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The present invention relates generally to di stributed conputing
systens, and nore particularly to a met hod and apparatus for
dynam cal | y expandi ng a RAID (Redundant Array of |ndependent Di scs)
set while assuring dat a integrifylduTing t he expansi on process. 10
In a distributed conputing system a host is connected to a storage
(menory) systemvia a storage controller. The host conmunicates with
the stora 0 an. interface, such as a small conputer
oyt B RN e e SO Bl SR s PP MERFan NG Dt SFoRA TR ov: de
.dat a redundancy for distributed conputing systens. In a RAID
architecture system the host communi cates to a RAID storage
controller via an interface (SCS|). [[n turn, the RAID storage
controller i s connected to ong® storage elenments (i.e., the
-20 RAI Dsset, whi Cl'rhm)pﬂersﬁmde.rhﬂafrttxﬁrsmdrét/@§ g@:p)éi:aally to .discs, or
magnetic tape drives) for storing host e host wites to or
reads frorf ?1%”5?6?36 CRPBHEAPY gyStef“ﬁroﬁé‘F? f‘}?éel?ﬁaﬁts’tcdpaagrel%otrﬁr%l | er.

The RAID si&f2@@ and appataehbefow diyaamdaba 140 ekpRindairipus LD age
el enent s 25 accordi ng to the_user's selected RAID | eyel providing the

user a sel RIABNE2PEVAFTRY PEJURISREPIPBE RISCSdatSgt while assuring gsone

syst ens tr@a@#ﬂbﬁfeghapoaag@ngl eRentsphoision prefc@dsg the host data is
vari able. That is, the nunbe of storage el enents is dependent on the

arount 18f 30 i nfldy r?atqloﬁFqléﬁ{H?%oc‘?’E‘P\b"el%‘E of Bt eMccdr BPAGI ¥S for sone
systenms, expansteddtfoaddseheage MRERCELI agatehP B & R orage -

controller. The host communicates with the storage
controller through an interface, such as a small computer
systems interface (SCSI). RAID technology is often

15 employed to provide data redundancy for distributed
computing systems. In a RAID architecture system, the
host communicates to a RAID storage controller via an
interface (SCSI). In turn, the RAID storage controller
is connected to one or more étorage elements (i.e., the

20 RAID set, which may include hard disc drives, optical
.discsflor magnetic tape drives) for storing host data.
The host writes to or reads from the storage elements
through the RAID storage controller. The RAID storage
controller writes data to the various storage elements

25 according to the user’s selected RAID level providing the
user a selectable level of redundancy for host data.

In some systems the number of storage elements for
storing the host data is wvariable. That is, the number
of storage elements is dependent on the amount of

30 information required to be stored. Accordingly, for some

systems, expansion to add one or more storage elements to
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-2- the existing RAID set is required as host storage requirenments

increase.wpogsges = One problemthat has arisen during Ef
expansion I's maintaining data integrity for the systemi Epi, '?Jﬁ%me.’%gnt of a

failure during the expansi on process. VWhile ordinarily data integrity is
hi gh because of the redundancy built into the RAID architecture system
during the expansion process, singular Zaflures may result in data | oss.

In order to assure data integrity, 10 sonme systens di sable storage
oper at i onst86r e¥adStR8Y RAIRpARS ¢5 prespdsed tarertaint ditsatdam the host from

accessi ng thgusyehemcst QhageasWhile this allows for easi er configuration

control over ‘the storage system it results in inefficiencies in the
host. What is desi®rgl pphken otiprovhiae fpiseynduritnexRALBi satcapability
Summary of

whil e ' LBlNg ;ROSL ategrity.. .
the | nven'[rlgiéﬁgﬂ%gloH i8 ﬁ\%ﬁﬁ%égﬁéﬁ I ,Qialttha olr?é:e ) é:é't ,f%écqenvse‘fﬁq%ﬁ P ovi des
a net hod ahbeappenat o§ Bofadinaei dalripgextphendixpgnaioN Hrabdse, RAID set to
an Mdrive

: Whi l: 7t A ni S atal M Hrd ALD set. ~
o e BRI TR L L g e M v

i nvent i on, redendanngt bad1todptosehet BAIS @apehdf dedeirid fs)jié’tgang destructive
zone in thguN. i ncludi ng destryctive .zone 25 dat a.

dri ég RAI D_set

Ther eaf t er U F hBIQEEEr GEPRIEIPBNBIRFES S s SHYIMGAEd Taijurashaay dri ve RAID
set by copyesglttihodatkr@eskocatinObrder ot BesNrdr idee sRAR 3ptiand to a
| ocat i Qn, in_a new gri ve ., iﬂlthe Mdrive RAID set. Finally, the N drive
RAID set’ SOPE€ B¥phfflied £3°aR1f dEPradrarpegatiopg: duriteytihe is 30
assured inekpenbliohi peoBALD), SehegubiyNdiBa®latl @hebhost FidA al ning mirrored
destructive zone,dat% until the . , )

accessing the system storage. While this allows for

easier configuration control over the storage system, it

results in inefficiencies in the host. What is desired

15 is to provide for dynamic expansion capability while

maintaining host data integrity.

Summary of the Invention

In general, in one aspect, the invention provides

a method and apparatus for dynamically expanding an N

20 driveMBAID set to an M drive RAID set while maintaining
‘data” integrity, where the M drive RAID set includes one
Or more new drives. 1In one aspect of the invention, the )
method comprises the steps of identifying a destructive
zone in the N drive RAID set, including destructive zone

25 data. Thereafter, the destructive zone data is mirrored
in the M drive RAID set by copying it to a free location
in the N drive RAID set and to a location in a new drive
in the M drive RAID set. Finally, the N drive RAID set
is expanded to an M drive RAID set. Data integrity is

30 assured in the N drive RAID set during migration by

maintaining mirrored destructive zone data until the
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- 3- expansi on step has conpleted mgration of the destructive zone

of the N @piogasgsdl D set. One advantage of the i p@ptédA7d-s t hat
dat a integrity is maintained during a dynam c expansion 5 process

t hereby allowi ng for increased host efficiency. O her advant ages
and features wll be apparent fromthe follow ng description and clai ns.
Brief Description of the Draw nas - Figure 1 is a schematic bl ock

diagramof a RAID 10 architecture_distributed conputing system according to
one enmbodiSTERRNDFOR HEE§R 23Rt CPRREREPENMIgration of fheydestructietRmati c

bl ock di agysHB fr ac RANW $five RATID set. Figure 3a is a schematic bl ock
di agram of a RAID set before expansion. 15 Figure 3b is a

