UNI'VERSAL RAI D CLASS DRI VER BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates to the field of data storage devices. Conputers often
store large quantities of data, including data such as nusic, video, ganes,
applications, and other valuable information, on hard disk drives and

ot her data storage devices, which are referred to herein generally as

"di sks". ‘As users' storage needs increase and the price of disks fall,
conputers often enploy nultiple disks to neet their storage needs. [0002]
To inprove performance, reliability, and efficiency in using nultiple disks

fOT data storage, two QINIVERSAIKRAIENCIASSDRIEER nto a single
"l ogi cal" disk. One common di sk archi tecture for conbining nultiple disks

i's RAID (Redundant Array of | ndeéendent Di sks Al.t hough RAI D systens can
provi de i nproved di sk per B rHEEROUAMY L5 THE YTION, RAID systens are
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[6003] Addltlonally, because some current RAID systems require specialized disk
controllers, they are limited in the number and type of disks that can be combined. For
example, it is virtually impossible for current RAID systems to combine an EIDE disk and a
SCSI disk in the same RAID system. In other RAID systems, the computer operating
systems combines disk partitions, rather than the underlying disk itself, to create the RAID
system. Because disk partitions are defined by the operating system, the disk partitions, and

(‘ hence the entire RAID system, are inaccessible until the operating system has loaded. Thus

in these implementations, the computer cannot be booted from the RAID system.

{0004] It is therefore desirable for a system and method to enable users fo easily combine
two or more disks into a bootable RAID system without specialized disk controllers. It is
further desirable to be able to create RAID systems using disks of different types, controllers,

and interfaces.




users to easily conbine two or nore disks into a bootable RAID system

W t hout specialized disk controllers and allows the creation of RAID
systens using disks of different types, controllers, and interfaces. A
RAID class driver is initialized in response to the identification of a
RAID controller. Disk controllers return RAID specific device
identifications, rather than standard di sk device identifications, for
each disk to be included in the RAID ststem The RAID class driver binds a
RAI D-speci fic functional i RREHTHOAMASYSRERIBMNKENEPNng a RAI D-specific

device i dﬁﬁ)bi]fEnﬁJ@Eﬂw@ﬁ\ES andle &Qéﬁﬁbﬂ@&eﬁaﬂﬁ réﬂdt@!@% RADHQI:Rs ﬂiv%km@@l faf enables
representing the entire RAID system di sk obj ect provides the
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[0005b] | ndlam)gewbi\ms webﬁbrmg %Qmmmaar@&sﬁ NRicPldBRBRAioh MRRpA e t here
is provided an _integrated circuit adapted performcore | ogic functions

of a conpuP&F™ Al ? Standard ey driveg dp tmte’if%ﬁ"rp}"iﬂs |t}P‘Fg disk oRitr'p thegehtsr enapling

adapt ed t OrdnfyAttaEacaRs ORRITALIDRGtsStemto [ oad a RAID class driver having a
physi cal device object representing a RAID system conprised of a plurality
of disks; and a first disk controller adapted to interface with at |east a
portion of [Ot)(lrﬁe] il a¢eadlantaywidf a firetiastest ofi i pfesint fedmtia] apteadprbddddndueae ik
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[0005b] In accordance with a second aspect of the present invention, there is provided an
integrated circuit adapted to perform core logic functions of a computer, the integrated circuit
comprising: a RAID controller adapted to induce an operating system to load a RAID class
driver having a physical device object representing a RAID system comprised of a plurality of
disks; and a first disk controller adapted to interface with at least a portion of the plurality of
disks and further adapted to induce the operating system to load a disk controller driver,
wherein the disk controller driver is adapted to provide RAID-specific device identifications
for the portion of the plurality of disks.

[0006] In an




standard di sk device identification to an operating system [0007] In an
enbodi nent, the RAID class driver nay be adapted to conbine each disk into
a RAID system In another enbodinment, in response to receiving a request
to wite a data block to RAID system the RAID class driver nay be adapted
to mnor the data block on at least a portion of the plurality of disks
via the associated functional device objects. In another enbodinent, in
response to receiving a request to wite a first and second data block to
'RAID syst I.D clagss drjver . be pted to w.ite via th
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systens according to an enbodi ment of the invention; and Figure 5
illustrates optim zed RAID system data access enabl ed by an enbodi nent of
the invention. Q DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0010] Figure 1 is
a block diagramof a conputer system 100, such as a personal conputer,
video gane consol e, personal digital assistant, or other digital device,

sui table for practicing an enbodinment of the invention. Conputer system
100 includes a central processing unit (-CPU) 105 _for runni ng sof'gvvare

appl i cat i oH¥0&Hd yeipt @Uhqlewoamempeﬁlﬁt pororsyfshephrality cﬁmmmeﬂbemmqatedCPU 105
i's actual | y;f L n S

paral ol . PO sl ERRNAL R R s 3RS p it S OR e ot s 112
The Nort hblﬂﬂs@l@@éedl‘mél a yseyuiakskdanterllbetfwsernd hpe. APehdRD em‘m‘ﬂlmdme timaﬂ*imtrtype115 vi a
Vo gt aphi 22 bt s R Rl NN SRR Bt RS Sy
via graphi

type of dafmabadinegns therfirstypee mishkd mshnnlgAM@wﬁlcemtmﬂlyr anp rigcessd nym{:?hyr’aem;)r y
buses, and,AGR n al.ternate
errbodl ment , P CPllJM%lt |e ﬁ@uggzsﬁagjﬁewn’gﬁ%ggﬁﬁ F’F ﬁ{ftﬁéetm%yme T rétﬁoélgrt{c/’\n th
menory 119‘*?!11‘11é'ékly, bypassing Northbridge 110. [0012) The graphics
subsystem 120 includes a graphics processing unit and optionally graphics
menory for storing pixel data associated wth ?Ut put !mages:[ Thed_gralphl CS
subsystem 120 peri odi cal by gt an i mage to a display
device. Display device ?gé any aevi cg&gg%g%%@%%%@pl ayi ng vi sual

i nformat i oW9H Tespemten vidl ba descrijred with refmentdre theaieawings,an whiyist em 100,
including CRT, LCD, plasma, and OLED displays. Conputer system 100 can
provi de t h&gwie bifhstrytedestnpatendystamatitatle dragpl@ficnth @i eMlbogit@ial the | N an _

al ternate ; enbodi ment, the graphics processing subsystemis integrated with
ot her conputer System corrponents such tﬂeplgl:?rhhbragge ég) b[OOig%

