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1 SYSTEM AND METHOD FOR DRI VE RECOVERY FOLLOW NG A
DRI VE FAI LURE TECHNI CAL Fl ELD-5—Fhe proesent—
di scl osure relates generally to the field of data

storage systens, and, nore parti system
and nmethod for rebuilding a driveﬂmmwwmm“”MWMEl
write cache. BACKGROUND As the val ue.anest he use of
i nformation continue to increase indideuaLs_and__la_____
busi nesses seek additional ways
i nfornation. One option avail abl e to usersiwmnmwunul“wm
i nformati on handling systens. An informati
system general |y processes, donpiles, stores *@dor
conmuni cates informati on or data for business,

SYpEENHAND METGIOBFQRI DRIVESRECOFHERY FOALOIMING ADRIVEFAILURE
t ake advantage of the value of the information.
Because technol ogy and information handling needs and
requi renents vary between different users or

TECIAR AC@tgops, 15 information handling systens may al so
vary tegarding what information is handled, how the

i nf or méthe preséens dhselosire thlatésqsndraltitol thé BE1ABE AR stbBge systems, and, more
cessed, stored, conmunj cat ed, and how qurcKly
poci o

el°rd ¥PEm A1 eiikod for svtwdingh dritle with v ensblsdentite cache.

stored, or communi cated. The variations in
i nf or mati on handl i ng systenms allow for information

w systens to be general or configured for a

speci f er or ific such as fi nanci al

transact @%‘g%gusea?th“? 3188 HOpERYE s Incpegse, individuals and
businestteiepk h@cﬁuﬁl@eﬂ a§l R ;R8s &{d QbR G AR r@rfeaclplug{f %&éalfagle to users is

addition, information handling systens ma
mfonpatpqneh@db.ﬂg ﬁhﬁ@n&r Ananfhroefiombamelling mpsmmrge&eﬂahﬁtprmyses compiles,

s’(ores.bﬁ}d(f‘&n:f ﬁﬁ%ﬁ Omggrg%:neos S(Uodé o{% bggg%%ggguﬁ%fﬁeer purposes, thereby

allowmgstlﬁuﬁs to dﬂ&eaadviﬁt@gﬁgﬁ 5/ 94188 %1 RBdnfoR@hNeH. KiFdGause technology and
omput er, personal conput er

mfo%?%’s ﬁ%@ql’é‘ﬂ nfi?é? t2a8| T@‘l’é‘éﬁ‘r’@ﬁ!ﬁ% War}'c bnltmt:e rdifferentv @sers or applications,

mfongé\ﬁlcﬁ%: hﬁﬁﬁﬁﬂg rsgstgﬁg\?g g}(allét? Q'Exls'[(reé kngar Flgslm?d%uf)% & ﬁ@gﬂ?d how the
mformamca:ylsdfandlndi,dmndmnh ifbmkaiof iRPIdedse8 ysided) &r&i)mrnumcated and how

tiqns switch, Information handl i ng
qumk&’ﬂ/@‘%e‘i%gg%t e‘ﬁ H%%‘F@H%n BY3% be Progeised. grareds or enmmpeideticht Bhe variations
in inf@rmthtioN Bandling systems allow for information handhng systems to be general or configured

for a specific user or specific use such as financial transaction processmg, airline reservations,

enterprise data storage, or global communications. In addition, information handling systems may
include a variety of hardware and software components that may be configured to process, store, and
communicate information and may include one or more computer systems, data storage systems, and
networking systems, e.g., computer, personal computer workstation, portable compﬁter, computer
server, print server, network router, network hub, network switch, storage area network disk array,
redundant array of independent disks (“RAID”) system and telecommuni‘cati'ons switch.
Information handling systems often include one or more drives grouped into a drive

array. Many drives include an associated write cache that can be selectively enabled or
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array. Many drives include an associated wite cache
that can be selectively enabled or 2 disabled. Wth
respect to drives that include an enabled wite cache,
there is. sonmetinmes a delay between the tine that the
drive notifies the drive controller that the wite was
successful -and the tinme that the data is witten to
the storage nedia of the drive. A drive with an
enabled wite cache will often direct or store wite
data in the drive's wite cache. Once the wite data
is successfully 5 transferred.to the cache, the drive
will transnit a notification 2o the drive controller
&% indicate that the wite command was successfully
disablede Witla EESPag ite dFives thptciaciugn an snatlechwrite caetle fthamis. bemetimes a delay

W troller en though the wite

be égg m’ﬁ?r{g& thtd{}-ﬁ% dlq{#é\%’ﬁﬁ%? Hly SHIVR g%r}? tg.ﬁ ?/Blte( Was successful and the time
that tivedataisentitten tankk siofagy eledid dfehe ARG, 614\ afivd @%%'e\ﬂ?ole&r Bfite cache will
Oftenp!acenent of the wite command's data in the wit

BOT SiPTeoWEter frta ém ther @ﬂlvecf’r Eits Pweofondﬂehwwrtte data is successfull
Yy

e S50R10hLCEoO0 PIAS G PSR DL SR LML e

the Wpteodmlnmmidl was shavessfelty e)deButEdD eTIEa 864 ffatidn Wﬁabﬁnﬁ’@ﬁ%ﬂﬂhc drive to the
en successfully witten to the drive's

b
drive¢ getﬁ%llp eI GYen tguehibe Wride coramiand’g detades opl yet beént wettert © the permanent,

i (0] € af tnh I :
R T A MR —

alloertlnet eontrobeinmitty ofthe swite esafollkr tol cfpt@miisr th¥ @rded ta$ m(f@mgmon is written
| oses power or resets or the wite cache

“’“ﬁg&@8~ %X%%?rupted) in this circunstance, the data
stored THis ﬁ:@@zo&‘@lb%)ﬁm%gﬂ'l@mm Q§e+e? ﬂ%?c%sen SEE wn}e command that has

witten to disk drive contro owever
been ghrgeasflyorritendo thesdyivsf s cahe bbetamseydt fbeertisuicvesfully written to the non-

| ted that _th t
volat% gkgf%e g‘ﬁixé %‘Lﬂ\" é tgps I n%ben%?%ﬂ aérn%gﬁad ?h@grllveceﬁogg@llqrtbat the write
comnnid wassubEesstul e aalifl et fhfds @3%(%& &JJ‘lgsééé’tr Polvier GRENES F%e write cache

had not been witten to d To preven

- becompg corruptad), insthis cisumptages, decdata storpd in He wm’ﬂetoashd}ﬁﬁ:)hbslost and never

f Y, | tem are 20 oft i sabl ed.

