Stored data can be recovered froma disk array having
at least 2n + 1 physical disks that are capable of
storing n physical disks worth of data when any two
(120I 'INSIIESNA'HDNAL APPLITIONTRIBLISHERIUNDER THE PEIFE [COOHERKIION TREATY (PCT)
is stored in data stripes that are divided

i <}ﬂ> 3" ‘\‘ild%‘ﬁ]éet‘%‘ﬁ]t Prapery equa VTS

di st ri Bl oss the n

4 P
corrégtﬁaﬁla?%%“rﬁaé’rl ty str| NP

including the data strip

‘*""f‘:ﬁi‘?’ﬁ %OI?H e 2?34]5)% s

ps and are

FHi Iﬂlﬁﬂllﬂi!llﬂlﬂlillIIIHHIHIIIMIHWIIIHIIIIIIII LT

€ d at ﬁ)) Ic'tte[rlnzptlonzg rE’uﬁ/hc:qltlon(?\lumber

PCT WO 2004/040450 A1l

(51) International Patent Classification’: GO6F 11/10 (74) Agent: LITHERLAND, David, Peter; IBM United
. L. Kingdom Limited, Intellectual Property Law, Hursley

(21) International Application Number: Park, Winchester, Hampshire SO21 2IN (GB).

PCT/GB2003/004515

. - . (81) Designated States (national): AE, AG, AL, AM, AT, AU,
(22) International Filing Date: 17 October 2003 (17.10.2003) AZ. BA. BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
(25) Filing Language: English CZ,DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE,
GH, GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR,
(26) Publication Language: English KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK,

(30) Priority Data:

10/286,197 1 November 2002 (01.11.2002) US

(71) Applicant: INTERNATIONAL BUSINESS MA-
CHINES CORPORATION [US/US]; New Orchard

Road, Armonk, NY 10504 (US).

(71) Applicant (for MG only): IBM UNITED KINGDOM
LIMITED [GB/GB]; PO Box 41, North Harbour,

Portsmouth, Hampshire PO6 3AU (GB).

(72) Inventors: HSU, Windsor, Wee, Sun; 1223 Crescent Ter-
race, Sunnyvale, CA 94087 (US). MENON, Jaishankar,
Moothedath; 1095 Sterling Gate Drive, San Jose, CA
95120 (US). YOUNG, Honesty, Cheng; 20438 Tricia
Way, Saratoga, CA 95070-4352 (US). NG, Spencer; 1159

Almaden Oaks Lane, San Jose, CA 95120 (US).

MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

[Continued on next page]

URES IN A DISK ARRAY

(54) Title: METHOD AND MEANS FOR TOLERATING MULTIPLE DEPENDENT OR ARBITRARY DOUBLE DISK FAIL-

100
101 102
DISK 0 DISK 1 DISK 2 DISK 3 DISK 4 DISK 5 DISK 6
Do D1 D2 Pa DO D1 D2
D3 D4 P1 D5 D3 D4 D5
D& P2 D7 D8 D6 D7 D8
P3 D9 D10 D11 D9 D10 D11

47040450 A1 INIAA! 00D Y00 O RO O

(57) Abstract: Stored data can be recovered from a disk array having at least 2n + 1 physical disks that are capable of storing n

S physical disks worth of data when any two disks fail, or when more than two dependent disks fail. Data is stored in data stripes that
are divided into n substantially equal-sized strips and are distributed across the n disks. Each data stripe has a corresponding parity
strip that is generated by including the data strips in the data stripe only once when the parity strip is generated. The data strips of
each data stripe, the copy of each such data strip and the corresponding parity strip are distributed across the disks in such a manner
that the data strips of each data stripe, the copy of each such data strip and the corresponding parity strip are each on a respectively

different disk of the disk array.



generated. The data strips of each data stripe, the
copy of each such data strip and the corresponding
parity strip are distributed across the disks
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