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Techni calwbBioelogiesIhe present invention relates to data preceggasongseand, in
particular, to a redundant array of independent disks. Still nore
particularly, the present invention provides a nethod, 10 apparatus, and
program for devel opi ng a hybrid of stﬁiping and mrroring in a disk

subsystem wi i S| the n er_of _disk drives. 2. Description of
Rel at od At :ﬁé}’%’f%[}ﬁéﬁiﬂ?ﬁ@ﬁm% Bt Ty, e Bk
subsyst em t hat increases per fAFRRIRENG rREREFault tolerance. RAID

requires a set of two or nore hard disks and a specialized disk controller

that contains the RAID fuggbkeradbivhy Y&l RQSirFbld @l Iy for servers and

stand- al one 20 di sk storage systens, D 1s increasingly becom ng
avaiiable in desktop personal conputers primarily for fault tolerance.

RAI D y al go be.i mpl enented using software only, but with less
perforgghce,§§§ &Fgﬁlﬁlﬁﬁgn rebuil ding data after a failure. Disk striping

I's a level offnBALRCRaL HapeavesnpeEfarerNee d%@ab)grbeteg@,li%@via&a,bxheS_ or
groups of bytes across nultiple drives,, so nore than one disk is reading
and wr i PRRA§ISUABIY afCods Fepdunpais pETayt 6f éardegehienyt 64 68 -by Séddtor s

acr oss hbeedpbyes culken yexangl ?re‘é’iehk& fiowendrbkes-and s =Cantkehlar desi gned
to  overlap reads and wites, Tour sectors could be read in the sane 30

ti g i t *RBAAACLY (t ZREs PreIFeld teme dseeloping skhybrifi A§ istripdner pad to as
RAID | emebr8riagr @h ar dRAKDsBhsPe8knSifitPbl® increasing the number of

disk drives.

2. Description of Related Art:

15 Redundant Array of Independent Disks (RAID) is a disk
subsystem that increases performance and provides fault
tolerance. RAID requires a set of two or more hard disks and a
specialized disk controller that contains the RAID
functionality. Developed initially for servers and stand-alone

20 disk storage systems, RAID is increasingly becoming available in
desktop personal computers primarily for fault tolerance. RAID
may also be implemented using software only, but with less
performance, especially when rebuilding data after a failure.

Disk striping is a level of RAID that improves performénce

25 Dby interleaving bytes or groups of bytes across multiple drives,
so more than one disk is reading and writing simultaneously.
Data is interleaved by bytes or by sectors across the drives.
For example, with four drives and a controller designed to
overlap reads and writes, four sectors could be read in the same

30 time it normally takes to read one sector. Disk striping is
referred to as RAID level 0 (zero) or RAID 0. Disk striping
does not inherently provide fault tolerance or error checking.
However, striping may be used in conjunction with other methods
for fault tolerance.

35 Fault tolerance may be achieved by mirroring. Mirroring

involves duplication of the data on two drives. Data may be



does not inherently provide fault tol erance or error checking. However,
striping may be used in conjunction with other nethods for fault
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i nvol ves duplication of the data on two drives. Data may be WD 02/ 086653
PCT/ USO1/ 48641 2 witten on two sepa%ate di sks within the sanme system A
failed drive nmay be replaced with a fiew drive and a RAID controller can
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reliability o 0 |nat|o of RAI referred
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at | eastofaurraiskldiketes, (bwe)derveaibor .10 striping and two nore drives
to rror the stri off| n nme of fices ener al
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two di skodfiNesidHematOpebredanghexpensermdnus, o8nNeLst ngeghderhet ween
str|p|n nd m rrori_ng,when inplenenting RAID on a _general purpose
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| NVENTI ERPTHRC i @8ehBarAvEft Pbnla3es Rard disk drives.tbwai frsveandorstri pe
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stripe to a first hard disk and all ocate an appropriate anmount of space on

a seconedE Fufas gp_R hemgi PESLCRBeuse general purpose personal computers.
These computers typically have a maximum of two disk drives. due

to size and expense. Thus, one must decide between striping and

mirroring when implementing RAID on a general purpose computer.
15 Therefore, it would be advantageous to develop a hybrid of

striping and mirroring in a disk subsystem without increasing

the number of required disk drives.



stripe. Sinultaneously, a second stripe may be witten to the second hard
di sk and an appropriate anount of space nmay be allocated on the first hard
di sk t o mvoroensdshe second stripe. 10 Information about whiPCh/Gsh1/#gses have
and have not been mirrored is stored in nenory. At a later time, such as
during idle disk time, a controller gr file systemmay synchronize the
data between drives by copying the corresponding stripe into the

pre-al |l ocated space. During étﬂhﬁ\l&%‘ﬁ'%}-{ﬁe~ roller or 15 file
o0 1den |E§ C

system may al so validate stripes orrupted data. Thus, one may
realize the increased performance of striping and the increased

reliability m.rroring.wthout requirin fou r.nmore _hard disk_drives.
AIternativeIggeapﬁgg?nﬁa§n§8n§688iPgeﬁhg?g%rd%SLHEF%XFSdﬁ?améfr?ﬁea??ne of
a witesanilpewietaer Ab vhki datne déta aritbe &i herdf daskeadntTbeiefomay the
user deci de_bet ween_speed and_reljability.for bqoth.reads and wites.
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accordance with_a, preferred enbodiggnt of . the present invention; Figgﬁe 2

is a bl DEkSHPRG bl OFSROHYt a PFoteddfRy SiBEenPhAl as during idle d

time, a controller or file system may synchronize the data
between drives by copying the corresponding stripe into the
pre-allocated space. During idle disk time, the controller or

15 file system may also validate stripes to identify corrupted
data.

