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-1 00000 t SYSTEM AND METHOD FOR DRI VE RECOVERY
FOLLOW NG A DRI VE FAI LURE TECHNI CAL FI ELD 5 The
present disclosure relates generally t I ”
data storage systens, and, nore parti cuI arI y, m
system and net hod for rebui | di ng a drive with an !”"”mmm”m,mm,”m
enabl ed wite cache. BACKGROUND As the val ue and the *159150+
use of information continue to increase, individuals

and 10. busi nesses seek additional ways to proc
store information. One option available to userﬁ'ﬂ’ﬁm“m“m“"“m
information handling systens. An information handl gy«
system general |y processes, donpiles, stores and/or
comruni cates i nformation or data for business,

SY[SAENM AND METHOE FOR DRIVERECOSERY FORL OWING AUBRICE FAILURE
t ake advantage of the value of the information.
Because technol ogy and information handling needs and
requi renents. vary between different users or

TECERFCAf#EPAS. 15 information handling systems may al so
vary regarui ng what information is handled, how the

i nf or Nethe@pest:d dixaRaLE
rocessed(p st or ed, or%tl:%mmm cat eéﬁg a%t&g Age Wrtgms, and, more

Pamca%?alyefcr 3 Bistem and method for oehuildingra drivg vb'eh qmrmamas ewahte cache.

stored, or communi cated. The variations in

i nfoor mati on handl i ng systenms allow for information
BACKGRDWUND systens to be general or configured for a

specific user oregcgecifi c use such as financi al

transachs 81§ theguseadfy iniformaties eomimiednsmc&@se individuals and

busm@%%? %élgfé hﬁcﬁngr?il ng% & oﬁgﬁe’g% S E:gtjg{nga???m g%&)hgq? gyjaéla‘g,le to users is
mformahmehgnddlhg lspatetnar anaﬁﬁrmﬁﬁénl\ﬁirﬂhﬁ@ 125845 %ﬁerﬁlﬁ‘f‘@mﬁf@%cs compiles,

onfigured tq process, store, and conmmuni Cca
storeg ?ﬁcﬁ ,ﬁgfrg%qp icates 1 #tign or datafae besiness, ipersoalpnbther purposes, thereby
aJlow%xi/gS LEH® to ‘iﬁéeaadéztaﬂtragg of WS LARE of a{ﬂed r@éﬁ%a‘éfo&:mﬁgwéq teshmology and

systens, e.d, per sonal

1nfonp@h¢mﬂnhmilmgnmeﬁe ra,nda(eqmtﬁnﬁhts $alyV'Eétwe6H Idiffer&RI YRFs or applications,
uter, network hub, network sw tch, storage

mf°“8?‘é%f1 ﬁ%‘t‘fkgg KYEHPER mayralye varyregardingawbat informstiast is handled, how the

" informREGPRMIBMEd, MoK futh %%%101? Xssf.u%@ls@&fe stored, or commumcated, and how

t el econmuni cati ons Sw t ,
quickly and efficiently the information may be processed, stored, or communicated. The variations

in information handling systems allow for information handling systems to be general or configured
for a specific user or specific use such as financial traﬁsaction procéssing, 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
nefworking systemns, 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 telecommunications 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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I nformati on handling systens often include one or nore
drives grouped into a drive array. Many drives
i nclude an associated wite cache that can be
sel ectively enabled or 2 disabled. Wth respect to
drives that include an enabled wite ' cache, there is
sonetinmes a delay between the tinme that the drive
notifies the drive controller that the wite was
successful and the tine that the data is witten to
the storage nedia of the drive. A drive wth an
enabled wite cache will often direct or store wite
data in the drive's wite cacPe. Once the wite data
is successfully 5 transferred to the cache, the drive
disabléd.| WithaBspatt todirived tHat ﬁﬁiﬁdérhntéﬂaﬁlgﬁ villth YecHE ORELOk s?xtnenmes a delay
to indicate that the wite conmmand was successf
betwesrthe timg that Hieglrivo nptifies ale dm'el controlken that the edité wmﬂcb&sful and the time

that ﬂ@ r‘#r% ﬁ%gvgttt 1o &11% 'gt\é?q%?ﬂ {)tgxg ﬂ%&;e r .fxtdgwe t%\gthtqggen\%fezl %vrite cache will
ofterp&irémlw Riore walél daann R4 ahbé § write %é’heOfOﬁ&e*}t]xg rvlrrYt@ daIahfas successfully

pl acenment of the wite command's data In
transgesradeo the qaghes therdsive avill trehsmit p aotificafionto theelriwe cmroner to indicate that

R R TI RT  T
dnvepcrcmlttloﬂéﬁtvbﬁ thdM@WENESHTiteicBminliRId G 145 ndt ?ﬁ'b@%} %EJEER Blihe permanent,

that has been successfully witten to Ive
and nogyplatile, medraessfthmdmyeﬂ‘hb placemers of thefwrite yommland’e dathdn the write cache

oS 48 R Rl el i s e

tomediaﬂmﬂlednnerand was successful . If adrive fails (e.qg.