.schematic bl ock dPagrafventege RA Bbhe igstenfiiqn gis etizat adleber expansi on of
the first and sec0pdis naflea SAE4P8Sring aRgVBamiE'QQ%%P iigh @ flow di agram

of a nethod of dynam cal | y expanding a set ac I'ng to one 20
enbodi éntprsicasfe ey ahlewingnfor increpsgdr bo54 ieffd csigdmeymti ¢ bl ock

"di agram of a RAID et g ahirQly &l ] £xh ] ccordin o the

pr esent i nvent PSR.& ad alhlt%gesFiag%@rﬁ'Z{%gt I'S snglcﬁi;rrkg?i%p%?f)%ﬁ%di agr am of
the RAID Zxaettid followira déseriphéohashdacihedasa has been copied to
a new drive in the expanded RAID set. Figure 5c is a schematic

bl ock diagram of the RAID set of Figure 5b after the destructive zone

data has been mi rr oBede€oDbetiriphe cnaslf ahe adiwinddie new drive. 30
Figure 5d iIs schegg%h%ebhogg gi% %%ﬂégiéigiggﬁlgiagram of a RAID

10 architecture distributed computing system according to
one embodiment of the present invention. '

Figure 2 is schematic block diagram of a RAID set.

Figure 3a is a schematic block diagram of a RAID
set before. expansion.

15 Figure 3b is a schematic block diagram of the RAID
set of Figure 3a after expansion of the first and second
data stripes.

Figure 4 is a flow diagram of a method of
dynamically expanding a RAID set according to one

20 embodiment of the present invention. )

Figure 5a is a schematic block diagram of a RAID
set p?ior to dynamic expansion according to the present ;
invention. )

Figure 5b is a schematic block diagram of the RAID

25 set of Figure 5a after the last arm data has been copied
to a new drive in the expanded RAID set.

Figure 5c is a schematic block diagram of the RAID
set of Figure 5b after the destructive zone data has been
mirrored to both the last arm and to the new drive.

30 Figure 5d is schematic block diagram of the RAID
set of Figure 5c after dynamic expansion of the

destructive zone of the original RAID set.



set of Figure 5c¢ after dynam c expansion of the  destructive zone of the

original RAID set. WD 98/ 15895

PCT/ USO7/ ok -4-

Det ai | ed Desc?llsiaoptsl on Referring to Figure 1, in ZCRAP1787
architecture system a host 10 is connected via a bus 20 to a RAID

storage controller 30. Attached to the RAID storage 5 controller 30 are
one or nore storage el enents 40, the- 4 sum of which conprise array 60
(the RAID set). Each storage elenent 40 in array 60 is connected to the
RAI D storage controller 30 via a back plane bus system 70. In one
enbodi nent of the invention, 6@@ Pfci ﬁéang.bgs 10 system 70 connects SCS
ports on the RAID storage | ports on each storage

el enent 40 in Rerfayrfitg Acc dhidjug y_l,, inlﬁoirm{imrhfmylﬁ)@cwii:éten to or
fromthe controller thrgug@ t he back g gne. bus St% to or fromany
of the st orhge"™M ePelret a8V b af PAYCEREd 1812 a ﬁ@ éntddibrent each

RAI D st or ageoxamé robherollet nsb udesttaohe8CEb pRE! RAWDL Breaalerort able to
support conneﬁl ons to up.to seven devices. Each port in the RAI D

st or age “c o ot 9 e’éo ? s2EDUPPRAT O'ORE BFORBRE eleg‘?&tﬁgéoel &lénts 40 in

array 60. Qﬁme&%Mﬁhﬁ&mr@@mpgﬂsgogffgylgo $9héngQBf5g %ablgakg provide user
sel ect abl e redundaqa*éfor host data. Host data may be nmintained in

any of a IS kAN br thi tRcRuFay| 80els pﬁ@naarﬁg to RARDRAIDRAID 1,
RAID 3, RAD S gdneoiV el foar shi vESaBacK pLERE bl BYLREReT (Ol fhese

di scussions, a RAID | evel 25 architecture wl cri

RAI D set GHF?éWWRﬁlm?%¢u%%st%%el%Ye%%%@nstbhagbaCk ElénEnbgs For exanpl e,
a RAl Dleetsywexﬁnﬁét@@nﬁ@w@ scsBt9sAgE &lmegﬁgt D2 and D3) as
is shown in ure 2. Data is stored Int rray 60) in

control er 30 to SCSI ports on each storage element 40 in
array 60. Accordingly, information may be written to or

from the controller through the back plane bus system 70

to or from any of the storage elements 40 in array 60.

15 In one embodiment each RAID storage controller
includes four SCSI ports with each port able to support
connections to up.to seven devices. Each port in the
RAID storage controller 30 is coupled to one or more
storage elements 40 in array 60. The RAID storage

20 cont;qller 30 is configurable to provide user selectable
redundancy for host data. Host data may be maintained in
any of a number of RAID architecture levels including ,
RAID 0, RAID 1, RAID 3, RAID 5, and RAID 6 architectures.
For the purposes of these discussions, a RAID level 5

25 architecture will be described.

RAID set (array 60) includes one or more storage
elements. For example, a RAID set may include three
storage elements (discs D1, D2 and D3) as is shown in.
Figure 2. Data is stored in the RAID set (array 60) in

30 stripes. A stripe of data consists of data blocks 202
which are written across the RAID set and parity

information 204. Data maybe striped across the discs



30 stripes. A stripe of data consists of data bl ocks 202 whi ch are

witten across the RAID set and parity

I nformati on 204. Data maybe

striped awoosasgdse di scs WO 98/ 15895 PCT/US27/17879
PCT/ US97/ 17879 - 5- such that the
parity data may be witten to a single disc (RAID level 3), or to any of
the discs in the array 60 (RAID level 5). In order to expand

the nunber of discs inthe 5 array 60 1o add one or nore new storag

el enent s

aSSOC|atehgto?t@$ﬂ5 Ea%;aéfrlggggﬁg agébfb&ﬁ$##£ﬁ9|SCI%%iﬁ%ﬂ%d&f%g
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[ O required the reading of individual stripes
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in the eventodded o fatpai® O8€ UfhRPe dUSENEiERE in €XRanNsi o
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respecti ve ne
expansion process, data integrity could be compromised.

Referring to Figure 3a, a RAID set 300 including
three discs D1, D2, and D3 is to be expanded by adding in
a new disc D4. In the original RAID set, data blocks are
distributed across the disc array in stripes which
include two blocks of data and a single block of parity
information in each stripe. 1In the new expanded RAID
set, each stripe will include three blocks of data spread
across(three of the discs in the array and a block of
parity information on a fourth disc.

