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PCT/ US99/ 01282 AN APPARATUS AND METHOD FOR AUTQOVATI C

CONFI GURATI ON OF A RAI D CONTROLLER

Brief DescripPi®di%%f the Invention The present i R&EAISIYMI282
rel ates generally to peripheral controllers. Mre particularly, the
invention relates to the automatic configuration of Redundant Array of
| ndependent Di sks (RAID) controllers. Background of the Invention

RAID is a technology used to inprove the 1/0 performance and reliability of
mass storage devices. Data is stored across nultiple disks in order to
provi de i mredi ate access to the data despite one or nore disk
failures. The ARATDE QN Wi IFoR! b i ny
of techni ques, I_ql)ﬁl;hkear%ﬁeach S t?ﬁ%‘%‘ﬁg IS r@grregﬁﬁ9@@%ﬁ©§).
There are six basic RAID | evel s, OFaARAID CONTROLLER own benefits and

di sadvant ages. RAID | evel 2 uses non-standard di sks and as such is not
comercially feasible. 15 RAID | evel O enploys "striping" where

t he data is brRKefiDesotiption ofitb Siveation stripes which are stored across
the disks in the array. This technique provides higher performance in
accessing the data DRe Pispenyinysntipprelates sansradly topexipheral contrdbersf dMore di sk

failures. 2 : V, s "mrraring. each unit of
data is duplicaracpaly, ﬂ‘%w‘r#?‘rrgiraé%ﬁg%%X%{H%ti%%‘?”%&?‘é’&m ?q”?%ﬁwfanr HrTa g
requi res two oof IndependerstiDisksi (REID)conitrollers. read operations, this technique
i s advant asgeous since the read operations can be performed in

parall el . drawback with mirroring is that it achieves a storage
efficiency of EW&M&M WD 99/ 38067
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In RAID level 3, a RATQ ibh technélegypusedito impmde it BOperfopaandshingd feltdbdlitylofi ped

across a set of _drives. ;A.sep te parjty drive js,.uysed to store_the parity
byt es assod sa?#%gw‘i"hmﬁhz’ragaalﬁép%?“oi%ﬁ’ssm‘énbi&rQW 1n ord¢s &3yprayidegat a
redundancy. Dabfinéitea€oess to th Q8RR She W Sibrk 'af‘skefa%&teﬁ THeTAf dr i Ve

failure fromthe data on the remaining drives 5 an e parity drive.
This type W daehnolagyds ernieallyiassesintethwith edaronsinyoss techniqugs, wiere each

technique is referred to by a RAID level. There are six basic RAID levels, each

having its own benefits and disadvantages. RAID level 2 uses non-standard disks

and as such is not commercially feasible.

15 RAID level 0 employs “striping” where the data is broken into a number of
stripes which are stored across the disks in the array. This technique provides higher
performance in accessing the data but provides no redundancy which is needed for

disk failures.

20 RAID level 1 employs “mirroring” where each unit of data is duplicated or
“mirrored” onto another disk drive. Mirroring requires two or more disk drives. For
read operations, this technique is advantageous since the read operations can be
performed in parallel. A drawback with mirroring is that it achieves a storage
efficiency of only 50%.
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| ess space than mrroring and only a single parity drive. In addition, the
data is accessed in parallel fromeach drive which is beneficial for

| arge file transfers. However, performance is poor for high /O -
transact i onWAR938e4dt i ons since it requires access to eafRTAISPYY2BH t he
array. 10 In RAID level 4, ad entire data block is witten to
a disk drive. Parity for each data block is stored on a single parity
drive. Since each BiRAID jevab? esdatablock is pantitégned detn tstripes which arestripedjue i s

beneficial for high |/QO transacti on appl i cations, A dr ack with this
ochni que |5 IREALPETNE APeErEe RAREIT B SHELe S UB A RHECRAES since
the single pajgdsbiatdd v tREBSE bIdékPQ‘hélﬁﬁﬁ@ﬁﬁst%r &ﬁ&?ed%&érﬁyﬁﬁliafégn%- Thi s

i's especi al |y burdensone when there are a nunber of small | .
operations scegenaraigd when thenigarsingledrivasfilutecfroth dhesdataon the rempining drives

In RAID I eyel a_dat a, bl ock. | Ltioned in tripes which .striped
20 acr osbt hEtibE RaRbrR” Thin e g o dabd ARl Bl RR o oy BBt

across the drieyespace than niirbehy a6kl iatghglé: dtivenprddditivhe trdatdie | evel 4
whi ch stores the parity on a si Isk drive. This_technique offers

: ngle . di .
fast throughptfcessed l%nﬁmﬂelme@glwemlc}p@bmfwl for largs Jile trpnsters. | ar ge
data files. : I t A86n a*&i :n..a
nunber of di s%ggl %?ra%eerfoa'xen\a}? %e%isgb%ﬂx%gtlﬂggﬁg%e arr négt?#‘%{hgg% alflbge W th
one or nore RcBsslteeatisdrivk iRfidarray. controller is a device that is used to
manage one _or nore arrays of RAID disk drives. The RAID controller is
responsibﬂ@ for configuring the physical drives in a data st or age

systeminto | ogi cajy RANY vy ShSenBACHuth BRCE N wiitdV® d SsiBAY Shrith for
accordance 30 with one of the RAID | evel s. WD 99/ 38067

PCT/ US99/ 0128¢&ach data block is stored on a single parity drive. Since each disk is accessgd

RAI D control |l er,s ar.e conmplex,and di.ffigult.to jqure. Thi i,s due in
part oMo HERRaRRRO s Fiulits & renietgl et Bef 1D btpSiomAploatie B e, ( ne
know edge draw®ack WiH thlY te3hM§ee islthe SiapleipattyediSit'éhich beysthesa batiehdche tine
consuned by a user in configuring the controller. In one such RAID

cont r ol | ed>cosineehe singlapapitndeurmesds tnbe Bcessed frucach wolnonstien dhisisat ur e
|'s provided t&?@ciﬁl}l%ﬁﬁ&%sc&x% @ﬂr#él%ér%%ﬁeﬁ mbe&df sﬁxail%éﬁrﬁtli?r}sg?fatter?dl on.

automati cal | y "con ng a nuiber of devices at "syste I'za

However , randommhyoatrossahe disksinfthgareati on feature is very limted and only
operates where all the physi cal disk drives are of the sane physical
size and where there are between 3 to 8 di sk drives. In this case, the

automatic confi gur gt RAMIKR! S LafLPloLRY RItiddHRd Hhed Sirids whidnV28 s@ped ST NQl €
drive group defined as a RAID I evel 5 systemdrive with no spare

drives. TRDs aarodsithediskidoves. Parityfardie gatablodksig distrimttedbacrasstthe daves
configurationg. . Accar di ngl there.exists,.a need for. an

aut omatic RAl %e’éetyﬁtrf’%‘}%ﬂ‘e b°ﬁleﬂ?9%fq‘lgﬂ?%‘tt¥$eﬁeﬂ‘gé’ﬁ i SE9FPY g PP %?Bg}ﬁodat e
various typesdigk difé.DThB tethniRe offeRf fadtihrdtiigns féethaliatOfilBk b gey@embavi ng
various physical di nensions. Summary of the Invention

The present i ROt foshargedataiiles. t o an apparatus and method for automatically
configuring disk drives connected to a RAID controller. The automatic 20
configuration nechanismis able to generate a full configuration of the

di sk drives canypichbdhts stomg&éysters omi caitdir a nuatber of disly stbrage devices

initialization or bootup and at .
that can be arranged in accordance with one or more RAID levels. A RAID

controller is a device that is used to manage one or more arrays of RAID disk drives.

The RAID controller is responsible for configuring the physical drives in a data

storage system into logical drives where each logical drive is managed in accordance
30  with one of the RAID levels.



runti me. The mechani smuses a robust criteria to configure the disk drives

whi ch allows the drives to be configured in accordance vmth one or
mor e RAIDIew@@ngg;} with various default settings that {5‘:8'2
operation of the disk array. 25 In a preferred errbo |rren he
automati c configuration nmechani smincl udes a startup configurati on

rocedure that provj th ut omat i c .co I,on ahi it
gyst eminitiali gat i B%S% §° Nitaktiaiai ?@J&ﬁ@kﬁ"ﬁ?’b@%&r iRFH%lfl“e%‘/‘
automati cal | y folhé ngeRsis $ossible chBaurssiReRit e b@aé}ﬂ@a@%@l&@ﬁléd?b' er at

runtinme. 30 The startup configuration procedure generates a
confi gurati on ¥Auiredb ﬂFSlRerP FQ’é@g“re such arsystegy and thertinee eensuped byiagsetine

| ogi cal drives ;I{}%ém 3?&@ er.ational
characteristicg ﬁgaﬁ; | ca r]grolh\glgu ic ?é@f‘od{%goqtﬁ@xm%rpﬁpgfe R he
WD 99/ 380675 automatic conﬁguratlon feature is provided that attempts to alleviate the user’s input
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capacity, as wBY putgmatically;configuring e nymberofdevicas tgystemyinitiglizationo Heyyeyesdur e
can acCompRia6mBE Y i alioR tt A0y 6 ki il BRPo ARE e PARLL A e
configurations. In tion, e startup confl gura Atk on procedure can
confi gure uncopliysipat digk dnlveme iofi the samephysical aiveandimthereatherel drebetvetdto 8

consi ders the i st.ing.configuration of.the.disk d |ves and whjch is
able to sel ect&gfﬁag #JB%F% elﬂ“P%"éW copfigusgiion 89“%5‘?‘&}&“2‘?5 g\gﬁ
overal | conput gfives)s a@gle @6vd S0 EMned as a RAID level 5 systedf dfivithio s
configuration procedure 1s used to configure disk drives conneg

t he RAI D cont rétivesr This cenfigusatiopsis iimited popddiag norostier aﬁtmaierwaﬁgmdtxmssk 10
drives can be part of an existing configuration or can be unconfigured. The

runtine configuration procedure can incorporate the configured drives
into the current Accd?rﬁihgl}gﬂie@é eﬂ&samewrdraﬁ%umfnbm édifroueconf i gur ed
i rives are configured in accordance with a

drives. The unconfi gured

criteria that %@W%nm@éaméla thatsrn gegopugodate various fynss 9ERAIPdevadr fai | ed
drives, th gh% i 15 drives

t hat can sgﬁ)por i og’g?ﬁ%ﬁg s%cc’g{érgglfl%x);ﬁ t&ﬁ%&%}gél negﬁ%ﬁ@sl evel, and

t hat forms additional |ogical drives as needed. The
automati c confjquratio chapi smis advantageous since it elimnates
user interacti B | gure disk drives connected to a RAID

controller. In 20 gagdhicsan mﬁeﬁﬁoﬂsﬁﬁﬁﬂevéﬁxﬂb s %&hneﬂ{ddhﬁfa&tgmgﬁ%auys the

configured into one or nore RAID n a nanner consi
current state ¢snfighrngdisk diives eanngetdd thaRAID contypliérniThe sutommatiover al | syst em

Cont | gur at 5n SEIRCEEOR e ism RuE 1CoBEme Ml onfeymarion o e SR s

Descri ption of cdrecttd &\ RAID controller both at sytemanitializfion orB86&bandiapg of the
nature and obj ects of t he i nvention, reference should be made to the

fol | owi ng det aiuntmed dhemnephaismiusrearabysicsivgriaiowconfigure the disk frivésevhich
cCoonbanyL 19, M ASarkde ey e By AR AT
present i nventwith.various default settingsltiat affect| thelsperaticisofahddisRagant rol l er in
accor dance gvl th a preferred enbodi nent of the present invention.
In a preferred embodiment, the automatic configuration mechanism includes
a startup configuration procedure that provides the automatic configuration
capability at system initialization and a runtime configuration procedure that
automatically configures disk drives connected to the RAID controller at runtime.
30 The startup configuration procedure generates a full configuration of the disk drives.
The configuration specifies the logical drives that are formed and the associated

operational characteristics for each logical drive which includes the RAID level, the
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PCT/ US99/ 01282 FIG 3 is aflowchart illustrating the steps
used to manual ly configure a set of disk drives. "FIGS. 4
- 5 il lustrM®9%38867pr ocess of form ng and ordering drive gro®Ed/USIepi2s2
physical drives in a preferred enbodi nent4of the present invention. 5

FIG 6 illustrates an exenplary assignnent of RAID |levels to a set of

| ogi cal chphsies ab Wemeaﬁxéﬁhn‘mdnbh a‘hewitlap b&d}}@ﬂhﬁﬂiqﬁtﬁd\lﬁﬁcmhe ]
present invention. 710s a flow chart i|lustrating the
steps used i rOCARMAdaieREEViEUshY P’satﬂra&qoaﬁsuratwnwd@ml@on atipnst & r ed

enmbodi nent of (ﬁe PSRt (f?,}ﬂﬁ@ﬁﬂaﬂé‘n Flﬁ)ced e can cqnﬁgﬁ}e%ncﬁnfi flow ighart

illustrating t st eps us to-scan ysi ca evi ces connected to
t he RAI D contacsbidanca mthapnmnhmtom&mlthemxismg cbm@gtpatanmﬁthe disk drives

t h I I
i ve. or def rauigh is hle LrselePtLer approPriAL SATRYE! BbIo] PRLBIRE Bent i on.
FIG 10 is a §Vcoa 6dtpiter dybtenls péridihahéle steps used in the runt| rre

configuration 15 proceduré in a pref erred enbodi nent of the present
I nventi on. FIG 11 is a flow chart illustrating the steps used

breaent _nvent ] on. The runtRShERNER o bloge B i I rREBA R’ 1"
corr espondi ngeqhdedted tdthe RIDUontroHerSeNi& the system 19/<bﬁfﬁlo@1&l tTiee idlsemad k. 20

