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Abstract; As the Redundant Arrays of Inexpensive Disks (RAID) scale up, multiple disk failures are likely to take
place at the same time, The single erasure code is hard to meet the requirements of high reliable storage. We reviews
the coding schemes and features of various MDS array codes for tolerating up to double disk failures and compares
their redundancy performances. A class of MDS Abelian group array codes for tolerating up to three disk failures is
presented based on circular permutation matrices. Since the encoding and decoding are very efficient, it becomes the

trend of application in large-scale RAID storage systems.

Key words; RAID coding; MDS array codes; multiple disk failures

1 5|8

B 771l 2 G020 B O3 K, Mg O £ 37 O
BHEABREE, FEIRIHYHERENE, —8
RAID RGEHP i Bl — A R ak B, 75— 2% 7T 8
TERE R AR X4, BB SRR 5 IR B
R SRR RAEAR X AT FE P BORAR R B R AAR W
B EAERE. BA% RAID 559K & G R &
M5 MU R L B 8 AR T8t O TR B L W | R A
I FR) AR S 2 ) AL X {95 22 20 48 RAID 4w 07 ik
BN R M R B R S P i R R T B &
J5 .

KR EHA: 2011—05—16; {EE HH#P.2011—06—23

2 WEHE RAID BEBAE

RKTEFH A RER RAID 45557 1, B
RANREEMT KEN T, LR HBEHE Reed-
Solomon¥, EVEN-ODDM), DH1 #1 DH2M*,
RM28)  X-codest® | B-codes!™ 4, X $2#% JB F MDS
47 (Maximal Distance Separable codes).

MDS grfitb ik B PSR S B RE R TR B RAR
TR ETIMAE RN, RFE [ R RFEB S
PE RV AT g AL S BRI f M RESRE R RE .
ERERRITEMNMEIBR AT REFAS
FRREVF R 55 BY dR BS FUAR IS 1T 38, A RE IR B 4T 1Y



10 PSR

2011 4

YERE.
EVEN-ODD #wf50) J f R 308 7 {03 F 7 52
AHERE, I B AT R AR & M S R TTRAE
T H 35 WA RAID S50 i, AR AE
B2 A MEEE ENR LEE 2, FXARNF
R R HIFZ IR T YRR, 3T M R I 4 M AR
Ko B XMLk E A BEE T AR B, X AR
5 R TERE AT

DHI F1 DH2 4afi5t) £ AR 13 S EH A B R Rk
LIS, [F) EVEN-ODD 2640, BT AR B
KRR FIRT MR ALK, {H 2 DH1 F1 DH2 455 ()
SRR H EVEN-ODD 4 15 14 88, 3 H R B {5
BB B E MR &, MRS 8AA T#
MERES. FrLL AR E/ NS BB SRR
RE MRS . 72 DH1 %S, KK PR EE R
FEAE THERERIXT AL ), T DH2 5 DH1 B8 A A
&), KPR S B T AR I A1 8T » T2 A — NS
B AA R  W ARR I BT TG —17,
ML TAMNEZ AR, DHI f1 DH2
Btk EVEN-ODD 75 % 5 ] B2, 4089 . S e 5
I BB ITURFEAE A B R R AR, B
HITUAR TR [ RZE RS IR B R

RM2 458550 & M — AN 37 00 F BE #  TUZS 4
RAID [¥:51), B4 DU 45 3008 7 J5 ¥ 15 [ RE 5% 46
W1 T4 % B RM (Redundancy Matrix) fJ o] 5.
RM2 FEf & BT EITER 2, BRERITKRE
A RIFARERRL.

FAZRE N H B3 T 52 2 B BB S 455 07
B B SR BRI AR 2R 5 8 13 43 A A4 RAID
B A R B RFAE , 5 SUR 5 70 Jay PO 4 3 ) R B AL R
TR B R o ), A~ F BRI R, TR
AT 70 B R 7 73 A BIRE R A B B TR B2
UL TERELHY, AN E R R R LR
oy SR BATAERTTREN 4. RBRELA TR
S Al BB 2 R R A AR R . (H 2 B TR
SEH R, BREMERPOE K, TR R
BB RIR RERE. NIRFMER T EE . &
HFH T WA RIS R, TR RN
3 Z=Z&% RAID R A%

ME I i, Reed-Solomon 4wl LAY~ R
B =754 RAID (A R 40, (R SR &

A BRI _E IR SR BETR. I, Feng AL {R
T MU RBRia B # R g S T Bk,

AR ART .

Wp=m+1R&—NRY L. Bm Xm BASE
[ (Identify Matrix) , 0, J&m X m ZHFE, W9 51E
46 % (Elemental Cyclic Matrix) & K

—»  —»

0 1
&Hz[ »} (D
I, 0T

RALT R 1 Xm B 1 R0 R m X 1B 0 [,
BHBAE: (L sEny s Bl s+ Enyy ) TR R —
B (group) , A AFE A BRI GF(2) L fT BTk
"
- I,
Lo = [OO"’Olmﬂ)xm
EASRBEWELT, U FRIAY A LE,
i ﬁ%“{ﬁg Im’f'l ’Em+1 9imF1-
HEXLINT r(m+1) X (n+Dm B — e 55 &
(Hpr<n<m:

(2)

H =—
I I I I I A
I EI E’I E*1 E'l
I I I I (3)

Iy}
&
Iy
: =
A
&y
L]
&
oy

~ %

E'I E2D] EDT .. En(r—l)i—
A3 ALUBER—DrX (n+1) BriSERE, K
BAIIHREE m 5, BMTREE n + D 7.

