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+CONTROLLER BACKGROUND OF THE I NVENTION 1. Fi el@ww mm,ﬂlﬂentl on [00011
The present invention relates to a system nethdd, ram for
initializing a storage device conprising nultiple *$®&fage units through a
storage controller. 2. Description of the Related Art [0002] H gh end
storage controllers manage I nput/Qutput (1/0O requests from networked
hosts to one or nore storage devices, such as a direct access storage
device (DASD), Redundant Array of Independent Disks (RAID Array), and Just
a Bunch of Disks (JBOD). Storage contraflers include one or nore host bus
adaptor (HBA) cards to conmunicate with one or nore hosts over a network
and adaptors to communicate with the storage devices. [0003] Before the
di sks managed by a st oMHRRHETEMe ANDARASERANM FOR RORINITALIZING

initialized. For instanc } lDtEl, ;fjc' or. . the storage
controller would wite z@?géﬁﬁg?a to %ﬁsgﬁ’&g%%ﬁﬁwmgﬁémgf\@he begi nni ng
of the sector, followed by SMATBYHER®ULH Z8TORAGERGONTIRbLIGHEd by a two byte
sequence number of the |ogical sector nunber and a two byte |ongitudinal
redundancy code (LRC) code seeded with the physical sector nunber or the

| ogi cal block address (LBA). ThiS-i5R5 i b IJr g each sector with
zero data and the two byte L COo e _ ~can take up to
several hours. Nbst Beliofthalnenitmvi ces initialize disks in anharray, such
as a RAID array, performng a "full stripe" wite, where the storage
control l er wi %/ég&i]n PRt BYepfignaelyss "RpEBARPl9dand program Eniltiakzingle i n the
stripe using ONGora delife GRPFRRIniPe s%@a%@mﬁt?ﬁl}ogéh&Qodiéglc&{tr%helr.ze the data in

each sector of the stripe.

2. Description of the Related Art

[0002] High end storage controllers manage Input/Output (I/O) requests from networked
hosts to one or more storage devices, such as a direct access storage device (DASD),
Redundant Array of Independent Disks (RAID Array), and Just a Bunch of Disks (JBOD).
Storage controllers include one or more host bus adaptor (HBA) cards to communicate with
one or more hosts over a network and adaptors to communicate with the storage devices.
[0003]  Before the disks managed by a storage controller can be used, they must be
initialized. For instance, to initialize a 524 byte sector, the storage controller would write zero
X data to an eight byte header at the beginning of the sector, followed by 512 bytes of zero data,
followed by a two byte sequence number of the logical sector number and a two byte
longitudinal redundancy code (LRC) code seeded with the physical sector number or the
logical block address (LBA). This process of initializing each sector with zero data and the two
byte LRC code with the seeded LBA can take up to several hours. Most prior art devices
initialize disks in an array, such as a RAID array, by performing a “full stripe” write, where the
storage controller writes an entire stripe of data and parity to each disk in the stripe using one
write command for each sector to initialize the data in each sector of the stripe.
[0004] Many storage controllers may have to initialize numerous attached hard disk drives,

For instance, in certain Fibre Channel implementations, a storage controller may connect up to
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04] Many storage controllers nmay have to initialize numerous attach
ng?dwgisk érives.g For instance, in certain Fibre Channel |nplenentafh€ﬂgyzm5
-a storage controller may connect up to Iltl99RtI M~~I{ 11 14 NOV1005 -2

126 or so hard disk drives on a Fibre Channel Arbitrated Loop. One factor
that adversely affects the initialization performance in such large arrays
is the disparity in the transfer rates on the | oop between phe devi ces and
the internal data transfer rate in the hard disk drives. Arbitrated | oop
technol ogy supports a transfer rate of 200 negabytes per second (MB!'s) and

di sk drives can transfer data internally.at a rate of up to 15MB/s. Such a
rati o neans that the storage controller can only wite initialization data
to seven attached disk drives before maxim zing the | oop throughput. Thus,
the throughput ofl2f Hieso beyd disk drivenonsdiitne Ehanndl drisrarddgep. Oonfactad theesdvamdy di sk

drives is a bottl hihat..can substantigl |y affeet the perfornmance of

i n: ;/i alization i na@fgc%gtt&éaﬁgﬁ\%@rﬁlglﬂpepﬁ%nrageé{lrsgdﬂ?)r?%a”?}‘ﬁdﬁt 3 BiSPAFIt o thrtragsdas mate an £ act
in an eighty di skhedsdpbetweaythd @itddaidthin@mbiekamls@sraRlin et diliNGves
initialization process can take up to ten hours to conplete. [0005] For

these reasons, tHapiBatsdlogp teeharlogy suppprts adiansiar entqnf3(9 Wegabyimensednd @dBis)iaqdies

initializingdata.l I array. S RY I chEFERRED
];E(I\J/IrBCDII MENTS [ 0006 Sg%ﬁ‘%f/faﬂé‘ S?’g‘?ﬂg it ‘ﬂ%é‘, 4 ré{% i %:(M%}S'p EB Afiofspns that the
initializing a storagentevi@eontonpe insialdgtionkhth to splef aG Rl AGEdHA defrd hr ough a
storage controller.. Are %est is received to initialize a storage space
that spans the st“B’f“g’ézé‘gdl%i t08 throvgnat dis Bathrosshppio! fha gemestionsbetvagndiut stafze set s

of sequential  dabrolth BkkQfivet RG bSHAEAIE SRIGELAANS NRc$0 [31? Card0bd S,

Nance o
erein sets of sequential data blocks are witten across the §?orage
units. For each §@Fﬂ@ﬁm§@aﬁemvﬂahmdab@nbkansodﬂ<dﬂ&emnﬁmaﬁmﬂnmwﬁSH&de 0; a
i i i a block in the set o
bl ock n'?ldg{ ess In s&s?eﬁlm'it?htf.gtggoeyteggfl (%auqy}'peeurﬂﬁah%atfoln I;’Jrsotcessd 2'1;[1 take up 1o ten hours to
seque

complete.

[0005]  For these reasons, there is a need in the art to provide improved techniques for

initializing data in a disk array.

SUMMARY OF THE PREFERRED EMBODIMENTS

[0006] Provided is a method, system, and program for initializing a storage device comprising
multiple storage units through a storage controller. A request is received to initialize a storage
space that spans the storage units. A determination is made of a layout of sets of sequential
data blocks of the storage space on the storage units, wherein sets of sequential data blocks are
written across the storage units. For each set of sequential data blocks, a determination is
made of a block address in each storage unit where a first data block in the set of sequential
data blocks will be written. A write command is generated for each of the storage units,
wherein each write command indicates the determined block address for the storage unit and a
number of blocks. The write command is transmitted with one block of initialization data to the
storage unit. 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 number of blocks.