Nort hbrid 1 fu interf us us

connect s H %%%8028 pe‘? %ﬁ@rﬁ%ﬂ“" 7}8’\“71’8 ?W“’t‘ﬁ‘@leﬁ‘&‘i‘fﬂ%ﬁha@%tbéﬂei%by Exanpl e
peri pher alan@mbodiresut of thelhwuaidorgsound devi ce 130, network interface 135, and

di sk controllers such as SCSI controller 140 and BIDE controller 145.

Net wor k i ritigid Relristladd a8 RRANAS ph@raetibedrivey S8R0 Andtling a computer to access
disks;

Figure 4 illustrates a device driver architecture enabling a computer to access disks and RAID

systems according to an embodiment of the invention; and

-Figure 5 illustrates optimized RAID system data access enabled by an embodiment of the

invention.

Q DETAILED DESCRIPTION OF THE INVENTION
[0010] Figure 1 is a block diagram of a computer system 100, such as a personal computer,
video game console, personal digital assistant, or other digital device, suitable for praclicing an
embodiment of the invention. Computer system 100 includes a central-processing unit (CPU)
105 for running software applications and optionally an operating system. In an embodiment,

CPU 105 is actually several separate central processing units operating in parallel.

[0011] CPU 105 is connected with Northbridge 110 via CPU bus 112, The Northbridge 110
passes data between the CPU 105 and the memory 115 via memory bus 117, and between

CPU 105 and graphics processing subsystem 120 via graphics bus 122. Buses. 112,
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communi cate with other conputer systenms via an el ectroni c conmuni cations
network, and may include wred or wirel ess comruni cati on over |ocal area
networks and wi de area networks such as the Internet. [0014] The disk
controllers enable access to non-volatile storage devices for applications
and data and may include fixed disk drives, renovable disk drives, flash

menory deyjLesd 122436 @}B@ém M-l r s
conput.er system 100, ySCS contro e@reloz ?‘strco dr%—g é cﬂ{d?'%%rgé%&ﬁnore
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addi ti onallScdlsk&y,bapaSMgbbnhbmdmdm hr ough addi ti onal di sk cont roI | ers,

which are typically wused for internal drives, through USB and | EEE 1394

i nterface@pl2phi The gfahity Bulsaétey 1lzselelc1ﬁaﬁs & ;:Rfcél%kodégsh ﬁmt andl optitnQiiy
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printers ri
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serial, p / e hbr| d 150 al so may
support | Bt theiefuonic? ot Ak IR wil ity coieBer R
enbodi nmentompenents, euchdhé Nofthtiridge pHX. i pher al devi ces 155 can be integrated
i'nto Sout hbridge 150, including disk controllers 140 and 145, sound device

130, net[oor3j immmﬁag@nl@& fuathel inteFabddt ith PCTHul 6Q5. Mb@nwsl&gne&sooml
Fi gures 2A, 2B, an&lﬁrg lustr& E exanple prior _art RAID sy

i npl ementISHYS pep rftﬁ)’wﬁ% wththe somprferafysten 4O mErtmple neﬁehera%\ﬁéws%n As
di scussednaiRBunPddifle30Yimhestk it L 195 aﬁalhisk e&ﬁm@ibﬁ IedicH dats@s@c&iueﬂ&e

“logical” disk. RAID systems _are ty |caIIy divided into ferent
cat egor i €40qnd| BRE gontrp},l@p d4ar éq% r iytestagy ﬂ?%reé?hlesl @f@‘%ﬂf %’étélﬁ 0 t@hi ch

i ncl-udes coﬁﬂﬁﬁwﬁ@%&t{'aﬁk@@oxﬁﬁutéﬁsw&hé v, anséiédnl%hﬂ%onﬁﬂﬂl QoA ok, and
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[0014] The disk controllers enable access to non-volatile storage devices for applications
and data and may include fixed disk drives, removable disk drives, flash memory devices,
and CD-ROM, DVD-ROM, or other optical storage devices. In computer system 100, SCSI
(ﬁ} controller 140 is connected with one or more SCSI disks 185, and EIDE controller 145 is
connected with one or more EIDE drives 180. EIDE drives may include drives using a
parallel ATA interface (PATA) or a serial ATA interface (SATA). In a further embodiment,
additional disks can be connected through additional disk controllers, which are typically
used for internal drives, through USB and IEEE 1394 interfaces, which are typically used for

external drives, and through wired and wireless network interfaces.

f0015] Southbridge 150 is also connected with PCI bus 125. Together, the Northbridge and
Southbridge provide core logic functions of the computer system. Southbridge 150 enables
I/O interfaces for numerous input and output devices, such as keyboards, mice, joysticks,

touchpads, digital still and video cameras, prinfers, scanners, and digital music devices.




three of the nore common RAID i npl enentations; however, the invention is
generally applicable to any conbination of drives in any RAID

i mpl enentation. [0017] Figure 2A illustrates an exanple RAID 1

i mpl enentation 200, also referred to as mrroring, that provides inproved
reliability. As data is witten to RAID system 200, RAID controller 205
wites t hSoﬂﬁBﬁdﬁeﬂSD%ﬁa@'shﬁéor@ Dy Hiainb8BofAAY iRéehcdsl Such!a8 USH F0 6A9.Dis¥$iem

writing, or mrr on drives 210 and 215 provi des an automatic

backup of 16&#5135%814@%%@6 1§5,syadosher 16} mb%@@?ﬁe”@omﬁ ms@enalmaaallebrmr
enbodi menty,g m.xémﬁ lﬂ'tbffé%ezmsd bﬁa 350 & ;Lo‘%i{: %@@h%g%?tﬁ&#ﬁkf}g Comrol or