Typically, in the prior art during the expansion
proceés, a stripe of data is read at a time. For
example, the first stripe of data to be relocated is read
(stripe 2) that includes data blocks 2 and 3 and parity
information associated therewith P,. After the read, data
blocks 2 and 3 are written to their respective new
locations in the expanded RAID set at disc D3 and disc D1
to conform to the expanded stripe size which includes
disc D4 as is shown in Figure 3b. Thereafter, parity
information Py, is calculated for the new first stripe

and subsequently written to disc D4. Accordingly, the



| ocations in the expanded RAID set at disc D3 and disc D1 30 to conformto
t he expanded stripe size which includes disc D4 as is shown in Figure

3b. Thergaf fQlggsparity information Plerr] is cal cul at egcfaisobaroew
first stripe and subsequently witten to disc D4. Accordingly, the

WD 98/ 15895 PCT/ US97/ 17879

- 6- first stripe of the RAID set now i ncludes data block 0 on di sc
DI, data block 1 on disc D2, data bro&k-2 on disc D3 (whi ch has been
written over the parity |nfornat|on Plerr] whi ch originally existed on
di sc D3),fiarak pmt'rmg/e &f | HHorbiD oteP[Rev ] inaludes datasbipgé 2 eontains

data bl ogly &%h@% @?ef SYCIYELIHEN QYL %PScQ'Q dat 81%%0%‘3 2

|nfornat|on n d’s parity infornation P2 on d , and data
bl ock 3 atwhitch drdgiledn [Wwektiem ovedige D3arity lnformatmonh§1 event that a-

di sc fail r€.10C 0., h re te process, there
is a ﬂ%)hssﬁb ?C)'Uft'i {f%la%ydea as{r?’h%d%rg <‘Ii) bi f gﬁ%ﬁ%? WrcEﬁuri ng the tinme
t he oerxnﬁoxmahiqn|mmgruatdmachérr]Sm31pe|ﬁgownﬂalnS\Maﬁaehiqwm prior
to the ti when .t he .new parit i.nf or matjon enerated, a Y
failure i%:e"ﬂ}ls“?’ [Sf‘ %rbi%n ver%rzl%\o rl‘dmr'%]éu{:lf’ g%t Pg.OC?‘h' S i s because
in - theirffdMataidn Systeise Dhe @Mapahatymnﬁuemubheazi@n digesident in
a singul ar, | ocation | D set Acco whil e the | D set

ordi nari Ia%'caﬁf’ & fo‘sﬁl? & n“f?]eo’éjv/%}l‘t‘a%fi‘aga\{%@ﬂl gp ditSE Pairl ure,
during the 20 exmanszh@nepemewatt ae diaid Wad e bdmatiastraphi c.
Referrln%bﬁ)ﬁyfiﬁ3 g; ure net hod, for assuring data integrity during a
dynant t© %ﬁl?ﬁ? an X%%h%?oﬂﬁoﬁ?%ﬁesgh?HEI&Eeg identifying a

nunber ofpossiI¥IiPes twae Gess ey i ve Zose. | npébeeﬁamgneal dBRpkRgset 25
prior to expansion (400), The destructjve zone, is def 1 ned as-a nunber of

stripes ith4 ﬁe’-‘@ﬁlfgt??]a‘i’zhgjsrtajarf?%lty PRAPENRBEPNWRI A R RY$Ed to be
stored dyfiidddeand EXPGRSEON I OELRS - whén OFBe EABRUpARAEyOf the invention,

information P,,, is generated, a failure in disc D1 or

15 disc D2 would result in lost data. This is because in
the prior art systems, the data that is overwritten is
resident in a singular location in the RAID set.
Accordingly, while the RAID set ordinarily can recover
data in the event of a singular disc failure, during the

20 expansion process, the failure would be catastrophic.

éReferring now to Figure 4, a method for assuring

data integrity during a dynamic RAID set migration
(expansion) process includes identifying a number of )
stripeé in a destructive zone in the original RAID set

25 prior to expansion (400). The destructive zone is
defined as a number of stripes in the original disc array
(RAID set) which are required to be stored during the
expansion process. In one embodiment of the invention,
the number of stripes in the destructive zone is

30 calculated based on the number of discs in the original
RAID set and the number of discs in the expanded RAID set

according to the formulas:



t he nunber of stripes in the destructive zone is 30 cal cul ated based on the

nunber of discs in the original RAI D set and the nunber of discs in the
expanded VRADEI15885 according to the fornul as: WBCTRISIHEH39

PCT/ US97/ 17879 7- Stripes in
Destructive Zone = (N1)*(M1), if the RAID set is a
redundant configuration (contains parity or reconstruction data, e.g.,
RAI D 3, RAID 5), 5 or; Stripes in Destructive Zone =
N* M stripebf 1hNBeBALRcs8Yel §oReN@N-(RGYRdantyy  configuration
(contains no parity or reconstruction data, e.g., RAIDU), or; 10

Stripes in DestructiveifohBe=RR{P2FetMiB) a redundant configyrahiomRAl D set

is amrrqr (. : wher e
-N=nunber 3F%§F§§?% ﬁgpﬁégbngfﬁ%ﬁg%%§%#0tf€%5§§%%' €:G.r RAIDwﬁére Menunber
of discs RaIDhe)sxpanded RAI D set. Conceptual Iy, the destructive
zone is;.equal to the nunber of stripes in the RAID set which are
require% to be o5focessed during the expansion until at |east one or nore
20 stripes have bgenipesedincDepteteltyveoZonse= By *f Mged, we mean t hat
the stripe in the neM/RAIg$sekA ing currentlﬁ_ wiften to has had all of
its data (fromthe oribFn © | B §eﬁf 8 re deﬂHq into a new RAID
set stripeonfighrayidmg{dontaming atd userity tde pxpenstoucpioacsatas this 25

state is recove§®ggg. After all of the stripes in the destructive zone
have been®pfoce > O % (P stripe (one
10 Stripes in Destructive Zone = (N/2)*(M/2),

if the RAID set is a mirrored RAID set (e.g.,
RAID 1, RAID 6); )
where N=number of discs in the original RAID
set,
15 where M=number of discs in the expanded RAID

set.

Conceptually, the destructive zone is equal to the number
of stripes in the RAID set which are required to be
processed during the expansion until at least one or more

20 stripes have been freed completely for use. By freed, we
meanzfgat the stripe in the new RAID set being curreﬁtly
written to has had all of its data (from the original
RAID Set) already written into a new RAID set stripe.
Accordingly, any failure in the expansion process as this

25 state is recoverable. After all of the stripes in the |
destructive zone have been processed, a free stripe (one
that has had all of its data already written to a stripe
above) is guaranteed to be available for writing data
from a next stripe in the expansion of the RAID set.