Thus, one may realize the increased performance of striping
and the increased reliability of mirroring without requiring
four or more hard disk drives. Alternatively, a user may

20 specify whether to mirror data at the time of a write and
whether to validate data at the time of a read. - Therefore, the
user may decide between speed and reliability for both reads and

writes.



whi ch the present invention may be inplenented; 15 Figures 3A-3C are bl ock
diagrans illustrating prior art techniques for striping and mrroring
dat a; Fi gwp®2484683 a bl ock diagramillustrating data stri piPeg/usnd4sednat a
mrroring used in conjunction in accordance with a preferred enbodi nent of
the present invention; and 20 Figure is a flowhart illustrating the
operation of a hard disk controller or file systemin accordance with a
referred enbodi nent of 653 PCT/ US01/ 48641
D Bral LED DRocR PH ou TR DR e bk e AR 8O0 o anice now Lo
the figures and in particular with reference to Figure 1, a pictorial
representatio rocessing systemin which thg Eresent i nvention
e

may be inpl& nPeae? %E%BFE?%db?%lQBEGrHHﬁE@CRFFhsélﬁrE hedingaBbdrhent

of the pressat EB¥€chﬁnth@‘§?ﬁBH&§H éﬂglmg d@HéCRRGeﬂ@hSH kpekydes a
systen1un|t 110, a video dis term nal g oard 104, storage
B

device Q@%evﬁﬁvcﬁsnﬂ91ioaﬁn%lEH@f?F§S§ym§¢?v@§,Hﬁﬁro sEheypeb] eet peefmnent

and remgwabaavaﬁﬁagégetﬁggééf ap¢ moyse: 186. wAGELLE Q84! ynEHEeQQMbéeﬁo”By
be included with personal computer 100, such as, for exanpl a _joystick,

t ouchpaelet bathovingedetat heRbarECTHDERBphBAean ahlluabratike. etbagiment 100
can be \phepealednusbAguABY SHi §abhecia gﬁeBM Shyi %Cﬁréﬁ%ﬂgn'BM RS/ 6000

conputer or IntelliStation conputer, whic cts o f ernati ona
Busi nesé'®mehiines Corporation, |ocated in Arnnnk New Yor k. Al though the

depiet ed T epigaent 814 on, SHousoR; PR §9g5e9£$€%oﬁngfggn8§£§ foLhgspLgsent

i nvention may De I npl enent In ot ypes of data processing systens,
such asswyshenwbnkwbbdoputiee. pfbaputemn&éﬁtlahsmaprbéeimplgmentéddEB a

graphi%ﬁéc&?&énégt$££ﬁcg éPg£eg?gdbgmbodiment of the present invention;
Figure 2 is a block diagram of a data processing system in
which the present invention may be implemented;
15 Figures 3A-3C are block diagrams illustrating prior art
techniques for striping and mirroring data;
Figure 4 is a block diagram illustrating data striping and
data mirroring used in conjunction in accordance with a
preferred embodiment of the present invention; and
20 Figure 5 is a flowchart illustrating the operation of a
hard disk controller or file system in accordance with a

preferred embodiment of the present invention.



i npl enented by nmeans of systens software residing in conputer readable
media in operation within conputer 100. Wth reference nowto Figure 2, a
bl ock di aypamiedssa data 25 processing systemis shown i nPaftiushi/tgsel pr esent
invention may be inplenmented. Data processing system 200 is an exanple of
a conputer, such as conputer 100 in g gure 1, in which code or
instructions inplenenting the processes of the present invention nay be

| ocated. Data p i S i hher onent

i nt er connect (Pé%)&'iliig%g D%{??nggﬁ%%e%ﬁ&%% ﬂ%ﬁﬁﬁﬂ% @Boﬁg&%&&gd exanpl e
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an integrated menory control | [er and cache nmenory for processor 202.
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i nt er f agEb@EENentosE bhe aua@eet 2¢Q¢n@n@nexpahstompbusrih@@riace 214 are
connect to PCl Ioc by, direct co ent connectio [ n

contras Qp ‘% EGEN er i%é r%p%Y%%e%d%$%%nPgQS aﬁﬂg%%déﬁ5é# adapt er
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prOcessﬂéyggfcﬁpdtéécﬂﬁgg,thuch screen, trackball, microphone, and the

like. Computer 100 can be implemented using any suitable

15 computer, such as an IBM RS/6000 computer or IntelliStation
computer, which are products of International Business Machines
Corporation, located in Armonk, New York. Although the depicted
representation shows a computer, other embodiments of the
present invention may be implemented in other types of data

20 processing systems, such as a network computer. Computer 100
also preferably includes a graphical user interface that may be
implemented by means of systems software residing in computer
readable media in operation within computer 100.