itt

vt 104l Obhel AR Bk BOER 1S gl b e oS T dhipbecatse the drive’s

contrdqumaltrydras oddidasrdphatahe WyitSédiBand Wes MebdtBd. d?ﬁ@dﬁ\% @ntroller and the:
cache, mpyeb forC|n%¥the drive to wite the data

dnvecﬁr? nat e %H‘le\, ain the WHteotaghe thet Hadi noff beehewritten to disk is..

 lost. ¥6ipY&rentthis tfzﬂhﬁe %ﬁ?ﬁgﬁ%ccmg,%é Yt Q8 el O 0B 2L LT ¥ RA?B system are

drive controller o
often disabled. When the write cache of a drive has been disabled, the drive cannot temporarily store

the write data to a cache, thereby forcing the drive to write the data directly to the non-volatile
storage media of the drive. In this scenario, the drive does not notify the drive controller of a
successful write until the drive has written the write data to its non-volatile storage media. When .
the write cache of a drive is disabled, however, its performance may be adversely affected, as the

contro] circuitry of the drive cannot optimize the transfer of data from the cache to the permanent

media of the drivé.
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successful wite until the drive has witten the wite
data to its non-volatile storage nedia. Wen the
wite cache of a drive is disabled, however, its
performance may be adversely affected, as the 25
control circuitry of the drive cannot optim ze the
transfer of data fromthe cache to the pernmnent

nmedia of the drive. 3 RAID storage arrays are
characterized by the ability to restore or rebuild the
information on a drive followng a failure. For
exanple, in a RAID5 array, parity information is
stored on the drives in the é}ray. If one of the
drives fails, it is rebuilt based on the parity

i nf or mat4bh s'9ragecuTays arhechatabisrizedt by abe iahilithdo aestag. or rebuild the

of . Ci 2 nedia in drives increases, 5 . .

oSl £RREII Bl LA Dol Hoop MR oS ety normaton

stored oarteasedealmthistaraly. | Iff 6Md18E tHRNAAVE!1RSE iORbuilt based on the parity
restored, Rebuild tinmes in hours or one or nore days

informgation fgreq, o Bigo81ST fyesdn theeasTayi ¥y theeatipacityad| piztdnediofn drives increases,

.the reéﬁo?étéo@x?%ft afﬁéveg{a.}cgs;ﬁgégrg elfecn)tfa tglg gx?ﬁkr)%latts?cf ax%fﬁwg}?gf%&fo\é%niatlign t%at must be

restoradr &ybuitditimesinchaiegbAdes oMBdes ddyR e a6 PERIIRACTor lihSes with media
ormance of the array may suffer because of the

er
capab‘ﬁ)eeg TngdenRfetihundreds efgiganissiof dete. méle(ﬂddﬂe.m the array is being rebuilt,
ebtlg%aélr%déjc{ r'nvge, tﬁﬁeg;?e?forﬁxgxggéel otf the array may

is disabled rebui 'd>peri o

suffer eagansead thoresoerbasi dedicagd tb hebuilidingethe @EYe. b AR, i8S cache of the

. _conpared wth the time required to rebuild a drive
drive BRiE TR %&Fﬁlﬂa dygingrthe ebuidd perdod, thedime Eneaired) forrgbuilding the drive
may BRBAZBAD Iriphed Swith fih@ 1SRCR IoVRblitd b 3000l 1508, cnabied wri
Y art a%.i s in degr aded r%gﬂ%e, H‘St?i ég”grr?gélﬁiwlal%f]%éhaﬁ&ﬁ an gnabled write
cacheg wonzfly, acoaryddALlR levels) iff hisecpnd dend failis selilesthié rrayis in degraded
syst.em an thod for rebuilding of a drive in a
mOd-ed?ll%vagra?x%Pg)?gi?sé di scl osed. The wite cache of the
drive being rebuilt is enabled. During the rebuild
process, conmands directed to the drive are al so
recorded in a journal associated with 5 the drive
controller. A synchronize command is periodically sent
to the drive. In response to the
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synchroni ze. command, the drive wites all of the data
in the wite cache that has not been witten to the
non-vol atile nmedia, to the nedia.. After
synchroni zation, the journal is cleared, as the
wites. commands have been executed agai nst the
non-vol atile nenory of the drive arrays. An advantage
of the system and nethod di scl osed herein is shorter
rebuild times for 10 failed drives. Enabling the
wite cache for the drive being restored allows the
drive's control logic to optimze the order that
commands are witten to the fedia. Enabling the wite
C for the drive being restored also allows

ple wite commands to be sent to the di sk before:

the dagg wite commands i oy g

Wit e?} act tﬁ%ﬁ&ea&'gg thevigrg{%ﬁ{ &acrlf)%e aggstem an gtrﬁgﬁ%} for gebuilding of a
drive opg téve @rayrabdlieclosedt MRedirity Cadhddf B cfrﬁz'@%'eh% r@b‘lhf‘t‘?éeénabled During
ﬂmxeﬁhﬁﬂ a drive whose wite cache was disabled during the

TogesE s oFHpREs diregtpdh e drve amaéﬁg»ee@rr dedva ZSJy)mhassomated with

the drdRdoRBbAQd Ad {haty |

e drff¥te o%qﬂée} A %@lg%gr;lgzg ggfg)%ga\‘}fi ds perodica i 5 §%{h§é§g§ Oy Eesponse to the

synchpos s dmmmﬁr;d theadriva vetites/£1] BEthe datagh tel vhiteRYcteUhh®as %ot been written
ure while the wite cache is enabl ed and

f ai
to thed%) Puvﬁgﬁﬂ‘h@eﬁkléﬁa Iﬂll"’omﬁ(ihéc Adisr sypshropizpiéens thedotmpel ltSIqle@red as the writes.

