UNI VERSAL RAI D CLASS DRI VER BACKGROUND OF THE | NVENTI ON [ 0001] The present
I nvention 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 meet their storage needs. [0002]

To i nmprove performance, ful using nmul tiple disks
for data storage, two o!ﬂm‘?gi{?‘&%s can (ELAS(?an neamlinto a single

"l ogi cal” disk. One common disk architecture for conbining nmultiple disks
i's RAID (Redundant Array OBADWWFDI{EI{BWENTQDNhough RAI D systens can
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i npossi bl &lk gempitiers efien eupley sylipladisksdo %Pﬁﬁh%@t@ﬁgq:ﬂ%ﬁ di sk and a SCSI
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di sk controllers.. Lt further d S|rabl reate RAI
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BRI EF SUlVM%I%\KpéHEw}HEd tmhlmrh@@%oéfh&npmmmon generally is a RAID

class driver nodel that enables users to easily conbine two or nore disks

into a bopioad] e ABABhANStRIMEt Bk wBes RlATBEdytinsK &tk Yeb@lifed 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
'systcm. Because disk partitions are defined by the operating system, the disk partitions, and
hence the entire RATD system, are inaccessible until the operating system has loaded. Thus

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

[0004] 1t is therefore desirable for a system and method to enable users to 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.



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 disk
device identifications, faqr_each disk blr%én luded in the RAID system
The RAID class driver bi fi¢REE gff' ?ﬁfﬁlﬂ' I nterface to each
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[0007] In an embodiment, the RAID class driver is adapted to combine each disk info a
RAID system. In one aspect of this embodiment, in response to receiving a request to write a
data block to RAID system, the RATD 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. In
another aspect.of this embodiment, 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 functional device objects the second data block to a
second portion of the plurality of disks. In another aspect of this embodiment, in response to
receiving a request fo 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.



2 [0008] In yet a further enbodinent, a first portion of the plurality of
disks is associated wth a first disk controller of a first type and a
second portion of the plurality of disks is associated with a second di sk
controller of a second type. In one aspect of this enbodinent, the first
type is an EIDE type controller and the second type is a SCSI type

control | erf0008] Iarist adurthes smbpdimehie affirstsportigipef ihe plursligy iofildiskd is asyquiated
controll ery,; . Y, | |l . Q |ler,..ln a
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reference 1ot dr.aw in which: Figure 1 j]lustr a co ter_system
sui tabl e f%‘? ﬁfsﬂgfpgr%%n %Eé % kaﬁwq%f Setcﬂ%d JyPer{f‘lsfsgﬁfyp?P&'ﬁnF‘) IOl " op,
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by an enboétg?nt of oggeuliPnVEné‘i on; ﬁi gure 3 illust r@iﬁe an exanpl e prior
devi ce dri e CARtrollet g tAIRd, pSPPYifhs SEand e s 4 gntielier far an gxiewnal disk. g yr e 4
illustrates a device driver architecture enabling a conputer to access

di sks and RAID systens according to an enbodi nent of the invention; and

Figure 5 illustrates optigREPHERPPPNHE OF i ARA enabl ed by an
enbodi nent of the invention. DETAILED DESCRI PTI ON HE | NVENTI ON 10010]

Fi gure 1 i[80QR] biThenvightiey with befdescribodpith eeferspestte thexlp@yinga biwlsish:a per sonal
conputer, video gane console, personal digital assistant, or other digital
devi ce, suHigmbl dlustratesa arotputsrisgstern suitabindidr impiémenting ireerbvdandnt efthe Conput er

system 10qm'}nul)ry_des a central processing unit (CPU 105 for running
sof tware applicdtions and optionally an operating system In an

enbodi ment,, CPU 1 I S ally several separate central processing units
oper at i ng e ’grgr ad f‘fé@i‘{ﬁfgwpim SYHh TRl gtiops tﬁﬂr’?%i%@dl 10
via CPU bug ah tiboditeniNdihdiavémigs; 110 passes data between the CPU 105 and
the nenory 115 via nenory bus 117, and between CPU 105 and graphics

pr ocessi NGiaKb3 NRk@slabxiinplePrRPALGES BHer drddtecfHSBablink heomputer 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.

