; e3ewdswnnoqlLhgrr 6sTdsnz= -1 METHOD, SYSTEM AND PROGRAM FOR FOR

I NI TI ALI ZI NG A STORAGE DEVI CE COWPRI SI NG MULTI PLE STORAGE UNI TS THROUGH A
STORAGE CONTROLLER BACKGROUND OF THE I NVENTION Il1 *coooo2* 1. Field of the
| avention [0001 ] The present invention relates to a system nethod, and
programfor initializing a storage device conprising nultiple storage units
through a storage controller. 2. Description of the Related Art [0002] High
end storage controllers manage | nput/output (I1/0 requests from networked
hosts to one or nore storage devices, such as a direct acce llu 'mmﬂmmlmum
devi ce (DASD), Redundant Array of I|Independent Di sks (RAID Aﬂm mﬂ st
a Bunch of Disks (JBOD). Storage controllers include one or nore§gst bus
adaptor (HBA) cards to communicate witfi one or nore hosts over a network
and adaptors to conmmuni cate with the storage devices. [0003] Before the

di sks managed by a storage controller can be used, they nust be
initialized. For insMEE®D, S¥STEM; ANDIPROGRAS2 ZORWOR BEEIADIZINGhe st or age

controller would wite i t he begi nni ng
of the sector, foll om&&wbgﬁ@sgﬁﬁgﬁGm&ﬁggﬁ%@by a two byte
sequence nunber of the | oginga TEROUGH ASTORASGETTNROMERDYt e | ongi t udi nal
redundancy code (LRC) code seeded with the physical sector nunber or the

| ogi cal bl ock address (LBA). This process of initializing eac i Ilr
zero data and the two byte L@%@%@%&A can tm‘ﬂmmwmn
several hours. Mst prior ar M an array,gqheh as
a RAID array, 1by peEeédofthd Ineengon' ful | stripe” wite, where the storage

controller wites an entire stripe of data and parity to each disk in the
stripe using W81k Thegrescshippipnireigtesda fysteadpediod;and pragram &y intiglizingd dat a i n

each sector o e SLI . g@g ﬁg%r S may have to
initialize nu%rtlgx%1 udseage'[dtoglﬁ Sg%qﬁ%ﬁﬂc]f I {m?i'%?]\;/ogg]?a or icgllsﬂ!tog{rfce, in certain

Fi bre Channel inplenentations, a storage controller may connect up to -2
126 or so harg di s§ dlri.ves5 OH E Fi bre Channel Arbitrated Loop. One factor
that adversely af f fl e ation perfornmance in such large arrays
. 1's the dispar igggzj nHiTgiﬂé‘ndtsf&a@@Ecﬁn&gl[e?str@cﬁa%%;ﬁll?@gti)@?{Fb)?&fu%%n%d@ﬁvoﬂé& ices and

the internal data transfer rate in the hard disk drives. Arbitrated | oop
t echnol ogy supgtsrte sneapr mogerstofage devides serh a9 @direptrgedsyttaagegevicedPASHN (MB/ s) and

di sk drives can,tranpsfer ta intern t I 0,1 s. Such a
rati o neans t%ﬁqungﬂggrsr?yoolf g“ 8968%38{[?1 ??f&éﬁ)c‘gﬁaysﬁ?@u\%aﬁuﬂ&&ﬁh%a%i on data
to seven attashege cinGHicelihchs ol @lof: HIRBLIUdZH e PHBAEcakdd QcolnBfugiogdwidt . Thus,
t he throughput of the connection between the storage controller and disk
drives is a boeaqrEwediosts pvgr a aeipiors amkadantars ticpmpigaicyith thestoee figyiicsaince of
initializati ofydeih S Sk jves. In fact,
i an el gnty GO HIETE MOGARESs A ORI Al bt b

i nitializati omitphzdebs icameftakdiali at5e4 byarsetiouthsstérageconplle tvould HORAEP For

t hese reasons,, there js a need jn the arf to proyide i ved.t echni ques
For i tiali 2o daea e Sk e preding o e BHoNTCy BREPHRREB B0 NENT
[ 0006J Provi degholvad 8 aRb BRéseqiied iRifberdN e Q)%i@ﬂrs&mrflﬁﬁbetﬂidtalt@ébﬂd ng a storage
device conprising multiple storage units through a storage controller. A

request is redeagidimaliresiupdangyicadd (-BCheode sspdsd avith fhg pleysich aectos pambsr erifee st or age
units. A determ i ' f t. of equent i I a

bl ocks of -t o B8 b AsS GBRE e sher Y Oilahe PE Sty EPATR of
sequenti al dabgae bDROGKS: vath@hadedded EBA @8 QieSpttdi@vail s e Mo phist artfdeviceeach set
of sequential data bl ocks, a determ nation is nmade of a block address in
each storage URfaZafferaanarpysaft ayaRalhigeby paiormas bl Sircsutiaeter i dat a
bl ocks wi 11 b dhfer Hitdah bftirE SEPIRREAA Ad GERAH Ak disk Aih R uig dnbe

storage units, erein each wite command I ndi'cates the determ nded bl ock
address for t heitsoomagEonmach sectordo mitiblize tie data mzach, seciiref the sttige. command i s
transmtted w ne block of initialization. data to e . storage.unit. The
storage unit r[@é\ov%"{ﬁ’a' S? e GanirolisTs mprhavs e W%f‘quggm?%%‘sﬁt%‘af%&%ﬂ? d“f"a]% VPl i zat i on
data from t he Folkitad RdediiGlre B8AMNE SiiplaRtitaiink, ta8frded SonBbIREMayonnect up to
initialization data to each subsequent consecutive block in the storage
unit a nunber of tines equal to the bl ock nunber. -3 [0007] In further

i npl enentations, the determ ned |ayout includes nmultiple sets of sequential
data blocks witten to each storage unit, wherein the multiple sets are
witten to nonconsecutive bl ock addresses in one storage unit. [0008] In
certain inplenentations, the storage units conprise hard disk drives within
a disk array. In such case, the sets of sequential data bl ocks conprise
portions of a stripe of data witten across the storage units, wherein
multiple stripes are witten across the storage units. [0009] Further

e o o o o, o e




FIG 1 illustrates a conputing environment in which aspects of the
invention are inplenented; FIG 2 illustrates conponents within a disk
drive used with inplenentations of the invention; -4 FIG 3 illustrates
the format of a sector in a manner known in the prior art; FIG 4
illustrates a format of a wite inplenment conmand in accordance with

i npl ementations of the invention; FIG 5 illustrates logic inplenented in a
storage subsystemto initialize data in an array of storage devices in
accordance with inplenentations of the invention; and FIG 6 illustrates

l ogic inplemented in a disk drive to initialize data in accordance with

i mpl enment ati ons of the invention. DETA LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS [0012] In the follow ng description, reference is made to the
acconpanyi ng drawi ngs which forma part hereof and which illustrate several
enbodi ment s o0fl24 éreo paré delndrivensrea Ribrd Chanhél Aritratedlenop.t @ael factopthatatveesely

enbodi nents may be utilized and structural and operational changes nay be

made wi t hout dBfsHMEmERliFAiehperipmnaace ghuchiret MY BS diratly i EnFngR. H9013] FI G
1 illustrates 3 16aWRWk e RS RTIE Mermbl ialhabser ARAE e Bar@ fisk fifed NVENtion are
i npl enented. A host system 2 transmts |Input/output (I/0O requests to a

st orage devi cérbitritddrionpgérhaolegy onmpgits asmbsfrsiteofi 260 wiagabhtesmnseged (MBGeswl t 0 t he
storage device. 4. The storage device 4 conpri n array.of hard disk