“hot spare.” In the event re of dis
205 wi | |° theeughdfA balis 4R5.2p @nhler@mbydmt, serhe oxalhefdhe mmhemmvmmrbESmang

oper abl e ) k 220,
rat her t hg%{n;t?@la?%de@w% \%6% ?%Jtéﬁm%k’%a? kgoé%?ﬁeep%%oi%ﬁf!u ‘{ng%e‘éfﬁe anpl e
RAI D 0 i npé¢tenskingrfaon] 3B3and IAD sderfaeéscl0etbst andak70. stri pi ng, that provi des

i nproved disk read and wite perfornmance. RAID O inplenmentation 235

di vi des dgoasj n¥iguits @ak 9Band I Hlusirkte eRanm1b priby QERATD ¥terh WaplethSkiRiond45 and

250. RAID. controller 240 reads and wites data fromboth drives in
par al | el , thatmay be ¢repted by aibembrstigent of thednvention ndedipgyissedpbpveae RATR systemar ger

than one &ﬁlﬁﬁéﬁ"mﬂﬁpl@%lsﬁs intda §:H£IE hREicavRng] R@@D’s y§iéheare BpRaHS didlded into
di stributed over nore than two driveés, provi |ng even greater performance.

[0019] Fi @iffeesnbeategarios of lovels Thersasqrpiracrry giffsrenhisyeleresachnef ‘ahlc Ioludent
d |
provi des EHﬂ{é\:orﬂbf’ﬁ%&lﬁ Bl g-hﬁiﬁ ,ns%ligl A @%@fzn&“&{d&ﬁ{l Bakl a5 1 tt&ﬁ%%ﬁ' pi ng,

| D controller 275 dat'a S an stri ocks
over two diffsient degtes of dnproved, retiwbililycapdior diigher perf@magces oBjsoussed belperare y or

error coreet boR, b%‘gﬁk%J&MFB%%nWT %’ta%f%ot@%veﬁ?&ehm%ﬁtﬂﬁ ﬁ%{:@rﬁﬁ o st

bl ock can be Used palr orf reco

or corrupappiicalﬁiaanylcanbmatmnaﬁ'drit:ésdnenym:ﬂ)plauNﬂatwAs data in any bl ock |s
changed, the RAID controller 275 rewites not only the changed bl ock but
al so upg thei’l]t hﬁgmlrz;eﬂn@mtfm@ fahiple/RAID IRﬁEJﬂln]?entajﬁﬁﬁ) IzemEiM%fmd td he

arit ocks., are alternate i ach of the s to_even

Su st r?/but'él“f%& ‘E‘QEPIBWd‘éﬁ R "egé‘?l‘a%‘i%ﬂﬁ%&tﬁ}ilvﬁ"%ﬁ? Pgﬁ)éys'WF s“-‘ﬁfbc ks 0
and 1 to ¢hinfkBer288 wraéhdhe&ﬁaa 180 @elvEsSHIRRA D IAdME RATD bRtdn, Waitiissk 290,

and wites bJocks 2 and 3 to disks _280 ,and 290 and_ the correspondi ng
parity bl YIRIFOENg; dgta o drives 210 and 215 provides an automatic backup of data should one

disk fail or become corrupted. In a further embodiment, a third disk 220 is connected with
RAID controller 205 as a "hot spare." In the event of a failure of disk 210 or 215, RAID

- controller 205 will activate disk 220 and copy over the contents of the remaining operable

drive. Subsequent data writes will then be mirrored on disk 220, rather than the defective

(—~ drive.
[0018] Figure 2B illustrates an example RAID O implementation 235, also referred to as
striping, that provides improved disk read and write performance. RAID { implementation
235 divides data into blocks and distributes the blocks over two disks, 245 and 250. RAID
controller 240 reads and writes data from both drives in parallel, effectively doubling disk
performance for disk accesses larger than one "block" of data. In further embodiment, data

blocks are distributed over more than two drives, providing even greater performance.

{0019] Figure 2C illustrates an example RAID 5 implementation 270 that provides both
improved disk performance and reliability. As with striping, RAID controller 275 divides
data into blocks and distributes the blocks over two disks. Additionally, RAID controller 275




100201 Figure 3 illustrates an exanple prior device driver architecture 300
enabling a conputer to access disks. Mcrosoft(r) Wndows(r) is one
operating systemthat uses this device driver architecture for accessing
di sks. In device driver architecture 300, devices are | ocated and accessed
via a tree data structure supervised by a PnPManager driver. The

PnPManagercofiphiés b paihit§h 8ol QfredifoH NEckIbt ¥\f‘e'i')6 ?ﬁ@&t? gloéﬁs".; rlf‘aigﬁ Igfrgtco LR

system node and enuferating a first |eve _connecte evi ces. A
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t he devi ceswtitay sotomintheabanged binck tuhelso updetgsah¢ coreesplridivey arity abbeRAI §0211

For device_driver .architecture, 300 he PnPMapager will_.locate all of the
control | erlgl?{emgﬂtgﬂm}i?ﬁ%pﬂgp’ L@%‘H‘fra& Iak?mﬁtﬁ uH e'gfos E’}‘A‘%o?& *hﬁl‘ﬁﬂﬁsst"f ERYt he

r oot node.diﬂx}ﬁmtﬂh?ﬂthﬂ&ﬁdfslés, CILcﬁaka&ﬁplal M'oﬁa&bll@&kﬂt%ﬂ)lm eféhd(lme)sl(cjsf.ﬁ.QO a

di sk contro 30p5. The di cont er P 305 has specific device ID. -
Fr om e 480 PELaRDite cARSPHNER BELY DSk & R 20,98 wrHSRloHe And oG 1o be
| oaded. | 286 bed 2SR SHe doltespdhdili paNIY bREL & didkI@5305, a bus driver 310 is

| oaded. The bus driver 310 includes a disk bus Functional Device object

EnPVanagol ool eV 3 PR ot b SR Bhe? ard®iool dER £,

PDOs 320 a&pmip@gsto &geds diskek NpOseh®r Wiglows® it one opérating systenottat dsel\this he

di sk i 10 | ) . di.sk PDOs 320 and 325
bave ¢ hoi Lot dcyer lekochBE off oS saBRE b, 1 acliRE it bl fork B, 560

q_éfvi ce | Di®pediani esceasegevieni teeddak sthantire esppér@GeaDby la. PnPMG@23 1driver. r gaponse
to the deyj I f,." GenDi sk, " the PnPManager | gads "Disk. Sys” rivers 327
and 320, BPEReisRel it PR s, dete SV BRORE shletss o vt v notle Wi