b e {0
comrrgiglrﬁfléﬂlectiglEﬂ yxeg%gﬁgégﬁslt?lg 33% {éc}l%tgln eﬁréorﬂjpf @Jg Qlanyﬁ grrays

synchr @i mt@gt qitlecesen adahstBed died169ed Gerdld is Rérfer rdbuild times for
sociated with wite 20

d h
) TR O LR
to opthiz¥ the oRleR lalSorAmRSE wﬁ&exﬂewéﬂl\.l ﬁnab#ﬂ%%%tg Ak gor the drive

. comands in the journal of th rrve contr er avoi d
beingrporpbalse lqpulgplelvaic ngmimendy te bt aert td the diskibefdrelthe data associated

i BE RSB ROTS RERL s B0 98 MR LSO L e nte,

the diive tdnebe rebuiltajuidker tHag aedlr%tw%seawﬁt@'cb&feew%u&EMCCT B ing the rebuild
rebui |l d process 0SS As a resu

ProcefSh &gy ?qh@nsgmfébg ss@eegmcﬁwhmdmmed hete uuwléxat the dadosibyd technique
b
eSS b o300 000 By R it s sy

fa11ur©fWH11h ahe ohitd ¢adhe pr @rBIRE an@dafhe HRCRPHLR {)(ro@éis\éa ensate for this
mh be %gparent to those of ordinary i1l in the art
possiblijty, pQImARds afq riften tP@\Am*r@alsaaé@Fﬁ@@@@ﬂlwmnchccprazqd@gammhe drive. The

synchéaYdtide process BRIFEs B’?égglaﬁ) BN e de RAVGINGR assqciated with write

commands to be written to the storage media of the drive. Storing a subset of potentially

SUM

unsynchronized commands in the journal of the drive controller avoids the possibility of having to
restart the rebuild process from the beginning. Instead, the rebuild process may. be restarted from

those commands stored in the journal in the event of a failure during the rebuild process (e.g., a

- power loss). As a result, the rebuild process described herein includes a safety mechanism that

protects against a subsequent failure while not adversely affecting the performance of the rebuild

process. Other technical advantages will be apparent to those of ordinary skill in the art in view of

the following specification, claims, and drawings.



A nore conpl ete understandi ng of the present
di scl osure and advantages thereof nmay be acquired by
referring to the follow ng description taken in
conjunction with the acconpanying draw ngs, in which
i ke reference nunbers indicate |ike features, and
wherein: 5 Figure 1 is a diagram of a redundant
storage array; Figure 2 is a drive of a storage array
and an associ ated drive controller; and Figure 3 is a
flow di agram of a nmethod for rebuilding a drive of a
drive array. 6 DETAILED DESCRI PTI ON For purposes of
this disclosure, an informati“on handling system nay
|nclude.an |nstrunentallt or aggregate of

oL@k &b bG8 o conpute classify,
jvec.retri or |

FSJ \rM o] ;: gﬁg {E}‘t’%r & %g]té ur]\dg{/s,%ngmﬁlofggz presarét 8 osurregﬁcgfi%vantages thereof may

be acqumad g weferringaan dheefollotingbdddtiipticheaReyinfc8hith&ion with the accompanying-
ornatlon intelligence, or data for Dbusiness,

drawiggs, dhvhich dike referspeonimbrs sidkeete lignfepuresandreirersinanyl e,
an i nfefaRl | on, ia &ga reﬁchfan{dn%to é%gr%e%% gﬁ;/sgtnher

CO[TpUt er, a netwo torage

suitab IFEguﬂe?I ni‘zedla‘mjoﬂ'%tomgé ¥rrayarfd &%ss&k’tﬁ&?dnve controller; and
per f or gance functlonallt% and.grlce

i nf or m&1g%H3 kHp Y ipeasm o Erﬂdédmandbm af edsige array.
menory (RAM, one or nore processing resources such
as a central processing unit (CPU) or hardware or
software-control 10 |logic, ROM and/or other types of
nonvol atil e nmenory. Additional conponents of the
informati on handling system may include one or nore
di sk drives, one or nore network ports for

communi cation wth external devices as well as
various input and output (1/0) devices, such as a
keyboard, a nouse, and a video display. The

i nformati on handling system may al so include one or
nore buses operable to transmt comruni cations

bet ween the vari ous hardware conponents. 15 Figure 1
is a diagramof a Level 5 RAID storage array, which is
i ndi cated generally at 10. Storage array 10 incl udes
five drives, which are sonetinmes referred to as disks
or volunmes. Each of the four drives in the exanple of
Figure 1 includes eight stripes or rows of data,
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| abel ed Stripe O through Stripe 7. It should be
recogni zed that the configuration. of the RAID array
of Figure 1 is sinply an illustration of a RAID array,
and that RAID array may to be configured to 20 have
nore or fewer drives with nore or fewer stripes or
rows.. Wth reference to Stripe 0, data is stored
Drive A, Drive B, and Drive C. The parity bits for
Stripe 0, which are the result of an exclusive-OR
operation perforned on the content of Stripe 0 in
Drive A, Drive B, and Drive C, are stored in Drive D
and | abel ed Po. As a second €xanple of the data

structure of the RAID Array. 10, with reference to
M@b@wﬁ%l@s stored in Drive B, Drive C, and

Drive B faor 25 .Stripe,7, .which are

the resul g ‘E}gP ﬂgr(}) Ift(te%cszl usts°?0\§ R %Mlgﬁﬁ%‘gf%yﬁ@@ BAY include any

instrutriestaliyndrepreghte S insdRmentalitied eI Bio Pmige. &
Drive D, are stored in Drive and Ioabell}eﬁge iasgﬁdpr?cess transmit,

recelvgxlgﬁzbqvg, omgingte, Lvifghy atore, disply) m@mfmt hietast, secdré, reproduce handle, or

utiliz t1 I %C a d !
i Q87 GBS ROLAINELE Yo b BB INRRER. o e

purpotsd:se Eltrhaaamphr mlﬁbmﬁﬁ)noﬁan@?xhé)s}%&fn@ha%eoe £ DerSHO Wy ﬁ}er a network
re 1, :each of the drives in the storage arra

storagg (Sig\blf:%d)r ARy ﬂ(%lttablq-ﬁ%wq:@gng n@yaqanayl 512@, shape, arferempd, éuncnonahty,

ol it gl st NI U 0S80 ) o, o

more p@lggnsjng resoutves sifcauk t centr HeorkssR URit (EPE) Sr hvawdder Lo ftware control
a stor age arr ay

nd 0+1. 5 Each drive of
LT SO M

e R T -

with exernah devieesap el as varisme npubarderutyiuin (IKDgtevives, kachgla Ké$board, a mouse,