t he dri¥€i | oses wer or. resets or the wite cache 15

becomes* 9 F'F?}Hld@g’ﬁy isproblematic, hewayaraindhe cashof aiwrite command that has
beenShédeSdullywhilen Efr thérﬁre%%hg%t ? r}ol? 2& b%grg %gésgullly written to the non-

witten to dis I've ‘con

volatils anedizofithe drige,| hethisodasejaha dhiechasstifiee tY d drie dontroller that the write
dicated that the wite comand

|
RAE1 BRRLEEEATLL IR SHevelle G 1 TS 1anes ROVSE oF sk et dbevite cache
becoﬁiéE c&x‘ﬁ}ﬁé‘d)%‘ tgesr@nftdnbe éﬂ@ﬁzﬂa kfaretdhﬁ ﬂ’fg %%oc%gif 2@8}}(]5 fost ana never

not béen witten to
Wntt?lhtosdlﬁlal The érivecantroflerphoweenyris ungvare b therlbdsas dﬁ&cﬂbeﬁuse the drive’s

contf PR BB RS Aol S oBEL S0 WISy e e
driveddre Rt SARAftnided HRA K At St Rritd ERhEVEHA Gad ?}Bf"‘bée% Rritten to disk is..
ache, thereby forcing the drive to wite t

lost. q;g@(qnyths(falthﬁg eyah from @pinlngg, the writes caches of drives in a RAID system are
often disabled. When the write cache of a drive has been disabled, the drivé cannot temporarily store

the write data to a cache, thereby fofcing the drive to write the data directly to the non-volatile
storage media of the drive. In ﬂﬁs 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
control circuitry of the drive cannot optimize the transfer of data from the cache to the permanent

media of the drive.



10

storage nedia of the drive. In this scenario, the
drive does not notify the drive controller of a
successful wite until the drive has witten the wite
data to its non-volatile storage nmedia. Wen . the
wite cache of a drive is disabled, however, its
performance nmay be adversely affected, as the 25
control circuitry of the drive cannot optim ze the
transfer of data fromthe cache to the permanent
medi a of the drive. 3 RAID storage arrays are
characterized by the ability, to restore or rebuild
the information on a drive fbllowing a failure. For
exanple, in a RAID 5 array, parity information is

stored RAIDheordgd uRays fret dharadferia¥d byfthen®ilRl tB hr%store or rebuild the
drives fails, it is rebuilt based on the parit

informatign ﬁﬁ?ldélﬁe §ngws§:gg afailume Enrmmnnlq me@;RlAﬂ:DtSrmaarr pamy information is

h i in.driv Ncre
store né {H?ecg | on 0?3} Ffta 8? fhg drives f?rn & ée t [bppgd on the parity
mfo:matheasmd oﬁ mhnmher@ﬁwbﬁn%d'@idyo A stth@&apabisf ofiRe media in dnves increases,
rest qQred ebui |l d tinmes in hours or One or nore 3

-the resteration of 3 e dnegr fuety the tincreasad amouatpmhﬁ:mﬂatmn that must be

r byt es dat a.
o M B 2 bR 2 ol B Sl M 5 S s
capablenf storing ttag ortiedreds degightytetedidad e WHIROEdrivel 8 the array i is being rebuilt,

_ fgé&ﬁrnance Qf the array nﬁ% suf fer because of t
many: ATEES gedn égfgéd?‘bml?’@b IdGEWéed medeyrthe/perfarmance of the array may

.suffe?@géaﬁlgé;gf tggfre uﬁ%ﬁé&@&ﬁ@atﬁ 0 r@lﬁx&l]dg) eg?ﬁ'x' \élg ? hg ?cﬂcﬁg on,- 1% fhe cache of the

driver being rebuiltfipdisatdediddritige rdbnid @émbﬁ? theiie Buired &ﬁ'rrelﬁf-ildmg the drive

% g$ ared wth t% &V%E Jequired to repuild a driv
may PRavrEThas SPRHEH MR e re&‘é‘é?’f’em 1&8uid A striye that haﬁ an enabled write
cachélBAMdiohdNY, &Y

o B e ona § pond RveLii Wil fie ‘a{*%&f in degraded
modsthairry will kedesir dance with the present disclosure,

system and nethod for rebuilding of a drive in a

drive array are disclosed. 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
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5 the .drive controller. A synchronize command is
periodically sent to the drive. An response to the
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-volatile
menory of the drive arrays. An advantage of the
system -and net hod di scl osed herein is shorter rebuild
times for 10 failed drives. Enabling the wite cache
for the drive being restored4llows the drive's
control logic to optimze the order that conmands are
SUMMARWen to the nmedia. Enabling the wite- cache for
" the drive bei ng restored also allows nultiple wite
conmmand® ageprérace siith thepresent disslosures a)mtetmgld:habﬁlod for rebuﬂdmg ofa

dnvea}ﬁg%ﬁk'@&?%harwgrsgyégf g%ﬁgcﬁ%%a Q'}ftﬁet By e uxllt 1s, enaebled During

the r&hﬂlﬂb pestess, tdiemelids\iire6RA t& thel @i iakd aIEBerG&%Ed H‘ﬁjbu?nal associated with
drive whose wite cache was disabled during t

the dpige contigliqs @pﬂg@gguzemmmmd ia ghordovti cadley solﬁt to lee &y@t -Amresponse to the

e ] TN N T

to thqamsvdiatlle mdmhwmandaiavmlsmhf@mmbﬁ th&Y6usisl Isedlea?ed as the writes.
com:a%x}qt m failure while the wite cache i s ‘enabl ed and

