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target block of data is to be retrieved for a stage

operation. [040] The system preferably conprises: when
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indicate that the target block of data has not been
updat ed; and neans for updating a third indicator for
each target block of data to ingdicate that the source
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[061] FIG. 7 illustrates a background copy process in accordance with certain imple-
mentations of the invention.
[062] FIG. 8 illustrates an architecture of a computer system that may be used in
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data are tracks, while the sub-blocks of data are sectors of tracks.
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physi cal el enent of storage. q certain
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her ei r\vﬂéeglet? ??ﬂgét Fs‘t%][ag? fl 36’ g %C lﬁ?e t?gckggtte %{;&%d %(%JE\%}E slfor?ge) The

of data
i mpl enSHICACAGHAd2hand W@et beni%nast eomprige kepaggtpgmemory devices or

se Clt 0 r(ﬁfffrEﬂt?ed:tmk Gf@ﬁn&trlig & ahsry Abvitd) QElle k&iﬁ@dﬂab@é‘lﬂ #d target cache
app iC e 1o e.or,s oC ora

o ek bR feisgs fuletBGa fha SHE' ATk W’STBQEFW%‘Q&W%OS‘S

al t houdifabnshisesrenstatage h2D, oﬂd tatpet $tmag¢113(b Furtlefr galthbggh caches 124 and
bl ocksyafard@tdred ?(L isedbﬁﬁt‘: &nd ﬁfgegé%ﬂé ﬁ’eréﬁ}ng%, ft)ll"l‘ﬁ)lfm% gjece or

i nventi on E t.o sub-bl o¢ks

The st'®w®s &g@ ‘gﬂ%HP W wearm@fc}n*tw& ‘i981é§31%t10§8&P dhe ¢aghesd 24 and 134 may
I N whistdre apiiatamse time touaelkand target bleksofldaeein diftsrarg @oihZth-copy rela-
are matdﬁ%lﬁb ed until witten to source storage 120

qu ‘tracks are dest aﬁed tQ Lginl cal storage)
Bl st orAdkitienglly.rts stevage crmiroHer| 100 énsluges a popstolatidecaries 118. The

134 i monkhblatie uwhatles nfasa bk [facdsamiple, b Bater@agield uptvelafiEmemory, to
130 ar e malntaln tt.en to target s or age

130 (jDyntamano nf'&gté]ﬁg%yr%f&g&‘s‘{ PAEEY to physi ca
HY/dt ag e)The‘Smagesvomr@br ¢ 8¢ feethérdaclades sysierg atenmasc hi), $Bith may be im-

may C %ﬁérﬁ&l iA Qf@ﬁﬁ@taﬁdﬂ?ﬂ&f Yol sty | H@\ﬁ&as Ofhe s?!"étélfnglgegﬁgry 110 includes a

secti OnS of i@r? ng devi cge. he sou
and t dFYLRIOEE he? 101 Hadiag Ungeourie prosiory Ut psdtaigpe, and an in-
w it e dahentdleirngl ctdp&@ﬁd’ﬁeist d6. et ragkprotdde 1 Ihadesutes in system memory

140a, r tOf .

130. EllO t reaﬁ 9 %ﬁr&@egg%é ér?c&hﬁﬂg ﬁ%&eg %4 aandgl 32,gr%spect1vely. The
refer r\e@temca@ 1§6 @mcéteanuswtamgem@radﬁ@@ writeslotacrgny egopes 124 and
for thoﬂ3dlt¢t51 Stofa8el 19 a0l |13(? &é@@dtw@iyo?ﬂrf]&m&fenﬁ%ﬁwftﬁ‘al %op process 116
p0|n-|n i me rel a e_cache

Do BT b8 05 e 15085 4 B orion
bl ockdrapfetbalata from shuirdecstaage 20itmtargen stooigy 18@ lmeertain implementations
ti onshys Ql?e 1n{lé2|?19i el hﬁ? ap ﬂlullt l%ﬁlgl%m%}lﬁf ﬂﬂﬁal ﬁ/%@g&tsﬁséln certain

100 i ncl nonvol a
cache Dk Hr?asatl%s o Fl%?rm?é%@é‘ﬁiblﬂée ingrepgpiabyifti CRBYPIgRPss may be
vol at idxecut@ia hyothdr@torapeicohtéoller eonnedtvdioatorhge @aPdlled 100 instead of, or

dat a YR ‘2&‘&8&1 to, execution at the storage controller 100. The system memory 110 may be
in a separate memory devices from caches 124 and 134 or may share a memory device
with one or both caches 124 and 134.