30 The controller next will determine the number of
data blocks needed to store the destructive zone data

identified in step 400 (402). Thereafter, the controller



that has had all of its data already witten to a stripe  above) is

guaranteed to be available for witing data @ froma next stripe in the
expansi oRy®bs/isges RAI D set. 30 The controller next vpdpwsheiegm ne the
nunber of data bl ocks needed to store the destructive zone data
identified in step 400 (402). Thereafter, the controller WO

98/ 15895 PCT/ US97/ 17879

- 8- will locate free space on orfe &isc in the N drive RAID set or
conversely free up space on one disc. In one enbodi nent, space is freed

at the bo¥ibh %‘PC%E% SFthépacedP‘écgnFndﬂﬁg RA 5hgeN BFivSHIAHE the data

contai nedsef SPeEShPekBel Perpew QFSQpQEéa}én onbl kilsc.t hacee ol | er
selects a disc in the original RAID set (hereinafter the "l ast arm')

(404) . Th@ﬂb@tﬂ@@ntthépéﬁﬂtiél fé?eéogteﬁhehbottomumferon@r ofl dd1es i dentified -
from st epy 402 {)R%Qe( bt gt p Of:o‘ﬁgﬁ g ?gfssag%%t eerith i${edp 404 (the |ast

arm to a new 1 in our”exa I'n one enbodi nent of the
i nvent iSontheheihake bhen newt Hestasrrdlsc i Rirks,othg g@ntroldiest array.

Al ter nat'%/sigctgg §h§8 ;Lﬂ the BEEQXngyRPED sciSqe qn%&%ﬁm%% ment  of

t he i nveniion rom armis cople e same relative
storage 15lastatiwfi) i K40Ae.neBhdreaftP4). the controlllur iaugpitese fdopy of the

data fromt e%ag% g%&%hﬁ Ftlk??8 @Eghdg%%g 3b9 %@ n dlsq?&g? any

read or Wile access ina n the
event thamfatMeidEstakselpbaed 1nheneph60éoﬁyhstéps¢4®&h02&cnustuhe

now aide. @500 A3t bl B E osponB1elt SBBRde) - g BaPARAC R (e Wiorage

control | ej:nvSntloupdahedltastr efhedt that labe bast dnmtdat adigyiresi dent on

t he new di,;sc D4, subsequent reads _and 25 wi tes tqQ the |ast
arm data WFf %Erﬁﬁde gk?ggxﬁéﬁﬁ Vec3nY BASCodR ithg array m %’ K ter the

copyi ng ofiséde | aat oaeneflbbdimént of the invention, the data from
the last arm is copied to the same relative storage
15 location in the new disc (D4).

During the copy of the data from the last arm (the
“last arm data”) to the new disc (D4), any read or write
from the host will access the original RAID set. 1In the
event that a write takes place, then the copy step (406)

20 must be restarted so that the new data for this zone can
be cop%gd across to the new disc. At the end of copy.
step {406), the database for the storage controller is
updated to reflect that the last arm data is resident on s
the né@ disc D4. Accordingly, subsequent reads and
25 writes to the last arm data will be made to the new disc
D4 location.

After the copying of the last arm data is
complete, the controller will copy the data from the
destructive zone to the last arm (408). During the copy

30 of the data from the destructive zone to the last arm
(D3), any read or write from the host will access the
original RAID set. 1In the event that a write takes place
to the destructive zone, then the copy step (408) must be

P
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conplete, the controller will copy the data fromthe destructive zone to
the last arm (408). During the copy 30 of the data fromthe destructive
zone to twheorasdbsar m (D3), any read or wite fromthe hestrnsothizagcess

t he original RAID set. In the event that a wite takes place to the
destructive zone, then the copy step (408) nust be WD 98/ 15895
PCT/ US97/ 17879 -9 - - 9- restarted such that
the new data in this zone may be copied to the last arm | ocation.

Si mul t anequsl.y, .th ont r.ql l.er.,w | 0 he structjy ne data to a
new dri ve *EDF Y ecc)xﬁrs ecQ’aer ) tglvgcrr{eea iér%téa ln?r‘f‘%?%d%ﬁlgt }élageﬁgassoci at ed
with the copdest rusctihee lzmte adat dldekf)onl n one enbodi ment, the

destructive zone data.is_copied to. the "m ddl.e" of,.the w drive D4. By
S middle", we refe l’f‘BlﬁaPSSQ??Bn gﬁet FENTIOFG L% T RRRY {}ﬁbe | ast arm
data, but deek riuttd vedcaineomiat wo ch wewl dr bee oypaWiht bR eRamb@egxpansi on
of the destructive zone. Accordi n%leé/ t he exact posl"ti on i s not

LE th

i npor t ant CYTEAHAT Bt TR I3 4F (TR AP arseted ©satisfies the

“af or ement gaRedGAISId 3idHs datSUi4ED) £ In Wéi BEbbhAemenpy Rhecess, reads
and wites to the 15 destructive zone will access_the original RAID set.

Agai n, i noesEraGEEver 3018 datiess IRk tHe Ehpy Bigedss of £he the

destructive.Zens WAty | s gyestrderbat v epeA0F £9 a 188a¥i8ndahachategrity.
The configuration database is updated after the copy is conplete (412).
| n one 20n&wbedistermbovend itatldis 2 s ARt vt onebf ibce draetika

destrugd i yiizN6 ARl B dRGAHEG {4 LS ﬂ'?l'%:/ &kStnPlon of the RAID set

expansion may now be initiated (414). e process begins by copying a
stripe at dgsttimmctiitve dane. ARGUkSLnRLY hetlesexacti peszbaenf Aemiole

ori ginal "BpB:580n 35 e 0 4l xpandad B fhschelthbbe BYf kRdel he copy,

read and write operations tot destructive zone access the data
at the ni sadrisd iRA DHeocddament dné@rconstraints is suitable.

During the copy process, reads and writes to the

15 destructive zone will access the original RAID set.
Again, in the event a write takes place, the copy process
for the destructive zone data is restarted at step 406 to
assure data integrity. The configuration database is
updated after the copy is complete (412). 1In one

20 embodiment, the database is updated to reflect that the
destrugtive zone data is located in the new disc D4._

“ RAID set expansion may now be initiated (414).