Ve pren exeytedpepinsicbe son-velatlsmemeratod theuimtemr@ys

possi bi our.nal

peri odi %%fu%ﬁgz/m %g ncﬁ g%s?{eng %}5’%{}1@ d¥sfo1185 é‘] hegen mﬁ?grter rebuild times for
failed guicler Enatdngitimwiitewaelssot theakive beihg réstored Aldwsiat arive’s control logic
che that is associated with wite 20

to onligiii SR SomrAn AR PRTER e Bedige ERging et walsache for the drive
beméjfebt\é&d afgb Qﬂbwgm@lt%%fe BhmanBLloH sk th )&* C{l%k beéore the data associated

unsynchroni zed co S 1 n the journal
with @mwmfslcbmmaadmsmxttdneo tesmedia kd thy deife.NBydange the write cache is enabled,

. st ar the ess fromthe begi nn
the drff8 o8 be bRt ¢ @Eﬁf%a&p"r ‘é%ng wrilsccache was E"égblﬁi ‘dwiing the rebuild

procdsflOARoth& 'Eﬂ'@dﬁd&%e of e %&Jstérﬁ‘ a.ﬁ&‘fheihel'l' ﬁﬁa!o?édq'xe;e'ﬁ i ﬁ'fétdegcnbgd technique

failure during the -Tebuild proce
includessaspr ovmnéhqt@gmlpates the ppﬁdmltmhma}im&sbedmbmhbmhay suffer a system

fa11u1rée\xrlﬁlent g& é% gfc e s Satbfe q.rglE cﬁ:%%gltﬁeereﬁ?gﬁé BIRF g?ss Q;ch,e ggn?pensate for this

poss1hﬂftﬁ ebmngndme mméwfdwjaﬁﬁlapindtﬂéﬁo&saw dyflchrBii® st the drive. The
Q her  techni cal advantages w Il apparent to t

synchypnigatinnprpess gvotves forcing allydatd in tbf: dvivotache Heatfip assowauag with write
commRRS! th! Te2hhiftbn 161 %rag%nlgecﬂr W B9%riv2 Storing a subset of ‘potentially

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.



BRI EF DESCRI PTL. ON OF THE DRAW NGS A nore conpl ete
under st andi ng of the present disclosure and advant ages
thereof may be acquired by referring to the follow ng
description taken in conjunction with the acconpanying
draw ngs, in which like reference nunbers indicate

i ke 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 associated drive controller; and
Figure 3 is a flow diagramof a nmethod for rebuilding
a drive of a drive array. 6 DETAI LED DESCRI PTI ON For
pur poses of this disclosure, 5n i nformation handling
system may include any instrunentality or aggregate

BRIEFDESCRIPITON: @F THIEDRAO®IREKe to conpute, classify,

e e e e S,

process,. transmt, recerve, retrieve, originate,
. sSW t ch A mpwsreempite wideystanding) of getpresdatt disclosure and adiantages thereof may

. rodu .hand{ e.., or. 5. .utilize any, form of . .
be acq IR AR B b o st GiakeH ireOBiRer srewith the sccompanying
drawifigs, @tivhichdike réfeftntOhumBérs HdiGke L HeRARE SandFlerfi 2P €,

an information handling systemmay be a person
conput &igure 1 iea disgtem ef oredgudadestorags anay;any ot her

por for RUFBEL 5 ARTT BHEA PG braei i dsesciapidrive controller; and
i nf or N#i1963 Ao HbiviBaghis T DnieiNod 26 kébiiﬁdi!hg BRTE 368 Qfive array.
menory (RAM), one or nore processing resources suc

as a central processing unit (CPU) or hardware or
software control 10 |logic, ROM and/or other types of
nonvol atile nenory. 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 i nclude 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 sonetines referred to as. disks
or
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: °fFi§}§éﬁé? FiEphee Wugation o

vol unes. Each of the four drives in the exanple of
Figure 1 includes eight stripes or rows of data,

| abel ed Stripe 0 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 performed on the coltent of Stripe 0 in
Drive A, Drive- B, and Drive C, are stored in Drive D

DETAHCGED DEJSCRIPAIONAS a second exan‘pl e of the data
structure of theFAl,DArr with reference to