data bl ocks will be witten. .Awite command is generated for each of the
~storage units, wherein each wite conmand indicates the determ ned il ngnﬂﬁ
saddress for the storage unit and a nunber of blocks. The wite conmand is
transmitted with one block of initialization data to the storage unit. The
storage unit receiving the wite conmnand wites the bl ock 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 nunber of tinmes equal to the nunber of blocks. 14 NOvV 2005 -3 [0007]
In further inplenentations, the determ ned.layout includes nultiple sets of
sequential data blocks witten to each storage unit, wherein the nmultiple
sets are witten to non- consecutive block addresses in one storage unit.
[0008] In certainl0fH dnéuthaimpamsptations the tiekraged layot ischelesiuliiseseld af dqueitisk
drives within a di s{k] géra%/. In.such case, the sets of sequential data

bl ocks conprise patd VoSV i cathsiopse Wrt wasrein thempliipleseisae waen PRet-st or age
uni ts, wherein nMutdnkqhifre Blobld AAGSss@i€onMsiolal&hidCr 0SS the storage units.
[0009] Fruitier provided is a nmethod, system and programfor initializing
a storage unit thH008lcdnparthis seplemsatativhs, tha btbiags witstomparg dard dist driveamiadediky a
storage controller, A wite c nd is .received with one bl ock of
Cnitialization datl P ‘E”%r@aogseeq‘@aw R HESKS pogioyish RPN o SWpe el
sequenti al bl ockswiifenacrsds e 3GRZSPAS Fherdil BuMiplk biBpcs HIWRALh R kAt BSe fnil Ock
address in the storage wilt where a first data block in the set of
sequential data bl%&Uds Rither provddegpsiatmednd, sysenaandpepshyarfoghitidiziog k goragEhveit hitock

equenti al data blBEY el " oS koo
e i ndi cat ea bl ocle agar sesr ity ERaPuh ek Aelt d SrfiPIERGr SulfsinBles” <

witten to each subseduéntncborisd mithiiatonhhe Gkmitr sbag: Shediageinalizt 2 @bt owi ng
t he indi cated bl ock adgpe s.a nunber of tinmes equal to the nunber of

bl ocks. [0010] ThEIGELEPPERY “eRpEewtam AbT B CHrowl ddicdetadishidrss nde
initializing a stasageniSRRES: B datiSbdRGn Be &t HGLEehl € bRAIMBNGL | Qich Mt @l 1 z€
mul tiple blocks of data in the storage units of a storage array in a
manner that reducB¥terpibigde The blogkef inhializaioh damaanitied it dheweitarommenddy vien to
controller the indicated block address. Further, the block of initialization data is written to each
subsequent consecutive block in the storage unit following the indicated block address a
number of times equal to the number of blocks.

[0010] The described implementations provide a technique for initializing a storage space by
using a single write command to initialize multiple blocks of data in the storage units of a storage

L array in a manner that reduces the use of the channel bandwidth between a storage controller

and the storage units in the array being initialized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Referring now to the drawings in which like reference numbers represent
corresponding parts throughout:

FIG. 1 illustrates a computing environment in which aspects of the invention are
implemented;

FIG. 2 illustrates components within a disk drive used with implementations of the

invention;



and the storage units in the array being initialized. BRI EF DESCRI PTI ON OF
- THE BRAW NGS 100111 Referring now to the drawings in which |ike reference

‘nunbers represent corresponding parts throughout: FIG | |IIustraﬂésN(;yJU5
conputing environment in which aspects of the invention are -inplenente
FIG 2 illustrates conponents within a disk drive used with inplenentations
of the invention; 14 NOV 2005 -4 i FIG 3 illustrates the format of a
sector in a nmanner known in the prior art; FIG 4 illustrates a format of
a wite inplenent conmand in accordance with inplenmentations of the
invention; FIG 5 illustrates logic inplemented in a storage subsystemto
initialize data in an array of storage.4levices in accordance with

i npl enentations of the invention; and FIG 6 illustrates |ogic inplenented

in adisk drive to initialize data in accordance with inplenentations of
the invention. DETAI FER3 mmwfmtdmwlpmmmwwmms [00121 In

the foll ow ng descri | S. n:ad t he acco dr aw ngs
whi ch formg part hgfrdeg?mst{agzﬁ% 'fnlpgpgﬁg ?‘@I'“%’%@B%ﬁ’é&hs of the
present inventi Oﬁlpleriﬁntah@soﬂﬂ&dﬁfeﬁfoﬁ)od that ot her enbodi nents may be utilized
and structural and o eratl onal changes may be made w thout departing from
the scope of the pre&tht isfplenpgiowp e[”@'(ﬁis&alﬁp@e Sllbsvﬁltqnutfltlmt&tltﬁsigtalrﬁoﬁmyil ng
envi ronment in enented. 0s
system 2 transm@g&%ﬁgg‘?%%ﬁmg;wm%\ré%%'!’et% Ot ﬁleénvg;{%fi?ﬁ device 4

t hrough a storage suB@yétllmt&IM¢m{pleﬂmaigﬁsdlmss> iiialikd Rtast REAGacdami ce 4.

The storage

PN implementations of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] In the following description, reference is made to the accompanying drawings which
form a part hereof and which illustrate several embodiments of the present invention. It is
understood that other embodiments may be utilized and structural and operational changes may
be made without departing from the scope of the present invention.
[0013] FIG. 1 illustrates a computing environment in which aspects of the invention are
implemented. A host system 2 transmits Input/Output (1/O) requests to a storage device 4
through a storage subsystem 6 which manages access to the storage device 4. The storage
device 4 comprises an array of hard disk drives 8a, b, c...n in accordance with RAID array
Fo storage devices known in the art. The storage device 4 may comprise any number of hard disk
drives 8a, b, c..n, including fifly or more. The storage subsystem 6 includes a host bus adaptor
(HBA) 10 to enable communication with the host 2 and a Peripheral Component Interconnect
(PCI) RAID adaptor 12 to allow access to the disk drives 8a, b, c...n in the storage device 4,
The storage subsystem 6 further includes a controller 20 to execute code 22 in a non-volatile
storage unit (not shown), e.g., ROM, PROM, EEPROM, etc., to perform storage subsystem
operations in a manner known in the art. Further, the PCI RAID adaptor 12 may be capable
+ 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 manner known in the art.



device 4 conprises an array of hard disk drives 8a, b, c...n in accordance
with RAID array storage devices known in the art. The storage device 4 may
‘conpri se any nunber of hard disk drives 8a, b, c...n, including fﬁﬁgﬁ'ﬁy
nore. The storage subsystem 6 includes a host bus adaptor (I-1BA) "1 Q 005
enabl e communi cation with the host 2 and a Peripheral Conponent
Interconnect (PCl) RAID adaptor 12 to allow access to the disk drives 8a,
b, c...nin the storage device 4. The storage subsystem 6 further includes
a controller 20 to execute code 22 in a non-volatile storage unit (not
shown), e.g., ROM PROM EEPROM etc., to perform storage subsystem
operations in a manner known in the art. Further, the PClI RAID adaptor 12
may be capable of configuring and initﬂhlizing the disk drives 8a, b,
c...n as RAID devices and striping data to the disk drives 8a, b, c...n in

a manner known irghtyper@s 3 i -o.] 001 | illustrates the
conmponents Wit hi[n egch di Isﬂ‘gﬂgtreél\!\g%coﬁlz?&g%f W@?’J.L e4gn g‘ék ﬁ%%éicn@ agincluding a dis
controller 20 anchtmlls2oadgstonpdnedondR, [ dskdins&infleméRatioRDihe NERiahdiRRs, t he
storage nmedi um 32 mould%ﬁonprise t he magnetic surfaces of one or nore

di sks. The di sk "CBHEIBIREhe Bagngts srrdicesioferic opmpre disksgi The disk sratellye20 wuit / Qut put

operations wthijg &ﬂﬁgg-ggnhﬂg (a7 'qg}@ﬁ i n nner known.in the
art and additiong?ly iﬁ%lude |8§?c(?§ﬁb rrorm %&$%?¥%%$F¥5F? W 6pBrat i ons
descri bed her ei manFhigogh gikheadntd aglitienlly2ftiudalpgic @RS hedniliRG& Spaati@ax eCut i ng
code in a non- volatil|e . mepgor such as a PROM EEPROM ROM etc., or
conprise an int gﬁ?‘iiegher%‘? r ﬁﬁ ‘%(Sk contrrle 24 @aeomRFSs| 4 PEOS eSS Qs X eSpme Codedn a non-