The process begins by copying a stripe at a time the data ,
blqck; in the destructive zone from the original RAID set

25 over to the expanded RAID set (416). During the copy,
read and write operations to the destructive zone will
access the data at the mirrored RAID location in either
the last arm location or in the new drive location. If
any write operations to the destructive zone occur during

30 the expansion process (step 414), the destructive zone
data in both the new disc D4 location and the last arm
location is updated. Thereafter, the migration is

restarted at step 416.



t he | ast

armlocation or in the new drive location. If any wite
operations to the destructive zone occur during 30 the expansi on process

(step 41@0?§,{5§9§jestructi ve zone data in both the new dgEHusnhenati on

and the last arm | ocation is updated. Thereafter, the magration is
restarted at step 416. WD 98/ 15895

PCT/ US97/ 17879 - 10 - : After the
entire destructive zone fromthe ~m%rored RAID set has been copi ed over
into the expanded RAID set, the m.rrored RAID setcﬁihﬁﬁ%ast armin

ori gi nal di scAEFPEy LRAI SRR I AeStERFHYE 17008 dd Fh ¥ new di sc

array) i sniord MWetAT SRt &b &bk eRCEOH feATbYer BN tEEthe ERbaASEd (418).
The controller thereafter restores the last armdata fromthe new drive

back to tHELRDrigfndthe mipeeEednRHRDt Ret| fkheatAFE420%. iBuPFAGiPRLs copy,

read ad?sé"”éffaf%@&l@é‘%nif’réb@d'&éﬁaai&gééé ¥h! tnacheasdiige 10 new

disc location. If a wite operation takes pl ace, then a restart of the

5

copy i § perfayhneds Mhelongebnfedutbed oandat apassdisgdpdamay Bfter the copy

I s Cogﬁgé%tsf%écf'zgal& The conﬂll,P??f@r_eEfl?QggﬂgE%ﬂ LBecbagk gh@ data is

writes
the | ast last detre @ | fem tithe heewedk ivecbdokatbohke oriFhsadest ori ng of

not copi

ack to the ori gl na ocat1 on, reads an

to

data to tfe lasty amineation dint eao) . O boLaRL BALD Sghyis-aaly reauired

if a fail

ure new di sc occurs.

failure in the
new 20 discd witete aspenamicias atoythe fasbnstrmudetd wndllwectees theback to

he | j h i gi Af h
back G (R ATEC LETRETRRr EF 2 VP RTbRePE Lon FRkRE PASRE now drive DI

associ at ethem td 2Estdet | @bttlae ncoay ai arpenbormader Teeguired and

r el eased.

15

20

25

30

configuration database is updated after the copy is
complete (422).

In one embodiment, the last arm data is not copied

back to the original location, and all reads and writes

to the last arm data continue to the new disc locations.

The restoring of data to the last arm location in the
original RAID set is only required if a failure of the
new disc occurs. In the event of a failure in the new
disc, the last arm data my be reconstructed and written
back toﬁthe last arm location in the original RAID set.

. After the copy back of the data to the last arm,
the data locations in the new drive D4 associated with
the last arm data are no longer required and can be

released.

The remaining stripes of the original RAID set may

be recast into the new RAID set by reading the elements
of a next stripe group, calculating new parity and
executing a write to the new RAID set without the

possibility of any data corruption (424).

During the migration of the remainder of the RAID

set (the non-destructive zone), any transfers (writes) to

can be



The remaining stripes of the original RAID set may be recast into the
new RAI D set by reading the elenents of a next stripe group, calculating
new parit waesis8¢s executing a wite to the new RAID set W tPonusiresrs
possibility of any data corruption (424). "During the mgration
of the remainder of the RAID set (the non-destructive zone), any
transfers (wites) to WO 9§/%§8§5 :
PCT/ US97/ 17879 the current line of the RAID set being processed

(bei ng read i n d I t i1 l, necessitate the .
restarti ngthoe? ?%%Pén%%rja%?%ng# o}%ﬁéhg'?fga%ﬁtc PAPY Precessef JR&N% 1o Iines
al ready prosesscbmiin tiee wldtRAIDosebd) | heing@wnBALBss@tateltanrsf ers bel ow

th t L bei dwll_b itten.to the _old RAID set
(assum ng Lest R 1515, R BRETRAE Bl e hOROBhEE BAEE LU oo 1R arm

| ocati on) .Transfers tolhimee &hbeskiyeptooéstaa wavenbleonritthansfieys to 10
the ol d_RAILD set are bl ocked during the grocessi ng of the destructive

zone daPa YR g iR BiSthe JEERRStEFTLSoRY theqguayentnddag kaingnl y

transfers groddsedirwent bénerittdei £ Phecssaedard khe qQd RAiRset are
bl ocked. In one enbodi ment, any drive failure during the 15

i grati on Podest R datd B3R DY atPPReEnBaGK| tor bel Last wrmh a drive
failure stigddsxif@port back to the controller. A users can thereafter
start a rebuild. Referring to Figure 5a, a three drive RAID set
i's to be expandBdOonft §TROFGHENGr iofe tRA Brsemnt vt rgramef €0s dest ructi ve

phase, 1phe RAIR FaRT®IdSF 4 1 d t . . NURe Lipes d n.the first
three disc drives (the de%%%%?%idz%]é}nahyc %ﬁggze%%%?;o%ef'sgg in

order to destrectjyermons rdgied i fmigweanibon RAfDthet deSpeactival lzpne  for
e €3 L B R PLADCLES!Uin LR 3 ke ond
being processed in the old RAID set are blocked.
In one embodiment, any drive failure during the
15 migration process will halt the migration and will result
with a drive failure status report back to the
controller. A users can thereafter start a rebuild.
Referring to Figure 5a, a three drive RAID set is
to be expanded into a four drive RAID set. During the
20 destructive phase, the RAID controller identifies the
numberjff stripes in the first three disc drives (the
destrlictive zone) which must be processed in order to
free up one stripe in the new RAID set. Specifically,
for the case of a three drive RAID set which includes two
25 data blocks and parity information written across a
single stripe, three stripes must be processed in the
destructive zone. The three stripes comprise the
destructive data (D) which includes data blocks 0, 1,
2, 3, 4, and 5, respectively, and parity information P1,
30 P2, and P3 for the respective stripes in the original
RAID set.
Upon identification of the stripes in the

destructive zone, the controller identifies the number of



single stripe, three stripes nust be processed in the destructive zone.

The three stripes conprise the destructive data (Ddest) which includes
data blo 2, 3, 4, and 5, respectively, and par tion
P, 30 Pg&ég%s%% for the respective stripes in the origi ng 'ymgﬁl%ﬁiset
Upon identification of the stripes in the destructive zone, the
controller identifies the nunber of WO 98/ 15895.