Stripe “7°F RyEROses of Ligdisclosuge, Bflumf@nmnogrhauélqu systeth may include any
mstn.@ﬁéﬁ{ﬁltpor Igﬁ'efa% bf iﬁsﬁplﬁéntglﬁgi%gerﬁl%l #%L&‘Fl\ffq%?slqc h)&ai,rpgppess transmit,

the result of " an exclusive- perat

receivé) gettione, emigirate, Stitchestore] displb¥, invnifBst, @¥tédt Crebo d&
e.stored.in Drive A and | abel ed P7.’ R‘%rodfuce ‘handle, or

Drive. D,

utilizg Ang fon %‘P@é‘n@‘% rigtelliggngeaior date for hesingss.cschamtific,: control, or other
n n_ea

T R T R A T s——
storagm@evmehelranvm&@e sxdtalblbe:levmé afNinBY 9dry &ysidd) shaps, pefrharct) functionality,
and rl'gn %}? cti drives [n the storage array i's

pgl tpl 8“#8 B&m Y%&Ftsn%m&hdayanﬂem gegesg memaaynfiR AM), one or
moreﬁro@silﬂgli'ésou&é’& RERA 4 B!%'UQ ﬁr c‘!e% é”‘?lgl @Iﬁl)g} Barc ancgrégﬁware control

ilure can be sustai ned
logicy B@M |and/oppther typga,nftnonmlemlanmnﬁﬂ Additiedad corigdnidfis of the information

h drive of a storage arra
nandtg e oo BB ) ke Dlye ek s o comimuication
with etaintlodevives as WélDasarigud 1ﬁp1?c aﬂd @l&%&@/@f d%lc% IHéh &% l?é%’oa?d a mouse,

drive controller 22. 0 "'and
and acidgor disnlayr F@E mfarreatmdpn@lmgtsmstcm enaymatsb reiudetone bgofe buses operable

- erate according to -any
totrangxﬂ E!n} e, ca% %ﬁg ?ﬁ/od’tsg‘ argivare ORORERthy par al | el

or s er i Bigur®QSk adﬁgi’aﬁu of £BEVeD DR AIDStor&Ye driap) kwhl@h is md1cated generally
at lcgabfill | el or ser ATA communi cati ons bus ' n

Jagh 3HAE|10c ‘% vdes &rei dsivss, |whxr<h am s@metanea reefemlsto as. disks or
volmﬁmh%?iﬂe%ﬁ- ddv@#ml 5 Ca?rgﬁ%of Bgly a énﬂﬁcile{srggl g&tﬁtggsrze%%ows of data;

el enent 26, contro

labelgdbSlirige QtthrpageSﬁ@e fayt dheuldthﬁ'pédoﬁﬁdedlﬁat&ﬁ%’cdﬁghﬁtmn of the RAID array
abl.e. ,for.., stori n?e i nformati on-, incl

RAIReagiay, andjthat lepwﬂamweo be configured to
have @76 6r felveFBMved8yith 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 asecond 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 exciusive-OR operation performed on the content of Stripe 7 in
Drive B, Drive C, and Drive D, are stored 1n Drive'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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conpri sed any suitable storage nechanismfor storing
information. Wite- cache 27 is typically a volatile
menory that is operable to provide faster access to
its content as conpared with storage .15 nedia 26,
which is typically non-volatile. Control logic 21 of
. drive* 20 responds to -and processes commands from
drive controller 22, including conmands to read data
fromor wite data to the drive 20, enable or di sabl e
wite cache. 27, and force all, information in wite
cache 27 to be witten to storage  nmedia 26. Contro
logic 21 also transmits data &nd notification
information -to. drive controller 22, 20 In addition,
rebu&ﬁbﬂtléﬁ%:eadgﬁgh%% Dri \%gh$?:%)nt roller ! l2 i nc%oggll%}dg&eﬁ each of the
dri"??dﬁtﬂﬁ%ﬁ"o#aég PEaY lSecmunkedze atl‘wat TonRAHD Sodresy 10, tidam Bﬁhmple of a fault-

29 of
tolergflt RERS 3o kMIEAPL 5521 800 Al %«33%&%8{@ thofailed drive can be

. rebuiit oOthe faglt&élexfaﬁﬁRAm FSRRlnclude] 384! € 100gld e @ RAID

controller, a |lower |evel ATA/ SATA dr controll er,
or bot hEadbogrympt 28taregeaarrayn commmnicates svith ag@ is controlled by a drive

ds 25
contlgleRt Filied 23 o HBHSE oF A iNeA ] = GV} GaRRaler 29, cBirive@0 and drive
contrutiet 2k @Guglyd RUHeaRbthbOEH igR 3 chiaidt 54! ?P%@%i 4. &%}[{pg?grate according

I ssue a conmand to cause i ournal 28 to
to any, he nunjeatiepyprotrgo s,smclpdmg@aaﬂbhorrseﬁal\ﬂﬂﬁtcbhﬁmmcaﬁons bus