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 practicing
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,



117, and 122 may be inplenented as any type of data transport bus,
I ncl udi ng proprietary processor and nenory buses, and AGP, PC, PC-X and
Hypertransport buses. In an alternate enbodi nent, CPU 105 includes a
menory controller that interfaces with nenory 115 directly, bypassing
Northbridge | 10. [00121 The graphics subsystem 120 incl udes a graphics
processi ngl ldnfnd biZdmay, b imelemyntedypaghyi vBe akdea yransport dusrineglydipg pelpridgata
associ at e | ' . i 3 Y- lodically
out puts p%{égleg 5%%818{3%111%2 |W%Q3I 2\%" |sblq>§:3; )gg%@clg&&gr%gpﬁ%rg%{'%gvi%e s any
devi ce caplibmateofimtgidipingyCHY 105 inghides afmemuay cantroller thetsintanfaeest wittamsingnal
fromthe. | ding CRT, LCD, plasma, and OLED
B3} oSO siaeald,

di spl ays. an provide the display device with an

anal og or digit signal. in an ernate enbqdi nent,, the graphics
processi nﬁ@%&s?@’tﬂeﬂgﬁ’ cs; HbaYstem Zg m##egtah@ﬁplemwmgygﬁe%ﬁ% eRiivpylent s,
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PCl bus 125, PCl bus 125 connects _ nunerous peripheral devices with the
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T¢C
and EIDE controller 145. twork interface 135 enabl es conmputer system 100

-to commfeMpRiEesxaterh 1G5, fehudingr it drClaypiasares and QLER digplays.r Gatoputer system
comuni caty n 3 o | [ M S UHGald On
over | ocalmgp%g %Ig\t“\%glr(tﬂes%g%gyw édegﬁggtdﬁné%a\ﬁ/%?fgg dls ngﬂggai hgpl nt eireﬁgfe.

[ 00141 Theembodmenbrihe graphics prosessing wbsystem isoiniegratedowish other soroputeresysieni ces

for appli ' gy i ncl ude fixed disk drives, renovable
di sk dri vé@&@@?ﬁ%ﬁ%ﬁg He\gﬁ%es,' and CD-ROM DVD-ROM or other optical
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1? urther e ﬁﬁ%‘tﬂeﬁﬁ}’ﬂ({ ‘%Véfa 35 @i ”8%1’5 tk B%g © iggn aB%d‘é% ﬁ‘?{@e@@a S'Hgi‘raééégz 8\%"@?‘0 nal
di sk cont riaD| e SRIDE cerdirollee 145/ piNedkbrk intesfack 95 chabll@r dbadputhr i sy&tem 1dor ugh
USB and | EEE 1394 interfaces, which are, typically used for, external
drives, afGOPPREAGH Il PG CHmPUGr S¥fies via PAkopig GopIicationsreiwark, and
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system Sg’ﬁW?glfﬁSHééasl‘gﬁ SEVTIES

[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
controlier 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 dﬁves, and through wired and wireless network interfaces.

[0015] 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
/O interfaces for numerous input and output devices, such as keyboards, mice, joysticks,

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



1/0 interfaces for numerous input and output devices, such as keyboards,

m ce, joysticks, touchpads, digital still and video caneras, printers,
scanners, and digital music devices. 4 Southbridge 150. may support any
nunber of 110 interfaces, such as USB 1.0 or 2.0 interface 160, |EEE 1394

interface 165, and other I/Ointerfaces 170, includin eri al aral l el
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Di scussed below are. three of the nore comon RAID | ement ati ons;
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drives in &R¥reAlRgbAR SMeMIAt TRGe aledfiictods! difféBntAévels, kabhl sratifeh fRmaxa! e
RAID 1 inplementation 200, also referred to as_ mirrofing, that provides

i nproved r¥messmpinatjon glnigaring,isEipiRe, aader partyRAformafips &%I'QMID Raglptfers a
cont rol | er g;#83nMidot&Soft fprolah delidbilRy aBloR highr rfom&cel%ﬁaése%l@w Byd hi s