With reference now to Figure 2, a block diagram of a data

25 processing system is shown in which the present invention may be
implemented. Data processing system 200 is an example of a
computer, such as computer 100 in Figure 1, in which code or
instructions implementing the processes of the present invention
may be located. Data processing system 200 employs a peripheral

30 component interconnect (PCI) local bus architecture. Although the
depicted example employs a PCI bus, other bus architectures such
as Accelerated Graphics Port (AGP) and Industry Standard
Architecture (ISA) may be used. Processor 202 and main memory 204

are connected to PCI local bus 206 through PCI bridge 208. PCI



coordi nate and provide control of various conmponents within data

processi ng system 200 in Figure 2. The operating system may be a

comer ci aWby2as@b3 abl e operating system such as W ndows 20Q@/UsB048sni ch i s
avai l abl e from M crosoft Corporation. An object oriented programm ng
system such as Java may run in conjunction with the operating system and
provides calls to the operating systeth from Java prograns or applications

executing,qn d rocessing sysfem 200. "Java" is a trade of Sun
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data processing system Data processing system 200 nay be a personal
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provi de -volatd | r ar, st orjng erating stem 5.files and/or
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conput ePTPH &I | SIS WA AP e HegPrpsH 2pdamPERS BEPREPF 0t2siMRFNY st em

200 al sg29By,he Ak ORKn O rnfenifel, ZQQQliﬁQEQ-DiSk’adapter 212 provides a
connection for hard disk drives 226, 228. Typical PCI local bus
implementations will support three or four PCI expansion slots or

15 add-in connectors. A

An operating system runs on processor 202 énd ig used to
coordinate and provide control of various components within data
processing system 200 in Figure 2. The operating system may be a
commercially available operating system such as Windows 2000,

20 which is available from Microsoft Corporation. An object oriented
programming system such as Java may run in conjunction with the
operating system and provides calls to the operating system from
Java programg or applications executing on data processing system
200. “Java” is a trademark of Sun Microsystems, Inc.

25 Instructions for the operating system, the object-oriented
programming system, and applications or programs are located on
storage devices, such as hard disk drive 226, and may be loaded
into main memory 204 for execution by processor 202.

Those of ordinary skill in the art will appreciate that the

30 hardware in Figure 2 may vary depending on the implementation.
Other internal hardware or peripheral devices, such as flash ROM
(or equivalent nonvolatile memory) or optical disk drives and
the like, may be used in addition to or in place of the hardware

depicted in Figure 2. Also, the processes of the present



The processes of the present invention are performed by processor 202
usi ng conputer inplenmented instructions, which may be located in a nenory
such as, worn2es@spl e, main nenory 204, 15 nmenory 224, or PATAIsel/e864N0r e
hard di sks 226, 228. In accordance with a preferred enbodi nent of the
present invention, a specialized hard disk adapter 212 or file system
provi des a Redundant Array of | ndependent Di sks (RAID) subsystem using

hard di $ksc2260n208, BQ.§%§P£§§ §@f§cﬁéi€58%88§s9'99§3€§ %%%géé&?%hng prior

art techniques for striping and mrrorin ata. Particul

ref erenggstemki glaba3proachtboy dvageanPDl usyrhei ageodasanast digihgl ( RAI D
0) is s ... When is,witten, the data is . diyjded.into_two sirjpes,
dat a Aégﬁ%@%%?ﬁgBﬁggé?a %P%i% ﬁ%yc%ggﬁguﬁfatWéﬁht%8Ma?ﬁdé?§kf%iﬁha%éhdata B
322 maytbepsomibieanenusbyat ik ¢t henotp Bardsdosknd26pebat angayyatsa be
divgde iINLo oL & sLipes and mwitéeg to nore hard disks or witten to

hard di‘sksS® 310% 350 PR paFrS 2 Wiéndaafa is read, data A may be read from
hard di sk 31Bhahitpidat@d Scampleatnfrogubarg ghakaBdPe-BatardBegt ri pi ng
allows nore than one stripe to be witten or read sinultaneously, thus
provi di P ERL PRCFERSBOT MpRrE of fradeRelY Fuehikgchennt ol FRytreloBs . aFerock

di agr ana:tdhyst! ahhng FAbEcHE AT PO ERAL PO 1155 P YN8H:-dBbaxis witten
to hard dis 330, the data is sinultaneously duplicated on hard di sk 340.
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mrroriagphbitanedes fault tol erance by duplicating the 5 data on two drives.
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processor 202 using computer implemented instructions, which may
be located in a memory such as, for example, main memory 204,
15 memory 224, or in one or more hard disks 226, 228.

In accordance with a preferred embodiment of the present
invention, a specialized hard disk adapter 212 or file system
provides a Redundant Array of Independent Disks (RAID) subsystem
using hard disks 226, 228. |

20 Figures 3A-3C are block diagrams illustrating prior art
techniques for striping and mirroring data. Particularly, with
reference to Figure 3A, a block diagram illustrating data
striping (RAID 0) is shown. When data is written, the data is
divided into two stripes, data A and data B. Data A 312 may be

25 written to hard disk 310 and data B 322 may be simultaneously
written to hard disk 320. Data may also be divided into more
stripes and written to more hard disks or written to hard disks
310, 320 in pairs. When data is read, data A may be read from

" hard disk 310 while data B is read from hard disk 320. Data

30 striping allows more than one stripe to be written or read
simultaneously, thus providing an increase in performance.