Det ai |l ed Description of the Inyention Fig. 1A illustrates a
host syst &fn 14vescan be par of Heexisling cosfigystiprpr q@?emcanﬁguredf e rundines er r ed

enmbodi nent Ofnz_ﬁnl?%upar

controller 102 c nng{étﬁ?gaﬁeoﬁé%ﬁ%g{aeﬁpgg ﬁfg@g%g gﬁh%)gu%?n nore Smal |
25 Conmput er Symifignration s ketlas c&ifhiure ﬂi&amne:iﬂgutﬁﬁdhvb@ﬁ flhe incanfiguskiairivesl
enbodi nent, the D controll.er can he any of the rr] RAID
control lers, ® °5’%¥}Eﬁ&)5’sa°59ﬁda’?ﬁ9tw‘l ?rf”f’@ﬂalﬂl?t F@%’@égg%]s‘gﬁg% %fm RAI D

controllers. [EamceRIPdr faffedirives, that gt t}ﬁhﬁ%ﬂ‘éh sk Arived do deRgiobidall Ne art
and a nore detailed description 'can be found I n Ancot Corporati on,
Basi cs of 18CSirivesithat ¢ar sippogithe Qcmmdmyny gitthe definedRABDIevel and that

i ncor por at ed ! egig{xomﬁ?oglcal drives as need %9/ 38067
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The host peripheral bus 104 is connected to a host central processing unit
(CPU) and nenory 108. The host E ri pheral hus _ 104 can be any t%‘ pe of

peri pher al budh§ sHtPHatiGEP 360 mechamian is slvaplageqisSHIE itcliminptent

| nt er connect ly C u

Ext ended Indulgétary %Q%tﬁo aegiuufrdc ??%%é&r ?sggﬁ@ %&%&%éw%ﬁgﬁ?\e
Architectoe, a(himbn,lﬂmme&mmsfm&hIMShSWeaMbmnﬂgmed into chig®rimmre RAMBD an
operating syste not sho that interacts with theg controller
102, fovels i gipaing tceﬂ%ﬁ?ré&a@geebmtapg@e%%weﬁﬂ%%r. pher al
devi ces 110A- élﬁt%zé@the%%ﬁll% stE}HtpeﬁBfmiﬂcH‘ TRE reBhis isHidx1BIE geff@ﬂﬂﬁn rives,

various types of opti cal drives, printers, scannerS, processors,
conmuni cat i o nthd@vltmlc Cneﬂgluhﬁmhbmg et mintime and at system initialization.

25 Brief Descrintion of the Drawi

For a better understanding of the nature and objects of the invention,
reference should be made to the following detailed description taken in conjunction
with the accompanying drawings, in which:

FIGS. 1A-1B illustrates a computer system in accordance with the preferred

30 embodiments of the present invention.
FIG. 2 illustrates a RAID controller in accordance with a preferred

embodiment of the present invention.



and the like. A SCSI channel 106A can be used to access peripheral devices

| ocat ed within the host system 100 or a SCSI channel 106N can be used
to access paybRbHLIRY devi ces external to the host systerq,é@%sggé 82
Fig. 1B illustrates a conputer systemin agcordance with a second preferred

enbodi mrent of the present invention. In this enbodiment, the RAID

controller 102 i . nt,roller
102 i s connected toFIF;éqﬁ%gp Q{aéha&q%@%tﬁgﬁg%cﬁ%ﬁﬁlg@g%qga@gg?cgﬁﬁa@ﬁggsf%A
and i s connectofdiskalrivese or nore 20 peripheral devices through one or nore
SCSI channel s 106B- N T RAI D control l.er 102 .and the SCSI channel s
106 are similar to Rlﬁ%%t %mgﬁh’égﬁtﬁﬂkfeﬁfo‘éﬁéﬁ? forming gydiqrd e groups fgom 1 A
Fig. 2 illustr t . 102. There is
thown 25 & oBOVEEY d@@ﬁ%@%’?@‘%ﬁ%ﬁ“ﬁ?@%‘ﬁ?ﬁ?}e ggregfﬂr‘)'g’g“ 04. The CPU 112
is also 5 conne®IGd 6tillustrates anrdemplapeassighereat ofRAID levelsdoplsetbftlogicale or

more SCSI 1/O,. ,processors, 116A-116N. CSl. 1/ O processor 116 can be
coupled to a _§@§Fs infacco %@t&i@ﬁgﬁ?ﬁe%@i@mﬁ%t %jﬁh‘f Eﬁem%@nﬂ%ﬁ'men t he
secondary peri pher #1h9ss 4 Afwaihert illusﬁaﬁﬂ%ﬂ?@ﬂgg‘ﬁ??ﬁ?%e 48%up dMigRidonl2 1S

al so coupled to a local bus 118 connected to .a first menory device
(menor y[ er r ] ) preceduresis agneferredrembodimentof theprasentanvention. and a
coprocessor 124. T R SQr 4. s cauple an. .onsboar d he menory
196 whi oh 1 under HiRGSAATPY ctgr Midhualng HORES 5 BRc RN TR H eLEeT 100
and 10 \0GhfiteitdGHe RAID controller in a preferred embodiment of the present
PCT/ US99/ 01282 . 7 cache
menory 126 is g8H0Ro retrieve data read to and witten fromthe peripheral
devices 110 as wel | N IAC ty] E@ﬁ] ' nd
decodi ng on dal?g??ﬁg%hlgs r%ﬁsg%ﬁ%%ﬂ%lé%@?ﬁtﬁéﬂ%g%l P elfgpﬁgg}\??eggg 110.
The cache nenemboilitfient of theqaeseatijnivention. t her a write-through or wite-back
cachi ng strategy. . ln,a preferred enmbadi ment,. the U1ll2 is
a 32-bit Intel i96dgﬁ-é%lsaﬂ°wrﬁ‘e¢§b’ﬁ§5%%% ,S‘ePﬁBSqdilPébewehB\ﬂWHg%P‘Fe%mizo
i's a flashergsedifteih G raeireP bRbb&Eafnt of the BRis¥nt TvEAtiyn.( EPROV) , the second
menory device 122 is a non-volatile random access nmenory (NVRAM, the
host peripheral busFlG04lisa Sowchamiluskaingihe stepsusadite add capactpinl peri pher al
bus 114 is a seco?dar 2Cl bLP. %n hhcfi fié‘zft rrem)‘%.dev'.ce 120, t here
can be stored & TEHPH LA FHUFRETB BB &B?Brei TR unt i me _
configuration procgqué fefdréhce niitfersls 2fbtid cofesponlingipafts tHibAARAIUTR sévdtall S

used to automatically configure the disk drives at system

initializati orYieys ¢fdbe dipwingsh occurs before the operating systemis
install ed.oglhe runtine configuration procedure 15 128 is used to configure
t he di sk d2r| ves while the operating systemis operational. In the

geDds2Aptidhef the aventien st ored a configuration file 132
containing the current_ configurati on of the RAID dj sk drives. A

In addition, each gHgsieafusy @ﬁag‘f"?tﬂ;‘“&@s@ iigmethe SORRPESTIORIR 8] | er
102 1! uASSrBrer A i@ Br fe!pRostritint difon! ThENISSho e ROdiFat | NG
the configuration of 20 the drive. I'n an alternate

enbodi nent , t lvengeliarid2mwenmacieddeo i host de2iphenal bisel (Mcamtironk loe more Smalol ds onl y

fi t bel i ch.identi h fj jon . files. 134 th
Shysi cal -tk CtmRiE SR TR SSDRAS LA 00D S anfeRa  on
i nformation. Zmbodiment, the RAIDI¢tntlolELTNY dadl bAQRE OF M MPleRBS RAGP doni8Herk,ne

computer systemutilizing the )
such as but not limited to the DAC960 series of RAID controllers. The operation of

second nmenory IDigaile

SCSI channels is well known in the art and a more detailed description can be found
in Ancot Corporation, Basics of SCSI, third edition, (1992-1996), which is hereby

30 incorporated by reference.



technol ogy of the present invention. It should be noted that the present

invention is not constrained to the configuration descri bed above and
t hat ot her configurations can be utilized. Attention nowturns to a
bri ef over vwawa806the term nology that will 30 be used to dePCTiuse9/e1282
preferred enbodi nent of the present invension. This termnology is
explained in the context of the manual configuration procedure. WO
99/ 38067 The host peripheral bus 104 is connected to a host central processing unit

PCT/ US99/ 01282 . 8 .
The manual coffRGLanskmemory, 08e dibedsstpesipherakbusd 04 can be anyptyipe #f perirherar  ves

froman arrayuqf; j Sk O 4 : i L i process
o a o e inBATeR A ok It ik PEripHot it ohehl M AR PET R, 01 D2
t he steps usehhdusiry Btandard Arohitectire (ISA) ibgsirBxttéraed fndusiey StanBandsArchaeanwer
identifies_on r re dri r .(step {2),. 0order he, dri ve groups
(step 1_74)? a&}gé? ggf’ °§1éﬁ%‘gﬁf1xg%ﬁé%m@né“‘gﬁhei’g%The {"°§I(§Jé1s and mgmoeR, 5 in
each drive grmaoinwdes&E@Mﬁ&%ﬁ@ﬁi@@h@iﬂa@ﬁc@%ﬁmm _settings
(step 176). The configuration 1tnformation iS stored in each physical drive
and in the RAtaixodier iQd.1 er (step 178). The logical drives are then :
initialized (step 180) and the configuration is presented by the RAID
controller 102 to the host 10 operating system (step 182). These steps

wi Il be described ERcHIDCST éidhadl!108@bMdins one or more peripherafddriced 110ALUSIDZat es a
nunber of Bhym cal _disk drives arranged in one or nore drive groups

140, 142, 1944sychtaspunot)limitadedo diskdrives, tapegdrivgs,i vadeusiypescefmpsicaldisk o one

of the SCSI cﬁgme 6 ' j E gr into one
or 15 nore dri ve’%lﬁ%%’%éscf%b? s’%#k%%t.cg@ ri \?&elxgra%‘ﬁ%égl%gé%wg%ﬂ’ is used
to create and thgilikal AOSCSlchatneelil06A @anlbé useddo aeq@aspdripheral BéVites lesared as

well as other d e, cap is based on the a egat e

evi ce settings., T i r
of the capaci Fit8 1§ bast st 10RS aisgﬁ Chareljf e ean be YSRE tarpises mﬁ%ahnd
depends on t hgeJ¥shextedNd ko thehost d?lEt_@frﬁde‘?d enbodi nent, the RAID

controller 102 can support up to“elght drive groups. A drive 20 group can
i nclude odé to eight physical drives. Drives that are not included in any

drive group are cogsi der.ed standby or hot spare drives.. The stand rive

e a0 P cundant e Bt RePoles Sgten TRARATEnG Yith dApoR T eted

As shown in Fegibodimeht6f tie plesehitimmention. i@y fentbédRlerit the RIATDE®nétbi1xel 02r oups
25 referred to as drive group A 140, drive group B 142, and drive group C
144 with one is externalip tisyhogt sysier ). The RAI eentpellar 10%is connastadtotthe kast di sk

drives | ocate éﬁ%ﬁﬁ“@&aﬁﬁm e’llqg@Afgél ,&é‘%&%ﬁm%nj"%nil&gl udes three

di sk drives | anne I've group C 144

i ncl udes 200 peripherh] ideeisessthiough efle oNmSEEB CSTvhanmdls 106B-106ATaeRAdDe di sk

drive situated on_SCS|_ channel 106B. Disk drive 146 is 30 considered the
hot spare dri geniroller 102 an mfsgg; gkaynels 106 are similar to what was described above

’IZfC;I'éthglgf O'tlﬁg%lc-itll-‘gﬁwg?t()tagsig'r}é\\ie been identified, the drive gr oupsgar e

order ed (step 174). The drive groups are ordered with a sequenti al

nuneric ordering f Ii’?ng]Zjillustrates the components of the RAID controller 102. There is shown

25 aCPU 112 connected to the host peripheral bus 104, The CPU 112 is also

connected to a secondary peripheral bus 114 coupled to one or more SCSI /O
processors 116A-116N. A SCSI /O processor 116 can be coupled to a SCSI
channel 106A and acts as an interface between the secondary peripheral bus 114 and
the SCSI channel 106. The CPU 112 is also coupled to a local bus 118 connected to

30 a first memory device (memory,) 120, a second memory device (memory,) 122, and

a coprocessor 124. The coprocessor 124 is coupled to an on-board cache memory

126 which is under the control of the coprocessor 124. The coprocessor 124 and



to n, where n is the highest order nunber. The ordering is used for certain
operating system purposes and in particular to designate a primary

| ogi cal dri’ 5{2&‘] an serve 5 as a boot drive. A boot drivg.l to
"boot - up” tﬁ@)% ys?ﬁal drives in a cgnfi guration which i@*@%”?’@f@éd in
nore detail bel ow Next, | odgical drives in each drive group

Phat Croat 7o Bicha Jpndly 199 it e B retrigve dacd irad o S wlen Homt e potinherlas o
nat portis A \ _ .
si ngl e | ogi caljegiesd C9) as-m:l?lrﬁ pd%?@nﬁ%nap&@néchaﬂ cOREERY &%Bdmgggcll géﬁo\dgxﬁ ve by

associated wth a particular "drive group. A user credtes a

i ndi cati ng t hendetatthatrisreafl to amd froinvbe peripheral davices 110. Ehepache memary 126
particul ar | ogi cal ..drive or exanpl.e s shown,.ipn Fig. 5, drive group
A i ncl udes t hFRRemRloy;either adyp%@ougﬁ or%?-bi%acggg sgﬁg:gy hree | ogi cal

drives Alewr], Alerr], and Alerr]. Logical drive Alerr] spans across 15 a
desi gnated portion of each physical drive 150, 152, and 154 in drive group