i ves e b, sk anis i TRES e G oA B S SRR LE Rnoun 1 n
the art. The sbREAGAIAIENas GnlywiB hithRARN BA tPdRYenAHAFRAT disRidrifta bélordi Sk dri ves
8a, b, c...n, including fifty or nore. The storage subsystem 6 includes a
host bus adaptsximizugAe laqp threnghomh bihes, &6 tienghrubefitssogestian ehBs stoageand a
Peri pheral Conpo | nt er.conn P Qw access to
the disk dri vg}’s) ,ge?glbd,d?stcl:(%.%%lsiaﬁ)%{'lﬁ(g@b%Fgg%ggg@@géﬂ%%gr%etggs o‘lfeé)\éve subsystem
6 further i ncliditiiatic ift §RkmOWhedthe?Qrel mbreACIOdEk divde 1R Zact, 1 af ciplondiviodriaé | | e
storage unit (not shown), e.g., ROM PROM EEPROM etc., to perform storage
subsyst em opeftrord %-%t)erabsﬁeéﬁﬁéafa, fom Bitilizaton prReess c4n takewp fofg} houpe Pl RAI D
adaptor 12 rra)éometgapabl e of configuring and initializing the disk drives
8a, b, c...n as RAID devices and striping data to the disk drives 8a, b,
C...n in a maié0s8s] kFmvhess reasordsghes i a need irbth¢ §Otbplovidk Baprdved fethmsmesdfores t he
conmponents w thin.each.di drive 8a, b, c...n as including a disk

control l er 20 "ﬁ%gm%adg?&aacg%aﬁ@'di um 32. In disk drive inplenentations, the
st orage nedium 32 woul d conprise the nagnetic surfaces of one or nore

di sks. The disk controller 20 would i .- enent Ioc t o manage | nput/ out put

operations with respect tSYMMARYONEHHRPRERERREDEMBADIMENEher known in the
art and additi Iy 1.ncl I dnitdallzatl ations
descri bed her é@rqgi T%g%ge:asl%drg%ﬂlﬁot&%g%%%g y%}‘:%[rar@ﬁn gts{zg&%ér%g%és%g}p g%%(rac uting

code i n a nonwaltipkeistomgenaio thyongisd stdtaga sontrolRRON reqbdsiRR¥eddivedRioNhitiativeca storae
conprise an integrated circuit, such as an Appl.ication ecific Integrated
Gircuit (ASICYPHT USRS 1 ey Vi, e ER - e P ayaat_sog' ?ﬁ%&quenﬁg

| npl ement at i ORgy bLAG oPhOLBES SR SY BE GBS BRE WALER i stdibiluadalabRickR: and
preempts the PCl RAID adaptor 12 fromwiting initialization data to the
di sk drives S8avritten actpss thesteragedinitse Fpisach setrof sdquential dpfte bidékagp dateunisatiomisn| y
assigned patent ,application entitled " had t .and Proqgram f or
o el 21 g dedE SRR Al B dich o ) Ned R i otk TG o FRER 20
(Attorney Docldah bibéks willEeSxtieh) 00 QditdDdmmartdds Fenbrarel BPdach of U, sto2i@Ounits Whi ch
application is inporgorated herein by reference in its entirety. However,

in alternativehesige RomgRad indigpées hedetrgmingd Hlgeksddress for theesiprage Pt he
nitializal i onPGRAL GRS wHESGhARER Dl vidh Ot bR bl ifaurhubd ddb gat es ¢ he
format of a sector 1n accordance with certain inplementations. [n certain
i npl enent at i o®ragsett Bhe sbiage snity2udiving the svrigerodminae] wideshedlogh of ifttdliesiondataa
header field 52, 512 byt of user data 54, a_two . byte sequence nunber,
Soand a 2 byt Ao e DgC AR VRFTIS iU Ore e TRERBRs rmy
have a differ epfseditiEdfick Bfthd iRk wldd iRithberSf fmes eqidto thebfock finfer. FUr t her . the
sectors may not include the header 52, sequence nunber 56 and/or LRC val ue
58. [0017] In RAID array inplenentations, the controller 20 would
initialize the array by striping initialization data across the di sks 8a,
b, c...n. The controller 20 would wite data to one disk for a nunber of
sectors equal to the sector depth before switching to the next disk to
wite the next depth of sectors. Thus, a stripe has a length equal to the
nunber of disks in the array and -6 a width equal to the sector depth on
which data is witten before switching to the next disk in the stripe. Each
stripe includes a parity sector. [0018] In the described inplenentations,
the controller 20 utilizes a single wite increnment conmand transferred
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Operation Code 72: provides the unique operation code used to specify the
wite.increnment command. PBDATA 74: when this field is zero, then the disk
drives 8a, b, c...n will ignore the sequence nunber. For instance, in a
Fi-xed Bl ock Architecture (FBA), as opposed to a Count-Key-Data (CKD)
architecture, the sequence nunber may not be used. Oherwise, if this field
i's non-zero, then the sequence nunber will be included in the sector during
initialization. LBDATA 76: when this field is zero, then the disk drives
8a, b, c...n wll not wite a Longitudinal Redundancy Check (LRC) error
correction code to the sector. Oherwise, if this field is non-zero, then
the LRC code wll be witten. Sequencejnunber 78 conprises the starting
sequence numnber to use. Logical Block Address (LBA) 80: conprises the
starting LBA in the disk 8a, b, c...n fromwhere the data will be witten.
_7_ Nunber of [®08k kb f@ther INglnlberatlmfs, tb@@humeedllayputlmlud%edﬂtipy s¢thef seljugritiali n

response to write incr o illustrates |ogic
i npl ement ed i rqat?ﬁlgckéwgq’g ﬁ%@ﬁ%eélﬂn’t}ﬁm?%g ed‘&“WpEOSFtFQIF%e‘t B i tialize a
| ogi cal vol unBodsétufive bidck addrdRdes Motk stetageM@g. 8@, b, c...n, which in certain
i npl ementations conprises a RAID array. Control begins at block 100 with
t he control | el0088] r j implementationsetbe sterage pnits goaprise %dldednveﬁotlthm dlSl1’he

controller 20 _would t r 0 out. he Iogl caI
vol ure acr oss Fhe G cas%aesqs,@seque'(nafdagtbﬁm}éﬁ&@ PP aons #ﬁ%"%ont Bl er

woul d det er m Reittér0asrosd the Sedapk Qfiifs, \ottemtm:amhplgsnepat aryehmcragsehe&totagpeﬁts acr oss
the sectors mthe disk drives 8a in a manner known in the art.

For instance, ?%9hptftmharpfoat¢e4%neﬁe4af>atemow§ progrw forditialigng witorsms whibhidtd stri pe
data across t a nunber
of sectors qug;? Imts%l%??te se %ec?%ra %g?ﬁxba%%%ﬂgqgmg?%ﬁtn&&ep%wﬁ%%@%ﬁdﬁ sk to
write the nextreceegtwithohe Weokobniializdtion data fors the stpregdrastrolleritemgjblize espuaﬂ to the

nunber of disks in t earra and a width equal .1q the t hon whi ch
Gt T s wr i t ¢ SrpespEldh s SpRacE o et Gt oty aeiek et B
sequence NUMbQkragS@ANKEE aififst 2t tldcRlid RERt dradquithiadkia A vtﬂpbezatt@n aldQ021] For
each stripe i determ ned at block 102, the controller 20 begins a | oop at
bl ock 106 thrbl@g}hmmbefcﬂbem%OfﬂtﬁﬂlﬂemHafsmrp@edmﬂﬂhﬁeM@@WdéMﬂmt@ urt her
performsalo for in the
storage device liia}itzitcra%%tgl %i(a%%%ss Emﬁ‘ﬁlg{ﬂ%lélta Ofmilqaﬁzt:‘&n(%mswn&{e k’t %h ock 110, the
controller 20 sﬂﬁéqaémm@&uttvbeloblﬁgﬂeadorabé t@ﬁﬂfolmdzdlgaiﬁncmfateaheckfaddrsgs asector on
drive j in stri pe i %‘ fromthe previously deternined | ayout. The
control | er 200748 P@t"eeée‘(“éltto FBleRk St 3 write increnent conmand 70 to
initialize th a I d45Ani (at
bl ock 114) to(ﬁt(ﬁg]t djelieg{resr%ﬁ%gngﬁﬂhe,n%a?-onghl%&tﬂ%teésgglgﬁencekﬂungagtgmée%fﬁ@% is set
(at bl ock 116)1511033&mevemmmn@mitnumbmenm&lpleabbleotwqmpr)tommhnmtofastdagvat es

the first sector .nunber f Stri nunber of b S f|eId
B2 s set (at “BPGLR RS N g BEpie e G bint ol RV SERURBET o