Turning now to Figure 3B, a block diagram illustrating data
mirroring (RAID 1) is shown. When data is written to hard disk

330, the data is simultaneously duplicated on hard disk 340.



data B 344 may be sinultaneously read fromhard di sk 340. A conparison may
be made to identify data corruption. A failed drive may be replaced with a
new dri vewernd/ossesAl D control |l er can 10 automatical |y rebuiPCa/ushe4d46est dat a.
Wth reference now to Figure 3C, a block diagramis shown illustrating

data striping and data mirroring usedgin conjunction (PAID 0/1). Wien data
is witten, the data is divided into two stripes, data A and data B. Data

A 352 : jt - - S ng. dat 3 .

i il t aongy SRR 82 18 PAEG-ch oo Shera LR B, R SBe te s writien
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be writiem, t opQFar RALLELORY Bﬁé@i@é§k§a@§91téﬁ@r§h€@|E§H§QH§i¥atiH$Sthe
providing an increase in performance. Data mirroring allows data To be

val iXat@fdyon corpadrhgest r | pesidat har dnaly ske Bsofossedwhensdatpesson hard

o sks 370a4 38050 1S pgndi Sk SHELPAG, (RALD; 0) o apda i Skofl KEOR! 88,2554 BAI D 1)
in conjunction may provide the performance of striprng and the reltability
of mrraataags Hodvevey, basshguRAi:Ouahy RAAD firdn hanfudtsk 0340 equir es at

| east four disk drives, two . drjves_for,striping and twp nore rives to
mrror CHPITHFPRsma¥oPeeZadnl B0 FAFHEH %k§£§%0?°§55p§boﬂay %eg?hkﬁéy
gigabyt&x?fi?rfyﬂbbdféﬁEacéhUﬁitH8§dnéwsﬁﬁiagoand3§0RHD§tc@ﬁ§@o?§e£m@§hy

gi yte har i sks. To us | D O/1, conputer mnmust support four twenty
gi yt%yqﬁW?F%ﬁ%iiy RBEFlfQEﬁh$ %ﬁ??c€§t%nd hone of fices use general
purpose per spigh r&PEPEHhEESnotNESEFLouPt oS 4YPisak! ¥1iHa¥emai gaxhswm of
two di sk WO 02/ 086653 PCT/ USQ1/ 48641 9 drives due to size and expense. The
si ze eyl HeseEpsirai Aebadgeriping and data mirroring used in

conjunction (RAID 0/1). When data is written, the data is
divided into two stripes, data A and data B. Data A 352 may be

15 written to hard disk 350 and data B 362 may be simultaneously
written to hard disk 360. Also, while data A 352 is written to
hard disk 350, data A 372 is simultaneously mirrored on hard
disk 370. Similarly, while data B 362 is written to hard disk
360, data B 384 is simultaneousgly written to hard disk 380.

20 Data striping allows stripes to be written to or read from
hard disks 350, 360 simultaneously, thus providing an increase
in performance. Data mirroring allows data to be validated by
comparing stripes on hafd disks 350, 360 with stripes on hard
disks 370, 380. Using disk striping (RAID 0) and disk mirroring

25 (RAID 1) in conjunction may provide the performance of striping
and the reliability of mirroring.

However, using RAID 0 and RAID 1 in conjunction requires at
least four disk drives, two drives for striping and two more
drives to mirror the stripes. For example, hard disks 350, 360

30 may be twenty gigabyte (GB) hard disks. Thus, hard disks 370,
380 must also be twenty gigabyte hard disks. To use RAID 0/1, a
computer must support four twenty gigabyte hard disks. Most
small offices and home offices use general purpose personal

computers. These computers typically have a maximum of two disk



to the avail abl e space inside the conputer housing or the nunber of
avai l abl e drive bays. Most personal conputers ship with two Integrated
Drive El ewOroongs3 (1 DE) chanels (controllers) built 5 int@crhesoneeler boar d.
One channel is typically used for storage devices, such as conpact disk
drives, digital video disk drives, cgnpressed nedia drives. The ot her
channel is typically used for hard disk drives, usually one but as many as
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invention, a hard disk drive may be used to both mirror and

15 stripe data. At the time of a write, a hard disk controller may
write a first stripe to a first hard disgk and allocate an
appropriate amount of space on a second hard disk to mirror the
stripe. Simultaneously, a second stripe may be written to the
second hard disk and an appropriate amount of space may be

20  allocated on the first hard disk to mirror the second stripe.
Information about which stripes have and have not been mirrored
is stored in memory. At a later time, such as during idle disk
time, a controller or file system may synchronize the data
between drives by copying the corresponding stripe into the

25 pre-allocated space. During idle disk time, the controller or
file system may also validate stripes to identify corrupted
data. Data may also be validated at other times, such as system
startup.