A. Simlarly, Inagreferredpmbadimert; the GRId 112 isra 32-bi dntekifaA RISCoss a
desi gnat ed port.i f i j . i ive
e, 730 o POk g g bk 50 S MR AR Bl

Thi's order i sofiBrmuaory2EPROMNthdiscomdirmorydeviceciR2tiba noagiotile thindwas ar e
created. The |l ogical drivyes_are created pased on the order of their
respective dr REESHIEMOEY (EVRAM): thehost peripberal bug 104 is a prigaary RCI hus.aad dheeat ed
in the fingt ' - i ' W STl RY] ' :

second | ogllﬁcagédgﬁﬁ\?gﬁg!rx%gtb?aq?%?%%gcﬁﬁ?%??gg HI/% Ié‘rtgggfs?gn éc;:&édr{gi%g‘g%ggz%he
second | ogi calthere can bt stored aatatupaonfigurdASomprioeetivad 128 and drmtinder i s used to

define the logical drive that serves as.the boot driv A boot drive
S Leed nt by CpRbgurian Bociirs G- (TR AAoR fanpiwation BrasRett 128 SHedte i 1t he

conf i gurat i on authgfaithll;Péonfigte ot ditkid¥ived £t-sgstem| iﬁﬂiaﬁﬁdtioﬁrdr\b%ﬁxbz%ﬁicﬂ S

consi dered the boot drive. In addition, thé order is used to a di sk

capaci ty whi cleccurs before the operatingisystennisripstaliedai Thepuntime copfigihation pracqure 5,

ir Do gr ou 1B Be FeRiEo GRS B8 disk drivek e s g Bt oo oo
drive, and | ogh e se6éidiBemisry device2R d@ertah b6 stoféd slcdrdipueaiondile 182

WO 99/ 38067 . . ) )
PCT/ US99/ 0128gontaining the current configuration of the RAID disk drives. 10

Each | ogical drivey] : i [} : 2l i
policy, and ?%@B@’evgﬁ%ﬁﬁé‘ glg%g{éib?%sg‘fﬁ{a%ﬁﬁgg%%g rl veﬁlo‘%@{u es
any portion ofindudbsiawenfiguratiofilui34uthattinclodss dati iaticatiygathie icgpniguratiat ofdr i ve

group. n?t% . The RAID controller 102 has a cache nenory 126 that is
used to i rfdr edR&AqVRe performance of data retrieval and storage

operations. The cache nmenory 126 can be operated in a wite-back or
wite-through node. In a wite-back node, wite data is tenporarily

stored in the cachdnage@ltematewembodioment, the secoud slemury dewiab 22 0@ the conirellerAn
advant age of thij de is that .i,t.increases.the controll ek, s rf qr mance.
The RAID 10 BaldR B € nHBtl‘fqe?seé]ﬁfﬁé‘feBBg’r'g‘Ff Aisation ek 194 pn el
oper ati on sucengsies disk drivak,irigefthah RE1dNd the ehlireToRfigurdén fermatioar ed on the
di sk. However, 1n the event of a system crash or power failure, data

in the cacd®e 126 is lost unless a battery backup is used.

15

In wite-through , i -i i . he di sk
before a conpl eti gﬁﬂgetfgg sﬁ’gsﬂ%ﬁbﬁl?ﬁggg {‘%St“ﬁﬁ%‘f‘g‘gg?%‘pﬁtr‘?g%g@%‘ éﬁnﬁz’}f itﬁse node
is nore sechnbRgyiof tiee gresentimventich. Toshoulibhe hdted that tenésent inferionds
failure. However, the wite- . . .

not constrained to the configuration described above and that other configurations

can be utilized. Attention now turns to a brief overview of the terminology that will

30 be used to describe a preferred embodiment of the present invention. This

terminology is explained in the context of the manual configuration procedure.



t hrough operation |Iowers the performance of the controller 102 in many

envi ronnents. 20 Each | ogical drive has a RAID | evel which is
based on the nunber of drives in the drive group in which it is
created. | rwe%gsedserred enbodi ment, the follow ng RAI D PET/ERY/H282
support ed: WO 99/ 38067 8

PCT/ US99/ 01282 11

RAID LEVEL or JBODrhe manual configuration procedures ardQES@Ri EE4teMNogical disk drives

RAID O Striping. Requires a mninmmof 2 drives and a

mexi num of 8 fiemwagrraypf physigabdisk deives) cb®iadly the configuration process is a
support redu s el . . r QL ! ires 2
drives. This qg%ﬂ%)'gé)\?g?ure that is initiated m Ret F ig. 3 illustratedile s?Jp's gg%ip@ﬁ :

redundancy. rhanual configuration prédeBs. First, a user idenfieslone @8 nforedrivergroups (skepdr i ves
and a maxi mum_o ) drives. This RAID
| evel suppor t’gzs’éﬂéﬁaéhﬁﬁnve groups (step 174), and crpptpyynst con%gures one peifarS es a

m ni mum of 3 ] ggpg RAID 8
drives. This l cg)leﬁa’le‘%g su pport \g{jundgncy level as well as otherpwﬁteﬁﬂ
Conbi nati on clettingk (st€p {B6)r ’Ifhe ngr)ﬁg.n'ahon information is stored in each physical drive

5}6\ II \[/) ei gmjr gor | ngW@ If;é Eteprw %kp f?glcal drives are then initialized (step

| evel supportgo) Qﬂdlﬂié%ﬁﬁguranon is presenéﬂ%&tl@emﬁoﬂfol@r%?to thelRdgh drive
functions independently one anot her.

No redundh(hcyopegatg)gpygpme(gtep 182). These steps will be described in more detall below. TABLE
I Fig. 6 illustrates an exenplary assignnent of the RAID

| evel s for a particul ar drive group, drive group B. In this exanple,

| ogi cal drive B[ erFig. 4 Jhtrates o asmbeiéfgshysical digkhdtiics atraified i 8nd 6bmoikb8, 160
and | ogical drive Bl[err ans across the sane ri)h ysical 15 drives 156,

158, 160. Lodivs gramfvlé?]OB} »if4 i(%%w)g 88 Physica! disk drives ars gonnssteddp oBs i ve
Blerr] c?ftﬁégbgf'%nﬁékl?oge]f g@'fs}ca%dxskdn es can be arrali§dd ihf¥one or .
configuration procedure 1's conplet e cont I'guration Yor eac drive
group is &§ orradradmveagrbupsﬂy@@; 1:42 144.i Aairive geoupoidli 42, 464 dvused fteecreaid
preferably 2Q ] ocated |r1th 64Kb of the drjve (st 178). The

| ogi cal driv P]e‘gﬂ?éll?a"mga ‘*%ﬁpi"‘?@’d ?gélypla@@s ‘Eﬁ‘}h F&IQ’ﬁecont rol | er
102 presents §e&ﬁ1g§0'ﬁlb awaa&y ikrbdséti bR the aggreghe OF tHRRAPATHRDITUSH 6thé afsRP

182). f oregoi ng description has described the steps that

can be used t@ﬂﬁsmﬁle@egwmmws@@ﬁﬁgéiﬂéh% I asprefertedes connect ed
to a RAID co ra a
preferred enbéna@ I% t<bp‘t p?‘geins%‘g%%r l%zv%aﬁ'tsgg%‘}f‘ﬁ&nioeeﬁ%ﬁ%vg% " Kdrive

20 group can include one to eight physical drives. Drives that are not included in any

drive group are considered standby or hot spare drives. The standby driveisa
redundant disk drive that is used when a disk drive fails.

As shown in Fig. 4, the disk drives are configured into three drive groups
25 referred to as drive group A 140, drive group B 142, and drive group C 144 with one
standby drive 146. Drive group A 140 contains three disk drives located on SCSI
channel 106A, drive group B 142 includes three disk drives located on SCSI channel
106B, and drive group C 144 includes two disk drives situated on SCSI channel
106A and one disk drive situated on SCSI channel 106B. Disk drive 146 is
30 considered the hot spare drive.
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turns to t s and procedures that are used to automat

configure t é’%m%dl sk drives connected 50 a RAID controll elrpzq‘/ds%g’01282
There are two procedures that are used to“automatically configure the disk
5 drives 110 conn to a RAID controllgr Iartu conflguratlon
procedur e 128 r%‘é@&%&&wm&% ?’b’IdF’étPfg%@g’e RS e prdsredst ar t ed
before the OP&AI7AY The drife/SoBpR 4re P&?&ﬂvit&%b ueﬁnélqi?ﬁ-dé?ﬁo?@éﬁd @l on
procedure 130@{‘? usgd t% afé’%’o ?% © config ?atlon at runti rrgq\y/\%

addi ti onal di ®kn, dvhieres issthe highesterderciuimber. h'&mdemng isased for certdif opmmng

runtinme, the RAID controller 102 i.s opgrational. and. servyi.cin he 1/0 10
hetivity. o system pirposelgn in parfey e Bidee Boarp Aoty eal A1k thah GAKRYR
confi gur at 5 0nagdf VS AHKE. J\Qﬁmﬁ&nvmsus&dﬁﬁ%oﬁuﬁ%&bﬁyﬁi 'dﬁ’?eJﬂra the disk
drives connected to the controller 102. At power - up, the controller
102 scans al ICQMWP(Y@MH@@Wé@mW@tillibﬁnworder to obtain the 15
physi cal capacity of a disk drive and to obtain the configuration data from
t he di sk drive (step 200). Fig. 8 illustrates this step
(step 200) in furtNexkt, il anéB'iﬁ eadtpdrivigroup areedatddgmdaonfipured ¢aerlur e 128
scans each SCSI _channel 106 (step 202) and, each 20 device 110 connect ed to

t he SCSI chanh%ﬁ) Fological essysism dnmsahqspefteprOéG drive groupissen b the hoghe

READY. O P01 o BRI REPRSELIE e ihed BpvibE e B e R8O logica] 106

is powered updmujass@mataﬂmﬂnalparfme&irmetgnqmpcoAfdsgwre&témlqgmatéﬂwby 128 can

al so I ssue, an I IRY co .to det the t f .t i pher al
device 110, | Fdisgtn e wroep abraioerart el BedsoReRe | hon
the startup camfd, %r%khﬁﬁle as sho%q{iwg'rsedﬁ?@gﬁﬁﬁw 1%&&@@&& pHysicBRdrivedevi ce
110. QG herw se (step - t he startup configuration procedure 128

obtains the chﬁhdﬁzylﬁramd ednl@{cadudnves AgthaparRiol) . Logical drivie ANYRETOSS

CAPAG T A8 eripin el il of Gth VAR e RSA TSI A Ko in P8 P s (e
maxi mum | ogi csimxmt@c fogied Bﬁﬁ§A§ M), éRh sParfidchdss Al de¥ignaed gbrtivarofesctas

an indicator of the capacit t he’ devi ce 110. WD 99/ 38067
PCT/ US99/ 0128physical drive 150, 152, and 154 in drive group A. 13

Next, the startup configuration procedure 128 attenpts to read the
configuration file 134 stored in the disk drive (step 210). As noted above,
t he confi gur aEhchﬂo@ichbdrinﬂhnprchﬁmr@daims londeadde (This otdeeis|desived4K bl ock
on the di

ur at.i file 134 sent, if the disk has
been previﬁus 9%%?1#}338?@8 %e (‘?\3?(i Vest?f@"’f?&ﬁ"ﬂr (}%Fi?glf?h drives.aTe 34 v | |
not exist. TheregeRbhsd G th®Brdet bethtB4espective drive groups. For instance, the first

logical drive created in the first drive group is considered the first logical drive, the
second logical drive created in the first drive group is considered the second logical
drive, and so on. As noted above, the order is used to define the logical drive that
25 serves as the boot drive. A boot drive is used at system initialization to boot up the
physical drives in the configuration. The first logical drive (i.e., logical drive,) is
considered the boot drive. In addition, the order is used to add disk capacity which
is discussed in more detail below. As shown in Fig. 5, logical A, is considered the
first logical drive or boot drive of drive group A, logical drive A, is considered the
30 second logical drive, and logical drive A, is considered the third logical drive.