C ass FDemidatingra finstlevel afcangeardd ehild"sdevicB¥O 8 dfiver ThbafiRbbewrp eonmtreder at es
t he devic f, disk.class FDO to |l ocate. dis artitiqns .PDOs 335 apd 340.
Di sk partf llmgnd% wiyeh a‘?ﬁ'ﬁg’:lﬁs 3‘31‘6 E‘Bﬁ’?eéé’ﬁBné’%th’rslf&‘ﬁar fl?‘i“i"eénze'%n fie di sk
cont rol | etigrichildrkn"Sfshd 136t der BAYis répeditd fRREH levAQRf DM E3Res i all of
PnPManager, identifies the file é%/_st em 345 for the disk partition, enabling

the conpufhgdedgesihans pesn Jecaied and el respestixg dwyers leadedar ¢ ti on. [00241 Figure 4

illustrates a device driver architecture 400 enabling a conputer to access
' [0021] For device driver architecture 300, the PnPManager will locate all of the controllers,

such as a PCI controller and any disk controllers from the root node. The PnPManager
creates a Physical Device object (PDO) for a disk controller 305. The disk controller PDO
305 has a specific device ID. From the device ID, the PnPManager determines the
appropriate driver to be loaded. In the case of the disk controller PDO 305, a bus driver 310

(; ‘Is loaded, The bus driver 310 includes a disk bus Functional Device object (FDO) 315 for
interfacing with the disk controlier PDO 305.

' {0022] The PnPManager enumerates the devices of the disk bus FDO 315 to locate Disk
PDOs 320 and 325. Each disk PDO corresponds to a disk controlled by the disk controiler.
Like the disk controlier PDO 305, disk PDOs 320 and 325 have their own device IDs. In the
case of disk PDOs 320 and 325, the device ID specifies a generic disk device, "GenDisk."

[00231 In respdnse to the device ID of "GenDisk," the PnPManager loads "Disk.Sys"
drivers 327 and 329. Disk.Sys driver instance 327 includes an instance 330 of Disk Class
FDO 330 for interfacing with disk PDO 320. The PnPManager enumerates the devices of
disk class FDO to locate disk partitions PDOs 335 and 340. Disk partition PDOs 335 and




di sks and RAID systens according to an enbodi nent of the invention. As in
device driver architecture 300, a PnPManager or other operating system
conponent responsi ble for nmanaging and configuring devices scans a root
node to |l ocate and identify disk controllers. PnPManager creates disk
controller PDOs for each disk controller identified. Disk controllers can:
be any hadéeoreesporidetof disie phititionsnen die disk eontioBES by DK, Sydi iRGarck DE7, $esth. USE,
and | EEE 1%24 |?,§§ Eg?ceg. PF exar‘r?‘%ﬁ. deéi Chﬁ driver_architecture 400

i ncl udes Hi2Ron | 1BF nagsk dentifisrothe file sysiem S5 e thordnk Aartition,

det er m nesnablifig thyRempihtelkyslemo Aédes dati stdrb®bh MePaitiieg | D provided by the

di sk controller PDOs, and | oads the appropriate bus drivers, such as bus
drivers 4 ngh i ' ' ' | Sk | u as Di sk
Bus. D05 ULy AL leRtatos Bevie i bt 480 habling i Rofupler B0t
cont r ol | eflisiemd RADBY eystemseacrorbivg e ge embodimentaifabe inventibns s indaviesdgdrwi t h

each di sk I Sy r .ng Di.sk Bus FDO. A di.sk PDOis
created ff‘){r‘\ﬁeag{fiié 3{921(90%1%%%%{%% §mpto ﬁl%g%glglgﬁngg éﬁ??o‘f%@%orfs@ﬂﬂﬁﬁl tg’;' di sk
PDOs 413 magagingoardreenfigwingativices schmoa dios hedecorived et ideitiy e contrdllrs.
controlle ci ated, w t.h bus ' 4Q7. For disks that are part of a

RAI D Systfé"n@%‘%éér 856?1?%%}1’% &glétgoq%%;ﬁ%%svgora 36‘%\/ Fi@k ‘F‘B"BHG " éﬂtﬁ'eglk 'Diglyst ead,
di sks t hatontroBerpeart beodny hafdab? inlyfadecfor biave nforél ifks kRRdiigeyDESSESY, UBHCh as

 RAIDDi sk, _indi.catipg.to the PpPManager that a RAID class driver 417 should
o BoA PR mlarels T GRTiR Aeyice | Berarpiecimy A9DdReiudescliflod by o

be | oaded®™
di sk bus ¢l PG 40deMd 865.1 D of " RAI DD sk" or any other RAID-specific
Cievi ce ID. RAID class driver 417 will create RAID disk FDO for each disk
h

aving a ' Fife BPUESodr BetebRine S8 Tetor iR \e$ frofn 4&19;9 idar are
created f@?ﬁt?hae di sk PDCE r4f?? an%@MEﬁJer gsd?gc%aﬂr/%}e?/&m[ cheé']' gﬂg‘ﬁl?%ose of