With reference to Figure 4, a block diagram illustrating

30 data striping and data mirroring used in conjunction is shown in
accordance with a preferred embodiment of the present invention.
At the time of a write, data A 412 is written to hard disk 410
and an appropriate amount of space is allocated on a hard disk
420 to mirror the stripe. Simultaneously, data B 422 is written

35 to hard disk 420 and an appropriate amount of space is allocated



and an appropriate anount of space is allocated on a hard disk 420 to
mrror the stripe. Sinultaneously, data B 422 is witten 35 to hard di sk
420 and awoapps®@ps i at e amount of space is allocated WO 02/P088565848641

PCT/ US01/ 48641 10 on hard disk 410 to mrror the stripe. At a later tine,
the data between drives is synchroniigd by copying the data A 424 into
the pre-allocated space on hard disk 0 and copying data B 414 into the

pre-all ocat ed_spac hard di sk 410. 5 Thus, ope nmay_realjze the increased
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less costly than two twenty gigabyte hard drives, for example.
15 In an alternative embodiment, a user may specify whether to
mirror data at the time of a write and whether to validate data
at the time of a read. Therefore, the user may decide between
speed and reliability for both reads and writes. For example, a
computer may be used primarily to store data. A user may then
20 specify that the computer mirror data during idle disk time, but
validate data at read time. Conversely, a computer may also be
used to store data and repeatedly access the stored data. A
user may then specify that the computer mirror the data at write
time for reliability, but not validate data at read time, thus
25 realizing increased speed in reading striped data.

With reference now to Figure 5, a flowchart is shown
illustrating the operation of a hard disk controller or file
system in accordance with a preferred embodiment of the present
invention. The process begins and a determination is made as to

30 whether a write is to be performed (step 502). 1If data is to be
written, the process writes the striped data (step 504) and a
determinatién is made as to whether the RAID subsystem is
configured to mirror at the time of write (step 506). If the
subsystem is configured to mirror at write, the process writes

35 the mirrored data (step 508) and a determination is made as to



illustrating the operation of a hard disk controller or file systemin
accordance with a preferred enbodi nent of the present invention. The
process b&Qionss@nil a determ nation is nade as to 30 whet h@ecTaiSa/ig6el i s to
be perforned (step 502). If data is to be witten, the process wites the
striped data (step 504) and a deternjpation is made as to whether the RAID
subsystemis configured to mrror at the tine of wite (step 506). If the
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time ofa resad (5% epo5idé)petforhmed subsystemis configured to validate data at
read, the proge aljdates the data if_it has alrea been .mrrored (step
518) and a d%?e?%f%a %oﬁo iej%e fade ’asﬁi‘% Rhether “TH Sﬁé?% %Itr'EJKp‘?Ci ‘?%Itf% (step
520) . (Bdpp 5he) sahdystdmesmirodt Lonflguhede t £s viad i vl ehetat tha@traxead  in
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process(quserts) | 0 5t ephd 28l Sy sitheth ef & den et hel tde dpfdhdh shats Adl e.

20 If the hard disk is idle, the process wites data that has
read, the process validates the data if it has already been

mirrored (step 518) and a determination is made as to whether
the hard disk is idle (step 520).

15 If the subsystem is not configured to validate data at read
in step 516, the process proceeds to step 520 to determine
whether the hard disk is idle. Returning to step 512, if a read
is not to be performed, the process proceeds to step 520 to
determine whether the hard disk is idle.

20 If the hard disk is idle, the process writes data that has
not been mirrored on initial write (step 522) and validates
mirrored data (step 524). Thereafter, a determination is made
as to whether an exit condition exists (step 526). An exit
condition may exist, for example, upon a shutdown of the

25 computér system or when a power management subsystem causes the
hard disks to enter a "sleep" or dormant mode. If the hard disk
is not idle in step 520, the process proceeds to step 526 to
determine whether an exit condition exists. If an exit
condition exists, the process ends. If an exit condition does

30 not exist in step 526, the process returns to step 502 to
determine whether data is to be written.

Thus, the present invention solves the disadvantages of the
prior art by providing multiple types of RAID without increasing

the number of required disk drives. The present invention



not been mrrored on initial wite (step 522) and validates mrrored data
(step 524). Thereafter, a determnation is nade as to whether an exit

condi ti orwexRes®sy step 526). An exit condition may exi st PCrarSossssupl e,
upon a shutdown of the 25 conputer system or when a power nanagenent
subsystem causes the hard disks to %h er a "sleep” or dormant node. |If the
hard disk is not idle in step 520, the process proceeds to step 526 to
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both reads and writes individually.

15 It is important to note that while the present invention
has been described in the context of a fully functioning data
processing system, those of ordinary skill in the art will
appreciate that the processes of the present iﬁvention are
capable of being distributed in the form of a computer readable

20 medium of instructions and a variety of forms and that the
present invention applies equally regardless of the particular
type of signal bearing media actually used to carry out the
distribution. Examples of computer readable media include
recordable-type media, such as a floppy disk, a hard disk drive,

25 a RAM, CD-ROMs, DVD-ROMs, and transmission-type media, such as
digital and analog communications links, wired or wireless
communications links using transmission forms, such as, for
example, radio frequency and light wave transmissions. The
computer readable media may take the form of coded formats that

30 are decoded for actual use in a particular data processing
system.