. or lihk) a%@ﬁaﬂélgnr §§1atl %%IA ddMEm§ og&@% ggsnorl IJ(S’ES é Wlellt cli?ng:glémcatmns link,

preserve erel1s a
or a wirelees @mmirdgcations Knkn Orivg 20608108ds-2 mdiBa §67EE Blendehit 26 control logic 21,

al istin of the npbst recent conman
lgg"lﬂmgtnt e }i‘fr‘?‘i/ Ng@ga #B@Sg 46rmay de cam@umdaqﬂmmmdxa sultable for storing

1nfox|@rga§ig§i: gfgﬁg%d@ m};{% g a%ecﬂg &r@)tlchlié&%?lg Ex&x@ag&, gyre b%?,che 27 may be

comprased rapy sultabtp storde mAchamizmi fod stOGINERErrEa1HH Wﬁteséz@ﬁé 97 is typically a
29. The.val ue of the command

vl FEAB AR, B T El L O (e COmend D s

dﬁ@lz;t hqlg nmmand count in nmenory Iocaltl on
e rrg)!/&be ir’r{llgir?la%%)n%\t ‘?ﬁg control logic-23. In -

p art i cufentrol legintloof s 20 28spongds tosamd Procdss8€\Wommands from: drive

he
cort ST P e coedTi o e e ey oite Gk o ondiive Shweanid or disable
writeC @actte. 2We aRd YiokdeCafl | RiforddtiBRYinC WIRE | SEhd U7 V0! & 'Wfiten- o storage

migocy so that the ]
- media 26. Control 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 tb the
present disclosure include a RAID controller, a lower level ATA/SATA or SCSI controller, 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. Joumal 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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command count will be preserved if there is a | oss of
power to the drive or-network. 10 Figure 3 is a flow
di agram of a-method for rebuilding a drive of a drive
array. The steps. of Figure 3 are perfornmed when a-
drive of the drive array nust 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 maybe .
one that has been added to the drive array. The drive
may be rebuilt according to an automated . rebuild
that identifies conditions that nandate the rebuil ding
of the drive. As an :alterna8ive, a drive 15 may be
rebuilt follow ng the manual direction of a system
suddefiddBs Bf fdWert@the dive BF 81 sk Bndid}neibrk® ThE ChRent ¥ jdudGal 28 is alisting .
drive 1s enabled, thereby allowng the drive to”use
of thejmpast roeent sommends seot taskive R0 togesiarivithz cognmardecount dssted with each .

t [ t he,drj.ve, The wite cache of drive 20
of the RSB RlorlcrE ISehoT 20 i iy SO focSgmpacoible by contol

logic 2RNAOhief carmbed bunY & stfled MSmARLS/18ERI0G 20! &htgélhlglg offhe command

~is a SCS|I drive, drive controller 22 transm

-count)gopsespordEtoTthe onesh setentowriteCaaoand\ist tPdges 201 Thatcommand count in -

memcef A2 ksl et BB b Sone 1oih 25l ppfeglipeontol logio 2 may

‘store-£ 08t aend counbih ey 1o6e@ibh 29) fefievs 8RR Iordi c%%ﬁg?nél cont, or erase or

FEATURES command with a subconmand code to ena
reset: the; copupazdirount. AMemyosplogation 22 mayroomprise don-volatith membryeso that the
s | |ve controller 22. These
comEBl N A BERTRL P e L U RORAS o Bl ot RO

rebui | Figyfre 3 bwea flowidiagrard\sf § Atettiodrfsr ﬁfauilldiﬁ’% QH&iV@oﬁé &rive array. The
oads

repuil t, the comrands nmay include active )
Steps-egﬁ%wésaff gerformeg,whea aiflsiye ahthe driyeeray mastiie rebyilir i drive may need
o e St 5iaor (e S50 AV REBEU B SRTEBRMR St v may e

one thay has begnlaidded tof the deivewvairaye Therdivdmay Se retaiie dedofdife to an automated.
the recording of command in

o | .28. Fol | ow A1 !
reb“ﬂidgllﬂjf:‘ iieptifas copfiions akAendats bR TePuLlding pishe Atk s areltemmative, a drive

oo B b RSB Ay e
of .the.(y}nvgnag?;@btgg, theneby gho@iBg thendrivedomsenits weiter cacke tdedsisttin bp@mizing the
NS AT S T R
from &veBaRG0IRE RO kEAHVE20; UEB Whainple, BIdRvE 96 ¢ 4 K%lﬁw@f ¥R controller 22