contains configuration information such as the drive group identifier, the
| ogi cal drive identifier, the RAID |l evel, as well as other

i nformation. The startup configuration procedure 128. repeats
steps 202 - WIO9¥3P67cach di sk 10 drive 110 | ocated on each clramnsby/diag
that is connected to the RAID controller 1®2. Referring back
to Fig. 7, the startup configuration procedure 128 then anal yzes the
confi guration i nf or Badh logicélsirbye i dchfigudiebysdefininga apatity Woatledrite policy,
procedure 128 uses_t jguration jnformation to determne the validity

conf ]
of each 15 co ilmﬂa%?%ae&%ﬁwg@%mw@ammmmmen
confi gured. oup up to the tot QeR) &t t“tﬁ‘ﬁrfeig%i{ tion is one where all the
physi cal dri vegsr i%e}r)lt(i)fi e?jali%nai’ SBJ ttﬁae configuration are connected to the
controller 102. A partial configuration is one where sone of the

hysi cal drj i dentified in t fi tion. t ted 20 .t
Phe cont rol Por 102 THBARD soRediie 17 ed £ihche mimicty af et SORPR A et o1 o
configuration pmfo@naﬁéetdmataqeﬁfejvﬂ%ats't&ﬁ%e/%p%fﬂioh&leThé)&Icﬁé‘&neﬁ{dry $96 84t

| east in the degraded node. Degraded node refers to the situation
where the fol | eRerated ingowrite-back on wirit¢-theugh modet In abritsthagk mdde, writsi datd is

drives are cont]j i . u n iy €. Dlevel 1, 3, 5, or
0+1) and seco%‘P@?f“gﬁ%#&éﬁ%‘éﬁ’%&%"ef?lﬁs’i"é‘e‘ﬁla“%‘r oyt &9 &RG%@F %F‘;‘i’dﬁ%enﬁgmebép t he
| ogi cal drive aivantagé bf thispred ie thut ithifertasediheddhRoll@Sperformaing! akeR Ampsre,

t he di)éve roH% is functioning and all data is avail able, but the
array cann s‘i?g’Pa 102 notifies theioperating systemn that thesviifeioperatiop suasaededl  dat a

| oss. f j j ti ' tion, he
startup confi galutrhg%l%l-(‘)tn}é:?%&grd g%?éﬁég{%fggﬁé{de)@mm%yS&Me éé;ra ;’%ggeelvgﬁeofé’ny
partial confi giystatn aash grpesenfailiss, dpta in the AtHd 126As lowv usldsedbatiery Badkap s al
configuration is,one where sone of the physi cal drives identified in

t he confi gurat‘fSSﬁ are not connected to the controller 102. If so

WD 99/ 38067
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214-Y), th¥ st art upnooiteitbrongh mede pyvritcaldtarie wil®n feoni thervacheoi26ao thevdislact i ons

t fi i, id fi tian, t 216). Th

P ocedur o1 o ket BlBniBidaR SR riendd Y tne Sofafing SR | s baadkRn o o1 ade

node (step 21Gkcure sinGe the data is noVeetinttheevent 6%@1&6\#& faitirk O Ho%gél‘?ﬁhelf%te-
configuration procedufe

performed (step 218-N), .the startup r

t erm nat es pr&g@é‘diﬁger&?ﬁ‘ép lowernibEe apiformance pf e capizellegd 02 in manyn be

di spl ayed to thgirb@entsStep 220). In the case where the corrective action
IS successful (step 218-Y), the startup configuration procedure 128
cont i nues 20 processing. 10 The startup configuration

G i ves (st ep 222, AMIPEEHATIERES BATDASTL woitk it hated gpdbe mombaratdrives
confi gurati on jhihedrid/pragP RGVIAER § i¥Erelell! In igrf?aﬁ'f‘;eg?d'oﬁi g’utl#g g&ﬁ%ﬂ%r ed

drives, the startup configuration procedure conftl rives
with the fol | RhHYlevels areswppeptiedibl e default parameter settings (step 224):




Stripe size: The stripe size is the size of the anbunt of data witten on

one drive before moving to the next drive. The stripe size is used to
tune the cop, performance for a specific environ

appl i cation. (#QA aI ly, a smaller stripe %? si ze provides bgfl{ET/ﬁgwmzsz

per formance for random /O and a | arger stfipe size provides better
performance for sequential transfers. Cache line size: The
cache line size represents the size of the data that is read or
witten. The FachNe_line sizZe_1s_based on the SLIIpe SiZe. SCSI
transfer rate] BAMDIAEYEL YIBQP rhate sets the FRIRTIONhsfer rate Zi
for each drive channel. Spi n-up option: The spin-up optio

controls how fhe SCSI ves 1 n t rray are, start Ther e are §wo
spi n-up nodes| t hat %el ect edf Smmﬁ‘r&e eér‘i‘dmn“n“mﬁeﬁm

Aut omati c opt|on causes the cont r o RE¥imusm b8 Auyes. Jhls%rlilaéeteééoesnot
drives, two-aj-a-tine at six secon WP@M‘BW§mWnt|I every drive in the

ok sl A g o i oS e s B

174

al ready spinn{n

PCT/ US99/ 0128p supports redundancy. 15

Controll er .repd ahea control] ahead. he

control |l er3to| read i ﬁ{{é&-}?ﬁ’e cache %‘Hﬁeegq 'é:‘ e x%@%éi?i@ éa%"g&) axigum of {4, o
this option L is enabled, the per GRYES, b é‘ﬂ’(g pﬁp[pgrtpie T¥ed

Aut omatic add} capaci tiyahhy s opti
| ogi cal drive I n

procedure 128La _ bgy’T}'{}u hn‘;e!:%rpi)gal FaiTs gé'dr?g[]\lpc

based on the {ol | owi bBfatienef RAED 0 (strip ﬂ of inserfed
unconfigured firives (step 224). TherAIARIiHbriS ttReragr}estgﬁ,ﬁmﬁ{uglg@ used to

af fect the detfermnation of the RA R
% \é“g a i Eﬁé}& Lﬂh@un’(gancy I's

Redundancy: This option specifies
required. Redundancy n specifies ane of lthe

two redundancy 15ust ﬁfﬁtﬁﬁﬂ%f Ui@krsr or Eﬁl:h%nd&%hétibns Md'é]&&fdeﬁﬂy bEERY dhofifert e
100% dupl i cat j on of @3@) ONRoYLdithd Qﬁdy"i?sﬁ;ﬁoﬁ@@t her di sk drive.
Parity or rot SR ey—f-erets

conpl ete 44 a redundancy while requirin en’ﬁyla fractr on of t he
storage capacity of mrroring. For exanple, in a system configured under
RAI D 5, al | d&iig: Gillystates myensm%m’ assignroeny iofithe RAMevalstfora partiowlar i n

such, 2 vy ik b oAl o8R8 pchi euhl G B! Bbhgarb il o0 1

can be reconstruc Si ng t
Spar e di sposi bhysiCal'ﬂhx@eQDmnssJ E60 aild logisalfdrivetB)@parsspicauss thisamefphiysicaled har d

di sk drives wthout_ the interruptiqQn of system servi ..ANh spare is a
Gt andby triy6 drives 156,158 (H0sdigicah Spke e anticatd RALD level SAnglagidrbree i | d

{%@%tn'; It 029 Wive é, ﬁﬁxﬁtﬂnﬁ‘of P

the data on a §¢a§ + A RAID I evel is assigned to the
unconfi gured égl’l véﬁ% ase lgﬁétohé af orenenti oned paraneter settings and
t he nunber of inserted unconfigured drives in accordance with the
foll owi ng rul es whi ilJustrated i,n Tabl e bel ow 30 (1)
I the nnber of A cPagocedire  fumplelrd. e CORTYRLT BT | <

? J EgDD 0 drive group(lg)sto!réd QAN PRYGA1 dRvOR a SREgarhtioh fle DY Plckamaly 1S set
o] :

20 located in the last 64K bytes of the drive (step 178). The logical drives are then
initialized (step 180) and the RAID controller 102 presents the configuration to the
host operating system (step 182).

The foregoing description has described the steps that can be used by a user
25 to manually configure the disk drives connected to a RAID controller and introduces

the terminology used in a preferred embodiment of the present invention. Attention
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(3) If redundancy is not needed and the nunber of drives = 2, then.the .
RAID | evel WO ®880470 RAI D 1. (4) If redundancy i $CRaiSIserard,
the nunber of drives >= 3, and a spare isi2 needed, then the | argest

drive is designated as a spare drive and the nunber of drives 5 s
decrenent ed byow turns to the methods @hd ptdceduits @abdre used t¥ atWndtiRaRy Eorfiguesihdr |
at this point, then the RAID | evel is set to RAID 1. (6
I f the redund@lﬁ%;‘ﬂmmeqt%dﬁ%arWﬁgﬂﬁqufén set the RAID | evel to O+1.
(7) If the redundancy nethod is not mrroring, then set the RAID |l evel to
5. 10 Condi ti ons Results
No. of Redun-  There are two procedures that are used to EAbeﬁatically configure the disk of

Dr i Redund |/
nstal 1 ed, Sn SRysaddl conisptania s RARS sehueator FO5 parstari oRfgursiop pigedure

ves
)

1 X .
X N0128 is used wﬁe)? the controller 151)2( is powe}% 8r staned\ﬁfcla\ll'g the opel‘atir%
2 Yes system is operational. A runtime cénfiguration prbcedure 130 Mmsed to alter i
3 ves configuragion af pyntime whenygdistional diske driv 88 to the contrdll
3 Yeg con gurqglopra&mew enl\%l onal slf)d&ves are cqgpected to the gontroller 3
zes I\Pﬂar 142 At mntump the RAID co&rouer 102 NCbperanonal a%d%@mcmg thew

es rroring
Yes 10 pagativity- No 5 No n n>3
Yes Mrroring Yes 0+1 Yes n-1 n>3
Yes Parity Yes 5 Yes n-1 25
TABLE 11 Fig. 71ﬁmte%|ﬂﬁasﬂép3méd by thedtatup\configuratieplocedire 428 thei r
configuration is stored in ch physical drive and the startup

confi gurati oncrﬁi‘tééé?ﬂﬁ-ﬁé“fﬁ@ ﬁﬁﬁl’éq ‘?1‘9&@“‘8?5 coppRetaddp fae qontrofenild, At POWCI"
The startup Caiiid OUsAIEN B QGREMI ﬁ%%?gn AEhehdl RapiGakls obi
con i guration n thi

more than one 'V ste S case a
new ¢Hnf plyysicat capacity ofedisk dtieelandhtoatbtdis thercoafjguration data ﬁmftn thleldlsld”ue
valid configugations 2%69 WD 99/ 38067
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each logical drive is assigned a |logical drive order with respect to the

aggr egat ed . i .
Fig. 8 illustrates this step (step 200) in further detail. The startup

configuration procedure 128 scans each SCSI channel 106 (step 202) and each

20 device 110 connected to the SCSI channel 106 (step 204). In a preferred
embodiment, the startup configuration procedure 128 can issue the SCSI command
TEST READY UNIT to determine if a peripheral connected to a SCSI channel 106
is powered up and operational. The startup configuration procedure 128 can also
issue an INQUIRY command to determine the type of the peripheral device 110. If

25 the device 110 is not a disk drive (step 206-N), then the startup configuration
procedure 128 continues onto the next device 110. Otherwise (step 206-Y), the
startup configuration procedure 128 obtains the capacity of the disk drive (step 208).
This can be accomplished by the startup configuration procedure 128 issuing a
READ CAPACITY command to the device. The READ CAPACITY command

30 returns the maximum logical block address (LBA) for a disk drive which serves as

an indicator of the capacity of the device 110.



configuration (step 228). An existing |ogical drive order may be associ ated

wth each valid configuration thereby requiring the generati on of a
new | ogi cal \9&'9\438 order for the aggregated configuration.
Referring t

the startup configur a]ﬁl on procedure 128 P&J&@?’H’é&
configuration f| le 132 associ ated wth eac

some |nstancesN &‘9 |l e con $18_urat| onc{ e 132 can be associated with
several | ogical exfy g srtup GPRIZWalRPrOgeqURe 128 altemmisito seadthe i s a singl e
confi guration chhiigurhBén ﬁ%lﬂ?&&e&% tlﬁhﬂé"lé &dle @ch‘Q@Pﬁ”ﬂs ﬁ&é@ﬁ@dve Eh%' cal

drives can be associated wth a particular
confi gur at i on configuration fild 134 is prefenably lbdajeiatlthdlast/@mhtdnklonanndxels drivé.ng

the drive's | ogic drive.or The ve nunbers found jn the
confi guration Re Sé&‘t’?té%“ q@ég%ﬂ‘f prepent Efgtgaﬁb?g eqndﬁF%‘SPSIHPPﬂig"E?‘{ier f or
the conbi neyl athbivese, hd atin file 1342€b¥l]not]e'§ust Theconﬁguratxdﬂcﬁiﬁ‘{gﬁ there
may be two or nore Ioglcal rives with the sang | ogi cal drive nunber.

In this case, ORtiFsgonfghmator infermasion;syrkas thedrive grbupridentifier, thelagiaaér t ai n
whi ch of the Ctﬂfv(exh&#iﬁlg é@?ﬁiﬁlc&é'é’s@elf%ﬁ égnﬁgggﬁd precedence (step

Munbered as the first

Ioglcal drive (step 240). In

244) . For re are

| ogi cal drive, one will be 20 consi der ed the first |ogical dr| ve and t he
other is con3| dered_t he second | ogi cal driv

control ler's confi gthetarsw 2“P§°°§€‘§Pdl3§deﬂeé'ﬁs Sf%’éz%nflll%fﬂf@@ﬂbﬁmk

| abel whic{y i tddsddch | r 91%1]5 el
mat ches thfe}) mqugg?&a%somdgfgggénv{{e? E}o&;ﬂxgbng% ) ée:%gdﬁ%l ctng #o%ltfeé. 1?9

drives, the logical drive indicated 25 by the Iabel takes pr ecedence over

t he other conflictl | ogi n se. where the
controller's confi g@%ﬁﬂ‘% alﬂc’glglf?ag’ %6§E“HBP°W%?PI°°G @r@t‘*‘?‘i er
matching eit h%a@ﬁeéﬂﬂ@ cﬁﬁ)ﬁﬁdrhﬁdﬂ R€orhfafibf Ytef2129€The Eﬁﬂhﬁ%ﬁn@%ﬂﬁioxpr ecedence

is given to the logical drive closest to the first SCSI™ cha and the
first SCSI 30 proetdureck2guscethe configurstion infgasition hadetetmide thenilidity géeach
identifiery) t he first, conflictin dr| elslocated
at SCSl chlas(rznézl0 Eﬁgm%ﬁgrﬂggcﬁ e&%'{mriled\gmcpfdiegce%hagﬁamgf)een co d conflicting
drive is located at SCSI channel 0 and has target identifi er 4, the

WO 99/ 38067 . . —
PCT/ US99/ 01282 A complete configuration is one where all the physical drives identified in

r | . . . . A ' |

channel 0. uhé hifiubatfon! e Bk ERCRLF ARSI 105" A badi ERRRTHIAB 5

9, the st ?rt upvlm?mﬁdrguoﬁﬂieqphyslczlabgas ele:?tﬁ&t:dh inghe cditﬁgatafonianeﬁowgggé%éd thﬁr e
i qura n.this e

full conf .%‘ﬂ 19 B Qt%néagti %’eﬂ%?% ae;gtté?ﬁpa(%%ﬂetzsz)

The foregoing c@ﬁﬁ?ﬁr’a Rbn BFa PASa hREEn Wikrsthe 1&4‘%v&aﬂ‘e}ﬁ?leﬁ§t‘?ﬂﬁe€r at

automatically con ure the disk drives connected to a RAID contro
system 10 i ni tdegtadedmods. Dagraded mwde meferstta thessituatiothwhenethefollowingitveh di sk

drives are tOfTB.tIC I ured .durin eratlon of
the control | gfoncitons are mgt IFYIS&C‘M’? BGak dayes; %f?rge%eg]‘ﬁtm rﬁ%é‘f’ Y& can
connect one OIRAID &vely,3, 52ér 0+1) and secondly, a physical drive is dead or not operational

25 but the logical drive can still operate without any data loss. In degraded mode, the

drive group is functioning and all data is available, but the array cannot sustain a

further drive failure without potential data loss.