The description of the pre;ent invention has been presented
for purposes of illustration and description, and is not
intended to be exhaustive or limited to the invention in the

35 form disclosed. Many modificationg and variations will be

apparent to those of ordinary skill in the art. The embodiment



has been described in the context of a fully functioning data processing
system those of ordinary skill in the art will appreciate that the

pr ocesseswof02iob@spr esent i nvention are capable of being @cItusobugéed in t he
formof a conputer readable 20 nedium of instructions and a variety of
forms and that the present inventioq%gpplies equal ly regardl ess of the
particular type of signal bearing nedia actually used to carry out the
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sys?gm%%%gledgsac%lpcflig%%ro 9? hcce)orbtreemsp;inatteld?fventi on has been presented for
purposes of illustration and description, and is not intended to be
exhaustive or limted to the invention in the 35 formdi scl osed. Many

nodi fications and variations will be apparent to those of ordinary skil
in the art. The enbodi nrent WO 02/ 086653 PCT/ US01/ 48641 13 was chosen and
described in order to best explain the principles of the invention, the
practical application, and to enable others of ordinary skill in the art
to understand the invention for various enbodi nents with various

nodi fications as are suited 5 to the particular use contenplated. WO

02/ 086653 PCT/ US01/ 48641 14 CLAI M5



What is clainmed is: 1. A nmethod for storing data, conprising: 5 dividing
data into at least a first stripe and a second stripe; storing the first
stripe i rwea okios®&s3 st orage and simnmultaneously storing thePsgasnd4&tri pe in
a second storage; allocating space for the first stripe in the second
storage 10 and all ocati ng space for b%g second stripe in the first storage;
and duplicating the first stripe in e space for the first stripe and
duplicating the second stripe int ce for the second stripe. 15 2.
The met hod of claim 1, further congﬁféﬁﬁb: validating the first stripe. 3.
The netined ok ¢l1aiimes wherein the step of validating the 20 first stripe
conprises: conparing the first stripe in the first storage with the
duplicated first stripe in the second storage. 4. The nethod of claim 2,

wher ei n .t heasteRhRfd WA datdhithd RRitadd donfpiti Sitdd pe is performed during
|d|g disk tinme. 5. The nethod of claim?2, mhereln t he sgﬁg of valldatlng

thed first SEVigdNss dadd oyl adt 1eP&tt Gp 15 e St @@ S Cams)

wher ei gtthgestep of duplicating the first stripe and duplicating the
second stripe is performed during idle disk tine. 7. A nethod for storing
data, conprS§PFEGNBENG iidisly sFati®e Ao satf nsdststoragestanst ri pe and a

second M@,925086623 PEHIISAY 4884Leclag SRR in a second storage;

allocating space for the first stripe in the second storage
10 and allocating space for the second stripe in the first storage;
and ’
duplicating the first‘stripe in the space for the first
stripe and duplicating the second stripe in the space for the
second stripe.
15 |
2. The method of claim 1, further comprising:

validating the first stripe.

3. The method of claim 2, wherein the step of validating the
20 first stripe comprises:
comparing the first stripe in the first storage with the

duplicated first stripe in the second storage.

4, The method of claim 2, wherein the step of validating the

25 first stripe is performed during idle disk time.

5. The method of claim 2, wherein the step of validating the

first stripe is performed at startup.

30 6. The method of claim 1, wherein the step of duplicating the
first stripe and duplicating the second stripe is performed

during idle disk time.

7. A method for storing data, comprising:

35 dividing data into at least a first stripe and a second



storing the first stripe in a first storage and the second stripe in a
second storage; duplicating the first stripe in the second storage and 5
dupl i cat iwQ o2logséscond stripe in the first storage; and walriusat/usegl t he
first stripe. 8. The nethod of claim7, wherein the step of duplicating the
first stripe and duplicating the second stripe conprises: 10 allocating
space for the first stripe in the secbhd storage and allocating space for
the secgnd stripe in the first storage; and copying the first stripe into
t he spé%@ﬂﬁﬁ?;the first stripe and copying the second stripe into the
space for thaodingecgondrst&t petrdoe Hie dref 1ok ot Stadgen Hnd Wies eserdde step
of copying the first stripe and copying the second stripe is perforned
during Sﬁ%%ﬁ?(ﬁQﬂ?t??ﬁﬁnéogﬁ%Faﬁﬁé met hod of claim 7, wherein the first

stripe is dupltadethd nthder seeONsk B0 age e tdecdhdesOdrsdOrdmy the
first stripe in the first storage, 25 11. The nethod of claim7, wherein

t he st €I RIPIIT dt FPgS e FA $E5IP% 111 P nil BRip| $e@¥ 39y 13 second stri pe

i s perforned,aItidd tihd Ot 16 df 5Kt i d®Bride. The method of claim 11, wherein
the first stripe and the 30 second stripe are duplicated simultaneously.

13. The nmethod of claim7, wherein the step of validating the first stripe

i s performedlumdthddl & diskihi 7E.wiRd-ddn e Seihade afuel Aldp ilhg WieLei n
the step of validating the first stripe is performed at a tine of reading
the firistTsdt rStpelPang o/ Hesbb3r g Us /agemd qpripe comprises:

10 allocating space for the first stripe in the second storage
and allocating space for the second stripe in the first storage;
and

copying the first stripe into the space for the first
stripe and copying the second stripe into the space for the

15 second stripe.