AR di mber of
O e, TR APRER B e nEilony oo sesiues opr

to trarSaht comﬁmﬁvﬁidh@bbtﬁ)sfé&n BRESvariglis Edrﬂ‘%are%oﬂl Bﬁn%ﬁt.ﬁ
serial _ATA communi cations bus or |ink, re Channel

communi &8s bits JipgiRm of @ Leavelsd RAFR Iswme auammlclaisllﬁmsmed generally

[ rredl or a el enent
at locogétsfa(%g %ﬁé gf g(p éﬂl&% d@ (5 %m ﬁ%e CURGH %'ff%rfeéir @g@s disks or
volunf2s. Eagh dfehe fop dii ee3dn e eﬁ\:ﬁbﬁpmﬂﬁ |P§\g1§é“l 'irﬁ‘ll)t.lla%s fe%t sctf'@é's' It %ows of data;

|ncI di ng netic nmedia or optlca
labeleﬂg %F‘?théﬂllgﬁ V\#?lﬁ@ ‘ég grecogyzedrieg) thyeconfigurptiorsefithe RAID array

_of Fighf1 SUihablag 1fisfh LS £.0
ot or matllagn Wi tg&g%{%%@ al%gs9 { y%fhggwgnay may 10 be configured to

have more or fewer drives with more or fewer stripes or rows. With reference to Stripe 0, data is
stored Drive A, Drive B, and Drive C. The parity bits for Stripe 0, which are the result of an
exclusive-OR operation performed on the content of Stripe 0 in Drive A, Drive B, and Drive C, are
stored in Drive D and labeled Py. As a second example of the data structure of the RAID Array 10,
with reference to Stripe 7, data is stored in Drive B, Drive C, and Drive D. The parity bits for
Stripe 7, which are the result of an excluswe OR operation performed on the content of Stripe 7 in
Drive B, Drive C, and Drive D, are stored in Dnve A and labeled P,. If, for example, Drive C were

to fail or otherwise be identified as a degraded drive, the data in each stripe of Drive C would be
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volatile menory that is operable to provide faster
access to its content as conpared with storage 15
media 26, which is typically non-volatile. Contro
logic 21 of drive 20 responds to and processes
conmands from drive controller 22, including _
commands to read data fromor wite data to the drive
20, enable or disable wite cache 27, and force al
information in wite cache 27 to be witten to storage
medi a 26. Control logic 21 also transmts data and
notification information to.drive controller 22. 20 In
addition; control logic 21 cohtrols the storage nedia
26.and the write cache 27. Drive controller 22

rebuilf ith fodataindon otet thresgirivee béRéﬁD P8y 1Baks Ghdsmu il Eigh®sl, each of the

. t
driveéMnttIH? %gaegq da?xlggtésc‘ (c:(gu e orolnaz %‘B&E@ gefm Ieg%% elxgxrr]xple of a fault-
toleranORIAﬂDI leed] v2i2réis aQsihle driv® fehﬁﬁ’e i 66 @ﬁh&axﬁécﬁ%&%ﬁ ﬁled drive can be
a RAID controller, a |lower [|evel
rebuﬂécé gwthrteiera@s RAIP lpvelshincliderdnd 5, 8810, and0+1nf or mat i on
o s osglLn o R A S S ey e

contrq»ltanr rfaguraa maandlbgraﬁpm 4 ativedohind Gomiveolonh@EEL 22 3: Drive 20 and drive
| c 23 may issue a conmand to cause | O

contr&% ?g a9 Cl?élﬂ 6!10 erfanpthier thireusih eeitasnel 24uiGhahne? 84|n$ay operate accordmg

to an)pﬁlﬁﬁﬁcrr%? ':Mnﬁgﬁhcytﬁnggl'otc?colls mc‘?1 dxgge vaa?'%.}f,i pggqntgp .§ %Opotn%gsn?lcatmns bus

of j ournal reSer ve

. or link, adedeailel mndemwaﬁnmmchh@xsdfub\éﬁhﬂf ame%ﬁ&l}'@%ﬂ&?cmom link,

t_of journal 28 is a listing
ora W@es%@mﬁ@%@fﬂ%‘ @ggmlaﬁaé% Biftudepa meméwmge eﬁ@gmt ﬂé,rcont:ol logic 21,

and aMviite eacBOIMANGe&L léﬂ)trag% tt?ed V%&eg Ry 1% Isrglmhley for storing

| i sted commands. l\/brmr t| on
informafion; jlppluding eragnptice nh:yhacombpMal theiia. c SZﬁJlaﬁyFWﬁle B&the 27 may be

29. Th
e T
volatileememoryMhit 1 0pAPRAE pefide f20tef! Béc\égs t%Qts c-glfl%ng ?ggpargeared with storage

count in nmenory |location 29 may mani pu
medig ¢ whi¢h 4563@1%&112310111\4@18;@&“ cular, .control logic 23 may

unt ry Iocat| on 29,
Fetr oo AL R RN SR 20l Foshie o i gmasses commads. from drive
contrdllee 22,0netadidg C@hklﬁtmds%f’@ﬂ)daﬂa%ﬁ bPRriZUaPRY (ROTIN S RE Fnz%)le or disable
non-volatile r so that the command count w |

write Gache r </e s f?rﬁ%r -ilafogmatiass gn orifsowerhet 37t foe ber iwigtenrto storage

. medid'84. V‘@&ﬂiro_l logic 21 also transmits data and notification information to drive controller 22.