Integrated. G r golitlle h&RBribuclhs PPEG, émidM’ "(é& m[%%%gs]e_a{l Dol Q%ddes ri bed

i npl ement ations, the storage subsystem 6 performg the initiarizati o and
preenpts the PCPUcRa 4D ApglinpticorSpacHliciintegmtedrGituin@ SIG)iot othdr iogitdeast. data to t he

di sk drives 8a, . escribed ipn the co-pendi ng and comonly
assi gned pat ent [dg[l)Sp]I ﬁgg}epgﬁ%ggp}p fe F‘é‘iﬁ%omﬁ@? Fyege PeEpERs e dryiisdizatioro r
Initializing a StiragesSpRCERADAMIRY2 HorSwrithhitinatio? RS tel4 83%s 948

(Attorney Docket No. TUC920000093US1) and filed ril 18, 2001, I'ch
application is Pt ap6rtst @dharemerdingsid qopmenky aesign¢d patentsprination ertifled However

In “Method, System, and Program for Initieilizing 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, S6and a 2 byte LRC field 58. In
certain implementations, the sectors may have a different number of total bytes, e.g., 512, 516,
ete. 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



alternative inplenentations, the PCl RAID adaptor 12 may performthe
~initialization operations described herein. [0016] FIG 3 illustrat ?3 t he
-format of a sector in accordance with certain inplenmentations. In ce A0V 2005
i npl enentations, sector 50 is 524 bytes and includes eight bytes of a
header field 52, 512 bytes of user data 54, a two byte sequence nunber,
56and a 2 byte LRC field 58. In certain inplenentations, the sectors may
have a different nunber of total bytes, e.g., 512, 516, etc. Further, the
sectors may not include the header 52, sequence nunber 56 and/or LRC val ue
58. [00171 In RAID array inplenentations, the controller 20 would
initialize the array by striping initiakization data across the disks 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 aeigthhqueftoshesdctor depthBhudich datsis iifd bbfte saitthapas fie fRGUdLk h 0 t he
nunber of disks tb\?nntrthe %t[lra%/ _a%? 14 NOV 2005 -6 i a wdth equal to the
sector depth on Wh8N G&PSmPeinglides 3 RHYSEABr e switching to the next disk in
the stripe. Fachosfs] i Bend RekdaspnARfik e 36RORF 20 LA A LpkD G flosgr | bed

i mpl ement ations, the controller 20 Utilizes a single wite @HerSHusT
command t r ansf ercemthayg trahsfared ivitigh eingdd ek ofihitializitioh dith fatht etof alza s f2ask s1dhe

sector, e.g., 5 r 524 tes, . to cause each disk 8a, b, c...n in the
array to ng ite i]bﬁlte?’it% 7 §?C%lrslk %aP’é"'P Sﬁg‘i qrray Wé”rg%‘e'f‘g%“"fl [ata forpll therspgiqseln The
initialization didsaipaOTHeGhikeARsH B wdlld cdiiiBe M dhi® For 1RGcBE Ch His way! t hi S
way, through a single transm ssion of approximtely the size of the sect or
and >t he size of thpwehasissiniaremission otappiosmatell (he sige d@ithesestapyidaiss sizaufitbe ous
sectors on the recelvin i re initialized. This single wite jncrenent
conmand is thus a %g%f ‘sﬂ%‘ﬂ%@“@ hogsol brﬁﬂ UimAr T YRR °8ftheﬁfﬂe‘t"g'§g kagftighzed ¢ hat
woul d previ ous| yrhiseiggle wekte ibibiénptomnvihd & GucHETROES HeakitiARG6 FREIBE sdrs

initialize. [00191 FIG 4 illustrates a format of the fields in a wite
i ncrement cona tvy@ﬂq [yeviously 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.



Pl

accordance with inplenentations of the invention. The wite incr errent%gpy 05

.command 70 may be inplenented as a Small Conputer System lInterface (

comand. The wite increment command includes: Operation Code 72: provides
the uni que operation code used to specify the wite increnent command.
PBDATA 74: when this field is zero, then the di sk_ drives 8a, b, C...n W [
ignore the sequence nunber. For instance, in a Fixed Block Architecture
(FBA), as opposed to a Count-Key-Data (CKD) architecture, the sequence
nunber nay not be used. Qherwise, 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, then7the disk drives 8a, b, c...n wll
not wite a Longitudinal Redundancy Check (LRC) error correction code to
the sector. O herw se if this field is non-zero, then t.he LRC cod.e wil |
be witten. SequencelNsuhesefBlugks 8% mwmbermé serths initializetl by the disicjn enpsdto WEer t o

use. Logical Block Al ;lngﬁ 0: conprises the starting LBA in the disk
8a, b, gn from g{eg‘érﬁﬁe é@i%évm |l be witten. 14 NO V 2005 -7 Nunber

of Bl ocks 82: Nunber of sectors initialized by the disk in response to
wite increment command 70. i [0020] FIG 5 illustrates |ogic inplenmented
in the code 22 é%ﬁht B hillugtrtes loginimnisnieated inthercode 22 wkecited iyl cantralien 20a

volume in an ar rayaf. 15 ' , . .oNy Which i.n certain -

i mpl ement at i ons lﬁ%ag%rlﬁﬁﬁog&%%ﬁagé}rog%k SSEP8 e ]i“?{"sm ST fraRlgmeR Py ¢ h
the controller 20mprseeiRAIRGray. Gortlbains biblek @6l withathd @BkdHR 20¥QLMFE 2 The
controller 20 woul d then determ ne 102) the |layout of 'the

| 6gi'cal vol ume AEHBEYE Epaa pisH yoluge. (ﬁ’? Cgﬁgl?eflfl 20 wowldyigerrisiemnipg (atchyjock TR the
controller 20 Jayoutofthe 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 in 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 / determined at block 102, the controller 20 begins a loop at block
106 through blocks 126. For each stripe , 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 / in stripe { (LBA, ;) from the previously determined layout. The controller 20
generates (at block 112) a write increment command 70 to initialize the data for stripe { in disk
J. The LBA field 80 is set (at block 114) to the determined LBA, ; and the sequence number
field 78 is set (at block 116) to the sequence number variable (segNum), which indicates the
first sector number of stripe i in disk /. 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 jin