- the RAI D 1 the diskcopigellen PPQss andoloadsribé appropmatobusndriversisiwhss ibng drivers 408 D
system |fpqafge | : 2 | e dgi. t e, .GOonbi in a
RAID system qs?zr%%tu e %%&%&?%gag%{%%%g%@%hﬁﬁ? 1%?5%@%% ﬁltclialrﬁ{fit‘@i(}qrhe user
can al so igterfacipgwith fhe cogespondieg disk catollersBR®.em t o be created. The RAID.
configuration settings, including the RAID |evel and the drives bel ongi ng

to the RANRGysStherBnPM:magdramederates tikedislongithestedyith @RnQEScontaNél @itgat | on
ey, 3 ek Mdnling IR B8 F0° AdilOHOB K QearSfht batd sk conneoted witha disk
controller. For example, disk PDOs 413 and 415 are created for two disks connected with the
disk controller associated with bus driver 407. For disks that are part of a RAID system, the
disk PDO does not have a device ID of "GenDisk." Instead, disks that are part of a RAID
system have a different device ID, such as RATIDDisk, indicating to the PnPManager that a
RAID class driver 417 should be loaded.

( ‘. [0027] RAID class drivér 417 is loaded if any disks located by a disk bus FDQ have a
device ID of "RAIDDisk" or any other RAID-specific device ID. RAID class driver 417 will
create RAID disk FDO for each disk having a RAIDDisk device ID. For example, RAID

- disk FDOs 419 and 421 are created for the disk PDOs 413 and 415, respectively.

[6028] The purpose of the RAID class driver 417 is to combine two or more disks into a
RAID system. In an embodiment, a user can designate disks to be combined in a RAID
system using the computer system BIOS configuration utility. The user can also set the type
or level of RAID system to be created. The RAID configuration settings, including the RAID
level and the drives belonging to the RAID system, are stored in the computer system CMOS

configuration memory, along with other BIOS configuration settings.

7 .




[0029] In an enbodi nent, the disk controllers, such as disk controllers
~associated with disk controller PDOs 403 or 405, read the CMOS
configuration to determne i.f any or all of its connected disks are to be
part of the RAID system and if so, the disk controller will report the
device I D of the disks as "RAIDD sk" rather than "GenDi sk." [0030] In an

mogo. TroleRPt) S &PBifihal PRCEhdoheRl An oL Ak b OVRSSL ', [0

associ at edontrollehPDRe 483\0DA%S, aesl thie CMOS 4oufigufition tedsternsine ifvaty drhu d'fAtsD

class dri | ways 0 us d Lver nd that, an.arra

425, di scé‘gl{sngé d1sﬁs§r X%P%gf’?%gqﬁfﬂﬁoﬂ@ I, A gls ‘F?f’%l r?@n‘lf&lieb“e@ﬁfmo IIer
PDO 423 "ctrrdesipe il of the daks sHRATODIskS catlisr thaneGehdigk." only has t he
responsibility for ensuring the RAID class driver 417 and array PDO 425 are

| oaded.  [go3en &l &%ﬂﬂfdﬁn&l@m{mllmm a2DisTafb loRatel Hdntrecantifig AR 3O at ed

with RAID controller ~r hardware for perform ng one or nore functlons of

the RAID B9ds eRhe BAED cautroligy BPQt 23ahasya devisepll isnel asnRABBYs; plse assepiatsd
correcti ogithliRe hRAmrcl&s\éfarmr 5 eTﬂﬁte@lstepﬁ{a§ %e[ ﬂﬂﬁikm&“@%}ﬁm %&f 417

creates an array m{gresentl ng t he conbination o drives
in the RAIOEJi%iy@c @rblls IdﬂVth that en aurhy PBIQ 425 dlissussdd heloRpliDcsyted.erfB dna a

corputer it AERAD Dulins Y b/ ELortbhortt 68 Sy b ANEPl Gl 2aC

RAI D system I'S Created numer at
RAI D bus Fas@mmpomibllﬁhfqmnsmug thei RAID elassaﬂwbmmmadraimyem 425 dréldaded.

G sks 1o b B s RRUDkh Ay Shone R SRl B A RRRl

system tluedware yr mmmg onebtimose Amddotisad t]heERﬁi‘D j‘s&nnauslkas anbimgfeaily t he

same as for t her. di sk. Thu erat| n temviews the RAID
system as °§1P§ﬁuﬁ6 P8F‘£¥|°ﬁ§$f8f G(?Frg?iimﬁ’é?cﬁ 'i’lﬂ%hsl on of disks. In
response to the | ' array PDO 425, the PnPl\/anager | oads a di sk device

driver 4280345ycRARR bessq{"’%’/ cregtegjap grap PRO42&seprgsentingythecombinatiodofallis sed
above, t her b HiveeH € I@(IDV%&teﬂlz 11 Belele Sudhifle HefdrdSm R AIDs] s
partition ]cIileﬁlnlng

interfacing with the arra one or nore
file sysioBwtcssydam; tb%MH) tlges @p@r él? n@atsgfsn ey Ifm:f@] cagly RédDraystemRAI D

class driygky ?ﬁo%ﬁlggﬂeﬂe&bfgn eéiﬁ%"h gésso'f B‘hena 4'2Ve‘1§_@f;lbﬁpd the -

operating systemdi sk drive archi tect ure | €s syst ens
to be crtumtisgreated twmﬁ%t@eﬂwstb@%l@l euiroldr RIH2 420k gTlcarcily IR A25 comgdingtet em

support . uiatNREER tEthe s forming the RAID system.

[0032] To interface with the operating system, the array PDO 425 retumns a device ID of
"GenDisk,"” which is the same as for any other disk. Thus, the operating system views the
- RAID system as a single ordinary disk, rather than a combination of disks. In response to the
( array PDO 425, the PuPManager loads a disk device driver 429, such as Disk.Sys. As with
other GenDisk type disks discussed above, the disk device driver 429 includes a disk class
FDO for interfacing with the array PDO 425 and one or more partition PDOs defining file

systems accessible to the operating system.