RAID system witing, or mrroring, data on drives 210 and 215 provides an
aut omat i ¢ theeekefpthe fmefatcomwrayuR AL impleanesiatiprs; |howevase therigvedion upweereraliin a

furt her e HTSEQ | RAI D control |l er 205
as a "hot gg# e. Bm?%%ﬂlééggﬂp?g?%% arl'ure %ﬁﬁﬁ&n@t %ﬁo or 215, RAI D
controller t] di sk 22 0 h ten
r emai ni ng 'Sﬁ‘gﬁa 15"“2?‘ 11135 ub%le?i‘aglﬁ? %‘gﬁ%qv\ﬁ% {auﬁgﬂf 5?(% ﬂsoﬁgtteﬁleﬁ oz?sed on
di sk 220, matdiiag, thitgnodide 1d1§fcﬁed 'rellieblhtjrc | Asedatdl {3 QdrBten o BATIR sPdferh ROY RATBX es an
exanple RAID O,i n on, 235 o] i n t hat
o s S 0 P R e e S P 2t iR iR e o
235 di vi deg flidoging,daea & cm%s 240Gnd 285 prdvmcean tatiiembliobackup v dath Wioull oies, 245
and 250, ReDuaceRiiold e g neads ANdhhtes, St HOBPR BudidofShel "
RATID 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 info 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



performance for di sk accesses |arger than one "block" of data. In further
enbodi nent, data blocks are distributed over nore than two drives,

provi di ng even greater performance. [00191 Figure 2C illustrates an exanple
RAID 5 inplenentation 270 that provides both inproved di sk perfornmance and
reliability. As with striping, RAID controller 275 divides data into
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di sk cont r theldevice3Bave %ﬁlﬂdm&mﬂhwfdsﬂae&ﬁvd'-lﬁ@ers&@ﬁehas a speci f ic device M
Fromthe device ID, the PnPManager determ nes the appropriate driver to be

| oaded. | n[gody CPRsQewte diRr SichitecERO B0 tHePnPRiAL RO Rill Rrckts 8ll dF ih¥ @hntdilrs, | S
| oaded. The bus driver 310 includes a di sk bus Functional Device obj ect

(FDO) 315 fush asjanblel porioley widt #t diek aendtelless ffam (theefooppesies pBhe PuPManager
creates a Physical Device object (PDO) for a disk controller 305. The disk controller PDO

305 has a specific device ID. ¥rom the device ID, the PnPManager determines the
appropriate driver to be loaded. In the case of the disk controlier PDO 305, a bus driver 310
is loaded. The bus driver 310 includes a disk bus Functional Device object (FDQ) 315 for
inferfacing with the disk controller 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 controller.
Like the disk controller PDO 305, disk PDOs 320 and 325 have their own device IDs. In the
case of disk PDOs 320 and 325, the device ID specifics a generic disk device, "GenDisk."

[0023] 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



[ 0022] The PnPManager enunerates the devices of the disk bus FDO 315 to

| ocate Disk PDOs 320 and 325. Each di sk PDO corresponds to a disk
controlled by the disk controller. Like the disk controller PDO 305, disk
PDCs 320 and 325 have their own device IDs. In the case of disk PDOs 320

d 325, device I D specifies a generic disk device, "GenD sk." [0023
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335 and 340. Disk partition PDOs 335 and 6 340 correspond to disk
partiti onsi082dt Hagwe dkillosirstes @l dexite slyivei arkhiSyterd mmblmgsawompﬁmm amsst ition

PDO 335, t Pa h ! for, th

par t ¢t on, Sk AT MAIBAG e BBk P8 Sl finddaGerd ¥R RE ThiEiiot O e

partiti on.arfldGeatk EOQ; us é’nRMahhgw tdraother apeatatirigc eystbei \cempmenh Irésﬁ@tsﬂﬂee fékOO
enabling a_conmputer to acces, di sks an r t o, an
enbodi mandSPePReR siRRGR oS feR AL et At iTGER e Caronen

Pn PNanageran&anhg\ﬁr cregtey diskngortiplére PDORMERNSRh diels nenGol: exdérﬁiﬁed.rm'l!ﬁﬂd ng
and conflgur% nl%ﬁdew ces ﬁ ans a.r ot node to Io(igal15 alng I dentify disk
cont r ol | er¥nrolisresan by say harfwage duteriace forQaig oF Biofediskspagiudipg EIRE S CHIWSB,
control | eranddmBBEE 3% intdXasks. %Btdic@ﬂnbﬂr Heddd) diferai¥hik3melan® hdhidRs fdge for
one or nore di negludjng EIDE, SCSI, USB, and |IEEE 1394 interfaces.
For exarrpl"é’n ?J‘B*&E’P sd‘ﬁ?ﬁ‘g{' (grchl tecture 400 includes disk controller PDOCs