woul d determ ne how the sectors of the l|ogical volume are striped across
.the sectors in the disk drives 8a, b, c...n in a manner known in the art.
For instance, in RAID array inplenentations, the controller 20 vvo_JI4dNOV 2005
stripe data across the disks 8a, b, c...n by witing 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 |l ength equal
to the number of disks in the array and a width equal to the sector depth
on which data is witten before switching to the next disk in the stripe.
The sequence nunber (seqNum) is initialized (at block 104) to zero. 100211
For each stripe i determned at block 1Qg. the controller 20 begins a |oop
at block 106 through blocks 126. For each stripe i, the controller 20
further perfornms a |oop at block 108 through 122 for each disk drive j in
the storage deviteponsesr thagurien vite icdentehteconiakugd 10ibking fRiera®dl.r CRG8l. theflprdebdas K

ternmnes the | ogical block address of the first
R e T LR L R A E RN
| ayout. The contgmller 20 generates (at block 112) a wite increnent

comand 70 to initialize the data for stripe i in disk j. The LBA field 80
is set (at bl ockl0822}) In gsrigipinpitereastivisnaiicr defAsting mdi“bme’ﬁwgfﬂ%‘zwm% o

[ [ t (. ock .116) .to the sequence r_variable (seq ,
I/vlhlel:ﬁ |7Er31d: iaf gs {I%ESQ#) i Cr"é‘tm%éacet"otﬁe Cﬁﬁmgﬁgg?nsg’ft‘?@égggl?ﬂ afythg gerjeratet patenunber
of bl ocks field d&masdsSethe {ieklditds @&, L kverl 1R cohldiod Id il GRE Mnitdi0dheat i ng
the nunber of sectors initialized within disk j in response’to the wite

i ncrenent  commarflaFer stipp pacgsypidircdiskniant er.n indhd @bﬁ-dﬂ@@‘ﬁgmummemtnbﬁ;gﬁch f
increnmented (at tr dept h ich.is_the nunmber o

bl ocks t hat \(/\/illmﬁéeﬁ)l?%?%?g |z%(ér7(?§t£|1§’|g&ie“ﬁ’n %kRgazﬁr@@%‘afoég'Fé?%n%‘é‘“?'o t he
current write irbmemerdds Gobinaknde)tackheblog @8 nsfeAdradwreatdht bRganRHe L edS

k 122) back t | ock 108 to wite data fromstripe i to the next
Ei?:[skblfsg,c b, c? : .“.“Plalﬁ?%tﬁ‘i ﬁ’b‘?@ forhengyf stripe dtorpatively, dhsrcontioer 2ommesshthawiions, af t er

enerating Wi t @ndrddeh @B R COTIRAL SN 26 @hdmih %ahg {8k Prs Sape 1N
gt ripe i, gt he controller 20 transm t}fsa%%lagt% Jﬁ'o%@‘:io &I S8 Tk at ed
Wite generating write increment commands 70 for multiple stripes.

[0023] FIG. 6 illustrates logic implemented in the disk controller 20 to initialize the storage
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



commands to the disk drives 8a, b, c....n over the connection to
-simultaneously initialize the data for stripe i across all the disks]ﬁonﬂm
‘b, c...n in the array. In certain inplenentations each wite increnent 5
command 70 is transmtted with a block of all zero data for the sector.
Control then proceeds (at block 126) back to block 106 to generate wite
increment commands 70 to initialize the data for the next stripe.
Alternatively, the controller 20 may send the wite increnent conmand 70

i mredi ately after generating the command at block 118, or after generating
wite increnent commands 70 for multiple stripes. [00231 FIG 6 illustrates

| ogic inplemented in the disk controllerg.20 to initialize the storage
medi um 32 in response to receiving (at block 150) one of the wite

increment commands 70 transmtted at block 124 in FIG 5. The disk

control l er 20 pexithdterdBAavaluaom thit winl, e KRC15Id 58 btk islséddled Rfih Be IR BBAe Of

bl ocks equal to the ﬁunbe of. blocks field 72, which in certain
i npl enent at i ons SFLNt FReauss thy igialization fata iy plbzepnes; fhe regpiof SORig albthe bisamthewant es ( at

bl ock 156) all tL'R@f)OQi%ﬁ @ftﬂefs@(%rtSb@th%ﬁht iﬁ %egcgm&fo léﬁ% g%légﬁg%ghgﬂ isses a

i ncrenment command 70, which in the descri I nplene

full sector of atrborfemoblerdt!&l, thecortidker 3@ mtrementsaatibiogk 1d3% tHeBAA mdligvat @ed 1 n
the LBA field 80, .If t. bl ock 15%? éEe PBDATA field 74 is non-zero, then
the disk contr&fi5H "ty nggmentcqpungid J0 by qusdyr vieewtmg thsiniigiziendsts tothetsst 56
(FIG 2) to thesacakbfdidk!) drh@ipe 15%%%%%%&1&“& Ldds f8 ki Ic&gmg?d Bhalide
received wite increnent command 70. e sequence nunber In thée"wite
i mcirement conmaAbVarigblds $or thedBAj and seavenertrahbéralita ied hinilhi2) subytquenrsectdrd AfRE i N

the initializati : Next sector. (00241 herwise [f (at block 158)
the PBDATA fi el %8@“48'?‘% th g‘%t{élﬁzé‘{r“’“f"? g‘&c'bWeBtcsﬁ‘g%’E?“ Hiacecsdphblook f@? baglgyto block
determ nes (at bixokhlifadt)scordn etts itiatike uhiBPATMef dredc@rs AR ihiSaliZ& Rt eqlu:;ls fot, then
the controller 20 sets (at block 166) the sector LRC bytes 58 (FIG 2) to

the value of zePYPREMOYPITAREY 2005 -9 with the LBA vaiue. In this way,
e I T S T
bits in the non8a,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 simultancously. 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.



LRC portion of the sector 50 would result in zero. If (at block 164) the
LBDATA field 54 is zero or fromblock 166, the controller 20 incregﬁnts
‘(at block 168) the LBA field 60 in the received wite increnent co 2003
by one for use in witing the initialization data to the next sector of
disk j for stripei. In this way, the disk controller uses the wite
command 70 fields as variables for the LBA and sequence nunber data used to
initialize subsequent sectors. After conpleting the initialization of the
current sector, control proceeds (at block 170) back to block 152 for the
next sector to be initialized until a nunber of sectors are initialized
that equals the nunber of blocks field.-g2. [00251 Wth 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 transmt the zero sector data to each disk drive
8a, b, c...n for each sector bei itipriat impleingr e\l , the controller 20