[6033] By using a RAID class driver as a middle tier between the disk confroller drivers
and the operating system disk drivers, device architecture 400 enables RAID systems to be
created and managed regardless of the degree of operating system support. Furthermore, the
RAID class driver 417 can aggregate disks from many different controllers into a RAID
system. Any type of disk controller can coniribute disks to the RAID system; the only
requirement is that the disk controller retumns a RAIDDisk device ID for its associated disks.




RAI D cl ass driver 417 can aggregate di sks from many di-fferent controllers
into a RAID system Any type of disk controller can contribute disks to
the RAID system the only requirenment is that the disk controller returns
a RAIDDi sk device ID for its associated disks. 8 [0034] Additionally, the
RAID class driver can optim ze data accesses with the RAID system Figure
5 i |1 ust r d0834lopAdditianellly, Rii¢ RAIPs tiesn ddvea cat optimize At Acieses with @B RAID

nbodi t t he. i ion. An 10. R t Package (I RP) 505 is sent to the
RAL D ol as<Y e | Sidoe 8"y BiesPrpish AR i G, Secers, 5P, combisd BRep .

| RP 505 i remibudinsent ofithe imventidng Uai SOIReQadss PAfkaSARPY SOOR sikti th e RAD bR& RAI D
system Aldi‘_&ou?no iqf;ﬁsg bl ocks_ of ta are logically contiguous, the bl ocks
may be st SPEH ?l“ﬂﬁ@ﬂsmdper%ﬂi sYteyudnd bl%@nﬁlcoms"%étlmhldterfwry. For
exanpl e, Bb % bisclat I | ' ., and
xanpl e, Bofeiols biscialof A8 B8 wWrflien B %hhz Ahpb Oszyﬁé@én@x&ﬁggglgssg gié)l?llcsﬁotf é@@t .

Block 3 is at DO In an enbodi nent, each Dbl ) m
menory vi drelosisalxsontipuons the Yloelsanasks steredindontigimiis memmr-gontiguine dlockdAl D

class dri e} erati stem a in
This: examlac SRaloRr RUSEahR, LEF 032 PP EOTIBATT fa B Btk 3 e "s.00
and Bl ock4$nd Blaglh 33s ¢ In ab embpditnentn each bitick karbskOace§sS@Bin kysiem Gpniony %@ at hi s
operation ] ' recogni ze ap t bl gcks ., need to be
witten t gh%Jal}%ﬁ @I sﬁpi@g@?ﬂg“x auréll? \)ﬁ\l/r% | °§’ aeogﬁﬁs'b%iﬁ cfaﬁs aﬁgeé'égﬁé?"@“’mg‘ﬁ
oper at i on IRP R} fiowtizesapedting gystedi dgin chipexatipt: dinaines tasBRskd @RS Nt O
one data Of: h._disk [ n emhodi nent, RALD class driver 510
wites dat% g%'?%g%g’c M?@@%ﬁ%ﬁ““ﬁ?ﬁbw%iwm ?&6&& access (DWAR)
eration!ﬁ% n system.renory and the appropriate disk controller. In
(?ﬁu s enbo ﬁ’f , °ﬁaﬁwza{3§§§lﬁaﬁ Qb rthg W&Fﬂé%dlaver 51 recopmizespthptaiwodriodss 5

transferr neg Blbackted t685h2AIH0 Hhdk GONWH i 8 ' 510
also initj &ﬁs a .secand DM& oper at i o%{]gwggé %aregﬁisé%gﬁ %@%?%g ogéﬂg% '3 to
RAFP élsss dever i

di sk cont BBk the I3t 4c6esesrtogalipes inp ane 482 meesss for cadhalisk.
appr opri aliafl dhnBodineak RAIDMGENEVEM G WARS GBS 12D Wil By idillidd B OcKS

to their respective disks. [0036] This i1nvention enables users®o easily

~ conbi ne t HEMEFY @erces dPME prareficn belweab| systerRAmBMExRYS taadn the t dppropristpeditlal i zed

di sk cont gkloBbs i e LQn RALLD syst e si ng..di of
di f f erent typesr,s ggﬂitm?(%%@rg%&éng ] n%lgéﬁfdggggﬁﬁﬁ%ees |Xﬁf§tg§%&nj 088%??9 SESZII ly
al | ows f@?ﬂsfﬁmllnglocl_@pQ and 2 4o idisksconfroliiir S25.a AodBsclashl driver 10 klse iditat@nd i on
has been QlSti'BREL ofbritdn 520 transferring Blocks 1 and 3 to disk controller 535. The disk

controllers 525 and 535 receive the appropriate data blocks from the DMA transfers and write
the data blocks to their respective disks.

[0036] This invention enables users to easily combine two or more disks into a bootable

( RAID system without specialized disk controllers and allows the creation of RAID systems
" using disks of different types, controllers, and interfaces. The invention additionally allows
for further optimizations of disk access. Although the invention has been discussed with

respect to specific examples and embodiments thereof, these are merely illustrative, and not

 restrictive, of the invention. Thus, the scope of the invention is to be determined solely by

the claims.




respect to specific exanples and enbodi nents thereof, these are nerely
illustrative, and not restrictive, of the invention. Thus, the scope of
the invention is to be deternmined solely by the clains. 9 CLAIMS: 1. A
storage di sk device driver architecture conprising: a RAID class driver
including a first physical device object representing a RAID system
conprised of a plurality of disks, a plurality of functional device

obj ects, each associated with one disk and adapted to interface with a
second phystbAMSevi ce object representing that di sk, wherein each second
physi cal device object provides a RAID specific device identification. 2.