sectors initi aﬁdtﬂ@gdoryget,ﬂtsmnﬂéﬁllﬁybemgnmﬁmonse to the wite increnent
command 70. The sequence nunber variable (segNunm) is then increnented (at
bl ock 120) by the stripe depth Whl ch is the nunber of blocks that will be
initialized in disk j in OrE ’PﬁE Riggm i te increnment
command 70 bei ng gener at ed. ~ Cor [ Dl ock 122) back to

bl ock 108 to \ea1le Rlatrang‘xrowm)&édmmgSmmchlﬂerefamcednﬂiersa@resm C....nin the
array. [0022] In certain n(gll enent ati ons, after generating wrlte |ncrerrent

commands for eﬁ?rfeslt%@“%ﬂ"’?ﬁg“ ghoul, ¢ . nin stripe i, the controller 20
transmts (at bl OCKIGl2ﬂ1)mn&EJa&Hﬁut&§@ﬁﬁxaﬁrﬁéﬂt thcﬁas?mmgﬁw&ﬁoﬁzb@ di sk
drives 8a, b, c....n over the connection to sinultaneously initialize the
data for StI‘I[B'Bpl‘PmQ&Gd,OSS all the dISkS 8a b, c. n |n the array. In
certain inplenenta ach wrltel b8 mtted with
a bl ock of all zer%fcggtﬁl i %ne%% &rﬂ elﬁnpﬁ Sitlszi%erc’jssoq &t bl ock

126) back to Rivefikn; 106 to generate MWIte |ncrenent commands 70 to
initialize the data for the next stripe. Alternatively, the controller 20
may send the wite increment command 70 i rmedi ately after generating the
command at bl ock 118, or after generating wite increnent comrands 70 for
multiple stripes. [0023] FIG 6 illustrates logic inplenented in the disk
controller 20 to initialize the .forage nedium 32 in response to receiving
(at bl ock 150) one of the wite increnment commands 70 transmtted at bl ock
124 in FIG 5. The disk controller 20 perforns a |oop at blocks 152 through
170 for a nunber of bl ocks equal to the nunber of blocks field 72, which in
certain inplenentations is the stripe depth. The disk controller 30 then
MW|tes (at block 156) all the data fromthe bl ock transnltted mnth t he
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-10 Additional Inplementation Details [0026] The described inplenentations
of the invention may be realized as a nethod, apparatus or article of

manuf act ure usi ng standard progranm ng and/ or engi neering techniques to
produce software, firmmvare, hardware, or any conbination thereof. The teen
"article of ' manufacture" as used herein refers to code or logic

i npl emented in hardware logic (e.g., an integrated circuit chip, Field
Programmabl e Gate Array (FPGA), Application Specific Integrated Grcuit
(ASI C), conpl ex programmuabl e | ogic device (CPLD), etc.), conplex
programmuabl e | ogi ¢ device (CPLD) or a conputer readable nmedium (e.g.,
magnetic storage nedium (e.g., hard digk drives, floppy disks" tape, etc.),
optical storage (CD-ROMs, optical disks, etc.), volatile and non-volatile
menory devices (e.g., EEPROvs, ROVs, PROVS, RAMs, DRAMs, SRAMs, firnmware,
pr ogr amabl e | ogi c FIGeB diluytrate©thel dormat ofhectoxjrrputamrerhewdabheprrmedi umis accessed

and executed by a sor he code.in referred enb iments are
i mpl enented may fuﬁcﬁgﬁuﬂ’é‘&éﬁ Fadohy EOtE K Htcél BATCEdIgH Vi di a or

fro... a file 3eENEKtQN B thdinfiopor K- I'n such cases, the article of
manuf acture in which the code is inplenmented may conprise a transni ssion

medi a, such as a n@i@«énﬂ@sttateabglmmmmﬁqimn@tomwb#ymtqmm\mﬂa@smmdl a,
signal s pr opag; tin hr ou ace,. |o waves, infrared signals, etc. O
course, those 2 ge V‘feﬁmt CE‘P |"1‘P%38%W9féhet‘ﬂ‘§f‘ WY nodi fications nmay
be nade to this comrfG. gillustated RgidirhilmehtedBRAIsk UG t6 fdiflizt Bea if GRPdareé withe
present invention, and that the article of manufacture nmay conprise any

i nf or mati on be@PIFfﬁ@taﬁ@HiﬂtﬂWR‘f?ﬁm inthe art. [0027] The logic of FIGS. 5
and 6 describes specific operations occurring in a particular order. In
alternative inplementations, certal n of the I ogl C oper at| ons may be

performed in a di f REEAILEDDHS S steps may be

added to the above descrjbed | oqi cand stll ] conformto t descri bed

i npl ement at i orl8912fy i thetollovapedeseiptigrref afegceeméemﬁ@rae@ﬁmmylgéewsw ich
sequent i ally Gbmf il Rlor aRANAH RS (BYerd EmPUALRS SO frlle B BibE 1015 [ 00281 I
the described inplenentations, data was initialized 1 n sectors.

alternative unmstommaEWEntraqumts iy bekized fandisucturiairand operationsl Qhalfge?mtman

sectors may b |n|t| d usin he wite incre command t hat
initializes mici ff‘gl%f’toc??(a%ﬁ?ﬁ'ﬂﬁenseopflpgth%?ﬁsgétlugﬁfl data for only one

bl ock. [0029] fben3| heiGl e arstaRes cdnpitin ERvomhdnOR which BeduTine @ivérlibn 20 gener at ed
the wite increnent conmand to initialize a RAID storage devi ce.

Addi tional |y, imRlemerrsy & hoatsystanhe Hanggits lapuy/ Qutpet (A requestsia A stomerdderigrt ¢ can be
used to confi r t roller 20
woul d have to etgel;l%{z)ﬁgﬂ'ﬁeé %%fﬁch&@é%?&gg%%ﬁ%ﬁ%&gﬁé&%ﬁg 2&6 8?09&% di sk
drives and genievied 4comprites aicorayaiichsd diskrdrisesa,ct.i.main abdoalahcs with RAZD arrwr i tten t o

each device. [0030 The ada r Whl ch the stor%ge subﬁ?ystem 6 C?.Qtro | ed

conprised a PCIOREANTYICEHIS YVB 1 8nethestoraggdevics ¢ ok A% poepher ofiherd disk 2 at i on
t echni que descdrivRed, H‘@Hﬁin@lu@xﬁé‘ﬁ%’o‘%%o&emé LtbrheQ6bsyidnlle PLIRRE a htPRS a&‘bto?torage
adaptors, e.g., Small Conputer stemInterface (SCS), Fibre Channel, etc.
adapt or s. [oos(lIB]'\) lmtomh@lede@mum@em w#ﬁh@metrﬁaadwﬂmhemlrfenmenmy@rmmw or is
used in a stor e dition t he r St

conprise any o‘gvﬁ (l}e%lﬂB%Xaé)Eor Bto%ﬂow access%tll%/ disk C{IIIV?S%a,Ol% ¥m%§ees§&ﬁ£1%ev$gg¥0r to
configure an aﬂfe@t@ﬁ@&kuﬁdy@ﬁﬁlﬁmﬂ&\lmﬂiﬁes a[c@ﬁﬁﬁ}r 2b®o dxBeutedOdLR2iibEAbn-volatile

i npl ement ati ons, the disk drives 8a, n_conprised magnetic hard disk

drives. In al tS¥g8LRi@O; SHW’B%tRQM&?@MstWRQ%P@g@ RgEULstorage subYSEEhpr i se
any storage de) S tc
[0033] 1 't he feao BEfnka Kok @i MGHE HePE RAT) oLhGi Bmd@RERE L™ (o
zero data. Addiftenfipaing ynd ititkdizingithe digit drivest8adr) c.dedsRATR devicosgnd istsipingddiaty  dat a
val ues than zeé q]]\?dk{ata QPS4 In the descrjbed inplenentations, the error
correction codf 3210 t'HE 2 ZBMEBKIOWB AT ks a | ongi t udi nal redundancy
check (LRC) code generated by perform ng an exclusively OR operation with
respect to the data in the sector and the LBA of the sector. Additionally,
the error correction code may be generated using any error correction
codi ng technique known in the art, and is not [imted to the LRC techni que
descri bed herein. [0035] The storage controller may conprise any processor,
system or adaptor capable of configuring and utilizing one or nore disk
drives. -12 [0036] The foregoi ng description of the preferred enbodi nents
of the invention has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limt the invention
to the precise formdisclosed. Many nodifications and variations are
p055|ble |n Ilght of t he above teachlng It is intended that the scope of