111N 4 21 ¢UH
transmts only H.e co nd with ope block of zerp data for each disk
in each stripe, O[p%é"wegbe (?fcaﬁ%afaﬁnelgﬁ?nl ot 8@‘5%‘?“(?@“"[“%3’1]?6%5?9%@ mefhodt e

commands and by tapparads oflatic dfhansithid @flg R811R8 BroffBmink A&y Sndil2 Q'te'éllﬁ%(géé ves
8a, b, c....n. Because the wite increnent comrmands of the descr

i npl ement at i ons tpEwduse giveRe clirmmiase, haglsare, ds amchainbingtion tarsofp Thotermafatticle of

initialization sg » | ler 20 s able to .send wite increment
comands to all teﬂgﬁﬁ‘lﬁg kﬂtsS tl%g?&%&? ;egé.ri. tSFIOdS PO FRisEsLrdn Eal"ﬁ‘éa”ﬂ@%‘&fﬁigbé‘a
i npl ement at i ons integradeircditieRip e BorimifabiRbad A0e CRed?o ARBatild edior age
subsystem 6 and stor%ge device 4. In this way, initializationis limted
onl y by the trarRF&HLEEHLIASCOnFarles Progamarlle logie dericsi(CRP)See), pmplex. . n. | t
has been obser vggd hiiable IddicH¥sSteSOBL di sk drives connected
to a storage contrpllere(%ﬁ a Eﬁbréﬁgﬁgﬁﬁﬁﬂgiﬁﬁﬁggg?gﬁncﬁ%ﬁ?gFH?i?3¥ization
usi ng the wite mademeprenbarddsindrives, I@ppfliskshape, diedoptidaithrigaplR-REMsaéieNs can
take forty m nut ich.is substantially |ess than the several hours
required to inifﬁ%$?§€‘g%@%mWéﬁVfﬂﬂgynﬁw1 Biogidp PR QRS BPMsi TiQNal i zat i on
techni ques. 14 NAN, BRAMs; S\ Gkl 88 oo RLSIBEL, Rch OTolBh BeoSmh 0261  The
descri bed inplenentations of the inventron may be réalized as a nethod,
readable medium is accessed and executed by a processor. The code in which preferred

embodiments are implemented may further be accessible through a transmission mediz or fom
a file server over a network. In such cases, the article of manufacture in which the code is
implemented may comprise a transmission media, such as a network transmission line, wireless
transimission 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 alternative 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



apparatus or article of manufacture using standard programm ng and/ or

- engi neering techniques to produce software, firmnvare, hardware, or any
rconbi nation thereof. The term"article of manufacture" as used heréi4nN0V 2005
refers to code or logic inplenented in hardware logic (e.g., an integrated
circuit chip, Field Programmable Gate Array (FPGA), Application Specific
Integrated Circuit (ASIC), conplex programuabl e |ogic device (CPLD), etc.),
conpl ex programmabl e | ogi c device (CPLD) or a conputer readabl e nedium
(e.g., magnetic storage nedium (e.g., hard disk drives, floppy disks,,
tape, etc.), optical storage (CD-ROVs, optical disks, etc.), volatile and
non-vol atile nenory devices (e.g., EEPROWMs, ROVs, PROVsE, RAMs, DRAMs,
SRAMs, firmnare, programmable logic, etc.). Code in the conputer readable
mediumis accessed and executed by a processor. The code in which preferred
embodi nents ar e MRiSMEaNgsellodngf ditg intformmats biber shon eestois nlag b intidiaghusiag the write

transm ssi on nedj ; file server. over. networ k. In such cases,
the article of crihac?leu atcf)ﬁlfr?]gncﬁt%twrlgﬁq ntl%né’?ecb OS‘SW*Q%‘ei%W@W%a%WdBﬁpn se a
transm ssi on nedil@k. such as a network transmi ssion line, wreless

transm ssi on rredigl signal s ,gr opagating through space, radio waves,
infrared si gnal 90028 ¢ In'thy descaidgedrimplementaéans, thdontrodler 2 gerietated the twrisiiddrentegtc ogni ze
t hat many nodifi i - E 0..L:hi s onfiquration wthout
departing from tcﬁ@hﬁx&ﬁ(}%gﬁ%&e? E{é\rﬂgrgtgrg%enc{egl?éh\f‘g%ﬁ?ngﬁz’ glgﬁtﬁ?v‘f %é“t”w?%‘?“ﬁrti cle of
nmanuf act ure may igomEni e@mamani o cmeteiusd th@afiguRtoRATD Bk cds Nmtsh@ art .

[ 00271 The logic of FIGs. 5 and descri bes specific operations occurring
in a particul ar “%riesonrqls 20 wouldhaye o determine ripieus of thrdsta opethe arierpr oforetdisk

| ogi ¢ oper at i onsrig@YndenRRE fak ' Lehd i I ;ed or
removed. Morever, ste % may be@%&%ﬂsﬁgsegﬁﬁgéaggg%geo éésgghﬁ%gggac 8%‘?'05" and
still conform t d0@3Ak Heesdenidyediich tholslermprtubdystan§ confulict henpris@RErGIRAIDS

descri bed herei ccur,sequentially or certain operations may be

processed in pa;zl dap fgg%/}.{g\feéﬁfgi&???efﬁbéy SEE%/‘EIP?I‘B%‘B“ ferRgida bedi hsisan cagjglsobenas

initialized in seekowsh othdd ypkd FbaLd Miptckéd e MOV AORBpuekdsy R LAIRRE @E‘sﬁ“s’
g

bl ocks of data in formats other than sectors may be ini'tialized usi t he
wWite 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 altemative 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 zefo 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 correction 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.



increnment command that initializes multiple blocks with the transm ssion of
-data:for only one block. [00291 In the described inplenentations, th,e
rcontroller 20 generated the wite increnent conmand to initialize a IﬁAN@i’ZUUS
storage device. Additionally, the above described wite increnment conmand
and | ogic can be used to configure non-RAID storage devices. In such case,
the controller 20 would have to determ ne the | ayout of the data one the
one or nore disk drives and generate wite commands for sequential bl ocks
of data witten to each device. [00301 The adaptor which the storage
subsystem 6 controlled conprised a PCl RAID adaptor. However, the storage
subsysteminitialization techni que descrided herein can also be wutilized
with other types of storage adaptors, e.g., Small Conputer System Interface
(SCS), Fibre Channel, etc., adaptors. [00311 In the descri bed

i mpl enent at i ons, 10434k B forrguing desgrsion of thepreferesd ebodimest of theiavensantiayistem

Addi tional ly, t . device, e.g.,.a host,
computor - et | ERsiEER pRRRY ST wi SRS B Vorrtstrg SRR o
device. [00321 Iwilithife idesiton thie pietiip|f@ Rl OMeny rddficHosan@VdiBas 82 D

C...n conprised ma%net ic hard disk drives. In alternative inplenentations,
the storage deviPeEDPl ight of §spbqve saching. & isdtended thatithe score of fhovaverition teHienited t |
such as optical gisks et ¢ he described. jnpl ementations,
the initializatiordoms qfhggﬁ.%?cp@% ’bzu[e%glg% tﬂg&lﬁnﬁcfali)e??%ﬁﬁ‘ieﬁoy,Ti'etn%@’e

initialization debificaiay exaampfes islelanpheide dednlewaldttfioh Bame ARTLAHRLA usk 90341
In the descri beg@icg_gl enent %i ons, the error correction code witten to the

séctor conpris ROSHR Gf HAHmHENtion cush Bamcbediens of (hR@yeniigen bomekat ed by
perform ng an exghdtsinelit f [ i re . . the,data in the
sector and the LBA of ¥t haeéﬁs?gc%t]%?s{%géi Pfi:%vrﬁl%:%l\%lx,ﬁl%&?%tém%@?%o?eg%%?nrtgec 14%8h code
may be gener at edicreigifigeapasndeder ror correction codi ng techni que known in the
art, and is not limted to the LRC techni que described herein. [00351 The
storage controller may conprise any processor, system or adaptor capable
of configuring and utilizing one or nore di sk drives.