PCT/ US97/ 17879 - 12 - - 12 - dat a bl ocks t hat
are required to be transferred across to the new disc drive fromthe

| ast arm Patehblarse &bhadyare reguimed ﬁm@@ségraﬁsﬁeﬁrsecém%s %P x data
bl ocks ar bdentisk ated- il Qeks 1DBlerdr OBl ardd )qi ey controller
5 transfe?set ese st ggfa bl ogEJ ? ﬁérr DB errq§ cdﬁ??n&ﬁﬁﬁ£%1to t he
new di sc &prt hbesane'ploeleat iofe thisaeixemplien e mata bXhaks Bras is shown
in Flgure

h e KN GRCO t | ast armlnm
t he orlglna? ﬁﬁFbegeédﬁgat é%h§% Elécﬁ%glveq%ﬁgh%%en ?%é{gglda a associ ated
with the deshstiersvéhesee siB dartl, bdaicks DﬂleﬁBs) O-&pysSnagr thémntdo t he

| ast arm catlonln di nt of the.invention, the
parity da%g T (Y bé:h\ﬁrl%%f“ nrae;i g: odésst%rheﬁ}??/éj%%ne dat a.
Wi | e not ddiseedtt] wsr éguishesinf dn a"l@aﬂr& rse:bm I d | n the 15 event of a .

failure, the pari |nf r mat i on. e_hel I in_so ci rcunst.ances to
speed t he recove#‘br%c‘é %. C°py§’?m? aﬁ}é%u‘g?g? Fﬁ8md5§??géﬁ fvETPodE data
(Dlerr]) ithe orwgiht@nRAITO sted ttle thewndivs @idd \Gri¥e a:b4,a froeatilon j ust
above the |ocation of the qriginal arm data. The structive zone

0d
data ()} ePPF} PSSREWALES ¥t FﬁetﬁﬁégrUCQ¥ﬂﬁu49ﬂﬁ;9?%#he RBPD set: in the

first thrgeoskei pes)ofis wrtﬂth%ItIa &%Te i1 st SGrrDl1 o 810rP2n dis&c D3,
respectively; in the | ast arm (di D3), and finally in the new disc

drive D4 Pdst &Bofet RELSGLgIERY 9fa earlrﬂvd’é’tfd-c(rb[ &g P §% BE&hown in

Figure 5Cpay also be written as part of the destructive zone data.

While not directly required for a data rebuild in the

15 event of a failure, the parity informafion may be helpful
in some circumstances to speed the recovery process.
Simultaneously, the destructive zone data (Dgs) is
written also to the new disc drive D4 at a location just
above the location of the original last arm data. The

20 destructive zone data (Dgs) is now resident in three
locatigns in the RAID set: in the first three stripes of
the RAID set in disc D1, disc D2, disc D3, respectively;
in the last arm (disc D3), and finally in the new disc )
drive D4 just above the original last arm data (D,) as is

25 shown in Figure 5c.

The dynamic expansion process may now begin.
Specifically, the data stripes associated with the
destructive zone(stripes two and three) may be read, new
parity infermation calculated and data and parity

30 information may be written to the new RAID set as is
shown in Figure 5d. The process continues reading
stripes from the original RAID set until the last stripe

in the original RAID set has been rewritten.



The dynam c expansi on process may now begin. Specifically, the data
stripes associated with the destructive zone(stripes two and three) may
be read, waes/iis89parity i nformati on cal cul ated and data andP@EEDB?N178D
information may be witten to the new RAID set as is shown in Figure 5d.
The process continues reading stripes fromthe original RAID set until
the last stripe in the original _RA{Lg)get has been rewitten. WO
98/ 15895 PCT/ US97/ 17879

- 13 - h [ nt. | i n .bed.n of
speci fic enbodi ngrﬁgs%%s%gﬁ éeré;% uésx?p’a'{]?\sl%g%ﬁ ?%géﬂﬂf%geﬁ itc:)%%g%gl not to
be constrm‘édspss;ifhttémgodiments, wh&:hearenﬁddjmmjaneeqﬁ tdhien t he scope
_gET;nggf%gllqyﬂgg gké'ﬂgt to be g@%ét&%e%'%%”ﬁ%fﬁ%ﬁng. V[E98g15895
met hod of dynanm caHer expardinehtan dtarivichin R Dssepet ofathdl drive RAID

ztrat rrm“él ﬁ%‘%fig&:%gl ggaggg{i integrity, the Mdrive RAID set including one

What is claimed is:



drives, the nethod conprising the steps of: 5 identifying a
destructive zone in the N drive RAID set, including destructive zone

dat a; woO 9s/1589471 rroring the destructive zone data by comdigsdriizsre to a
free location in the Ndrive RAID set and to a | ocation in a new drive
in the Mdrive RAID set; 10 expanding the N drive RAID set to an M
drive RAID set, whereby datailﬂéggity is assured in the N drive RAI D
set during mgration to an Mdrive D set by mai ntai ning mrrored

destructive zone_data untlk t he anS| n step has conpl eted mgration
of the destructive 152zBRENGH PﬁedMn& LFa iR Bxgnding an N drive ™  Tpe

net hod ofgzeimidedl ddirdhed dicddIdRAD téer whSi€PsaPhtaining dataif a free

| ocation in the N drive RAID set_is not avai |l abl e, identifying a | ast

ar m zone igttasHe tatd Ve M it RRER | SRt RMPLERing one or MOXEoRPKng dat a
fromt hecﬁﬁ%;esar RHON AHbLA AN H My thé nsﬁ@ﬁes Mgrive RAID set;

copyi ng ta fromthe destructive zone to the 1ast arm zone and to a new
drive Pn the NldiﬂﬁétRAVDngeﬁ desgguctive zoge inTR&erdt Khdws RAHI m 2
where the dat a f dest Afte A5dN ZO0e jscgopied to a same rel ative
position |egca c%e ne drPTSve V% 987 15895

PCT/U597/17879 mlrrorlng the destructive zone dEfa by copying iy, The

method of, £l S 1bd N dap TWCELYP. mafOngeflalayi Socgpied to a
| ocati on ju ove at a rom e Tast armzone iIn e new drive.
locatlon in a new drive in the M drive RAID set:
10 expanding the N drive RAID set to an M drive RAID

set, whereby data integrity is assured in the N drive

RAID set during migration to an M drive RAID set by

maintaining mirrored destructive zone data until the

expansion step has completed migration of the destructive
15 zone of the N drive RAID set.

2. The method of claim 1 further including the
steps of
if a free location in the N drive RAID set is not
available, identifying a last arm zone of one drive in
20 the N drlve RAID set;
copylng data from the last arm zone to a new drlve
in the M drive RAID set; ' .
) copying data from the destructive zone to the last

arm zone and to a new drive in the M drive RAID set.
25 3. The method of claim 2 where the data from the

last arm zone is copied to a same relative position in

the new drive.