L 1 N




receiving a request to initialize a storage space that spans the storage
units; determning a |l ayout of sets of sequential data blocks of the
storage space onto the storage units, wherein sets of sequential data

bl ocks are witten across the storage units; for each set of sequenti al
data bl ocks, perfonvng: (i) determ ning a block address in each storage
unit where a first data block in the set of sequential data blocks wll be
witten; and (ii) generating a wite command for each of the storage units,
wherein each wite command indicates the determ ned bl ock address for the
storage unit and a bl ock nunber; and (iii) transmtting the wite comand
with one block of initialization data to t<' ~e storage unit, wherein the
storage unit receiving the wite comgand wites the block of initialization
data fromthe indicated block address and wites the bl ock of
initialization data to each subsequent consecutive block in the storage
unit a nunbdf0id] FlGRsllusieaia thetcampdnentdblithirkeachudidielrive &, b, dheasiretuding adisk cl ai m 1,

wherein the deternined | ayout jnclude |'tiple sets of sequenti dat a
bl ocks wri thCQPFOﬁ?frEQé‘E a%‘f’%ﬁ%‘&é‘“ﬂ?ﬁ?j{g“gakgg\éﬁ‘ﬁ&?ﬁ@wg@ﬁd%ﬁqr%?“&%ﬁ%él ocks of
each set w I hdufbohBri@ Ak e tiB SR8 b onB bEMAO Bisis O NBEGMK dofo1 JoRvohRSPect to
the sequential data blocks in adjacent sets witten to the storage unit.

The met hod omplemait ngit to mregeinput/Onputiopératioad withatspehtodrtswragomptiung 85inaer o dat a
for the bl ock. -14 4. The hod, of  cl ai 1, .wherein.the storage units
conpri se har' 8T SRVET eart wdgﬁ‘ﬁf’nﬁlym"’g’ﬁe lﬁ?&ﬁf?‘fogﬂg’empzé{;% PHE%et s of
sequenti al drbcabdd REHS TREURK t&BIRPIE A @nBfised pfefsidd Bxetitingl8ddd in¥ Aokt €N acr oss
the storage units, wherein multiple stripes are witten across the storage

units. 5. Thelafsmeownpsuck ped FROM, BEPRONG RO sisH Prsiomprise pmiegratell Aigruitn t he
wite COmr%glchaas?u?gﬁpl}caiog%b‘é%ﬁict]ﬁggm%td%h%g?(A%m)tor B Blait g eet he wite

[0015] In the described implementations, the storage subsystem 6 performs the initialization
and preempts the PCI RAID adaptor 12 from writing initialization data to the disk drives 8a, b,
c...n as described in the co-pending and commonly assigned patent application entitled
“Method, System, and Program for Initializing a Storage Space”, having U.S. Application

No. 09/838,049 (Attorney Docket No. TUC920000093US1) and filed April 18,
2001, which application is incorporated herein by reference in its entirety, However, in
alternative implementations, the PCI RAID adaptor 12 may perform the initialization operations
described herein.

[0016] FIG. 3 illustrates the format of a sector in accordance with certain implementations.

In certain implementations, sector 50 is 524 bytes and includes eight bytes of a header field 52,
512 bytes of user data 54, a two byte sequence number, 56and a 2 byte LRC field 58. In
certain implementations, the sectors may have a different number of total bytes, e.g., 512, 516,
etc. Further, the sectors may not include the header 52, sequence number 56 and/or LRC
value 58.

[0017] In RAID array implementations, the controller 20 would initialize the array by striping
initialization data across the disks 8a, b, c...n. The controller 20 would write data to one disk
for a number of sectors equal to the sector depth before switching to the next disk to write the

next depth of sectors. Thus, a stripe has a length equal to the number of disks in the array and



command to wite an error correction code to each block to which the
initialization data is witten. 6. The nmethod of claim5, wherein the code
indicated in the wite command further causes the storage unit receiving
the wite command to perform conbining the block address of the block to
whi ch the error correction code is v.:itte.. with the error correction
code. 7. The nethod of claim5, wherein the error correction code witten
by the storage unit conprises a |ongitudinal redundancy check (LRC) code
conput ed by perfom-ing an exclusive OR operation with respect to all the
data in the block to which the error correction code is witten. 8. The
nmet hod of claim 1, wherein the data bl ock conprises a sector including at

| east a header section, a user data s&ction, and an error correction code
section. 9. The nmethod of claim1, further conprising: determ ning for each
set of sequential data bl ocks a sequence nunber in each storage unit where
a first data biviitheqiahtottheesedtertdenttf orswhichalataiisiritidmbedorbévatchisg taithenex diskuni t t en,

wherei n each -15 ta block.in the storage space is assigned a sequenti al
nunber i ndi calf pea%%@csﬁpfgﬁﬁflﬁatpﬁré 8t age space relative to all ot her

data bl ocks; pog8]i Nfline aéstrbed infpleinbiRatiohs, the cdrdIREIALIiAEa Sileairi h@sheaequence
nunber to cause the storage unit to wite the sequence nunber of the data
bl ock m t he stwraaétransred with asimelg blggls of initiazation datadpritharsesteri ¢.8-212 et on dat a
IS wit t en. 1€ytesfato %J]e?l& cIisQ(rSa,l bnhé'l igltﬂeﬂ'rggo %rlgnﬁtq %oryﬁtatto lb@lg sectoliRy ! s_es one
of multiple sttorage units nmanage y a storage controller, conprising:

recei vi ng a Whe ktepeC Ahgriaitalizaioh dat®weuldtanplisel zért1ddtd fat the @Etb01n Witay,f r om t he

storage through a single transmission of approximately the size of the sector and the size of the
command, which is only 16 or so bytes, numerous sectors on the receiving disk are initialized.
This single write increment command is thus able to cause the initialization of multiple sectors
that would previously require multiple write commands for each sector to initialize.
[0019] FIG. 4 illustrates a format of the fields in a write increment command 70 in
accordance with implementations of the invention. The write increment command 70 may be
implemented as a Small Computer System Interface (SCSI) command. The write increment
command includes:
Operation Code 72: provides the unique operation code used to specify the write
increment command.
PBDATA 74: when this field is zero, then the disk drives 8a, b, c...n will ignore the
sequence number. For instance, in a Fixed Block Architecture (FBA), as opposed to a
Count-Key-Data (CKD) architecture, the sequence number may not be used.
Otherwise, if this field is non-zero, then the sequence number will be included in the
sector during initialization,
LBDATA 76: when this field is zero, then the disk drives 8a, b, c...n will not write a
Longitudinal Redundancy Check (LRC) error correction code to the sector. Otherwise,
if this field is non-zero, then the LRC code will be written.
Sequence number 78 comprises the starting sequence number to use.
Logical Block Address (LBA) 80: comprises the starting LBA in the disk 8a, b, c..n

from where the data will be written.