14NOV1005 -12 k 100361 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 dr N@W?US
limt the invention to the precise formdisclosed. Many nodifications ang
variations are possible in light of the above teaching. It is intended
that the scope of the invention be |imted not by this detailed
description, but rather by the clains appended hereto. The above
specification, exanples and data provide a conplete description of the
manuf acture and use of the conposition af3the invention. Since many

enbodi nents of the invention can be nmade w thout departing fromthe spirit
and scope of the invention, the invention resides in the clains

herei nafter appendSpTISLLNDIEDEH5 - 13 WHAT IS CLAIMED IS: | . A nethod for
initializing a storage device conpri.sing nultiple storage units through a
st or age con?roller, gghpriéﬁﬁgpggg%ﬁﬁgwgﬁﬁﬂm?é tre Semprging mplfiplegiqrage veiis st or age
space that spans thheghsts@ragentdlict Ssmprgt €r m ning a | ayout of sets of
sequential data blocks of the storage space onto the storage units,
wherein sets of sequefCPEPe HBEIUsS Y intdize asteagmspact bat spans hs Sorbdeenis&t or age
units; for each set ofj.sequenti a.bl ock rformng:. (i) determning
a bl ock address in eagﬁégﬁggggg%%nggﬁﬁgggng?WﬁgF @ES%F%%WmFﬁ“wﬂﬁe set

of sequential datsordgk owksvhaielnl seibef sequbittihiRt bavid afd iieDRNGE A éu'il'gge%m%‘ ite
command for each of the storage units, wherein each wite confrand’
i ndi cates the determnm HEFPBFOBICCHEH RS bjoghs, Refemingor age unit and a  nunber

Of(, bl ocks; and (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
number of blocks; and

(iii) transmitting the write command with one block of initialization data o 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 number of blocks.

2. The method of claim |, wherein the determined layout includes multiple sets of
sequential data blocks written to each storage unit, wherein the sequential data blocks of each
set wiitien Lo 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.



(iii) transmtting the wite command with one block of initialization data
to the storage unit; wherein the storage unit receiving the wite cpgg&g%
‘writes the block of initialization data fromthe indicated bl ock add 005
and wites the block of initialization data to each subsequent consecutive
block in the storage unit a nunber of tinmes equal to the nunber of bl ocks.
2. The nethod of claiml. wherein the determ ned | ayout includes nmultiple
sets of sequential data blocks witten to each storage unit, wherein the
sequenti al data bl ocks of each set \4nitten to one storage unit are
non-consecutive with respect to the sequential data blocks in adjacent
sets witten to the storage unit. 3. Theygqoethod of claim 1, wherein the
initialization data conprises zero data for the block. 14 NO V 2005 -14 4.
The met hod of claim 1, wherein the storage units conprise hard disk drives
within a disk array, 4and Thheebodofchio kehgeiothe segganiti @mpatahad Bisoadss

conprise portio f a stri of. data itten across the storage units,
wherei n nul tipl iy ra@d‘ﬁlé%mé{rag‘gx‘i’ﬁrf‘? _&‘ﬁ Seé‘c% ye 'H_é‘até 878 GnRAiES Rogtionsof apge

met hod of ¢l ai Mofldatvirie@EosEMEMGrhgS i whrdH MAlihIOGrigeRart BlHEbE ﬂﬁ%ﬁggd a
code to cause the storage unit receiving the wite cormand 1o Wi an
error correcti odode to each block to which the initialization data is
witten. 6. The nmethod of claimb5, wherein the code indicated in the wite

command further causes the storage unit receiving the wite command to

perform comnbining the biTheketrAddrass 10frthchnbpliggk to which the error
correction code is witten wth the error correction code. 7. The nethod
of ¢laimb5, wherein Pi@tingip e wats commandgsodedeienusartiietstomae injt rechiging 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 code is vritten

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



storage unit conprises a longitudinal redundancy check (LRC) code conputed
by performng an exclusive OR operation with respect to all the data in
'the block to which the error correction code is witten. 8. The nquqﬂgq%o
claim1, wherein the data block conprises a sector including at [|east s
header section, a user data section, and an error correction code section.
9. The nethod of claim1, further conprising: 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 14 NO V 2005 -15 1 data bloeks-in the storage space is assigned
a sequential nunber indicating a |ocation Ln t he storagedsFﬁcedr?Iat!vedto
all other data blocks; and indicating in the wite coman e determ ne
sequence nunber t ‘%m@’ﬁl&‘é %leﬁ@‘agec Bia essigner & sequentigh numbenipricatneglesativs imtharber  of

| ock i 1. data bl ock to which
the data bl ock i nyddig sHtALRER (SMBGL: (ka r?g(tﬁ:ﬁ%a

initialization data i1s witten. 10. for initializing a storage
unit that conprises omgicging mibctvwin @matand tagdeterminddssqueid ag st BYade Gt Shage

i si : i Vi write conmand wi th one bl ock of
controller, conprlghgggﬁ%ece|V|n

initialization dat® £ frauestediimge of g At ek the gompgs spacala each datadispk tof

sequenti al bl ockswiid ifiaBl@hA8Lis SR@Re, Wherein 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 witten and a nunber of blocks; witing the
bl ock of initializatiop dqggth%_nsn&$ted %ﬁth the wite command to the

i ndi cated bl ock address: and Wi ting tie A Rt dhat fHIpcare AP EH: e to
each subsequent amhseoaed tea @6 Konirélic, Benppitigg: age unit fol l owing the
i ndi cated bl ock address a nunber of tinmes equal to the nunber of bl ocks.
recerving 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 number of blocks;
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 number of blocks.

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.



1 1. The nethod of claim 10, wherein each storage unit receives nultiple
-wite commands to initialize multiple sets of sequential data bl oc ¢ NGY 2005
‘the storage unit, wherein the sequential data blocks of each set witten
to one storage unit are non-consecutive with respect to the sequential
data bl ocks in adjacent sets witten to the storage unit. 12. The nmethod of
claim 10, wherein the storage units conprises a hard disk drive wthin a
di sk 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 nultiple stripes are witt&n across the storage units, 14
NO V 2005 -16 13. The nethod of claim 10, further conprising: witing an
error correction code %o each Rh?%k to which the initialization data is
written. 14. The methdd of NEMshad o slamy e fughencapprisinghg t he error correction
code further conpri sesi WoYMala , f. £he block to which
the error correc??on coégﬁﬁgpﬁﬁ???%ﬁagﬁﬁiﬁgtlgggﬁﬁﬁﬁngﬁ?é%%q?%%i168@@“15.
The nethod of claim1, wherein the data bl ock conprises a sector including

at | east a header segiiozI a ¥s§r fiataxzsvect,ior_l_z and an error correction
code section. 16. A sy&t enlFEENpdofclamn |3, hgeinweiing ths gaorsaydcien coderfpiesi ng

mul tiple storage dRpilsss: conprising: neans for receiving a request to
initialize a storage space that spans the storage units; neans for