9. The method of claim 8, wherein the step of copying the
first stripe and copying the second stripe is performed during
idle disk time.

20
.10. The method of claim 7, wherein the first stripe is
duplicated in the second storage at the time of storing the

first stripe in the first storage.

25 11. The method of claim 7, wherein the step of duplicating the
first stripe and duplicating the second stripe is performed

during idle digk time.

12. The method of claim 11, wherein the first stripe and the

30 second stripe are duplicated simultaneously.

13. The method of claim 7, wherein the step of validating the

first stripe is performed during idle disk time.

35 14. The method of claim 7, wherein the step of validating the

first stripe is performed at a time of reading the first stripe.



15. The method of claim7, wherein the step of validating the first stripe
conprises: conparing the first stripe in the first storage with the

dupl i cat ewofoR08d655t ri pe in the second storage. 5 16. An apparnsbusseiipr
storing data, conprising: striping neans for neans for dividing data into
at least a first stripe and a seconq tripe; storage neans for storing the
first stripe in a first 10 storage and sinultaneously storing the second

stripe-idh a-sec . .al locagi ; f I tai s for the
irot o pat Rttt USRI, e IR AR AL
stri pe finstt s¢rfiipestcasmoriagess : and 15 duplication neans for duplicating the

first stripe, i ce. f t fir trd jcatj. second
stripe in %ﬁg‘%s?%glé” fs%?e t lerogstec%ﬁs&%set r%'%pg.helgif}ér}g %%%aérg;et hh}sﬁgjf té(ﬁ:-\eai m 16,
f ur t herdupdmeitsicn i r2} et igeet iion theassdond edddmaga .ng the first stripe.
18. sThe apparatus of claim 17, wherein the validation neans conprises:
conpari son neans for conparing the first stripe in the 25 first storage

with tHe.duph eapedftiustfct ratperiing e asecantristiorcgrge. 19. The appar at us
of claim 17, wher.ein the validation ans,., COJpris means for .val jidating
Uhe Tirst sEFip® i Mg 11 e o e o0 i i 20 MO Hppal &t G& of aitm 17,
wher ei rfitrze \ealrigat iaomd neadscorcbmurises neans for validating the first
stripe at startup. 35 21._ The apparatus qf, claim 16, wherein the

dupl i cati onsﬁﬁgﬁgecgfﬁﬁq%égoﬂe%ﬁjg{p%r ttg‘t?pl RS RFERS AT & @Fﬁtpe and t he

sedond storage and simultaneously storing the second stripe in a second
storage;
allocation means for allocating space for the first stripe
in the second storage and allocating space for the second stripe
in the first storage; and
15 duplication means for duplicating the first stripe in the
space for the first stripe and duplicating the second stripe in

the space for the second stripe.

17. The apparatus of claim 16, further comprising:

20 validation means for validating the first stripe.

18. The apparatus of claim 17, wherein the validation means
comprises:
comparison means for comparing the first stripe in the
25 first storage with the duplicated first stripe in the second

storage.

19. The apparatus of claim 17, wherein the validation means
comprises means for validating the first stripe during idle disk

30 time.

20. The apparatus of claim 17, wherein the validation means

comprises means for validating the first stripe at startup.

35 21. The apparatus of claim 16, wherein the duplication means

comprises means for duplicating the first stripe and the second



WO 02/ 086653 PCT/ USO1/ 48641 17 stripe during idle disk tine. 22. An
apparatus for storing data, conprising: division nmeans for dividing data
into at lwask/ossekirst 5 stripe and a second stripe; stor&ga/useams4f or
storing the first stripe in a first storage and the second stripe in a
second storage; duplication nmeans fq‘r7 duplicating the first stripe in the
second storage and duplicating the second stripe in the first 10 storage;

and valzgthq ieoraiurp?L ifcg_re Vcﬁlé}?"’}fl'r&q the first stri pe. 23. The apparatus of
claim 22, erein e duplication neans conprises: 15 allocation neans for
al l ocating space for the first stripe in the second storage and all ocating

space f t ipe. in the first storage;. and copy neans for
copyi ngzg'['her]lﬁ %gjg)%sr}%rtﬁ}pge ﬂ|Oonﬁ oétt%reln?pg@g' o e FiSt stri pe and copyi ng
t he second sitivipd dmtmedre SpacklvizZl moodattze isevort stgdgie.a Frskhe

appar at .0f claim23, wherein the copy means conprises neans for copying
St 1 e 25 e it e

the first & i aanc?e{ es"tripe during idle disk tine. 25 25. The

appar at us ofstolraiga 2izanshefedt stde iy rdte imMgie dtarighuplid catfdddm t he

second sctora e at. the timsrggS toring the firs s%tri e in the first

st or agé " “3G9%56 2th & N p5i sgfrlcﬁeai 52 SSHTE %Rt T4 Hupl i cati on neans

conpri ses neapd ifceit iduplnezald Mpdt dlidcstt isly e aid-dthestsegendn sHd pe

g,t’l :: Bg slggzl(?%tciﬂlg%lértalgrée 'an2d7'dquh_Leica 1af1rgatt¥1$e %fec%ln rTs]’l:2r6i’peV\,n:'LEi\‘lr E1'\:Ihne tgllei\fsftl rst
10 storage; and

validation means for validating the first stripe.