controller to initialize a set of sequential blocks in a storage space,
wherei-n the wite command indicates a block address in the storage unit
where a first data block in the set of sequential data blocks will be
written and a bl ock nunber; witing the block of initialization data
transmtted with the wite conmand to t1' ~e indicated bl ock address; and
witing the block of initialization data to each subsequent consecutive
block in the storage unit follow ng the indicated bl ock address a number of
times equal to the block nunmber. 11. The nethod of claim 10, wherein each
storage unit receives multiple wite commands to initialize nmultiple sets
of sequential data blocks in the storage unit, wherein the sequential data
bl ocks of each set witten to one stosfage unit are nonconsecutive with
respect to the sequential data blocks in adjacent sets witten to the
storage unit. 12. The nmethod of claim 10, wherein the storage units
conprises a hard dbarbesefiBlecksg2: hpmbes offeas initialigpd bystheidiskte regiopsefhwritg et s of
sequential data bhﬁ&&? CRMRLLSR, Portions of a stripe of data witten across
the storage units I'n He array, wherein nultiple stripes are witten across
t he storage units. -16 13. The nethod of claim 10, fiuther conprising:
writing an error correction code to each block to which the initialization

data is writt&i20h 4G Siffustraigs pgeimpremenied indhe sode g ereaited Rythercomgpliendd ier ror
correct | on COoffiafdhiddeh IRl Gty of @K BY bl 16, DhAGK AR Inefiriohfie DI 0k

to which the error correction ¢ Is witten w e error correction
code. 1 S. Theonyeisdsa®AID agdyaiContio] bagine atehlack 1 ¢ewithabecobtrallel20ceripng ses a sect or

i ncluding at |east a header SSCLl of o8uReho SR AnSEElhan: ANk 3 B O
layout of the logical volume across the disks 8a, b, c...n in the RAID array. The controller 20
would determine how the sectors of the logical volume are striped across the sectors 1n the disk
drives 8a, b, c...n in a manner known in the art. For instance, in RAID array implementations,
the controller 20 would stripe data across the disks 8a, b, c...n by writing data to one disk for a
number of sectors equal to the sector depth before switching to the next disk to write the next
depth of sectors. Thus, a stripe has a length equal to the number of disks in the array and a
width equal to the sector depth on which data is written before switching to the next disk in the
stripe. The sequence number (seqNum) is initialized (at block 104) to zero.

[0021] For each stripe i determined at block 102, the controller 20 begins a loop at block
106 through blocks 126. For each stripe i, the controller 20 further performs a loop at block
108 through 122 for each disk drive j in the storage device 4 array to which the data will be
striped. At block 110, the controller 20 determines the logical block address of the first sector
on drive j in stripe i (LBA, ,) from the previously determined layout. The controller 20
generates (at block 112) a write increment command 70 to initialize the data for stripe 7 in disk
J. The LBA field 80 is set (at block 114) to the determuned LBA, , and the sequence number
field 78 is set (at block 116) to the sequence number variable (seqNum), which indicates the
first sector number of stripe i in disk j. The number of blocks field 82 is set (at block 118) to
the stripe depth, indicating the number of sectors initialized within disk j in response to the write
increment command 70. The sequence number variable (seqNum) is then incremented (at

block 120) by the stripe depth, which is the number of blocks that will be initialized in disk j in



16. A systemfor initializing a storage device conprising nultiple storage
units, conprising: nmeans for receiving a request to initialize a storage
space that spans the storage units; neans for determning a | ayout of sets
of- sequenti al data bl ocks of the storage space onto the storage units,
wherein sets of sequential data blocks are witten across the storage
units; and neans for performng, for each set of sequential data bl ocks:
(i) determining a block address in each storage unit where a first data

bl ock in the set of sequential data blocks will be witten; and (ii)
generating a wite command for each of the storage units, wherein each
write command indicates the determ ned bl ock address for the storage unit
and a bl ock nunber; and (iii) transmitging the wite command with one bl ock
of initialization data to the storage unit, wherein the storage unit
receiving the wite command wites the block of initialization data from
t he i ndi cat edrespopssito the durestswrimideremént esgnnand 74 baingleensfratddn iContedl thzxaprbwnds -17
data to each seq t conse ive ck in the rrber of
ti mes equal tga?{’]lﬂé( %?gbcaﬁk'ﬁ[ﬁ%gwg t‘l‘?’"gﬁﬁtgiﬁé’?ssfr@ﬁft(??h %%ﬁ{‘g °nh the
determ ned | aygyt includes nultiple sets of sequenti al data bI ocks witten
to each storage unit, wherein the sequential data bl ocks of each set
witten to on 0§%lorla§@a\9rﬁmle@ﬁn@“% LS GW@MMWHWWW qomgeeds for glbthe he
sequential da C [ |t 18.
The system of Ehc Sgkf’% fn\r/%}”ru@g ﬁgg%d%e%& gt%lowl%ggl ¢ enggrlg%‘glgt zero data
for the bl ockcommandsto the disk drives 8a, b, c...n over the connectnon to sunultaneously initialize the

data for stripe 7 across all the disks 8a, b, ¢...n in the array. In certain implementations each
write increment command 70 is transmitted with a block of all zero data for the sector. Control
then proceeds (at block 126) back to block 106 to generate write increment commands 70 to
initialize the data for the next stripe. Alternatively, the controller 20 may send the write
increment command 70 immediately after generating the command at block 118, or after
generating write increment commands 70 for multiple stripes.

[0023] FIG. 6 illustrates logic implemented in the disk controller 20 to initialize the stcrage
medium 32 in response to receiving (at block 150} one of the write increment commands 70
transmitted at block 124 in FIG. 5.  The disk controller 20 performs a loop at blocks 152
through 170 for a number of blocks equal to the number of blocks field 72, which in certain
implementations is the stripe depth. The disk controller 30 then writes (at block 156) all the
data from the block transmitted with the write increment command 70, which in the described
implementations comprises a full sector of all zero data, to the sector having the LBA indicated
in the LBA field 80. If (at block 158) the PBDATA field 74 is non-zero, then the disk
controller 20 sets (at block 160) the sector sequence number 56 (FIG. 2) to the value in the
sequence number field 78 (FIG. 3) of the received write increment command 70. The
sequence number 78 in the write increment command 70 is then incremented (at block 162) by
one to use in the initialization of the next sector.

[0024] Otherwise if (at block 158) the PBDATA field 54 is zero or from block 162, the
controller 20 determines (at block 164) whether the LBDATA field 76 is zero. If not, then the
controller 20 sets (at block 166) the sector LRC bytes 58 (FIG. 2) to the value of zero XOR’d



19. The system of claim 16, wherein the storage units conprise hard disk
drives within a disk array, and wherein the sets of sequential data bl ocks
conprise portions of a stl:pe of data witten across the storage units,
wherein nmultiple stripes are witten across the storage units. 20. The
system of claim 16, further conprising: nmeans for indicating in the wite
command a code to cause the storage unit receiving the wite command to
wite an error correction code to each block to which the initialization
data is witten. 21. The system of claim 10, wherein the code indicated in
the wite command further causes the storage unit receiving the wite
command to conbine the bl ock address of. the block to which the error
correction code is witten with the error correction code. 22. The system
of claim 20, wherein the error correction code witten by the storage unit
conpri ses a | an@itteUdAnalue.r ectis clay) e LRIaezld 58 bfR63 sectode seedutdmith e LBYK opthe f omvng
-18 an exclusive OR operation with respect to all the data in the block to
whi ch the err dfctaoPseaist theiqitilizationidata {fall paress, thegesult ofieORinaAll dhe bis inghe gpin 16,
wherein the datg BLRGKFGOXRG 5%%81% r&EE T Uro! If‘@i &f&k@@@% IJB?%%*A fRidaader
section, a user data section, and an error correction code section. 24. The
system of cl aizem d6frorh bip¢khiés, tieaoprollern 20 dncremestn@t Hlak 169t the hiBAifield 60 mrtheeach set

of sequential data blocks a seque nunmper in each storage unjit where a
first data bl GERVTI S ECraRP Gromeal OerGr Bard B by Bglrion g Riterttn,
wher ei n eac h dé&& obdiiﬂé}"&"oﬂ sitipk hem&&%@g&e dideéofitrdlier @&&h&ﬁﬂ@mﬁﬁam& al
nunber indicating a location in the storage space relative to all other

dat a bl ocks; anvariadesfer thedyBA andisemericn gunpber Gt indtializgyehseatient prstose ABert | ned

sequence nunber t.o.cause

completmcé M3 Stialization of the current sector, control proceeds (at block 170) back to block

152 for the next sector to be initialized until a number of sectors are initialized that equals the
number of blocks field 82.