The storage disk devjce dr ecﬁsrkqia%@&%v@fﬁcrﬁiectﬁﬂegh rsingter ein the
physi cal devi ce obj ect Erovi ing a RAID-specific device Tdentification is

included in a disk ¥8MPsiaseAridr induingmprstahysisal ¢avise fohiset wowesnngih sk
control | er . R8I FRRmSIAMpASR H SKuREN Feds | \A%l@ﬁﬁ%ﬁfﬁﬁ&iﬂ%ﬁ ld%$ic§bl?éc%§_ 1 or

2, wherein the ph)t/si cal device object representi'ng the systemis

adapt ed t o PFbIsEted vathong sish andjpdepted &y inteafagedwith ¢ sdcend phypical dleviee dyiest at i ng

system 4. rihescii Mo, SkheH@Y ie6& SHchMEPhyRIcaNidRE! f clains
1, 2 or 3,r lb\}hésger II%::I thel_ RAI D cl ass drci veira )Iég adéé’%?edgjet%%g%ggg%/ngq%a@h di sk

into a RAl P e iglentificafiont or age di sk devi ce driver architecture of claim
4, wherein in response to receiving a request to wite a data block to

- RAID system the RAIZD cl @& stdfaigy disk debicadik afthit@aift bf @ik hewHaba thé ock on

at least a _portjon.of the plurality of disks. via the assoclated functional
devi ce obj é’g’(séc?j %"‘“’rr‘?@egtpc!iﬁ?"é‘ﬁ%g 8:“&0&8%% cYier %ﬁgil“‘g’ﬁ&?ﬂ i dnclyded ot digt aj m 4,
wher ei n i ncomtedipahiser atlaptedao aritarfaogwith & égkiasitroll®. wite a first and second
data block to RAID system the RAIDclass driver is adapted to wite via

the associ ated functyi ona ' object s, L he fir bl ock to a first
portion.of the plurali ty#%‘?ﬁ%ﬂlagf%lgggﬁ%%zdn&wgl atr{’a}ﬁt\eii&gmtoﬁgfag%sstgﬁ ét“éhgrem '
functi onal theghysiesd detijeeehiest repeesesing it RAIR: systeotis adaptel Bapovide potdach of t he

plural ity Qfs@isdeSdentficaliiProShpaREdi sy devi ce driver architecture of claim
4, wherein in ‘

4. The storage disk device driver architecture of any one of claims 1, 2 or
3, wherein the RAID class driver is adapted to combine cach disk into a RAID system.

5. The storage disk device driver architecture of claim 4, wherein in
response to receiving a request to write a data block to RAID system, the RAID class driver
is adapted to mirror the data block on at least a portion of the plurality of disks via the

associated functional device objects.

6. The storage disk device driver architecture of claim 4, wherein in
response to receiving a request to write a first and second data block to RAID system, the
RAID class driver is adapted to write via the associated functional device objects the first
data block to a first portion of the plurality of disks and to write via the associated fimctional
device objects the second data block to a second portion of the plurality of disks.

7. The storage disk device driver architecture of claim 4, wherein in
response to receiving a request to write a first and second data block to RAID system, the
- RAID class driver is adapted to write via the associated functional device objects an error

- correction block to a portion of the plurality of disks.
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response to receiving a request to wite a first and second data bl ock to
RAI D system the RAID class driver is adapted to wite via the associ ated
functi onal device objects an error correction block to a portion of the
plurality of disks. 10 8. The storage disk device driver architecture of
any one of the preceding clains, wherein the physical device object
representing a RAID yst is a ChLId of a RAID controller functional

devi ce object adapte Eoraes disk dpfiep divRmmTeR e o8 Presne s {hsipessrditiey i ce
obj ect. 9. Jms swmr@gele@hﬁdmad@aﬁoeebﬁeu ¥R Eseaing RS $s@maf 2 aR¥d eMERAID t he

pr ecedi ng ass driver is ada ted to configure

t he physicd %%@B@éwt%?ﬁfléi&“e %ﬁ%@ﬁg fogterfage A1 e ADonuRlien PRisisy degeal D

confi gur at iadhjectlat a stored in a conputer systen1conf|gurat|on menory. 10.

The storage disk device driver architecture of one of the preceding

claims, wherein a figst rts{oga ﬁfskb‘tz‘@cepd#éraar&ﬁ%c eogan ongo asp?ecc): mggrt e'([jhe

vmthaflrst di sk control e an ortron
plurality dﬂamjs, 1531'@115 ﬂEsEbID al:mddlwet s faiasted:dmdmd" gsxk: thecphysmal Hezuceocfbjeat second

type. 11. g@%@ﬁ%&%ﬂ rohk ééue foH st%rgé M Qpuier ein

the first type | type con er an secon ype splé “scs
type contr§W$tencorfgwa¢Wem§pWage di sk deV| ce driver architecture of claim
10, wherein the first type is a serial ATA type controller and the second

type is a parallel ADA t BE stoRQRIdisN dedice dhder ARRShR AOGhetbiStke PRMbAEE dri ver
archltectur of | aim 10, wherein the second type is a controller for an

ext ernal di€ yherempdfirstnortion of the plurgliby oldiskg s agtoriaed sithadfirstdisk controleny one

of the pr Qﬁf@d’irﬂ%'aﬁﬂ ﬁfsecomnglfn@ibﬂ of e pRAIE 68 ASS i4sbotBlicd WitBS 9ebRClidko
optim ze data(ﬁ1 cess by i ni ng separat'e data access operations

associ at ed SFHeLPIgseRndPEhe RAID system into a single data access
operation. 15. An integrated circuit adapted to performcore |ogic
functions of a conplit er Tht kierdgaidég rdatied daver @rthitech@aPf cRinn g0, wherein the

first type is an EIDE type controller and the second type is a SCSI type controller.

12 The storage disk device driver architecture of claim 10, wherein the
first type is a serial ATA type controller and the second type is a parallel ATA type

controller,

13.  The storage disk device driver architecture of claim 10, wherein the

second type is a controller for an external disk.

14, The storage disk device driver architecture of any one of the
preceding claims, wherein the RAID class driver is adapted to optimize data access by
combining separate data access operations associated with a disk of the RAID system

into a single data access operation.