After analyzing the configuration information, the startup configuration
30 procedure 128 determines whether there are any partial configurations present (step
214). Asnoted above, a partial configuration is one where some of the physical

drives identified in the configuration are not connected to the controller 102. If so



drives to a SCSI channel 106. The runtinme configuration procedure 130 is
used to 15 detect the added drives and to add the drives to the present
configuration. A user can insert one or nore physical drives which can
be preconfi YO ¥PB8B¢T unconfi gured. Based on the nunber offCEHIES9/ERB2
drives that are inserted and the present 14 configuration of the disk
drives, the runtine configuration procedure 130 can use the physi cal

drives to rep{(swp2i4al),abe stastvesonfigurationprctetine 128 parfornys ckreetivesidtiogs toogi cal
20 drives, and o form new | ogi cal  drives. | Referring to
Fig. 10, a use?nésaﬁe theskive gawpa?aai\tailgﬁaﬁWﬁw rep il f)- aHhe Rreesdureke

del ay time whivhafffie Yok helopRel dhRELL Mégﬁah&iﬁz g8 [¥p2183n be i nserted
one at a t ?re aﬁ ?,Eie tﬂ?ngg%et ween stllfgse uent ionsgsﬁpiszon is less than
or equal to the insertion 25 delay. The controller 102 will take notice of
the insertions at e d of t.he inserti de 50-Y). The
control | er|5102 recM%ﬁ“ﬁ#‘&Pﬂb@%PB%&P&}’BE{}%‘{@%P(Z%% ﬁlﬁs ng that
addi tional dr pyfifpubRicn fr6sdutd B tbRkinktes Broeéssing@na Al approPfate efroRMessage

al ternate enbodi ment where the subsystem does not support automatic

det ection of canbe displayed tadke vien(rtcp 220)s by the gaseuvhare the carreetiveiaction & per f or m
}32; / nglgj bigé %%eé[sgllt(ggp 5?8-\13,0 trﬁ%rs a.lrtlv.q()a rcor%i?gztnation procedure 12\918019181/11;’6%287

If only one dpioeessirgg.i nserted and there is at |east one logical drive in

t he degraded node (step 252-Y), the inserted drive is used as a

r epl acenmedf for the failed physical drive and the data fromthe failed
drive is reconstru @gta?cﬂ ﬁflpgq] i j d ' Ry etdor ot ed
above, degraded rmgz1 re e?goto tr%eongég%a e%tﬂéid?ﬁ{e@%%em stst%é%ga%r nor e
dead or non- opey eidonfighredidsivesifstepe®22). An unconfigured drivefis o thatadves dof havei s
inserted and therg are ng l.qgical. drives..i he degr aded de (step
255-v) ¢t he | PEBTAEAAGT Gl 198 OB AR Leiberears gneRaigyed Ryer he
accordance W khrihh SordtithirAfaRbddufe R%oﬁhgx‘ﬂ‘@s {1 drivels wikik thelfSllowing _
Briefly, an attenpt is nmade to add the inserted drives to the |ast Iogical
drive. 15 | ponfigveabledefdult patameten pettings(stsp 2Rk i nserted drives is added to
the |l ogical drive associated with the highest nuneric order which can
al so be referred to as the | ast | ogi cal drive. However, there is a

limt to the nunbeStigpe sidy:sThebtrige kize s thb size 6£the Rfokht ofatiipten it 6nad drive
group and assqciated with a particular RAID |evel. |If the sum of the

physi cal dri vegvs beforpampyiag 19 Higinext d"éﬁer vidie stipersize inusedde twe theeentioller dr i ves

i's | ess g%,m% I lfb%f]l Y e | ast
| ogi cal dri veb e cg%%ang‘gFté?% .@?:&{] ?itc%{ nd%g%ﬁ?"s a E&Q{g—{g@t he
capacity @p t kiee paniddsbgitergleridemauee for 28dom 1/O and a larget stripe sizeprofidéshe
physi cal drives in the | ast Iogi cal , drirye and the nunber of i nserted

dr i
drives exceed: etger pe Erq‘ﬁlféf?r_e?? ‘b‘?“i“@’e@a#qr?- be added so as to maxinmize the
nunber of | ogical @?cli@ﬁn@@ﬁhﬁgrl{eec@mze SHEOME ¥izk B RSMAtAhatE D

| evel s 1, 5 and 0+1. The runtinme configuration procedure 130 wll
attenpt to adteadies writteor (Tdhg cache lingrsizgds based op thesttipd sizg.cal drive. |f the

| ast | ogical drive ccommuda LI the 25 inserted drjyv due to

the constraints of Stﬁﬁéquiﬁs?e sﬂ?% I%“?%/%ﬁ", sefsntge B’I’B’f’é‘ﬂﬂ?@n&% raH“lSO

w |l add 23 nfdreadls dR9Schdnhél. and forma new | ogical drive with the

r emai ni ng inserted drives. For exanple, if there are 6 drives in the

| ast | ogical driveSpiftup option: Thespincp eption canirals bowdhs SCEhdrives ip e

inserted disk ' [.S.48 : ' Lye

| ogi cal dri Veaﬂéﬂ' %{lf)é?s}rdé% dwﬁ?‘ggﬁ%guégr%é’!l%ﬁ%éﬁ\g\})h%ghwgg 5 e%é&&@%aﬁc ald”
On Power. The Automatic option causes the controller to spin-up all connected

drives, two-at-a-time at six second intervals, until every drive in the array is

30 spinning. The On Power option assumes that all drives are already spinning.



30 logical drive is configured with a RAID | evel 1 supporting redundancy.
WO 99/ 38067
PCT/ US99/ 01

Referring to E”BS‘H, the runtinme configuraiion procedure 130P§{q'élrlst9§/°%’s%h

t he | ast | ogical drive (LD[err] = LD[&err]) (step 270) and determ nes
whet her all the insgrted rives, can be addeq to the |ast |aqgical drive
(step 272). If the ﬂm"&pe'fFF@drﬂh?Bngﬁ controller rrad phead opfipn allowsthe: he nunber

f d t ! '
of drives in thfitdofistto remﬁ;?dth@rché’tf‘edﬁﬂl &%ﬁeﬁﬁ’@&“dﬁfaﬁqq?ht h%@é‘? F’ggl cal

272-Y), the inserted drives are added to the capacity o

drive (step meaWbéﬁmp@mt&qdmdmnmsaanNﬁhol d that is used in an
enbodi nent rese i nventi Howev shoul d be noted that
the present |nvent|%H?‘?’£ama‘m ﬁﬂtacé‘?{néﬁﬁl%??{@ﬁ“g‘"? 11}538 S @RSl ¥& ue and
t hat ot herssca}agi@g]m\egj 10 O herwi se (step 272-N), if only one

drive was inserted (step 276-Y), the runtime configuration procedure
130 forns a new logical drive as a JBOD (step 282) . | f

t he nunber of inser}e and
15 drive group is #‘o#&r‘%g{ & hSE %ﬁﬁ%ﬁ%ﬁa@ﬁﬁc@%&: ?%é'gé’élg%x?%g%m eﬁe

def aul t paith el aicofifijired dhvessbaded o1 tHeatllabn g@ataﬁle'féi'tkbﬁm 5 atd R 286)
I f the nunber of jinserted drives is between 3 and 8 (step -Y), a new

| ogi cal dri ve b of insegedwronigursd deivesstep 224> Th&wmateaﬁqmw that are
accordance t t ri bed above in
I(W tlfbfégci aﬂ'&‘% ﬂg@éﬁéﬂxﬁnﬂ%ﬂfﬁﬁﬁéﬁ% lé\}epg‘% ??olfio%?sc

Table Il (ste unber of ‘T nsefted drives
exceeds eight (step 288-N), one or nDre | ogi cal drives and/or drive

groups are forned | evel. s 0+1 based on t he default
paraneter setti ngsagg‘?‘g\'é‘ga‘ lsa%\%‘ ﬁpﬁclﬁ%wge gr "(rélf’éﬁa@@%“?‘g%y 1s

Ref erring backehgirdd.9- 10, the runtime configuration procedure 130 then
updates the configuration in the configuration file 134 associated with the
physi cal dri vekeéulvlﬁl@ml)ethﬂd alhis ppionsispesifiesimeof the twd reduridancy

gggs ent S t P? %%S%nggru%lg g 81‘?7’{3‘;;1%8 erron'tng?'efgrﬁ e"ﬁfoﬁ‘} ;glca o:g gP&r{tg tor? P

PCT. / US99/ 01282ne disk drive to another disk drive. Parity or rotated XOR redundan efers to a
I'f multiple unconfi gured, physical drives are inserted_ (step

runtime confi guethed Shpavisiegicerapletidata yedundangy while mqum %tﬂy #(ﬁalcmefﬁlﬁr st
t he physi éf@xjagélédp‘égﬁ%af lgmp(g'ﬁ'%r U8y eﬁgﬁﬂn{ i Vst Sl eqqﬁglewg (step

262). If there ar i'ves or ereare re nlng nsert ey
drives after tdledaizant parity blocksime dieidad between the drives in such a way that if any

20 single drive is removed or fails, the data on it can be reconstructed using the data on

the remaining drives.
Spare disposition: The controller allows for the replacement of failed hard
disk drives without the interruption of system service. A hot spare is a standby drive

that is used in the event of a disk failure to rebuild the data on a failed disk.

25
A RAID level is assigned to the unconfigured drives based on the
aforementioned parameter settings and the number of inserted unconfigured drives
in accordance with the following rules which are illustrated in Table II below:
30 (1) If the number of unconfigured drives = 1, then the unconfigured drive is

a JBOD.
(2) If redundancy is not needed, the RAID level is set to RAID 0.
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drives to add

t he above menti oned add

10
268) .

At a later

time,

the runtinme configuration procedure 130 uses the inserted
capacity to existing |ogical

drives in accordance with

capacity rules shown in Fig. 11 (step. 258).
The runti meWOMBEYIr ati on procedure 130 then updates the conPCEWSH#I1282 i n

the configuration file 134 associ atedéwith the physical
the controller

configuration to t@g Ifasdundpxmyeiﬁhngneeyledmdthenumbextcﬁtﬂrﬁzﬁﬁ%.2, then the
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| ogi cal

drive order

is determned a

descri

bed above Wth fespect to

Fig. 9 (step r@s@d themghe Lamqsh@mfdpggnmd aa spare drpwecnd dioe nuraBg of deimes

updates t

with the p
presents the
The foregoin

connected to

automati cal ly conf

20

a

@

, 35 Bedréib s 8P

tep 268) .
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in the configuration file 134 associ at ed
the controller
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escribed an automatic configuration

tch are used to configure the disk drives
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By et oIS 008 il e PO

| evel s both at r ur(t79 e thmﬂ:danmsy ﬁrethod is nonnirrdiinlgzmbnmthéhﬁmllémms c
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02

ERID
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el i m nat eluse for
configuring t

PCT/ US99/ 012§ RAID 24 No. of

Al ter nat e EmodPri¥ey Redyplancy po8p develpt | Siaref or Iﬁwﬁ"bdses of
expl anati on, |Jagalledspcj Needed Methodc| al 3\“‘@ e| Greagask d Jyives
under st andi ng of {he ilnvegtidn. Hogever, it .hhpB pppRLentl tq orle
skilled in th i LS Aol —refuired iin or der
to practit® tthe iXiventji omlNo | 1 ot hex i nstances, | 1gknojmm Wbrcyitx ard

devi ces are showy T biqekdiragranrFornrrrjorder—tp—avord uunecéssary
distraction flrom%he Yeginder | yi #g i nvent fon. [Thuk, the Ner edoi Ag
descri pti ons jof specificpggbcdinen s of sth presen ventii ony arle
presented fo S Ll llustration..a Lptlon  They 1d reinot

i ntended to e exhausti vyeor tohhnﬂhﬁgtha |Nuent|oo+to [ heNpr eqi sg fdrns

di scl osed, ol Trogr T cat oS jrdvarijat Tons—gEre pus:'r'm' TN Vi ew
of the above3teagh| TheI@ﬁbbdlnent§bme4e chosep alNd ddscii bdd in
order to S 3 €X | al e Rklnci pl ep th I nt]on,and i ts

practi cal ikgpﬁ h R& é) bnatiPe hﬁ ﬁ i1 iln Mhe fart to
best utilize thenimve |Q@sand vq&hgus ehboﬂbne ts 55 Aﬁthovar|OQ§
nodi fi cat i on§—as—are—sprted—tjo—the—partt+rutea conteppated—t+t—ts

i nt ended t hat the>%co Jks t e iMigwering on| beYesef ifjne@tby | heYésol ljow-hg {Cl ai s
and their vallents, Rurth he hethod dnd qt em
descri bed herei-Raboye e &g%v:e ::hl_;llg,r 20 g%r‘llﬁL nngnn I,’-\r‘ 1S f\}?‘;iz of

execut abl e_medi uns other than a nenory devi ce such

menory.