403 and 405@{5[]0025] The PnPManager determ nes the type of disk controller
froma devP®¥]| FhsknpMasager ggternigesdibs kype o diskscprirolloDibem zdetrice dRdwovided

t h ¢ c s, @ri ver
?gglr Sg(ralsaa@éﬁg sk rcbf{tl'f:‘c{lﬁl,: P?%halg:lo%éstkg @F\ﬁn dteAQ% fﬁg‘%’dé@g F Eﬁsocgh\}%% g’ 1V

i nt er f aci rigd @l hEachdug duives insbidgs nPiskiBie FRShisnd ds &iskiDG, FI)QOA3 nd W, for
PnPNManager;, ﬁm‘%ﬁﬁkt"g S&g%ﬁgﬁg@&qﬁ&)g $h each disk controller using

t he correspondl ng Di | s created for each di sk
connect ed [ controller 413 apd 415 are
creat ed fo[%%ﬁtr\oarégs%?h%o TS SEgERRicE A et‘ilfé g’?%‘f?‘eéio‘ﬁ{%‘? S5 S‘%%%Bﬁ%ﬁ‘@a‘gwi th
bus dri venheﬂ@ﬁesﬁnﬂn:glmﬂsBmdﬁDOaﬂaima]?}DO(ﬁf creatEdOsToDea&hsiisRlEbnﬂebt@d v«ith&lﬂldRDO
does not have VI ce | f nst ea | sks,.that are t of a
RAID syst" 8%?%2 ] eéfuf]?lg’rcg?h P@@Hfar\dﬂlg ageéi °°Iffﬁ6tFQ: H’@ to
t he Pn PNartﬁsyefonﬁﬂlﬁr agsociated 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 RATDDisk, 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 FDO 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 RATDDisk device ID. For example, RAID
disk FDOs 419 and 421 are created for the disk PDOs 413 and 415, respectively.

[0028] 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.



RAI D class driver 417 should be | oaded. [0027] RAID class driver 417 is

| oaded i f any disks | ocated by a disk bus FDO have a device |ID of

"RAI DD sk™ or any other RAID-specific device ID. RAID class driver 417 wll
create RAID di sk FDO for each di sk having a RAlI DD sk device ID. For
exanple, RAID disk FDOs 419 and 421 are created for the disk PDOs 413 and
415, respeli0Rfel In.an[eddadiment Sepliskposteolizts, sivh aRAisD cohmbrschskoc&ted%ﬁl disk t o

Gosi gnat ¢ BERIAHTOCH TR B nChRI G ion rodg e aonptelet B o om.
Bl OS confi @nna:ttegbchshsta\ré iol be. pafihef thsRATD a?stéth S@dﬁﬁﬁo,tﬂﬁlﬁdlﬂy&ﬁﬁroﬂér \:viﬂ\ér@borpf )
RAI D system t,0 cr conf i settings, |nCU|ngt e
RAID | evel™ ﬁvdccte]f? fgﬁqqe}& Eﬁ‘éﬁ@#‘% rpiheg @%ﬁ"&‘%‘ystem are stored in the
conput er system CMOS configuration nenory, along with other BlGS

confi gur at 8?\015 etap sgdodimepp BAGD copfrolisr BROAR rﬁaﬁﬁo crepied Bpmyiscanpingrthys toet s,
such as dlﬁdﬁecq%rmmﬁe&mﬁm@t&@ nak ta*ae%é*m mﬁtaewfsuﬁ’% AQtifL 405

read the CMOS conf hgurat ion to determne if I'ts connec
di sks are ‘D"éh ihe BAH? clgss drieerATD EW%F@&WeSdh@F tih!3 RAID ¢lhes dtivek 48Dt almilayeer

Wil reporﬁ) ghg adﬁ%é Gvek E‘gl thathﬁ'l Q&%\?}B@SQBWSH%I, E)Blé)\@;l gc{reétpcﬁnhl one

