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A Proposal of 3 FT Orthogonal RAID and
Its Implementation in Virtual Large-scale Disk

MINORU UEHARA,T! MAKOTO MURAKAMI'!
and MoTOI YAMAGIWA !

Recently, the demand of low cost large scale storages increases. We developed
VLSD (Virtual Large Scale Disks) toolkit for constructing virtual disk based
distributed storages, which aggregate free spaces of individual disks. However,
in order to construct large-scale storage, more than or equal to 3 fault toler-
ant RAID is important. In this paper, we propose MeshRAID that is 3 fault
tolerant orthogonal RAID. MeshRAID is tolerant to at most 3 disk failures
and also tolerant to at most 3 controller failures except controllers in 1st or
2nd layer. Furthermore, we implement MeshRAID easily by combining several
VLSD classes. This methodology is generally applied to implement complex
RAID. However, the performance of new RAID implemented in this method
is less than conventional method. Therefore, this method is suited for rapid
prototyping.
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Fig.2 Orthogonal RAID.
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Fig.4 The parity groups of MeshRAID.

| HO:R;AID4 | | HI:R;AID4 | | HZ:R;AID4 |
3 3 - 3
L D000 0E
I ]
Vy:RAID4 | | V) RAID4 | | V;RAID4

05 MeshRAIDOODOOODO
Fig.5 The conceptual structure of MeshRAID.

0000 eO0Dbs0OOOO

050040 MeshRAIDOOOOOOOOOOOOODOODOOOOOOOODOODODO
OO0 MeshRAIDOOOOOOOOOOOOODOOOOOOODOOOOOOOOOOOSO
00000000000 00000 RAIDOODOOOOMeshRAIDOODOOOOO V; 0O

(© 2011 Information Processing Society of Japan



439 300000 RAIDODOODOOOOOOOOODOOOODOO

O0000 RAIDODODOOOOD H OOOOOO RAIDODOOOOOOOOOOOOO
gooooooobooobo 200b000DbO0O0DOODOOOOOOODODODOODOO
ooooooooooooo mOov;oooooooooooooR:OovV;, 0000000
O0HOVOOOOOOOOOOOOOOOoooO RAIDODOOOOOOOOOOOOO
0000000 300000000000000 RAIDAODOOOOODOOOOOOOOO
OO0OMeshRAIDO OO RAIDOOOOOOOOOOOOOOOOOOOOOOOOOOO
O0000000OHO VOOOOOOOOOOOO MeshRAIDOODOOOOOODO
050000000 MeshRAIDO 30000000000O0ORAIDSS0 3000000
O000000O00O00000 RAID440 3000000000000 00O0OOMeshRAID
0O RAID44 000 2000000000000030000000000000 RAID44
000000 MeshRAIDO 30 000000000000 RAID440000000O0OO
O0000000O0ORAIDAOOOOOODOOOOOOOOOOOOOOOOOOOOODOO
goboooooooooooooooooooboooooooboooooobooooDooo
Oo000+:0000000000 ,00000d2=doAdi0ds=dsAds0ds=doAds0O
d7 =diNds O000H, 00 dg=ds Ndr =doAd1i Adz ANds 0000000 V00O
dg =daNds =doNdi Nd3sNd, 0000000000 AOOOOCOODOOOO0OH0 Vo
Ods000OOOOOOOOOOOODODOOOODODOOOOORAID44 0 MeshRAID OO
goooooo3soooooooobooooooooooooboboooobooooooDooo
OOooOoOoOoOoOoOoOoOoOoOoOoDoOOOOOO RAID550 MeshRAIDOOOODOOODOD
O0OMeshRAIDOOOOOODOOODOOMeshRAIDOOOODOOOOODODOODOO
00000000000000 300000000 MeshRAIDOOOODOOOOOOO
000000000000000 MeshRAIDOOODOOOOOOODOOOOOOOOOO
ooooooboooooooobooooooooooboobooooooboooooooboooa
gboboobooboooobooooboooboobooooboOoooboOooboooboOoooboOoDa
gobooooboooooooboooobooooo
O0000000o0o00oo0o0o0oO0O0HO VOOOO RAIDOOOOOOOOOOO
0000000000000 000ooOo0o0oooOoHOvVOOOO RAID H;,OV;00
0000000000 000HOVOOOOOOODOORAID4ODOOOO H,OV,00 10
oooooooooooooooOoOoobobo00ooooooooooR,0vV;,00000
000010000000 RAID4DO0OOOOOOODOODOOOOODOOO200000
0000000000000 0O00000000OOO0OHOVODOODODO RAID4 0000

000ooooog Vol 52 No. 2 434-445 (Feb. 2011)