30

her types of executabl e neditABLEM

be used,

as a random access

such

Once the unconfigured drives are configured, their configuration is stored in

each physical drive and the startup configuration procedure 128 continues

processing (step 224).

The startup configuration procedure 128 then determines whether there is

more than one valid configuration (step 226). In this case (step 226-Y), a new

configuration is generated which is an aggregation of all the valid configurations and



as but not limted to, a conputer readabl e storage nmedi um which can be any

menory device, conpact disc, or floppy disk. 25
REPL ACEMENT S ¥eiaE 067 I N THE CLAI M5: 1. In a storage Sysﬁ@ﬁbﬁﬁﬁ)llmi ng
a controller coupf)ed to at | east one stor gge devi ce, a conputer-implenented

met hod for automatically configuring the at | east one storage device, the
nmet hod conpri si steps.of.. . cannj by the controller, the storage
devices to def ﬁ’éﬁ@vﬁéaﬁsﬂg’}?g _ oglpgftcﬁ'glesqré?ra@glx{fwcég)s _ﬁtagglﬁ_ﬁ'i%‘ifigured
storage deviceg atnaxvqf ftp 08 .Pﬁﬁtekiéﬁngﬁc?%dl o6l ofdePinag BE abdotiatdd wigs and

bei ng responsive to contfiguration coomands fromthe controller;

finding, by tRechowdidreonfiguration thessbyrmequiring thaganguation of 2 vewdegicaldrive of t he
st orage devi ces, reparin the controller, a configuration for

t he unconfigngd(frg?répﬁaggagﬁf%‘é@qg%@?&r dance with one of a plurality of
RAID |l evel 8, the configuration being based on a predeterm ned set of rules
stored in a nenory _of the cgntroller, the predetermned set of rules

conpri si ng: Referring to Figyfctie startpp sppiighratnn prgcrduee H&readsthaevi ce i s
found. o . by . ; .
(Snony; O Oeerfigbritih HRUA2 o iiistbh BlRAIOGRM Eivebied 280 EhSothl '

?ﬁ soci at e]g_ Wi 'iﬁs(tjamcqtaalaair@eacorﬁmlt_ atiog ﬁladegmi mass@ciiatediwgglam?ral logiagli guring
e unconfigured stgrage, devices in accordance wi a F evel. 0;

(3) when the Gﬁmfﬁga%éhl_eg? See t_ﬁévﬁ_eregs 3 Felecopiguraton Rletw?afl%sacane_t er
1 accor dagee Py Bt A5 Péberd Wit dhivEdoun W dibicRitsd Gtk asticllaRRyic cos
unconfi gured dtive.afbe denfigneationrfide 432 sdil inchetion Iogical grivreenmber repaesenting

indicating that mrroring, ks not. regui.,ted onf ri t he unconfi qured

tor age devi olie FveElosRaL e e, "R BER AL ERR piers ahd n HESETad |

tzge control | efilest32 widl'e 1@ed aé theNogical drive order for the combined configuration (step
242).

15
However, there may be two or more logical drives with the same logical
drive number. In this case, the following conflict rules are used in order to ascertain
which of the conflicting logical drives takes a higher precedence (step 244). For
example, if there are two drives, each numbered as the first logical drive, one will be

20 considered the first logical drive and the other is considered the second logical drive.

First, the controller’s configuration file 132 is searched for the configuration
label which is a unique identifier for each configuration. If this label matches the
label associated with one of the conflicting logical drives, the logical drive indicated

25 by the label takes precedence over the other conflicting logical drive.

In the case where the controller’s configuration file 132 does not have an
identifier matching either of the conflicting logical drives, logical order precedence
is given to the logical drive closest to the first SCSI channel and the first SCSI

30 device (i.e., closest to SCSI channel 0, and target identifier 0). For example, if the
first conflicting drive is located at SCSI channel 1 and has target identifier 3 and a

second conflicting drive is located at SCSI channel 0 and has target identifier 4, the



associating with each unconfigured disk drive one or nore paraneter

settings; and configuring the unconfigured disk
drives with a RAID | evel based on the nunber of unconfigured disk drive .and
the paranet e¥VOS2P8%7gs. 3.  The nethod of clai m 1PCT/US99/01282
wherein in the step of preparing, the paralfeter settings conprise the set
of redundancy needed, redundancy netjod, and spare disk

di sposi tion; agedond conflicting drive is givah presedench sinpeit ioclosest oS8T SIchamidl 6 a
step of auto | . i guring wthout user intervention, bt
the controll g‘ra{a}ééﬁld%yg%e devi ces based on the configuration.

dei erose-n the configuration.- 4. The nethod of claim1,

wherein in the step_.o preparing, further conprises of :

i npl enenting a conf REGFHNE Rask tQFig. Scthe stagnp gonfiguaatinnnsesedure 128 then
controller,ssaj : i j ect | f articular RAID
| evel keyed5 o?#éa%rfmttlﬁew%e&h rel&rlepr%?se &s %@Q%Qhﬁ‘g”%n@%@%@&%ﬁ&éﬁe ne how
the storage de2d0c¥} the fulk nfigumtion ispresettedan Hodtwpbhathg system (step 233! udi ng

t he predeterm ned set of rules conprise condition: (1) when
only one unconfigured disk drive is found, configuring the unconfigured
storage device as argd fgddditl déé@d}(ﬁb%%ﬁescgbed?ﬁsteps that carggé w3y the
unconfigured storage devices are ‘associated w a“paranet er

setting indi caautomatically sonfigiue the, digkodriveg gonnegtetiiie aRAdBédngrotledat systerage
devices in . .. @ccondance with a D level O,,. .. . (3)
when the u%}%onﬂuﬁl}% HStéﬂg O AQy tas to,the manngrin which disk drives area et er
setting indi cautdifativally eonfighred Qg niftik @pbiaion bf G cEatraiiepr age devi ces
i n accordance S(with a RAl D%”e*vel of Ogl; and Sile? (4)
when the unconfigured storage devices are associated with a paraneter
setting indicating ) i:ng LS,:pohL reaquired, confiquring.the

unconfi gured st orag‘?ﬂﬂgtﬂggﬁgmdlggp %:%E&lgarll’% s%ﬁ?%‘a‘f?@ge '°PﬁgﬁSRPE9gE*E<§§PI of 5.
24 Gdrives i SESI blghnel§ 105| Alh@irdntind edrfi ghrdtioniphscediu@n 30fis REaRar i N9,

the predetgrm ped set of rules further conprises a condition of when the
unconfi gur gj #ﬁepgﬂg a&a?ﬁ drives and to,add the drixes 1@ the\presqnt configusatione tA sey can

| ndi cating.t sk G dndte Bhical dRYECRnich c&?wi}{e‘é&xft@?é‘dh%%?ﬁﬁ el

preparing further conprises Steps. selec a | argest
unconfi gured d3asedige theawingher of physicat drives thitaraipserttedind ehe present - (b)

decrenenting t unper f.ound. unconfiqured storage devjces_by the spare

storage devicé, Taggg‘gg&n ofthe dfik Cg“’f&;igﬁﬁlﬁgpﬁlfppﬁgﬂﬁﬂ RRRERFS G301 eam use Hieage

devices with phipéitd) drivesto fefRte 5iiled AfilSs, tdepaHa iR capicityWFeRistify Idpsaft OF age
gs.

devices in_accordance with the paraneter settings
20  drives, and to form new logical drives.

Referring to Fig. 10, a user can insert an additional drive within an insertion

delay time which preferably is one minute. Multiple drives can be inserted one at a
time and the time between subsequent insertions is less than or equal to the insertion

25 delay. The controller 102 will take notice of the insertions at the end of the insertion
delay (step 250-Y). The controller 102 receives an interrupt from a subsystem
indicating that additional drives have been inserted to a SCSI channel 106. In an
alternate embodiment where the subsystem does not support automatic detection of
drive insertions, a user can utilize a utility to perform the notification to the

30 controller 102.



6. The met hod of claim 1, before the step of storing further conprising
steps of: identifying one or nore valid configurations of storage
devi ces, andygq g9/38067C0MDI NiNg the valid configurations wth tr};\%r

conflgur ation |nto a full configuration, thie step of conbining é"ljsn”mbzgéed
on a set of conbining rul es of the predeterm ned set of rules, the step of

conbining resultin | cal. dri ' or.a .devi es that
may be a new | ogi C%on@; G puserted: find ﬁe lsﬁg{eﬁ%éf%?o&!? vYeMEf ore the
step of storidegridedinicde (@Qﬁnﬁﬂwmﬁhﬁi&d%}ve isused as are laceﬁ%?fdf‘tﬁl% ng a
partial confi ratlon onvertlng t he artlal configuration

into a valid faiad physical dgne andthe data from the failed drive is rngonstmcte@pnt@ the

configuratio [ e r Vi ces
o o tul | opied Ve GRBYSRL" Arindfeaivol g el o bR 30 BAAS: WBe C;
conbi ni ng $ ul therecdxigtenporatdeicalcaid nedomeperaﬁor[allhsk,dn‘tvbe step of conbi ning
resulting in a |logical drive order that may be a new | ogical drive order.

8. The nethod of claim 7, further conprising a step of: configuring

the storage devi ceﬁ&ysﬁm %sfeﬁsdmihxefé)é}éhs%ﬁédlaﬁveéﬂ%éhé‘gf}aﬁd

configuring conprising steps o
25 mode (step 25 6-Y),dhe indered dryvenig usedsiotadd fcaparity tcathedvystemsin

b t th d d
ér)esgate?nbn?h@’ f%{d 28 I ¥ Aé’t‘?‘ﬂﬁ‘“b’n‘&‘ eén"‘gPY{HP&g{& ok of the cr egt )ed | ogi cal

drives tojg host operat| ng system 9. The method of claim1, further
conprising steps of: detecting at runtine that at |east one storage
devi ce was added tBriefly anmtterpt isanade to addthl%memdrﬂmgsatthpmmmcaﬂﬂave one

or nore dead v, t.ne tr

Subeti ut i ng TROPATME hE EdbaRley of BRAREEN ghed i SafRlVouft loBieet #8¥%. g
st orage devi cassociated With the highesthmehepic celaiwhith caldsehdrefdifed3ulas thetlasti ng
step further conprises a step of reconstructing data stored on the dead

storage devi clgighdmve. rﬁo‘gﬁr@s,tthmﬂéalmlbtoatben@@wrﬁ@hyswqmnvesrﬂ@t eaRtfod of

claim?9, rt r r e
added st ofr1 gg eg‘ﬁ{‘?/i&g@ %ghogéﬁgg é'gg g?%c%%ede%ﬂé Pamc{l IF@’I ﬁ&g % ?/%H
addi ng one orofithe ph}m&caﬂ ldeivesniethe Hstlogipal didwe andsthé nmhber cﬁXnSE'rtbd drivessik

| ogi cal drive;

e added storage, deyi ces, cannaqt, be_added to
the. existi ng. Iesihan g5 puml I the opard s aroadied ofte R MBI SpERG
l'ogi cal drivegapatitof the idAEE dSV & i8 48dddRY k€ Sapacity of the last logical drive.

20 If the sum of the physical drives in the last logical drive and the number of
inserted drives exceeds 8, the inserted drives will be added so as to maximize the
number of logical drives having redundancy. Redundancy is seen at RAID levels 1,
5 and 0+1. The runtime configuration procedure 130 will attempt to add the inserted
drive to the last logical drive. If the last logical drive cannot accommodate all the

25 inserted drives due to the constraints of the corresponding RAID level, the procedure
130 will add as many as possible and form a new logical drive with the remaining
inserted drives. For example, if there are 6 drives in the last logical drive and 3
inserted disk drives, only one of the inserted disk drives is added to the last logical
drive and a new logical drive is formed with the remaining two drives. The new

30 logical drive is configured with a RAID level 1 supporting redundancy.



12. A conputer_inplenmented method for automatically configuring storage
devi ces connected to a RAID controller, the nethod conprising the steps of:
detecting, by the RAID controller, at runtine that at |east one storage

devi ce was ad\eP/3885% he RAID control |l er; det er mi ni ng, byPQIESHNAL B2
controller, that one or nore dead storage 2evi ces are connected to the RAID
controller; 26

i f ':1 hgredare dead aﬂcﬁ:ﬂiyg tdﬂ;]g.désthe?uthiaﬁé b%ﬂggmtiob)préd%ﬂgﬁﬁ!wsmtwmﬂher_,f

each dead stora evi ce the. a st.orage devj ces; i

there are no d@sggogéf%rdﬁ’dﬁ\ﬂdéﬁ g@§ @@H@B&%‘@ #WR%F@%GH@W@?@ or if

there are at |®Rpgscae Mdeﬂrﬂ@t}féqgs@%g%él'ﬂﬁgﬂﬁﬁyiﬁz TﬁH@htﬁh%gg'xe umber of'S 2
cds rémaining and th

function of the nunber of added storage devi e nunber of
storage devi cdnsertgd dnivescanst the guinhen of daiyies il the ldst bogicatidiiveis 1¢sy thameor equal

controller,ct rage_devicges to th xi.sting.l a | pgi,cal drive,
and when t He ggéi%gg?ﬁéée&%meggé 885%? a%(gediﬂgéeocapgm{yffgttﬁifagttlpﬁ’ﬁa’l ast

| ogi cal dri ve,driver(step @74)0VTHehfanibRr B k&rbsthts A RfsRE1d MRdt & WieWind AfeResdlaRkEt

| ogical drives with the added storage devices based on a set of

pr edet er ni ned of theRresims invsptien. HAPWeves: it Fhaudd benoted thahthe presentinventionrisct ed
st orage devic -dj f 1. e RAI D l.evel .before the

st orage devi cgls%t\%\éc}% kaﬁéé@ﬁu%%&lm&é%@bﬁ%fﬂb?s Eﬁ?erﬁsf%, further
conprising the steps of: addi ng one or nore of the added drives to

an existing |logical_ drive; an ) when the added drives _cannot be
added to aft exi sti r%&F%F%QFCP$7iZY;@,’ if PG dByroway inpssted (FeR2Vogctie dri ves

with the adde i ihg: 12, '
substituting %mggﬁﬁgﬁgﬁgﬁu%f%ng% %%L‘gfl‘gg’é‘zéggﬁgﬁﬁ%@?g&%?& a
stored on a dé&d).drive onto one of the added di sk drives. 15. The net hod
of claim13, said formng step further conprising the step of
automatically associating each forned |ogical drive with one of a plurality

of RAID levels w tTotHe t@tjer GPMMedted AHURB LS 9 (step 284-Y) TP ReWBIS10H dBlve GhRT M
12, further_ conprising the steps of: provi di ng, by the RAID

control | erl3 asiri¥giggaupis fermed with theiinserted drivesiin mtengdance withahel defauk s

g (73 hnected to %@%Reﬁfﬁ%& Y hés%ﬁf)ed above in Table II (step 286).