When_ t he conmand is received af the drive,
transtaigaMRDE SREECGTscospmangkto @, Cache Mode Page in control logic.21 of drive 22 and

sets the Write 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 running 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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5 may be stored in the cache or stored in the storage
medi a of the drive. Because the wite' cache. is
enabl ed on the drive, the drive may choose a
nmet hodol ogy for processing the. command that nmakes
nost efficient use of the cache of the drive. Once the
drive has successfully processed the command, whether
t hrough pl acenent of the command in the cache or its
storage nedia, the drive will issue a notification
command to the-.-.controller to-indicate that the
command was successfully handled by 10. the drive. At
step 40, following the transgittal by the drive of the
notification to indicate a successful receipt of the
in theansmaEndg. At stb? 38 Qh@fe@h@@djcdfﬁ}ﬁmF gﬁﬁgﬁu&@@’tﬂ e dﬂ{'e? C£$San be seen by
is conplete the drive rebul process 1's
the oxden i sé¢ns 32 through 381 the womethndtis mcelpledm viteejotmeal béfere the.command is

eSO SR 8 LR LGS TR o

provifiédetd ehedrivieN qFhekDth8BhHdRA i‘séifl:éé@ved' at the dr&’%cﬁe Lommand, d its.contents,
predet er mi ned maxi mum nunber of commands” are recorol"m

may 1P‘W"i’ﬂ% in the gaghl or storerinithe stofags tredin afithe trkenBédause the write cache is

IR P O e e T ——
most Vﬁlcidzﬁt usB B e caih¥ oS thedaRE. CORTREdrive At shcteddlll 8’38@55%{‘ Hme command,

t han the nunber of commands that nay be sto
whetheg thraugh plagement @ﬂ@? eemrmed imthe icache oratsistoragehmedia, the tirive will issue

a noﬁﬁggaoﬁectoén%%gh QX‘th ntro IF {A Wg{cn\‘% &]?aetlﬂ%: toggngrg ; aas s%ccrggi!uﬁy handled by

are syn ni 264
the dsymchr oni zat i on steps interfere with the efficient
conpl etj on of the rebuild process. The

pr edet eﬁ‘trﬁ'%’e{p vellqrang fesutranspittal by the drive of thghnatifisatiemto indicate a
succﬁé?ﬁﬁ%@élﬁ‘c%f G mAN. & RG] Jﬁ]o rcél}eg g}edrgfamageSF j5 complete. If the

journal™ Having an Excessrve

drive Jrcbmldqiroqess is cunt canipletepit i detgMitedatt steb420)hdiBerdhd édﬁuh%’d count has
for reexecution in the event of

of co ngds
reachgﬁ!!j B@é“d’ﬁ@ﬁi’m‘leg duaxgpupialug | Qree the remymend gonnt reaches th@ predetermined
n not been
max@cgglgﬁage%r mte hgﬁiﬁ‘ I ogll]EE i&gré{rﬁgér?hﬂ%ﬂ conpxl%?fﬁre f%ﬂm@?‘édﬁ agerecorded in the

joumne}, @ keries of stansearptakeri tot dyachrenite thejomnal with tHeRofifehVéf the storage media
ofthec né | er i s,det e%g] ned_at step. 42 that the
prede

AU éedméfb%%a“%d e 2y be apysuisklenumberthptdgnot greater than
the nirhbere@opRARAAY REOREP de sfarddha th@jbhﬂﬁ'l The pRee a2l 26 imum value

with the content of the storage
should not-be set so low that the journal and the storage medla are synchronized so often.that the

synchronization steps interfere with the efficient completion-of the rebuild 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 for reexecution in the event of a subsequent Io.;.s 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.

Ifit 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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medi a of the drive. The drive controller issues a.
command at. step 44 to force all data stored'in the
cache that is associated with wite commands to be
witten to the nedia. The command will be a command
recogni zed by the control logic of the drive. In a
SCSI environnment, the drive controller issues a
SYNCHRONI ZE command. | n an ATA or a SATA environnent,
the drive controller issues 5 a FLUSH command. This
command causes all the data associated with wite
commands in the cache to be flushed with respect to
the storage nedia in the drile. Follow ng this step,
the cache of the drive.does not include any wite
media 0O thRRIRYe. Thatritestdlier BARY a\0bmida8S at Qe Mtosfo&reaaﬂ%ata stored in the
nmedia of the drive' At step 46, after 'step 4
cache thatis gssogiatesdowith write eqmmeangds tp(b@rvmattem te thel medied Thm dominend will be a

comm SRR et B e cdfofIs B Bfnd T 08 T g iV ottt

.issues é. BYMHR(ON’[H céthmadtli Thiaf PATA 60IFRMASnHird BEnE $hd @ive IESJixtrC?ller issues

it is determined at step 40 that the reb
a FLUSEI %@mé{ dhiscpmmand gpugescdl theato pespriated with wrise eqmmighds in the cache

e sl 5 SSRUORTE Bl SO 0TS P ML, e o

drive. d:cim nbﬁnelnde: aifryeeritd donrh @RI eledt hbe ididesrt MriaeR td e isfrade media of the
{S\ésﬁglt wi Il be recognized that step 48 -is

drwe-~ TSteR Hhas sxeogtedssuspessiillys the jownal ds ¢lpared and the command
count. ? Sﬁﬁﬁgftb“z ﬁ)onﬁleeﬁ&Q "4 amsé ﬁnue§ stte e%jzrlt“g{hzg\;gr%éelqet at the drive

eane t he comman coun rsoct
controWat of ﬁéxtmah@mmadsﬂh'attea tethe dbives | dent ical to step

