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ecdormbost n 1 pegar.
casing s i o, for ach
meuen peeity
e et bo
Hadoopy£G°. o
oxgatmartal Furpa

Incex Tarma—Ciout scrage, it soran o, R Solemen eafes, Gy s, XOR schocking

1 INTRopUCTION
LOUD storage s bullt up of numerous inexpensive and
usluble Compinnts, wHch lnde 9 4 decrese bn

the overall mean time between falures (MTEF). As storage

works, component fallums have been more common,
and requirements for faull tolerarce have been further
increased. So, the fallue protection offered by the standard
RAID levels has been o Jonger sufficient in many cases,

+

coding blocks, so that the storage system is resilent 1o any
m disk fallures. Recd-Solomon codes operate on binary
words of data, and each word Is composed of w bis, where
2% k4 m.In the rest of this paper, we denote a combing.
ton of k. m, and w by redundancy configuration (k. m. ),
where k data blocks are encoded inlo m coding blocks, with
the coding unit of w-bit words. Reed-Scloman codes [9]
trent each word = & mumber between 0 and 2 - 1, and

mumbers o fufines [, 2) For exampe, Googiee oud
storsge 3], Windows Azur Storsge [4], QceanSior 5],
DiskReduce (8 HAIL [7], and others (8] all tolerste at least
three failures.

To tolerate more failires than RAID, many storaga sys-
tems canploy Reed Solomon (RS) codes for fult tlerance
191, [10]. Reed-Sslomon coding has been around.for deca-
des, and has a sound theoretical basis

LG, bdd
tion is perfomad by bifwe exdusiveor (NOR), while
e & o com s, pity mplerened
with lookups o logarihm tables. This, Reed:Sobmon
codes are corsidered expensive

Cauchy Red Sclomon (CES)cos improve Fewd Sl
mon codes by using ne: 1110 convert Galos Field
ipcaions g XOR cpomtiors 111, Crensy, GRS

Reed
Solomen codes can encode the content of data blocks into m

4 G Zhag G WA, | Shu o W, Zheny me sk e Diurtmnt of
Gt S and Teovdory. Taghus Uy, B, G

mumm o ot e O
o S g 4z ik the Itinee o njortins Engineerag

T
S

Inaddition, C

- e o et e acrom mbiple storae doviom heiend
;

of operating on simgle words. [n parti ips are parth
tomed into 1w packets, and these packets may be large. Fig. |

olerate any - disk falres withoutdata oss. Note that those
ot blodks and  cing bocks should be stored omifier
et data rodes., Otherwise, thefaflure of e node may lead
Tomultipl fats i th sammegroup of s — k-+ m bocke.
‘Amairicvector product, AX = B, s cenre so CRScodes
All dements of 4, X, and B are bits. Here, A & defined as.a
wuchy matx, X stmds for data sirps, and B stanls for
i of ening information. Since the g of CRS oding
involves only XOR operations, the umberof XORs equired

AJ4: Many storage providers can benefit from results of this

B%, 85 ZL201310278650.8
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