"GenDi sk. an € di ment confro I's al So Creat ed
from scan rﬁmtgldtm@t rtho RAID gduiroliehBDRM2D coundpondd tera 'Iﬁmteﬁﬁ%dmmlla tﬂa\uni)e | D,

ncur os. gt s BT BRETFE we HAD d% Rl 5 Rl B S bt

and that am mraﬁamaﬁmb@ﬁﬁnermmm;smﬂroﬂei B 428 ic nesatiewd with RAD canMdn rrent

the RAID ¢Q 23 corresponds to " t o troller 1 onl
has the r R} K peflomitE Sng S FORSRAERAr e PREL N SR s mitnsdih, °Prb
425 are | catdpdting t[hapaﬂyat treorieatrectisfnbldk farivo oRMbie daeiloeckks) er PDO 423 is
associated with RAID controller hardware for performng one or nore
functions [gb3mher i @aﬁmﬁw&mw%wa&s a8 afdil e 4D s eépkeéentﬁ@mktokrm {ibgofar ity

or error correction block for two or nore data_blocks. [Q031] RAID class
driver 41Pidhediies BiheRAD 8ol thersass Bwitink ndees M pYslemsfingg | of
the dri Ve&:olﬂﬂ:ufeh@ys@ﬁl [henViBABMladsl drivREH £7 &Eﬁem R B b Benen {aih AL

systens in conput er system then RAID class driver 417 creates an array

PDO f or ea&%ﬂ}i#@@ 42y 41 erpted by paimappinedhs devdoss of thedRABY benki@ a7 wigch e
devi ces ofpinhie cRAP:D] -fr?erﬁmvﬂg RAMoaRold? PO 4SS, | '?hﬁcéﬁ‘ﬁa%tﬁfb u9s ba&hiiace

with RAID controller . The array PDO 425 coordi nates
all data access to the d1sks fonmng the RAID system.

{0032] To interface with the operating system, the array PDO 425 returns 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 PnPManager 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.

[0033] 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 confroller can confribute disks to the RAID system; the only

requirement is that the disk controller returns a RATDDisk device ID for its associated disks.



all data access to the disks formng the RAID system (0032] To interface
with the operating system the array PDO 425 returns a device |ID of
"GenDi sk," which is the same as for any other disk. Thus, the operating
system vi ews the RAI D system as a single ordinary disk, rather than a

comnbi natio [ o.,the arra P 425, the PnPManager

| oads a d| f@@a’?ﬁ“&e %ﬂf&i’éﬁ dgger[ﬁagko a \fpgesses Jyiff the sk
type di sksSﬁtmusﬁgﬂeaquuaceheapdmﬁeddmm Q,-y@lemvmarta 428sé HobUgRBled B 8K

cl ass FDOfgodFlnterfam W|th the array PDO 425 and one or nore partition

PDOs def i nPRECHPFHE ionc Audl) RequetPagkage &Iﬁé’a aps W@Sf%’t@ﬁmmq By
using a RARVe! A8Sodd Wit o theRAHD GylbA!I Relye SCRRRES fo

§id g&n{pﬁl@ .ﬁ)
drivers and the op eratlgﬁgas ystem dlS% drivers, device architecture EE)

enabl es RAStigyansdierks of dala tacheswritien tarthe RANA grstem.c ddthousbstbessfblacke ofida ee of
t
operating §r¥,~°t$g§‘ I ‘69)?( uBus, g'léft#&% 3% Ge stol i %lt@uﬁ{sio??m%@%&hg@by%c%s ofﬂxny

aggregate di sks erent’ Controllers
type of di ﬁ&te@bmpmmn eﬁor Gmnni@rﬁlmkb@tsat dildrkss FOpBidek 1RARCES,Biben? 1stdu€0g)nl y

requirenen ' sk device ID fo

its associ é&de Q?gissa& B@ %%ﬁﬁ%&hﬂﬂ%ﬁ%@?w‘g#ﬁ’&@%ﬁ & HEETyReay viag,
opti m ze dphyasicacmenemyaddiesshort hreirtRAImery sitidmess. BAID dass driven510 fbtdses the
optim zed dat access 00, enabl by an di.ment of th

i nventi on. Eﬁﬁ (%gqueg%ra ?ﬁﬁh'sﬁgnﬁg dgtéﬂ?m?sotﬁ? ocﬁgg“ﬁﬂnggag@lf
driver 510b¢mtbmmﬂlskt56ﬂamd)Blob1€s IRAD shipsitl dawritten tddisk Banpl e, | RP 505