In addition; control logic 21 controls the storage media 26 and the write cache 27.' Drive
controller 22 includes a control logic element 23 that communicates with and directs & journal 28
and a memory location 29 of the drive controller. Examples of drive controller 22 according to the
present disclosure include a RAID controller, a lower level ATA/SATA or SCSI controler, or both.

Journal 28 is an information storage. location that stores a history of write commands
directed to drive 20. The content of journal 28 can be controlled by control logic 23. Control
logic 23 may issue a command to cause journal 28 to flush or empty its contents. Journal 28 is

preferably non-volatile in nature so that the contents of journal 28 will be preserved if there is a
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. Cach de P |
-count tgﬁxags_pﬁac?ssfg)t tgg fﬁ%ﬂ %ﬁq‘i%{lgewﬁ’:éecm Pe!

10 Figure 3 is a flow diagramof a nethod for
rebuilding a drive of a drive array. The steps: of
Figure 3 are perforned when adrive of the drive array
nmust be rebuilt. A drive may need to be rebuilt for a
nunber of reasons. The data on the drive may be

corrupted or the drive may be . one that has been
added to the drive array. The drive nay be rebuilt
according to an automated . rebuild that identifies

conditions that mandate the rebuilding of the drive.
As an alternative, a drive 15 may be rebuilt follow ng
the manual direction of a sy§ten1adninistrator.;N
step 30, the wite cache of. the drive is enabl ed,
sudden lpss efigovesr te tierigive loe thesiweurtding sewbtks Thieicbstetadt urtiad 28 is a listing .

N MO T RO T ——

of the ¢i9RAlEANINIE FRMEP TR 29 Ha?@egaﬁlg\éﬁﬁng&gtlc%%g%x?éﬁclggséglg by control

- drive 20. As an exanple, if dfiv
logic 2. i Aeunpdng ¢whinend edunt isrstorsdrint memoryMOBRHicBPIOECTRe sahEBAthe command
n.control |ogic.21 of drive 22
tEo Arnys,29.ndhe cppaand count in-
memdrPlokatidi R Bhaf bA idniSARAd %E%%ﬁ@élfr@@taa&t %?%inhﬁﬂgrgzcontrol logic 23 may

controll er sends a SET FEATURES conman

‘store- SRV earRmARH et in memprbeatioh @9wetriere thecieed codmaidunt, Or erase or

32, 0 directed to,the drive are received at
reser 38 ﬁ‘r’%“\?fg“@é’n R Fehoss o & EUFITRSISF AEP AR y@emory so that the
commahd t@urkt OHITBE PsesBRee SEBEY if Alost BEpsWaRUb kit RfveloPBetwork.
drive. As portions of the drive are rebuilt, the
 conman8¥WRY 15 hEPwWdkagsem iof e meshadsfor tabnidids atdoive 6a drive array. The
Wit e r il rtions of the drive,.
steps %Flgiﬁé" geag‘ig é:fﬁg;e?e‘%ﬁﬁvae o rfrrttrhﬁeg@ NeFHAE érbLFHltéedrePWEt" A drive may need
to be jebuiltniat a B8mbésofeazsons OTieaduts 615 tHealz Bie e, bedtofripted BYthe drive may be.
' Iiﬁt of tggﬁgwiéﬁ commands_jis | ogged into_journal 28.
one that AR FCRGIEFHE 1 BE SFAF AFabT The Afup &Y bejTehHili apcoz@ing then automated .
builg Rk SQWIhdiPnt HE! SHRAL b8 Y A€ alfdmati i
reulstep_3 8, the regeived coﬁﬁgﬁ%mfg&Pkgﬁg%?E?édAggl?ﬁ%na“m’adnve
may bgr¢bpdt folowengthb enageddirbgtiontofie spstete ndmfnisia@PsABRep 30, the write cache

t hr ough , the command, i s.recorded at the journal o
of the 308 FEERIE: v Ea 8 Tt FHS e 68 VTN ooaERe P On opfimizing the

. writesttB ke BIDEA the ariVeé& CPHeAvAits cAERE B f BfivERFH tﬁ)@&gg@%%:%%fb?{raecommand sent

‘the command is provided to the drive.” W
from gderpaAEol e 22 de Erived0- afs athexarhple éf drivie@0¢parf€Bkidrisandrivet @ntroller 22

e RS SR Ol S P SO et e 22
sets tixA@lite Cache Enable bit in the drive to 1. In an ATA or SATA environment, the drive
cantroller sends a SET FEATURES command with a subcommand code to enable the write cache.

At step 32, the commands directed to the drive are received at a drive
controller 22. These commands include the write commands necessary for the rebuild of the
drive. As portions of the drive are rebuilt, the commands may include active loads commands to
write new data to the rebuilt portions of the drive. At step 32, the received command is recorded in
journal 28. As each command is received, a nmxﬁng list of the write commands is logged into

journal 28. Following the recording of command in journal 28, the command count is incremented
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enabl ed on the drive, the drive may choose a
nmet hodol ogy for processing the. conmand that nakes
nost efficient use of the cache of the drive. Once the
drive has successfully processed the command, whet her
t hrough pl acement of the command in the cache or its
storage nedia, the drive will issue a notification
conmand to the:. controller to indicate that the
command was successfully handled by 10. the drive. At
step 40, following the transmttal by the drive of the
notification to indicate a guccessful recei pt of the
command, it is determ ned whéther the rebuild process

. is conplete. If the drive rebuild process is not

in the %ﬁ?ﬂrﬁgg%, Af gten 38, dlest rgpaty askndmaand isetpandthitduetbhler driviee As can be seen by

e oS 040 P, LESEREEE PLESEL PSP e comman

transrpittediithe divee dn UEs FRheFUMeYGdYEmade &F eacRBS@nfnd before the command is
,$redetern1ned maxi mum nunber of conmands are recorded
provi

& 1 His drivey Mhen thecepampredsis ofceiveé psthadei ve, ake porhmand, and its.contents,

i he pournal, with the content . of the o _
may b}%/sgb?g% fgﬂiﬁégﬂacgle %6 %mfeﬁl 0 él?ei %%r_agcrwgdla rog géet ée‘?‘fﬁ ayse sheyyFite cache is
enablahdrutie dHye, e dife mSay dhabies MBAB®IodDRE photefidls tﬁé.e&}hﬁﬁwie that makes

%gan t he nunmber of conmmands that "may " be stored int
most ¢I5eientare of thecashe atthe v ncaibe driyahensuseessiilip podessed the command,

I Lournal and the storage.nmedia. oy

B Sk e LISRBVL 200 U B ALABETIE B i e
a notifitatios comtnand er thewbiitholleh ® i@fitite tRNihe oMM AR suQksdiN§ handled by

tebuil d process. The predeterm ned val ue shoul d not
the drye. 5ot 5o high that an excessive nunber of cormmands

are st qg [ Ne il ' ap .excessive.nynber . .