A



5. The method of claim1l wherein the destructive 5 zone is a
predet er m ned nunber of stripes, and the predet er m ned nunber of stripes
i s cal cul wbadriseesor di ng to the forml a: St ri peIISYI17879
Destructive Zone = N* M wher e N=nunber of drives in the N
drive RAID 10 set, where Menunber of drives in the Mdrive
RAI D set.

stripes in the destructive zone is cal

Stri [ t he Dest ' = (N (M . dat [ the N dri
RA{prZtIPnclﬁdes pgfﬁﬁ§¥§ﬁ%§ﬁgﬁ of ?%%bﬂsérﬁ%%FSﬁndégﬁ.ge%EEGth%e ;{ve

6. The net?gd_of claim5 wherein the nunber of
ul ated according 15 to the formul a:

The net hodopk eh@bmis whehedntohe nwHdrief RStStabpes ihe tdetdestructive

zone is cal cul ated_accordin

to the fornu| a: Stripes in the
-Dest ruct i #8°PohBe=1aRE2RI gﬂPf)}n the neve AYigiSve RAID set is a mirrored

RAI D set . 8. A nethod of dynam cally expanding an N drive

25 RAID set to an Mdrive RAID set _while nmaintaining data

conprising the steps offe method of clanmiiyvhgraigeshprudeiskeusdids n the N

“drive | t o : N o
o8] 1585&@ Done 38! a bheqdesthysbly e adng hav gzg%%rég, Sin i e

16 -
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15

20

25

) /US97/ 17879
predetermined number of stripes is calculated according

to the formula:
Stripes in Destructive Zone = N * M,
where N=number of drives in the N drive RAID
set,
where M=number of drives in the M drive RAID

set.

6. The method of claim 5 wherein the number of
stripes in the destructive zone is calculated according
to the formula:

Stripes in the Destructive Zone = (N-1) * (M-1),
if data in the N drive RAID set includes parity data or
reconstruction data.

¢ -
c T, The method of claim 5 wherein the number of
stripes in the destructive zone is calculated according
to th; formula:

Stripes in the Destructive Zone = (N/2) * (M/2),
if the N drive RAID set is a mirrored RAID set.

B. A method of dynamically expanding an N drive
RAID set to an M drive RAID set while maintaining data
integrity comprising the steps of:

identifying a destructive zone in the N drive RAID

set, the destructive zone having a first size;

R o

integrity

WO



identifying a last armzone of the first size in one drive in the N

drive RAID set, where the last arm zone is not part of the destructive
zone, w098/1589sCOPY' ng data fromthe last armzone to a 5in
the Mdrive RAID s copying data fromthe des?‘ré\tglc J\I/Ae/‘}aag%ne to

t he | ast armzone and to the newdrive in the Mdrive RAID set;

expanding the N drive RAID set to an Mdrive RAID set,. whereby data
integrity is maintained in the N dri-vé®6l0- RAID set during migration to an M
drive RAID set by mai ntaining mrrored destructive zone data | ocated in

t he | ast arm zbﬂ%n‘éhﬁyim@ ﬁeﬁﬁ@l?i gemuAPhe pifetbepdindistg sitzep in  has

conpl et ed pr.o gq%ln 0 i i RAI D set.

15 OBS d heqﬁ%t od of C a|n1 mherélﬁﬂ%ﬁégg%ﬂ%rucggv%gn zone is a
predet er mzpag Asnbet glarst dipéde dubsttthetiverasdeter m ned nunber of stripes
is cal cul ated acc j f : Stripes in
Destructi ve Zone géﬁﬁggﬂddigg £P8m eﬁguhaﬁgrgrﬂzﬁﬁﬁﬁeFooP §F|v9§lWﬁ the N
drive RAl bn theet drive RAID set;where Menunber of drives in the Mdrive
RAI D set. . ho i.m9 wher in he nunber of
25 stripes in thec%l%%%?%c??g% 25%18"?15 gFEEFHFSd"SC&BP& ES e ¢3S

formul a: arm zone andSttd peés m:uDeﬁt:rwtaln/a:rZeme drive BaATD (ddy, if

data in the N drlve RAI D, set nclug ga&htx data or reconstruction
dat a. WO 9BFHER g g th riv ID set to an M drive RAID

PCT/ US97/ $é87{9whereby data integrity is maintainled -in the N drive
10 RAID set during migration to an M drive RAID set by
maintaining mirrored destructive zone data located in the
last arm zone and the new drive until the expanding step
has completed processing of the destructive zone of the N
drive RAID set.

15 9. The method of claim 8 wherein the destructive
zone is a predetermined number of stripes, and the
predetermined number of stripes is calculated according
to the formula:

Stripes in Destructive Zone = N * M,

20 P where N=number of drives in the N drive RAID
set,

where M=number of drives in the M drive RAID )

set.

10. The method of claim 9 wherein the number of
25 stripes in the destructive zone is calculated according
to the formula:
Stripes in Destructive Zone = (N-1) * (M-1), if
data in the N drive RAID set includes parity data or

reconstruction data.

IR ) R



11. The method of claim9 wherein the nunber of stripes in the
destructive zone is cal cul ated according to the formul a:

Stripes wodshssdbestructive Zone = (N2) * (M2), 5if the RCHUSITA7RAI D set
is amrrored RAID set. 12. A nethod of dynam cally expandi ng
an N drive RAID set to an Mdrive RAID set while maintaining data
integrity, the Mdrive RAID set including one or nore new drives, the
nmet hod conprising the steps of: 10 identifying a destructive zone in

the N drive RAID S includin estr.uctd ve zone dat a;
mrroring the de%%r’ucﬁ"\?em%gﬁgddg’tfg flé“opdyiw%eﬁefln dﬂa}feo %m?k?eelé ?gcati on in
the N drister AP irettlnddestmuct ivecadthenisncaloewatedvecicoridiagM dri ve

RAI D set; 15 nam cal |y expanding the N drive RAID set to an M
-drive RAYS QeiMTﬁ%g the steps of: nigrating the
destructive zonesdatpeaChifsthe DekeMdriinve RN setN/2) * (M/2),

rel easing the destructive zone myrrored,data 20_stored in the free |ocation
of thedNidrithe Radrses BMP sekibfe® RHTFRESReRAEP $&Tupon conpl etion of

“t he destructive zone data migration to the Mdrive RAID set, and
mgrating a remainder of the N drive RAID set 25 data across the Mdrive
RAI D set, 12. A mejRefepy damanifideghy tSXRaNGERHt AR MdddFavehe N

drive RAIR g8t dUId D01 g @ki 00 RRTBNsM divhYecRALPNSEE nihg gl Nt ai ni ng
mrrored destructive zone data until the expandi ng step has conpl et ed

processi A g nitey 30t i rdei o cR2bReset inelnddngyvenrAPD geire new WO
?81é5?95drives, the method comprising the steBgTﬁg$97/17879
10 identifying a destructive zone in the N drive RAID
set including destructive zone data;
mirroring the destructive zone data by copying it
to a free location in the N drive RAID set and to a
location in a new drive in the M drive RAID set;
15 dynamically expanding the N drive RAID set to an M
drive RAID set including the steps of:
migrating the destructive zone data across
the M drive RAID set,
releasing the destructive zone mirrored data
20 stored in the free location of the N drive RAID set and
storeﬁlgn the new drive upon completion of the -
destructive zone data migration to the M drive RAID set,
and _
migrating a remainder of the N drive RAID set
25 data across the M drive RAID set,
whereby data integrity is maintained in the N
drive RAID set during migration to an M drive RAID set by
maintaining mirrored destructive zone data until the
expanding step has completed processing of the

30 destructive zone of the N drive RAID set.