If the number of inserted drives is between 3 and 8 (step 288-Y), a new
logical drive and drive group is formed with the inserted drives in accordance with

20  the default parameter settings as described above in Table II (step 290).

1f the number of inserted drives exceeds eight (step 288-N), one or more
logical drives and/or drive groups are formed at RAID levels 1, §, or 0+1 based on
the default parameter settings as described above in Table II (step 292).
25
Referring back to Fig. 10, the runtime configuration procedure 130 then
updates the configuration in the configuration file 134 associated with the physical
drive (step 268). At a later time, the controller 102 presents the new configuration to
the host operating system (step 268).
30



determ ning, by the RAID controller, that the added storage devices are
associ ated with an added configuration; and formng, by the RAID
control | er,wa o88%ssONfi guration by combining the existing co i and
t he added conf ?gurati on, such that the n configuration malyri?f nc ug%hggw
i ndependent | ogical drives. 17. The nmeéthod of claim 16, wherein in the

step of providing,.the.existi caonfiiguration inclu an kst ng | ogi cal
drive order and Mgwﬁ?wqfﬁnﬁﬂ?gﬁgfegﬁ’hggl ﬁvreﬁ]ayﬁl%e, e?f(%“’%&g@"{ﬁc_ figuration
includes an adgtade bowfignahtich proCedi¢E30 alldeatesBidirtvel s fdIR¥vsC Wit itld N a step
of : generati rlgwa new | ogl cal . drive oorder for, the new configuration

usi ng thg exiPhysiay divies prgused Forebaikdiany existingdead drvegsien208h, [Eiere ﬁfﬁaa t he
e sans. RAy B FRUEASY kel bndatyih ioffEl v M Pitle Uoa BB N Bl "

confi gur at§ onmeplaceifthe rAntimepot fgurptiongpraceduroiBEisch die insateddrivenioaddt | on
o) &P o i o B oo b o RSO oot
directs a ral eI RENPLERs PRI arives” ©  grouped fnto

| ogi cal disk drives to function in a specified manner, the program

st uct i ons. hav; MEPerBiREsPRPE R Heraitt oG el npis e confpuptiotn

unconf i gured tHé sdnfiburitRh I8 389 Bﬁo&ﬁteﬁ@vﬂ?ﬂfe't;ﬁyéié&li dPive st s At0diek he RAID
controller, the unconfigured disk drive configuration including one or nore

| ogi cal di sk time,skeeo ar 1 @gpresantsithe mewrdonfiguretién tputhe Hostroparating dystem wit h
a particular ( I 9 hevel , such that the particular RAID | evel established
for each | ogi gar 8|)$k drive after the generation of the configuration may
be different fromthe RAID | evel before the generation of the

configuration, the instructions conprjsing: . ..
28 In the case where there are single and/or multiple configured drives inserted

REPLACEMENT  ShiRfie controller 102 gsl%pufr%lg?é%é Yo ARG SE G frive is

found, configuring the uncon torage "device as a single drive
(JBOD) ; cofribinadhweith thecexinting cbnfiguretors aral thg dogien! ddes onjepisadesarmimddead wi t h

a paraneter s ttln% indicatin nt;) rFed%%sian% cl%gfi urin he unconfi gured
i br age. devi GESCTIFabRES HiHhCPRFIR FLE-SAFI@P PH0L g rutttne ChAgRToBn | he
unconf i gur ed prbQIdae] HPkks B5dAEAhS ESHThRARM MhdcAAfRAFAORIRE 1 54 hdsbdiGted
indicating mrroring, configuri ngét he "unconfi gured Storage devices In

accor dance wiwith thepphiyBictladrivie (siep 868), Atrailater time, {he)contrellert 193 puessotstheyur ed
st or age i ces are. associat.e i th_a. par anet ing indicating that
mrrori ngfq/s 078t © %‘%@B,to @&ﬂﬁ%‘&ﬁﬁfﬂt}%ﬁteﬁh@?ﬁ%&ned storage devices in

accordance with RAID | evel of 5.

The foregoing description has described an automatic configuration
apparatus and procedures which are used to configure the disk drives connected to a
RAID controller. The configuration procedures can automatically configure a group
25  of disks to operate at various RAID levels both at runtime and a system
initialization. The automatic configuration apparatus and procedures are
advantageous since they eliminate user intervention, knowledge, and time required

for configuring the controller.



19. The conputer program product of claim 18, wherein the startup
configuration procedure includes instructions having a capability to
configure each logical disk drive in accordance with a set of paraneter
settings as¥B@@PA%dA with the | ogical disk drive and include: PENES¥ME8r of

unconfigured disk drives, redundancy needdd, and redundancy met hod. 20.
The conputer program product of claim 18, wherein the startup
configuration procedure including instructions having a capability to
generate a full configuration froglone Oﬁ Sg&.e vgl id configurations, one or
nore partial configurations, and figured disk drive
configurations, WiE{eSforegdi ﬂg%séﬁiﬁi&afor%hfpbﬁeﬁﬂ&ﬁlaﬂﬁbn?ﬁsﬂ%ﬁé&ﬁé ed
according to a set of conbining rules. ... The conputer program product
of clai m 18, momenplaturg frprgyidgg: thorough uadqritmdm%tbmmguh@n |§QW9YQ§dédur e

i ncl udi ng t di sk
drives add‘jed,i%ﬂill.b[(\e égB%ﬁPg%cdg%t% lr{ge a.%uérﬂ: ﬂﬁ%t dr‘% %{Hc (%n%ﬁ ag&?mqésﬁ%dﬁ%vel i's
est abl i shed fopderttb praztivedetiseventionk demhmemsthim Wﬂymxﬁcﬁd@mm déviesw t he
RAI D | evel before the disk_drives were added

29 2g¢ shopppinchipgh diagrapy &PWWBM%WF%&‘WQWW &pm the
th t
e T e, SRR S Ao SRS Mol RS, ORISRl r

no dead dri vdhke pmsemammmbm atefpredeated foomirpades of ;llusuraudn mﬂeleﬂ:r@uenaﬂ‘hé}east
one of thg added disk.d enal um of the
nunber of ﬁbr j 4ot lﬁtegﬂec{ggg\&ethh@uqhgg or ?‘b’&?ﬁé‘?e WW@H&%MN@@ $ of the
added drives d1§c1és%a SobvidHRlyPhafiaki fcatiGhnk v‘iﬁhﬁ’&ﬁ ’ar@ﬂdikl'Blb inR¥ev Bthe

controller, the added drives to the existing |ast l'ogi cal drive, otherw se,
form ng, by tabeve tpachings. eFhe mdunemtewmsema@pbﬁmedlno@ecmbml ves with

t he added driye sed Qn, a t of nredet.erm n e conputer

pr ogram prodLF&‘P?ag? Mpﬁo e dfﬁﬂ?cﬁﬁalc?gﬂﬁ?wpﬁt%? %r%lyocedure

i ncludes | nSternUEIkloﬂEHis fidiéda the 6ARABEst utilizd the AfldnRdtEard vatBuSerdbodilRn@dded
drives to one or nmopre |l ogical drives. 24. The conputer pr o&gam pr oduct

of cl ai m P, with variouspeo ﬁmonﬁa%rﬁfsumtatth@nm‘pe\dmmnﬁemlm is

i nstructions I rives
el udi ng-t nd g iRk GRS drile g R Ne-RallRy fle SREGERMIRAEHALT | T
directs a RAldqubaldntsol | er connected to disk drives grouped into a plurality

of logical drives to function in a specified manner, conprising: a
runtime configuration procedure including instructions having a capability
to , Further, the method and system described hereinabove is amenable for

20 execution on various types of executable mediums other than a memory device such
as arandom access memory. Other types of executable mediums can be used, such
as but not limited to, a computer readable storage medium which can be any

memory device, compact disc, or floppy disk.

25



configure one or nore disk drives added to the RAID controller during
runtime, the instructions replacing each dead drive with an added drive
and, as a f i f the nunber of disk drives in a present confiquration
and the nun§£§5g$£ggded drives, adding on§3or more of the adde§ TeHYYRERS]
one or nore of the existing logical driveS; or form ng one or nore new

i ndependent | gqi iyes fromthe added drives, the instructions include
a function th§§1§3%§ﬂgﬁé“@5 nore of the added drives starting froma | ast

| ogi cal drive when the nunber of existing drives in the last |ogical drive

pl us the nunber of added drives is |less than or equal to eight drives.
30 26. Thd appputeatinplahentbdinetiRi for msomatidallyeonfigining diak drives

procedure including,instructijo hav.i a capability to generate one or
nore new | ogi E%f}neﬂﬁgfi\y‘é'é cpmqlk&ﬁﬁﬁqq‘@@cows&%gs ter readabl e storage
medi um of gl ai m 25gcaphRigahe dRRERivEEYorineEiRR esgRRbntAIcal drive is
associated with a RAID I'evel selected fromthe set consisting of RAID | evel

1, RAID level 5, afiadingdpelosmsre ongonfiguped diskidrivesonput er readabl e st orage

medi um of claim 25,__wherein FUungi onf Laur at. .procedure incl.udes
i nstructions for tRléep?ﬁﬂg?icgrﬁﬁé{%%tfona%(ﬁ ﬁ%n'%wS?ﬁ%gF‘g&'S? Iaflﬁgs %ﬁfg@%’ﬁ?ﬁe
starting fronvge bE&Splurdlly 66RAGDIIveelsagd t he number of existing drives in

the last logical drive plus the nunber of added drives is |ess than or
equal to eight sigring feecondigtation withihgsprtraliesr age nedi urfhi ﬂiﬁtlﬁﬁmﬁi@‘aced
I

instructions having a capability to generate a configuratio TI l I
unconfigured i sk Ohewsshod dfxlainchnfi gured di sk drive configuration

A al d .
configured i n accofY4mEPAPE Ktcy TiOMPRSINgARESIERIE | where the particul ar
RAID | evel established fdo:.B880 widdd @glunggrﬂj%%%did{ &y { EnSIE Refatdet@n Of
the configuration may bea é’icffeger%t faromthe I ?‘evelee({)ne ﬁea

further c rising: a startup configuration pr ocedurj |I
i ncl udi ng one or nor.e |ogi.c isk drives,.each |ogical disk drive
D efore t

gener ati on of settiegsendi gur ati on. 30. The nethod in Caim1l1, wherein said

prepari ng configuration Lncludes sel ecti . . .

eeehod i nlgl aim1, V\her(?f’ﬁﬁ%n& Fgggﬂp%e&%e%qu&sgv@ 3RAID leyel pasedons, o
RAID | evel fr eommbtrBF dhcnifigiredidif drivds aue ke fabaridt@dRitiipdl ned sel ection
rul es. 31. The nmethod in aim 30, wherein said predeterm ned sel ection

rules include a rule for selection of said particular RAID | evel based on

redundancy i s,;need , arule for selecting a particul ar
redundancy prgbeduﬁge%%ﬁ&&r%%gﬁgl:?fcy i s needed, and a spare disposition

rule. wherein the parameter settings comprise the set condisting of redundancy

20 needed, redundancy method, and spare disposition.

4, The method of claim 1, further comprising the steps of;
when only one unconfigured disk drive is found, configuring the
unconfigured disk drive as a single drive (JBOD),
25 when the unconfigured disk drives are associated with a parameter setting
indicating no redundancy, configuring the unconfigured disk drives in accordance
with a RAID level 0;
when the unconfigured disk drives are associated with a parameter setting
indicating mirroring, configuring the unconfigured disk drives in accordance witha
30 RAID level of 0+1; and

REPLACED SHEEYS 5G
%Description :paged ..., to paged ...