[0025] With the logic of FIGs. 5 and 6, the controller 20 is able to initialize data on the disks
8a, b, c...n without having to transmit the zero sector data to each disk drive 8a, b, c...n for
each sector being initialized. Instead, the controller 20 transmits only one write command with
one block of zero data for each disk in each stripe, thereby significantly reducing the number of
write commands and bytes of data transmitted across the line to the disk drives 8a, b, c....n.
Because the write increment commands of the described implementations use significantly less
bandwidth than prior art initialization schemes, the controller 20 is able to send write increment
commands to all the disks 8a, b, c...n simultaneously. The described implementations remove
the connection bottleneck between the storage subsystem 6 and storage device 4. In this way,
initialization is limited only by the transfer capacity within the storage devices 8a, b, c..n. It has
been observed that in systems where there are 80 disk drives connected to a storage controller
on a Fibre Channel Arbitrated Loop, initialization using the write increment command 70 of the
described implementations can take forty minutes, which is substantially less than the several

hours required to initialize this many disk drives using prior art initialization techniques.



the storage unit to wite the sequence nunber of the data block in the
storage space to each data block to which initialization data is witten
25. A systemfor initializing data in response to a command transmtted by
a-storage controller, conprising: a storage unit; nmeans for receiving a
wite command with one block of initialization data fromthe storage
controller to initialize a set of sequential blocks in a storage space,
wherein the wite command indicates a bl ock address in the storage unit
where a first data block in the set of sequential data blocks will be
witten and a bl ock nunber; neans for witing the block of initialization
data transmtted with the wite command to the indicated bl ock address in
the storage unit; and nmeans for witing the block of initialization data to
each subsequent consecutive block in the storage unit follow ng the

i ndi cat ed bl ock address a nunbepd@fonil iRSnRE4R Detafls t he bl ock nunber. -19
26. The systemof claim 25, further conprising: neans for receiving

mul tiple wit B02Ynmibadescribsd implementptiopseof thginvenion mgpbesredlipedap g methed al  dat a

bl ocks in the ni ' H?QEI ach set
witten to ondrs %ﬁf‘gg‘é‘agﬁf‘?”g?@[“ﬁ%‘ﬂ?%%ﬁ%%ﬁ ve %%%% %‘ég‘éﬁg %%}g{qﬁg
sequenti al datoprdih@Gkfward) fitthyarg brtwars et shy\abrhbifiafion theredfhThexttroragiele ohi t . 27.
The system of claim 25, fiuther conprising: a disk array including nmultiple

storage uni t sTMARERSRET A WHECRIPIGE @At ardoscdmplrpereddn baptiredpaitedr e wi t hi n,
and wherein t he S el Sl ciS SR oBnntl S| AQGHK Greal, tph%ﬁdﬂ%&diﬂns of a

stripe of data witten across the storage units iIn e array, wherein

mul ti pl e stri peegraged €irouit (ASKT, camples progrivemable logic device (CPLD), etc.), complex
programmable logic device (CPLD) or a computer readable medium (e.g., magnetic storage
medium (e.g., hard disk drives, floppy disks,, tape, etc.), optical storage (CD-ROMs, optical
disks, etc.), volatile and non-volatile memory devices (e.g., EEPROMs, ROMs, PROMs,
RAMSs, DRAMSs, SRAMSs, firmware, programmable logic, etc.). Code in the computer
readable medium is accessed and executed by a processor. The code in which preferred
embodiments are implemented may further be accessible through a transmission media or from
a file server over a network. [n such cases, the article of manufacture in which the code is
implemented may comprise a transmission media, such as a network transmission line, wireless
transmission media, signals propagating through space, radio waves, infrared signals, etc. Of
course, those skilled in the art will recognize that many modifications may be made to this
configuration without departing from the scope of the present invention, and that the article of
manufacture may comprise any information bearing medium known in the art.
[0027]} The logic of FIGs. 5 and 6 describes specific operations occurring in a particular
order. In altemative implementations, certain of the logic operations may be performed in a
different order, modified or removed. Morever, steps may be added to the above described
logic and still conform to the described implementations. Further, operations described herein
may occur sequentially or certain operations may be processed in parallel.

[0028] In the described implementations, data was initialized in sectors. In alternative



storage units. 28. The system of claim 25, further conprising: nmeans for
witing an error correction code to each block to which the initialization
data is witten. 29. The system of claim 28, wherein the nmeans for witing
the error correction code further perforns: conbining the bl ock address of
the block to which the error correction code is witten with the error
correction code. 30. The system of claim 25, wherein the data bl ock
conprises a sector including at |east a header section, a user data
section, and an error correction code section. -20 31. An article of
manuf acture conpri sing code executed by a storage controller for
initializing a storage device conprisifng nultiple storage units by:
receiving a request to initialize a storage space that spans the storage
units; determning a |layout of sets of sequential data bl ocks of the

st or age space impkneeniatictis, blooksag éata i foiBats stlee thed sectare inay 6 inifatigedaising e welet a

bl ocks are witten across the storage units; for each set of sequenti al
data bl ocks, [SPEREH RemEand thetnitlizes ftipls flocks yiith th Tanggisdrnot at fasenly @¢ o age
unit where a gjpst data block in the set of sequential data blocks will be
witten; and (1i1) generating a wite command for each of the storage units,
wher ei n each W%k lodrriesdbed irdplgreanatons, i cdetoller2D gendratedl the krigduhrepest f or t he

storage unit and a .block. nu -and (iii), trapspitting the wite comuand
i thone. bl ocergpf BEEFS R forditcavits, AAeER P ot e R of o ne
storage unit §REAkMicHEmilIRNnIopit Ban®e NER Rcoidutedon-RAED Rbagdde@tesi Mishdnal i zati on
data fromthe indicated bl ock address and wites the bl ock of

i nitializati ofesadiceontlierfivosidibavedudaamins s byt piibe datagek the ang igoszdigkage
uni t a number dlcf\ffes Sﬁd”g%&m‘?% cérﬁn&lgsefop Je&?eﬁtia'i] Bﬁg&g bf data written to each device.

[0030] The adaptor which the storage subsystem 6 controlled comprised a PCI RAID

adaptor. However, the storage subsystem initialization technique described herein can also be

utilized with other types of storage adaptors, e.g., Small Computer System Interface (SCS),

Fibre Channel, etc., adaptors.

[0031] In the described implementations, the PCI RAID adaptor is used in a storage

subsystem. Additionally, the storage subsystem may comprise any device, e.g., a host,

computer, etc, that uses an adaptor to configure an attached storage device.

[0032] In the described implementations, the disk drives 8a, b, c...n comprised magnetic hard

disk drives. In alternative implementations, the storage device 4 may comprise any storage

device known in the art, such as optical disks, tapes, etc.

[0033] In the described implementations, the initialization data comprised zero data.

Additionally, the initialization data may comprise other data values than zero data.

[0034] In the described implementations, the error correction code written to the sector

comprises a longitudinal redundancy check (LRC) code generated by performing an exclusively

OR operation with respect to the data in the sector and the LBA of the sector. Additionally,

the error cotrection code may be generated using any error correction coding technique known
+ in the art, and is not limited to the LRC technique described herein.

[0035] The storage controller may comprise any processor, system, or adaptor capable of

configuring and utilizing one or more disk drives.



32. The article of manufacture of claim 31, wherein the determ ned | ayout
includes multiple sets of sequential data blocks witten to each storage
unit, wherein the sequential data bl ocks of each set witten to one storage
unit are non-consecutive with respect to the sequential data blocks in

adj acent sets witten to the storage unit. 33. The article of manufacture

of claim31l, wherein the initialization data conprises zero data for the

bl ock. 34. The article of manufacture of claim 31, wherein the storage
units conprise hard disk drives within a disk array, and wherein the sets

of sequential data bl ocks conprise portions -21 of a stripe of data
witten across the storage units, whergln nultiple stripes are witten
across the storage units. 35. The article of manufacture of claim 31,
wherein the code further causes the storage controller to perform

i ndi cating i n[GBe Virhetfeegomadesonption aftiebeprdfared eiwdintehie obthaineeytonthas teen ecei vi ng
the wite command ég)&{ite an .arror COEEeCtLonIQOde'tOd%QCB g%ock to which
the initializBFFBH® tPAYS PYROSGEH AT {1 PRHonE e Iopptia +f 18 P MYTCHHR 0F FCPHTE %Bf ¢l ai m
35, wherein t pAnGQAScREHnGAhSptedin fSrQiskibded. EM&R TRTRNEatbAY h PlriaficRYRES t he
storage unit receiving the wite command to perform conbining the bl ock
addr ess of t hpospblealightef thi plzohe teavhing r It is intapdad thatthe ssapecad the invention betlingted wi t h t he
error correctiqn code .37, The articl f nuf acture of ¢l aim 35, wherein
the error oor Py T Eensdaenprfndit oy BB PdaRSatigeRy i ol 2
| ongi t udi nal pReaada) eAMBRESI dath ROYidE Delplripittiftidn B thO@EdBcfiteragd @8 of
exclusive OR ogperation with respect to all the data in the block to which
the error cor theeemresitionsd the inyenfipn. ;Sincg many embodiments of the invention can be made

without departing from the spirit and scope of the invention, the invention resides in the claims

hereinafter appended.



