4,30 &, 5 1 # Guangxi Sciences,2023,Vol.30 No. 1

£S5 HECELSEERAUCEXIRRBEAGSMMAELBR

Table 5  Application scenarios and optimization objectives of performance optimization related technologies during data recovery
process
et s N3 5 etk B bx - )
Optimization Application Optimization Ad ‘75% 1 E,EEF
approaches scenarios targets vantages <muations

XOR-Schedu-

ling[mzj

CSHR[I(M:

Uber-CSHR! %

RAID systems

RAID systems

RAID systems

High coding performance

High coding performance

High coding performance

Subex1% RAID systems High coding performance
RDOR16] RAID systems High data recovery perform-
ance
MDRR%?] RAID systems High data recovery perform-
ance
CaCot™ RAID systems High coding performance
N [4] Distributed storage Efficient tree-topology date

RCTREE system recovery scheme

FTR® Distributed storage Efficient flexible tree-topolo-
system gy recovery scheme

PUSH2 Distributed storage Efficient parallel data trans-

h system mission scheme

CTREEM*] Distributed storage Cooperative recovery scheme

system
1147 Distributed storage Tree-topology recovery

FastRC system scheme

FRCOIS] Distributed storage Efficient flexible date recover-
system y scheme

FCRC118] Distributed storage Efficient {lexible cooperative
system recovery scheme

HCRM? Distributed storage Efficient cooperative recovery
system scheme

PPRLY Distributed storage Efficient parallel data trans-
system mission scheme

~ 1207 Distributed storage High disk I/O and transmis-

PM-RBT system sion performance

PivotRepair 2 Distributed storage Ef'fic'ient parallel data trans-
system mission scheme

Low coding computation
overhead

Low coding computation
overhead

Low coding computation
overhead

Low coding computation
overhead

Low disk 1/O overhead

Low disk I/O overhead

Low coding computation
overhead

Tree topology recovery
scheme

Flexible tree-topology recov-
ery scheme

Fully utilize computation re-
source of storage nodes

Tree-topology cooperative re-
covery scheme

Tree-topology recovery
scheme

Flexible cooperative recovery
for single storage node

Flexible cooperative recovery
for multiple storage nodes

Support construct multi-node
routing scheme

Parallel data transmission
operations

Low disk I/O and transmis-
sion overhead

Fully utilize the network
bandwidth resources

Not consider disk I/O over-
head

Not consider disk I/0 over-
head

Not consider disk I/O over-
head

Not consider disk I/O over-
head

Only support RDP code

Only support X-Code

Only support Cauchy-RS code

Cannot ensure data integrity

Only support single-node
flexible recovery

Need multi-node collaborative
coding data

Cannot ensure the data integ-
rity
Cannot determine data vol-

ume of transmission opera-
tions

Cannot construct tree-topolo-

gy recovery scheme

CElnl’lOt construct the tree-to-
pology recovery scheme

Cannot determine the trans-
mission amount

Complex network communi-
cation control protocol

High coding computation
overhead

Only support single-node tree
topology recovery
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S B DURE X BN RE B9 N 5, O P RE R

PRAT BR 14 22 5 TR MG 20 M A 2R G et B 2
AR R 7 5 AL H ARk 4% 5 18 M REAL AL 7 4%
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5 S8 R R 2 UM SR i PR RE L AL EOR
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Table 6 Key deployment points,advantages and limitations of key technologies for data recovery process performance optimization

KHEH AR

Key technologies

EIEE 95

Deployment principles

%3

Advantages

JR PR A%

Limitations

State management of
storage systems

Optimization of data
placement schemes

Optimization of coding
schemes

Optimization of data
recovery process

Get the current state of storage
nodes and migrate the data of storage
nodes with high failure possibility

Storage systems can obtain current
state of storage nodes and network,
and select the date storage nodes to
place the user data

According to the performance re-
quirement of data recovery process in
application scenarios, the developer
can select the coding scheme to im-
prove the performance of data recov-
ery process

According to the storage node and
network conditions of the application
scenario,select the optimization

Migrate the data can reduce the pos-
sibility of data recovery and improve
data reliability of storage systems

Storage systems can fully utilize the
network bandwidth between storage
nodes to improve the performance of
data recovery process

Coding scheme can reduce the per-
formance overhead to satisfy the per-
formance requirements of application
scenarios

According to the status change of the
erasure - coded storage system, dy-
namically adjust the execution

When the failures of storage nodes
occur, erasure-coded storage systems
still need to perform data recovery
process

Storage systems can hardly reduce
data volume of disk I/O operations
and network transmission operations

Storage systems can hardly adjust
the recovery scheme,according to the
current state of erasure-coded stor-
age systems

Relying on data coding and place-
ment scheme,it is difficult to funda-
mentally improve the execution effi-

scheme to improve the performance
of data recovery process

process of data recovery operation

ciency of data recovery process
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Research Progress and Prospect on Performance Optimization of
Data Recovery for Erasure-Coded Storage Systems

SHEN Jiajie, XIANG Wang " .SHEN Minhu, WU Bochun,ZHAO Zeyu.ZHANG Kai
(Informatization Office,Fudan University,Shanghai,200433,China)

Abstract: Erasure codes are widely used in distributed storage systems to store user data for online applica-
tions. When some storage nodes fail, the erasure-coded storage systems need to replace the original failed
nodes with new storage nodes and recover the failed user data. Since the erasure-coded storage systems need
to perform the data encoding, transmission and read-write operations, erasure code storage systems usually
take a long time to perform data repair operations,and the stored user data will be unreliable for a long time.
In order to ensure the reliability of stored data,researchers have proposed a variety of data recovery perform-
ance optimization schemes to reduce data repair time. The problem of data recovery performance optimization
were introduced,the main performance bottlenecks and performance optimization difficulties in various appli-
cation scenarios were analyzed,the main technical implementation schemes and research work to improve the
data recovery performance were summarized,the future development direction of the data recovery perform-
ance optimization research field was prospected,which provided ideas for the designers of erasure-coded stor-
age system to accurately select the data recovery performance optimization scheme suitable for specific appli-
cation scenarios.

Key words: distributed storage systems;erasure-coded storage systems;data recovery operation;data reliabili-

ty; performance optimization
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