030000000000 00D0OOO00000OooOOOOoO0oDooObOoOO00oOoOoooDoOO
godoo300b0oo0o0oboooooa
gD rUDUUUUOU0 oz whODD O
goodobobbooooobobobbodU pobbb0z —wp—pArAwdoonog
0000000 RAIDOOOOODOOODOOOOO 50000000 ¢0000 d;000
do=A0d, =BOds =C0d,=D0000000000000O0OCO0OD0O0OO0ODOOOO
goobooon
do=A0d, =BOda=ANAB
ds =C0Odys=D0ds =CAD
ds =ANCOd; =BADOds =AANBANCAD
0000do0 A 0000000dy=A"ABOde=A"ACOdg=A"ABANCADIO
000000000000 0O0 HoO doOOODOOD do00D0O0O00OD0O0ODOdgOds
0000000000O00OH,O do0Od10de 0 HoO dsOd70ds 00 O0D0O0O0O0OOO0O
0000000000000 000 HO do000O00O00Odse OOOODOODOODOOOHS,
Ode D0D0O00OOOdse D000 D0OOOOOOOMeshRAIDO HO VOOOOODOO
d0o0d0bOo0ooooobOobDoOooDo0bOoDbOOooDoOOobDoOobOoOobOoobOoobOooo
0000000000000000 MeshRAIDOOOOOODOOOOOOOOOODOOO
ogooooood
Jdo0o00o0O0o0bOO0o0bOO0o0bO00bOo0o0bDoO0obOOooDbOo40 3000000 oOOoD
oooobOoooooboH,0V;, 000000000000 DOO00O0ODOOoO0DODbOOO0
Ho = {do, d1,d2}0 Vo = {do,ds,ds, do}
Hi = {d3,d4,d5}0 V1 = {d1,d4,d7,d10}
Hy = {de,d7,ds}0 Vo = {d2,ds,ds, di1}
Hs = {do, d10,d11}
0000:0000 d;000dy=A0dy =B0Ods=C0dy=D0ds=FOdr=FD0O
goobooobobooboboboobobooobooooboooo
do=A0d, =BOda=ANAB
ds =C0Odys=D0ds =CAD
d¢e = FOd; =FOds=FEAF
dg=ANCANEQdiw=BANDANFOdi1=AANBANCANDANEAF
goo0ooboooobooobooobo0obOobDbooDo0obOOoobObOoobooDbon

(© 2011 Information Processing Society of Japan



440 300000 RAIDOOOOOOOOOOOODOOOODOO

000000000000000000000 MeshRAIDOOOOOOOOOOO

gooooboooooooooobobobOobOobO0ooobbooooooDbobDoDoo
gooboobooooobooooooooboobooooooooooobooooooboobooa
goobboboooooooobooooooobooooooooooooooooooooo
000000 MeshRAIDOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
bobooobooobooodobooouoooooooboooboooooooboOoooooboo
goooooooooooooooooboboOoooooboobOobOobooooobooOoboOoDooo
gobooooooobooboooboooooooboboOoOoOoOoobooooDOOOobOOOoOoDboo

O00000000O0OMeshRAIDOOOOOOOOOOOOOOO RAIDOODOOODO
O0000000000000000000 MeshRAIDOOO RAIDOOOOOOOOO
0000 RAIDODDOOODOOOOOOOOOOOOOOO RAIDOOODOO300000O
O000000OMeshRAIDOO RAID44 0000000000 3000000000
000000 RAIDOOO RAIDOOODDOOOOOOOOOOODOOODODOOOOOODO
0000000000000 000000000 RAIDOODO MeshRAIDOOOOOO
00000000000 00000000 VLSDOOOO MeshRAIDOOOOOOOO
gooooooboooooooon

5. MeshRAIDOOOOOODOOOOODOOO

O0O00OMeshRAIDOOOOOODOOOODOOMShRAIDO VLSDOOOOODOO
OO00O0OD0O0OO0OOMeshRAIDOOOOOOOOOOODODOOODOOODOO RAIDODOO
000000000000 000000000000000000000MeshRAID OO
00000 RAIDOOOOOOOOO VLSDOOOOOOOOOOOOO3000000
OO0 VLSDOOOO RAIDOOOUOOOOOOOOOOOOOOOOOOOOOOoOOO
O0000000000000VLSDOOO MeshRAIDOOOODO 2000000001
gboboosb0oobooooobooboooboooooboooooooboooOooOooboOoOoDOo
goobil1obooooooobocooooooooooOobooooobooboOoooooboOoo
goboodooooooobooobooo

0000000000000 000000000000O00O0Og MeshRAIDOODO
gobooooooooboocooobooooobooooOoooooooobooOoboooobOoOoooOon
vLSboooooooooooooooooooooooooooooooooooboo
MeshRAID OO OOO0OOOOOOOOODODOOOOOOOOO

000ooooog Vol 52 No. 2 434-445 (Feb. 2011)

| SingleRAID |
|  RAID4 |
|
[ | |
| HeraD4 | [ HrAD4 | | H,RAID4 |
SQ Sl SQ S3 S4 SS
SO S} S[ S4

I

[ vyerAID4 | |

|

h,:;RAID4 |

0 6 MeshRAID
Fig.6 MeshRAID.