R G b R
succegsfig agdeiny ofithe icomirenid Nt istietermined oviembithe frebuildgryced s icOplete. If the
mhmleuhge(%g%qg ofcaléubse%%fnt | oss of the drive being

FEBUT PEOCeSHS PRECISRGEL LIS ACHERTEE #helRR 4@ ovhethey e romiaand count has
reachéD4 pRAEBHiBAE hRdim el ' L i

0 PR HEAmUS O e B LN  rescrmives
maxiggpmHalugoig r Gideer predéteimingdsmebeitranmnietieradf @iepardid atd@torded in the

. he_pr I n command count .val ye has been )

joumn{l f g%?f Wik a&%%%%’h%@%&%%@@ﬂ%@ﬁéﬂﬂb@ (igptentyof the storage media

of theslyine MTipredeebriniriel nidx@n&AREIEOnaPbe WS&&QIE%%b&%at@gdt%reater than
of thgﬁdrlve. The drive controller ‘issues a. comand

the nygpbes 0p pommands thafmay A¢ Florrdtia thet jorml. i Hh¢ hredetermined maximum value

should not-be set so low that the journal and the storage media are synchronized so- often. that the

synchronization steps interfere with the efficient completion of the -tebuild process. The
predetermined value should not be set so high that an excessive number of commands are stored in
the journal. Having an excessive number of commands in the journal is contrary to the goal of
tracking a limited number of commands fof reexecution in the event of a subsequent loés of the drive
being rebuilt. If the predetermined command count value has not been reached, the flow diagram
continues at step 32 with the receipt of the next command at the drive controller.

If it is determined at step 42 that the predetermined command count value has been

reached, the commands recorded in the journal are synchronized with the content of the storage
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cache that is associated with wite conmands to be
witten to the nedia. The coommand wll be a conmand
recogni zed by the control logic of the drive. In a
SCSI environnent, the drive controller issues a
SYNCHRONI ZE command. I n an ATA or a SATA environnent,
the drive controller issues 5 a FLUSH ' command. This
conmand causes all the data associated with wite
commands in the cache to be flushed with respect to
the storage nedia in the drive. Follow ng this step,
the cache of the drive-does, pot include any wite
commands t hat have not-been itten to the storage
medi a_of the driver At step 46, after step 44 has
mediacf gha dreg- die dBye pestiojler ispues jacromedndias step é4 tefremall ddt@stored in the

| eare 0, A8 a
cache glgan ngogsﬁa¥%t? %Eommtaﬂ&iiw % tger qﬁ? mteﬁ’@ glh %anﬁ?d will be a
conunaﬁ)dlfd‘cﬁ‘éﬂlﬁfd b@{ﬁh@&ﬁiﬁoﬂ W ofAREHRN Inal S’@S:Iteﬁdlﬁﬂn&ﬁ Ghe drive controller
drive. it is determned at step 40 that the rebuild

: lssueS@sSYl\&%H%pN%E command. ol agi Lol ane 864W enygenmentt, the épve4®ntroller issues

FLUSE hebi; PRIAPRERL R AT PR Sl oSl e ot n the cache

to-be ﬂﬁﬂheb evithesieted thié §tbrage sRaAed infRe BAGe. SEAIRES MR L@Rp, Ohe cache of the
the drive. It wi|ll be recognized that step 48 is

drive degsmot mglude 3ug paite eommapdsghatiage nothsien @mttq:g to e storage media of the
dnve.-s{ﬁlg %EIZ 38 lﬁ'ﬁg? &E}E h@ Léso&egﬁteé E\?c%es%%ﬂl(‘y, ,J%‘bm%lgu rfgra{)ed apii the command

count
countvis |cleatrd toezpognThe flowvhdibgratneporhiuesat steleBLiwith thdrett@P at the drive

te wite cache of the drive is
°°nt“gfe§ 8@?@““@%%%6316 s disggted 6?1 H’érﬁrwet he drive:
cont r oli#igfs cﬁﬁeﬁﬁ?ﬁeé‘ a 1N i fetl h‘ﬁe ﬂ%%pagﬁagl continues

Mbde Page in the control |c 2 of e drive
at steps 8 Wtbh@ iyyuanes cCachmniEnd i ﬁ)rtﬁ 4ll writetdommbnidy Erotrnth® cach8 so that these

an_ AT ATA Vi J onmen t he dr|v ntroller
write @naddns U RO do B B PBret meiacch ity libg recognized
that st%? 4Gl1§ﬂ|@h@cal hest 44, eacaghso, iPlisaRk &stutc&b%sfM b&ﬁpﬁe&{‘@f step 48, the

aces the drive in a condition iR which
Joum@dﬁﬁlﬁmfél agil tecqommans eoat 1§tcclma@ietocnerw dt Wﬂlb@tecbgmzed that step 50 s

d e, ther by |ns ]
cendEA50RE I8, A1) U USSR 0051 B o, e
drive-t@tiodlendent e MODE SELEQT copsiLidHo ﬁﬁctdmé e @Hag&in%@é’omml logic. 21
Oftherg%eln allows for the optimzed wite cache- énab

Y6 P4 2pf satsdhe Wentgriacke Fingblechit ngﬂ@g@mmto 6 In an ATA or SATA
envirGhBSe QH&?&E\{]J @ntHiig égrﬁdstz{ﬁ?ipfﬁ ?Iﬂ&g \{vﬁlg g gliﬁoﬁ]é’?and code to

process e recordi ng e Connan
disablertbe imigscaahe.e Dimabling fherwidite shtHegplades the dnve in a condition in which write

commands directed to the storage drive cannot be cached in the drive, thereby insuring that all writes

- to the drive are written to the non-volatile storage media of the drive.