I ncl udes four contiguous bl ocks of data to be witten to the RAID system

Al t hough t[msa bfeelmié tilaberatihe tHeQUATR Y GRRE b0V RldSenitdiqhdlliR6 Isfnciz@y be
stored in cog guous or non- QOI’ItI%JOUS bl ocks of system nenor

exanpl e, © vaitigp to, gaph k. Hie %Itﬁ%‘kwﬂteleé"lh?m@&m BFW‘?@% OBﬂfafw and

Block 3 i SRA!D D@ss meaal@gmgs ﬂ'i@@[hta aBakes b Rfer AN oREIAL SRISCMr LAdn KR €M
menory Vi SI cal mam)[fia dress_or a virtual nmenory address. RAID

class driv ?%@@wtvgéﬂP ss |drpersdE) Yrits datietoogash d‘ﬁkn‘@/ injligtiagn aaditeet n
this exan‘plln@mg,g,t ﬁéd&s"?ﬁhﬂbaﬁ)pﬂtﬁﬁkﬁet@eé}ﬁ(.j,yﬁetﬁhﬁ’lUllng?'oo35] él_tatpgﬁpﬁﬂ e dligk 530

and Blocks | and 3 should be witten to di sk 540 Imze this
oper at i on, confelleAl by Eisagwbetiimenty RedD (Flwdbhfﬁlz dngtiaterae ﬁrﬂtoDMPo@nsraﬁweél:ﬁ to be

witten t oygaghyd BiScFRERED tb AR oMhdlifer 3361 KNBCUads Mo SRALEN Budlhily

operation, RAIDclass driver 510 grou ata accesses toge
one data ateeeukDM Om@mndﬁ@ktfanSfemB pksotlianed 3t to @kl@nb:bheéﬁrlﬂmrdlﬁﬂo

writes datgqlon&asss Ql'd%'ﬁs pééefv@ 'tl{e aﬁﬁﬂoggat@ dﬂla bfotks 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 fo be determined solely by

the claims.



menory access (DVA) operation between system nenory and the appropriate
disk controller. In this enbodinent, RAID class driver initiates a first
DVA operation 515 transferring Blocks O and 2 to disk controller 525. RAID
class driver 510 also initiates a second DVA operation 520 transferring

Bl ocks 1 agg a0 di sk controller 535. The disk controllers 525 and 535
receive the appropriate data bl ocks fromthe DVA transfers and wite the
data bl ocks to their respective disks. [0036] This invention enables users
to easily conbine tvo or Afregediiskidevicodayenanghitachind compRainD syst em wi t hout
speci al i zed di sk confg@ip aLs d&0& 1Bl iR WS ntd; t : gNMs  usi ng
di sks of different types, controlljaerg%a%%&}ﬁ%@fdg%gggﬁ?%kﬁ%ggﬁlﬁon

addi t i onal byptean ¢ampsised ofra plurality of diskst ¢ach disk poadiated with s Rimatioebdevicalobjeough t he
i nvention ! ; hEi nd
embodi mont S Par Syt HAE I hdelae f SUBRE bR BRGEN LEKBMEIRVERGATT e
of the i nvEAdDepecifihdesice identifietbpe of the invention is to be determ ned
solely by the clainms. 9 CLAIMS: 1. A storage di sk device driver
architecture conpri si ng: - dri.ver ' I eRl..davi ce

obj ect representi n_g§a_RAF%E§€f‘§%(g%nﬁ§%1r$grd|h¥§c?ro g%t&%logﬁlg{}%(?y 0 e"g:als?ks, each
di sk assocphysieel daiictokiedt providingrelf Al sicciic dbyiecidentdidapndslintlodédinerdiskce wit h
a physi cal i -0bj i i and providing a
RAID-speci??@¥%%3Fg%a?%%ﬁ???ﬁ%%%?gﬁggf%ﬂ$ﬂg$§¢%rage di sk device driver
architecture of claim1, wherein_the physical device object providing a
RAI D- speci fi c devi cé i dehbs ftorage digrdgviceidppenaadifestirepf giaisns | erdamvhereiner
driver adagb gflsidal ddHce bbRGTepibdetin il RKIS SenPls htptead di sk
devi ce driye?ﬁgrchitectqgg g%écqg%ns 1 orggfh%her i OP%QQ%%§%?%2 devi ce
obj ect r eptidedavice idpntificatippioRnoperating systeadapt ed to provi de a standard di sk
device identification to an operating system 4. The storage di sk device