46. At_stepn 52,.the wite cache of the drive is
oi sabl Kat S gfe t sEAC thet s webuildiis completes thedlovy @lpgram continues

t stepuB&ith fhe Mk B
s eptS@e conter ol |°§§F§ m&mﬂﬁ&%}j‘r [ veggl‘éﬂl W&P ﬂ?%%dwnso that these
write opinandeanthe EBnaMdewﬂﬂ\ tespeat totthe storagemedia Of the drigd) D&Wﬂl ¥ recognized

O T T A YN R L -,

journal fecl¥ined le&ﬂﬁfbﬁmngna%@hhﬂ' cfleéd% LLG, $ERTFbd dxle@g%rrﬁzggggaé step 50s

drive in a condition in which wite conman
1dent1qabt0tsm 4t ditatrp 5@ the avrisecavhe ofithe deutizdlisahletlhEn aiS8CSkenvironment, the

atve G AN AR SO bl B ER 0 268 comottogic 2
of thecirivee22 ditesety stecWiran CabRs Bashl6libHCin0se Ariket8ioN B L@\MﬁrA or SATA
for the optim zed wite cache- enabled rebuild of

envirogmente ﬂwﬁqve cpatslier sedy a SFH FRATURES isommsad twithed Subpmmand code to
disabll Bfe WHide Bl DRE1inEfe write cache places the drive in a condition in which write

commands directed to the storage drive cannot be cached in the drive, thereby msurmg that all wntes

- 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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25 rebuild process. The recording of wite commuand in
the journal provides a resource for |isting.the nost
recently issued wite commands. |If the wite 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 witten to non |11 volatile
menory 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. 11 should be understood
that the system and net hod di scl osed herein is not
volatile itt6 of the dtiveD A sREQS iR oAertd bf B jolrRal dh 8%1195%8 ds é]fksource to avoid
the figures of the present discloslre. .Rather, the
the neggssity ﬁg@ﬁ'@ﬂmgﬁbq rebuildprocése inthe evant ofii filinesifindoss ofipaivér@o the cache

oftheem{?%& r‘%&ﬁ any suitabl e conput er system
architecture “that involve' s the use of a redundant

pover  Ststikud bd dndeRRIdtha RO R AEHEHBHisk R Beéin is not limited
system and nethod disclosed herein i's not 'imted In
to thefpracisgsehiteaturastisdlesed i the fighies opthe pesentrdissiospreo Ragtenthe system and

85l e 20PS SR BR G By BB AR it

that inkrobves diseaadbe €5 ddandary pHRersaSsly Witlshodd ¥is® Bﬁﬁﬁﬁ%&odﬁﬁét%e system and

.]nﬂhagagadulate its paower consunption throug

ageddisredn isgiob lispitedrisy its applicationitera epavific mrbemses or processor family

/ : r ' e has bee escribed in
or tofthe RO Br BEPATRL oSnBEhe IR ORfes%Fhr RebES Beasiglest And method
disclasad bereinmaypbsysed vdthedryeiedes i 8ble adimolElafEaeiGoMRE Edrfdumption through
omthe spirit and the scope of tﬁe

the mﬁtgﬁut.ﬂe arting f ) ’
m PR Gh °48 OFEF ehithipterpd clegkse Adtgugh thermresenbdigelosure has been
] . 3 f i . b i | »
s L R T —
be madsrheved aithbet depeaning frntlthe spiaitland tHe seodbf theidveetidtPdsI iR fined by the

Q% tre drive;, recording in a first menory | ocation the
appen sﬁaluas'commnds directed to the drive; and
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periodically causing the drive to flush the cached

data associated with the rebuild conmmands to its

non-vol atile nmenory; wherein the each conmand directed

to drive is at |least tenporarily recorded in the 10:

menory | ocation during the period that the cache of

the drive is enabled. 2 The nethod for managi ng the

rebui l d commands directed to a drive of claim1,

further conprising the step of disabling the cache of

the drive follow ng the successful rebuild of the

drive. 15 3. The nethod for nmanagi ng the rebuild

commands directed to a driveijef claim2, wherein the

step of causing the drive to flush the cached data to
WHATSS COAINMB¢.l € menory conprises the steps of

mai ntai ning a count of the nunber of conmands stored

in the first nmenory |ocation; and 20 causing the

drive to flush the. data to its non-volatile nmenory

vvhgn t n&eéﬁ fop mappging, thepehuildrcommang s disectedtoadirive, thidrive having
anoﬂ-%lﬁﬁleﬂiﬁ‘éi@érgah@‘a%ﬁéﬂ&n reaches a predetermned

threshold. 4. The nmethod for managi ng the rebuild

conmandnabilingtheedchtemfzhedrivee of claim 3, further

conpri si n% t he stfer of clearing the first menory

| ocat i SSCHAIRETR & s memorplocasigniae tehuildermamands directadto the drive; and

f I ushi neerif; £ ACHER -volatile . .