23. The apparatus of claim 22, wherein the duplication means
comprises:

15 allocation means for allocating space for the first stripe
in the second storage and allocating space for the second stripe
in the first storage; and

copy means for copying the first stripe into the space for
the first stripe and copying the second stripe into the space

20 for the second stripe.

24. The apparatus of claim 23, wherein the copy means comprises
means for copying the first stripe and the second stripe during
idle disk time.

25
25. The apparatus of claim 22, wherein the first stripe is
duplicated in the second storage at the time of storing the

first stripe in the first storage.

30 26. The apparatus of claim 22, wherein the duplication means
comprises means for duplicating the first stripe and the second

stripe during idle disk time.

27. The apparatus of claim 26, wherein the first stripe and the

35 second stripe are duplicated simultaneously.



35 second stripe are duplicated sinultaneously. WO 02/ 086653 PCT/ US01/ 48641
18 28. The apparatus of claim22, wherein the validation neans conprises
means f orwoakioskasi ng the first stripe during idle disk tipeg/USBl/2841 The
apparatus of claim 22, wherein the validation neans conprises neans for
validating the first stripe at a tine of reading the first stripe. 30. The
apparatus of claim22, wherein the vali dation neans 10 conpri ses:

conpari.son ans for conparing the first stripe.in the  first storage with
The, QupticallBy PPPRCoCT o 1 Al uc oL SrhEhsn YA IRt LR TR atus T or
st ori ngotdtraseeonphng Mgr valfiidasdingf ahag&i @ ts esonitheS trmige; iane alisk
controll.er that divides data into at least a first stripe and a second
stripe,“*8fores the first stripe in the first 20 storage and si nul t aneously

stores the second stripe in the second storage, allocates space for the
first stripe . in the second storage and aIchatingV%Q?ce for the second

stripe4’n t A8 PPPETasHs ClENd dpl WEREEL T KA (Pt At idFe MER*Fhe space

for thembirisksShiclpe @G tRE 1SREARMG shiel B8 st tdhe-isRace foriklke 25 second
stripe. 32. An apparatus for storing data, conprising: a first storage; a
second F6PeiRge tNend 136 ta SE&HI0! | er that divides data into at least a first
stripe and a second stripe, stores the first stripe in a first storage

and the second stripe in a second storage, duplicates the first
30. The apparatus of claim 22, wherein the validation means

10 comprises:
comparison means for comparing the first stripe in the
first storage with the duplicated first stripe in the second

storage.

15 31. An apparatus for storing data, comprising:
a first storage; |
a second storage; and
a controller that divides data into at least a first stripe
and a second stripe, stores the first stripe in the first
20 storage and simultaneously stores the second stripe in the
second storage, allocates space for the first stripe in the
second storage and allocating space for the second stripe in the
"first storage, and duplicates the first stripe in the space for
the first stripe and the second stripe in the space for the

25 second stripe.

32. An apparatus for storing data, comprising:
a first storage;
a second storage; and
30 a controller that divides data into at least a first stripe
and a second stripe, stores the first stripe in a first storage
and the second stripe in a second storage, duplicates the first
stripe in the second storage and the second stripe in the first
storage, and validates the first stripe.
35

33. A computer program product, in a computer readable medium,



stripe in the second storage and the second stripe in the first storage,
and validates the first stripe. 35 33. A conputer program product, in a
conput er weadagdess medi um WO 02/ 086653 PCT/ US01/ 48641 19 PCfrarsor#ssii ng
data, conprising: instructions for dividing data into at |least a first
stripe and a second stripe; instructioons for storing the first stripe in a
first 5 storage and sinultaneously s gring the second stripe in a second
storage;..in i for, allacating space for the first stripe in the
second%ggbﬁgéégé dggﬁﬁdcéfWﬁﬁn§Eﬁ%% for the second stripe in the first
storage; andni@rurstionst ifonrs diornddugl deati dgtohetf ilesiststar ifjesitn stird pgpace

for th%ﬂhj%ste%tkhpe %qdéQUplicating the second stripe in the space for
t he second sFrlﬁe. SETLR Conput er program product, in a conputer readable

medi um  15ihetrstationg datra,steonpy sihegfirest stetipend of er fdireicdi ng dat a
intg at |l east a first ripe nd second.stripe; jnstructi,ons for storin
Lhesf § PLPEeer: Bed AlptpsRousy shotina the Estond Sirive i & seeond

st or agesto2@genstructions for duplicating the first stripe in the second

storage and.duplicating the second stripe in the first storage; and
st uct | ond PHFUGHIPHR (17 PH LTS PpRRS, [OF the firet Stripe’in

the second storage and allocating space for the second stripe in
the first storage; and

10 instructions for duplicating the first stripe in the space
for the first stripe and duplicating the second stripe in the

space for the second stripe.

34. A computer program product, in a computer readable medium,
15 for storing data, comprising:
instructions for dividing aata into at least a first stripe
and a second stripe;
instructions for storing the first stripe in a first
storage and the second stripe in a second storage;
20 instructions for duplicating the first stripe in the second
storage and duplicating the second stripe in the first storage;
and

instructions for validating the first stripe.