determ ning a | ayout efmbguteghadfiock edferenufitiglblodatoavhiph deksoabndcher GHOE aggenspace
onto the storage\Hmhkﬁmnmgg&%gnmﬁgts of sequential data blocks are witten
across the storage wunits; and neans for perfonning, for each set of
szquential data bl ocks: (i) determ ning a block address in each storage

u

it where a first da}a bl ock in . .
5. 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 1o 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
(1) 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
number of blocks; 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



the set of sequential data blocks will be witten; and (ii) generating a
whi te command for each of the storage units, wherein each wite co n
-indicates the determ ned bl ock address for the storage unit and a nu 2005
of blocks; and (iii) transmtting 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 indicated bl ock address and wites the block of initialization 14 NOV
2005 -17 data to each subsequent consecutive block in the storage unit a
nunber of tinmes equal to the nunber of blbcks. t 17. The systemof claim
16, wherein the determ ned | ayout includes nmultiple sets of sequenti al
data bl ocks witten to each storage unit, wherein the sequential data

bl ocks of each set wdp foesAchsubseayent eqnagentiye blaek in thysergouniteonsbe of fime egiat h
respect to the sequenti@l ngakrblgeks in adjacent sets witten to the
storage unit. 18. The system of claim 16, wherein the initialization data
conprises zero data for the block. 19. The system of claim 16, wherein the
storage units conpris har,g disk drives wthin a disk array, and wherein
the sets of sequential'"dat BeBYEEWE aighisr vhsesing by defepmiaeddayoy “§Klﬁ¢8|@eﬂﬁpl§fsetﬁdt a
witten across th@qshil @86 déR | A I re witte
across the storageq units. ldgém.\gﬁﬁ%wsl%?lé}%ggwné%%%@%geq‘%ﬁﬁatl et?bk():coksnﬁrﬁacl ng:
means for indi catdehgitiemtotdnesiourdetusit gonmenckearticodieh itspedt aUeefUB RIS AQRs N t
receiving the wjte wite an error correction code to each

0 nd t
bl ock to which thaéllafeﬁfﬁe%q%?g‘Sﬁtoré‘%et‘Q“i s witten.

R

18. The system of claim 16, wherein the initialization data comprises zero data for

the block.

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 poriions of a stripc

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 writlen by the

storage unit comprises a longitudinal redundancy check (LRC) code computed by performing



21. The system of claim 10, wherein the code indicated in the wite conmand
further causes the storage unit receiving the wite conmand to cqmé\{e U@{:e
bl ock address of the block to which the error correction code is %
with the error correction code. 22. The system of claim 20, wherein the
error correction code witten by the storage unit conprises a |ongitudinal
redundancy check (LRC) code conputed by performng 14 NOV 2005 -18 t an
exclusive OR operation with respect to all the data in the block to which
the error correction code is witten. 23. The systemof claim 16, wherein
the data bl ock conprises a sector includipg at |east a header section, a
user data section, and an error correction code section. 24. The system of
claim 16, further conprising: neans for determining for each set of
sequenti al data binoukssiva ORegerativoevith ueshet to klhthedathin tisthivcla @evhithitie ewbiedofeclon
first data bl ock ita t he set of sequential data blocks will be witten,
wherein each dat4°bPSTEN n the storage space is assigned a sequenti al
nunber indicating a location in the storage space relative to all other
data bl ocks; and neans for indicating in the wite command the determ ned
sequence nunber to cause Theysroofagen Umnivherdiothewlitd ok hemgraeuane® imuthest of
t he data bl ock inle§Sp§11655 or g)e space to each data bl ock to which
initialization data 18 iH P8R 1Sggiata Aoclpn, andan Lrrpr comeclipngads secpngat a i n
response to a conmand transmtted by a storage controller; conprising: a
storage unit; means for receiving a wite conmand wi th one bl ock of
initialization data frém tHesyssmef g 1@ohthedomerisingo i nitialize a set of
sequenti al bl ocks in ‘ , rein the wit command i ndi cates
a gl ock address in thgnegr{sg({l ggg%mﬁ]ﬁ%t% W %erlg Ogée llleptéat?d%aalfl%c%f (o[ G T eé”éeégh of
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 number of blocks;

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

number of blocks,



sequential data blocks will be witten and nunber of bl ocks; neans for
witing the block of initialization data transmtted with the wite commuand
<to the indicated bl ock address in the storage unit; and means for Mt N0V Al
the block of initialization data to each subsequent consecutive block in
the storage unit follow ng the indicated bl ock address a nunber of tines
equal to the nunber of blocks, 14 NOV 2005 -19 26. The system of claim 25,
further conprising: nmeans for receiving multiple wite commands to
initialize multiple sets of sequential data blocks in the storage unit,
wherein the sequential data blocks of each set witten to one storage wunit
are non-consecutive wth respect to the.ggequential data blocks in adjacent
sets witten to the storage unit. 27. The system of claim 25, further
conprising: a disk array including nultiple storage units, wherein the
storage units conpri 2& a Hesgtemaif kim@6, finthendotnpiishg: and wherei n the sets of
sequential data bloc%% %%gprLserﬁﬁrgions of a stripe of data witten
across the storage units 1 notHeE PGy IeRmands igfializeimdtink sets plssqugntiel dagi t t en
across the st ortagks it thcsGragedBit, WHRRInIMESERSR | & I,sing:
means for witing an errorgcprrection é@dég%%%ég%ﬁh%?%gEygggﬁﬂ?@%@Ekﬁg
initialization d4tare nprscofgerytivewith pgect ke ssquwttihilatf blaksin mijaBnt st efidinio t he
means for witing & eﬁﬂfor correction code further perfornms: conbining

t he bl ock address of “the block to which the error correction code is
witten wth the error correction code. 30. The system of claim 25,

wherein the data bl ock conprises a sector including at
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 correction 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.



| east a header section, a user data section, and an error correction code
section. 14 NOV 2005 -20 31. An article of manufacture conprising code
‘executed by a storage controller for initializing a storage device 14N0v2m5
conprising multiple storage units by: receiving a request to initialize a
storage space that spans the storage units; determning a |ayout of sets
of sequential data bl ocks of the storage space onto the storage units,
wherein sets of sequential data blocks are witten across the storage
units; for each set of sequential data bl ocks, performng: (i) determ ning
a block address in each storage unit wherm-a first data block in the set
of sequential data blocks will be witten; and (ii) generating a wite
command for each of the storage units, wherein each wite conmand
i ndi cates the deterni Aéd WM'%GW@%"@M@OWW%@@@@%@W 4 staped cantrollen forber

of bl ocks; and (i g the wile comman wi th one bl ock of
initialization dé%%%%%é?ﬂﬁﬂé Vwe gmﬁﬁf?mm&ﬁ@PSVWmi e storage unit

receiving the wite Cﬁﬁfﬂﬁﬁgi]Ml[ubstt@)Snlﬁef[l@eemtd?&gks;ﬁf:etlldtgﬁaﬁétﬁé 4G Rhap, data from
the indicated bl ock address and wites the block initialization data to

each subsequent conseéﬂ?WV@%BWB@kof%mPﬁ%@@ﬂ@?@@@mmhﬂﬁﬂaSmugbemm@hmMWnes

equal to the nunhel.. ofis ki@ e of . manuf actuyre of claim 31,
wherein the determ r%g 1 ﬁ aleIﬁK%ﬁlth gf%e é';h?l dgﬁ:i?) o&slaree wgg nSaCB Sa@%g%ﬁ‘?t“f“ﬁ dat a

bl ocks witten to eacfnrsacbseaqeequﬂ1tlﬁl dawhledflenﬁxf(hh@gsequentl al data bl ocks of
each set witten to one st ra e.unit are non-consecutive with respect to
t he sequential data bIoc% %mﬁﬁﬁé@@ﬂfmgﬁﬁénﬁf@?Wéﬁ“ﬂ%“b%@ﬂ§®%¥@gbdunlt