0000000000000 MeshRAIDOOOODO 600000 60000 VLSDO
goboooboooooooobooooooooboOoOoboOooboooooboOoboOoooOooDoboo
Oooo0o0o0o0o0oooooooooooooooooooooOOO0000 VLSDOO
ooboooooooooo

(© 2011 Information Processing Society of Japan



441 300000 RAIDODOOOOOOOOOOODOOOODOO

SingleRAID

SingleRAID OO ODODOOOO RAIDODDOOOOODOODODOOOOODOOO 10
OooOO0 RAIDOODOOOODOOOOUOOOUOODOOOODOOUOOOOODODOOODDODO
O0000ooogog RrRAIDOOOOOOO
RAID4

RAIDAOOOO0OOOOOOCODOOO 1000 RAIDOODOOOODOOODODO RAIDS
OODO0O0OORAIDSOODOOO0OODO0OOCOOOOOOOOOOOOOOOOOOOOOO
0000000ooooooooooooOobo RAIDODDODDOOOOODOOOOOOOO
0000000000000 000000000O0OOoOoOoOOOOoOO RAID4OOOO
0000000000000 0o0oooooooooooOD0 RAIDAODOOOOOO
StripeDisk0 0 00O SO

StripeDisk 000000000 O0O0OOOOOOO0OOOOOOOOOOOOOOODOO
0ORAIDOOOUOOO0OODOOOODOUODOODOOOY{De,D1,D2} 0000 RAID40O
000 D,000000000000000000000O 300000000000 100
O0000OO0OO0OO0ODStripeDisk 00000 RAIDOODODODODOOODODOOOOOOOOO
0000000000 D, 0000000000000000000000 MeshRAID O
00000000000 StripeDisk 0000000000 OO0O0OOO4000S8;0S;
000 b, 000b0boooooood

MeshRAIDOOODOOOODOODOOODOODOODODOODOODOO DpODgOOOOOO
00000De 00000000 O0HeO SO0 Vo OOOODOOVeO So00O hoOODO
000000 hO DpOOOoooooooooooooooooboooooo

0000Dbo00OD0DODOOD0OD0OODy0 HoOOOOOH O SoOO VoOODODODOVeO
SoO0O heUOOOOOOOO hoO DoOOOOOOODOOODOODOODOUOOD 10ODODOO
000o0oooooooooooooooooooo

000D ID, 000000000DOD: 0 HoOOOOOHyO DoOD; 00000
O00O0O0O0O0o0o0oO00OD,D00C000O0O0O0O0H O SoUO Vo DoODODODODODOV
OSoU00h 0000000OheO DoOOOOODODODOOOOVeDO Ss0Se0 00000
DsO0Ds 00O OOD,000O0OOUOUOUOOH,O S;00 V0D, 00000OOV,0OO
D, 000000000000V, 0 D;0000000000OD D, 00000O0OODOO

00O0DbeODiO0Ds 000000000 DOD; 0 HoOOOOOHeO DeOD, 00O
000000000 00oob,0000000000HO So00 VoO DoOOODODO

000ooooog Vol 52 No. 2 434-445 (Feb. 2011)

01 Do0x0000000000

Table 1 The sequence of writing x to Dg.

Vy.read d from S, hg.read d from D,
V,.read p from S, hg.read p from D,
Vy.read d from S, hy.read D
V.read q from Sg h,.read Dg
hy.read d from D,
hg.read p from D,

Hy.read d from S,
Hg.read p from S,

Hy.write x to S

Vy.write x to S,

hy.write x to D,

hy.write p*d”x to D,

Vy.write q¢*d"x to S¢ h,.read q from D¢

h,.read r from Dg

h,.write q*d"x to Dg
h,.write r"d"x to Dg

note that d, p, q, and r is

Hy.write pAd”x to S, V,.read p~d”x from D,
V,.read r*d"x from Sg
V,.write p~d”*x to D,

V,.write r"d”x to Dg

initial value of Dy, D,, Ds,
and Dgrespectively.
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D,0oboOb0oooooooov, 0D, 00D000CC000DOD; 0Dz 000O0DOO
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Table 2 Fault tolerance of MeshRAID.

Configuration #cases #taults
3x3 oC; =84 0
4x3 12C3 =220 0
5x3 15C3 =455 0
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Table 3 Comparison of 3FT RAIDs in no failure.

Class Small Read[s] Small Write[s] Large Read[s] Large Write[s]
RAIDS5 0.4 1.4 0.4 1.3
MeshRAID 2.2 2.7 2.1 2.8
04 0000 3000 RAIDOOOODDO
Table 4 Comparison of 3FT RAIDs in 1 failure.
class Small Read([s] Small Write[s] Large Read[s] Large Write[s]
RAIDS5 0.4 1.0 0.4 1.1
MeshRAID 2.5 2.5 2.0 2.7
05 0000 3000 RAIDOOOOO
Table 5 Comparison of 3FT RAIDs in 2 failures.
class Small Read[s] Small Write[s] Large Read[s] Large Write[s]
RAIDS5 0.4 1.3 0.4 1.1
MeshRAID 2.1 2.8 2.2 2.4
06 U000 3000 RAIDOOUOOO
Table 6 Comparison of 3FT RAIDs in 3 failures.
class Small Read[s] Small Write[s] Large Read[s] Large Write[s]
RAIDS5 0.4 1.0 0.4 1
MeshRAID 2.1 2.7 2.1 2.1
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Table 7 The features of RAID classes.
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