driver architectureof anye f0i8edfiskdcRicBRridor sRh@caurdof WYSHEbILIiRE IRALD cl ass
driver is adapted to conbine each disk into a RAID system 5. The storage

di sk devi ce Ydersithe RALR clastdrieisgapiedp spmbingsechaiisk intg a RAIDhwrs®. t o
receiving a request to wite a data block to RAID system the RAID class
driver 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 RATD 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 functional
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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is adapted to mrror 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 claim4, wherein in response to receiving a
request to wite a first and second data block to RAID system the RAID
class driver is adapted to wite via the associated functional device

objects the first data BDheskapodisk dévicldripardriioBetole otfaﬁzy@imaidﬁryceaﬁlgdijs ks
i ata

and to wite via the associated fuynctional . deyi obj ects_the secaon

bl ock to «CSmSONEPHBMTINCIEH defite It aprorspting a BALR systom s arld ot R4 i sk
devi ce dri stroRdr@ictionl dvice@bjce! laptedto iMBEER VAN IR AITLERAIEE phikidaBa&kicsi Ny a
request to wite a first and second data block to RAID system the RAID
class dri vélFedts adapted to wite via the associated functional device
objects an error correction block to a portion of the plurality of disks.

10 8. The storage digsk dEké seragh diskedevite ahivdrafshitécturd bf @179)one BEh breb&iing
precedi ng

cl ai ms, .wherei he . physi cal devicge object representing a RAID
systemis %1‘?‘15}%1erﬁ%mﬁaségﬁ%tﬂ@we‘g@ﬁe 18 eH’é‘(ﬁcé e&f’&F@é‘,‘Fc"adapt ed to
interface ﬁ&pﬁeb\;nan&mm@manohdcafdi@hymlcoﬂﬁ%&mﬁm dahisRBéd in9-cohipftept Or age
di sk device driver architecture of any one of the preceding clains,

wher ei n t KSR OEFRONGRSIARY. | s adapted to configure the physical device
object representing a RAID system according to RAID configuration data
stored in a conputerng. syShesagndislodevideideiRermiiestureb® onelbfhsprocadgy di sk

device driver architecture of e of the, precedin cl ai ng, erein a first
portion oféi?lﬁjé’ ‘5]?‘?5?‘8?%@pB’FmHPgt%gpﬁ’?hQé%fifg?kéf%S%?ﬁtW‘2’11 :ﬁ@fﬂéfgq@troller .
control | erof adffrstayiid dndla skdvhe paxfin af theplaRdnyRAIskOR afociiR® withWseddntiMisRf di sks
is associated with a second disk controller of a second type. 11. The

storage di RIS OERSGPRAMPE ar chitecture of claim 10, wherein the first
type is an EIDE type controller and the second type is a SCSI type
control l er. 12. The 1t or Axestathgkdiskadevice devdr wehitamad bf @ginre waéreiltied m 10,

wherein th first is a serial ATA type controller and the second type
1 h par al st Séra BB opg L dosccdtiBnsior SGS! bPe HBUFLe or | vor
architecture of claim 10, wherein the
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
disks;

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,

11



second type is a controller for an external disk. 14. The storage disk
device driver architecture of any one of the preceding clains, wherein the
RAID class driver is adapted to optim ze data access by conbining separate
data access operations associated with a disk of the RAID system into a
single data,access operatjon., 15. An integrated circuit adapted tqQ perform
core logic WW&’(‘SB%QB‘?H‘IQIH@B'W[E gfapted (RPIPR %gﬁél?@ae%ﬁcrd@m% ldepiiigatidisng: a