The system- and method disclosed herein allows for the optimized write cache-
enabled rebuild of a drive while protecting against a subsequent failure of the drive during-the
rebuild process. The recording of write command in the journal provides a resource for listing the
most recently issued write commands. If the write cache of a drive loses power during a rebuild of

the drive, the journal will include a listing of those command that may not have been written to non-
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nost recently issued wite conmands. If the wite.

cache of a drive |oses power during a rebuild of the

drive, the journal will include a listing of those

command that may not have been witten to non 11

vol atile nmenory of the drive. As such, the contents of

the journal can be used as a resource to avoid the

necessity of restarting the rebuild process in the

event of a failure of a |loss of power. to the cache

of the drive being rebuilt. It should be understood

that the system and nethod di scl osed herein is not

limited 5 to the precise arkhitecture disclosed in

the figures of the present disclosure. Rather, the :
volatilg yeemeny afitie drive. hdsisush, théieonperes efithe fhusidl omibecuseda Lreb@irce to avoid

e oyed wi.t h_.an i tabl e conputer_ syste _
the ne R S Eine Bt S e S e b pEalpseafmower o the cache
of the BAVE beifig P&y, |t -shoul d al so be understood that the

system and nethod disclosed hereinis not limted in

i ts applsheaddibonnderstaod pat ttei systomomelssethoddis§lb SAeRseM is not limited
fam | r . to the appljcation a specific command to
tothe it YishBtcty? oilzeRER i Reindy afton Pernir seiagireaDaher, the sysem and

-me’thoai&Me%&@nﬂﬁﬁc%sﬁre%Mldhﬁ S8 Witk zﬁﬂ%@gﬁ%ﬁ& @cffﬁéﬁer%%@m! architecture

_to nodul ate its power consurption t
that inyplyes Be uemholof redunslantporsr supply.i it shauld elsmbd urelemstdosl.that the system and

.hough, t he .present di sclosure has bee descri bed in _
m“"h"@é{l%.?‘is,gg pb BB T 0 Bien a6 BE ot nt Stamcchecestes REBRpcessor family
or to -Sighspplitatidn0dtsa sppalicAdnghatd NheGRBcesE, MRHrNHLE

. . W thout depart |I%Slf romthe spi fle? and t he g"ébg{? %?teﬂ}%nd method
disclopglhsaein grayas uged With anpyrockssor aipp enueduleteaispowed @nsithAfon through

- | S .net hod,for, ma in he rebui.
the méglr%f%dr?} ds o %c élg ({?‘dggm%ﬁa\ll é:,Poc%(ﬁe Q‘E&‘P\}%‘ ﬁ‘ﬁ\ﬂrﬁsﬁm ‘é‘sgos‘”e has been
descrihedhinuietail, itl showid e uydastdoditaaeiriius 2haab) subdithts Caah&erations can

b

f the drjve; recording in a first menory | ocation the
be ma Befeia Ve BAHHARRRUEE FBt BelShin'! epbthersroms ofthelinvention as defined by the
appenB&d b@hcal |y causing the drive to flush the cached '
data associated with the rebuild
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conmands to its non-volatile nmenory; wherein the each

command directed to drive is at |east tenporarily

recorded in the 10- nmenory |l ocation during the period

that the cache of the drive is enabled. 2 The nethod

for managi ng the rebuild commands directed to a drive

of claiml1, further conprising the step of disabling

the cache of the drive follow ng the successful

rebuild of the drive. 15 3. The nethod for managi ng

the rebuild commands directed to a drive of claim 2,

wherein the step of causing the drive to flush the

cached data to its non-vol atid e nenory conprises the

steps of: maintaining a count of the nunber of
WHATdMEddMEDG8ed in the first nenory location; and 20

causing the drive to flush the data to its

non-vol atile nmenory when the count of the nunber of

conmman catl aches a. .

o oot oy eyt phapiE o Bl d IR AR O £ BRI % dhive having
anonWhhtxteebcunbd(andmmnlmks directed to a dri ve of claim 3,

~further r|S|ng t he step of clearing the first

mernor ye‘Fa(?i‘Sg RrPaghtioftied@ant fol | owi ng the successful

25 fl U%&b%@ﬁ %ﬂgt%é‘rﬁ c;cg&oﬁ:ﬁg pteouElg cE)mI%ang i ?:i lt%{he drive; and

menory st ora array, conpri si

d r ives pemmhcraéllyrcaesmg}thérdme te ologh tt&eﬁchedruhﬁk ¥Rbakted Svith the rebuild
e nedl for storing data; and a wite cache for

mn%% %@ﬁﬁrﬁﬁfﬁ PGBEMIBBd with wite commands recei ved
by 5 hereth ih%%ac}?é@xltgﬁd&’cﬁr&%gtﬁ 91'1'\@ fssa lmﬁggraﬁg‘:gcorded in the-

drive controller is associ at coup

memagy jagatiesf during the pmgiethatrthayachméﬁe.dmve aa:dfnaﬂredve
controller conprises a first nmenory, wherein the first
menory is operable to store a history of wite

Cammandie iethdd Mrirh@dgihg ARTERTD cBhimd8dCRRER Lirive®df claim 1, further
comprising the step of disabling the cache of the drive following the successful rebuild of the drive.

3. The method for managing the rebuild commands directed to a drive of claim 2,
wherein the step of causing the drive to flush the cached data to its non-volatile memory comprises

the steps of:

maintaining a count of the number of commands stored in the first memory location;
and '
causing the drive to flush the data to its non-volatile memory when the count of the

number of commands stored in the first memory location reaches a predetermined threshold.