15. An integrated circuit adapted to perform core logic functions of a -
computer, the integrated circuit comprising:

a RAID controller adapted to induce an operating system to load a RAID class
driver having a physical device object representing a RAID system comprised of a plurality
of disks; and

a first disk controller adapted to interface with at least a portion of the pluraﬁty

- of disks and further adapted to induce the operating system to load a disk controller driver,
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a RAID controller adapted to induce an operating systemto load a RAID
class driver having a physical device object representing a RAID system
conprised of a plurality of disks; and a first disk controller adapted to
interface with at |east a portion of the plurality of disks and further
adapted to induce the operating systemto |oad a disk controller dri ver 11

wher ei n t haheteis kheCdik dofitrblBsi deldri€ddaped RIRHHESRAM-BERM IR vIBN dBFREGIE |
devi ce i de t| ficati O?%@PL}(\)'r the portion of the plurality of disks. 16 The

i nt egr at ed t e ppition g ity et diglser ei n t he physi cal device obj ect
representing the RAID systemis adapted to provide a standard di sk devi ce

‘identification to a@ Op’fh@htdggitmtﬁﬂbfclﬁm 1§h\ehérahw;ﬁa§;§§lal%ﬁ&lﬂbjecpf
In respons receiving. a request to wite a

clains 15 or

data bl oc HGPISSGP%%%DSQWWS adppse thé‘g‘il‘?(f’é@néi‘rﬂﬁﬁktde}’@e lrifficatipnte o mirror
t he data tﬂnqg,kraﬁﬁgsaﬁteheast a portion of the plurality of disks. 18. The
integrated circuit of any one of clains 15, 16 or 17, wherein in response
to receiving a requi,?t tag wite first and second data bl ock to the RAID
system the “integr G lptgeratadsgybefickims b ofrlios wherpia in responsefat a bl ock t o

a first subs@tingd relpst 96 ritt #dat@ btk thORAIMIkystevn, &e lgﬂegljﬁﬁid%ﬂglﬂtlga lhe the
second data bl otﬁq%@’?second subset - of the portion o |ty of

di sks. 19.1 T %laorbqtrl??aﬁqpqﬁmlhquh@{grabwo@ﬁ&km 15 to 18, wherein in

response to receiving a request to wite a first and second data bl ock to

t he ‘RAI D syst em thB i rffl&gmgﬁfkd@ireﬁmﬂanwn@@tmla@lw O 6Wr i1 ¥ SwiRFeiSr OF
correction bl oc a sub portion of t he plurality of

sks. 20."PAE t‘?‘l’ﬁ%ﬂ?’%éd@%‘i@?téﬁ Wf‘t‘iﬁ ﬁ’éﬁﬁpdé?%m@fiaté plockfo the RAID systempuilest e n

the i nt egiitagrerdd Girduitih hdapRedasiRtcate Rt Bl 6K B8 Frd §uﬁé@t| df%le%nﬁﬂ ofthE Of
correction, bl oc&ér omthe first and second data blo . The I ntegrated

circuit ofMEHiY gftliskspnd fojyrits thessepondaigta bigek ten FFCP%SUbWhOé@EaWé@H@Wl@w t is

adapt ed t @hefIRf boyse. t he physical device object representing a RAID system
according to RAID configuration data stored in a conputer system

configuration
9 - 19.  The integrated circuit of any one of claims 15 to 18, wherein in

response to receiving a request to write a first and second data block to the RAID system, the
integrated circuit is adapted to write an error correction block to at least a subset of the

portion of the plurality of disks.

20.  The integrated circuit of any one of claims 15 to 19, wherein the
integrated circuit is adapted to determine the value of an error correction block from the first

and second data block.

(ﬁ\ : 21.  The integrated circuit of any one of claims 15 to 20, wherein the
integrated circuit is adapted to configure the physical device object representing a RAID
system according to RAID configuration data stored in a computer system configuration

memory.

22, The integrated circuit of any one of claims 15 to 21, further adapted to
interface with a second disk controller, wherein the second disk controller adapted to interface
with at least a second portion of the piurality of disks and further adapted to induce the
operating system to load a second disk controller driver, wherein the second disk controller
driver is adapted to provide RAID-specific device identifications for the second portion of the
plurality of disks. |
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menory. 22. The integrated circuit of any one of clainms 15 to 21, further
adapted to interface with a second disk controller, wherein the second

di sk controller adapted to interface wth at |east a second portion of the
plurality of disks and further adapted to induce the operating systemto

| oad a second disk controller driver, wherein the second disk controller
driver is adapted to provide RAID specific device identifications for the
second portion of the plurality of disks. 12 23. The integrated circuit of
any of clainms 15 to %l, ggrther ipcluding a _ second disk controller adapted
to interface with at>] eadfi® Pegztgifarepib et anyof glimks to 2{yfiurther ynclidingdi sks and

fur ther adgapdecidkRonfEiis diph@ ORRIALL b ISP AREhRRGAN oK

controller driver, wherein the second disk contro river 1s”adapted to
provi de RAfigksapd Byrthieradgnipd tosindycg dhstcppiating $ystem thdoadtatsecond disk donpotléri on of t he

plurality §fvefl : i ireyit cof clgi , rein the

first disk c S.ﬁ;"'?%feime'?‘ Fes‘?xg‘?d‘klgéc’?%@‘%ﬁﬂ‘&%ég Eploa oSl RATTnstlE R Pel 1'or i s
of a secoridentifigations for thidrecondipegivaoéthe pluralisy 6f difkscl ai m 24, wherein the first
type is an EIDE type controller and the second type is a SCSI type

controller. 26. The,ynte Ireu. .cl.aim 24 rein the first type
is a serial ATA tygg' cog{lg%lfeglgredé;%&n { ?%Eaél&zgh‘g]l?r%éh%sﬁl%ﬁ?%qngﬁ BRTA type
contr ol | era fuypclind thereequatiskdtontralieisiof @kecohdityfe.24, wherein the second type
is a controller for an external disk. 13

25.  The integrated circuit of claim 24, wherein the first type is an EIDE
C type controller and the second type is a SCSI type controller.
' 26.  The integrated circuit of claim 24, wherein the first type is a serial
ATA type controller and the second type is a parallel ATA type controller,

27.  The integrated circuit of claim 24, wherein the second type is a
controller for an external disk.
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