38. The article of manufacture of claim 31, wherein the data bl ock
conprises a sector including at | east a header section, a user data
section, and an error correction code section. 39. The article of

manuf acture of claim 31, wherein the code further causes the storage
controller to perform determning for each set of sequential data bl ocks a
sequence nunber in each storage unit where a first data block in the set of
sequential data blocks will be witten, wherein each -22 data block in
the storage space is assigned a sequential nunber indicating a |location in
the storage space relative to all other data blocks; and indicating in the
wite command the detern~i ned sequencegqaunber to cause the storage unit to
wite the sequence nunber of the data block in the storage space to each
data block to which initialization data is witten. 40. An article of

manuf act ur e | WHATGIHOLADGED Execut ed by a storage unit for initializing the
storage unit execuLing t he code,. . wherein tge,storage uni.t is one of

mul tipl e storage uhits RAAYHE Hializngs fragy devics AIMRTFPEPUNRIGIGNEE HiShe code

causes the st QLaAQRaWhhte doftrol&! doRbBing! €Ceiving a wite command with one
block of initialization data fromthe storage controller to initialize a

set of sequential totenites requesh tognitialiagrestarpeacpace thit@pans the stbregewnitst e command

i ndi cates a bl ock dress in th t or age. uni t ere a first da bl ock in
Lhe St St soauon: IR ol e b Ple et i otk Sriobied st e
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to the indicated bl ock address; and wwitigg the block of initialization
data to each subsefueagh scteffequentiel daa blsrlscherdpypinghe st orage unit fol | owi ng the

I ndi cated bl ock address;) 3 /HRG" ok hddiESin ERH FbrabRunkt Wierh REKaaB HTRE I

the set of sequential data blocks will be written; and

(ii) generating a write command for each of the storage units, wherein each
write command indicates the determined block address for the storage unit and a block
number; and

(iii) transmitting the write command with one block of initialization data to the
storage unit, wherein the storage unit receiving the write command writes the block of
initialization data from the indicated block address and writes the block of initialization
data to each subsequent consecutive block in the storage unit a number of times equal

to the block number.

2, The method of claim 1, wherein the determined layout includes multiple sets of
sequential data blocks written to each storage unit, wherein the sequential data blocks of each
set written to one storage unit are non-consecutive with respect to the sequential data blocks in

adjacent sets written to the storage unit.

3. The method of claim 1, wherein the initialization data comprises zero data for

the block.



41. The article of manufacture of claim40, wherein each storage unit
receives nultiple wite commands to initialize nmultiple sets of sequenti al
data bl ocks in the storage unit, wherein the sequential data bl ocks of each
set witten to one storage unit are non-consecutive with respect to the
sequential data blocks in adjacent sets witten to the storage unit. 42.
The article of manufacture of claim40, wherein the storage unit conprises
a hard disk drive within a disk array, and wherein the sets of sequenti al
data bl ocks conpri se -23 portions of a stripe of data witten across the
storage units in the array, wherein nultiple stripes are witten across the
storage units. 43. The article of manufsacture of claim 40, wherein the code
further causes the storage unit to perform witing an error correction
code to each block to which the initialization data is witten. 44. The
article of manufact ur e Thé methad aficldisy 1, whereie tha statage iniigeotnbeise diand disk drdies ect i on

code further conprises: conbjning the block address of the block to which
the error cor PGSk BERnf Whfsin 8W“ﬁF?HaWﬂ§m%L?ﬂ?°@H?F%E¥Wﬁﬁm365@? 45,

The article ofr gRRHBEIHsEhOStoride 3hitd FibreiVRARERE Brifel fre Ak LloQGHe stRFPT | SES a

sector including at | east a header section, a user data section, and an
error correctimts code section. 46. A conputer readable nmedi umincluding a
command used for initializing a storage unit that conprises one of nultiple
storage units nmanaged by a storage controller, wherein the command is
associated with the folthoweth@ ofladiml, ARkr Bingakingdf initialization data used
toinitialize a set of sequential blocks in a storage space;
indicating in the write command a code to cause the storage unit receiving the write
command to write an error correction code to each block to which the initialization data is

written.

6. The method of claim 5, wherein the code indicated in the write command
further causes the storage unit receiving the write command to perform:
combining the block address of the block to which the error correction cods is written

with the error correction code.

7. The method of claim 5, wherein the error correction code written by the
storage unit comprises a longitudinal redundancy check (LRC) code computed by performing
an exclusive OR operation with respect to all the data in the block to which the error correction

code is written,

8. The method of claim 1, wherein the data block comprises a sector including at

least a header section, a user data section, and an error correction code section.

9. The method of claim 1, further comprising:
determining for each set of sequential data blocks a sequence number in each storage

unit where a first data block in the set of sequential data blocks will be written, wherein each



a block address in the storage unit where a first data block in the set of
sequential data blocks will be witten; and a bl ock nunber, wherein the
command causes the storage unit to wite the block of initialization data
to the indicated bl ock address and to each subsequent consecutive block in
the storage unit follow ng the indicated bl ock address a nunber of tines
equal to the bl ock nunber. -24 47. The conputer readabl e nmedi umof claim
46, wherein the storage units conprises a hard disk drive within a disk
array, and wherein the sets of sequential data bl ocks conprise portions of
a stripe of data witten across the storage units in the array, wherein
multiple stripes are witten across thﬁ storage units. 48. The conputer
readabl e nmedi um of claim46, wherein the command further includes: data
indicating whether to wite an error correction code to each block to which

the initialiZflibRok fdfediotge YW éetlsl}ﬁﬁ%é@ase-ﬁﬁ\éﬁtlﬂﬁm&ﬁ&ce& ig@slRbkign iR um of
claim46, wherein the data blocks that are initialized.each conprise a

sector incl ucht(mj;eamacft@bb‘tetaalh@mﬁéiﬂablm,laoﬁ a user data section, and an

error correction ¢ode.se co nmedi,um of cl aim
46, wherein the i nl%catl i z&é Wme cct’imPangme detg%ngése uen %er?? o t??rqoﬁalg%ck. 51.

The conput er un@achaditk the @&ﬂam&ﬁbeﬁdﬁamema%locrt inliﬂeh;&ifage AR tb S4ch data Blockad enuned
sequence number, wherein each data block in the storage space is assigned a
sequenti al nufHrNAERtendeR BTt ocat i on in the storage space relative to
all other data blocks. .ANYL.A'F E .A'NF E

10. A method for initializing a storage unit that comprises one of multiple storage
units managed by a storage controller, comprising;

receiving a write command with one block of initialization data from the storage
controller to initialize a set of sequential blocks in a storage space, wherein the write command
indicates a block address in the storage unit where a first data block in the set of sequential data
blocks will be written and a block number;

writing the block of initialization data transmitted with the write command to the
indicated block address; and

writing the block of initialization data to each subsequent consecutive block in the

storage unit following the indicated block address a number of times equal to the block number.

11.  The method of claim 10, wherein each storage unit receives multiple write
commands to initialize multiple sets of sequential data blocks in the storage unit, wherein the
sequential data blocks of each set written to one storage unit are non-consecutive with respect

to the sequential data blocks in adjacent sets written to the storage unit.

12, The method of claim 10, wherein the storage units comprises a hard disk drive
within a disk array, and wherein the sets of sequential data blocks comprise portions of a stripe
of data written across the storage units in the array, wherein multiple stripes are written across

the storage units.
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13. The method of claim 10, further comprising;

writing an error correction code to each block to which the initialization data is written.

14.  The method of claim 13, wherein writing the error correction code further
comprises:
combining the block address of the block to which the error correction code is written

with the error correction code.

15.  The method of claim 1, wherein the data block comprises a sector including at

least a header section, a user data section, and an error correction code section.