RAI D cont r gt porgkaiirest gialifpdegisksan operating systemto |load a RAID class
driver having a physical device object representing a RAID system conpri sed

of a plurality disks; a,fitst disk controlle dapted to interface wth at
| east a portion of tife pI’lILl}Féﬂt?ﬁri‘}e‘fﬂfcuﬁio ?J?nhlnscrzlw fretyiRs Physisy) H“T%’W%duce

t he oper at rdpgesenting @B RAID $a€emds siapled €ORbiad h Sthnddfd MEH devikd a8k ALS fohe di sk
controller driver is adapted to provide RAID specific device

i denti fi caff ORFEANESYSI¥ e portion of the plurality of disks. 16. The
integrated circuit of claim15, wherein the physical device object

representing the RAID. sydheimtigatedidRuR df ¢10imRo v U8 vhetirtindapehsdisk device

identification to an oper.ati te 17. The ipntegrated . circuit of

clai s 15 BPOTEE ARRPSTe Wi 3 Bl skeo ths RAID uon e emislaeu 6 atee o
data bl ockid @irtod theRaBikshanicadt B @oitioh 0gihapREaIRY 6CUéKs. | S adapted to mirror
the data block on at |east a portion of the plurality of disks. 18. The

integrated circuit of, any.,one of cl.ai 15, 16.0r. 17, erein. in_.response
to receiving a requglsé}t t)oi-h\?\nmﬁ?%atﬁf?llmlug?’fgl}ydonfé’églﬁ]&nsdlgt EQBII ﬁcwh?rSmtlﬂe RAI D
system t heespomst egreadivng € ragaest to wiste adiap aadisdconddatd idodkte tHe RAID datfem, theock to
a first subset of .the.porti of t.h | ur al | f disks_and t.o jte the
cecond dat Byt i Sheshl Giip Le iy Raiie 4 fsrobiet spe Potip A by of

di sks. 19. plibhgity sftdiss aided vaité theisécoad danyvlooh® Dfecsdaubt &f&h%pbrﬁ&a oftherein in
response to, receiyi. a request to wite a first and second data block to
the RAID s?lélfai‘m(’tﬁ‘u%‘g integrated circuit is adapted to wite an error

correction block to at |east a subset of the portion of the plurality of
di sks. 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.

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 plurality 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.

12



20. The integrated circuit of any one of clainms 15 to 19, wherein the
integrated circuit is adapted to determ ne the value of an error correction
bl ock fromthe first and second data block. 21. The integrated circuit of
any one of clainms 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 conputer system configuration
menory. 22. The integrated circuit of any one of clains 15 to 21, further
adapted to interfaca. w tTheinteeaehdredit sRanyafthivhd Ertp 2Wfartiedr inclidihgzecond

di sk controller.adapted tq interface ith at | east a.second portign of the
plurality 8‘?‘:0’&4 ?@%C@haﬂ?ﬁg?%%}rm %[%P‘é&'%ﬁt%ﬁaﬁﬁeéo?‘{ﬁr%‘ﬁ’e?félﬁ Iﬂg‘a '9'?? emto

| oad a secaidks Midgkiiee adapel kedeieitvedperathig kit b ieadaaeand dgk skntrodet r ol | er
driver is adapted to provi ge RAI D- speci fic device identifications for the

second por FT6t Bereih e sprond disk pepiigeririyrads adepted o propide RAdRgpesilicedicecui t of
any of cl aideBificatidmd fSrlthe SddbddRtidn W edinngIid of §i8GoNd di sk control | er adapted
tointerface with at | east a second portion of the plurality of disks and
further adapted to induce_ the operating systemto |oad a second disk

control ler driver, her dith niegaatedeisni oficlaiin 2o hersin thy firgh diskeonrallesifnit ed to

provi de RALBr$RBELid e SEYALERsk & I td Gatdl r the second portion of the
plurality of di%@ks. 22. The&?kn‘%ogg?lg%rfééd&%isk%lﬁ}lapfpgf claim 23, wherein the

first disk controller is of a first _tyEe and the second disk controller is
of a second type. 255 Thdhf Hiteeited @@uis oF daim 24 hereinithy frat tynhis peEEDE he fir st

type is angfbl Dol iRfid GNEERl e,iéygcéﬂggécgﬁgaﬁrﬁype Is a SCSl type

controller.”” 26. The Integrated circuit alm 24, wherein the first type
is a serial ATA type controller and the second type is a parallel ATA type
control ler. 27. The 26nt edhaintgraied cispitiof deimadaharsimthe fifstlyed ina saal second t ype

I's a cont kelligle cbtfollBhnd e 8B tyf iSKpardtBl 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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