33, The article of maputastsnen Bl bRbTWAdwiELE N the initialization
data conprises =zero data for the bl ock. e article of manufacture of

claim 31, wherein the st Or(a)ggenqmmg 8 wgtgm’pmmga ftvanadl of the storage units, wherein each
write command indicates the determined block address for the storage unit and a
:number of blocks; 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 number of blocks.

32, The article of manufacture of claim 31, wherein the determined layout includes
.- multiple sets of sequential data blocks written (o 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



disk drives within a disk array, and wherein the sets of sequential data

bl ocks conprise portions 14 NOV 2005 -21 of a stripe of data witten across
“the storage units, wherein nultiple stripes are witten across the storage
units. 35. The artlcle of manufacture of claim 31, wherein the code,further
causes the storage controller to perform indicating in the wite Eéd@ﬂﬂmﬁ
a code to cause the storage unit receiving the wite conmmand to wite an
error correction code to each block to which the initialization data is
witten. 36. The article of manufacture of claim 35, wherein the code
indicated in the wite comuand further causes the storage unit receiving
the wite command to perform conbi ning-ithe bl ock address of the block to
which the error correction code is witten wth the error correction code.
37. The article of manufacture of claim35, wherein the error correction
code written byfaHepef datzgiten adress the stpragesmiss, whérein giultiple stripds areeditinikarey check
(LRC) code conpqﬁeg) b%ggerforning an exclusive OR operation with respect
to all the data in tHe brock to which the error correction code is
witten. 38. The artlcle of manufacture of claim 31, wherein the data bl ock
conprises a sector |nclud|ng at | east a header section, a user data
section, and an erro#’ cortheatisloef nesufacturesefctainnl, wBScin i eoda fitrtha legisesfthe
manuf act ure of n the code further causes the storage
controller to pgr?%gﬁg&ﬁ%te %ﬁh?ng for each set of sequential data blocks a

sequence nunber in eidibuisg i0rREEit diickndii8deRo aubd thestordka it IQACQN%MCQWRJ]E} set

of sequential data blocks will be witten, wherein each 14
command to write an error correction code to each block to which the initialization data is

written.

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.

39. The article 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



-22 1 data block in the storage space is assigned a sequential nunber
indicating a location in the storage space relative to all other data

bl ocks; and indicating in the wite command the determ ned sequence hiéi 612005
to cause the storage unit to wite the sequence nunber of the data bl ock
in the storage space to each data block to which initialization data is
witten. 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 nultiple storage units nanaged by a storage
controller, wherein the code causes the siorage unit to perform receiving
a wite conmand with one block of initialization data fromthe storage
controller to initialize a set of sequential blocks in a storage space,
wherein the wi t edatadingkindhe sioragé sade drsassignisl asedueatdtineber indicatinge lehtondghe uni t
where a first data bl ock ipfthelﬁﬁ% gf ?eﬁye tial data blocks will be
witten and a nunb&EeSRFERede allgher faidlackteand) ock of initialization data
transm tted with the weide GRRBACdBubE: GG Sk BLALERS nodfd
witing the block of initialization data to each subsequent consecutiVve

bl ock in the stor#§d W the paghdnesmuntyertofithe davdlilecktietic Bbrogkspad tr@ssdag bivgkiver  of
times equal to thg.n ﬁim&ﬁm?k%%ﬁ%- 41. The article of manufacture of

cl ai m 40, wherein each storage unit receives multiple wite commands to
initialize multiple sets of sequential data blocks in the storage unit,
wherein the sequential data bl ocks of each set witten to one storage unit
are non-consecutive Wth PREEQ megiachs nciding erde erecurdtby 2blovekwitifes adj acent
sets witten to the.s i . tlel f wfacture.of claim
30, uherei n the. oo apghE i tlectt s okl gl BOY QEbR R il
aray, and wher ei nintidreansgtl by oftorsggurentidrathedatia dbicalss teompide aait thgedM: 2005
-23

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 number of blocks;

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 number of blocks.

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



portions of a stripe of data witten across the storage units in the array,
wherein multiple stripes are witten across the storage units. 43. The
article of manufacture of claim40, wherein the code further causes 1bam
storage unit to perform witing an error correction code to each bloc ygmm
which the initialization data is witten. 44. The article of manufacture of
claim43, wherein witing the error correction code further conprises:
conbi ning the bl ock address of the block to which the error correction code
is witten wth the error correction code. 45. The article of manufacture
of claim 40, wherein the data bl ock conpriises a sector including at |east
a header section, a user data section, and an error correction code
section, 46. A conputer readable mediumincluding a command used for
initializing a $eBeEPéa sigetof datrawritcn ppess besoragrenicin tie htdy plieercit mulagestipas t S
managed by a stor .controller wherein the command is associated with

t he ?ollo&ﬁng dafgg%gﬁgmﬁﬁ%%ﬁsggxﬂﬂvﬁiaJization 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 wll be
witten; and a nunber4bf biheakde ofgrmavfedune eflsbinethwhendh bacsle irthdreasdsdrage
unit to wite theg, %g&%uﬂ%ﬁm'.itialization data to the indicated bl ock

address and to each subsequent consecutive block in the storage unit

foll ow ng the indicat edillanator addtes sSoda toreddiidRick @fwhich MR Sni®UERbn da@: i§ MgepuUNber
of blocks. 14 NOV 2005 -24 47. The conputer readabl e medi um of claim 46,
wherein the storage units

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 number of blocks, 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

number of blocks.



conprises a hard disk drive within a disk array, and wherein the sets of
sequential data blocks conprise portions of a stripe of data witten
‘across the storage units in the array, wherein nmultiple stripes are _
witten across the storage units. 48. The conputer readable nedi um] gf N Zwm
46, wherein the command further includes: data indicating whether to wit
an1error correction code to each block to which the initialization data is
witten. 49. The conputer readable nmedi umof claim46, wherein the data
bl ocks that are initialized each conprise a sector including at |east a
header section, a user data section, and an error correction code section.
50. The conputer readable medium of clai.;46, wherein the initialization
data conprises zero data for the block. 51. The conputer readable medi um
of claim46, further conprising: a determned sequence nunber, wherein each
data block in the storage space is assigned a sequenti al nug?erklndlcatlng
a location in the st gn}'age g‘x%gutgr (raea&rbfe\llneed&n% o clalm%% Qﬁllé:reg%ﬁeaétorage l?n?ts >

comptises 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.