16. A system for initializing a storage device comprising multiple storage units,
comprising:
means for receiving a request to initialize a storage space that spans the storage units;
means for determining a layout of sets of sequential data blocks of the storage space
onto the storage units, wherein sets of sequential data blocks are written across the storage
units; and
means for performing, for each set of sequential data blocks:
(i) determining a block address in each storage unit where a first data block in
the set of sequential data blocks will be written; and
(i) generating a write command for each of the storage units, wherein each
write command indicates the determined block address for the storage unit and a block
number; and
(iii) transmitting the write command with one block of initialization data to the
storage unit, wherein the storage unit receiving the write command writes the block of

initialization data from the indicated block address and writes the block of initialization
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19. The system of claim 16, wherein the storage units comprise hard disk drives

within a disk array, and wherein the sets of sequential data blocks comprise portions of a stripe
of data written across the storage units, wherein multiple stripes are written across the storage

units.

20. The system of claim 16, further comprising:
means for indicating in the write command a code to cause the storage unit receiving the
write command to write an error correction code to each block to which the initialization data is

written.

21, The system of claim 10, wherein the code indicated in the write command
further causes the storage unit receiving the write command to combine the block address of

the block to which the error correction code is written with the error correction code.

22.  The system of claim 20, wherein the error correction code written by the

storage unit comprises a longitudinal redundancy check (LRC) code computed by performing
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an exclusive OR operation with respect to all the data in the block to which the error correction

code is written.

23. The system of claim 16, wherein the data block comprises a sector including at

least a header section, a user data section, and an error correction code section.

24.  The system of claim 16, further comprising:

means for determining for each set of sequential data blocks a sequence number in each
storage unit where a first data block in the set of sequential data blocks will be written, wherein
each data block in the storage space is assigned a sequential number indicating a location in the
storage space relative to all other data blocks; and

means for indicating in the write command the determined sequence number to cause
the storage unit to write the sequence number of the data block in the storage space to each

data block to which initialization data is written.

25. A system for initializing data in response to a command transmitted by a storage
controller, comprising;

a storage unit;

means for receiving a write command with one block of initialization data from the
storage controller to initialize a set of sequential blocks in a storage space, wherein the write
command indicates a block address in the storage unit where a first data block in the set of
sequential data blocks will be written and a block number;

means for writing the block of initialization data transmitted with the write command to
the indicated block address in the storage unit; and

means for writing the block of initialization data to each subsequent consecutive block in
the storage unit following the indicated block address a number of times equal to the block

number.
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26.  The system of claim 25, further comprising;

means for receiving multiple write commands to initialize multiple sets of sequential data
blocks in the storage unit, wherein the sequential data blocks of each set written to one storage
unit are non-consecutive with respect to the sequential data blocks in adjacent sets written to

the storage unit,

27. The system of claim 25, further comprising:

a disk array including multiple storage units, wherein the storage units comprise a hard
disk drive within, and wherein the sets of sequential data blocks comprise portions of a stripe of
data written across the storage units in the array, wherein multiple stripes are written across the

storage units.

28.  The system of claim 25, further comprising;

means for writing an error correction code to each block to which the initialization data

is written,
29. The system of claim 28, wherein the means for writing the error correction code
further performs:

combining the block address of the block to which the error cotrection code is written

with the error correction code.

30. The system of claim 25, wherein the data block comprises a sector including at

least a header section, a user data section, and an error correction code section.

109% & () -
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31.  Anarticle of manufacture comprising code executed by a storage controller for
initializing a storage device comprising multiple storage units by:
receiving a request to initialize a storage space that spans the storage units;
determining a layout of sets of sequential data blocks of the storage space onto the
storage units, wherein sets of sequential data blocks are written across the storage units;
for each set of sequential data blocks, performing:
(i) determining a block address in each storage unit where a first data block in
the set of sequential data blocks will be written; and
(i) generating a write command for each of the storage units, wherein each
write command indicates the determined block address for the storage unit and a block
number; and
(iii) transmitting the write command with one block of initialization data to the
storage unit, wherein the storage unit receiving the write command writes the block of
initialization data from the indicated block address and writes the block of initialization
data to each subsequent consecutive block in the storage unit a number of times equal

to the block number.

32.  The article of manufacture of claim 31, wherein the determined layout includes
multiple sets of sequential data blocks written to each storage unit, wherein the sequential data
blocks of each set written to one storage unit are non-consecutive with respect to the sequential

data blocks in adjacent sets written to the storage unit.

33.  The article of manufacture of claim 31, wherein the initialization data comprises

zero data for the block.

34.  The article of manufacture of claim 31, wherein the storage units comprise hard

disk drives within a disk array, and wherein the sets of sequential data blocks comprise portions
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36. The article of manufacture of claim 35, wherein the code indicated in the write
command further causes the storage unit receiving the write command to perform:
combining the block address of the block to which the error correction code is written

with the error correction code.

37. The article of manufacture of claim 35, wherein the error correction code
written by the storage unit comprises a longitudinal redundancy check (LRC) code computed
by performing an exclusive OR operation with respect to all the data in the block to which the

error correction code is written.

38.  The article of manufacture of claim 31, wherein the data block comprises a
sector including at least a header section, a user data section, and an error correction code

section.

390, The atticle of manufacture of claim 31, wherein the code further causes the
storage controller to perform:
determining for each set of sequential data blocks a sequence number in each storage

unit where a first data block in the set of sequential data blocks will be written, wherein each
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40. An article of manufacture including code executed by a storage unit for
initializing the storage unit executing the code, wherein the storage unit is one of multiple storage
units managed by a storage controller, wherein the code causes the storage unit to perform:

receiving a write command with one block of initialization data from the storage
controller to initialize a set of sequential blocks in a storage space, wherein the write command
indicates a block address in the storage unit where a first data block in the set of sequential data
blocks will be written and a block number;

writing the block of initialization data transmitted with the write command to the
indicated block address; and

writing the block of initialization data to each subsequent consecutive block in the

storage unit following the indicated block address a number of times equal to the block number.

41. The article of manufacture of claim 40, wherein each storage unit receives
multiple write commands to initialize multiple sets of sequential data blocks in the storage unit,
wherein the sequential data blocks of each set written to one storage unit are non-consecutive

with respect to the sequential data blocks in adjacent sets written to the storage unit.

42, The article of manufacture of claim 40, wherein the storage unit comprises a

hard disk drive within a disk array, and wherein the sets of sequential data blocks comprise
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portions of a stripe of data written across the storage units in the array, wherein multiple stripes

are written across the storage units.

43, The article of manufacture of claim 40, wherein the code further causes the
storage unit to perform:

writing an error correction code to each block to which the initialization data is written,

44,  The article of manufacture of claim 43, wherein writing the error correction
code further comprises:
combining the block address of the block to which the error correction code is written

with the error correction code.

45.  The article of manufacture of claim 40, wherein the data block comprises a
sector including at least a header section, a user data section, and an error correction code

section.

46. A computer readable medium including a command used for initializing a
storage unit that comprises one of multiple storage units managed by a storage controller,
wherein the command is associated with the following data:

one block of initialization data used to initialize a set of sequential blocks in a storage
space;

a block address in the storage unit where a first data block in the set of sequential data
blocks will be written; and

a block number, wherein the command causes the storage unit to write the block of
initialization data to the indicated block address and to each subsequent consecutive block in
the storage unit following the indicated block address a number of times equal to the block

number.
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47.  The computer readable medium of claim 46, wherein the storage units
comprises a hard disk drive within a disk array, and wherein the sets of sequential data blocks
comprise portions of a stripe of data written across the storage units in the array, wherein

multiple stripes are written across the storage units.

48.  The computer readable medium of claim 46, wherein the command further
includes:
data indicating whether to write an error correction code to each block to which the

initialization data is written,

49,  The computer readable medium of claim 46, wherein the data blocks that are
initialized each comprise a sector including at least a header section, a user data section, and an

error correction code section.

50. The computer readable medium of claim 46, wherein the initialization data

comprises zero data for the block.

51. The computer readable medium of claim 46, further comprising:
a determined sequence number, wherein each data block in the storage space is

assigned a sequential number indicating a location in the storage space relative to all other data

blocks.