ATLAER AT » DI HR— D RF I, BIE
B r DR SIEREIETR. Hit, ol LR S

H %4 0505 H 1R R IR -
H =
I, I, I, L, L,
I, I'H I'E’I I"E'1 I'E'l
L. I'E'l1 I'E'I I"E'T I'E"T | (4)
I, jTr1i iTEz(ﬁnj iTES(r—l)j iTEn(ﬂ)j

EFHEHE B E M (Circular Permutation
Matrices, CPM), 0] A#J Y B B! Reed-Solomon 3
. Rk (G, @) B—N3#eBE (Abelian Group),
0 RHNICE b € {0,1),8 € G EN:

bxg=gxb=["7° (5)

g.6=1

i&V"—“ (Vo sy 9*t 5 V1) %Giﬂgrﬂﬁ’b = (b,
by, ,b,) & GF(2) LW, % X:

bXv= (b Xv) @b Xv1) P D

By X Upr) (6)



B8 H XUE % AV S B SEBES RAID S ik BFT 11
5B X C R ERAS, R XA
C = {c = (CosC1+C1s** 1Crizs) | H ¢T = 07}
D) BB 3Tk
Hit, e = (cascasveme; € GoIER [1] Chen P M, Lee EK, Gibson G A, et al. RAID; high—
H = performance, reliable secondary storage[J]. ACM Com-
L, 0, O, I, I, I, I, I, puting Surveys, 1994, 26(2): 145—185.
o, I, 0, I, I'AH I"elI "B’ - I'E'I [2] Blahut M. Algebraic codes for data transmission[ M]
o, 0, 1, I, I'E?f I'E'lI I"E°T - IE™I Paris, France; Cambridge University Press, 2003.
(8) [3] Blaum M, Brady J, Bruck J, et al. EVENODD: an effi-

XFFR(D FIRMEER, BT r = 3 M RIE (6,
csc) BB E, Hibn+ 1 mEEfe;,3<< <
n+3) B BmH.

EHFEZNAS, ZHBFEGHURREA MR
(bit-XOR) BEMITEVFE. X r = 2 B, ZLRHB
2 EVEN-ODD #&.

Y r =3 0F, (&) AR, HETBERR
HFR (D).

C3
0 (4
C | = ﬁ* ! (9)
C
Crts

HAE =48R MDS A2 # BERES 455, H
WIGEREN 3mn KRBIE , EHEE BN 3mn
F9(m+DIRFBEE, [A— M #) Reed-Solomon %%
AL, SRR 2.

4 H5ERIE

BT HAH RAID 2 45 1 i A 1] 20 o ™
H, A — S RE KR R G AT 54, 4305
BT B XU SR RAID 48505 i, 3% % P 4w 5
T TUARYEREHEAT T % B, 8 F 72 SEBR S A b
Frat. TR BEHAE MR IR =1
Mk MDS #5115, AR T L A4 RAID
SRS B AT ST R, AR LA D R AR RS ROR LU
. EEEN AL RAID HHEREF A FE
TAEZA. Rk TAERI & P AE L A4 RAID 4877
KRB B, R FE R B HR, HEM

cient scheme for tolerating double disk failures in RAID
architectures[ J]. IEEE Transactions on Computers,
1995, 44(2).192—202.

[4] Lee N K, Yang S B, Lee K W. Efficient parity place-
ment schemes for tolerating up to two disk failures in
disk arrays[J]. Journal of Systems Architecture, 2000,
46(15) . 1383—1402

[5] Park C I Efficient placement of parity and data to toler-
ate two disk failures in disk array systems. [J]. IEEE
Transactions on Parallel and Distributed Systems, 1995,
6(11): 1177—1184,

[6] Xu L, Bruck J. X—code: MDS array codes with optimal
encoding[ J]. IEEE Transactions on Information Theo-
ry, 1999, 45(1). 272—276.

[7] Xu L, Bohossian V, Bruck J, et al. Low— density MDS
codes and factors of complete graphs[J]. IEEE Transac-
tions on Information Theory, Sept. 1999, 45(6): 1817
—1826.

[8] Rz, BRI, B, F. VWA R R S R 5 3K
BT 55 BRI R AR R LT ). ST B L4,
2003,26(10) :1379—1386.

[9] Feng G L, Deng R H, Bao F, et al. New efficient MDS
array codes for RAID part 1: reed—solomon—like codes
for tolerating three disk failures[J]. IEEE Transactions
on Computers, 2005, 54(9):1071—1080.

&R

X E5H,0963—), M, MR BIFETT KRB
TR RE.

X OH, Q92 B WA R BERIT A IHAT
HafiX ARG R 1T VLSL B,