Claim(s)  : paged Zb i plged 28’
I fgos 2T
* c L M s *

O Abstract  : paged ........ to paged




REPLACEMENT SHEET 32. The method of claim1, wherein t he
paraneter settings are selected fromthe set consisting of redundancy
needed, redundancy method, spare disposition, and conbinations thereof; and
sai d controway¥moaslomati cal |y configures a set of disk driveedrassedomszsai d
par anmeter settings. 33. The nmethod of gl aim 1, further conprising a step
of automatically assigning, by the controller, spare disk storage devices
based on the paranphéf the @hédnHsred disk drives are associated with a parameter setting

34. In a storage systemincluding a controller and at | east one storage
devi ce coupl daditatingibat misroring is aptregwined; spnfiguringtheunconfigengd idiskdrivegint

nmet hod for aut.Q %&%fﬂpﬁﬁﬂ%@éﬁoggg said at | east one storage device to
operate with saird controfTer, said method conprising steps of:

scanni ng the disk drives connected to the controller w thout user

i ntervention; findi n? ope .or. nore ung¢onfigured gi sk drives w thout
eF:

user inter¥erti on; The method of glaum dn futher eompring e siePs 8F t he unconfi gur ed
di sk drives in ac dea ' e I e : it hout
user interventi on;cménd euntt tori %dﬁééa' a%’%%;{;%%t?ghx@@%r%xﬁé(ﬁs} Ycﬁcﬁn roller
wi t hout user indicetingethint spare disk drive sindquitedp of preparing a configuration

for the unconfigured disk drives in accqrdance with o of a.plurality of
RAID Il evel s further confﬁlf‘?cgf’ﬁﬁq?rﬁésqélp‘é‘ﬂﬁiﬁm‘? f]%%ﬁ?sﬁge ?%‘Bﬂ’d‘ Y&t i on
rule set stored in a MEAREYM&Hing FndRAbE RhdoBiguRaidisk/dHves b the spalelliikng
sel ection of a particular RAID ll'evel keyed off "of the nunber of disk drives

to deternife drive, amd di sk drives are to be configured, and further

i ncl udi ng the rul es: 1) .when onl e, unconf i ' ive is
found, configuring the &WF%H}ee‘ﬂlcaP@#&‘f?{%%E?saW&?%m.%éﬂ{% BOD) ;
(2) when the gipgend ikewathetlbSlncdnfig@sd disk daiveoOR Rtadandetwitiath parufse

setting indicating no redundancy, configuring the unconfigured disk drives
in accordancesefings. a RAID | evel O;

32 (3) when the unconfigured disk drives are associ at ed
wWith a paraneter setting indicating mrroring, configuring the unconfigured
di sk drivésS i6 accThadmethedwiftchim IRAI D | evel of 0+1; (4) when the

unconfigured disk drjves, are.associated with a paraneter setting indicating
that mirroring i s POPTSBILAPRRE SI€R_NF i guring the unconfigured disk drives in

accordance wi th RAID | exghingtne or fidfe valid confighratibiibiidisk arvegtnggur ed di sk

drives are associated wth a paraneter setting i
combining the valid configurations with the configuration of the

unconfigured disk drives into a full configuration.

20 This Sheet Has Been Replaced

7. Themaidotsem AR

before said storing step,
converting the partial configuration into a valid configuration, and

finding a partial configuration,

25 combining the valid configuration with the configuration of the

unconfigured disk drives into a full configuration.
8. The method of claim 1, further comprising the step of:

presenting the full configuration to a host operating system.
30
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indicating that a spare disk drive is required, then: (a) selecting a

| ar gest unconfigured disk drive as the spare disk drive, (b) decrenenting a

nunber of ungﬂp&&g@&ﬁd di sk drives by the spare disk drive, and (c

configuring the Gnconfigured disk drives with a RAID | evel thdt 91383

t he nunber of unconfigured disk drives in“ccordance with the par anmet er

settings. 35. Iegg dat a,st.orage system an apparatus for configuring
*dri :

connected dis methed gf QeIngil; ves being operatively connected to the

apparatus, the app?e%ﬂﬁ%ﬁ%ﬁﬁﬁgﬁ%:at least one 'AFJHV%&%%L&‘@I @%g&ﬁgoﬁféﬂr e and

havi ng data defined therein, sai rocedure having 1 nstruc

(a) identifying ondetarmining aumotimeitbatoad odimke dead\deives freommerea tb fiee

connect ed di sk dri1 es; and, (b) preparing a configuration for the
unconf i gur ed 8P§‘E°X‘?ri in accordance with one of a plurality of RAID
level's, ingl uding: substituting)at n@GRRGa8% L8 dMveiviapsth df'“tﬁc?&ideﬁ#&é]&ddrﬂ}eik drive
one or nore paraneter settings; and (I't) configuring the
unconfigured disk drives with a particular RAID | evel based on

t he nunber of ,unconfi qur Lsk. dpives and the paraneter settings,
where the partllb'cul ?rhe%g\?tggqgtéwnéé’t ablished for the unconfigured disk

drives after the caeaidsabstitiGng®yp hﬁthé'tt:&ﬁ}ts&éiﬁgﬁ{e%@ptdl? RAID | evel before

t he configuring of other of the connected disk drives, the
paraneter settings reconstructing(iaf stered gn a dead drive onto the substituted added
33 10 disk drives. (a) when only one unconfigured disk drive

is found, configuring the unconfigured disk drive as a single drive (JBOD);
(b) when the unconfigured disk drives are associated with a paraneter

setting indicatin o redupdancy, .configuring,the unconfigured disk drives
in accgr danceq\avi t% em’ftgP‘P%gaP‘%b?’ f““I"ergmen%mg the steps of; c)g when t he
unconfigured di sk dé:ddﬁ?%s & & RS QT kit ki r 0g [ adi cating
mrroring, configuring %e unconf ?gur@ge%%ﬂﬁggggﬁﬁﬁgggz%ﬁ ggﬂ%ghgm th a
RAI D | evel of 0+1; whed the added drives cannot be added Yo mhexistirigdogioalaitfviegformihgdi sk
drives argc.associated with, a.parageter .sefting indicating that mrroring is
not requi (ralgd %B%H’H“&ﬂﬂ'gﬁb“{ﬁ%yﬁi%gﬁ‘ﬁi?aﬂﬁfé%&fmegk drives in accordance with
RAI D | evel of 5. 36. The apparatus of claim 35, wherein the paraneter

settings are sglected froma group consisting of: an indication of whether
redundancy i s lAeedddcoraputeiimplemenead otethod foriantomatisallyeohbigyringdisladrives

i ndi cation of LSk HirspOs] i 37 Th f claim 35,
wher oin the pfoRRaado ARAIARCNEE e pensd comPiGal BRYRSEE or morc vall d

ure i ncludés ins

configurations of detekting atrestimaviangt least oné di3kdaive ¢as hided t5tigy RAMDher eupon,
and onbi ne .the valid configurations with the configuration

establ i shéd i ﬁ°‘EtFR4fer;

determining that one or more dead drives are connected to the RAID

controller; and

substituting each dead drive with one of the added disk drives.

25 13.  The method of claim 12, further comprising the steps of:
adding one or more of the added drives to an existing logical drive; and
when the added drives cannot be added to an existing logical drive, forming
one or more logical drives with the added drives.

This Sheet Has Been Replaced
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configuring step of the unconfigured disk drives into a full configuration
according to a set of conbining rules. 38. The apparatus of claim 35,
wherein the procedure includes instructions for finding menory is further
adapted to fypQedgggarti al configuration, convert the partial nfiquration
into a valid con ?guration, and conbine t valid configurati%ﬁ“ﬁf@ﬂ"?ﬁe
configuration of the unconfigured disk drfves into a full configuration .

39. The appaiat USTﬁnge E%)'drgf%ﬁaﬁm%,ere' n the procedure includes instructions

for: 34 (a)
detecting the addi tdi@sutalinding sp RAG Bpkisigiti€sep 8.t he data storage
system and, (b) if the nunber of "drives In an existing |ast |ogical

drive plus the nunmber ofecapriaigtiag fata stored orea deadiirivemnteeoneadf thoadded kisk
drives, assocgating the added drives with the existing |ast |ogical drive;
and, ({(i:!)q‘got herw se, form ng one or nore new i ndependent | ogi cal

drives with the added dri ves. 40. The apparatus of cl ai m 38s ShettélaeBaan Réptace

set of conbinjing rules includes: if there are two or

drives that cbhfli&hemethedsodclamyi3nave a sane | ogical drive mﬂm’"ﬂ" (nml”m
(i) determining if i | centroller's configuration
file matches a | ab?ﬁd asso%%ggélgm% E&Roﬁjém{gé]ﬂ%ggwto\?\b or nore conflicting
drives; (ii) if sdseciatingeaschbrmeediagicslidriyelwditicdne a&aﬂ@xiaﬁty'dfg{m sane
| ogi cal dri ve‘ nulrrber with the conflicting drive associated with the |abel;
and, (*YF¥ if there is not such a matching | abel, assigning the sane
| ogi cal dppve nunber to the conflicting drive that has a SCSI channel
identifier closest to a first SCSI channel and having a target identifier

cl osest to a ¥4rstTsosethedef claim 124flrtherfomprisidgttie stepsbfii m 1, wherein the

steps of scanning,_ fipdin repari and confiquring .are done wthout user
intervention.  42P Jo\'ﬁ&ﬁr}:g %@?’ﬁ%ﬁ’%&nﬁggf‘ﬁ?%?m\ﬁﬁ’ég’ég flis I‘?@V%WDBF“%&)M?H ng
rul es incl udeRAID controllerf there are two or nore |ogical drives that
conflict because they have a sane Iogi cal drive nunber, (1)
determining if a cO¢PYEIngthasthe added disk drives eremssogiatad with swaddedur ati on fil e
mat ches a4 ab@dnﬁ%ﬁz%ﬁﬁh%ﬁd with one of the two or nore conflicting drives;
(ii) if there is”such™ matching | abel, associating the sane |ogical drive
gurrber with the cofofingtd may corifigaration drnathedxigting cof@gurathnl andanéladded

5

configuration.

17.  The method of claim 16, further comprising the steps of:
20 wherein the existing configuration includes an existing logical drive order;
wherein the added configuration includes an added logical drive order;
generating a new logical drive order for the new configuration using the

existing configuration and the added configuration.

25 18. A computer readable storage medium that directs a RAID controller
connected to disk drives grouped into logical disk drives to function in a specified
manner, comprising;

a startup configuration procedure including instructions having a capability
to generate a configuration for unconfigured disk drives, the unconfigured disk drive

30  configuration including one or more logical disk drives, edach logical disk drive

configured in accordance with one of a plurality of RAID levels.
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(tii) if there is not, s cht t hiln | abel , assigning the sane | ogical
drive nunber to the CORfutah et Atk af that has a SCSI channel identifier
closest to.a first S II d having a target identifier closest to a

first SCSI wieyd/zsns? of claim?7, wherein thepeetusefnizs:
conbi ning rul es includes: if thergzrare two or nore |ogical drives
that conflict because they have a sane |ogical drive nunber, (1)
determ ning {9 a FROLpHIE4ES bOClainpg! i n the controller's configuration file
mat ches a | abel associated with one of the two or nore conflicting drives;
(ii) if there is thestartipreanfipunation ptosedura dsadeding instructions davinglacgpatalitydr i ve
nunber with the conflictin f,l associated with th abel ;. an

Gy T | neledtres adh lqbest ok BrPR a8 et b sefof TRER e ingy; ca
drive nunber adsgeihted vagthe 6ditdl distidrit@ anl Me Masber oBaRbonFparsdalisk danrki fier
closest to a first SCSI channel and having a target identifier closest to a
first SCSP devi ce. 44, The nmethod according to claim 12, wherein the set
of predetermgmed j | D configuration as a function of a
nunber of a (gd d?#ég@éﬁgt)ﬁ%i?&rgéundancy i s needed, redundancy nethod,
and whet her spar etheatartupaeffiguratiod procedure dncltiding gstragtiins inaving lawdpatglity
controller and at Ieaﬁ'{ one, storage device, a caginut r-inplemented net hod
for automati ©CHRGTAH lb‘eﬂr%sgrapﬁe PB&QE MEFeY Gpaéexa@nscer}e QIHBOWRet hod
conprising s y : } I ﬁﬁﬁn tor.age
devices to d%?g?ln‘%frr\lggﬁm? ﬁsérag&?gggp%gﬁ%chggg‘ﬁgﬂhkgldtﬁgggoc a?t}a W th each
of the sfl@rage devi ces, an unconfigured storage device being a storage

devi ce that th does not haye an associ ated.configuration file and that is
esponsi ve. t 8L comianaRbRHENL Fett binanmapciuai | 9T hoi ng. byt he

e

control l er, one oj rifirRe b@ﬁiﬁ'&fitﬁﬁ&f?@qeﬂh&riﬁaﬁdﬁ?\{h&ﬁcﬁ&néﬁlﬁd DEPABILBEVI Ces;
preparing, by the controller, a configuration for the unconfigured storage

devi ces in atocasnigutecongor mase diskidrivep pdded)tp the RAIIRopmralley dugng ameime.
36
REPLACEMENT SHEET storing, by the controller, the configuration.

1012404 15 22.  The apparatus of claim 21,

the runtime configuration procedure including instructions having a

capability to replace each dead drive with an added drive.

23.  The apparatus of claim 22,
20 the runtime configuration procedure including instructions having a

capability to add one or more of the added drives to one or more logical drives.

24, The apparatus of claim 23,
the runtime configuration procedure including instructions having a

25 capability to generate one or more new logical drives including the added drives.

25. A computer readable storage medium that directs a RAID controller
connected to disk drives grouped into a plurality of logical drives to functionin a
specified manner, comprising:

30
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a runtime configuration procedure including instructions having a capability
to configure one or more disk drives added to the RAID controller during runtime,
the instructions replacing each dead drive with an added drive and adding one or

more of the added drives to one or more of the logical drives.

26.  The apparatus of claim 25,
the runtime configuration procedure including instructions having a

capability to generate one or more new logical drives including the added drives.

27.  The apparatus of claim 25,
wherein each new logical drive is associated with a RAID level selected from
the set consisting of RAID level 1, RAID level 5, or RAID level 0+1.

28.  The apparatus of claim 25,

the runtime configuration procedure including instructions that add one or
more of the added drives starting from a last logical drive that can accommodate the
added drives.

29.  The apparatus of claim 25, further comprising:

a startup configuration procedure including instructions having a capability
to generate a configuration for unconfigured disk drives, the unconfigured disk drive
configuration including one or more logical disk drives, each logical disk drive

configured in accordance with one of a plurality of RAID levels.
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