4. The method for managing the rebuild commands directed to a drive of claim 3, further

comprising the step of clearing the first memory location and the count following the successful

flushing of data from the cache to the non-volatile memory.
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its associated drive; and 10 wherein each drive
controller is operable to manage the rebuild of its
associated drive by: enabling the wite cache for the
drive; recording each wite conmand sent to the drive
in the first menory; periodically causing the drive
to flush the data in the wite cache of the drive; 15
and disabling the wite cache for the drive upon the
successful conpletion of the rebuild of the drive. 6.
The storage array of claimb5, wherein each drive
controller is operable to Cl?ﬂr its first 20 nenory.
foll owi ng the indication of e successful fl ushing.
of the data in :the wite cache of the associated
dri ve. A7SIOTREE AERYCRFWTISRBAy of claim 5, wherein each
drive al ] . second nenory. for
recor d?ﬁg%ﬁglnﬁssﬁb%g{}p%# g%%rﬁ&rlﬁ’ﬁ&gm?flfﬁsed in the first
menory. 25 hén-Blatilbgoskonagt fof steynHata! Aam 7,
wherei n each drive controller is operable to cause
its. associ & 'dtedreReefor eachinggieta aseoaiated wiith write comirtaeds received by
the di$@Chgg when the nunber of commands stored in the first
menory reaches a predetermned threshold. 5 9. The
st or ageiriae caytrdifers; vier8id eadhttieiveicnfrdlfer fid £3bciABERAMN ahd coupled.to a
dn ﬁg@%volatile. 10. A nethod for rebuilding the storage
Ve QR SlontEe gy \Rereisas Vet natreliar gemprsdsm first memory, wherein the first
j ' itz i t b :
e BB e S A Snd Bl Yom sy g comroterto
its asyagintegrdrive; amthe for the drive; 10 transmitting one or

nore cQ nds to the drive;
wherein each-drive controller is operable to manage the rebuild of its associated drive

by:
enabling:the write cache for the drive;
recording each write command sent to the drive in the first memory;
periodically causing the drive to flush the data in the write cache of the drive;
and
| disabling the write cache for the drive upon the successful completion of the
rebuild of the drive.

6. The storage array of claim 5, wherein each drive controllef is operable to clear its first

memory following the indication of the successful flushing of the data in the write cache of the

associated drive.

7. The storage array of claim 5, wherein each drive controller comprises a second

memory. for recording the number of commands stored in the first mermory.
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witing the one or nore commands to a journal; and
forcing the drive to flush the data in the wite cache
to the storage nedia. 11. The nethod for rebuilding
the storage nedia of a drive of claim10, further 15
conprising the step of clearing the journal. 12. The
nmet hod for rebuilding the storage nedia of a drive of
claim1l, further conprising the step of disabling
the wite cache for the drive follow ng the successful
rebuild of the nedia of the drive. 20 13. The net hod
for rebuilding nedia in a drjve of claim 10, further
conprising the steps of: prdviding a count of

cgnmands sent to the drive; and wherein the step of

f 8r ci nd he plerage iaray phelhimy I hwhdreindatiadiive tderolier isepembheo cause its.

| r onge the count of co nds sent to . _
associBd S O/ APEA che R0 S e e Cupaiiber g onyRandy gred in the s
memarg tézobesaf predetdrifided, thiewlidller conprising the step of

clearing the journal follow ng the successful flushing
of the data in the wite cache. 15. The nethod claim

13, fu riskng. the step of .disabling the wijte
oot he TEORST RS TREL 3t (ot B ER ¢ ik Bemrro omcvalitir o
of the drive. 16. The nethod. of claim 10, further

chprising the step of clearing the journal after the
driPve ' TSH04 far retpilding thetstayagw mediaceft helriamd wherein the drive is in

commiun® A8 iha , ' g& ting that tqﬁﬁﬁ ched data . .
was  writt erf{;qut?t g%?%‘g tﬂlrfié |a§'.abef6gi9‘.’e Thea ol poppRising:
10, whenablinpehq wiitenvathd for tepResed of non-vol atile
menory . associated with a drive controller.
transmutting one or more commands to the drive;
writing the one or more cbmmands to a journal; and

forcing the drive to flush the data in the write cache to the storage media.

11. The method for rebuilding the storage media of a drive of claim' 10, further

comprising the step of clearing the journal.

12. The method for rebuilding the storage media of a drive of claim 11, further

comprising the step of disabling the write cache for the drive following the successful rebuild of the
media of the drive.

13. The method for rebuilding media in a drive of claim 10, further comprising the steps
of:

providing a count of commands sent to the drive; and

wherein the step of forcing the drive to flush the data in the write cache is performed

once the count of commands sent to the drive reaches a predetermined value.
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1.8. A drive controller operable to conunicate with a
drive through a communi cations 15 channel,

conprising: a first menory for recordi ng conmands
transmtted fromthe drive controller to the drive
during the period that the drive is being rebuilt; a
second nmenory for storing a count of the commands
recorded in the first nenory; wherein, during the
period that the drive is being rebuilt, the drive
controller is 20 operable to enable the wite cache
of the drive and cause the q&ive to flush the data in
the. wite cache of the drive when the count of the
commands reaches a predeternmned threshold. 19. The
dFt-ve Etenmedpd efclym B, Airthen eompwisingsthe step of dedring the joural following

| S apl . disable th ite- h f
eSO el Ll (e L cxche o

successful rebuild of the
drive. 25 20. The drive controller of claim19,

wherein the first menory conprises non-volatile _
medror yThe method claim 13, further comprising the step of disabling the write cache

following the successful rebuild of the media of the drive.

16. . The method of claim 10, further comprising the step of clearing the journal after the
drive ﬂushes all data in the write cache and transmits a message indicating that the cached data was

written to the media.

17. The method of claim 10, where the journal is comprised of non-volatile memory

associated with a drive controller.

18. A drive controller operable to communicate with a drive through a communications
channel, comprising:
a first memory for recording commands transmitted from the drive controller to the.
drive during the period that the drive is being rebuilt;
* a second memory for storing a count of the commands recordéd in the first memory;
wherein, during the period that the drive is being rebuilt, the drive controller is

operable to enable the write cache of the drive and cause the drive to flush the data in the write cache

of the drive when the count of the commands reaches a predetermined threshold.

19. The drive controller of claim 18, wherein the drive controller is operable to disable

the write.cache of the drive following the successful rebuild of the drive.

20. The drive controller of claim 19, wherein the first memory comprises non-volatile

memory.