* C L M S *



13. The nethod of claim 12 wherein the dynam cal | y expandi ng step
further includes the step of bl ocking read and wite operations to the

destructi ne during the destructive zone data mgra

14. The “rr@t%“ag%f claim 12 wherein the mgrating t he rrgFg 532?%3? the N
drive RAID set data step includes the steps of: selecting a
current line in the N drive RAID set for processing; 10 readi ng
the current line; and w it il the current line data to the new
drive. 15. The method of claim 14 further including the

step of bl ocking Wit eThpenathofAscofocilhémclilr wherkiime the bei ng read. 15

|11ES a ;rrge@tncatl 01;1 :‘Sjnaét){?eajrﬁ%ﬁ E/e 1%Féé?épglrgngdes Z%Ig?fag%:%, oifdenti fying

a | ast ar imlowks rat Iaadybtatrcdnv\mifm@peratrimes ito tttee Nlelst yecREVO set; 20
copying d fr . st ne int eMdrlve RAI D
set; e &?&é&erﬁ&%dﬁe@%%cﬂgh za%r%? #Ettaf \}Tél%?n%l?% $HePt ast arm

zone and to a new drive in the Mdrive RAID set. 17. The
met hod of clalml whe dat romth I st armzone is copied to a same -
rel ati p05|t|on Eﬁ? ﬁBﬁFdPFVE 12 whegpiggthsggygrating

PCT/USQ?/iE&7&ema1nder of the N drive RAID set data step includes
the steps of:
selecting a current line in the N drive RAID set
for processing;
10 reading the current line; and

writing the current line data to the new drive.

15. The method of claim 14 further including the
step of blocking write operations to the current line

being read.

15 16. The method of claim 12 further including the
steps of:
if a free location in the N drive RAID set is not
availa%}e, identifying a last arm zone at a bottom of one
drive’in the N drive RAID set;

20 . copying data from the last arm zone to a new drive 1

-

in the M drive RAID set;

copying data from the destructive zone to the last

arm zone and to a new drive in the M drive RAID set.

17. The method of claim 16 where data from the
25 last arm zone is copied to a same relative position in

the new drive.

A



- 19 - 18. The nmethod of claim 17 wherein the destructive
zone data is copied to a |ocation just above data fromthe | ast arm zone
i n the newpdsise9s 19. The nethod of claim 12 wosrusemsshe 5
destructive zone is a predeterm ned nunber of stripes, and the
predet erm ned nunber of stripes is calcul ated according to the formul a:
Stripes in Destructive Zone = N * M_ 19 - wher e. N=nunber of drives
in the Ndrive RAID 10 set, where M=nunber of drives in the M
drive RAID set 2 The.nethod, of claim 19 wherein the
nunber of stri%%s i%h?h%eﬁgg?rggthgl%ohg VQeEEP@UF ed according 15 to

the fornmubastructive zonSt dates iisn dgstedicto ve Zooet foiN§ldpt* abbve), if

data in the N drive RA'E%%ft i ncl udes parity data, or reconstruction

-dat a. data Irof thfe LASThEF bre¥lai IR 1P WRT i AT 118  nunber of 20 stri pes
in the destructive zone is cal cul ated according to the fornul a:

Stripes in the Destructive Zone = (N2) * (M2), _if the N drive RAID set
is amrrored RAI P set The method of cigimplgappedediaddontrol ler for
interfagi pgs2RuletiweReRche HesSta PrbdefAH $€8 SOAPEESbRUstripes, a
controller for transferring data between_the host and the RAID set; and

WO 98/ 15895d the predetermined number of stripes pgg/esderizged
according to the formula:

Stripes in Destructive Zone = N * M,
where N=number of drives in the N drive RAID
10 set,
where M=number of drives in the M drive RAID

set.

20. The method of claim 19 wherein the number of
stripes in the destructive zone is calculated according
15 to the formula:
Stripes in Destructive Zone = (N-1) * (M-1), if
data in the N drive RAID set includes parity data or

reconstruction data.

” &21. The method of claim 19 wherein the numbéf of
20 stripes in the destructive zone is calculated according
to the formula:
Stripes in the Destructive Zone = (N/2) * (M/2),
if the N drive RAID set is a mirrored RAID set.

22. A RAID storage controller for interfacing
25 between a host and a RAID set comprising:
a controller for transferring data between the
host and the RAID set; and

RO )



- 20 - a dynam c expansion routine for expanding the data
stored in an Ndrive RAID set into an Mdrive RAID set, t he expansion

routine i j a destructive zone identy
i denti fy%wgs%e nunber of data stripes in a destructi velgézfo,ﬁéewz)l?é?he N

drive RAID set; a last armidentifier for identifying a

| ast armlocation in one drive of the N drive RAID set sized to hold
data fromthe destructive zone; 10 - 20 - a data transport routine
for copying data fromthe last armlocation to a newdrive in the M
drive RAI D seta, dyoramdapyaxpprdsiton fraomine festexpandengohket data t he

ot or m L GEELAO 20, hoaLTEs T BUE LRt sRAEL] o0 5
drive RAlthse¢xpaheiebyrdatane inofedingy is maintained during expansion
through mirrored  destyugling A0S S a Qi ey L2k 27 hLRERL) R and the
5 the number of data stripes in a destructive zone of the N
drive RAID set:
a last arm identifier for identifying a last
arm location in one drive of the N drive RAID set sized
to hold data from the destructive zone;
10 a data transport routine for copying data
from the last arm location to a new drive in the M drive
RAID set, for copying data from the destructive zone to
the last arm location and to the new drive in the M drive
RAID set; and
15 an expansion routine for expanding data in
the N drive RAID set to an M drive RAID set, whereby data
integrity is maintained during expansion through mirrored
destructive zone data at the last arm location and the
new drive.
20
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