nenory ?&13 %SC.QH?A@?ESO r ag%: Bg‘r’? ay, L otﬁ%%%e % g:gtarf‘ﬁfotcfaﬁdgw“h the rebuild
commpandsda its pprvelatilegnehonyr i ve conpri ses, non-volatile

storage nedi a, for. storing data, and a wite cache for

cachi ng" dat 1£‘3{g% ot cﬁfné'lf“a/idfr Feted 1o drivedpatlgess tepasarily decorded in the-

membyy Bedtion diiiny e RRdd Wt Ui GO dfdhd Bive ig Bhanigl.n each

drive controller i [ coupled; to a

IS associated wt:
drive of the storage array, wherein each drive

copt r ol bl 1 GREPEL ﬁa%ﬁag’?lngfthé fbulf chDrxanXénds\NQj(;erc(teédQO g rc]h?wg clrf'r c?atJm 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 claini 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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menory i s operable to store a history of wite
commands transmtted fromeach drive controller to
its associated drive; and 10 wherein each-drive
controller is operable to manage the rebuild of its
associ ated drive by: enabling the wite cache for the
drive; recording each wite command sent to the drive
inthe first nmenory; 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]3wherein each drive
controller is operable to clear its -first 20 nmenory-
fod | ow Wolal R eof the successful flushing of
tgje datlggfog]&?hég%\%%?@ ghe -of the associated drive.
7. The mukuplzegiﬁ\ms rvebyereif eadhalnvz&om\phedfsgi n each drive
control l er conprises a seco memory. for recordlng
the nunber JIOTcHRFHEASErage t? for Stpras fatpicand memory. 25 |
14 8. The st I dri .
controller |§€V§%Zcragléﬁﬁyg 0 C u@g.glsg@l%cggvg&%?gwggéecewed by

the dtive;fahdsh t he data in the mwlte cache when the nunber
of conn‘nds S n the menory reaches a

pr edet € iﬁerﬁ?B{‘?]@ E'é’m?Fedn eap “V?Iﬁ‘én%?]kﬁf assesisteg with and coupledito a
drive@f®idBtéragd bty iverbi@alt drive JIREDNEY cb R'e%g %t%érﬁd&y \;}Qerem the first

A met hod for ‘rebuilding the storage
mem@gyds eperablhto stote\echisteryi of write noromiandst tramsmittedfroam eschidrive controller to

its asgc?c‘m?d 3&1@6 n%y be sel ectively enabled, the nethod

F1sSing. enabling the wite cache for 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 controller 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 memory.
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10 transmtting one or nore commands to the drive;

witing the one or nore conmands 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 claim 10, further 15

conprising the step of clearing the journal. 12. The

met 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 nethod for rebuilding nmedga in a drive of claim

10, further conprising the steps of: providing a count

of 8.coONMMBGoa S hrrdyCoft dMEm, WiRrei LAY : i :

forcing the dg?ve )?%tt fl ug{i t lém%g%g int °§“§#§t‘§5§?§%‘ﬁ%‘° cause its.
assogiafedydiivedp fiaeh the data irctbe white eaohawhaf the numberctst comffandsstored in the first

' r eaches redet ermined value. 15 1:4. The
memhgfﬁggi%gpﬁ%%“ Tﬁgﬂgfﬁ%f’ﬁjter conprising the step of

clearing the journal following the successful
flushing of the data in the wite cache. 15. The
me¥-hod Ehestereg@array ofickeim % vipreirsthe dirstheernd s abn-volatile.
di sabling the wite cache 5. -follow ng the
successful rebuild of the nedia of the drive. .16. The
mel®od. Aohethbdifen fBuildi LR R 4 t e s in
cl earing the journal ali‘d% gﬁﬁftﬁgg%fcgé%?laugﬁ‘éé @%ﬁ&%é{l%dnve 5 1n
commpnicafion With & Weite.ersheithat may be sdlectivelyrmsbladathe atttmdtcongrising:

that th : S .Witten to the nedia. 10
17. The&ﬁggﬁ%%gg’frg%%%h\é\?%&e%‘@e the journal is
conpr i seahsoifitting one/ 61 réiblel OMMRANES ¥6 the drive;

writing the one or more commands to a journal; and

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

11. The methpd 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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associated with a drive controller. 18. A drive
control |l er operable to communicate with a drive

t hrough a communi cations 15 channel, conprising: a
first menory for recording conmands transmtted from
the drive controller to the drive during the period
that the drive is being rebuilt; a second nenory for
storing a count of the comands recorded in the first
menory; 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
drive to flush the data in tll8. wite cache of the
drive when the count of the conmands reaches a

prigidet efhginieiod s cReRARIfurthEr coHﬁxsﬁF'tH@st&P&Fc[%h%Pm ?c{umal following

claim 18, wherein the drive contro I's opera

the sugressfill Sushing ofitherdatada dieewrite aable.dr i ve fol | owi ng t he

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

caspri sBfe mefhod Yldii 1§ fuP@é‘Pédinpfising 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, whete 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.