[071] The storage controller 100 further includes
system nenory 110, which may be im plenented in

wQ odoatti4186 and/ or non-vol atil e devi ces. The SySPEIEP2004/051044
menory 110 includes a read process 112 for reading
data, a wite process 114 for witing data, and an in-
cremental virtual copy process }16. The read process
112 executes in systemnenory 110 to read data from
storages 120 and 130 to caches 124 and 134,

[ERpect i glldtmentdtRns ¥F the BrvBitRAAESaphlidabRX@GhY @sfel of data between any
i%it te L?Wérr);esgcgg%eetégig ¢ é? g/%éhtfe%ga%c% g%rﬁ]gagffrﬂc% glm;ges Fﬁ?%f%d %] I(qjerein as source
i ncr enstoragd anditargetstorggeponmxamplescettaih implegwutatiens of the invention may
Syst empJRERK¥h Hﬁ s%&g?ﬁfe&ﬁfr@l@é&t h@g 4 ??%l@ Rkag¥ icBﬁtHﬁ‘ller, as illustrated

copy operation that ransf ers_dat m_soudr ce

st or ag® Mool A -Mprpyrascerpigpligiaativeamplemepiations of the invention may be

i n‘lpl enmsad &tith @6 stofge hiﬁeﬂiuhfs\liﬁﬁateid@ﬂdifﬂei‘bﬁf Sorapy/ cdnrollers, different
mul ti pl.e i nce t Vd [ C rqgesses.. l.n .
certai é]h%llcér]lpsftgsgﬁt %ts?’o ﬁrséag‘?oﬁ rﬁgeP%]ﬁ gea ﬂ% % nofaf%f %lén source Storag.e will be
i ncr ersferg to/asa saurce blpgk pfrdatre’sandredjodieo! dats dw targstistarage will be

anot hefefesl-Ak34e ¢aPsHMkOF dggnnect ed to storage
roller 1Q0.i ead.of, or .in addition.tq, . .
ALLLT o cstaim b e Rag s usRovas whregrensier ol oy ineddition to target
menor ystdrige 189y mag be usedao srperinatepiessofallyr d entisetasf ther sonrce storage
caches : : B ' i
1285 AR infpifm o BN PSS o (EERE S BB iR refohible storage

one or hoth cac .
PCT/ EP2theutbes toyhe target storgge) The gpypevrBlersiarpgsiaaygesitige the storage

i nventdoatoldra0appl i cable to the transfer of data
FELen, A0 352980 157 B o D LBt ot shown
st or agndanay compges anytstregsecontroller ox seaysi énoweintth art, such as an

i mpl enﬁn&@ﬁsmgra?é SEM&7I(RIDNEINNT SidNge CshrieR8d et T HodR 140a,b...1
st or agﬂgzlfjl medi uns

ocated at, a singl e Storage .
cont r GPFBFOMBIES ARY RERLLPE deviea knepain i ariygieh gy aperver, mainframe,
cer t ai workbtaigtiom persenal nphprembatliehisoofputeh dagtopvelephary device,

may be, : : , | ,
i 1 or oy oR dpblchl, BHOTAC RARCcdR o 00 o0F I -
sit es, CoBRUNIGeie; YA apgiwoga L0, which &paycampese aStFage KirgsFNetwork (SAN),
dat a igLealAfa NdworkJEAN), WideeAred Mbwiotle(WAN),aBe Biternet, an Intranet,
, 2our e RSy i 0% REE 3 9 QB8] ey o
dat a. "stgragea]evions, seehragiDirechiyeasretiones Bagicos BddRab Just a Bunch of
st or agBiskd (TBOBH R @it ARaReflinkéRAdd® Didks GRAID)S{ifhABBtion device,
130) may be used to nmintain copies of all or a subset
of the&ource stor age 120, and the inplenentations of
{0¥e] i nvehddigonally calthbwgh IGt dA tildustrimes a einple atokape souwirdlgs one skilled in
rat her .

thé B ok 1&1521 tféztﬁ mﬁﬁt epl«i %tg{agg gontréggﬁrts r'i'@ﬁ?o %I é?gllir%&ed via a network

st or age nm I esi ]
[074] (¢t8e adostl-izen Newmorb QiAN), Te ess Naiwotk VAN fisdatemet, otc),
pr oc es#drone 6ipb@of (HearhulEple Wbrage @6ftrdRYs BHMpdpléifen@thy invention.

age tro 0 erver kno in.t.he art, suc

R8T R oS30 04 LR SV i R 140
Cont r oWiiles dateta blotkeofistsags in spucerachd 124p¥rite opguatiosemodify the
2T SR S 73l S g 40w
and HACHOED iaraleie it Bt tiot BRI UBOrES SOUHB LR k24 content i
appl i awctggn tesaurcelhieragd tHiladewidte operatidremayl Giiflaentdtan wsite new data, or
syste 4 ek ai CROEFUN| ' .

. S %e?lgtg agalg.t Wiﬁﬁ}ig H%?Eergsoﬁéct% Vc\:gc;lﬂ{%qzéﬁ({\gﬁu;c%%torage 120 is

whi ch may co ~Storag ] ,
called a destage operation. Copying all or a portion of a block of data from source

storage 120 to source cache 124 is a staging operation. Likewise, data may be staged



a Local Area Network (LAN), Wde Area Network (WAN),

the Internet, an Intranet, etc. The source storage
wa2@4and3¢ ar get storage 130 nmay each conpri se BOT/BPI08Y051044

of storage devices, such as Direct Access Storage

Devi ces (DASDs), Just a Bunch of D sks (JBOD),

Redundant Array of | ndependent ?sks (RAI D),

virtualization device, etc. d 5] Additionally,

although FIG 1A illustrates a si ngl e storage

cont r olndQlestagAefiech taﬁgat !stBragE |T90 ﬁ{(f taﬁé@%a@h&‘M%%ber, data may be

mul tiple %rorae cont roé\& onnected via a
net wor§?ge ? uLee Storage 1 @éa‘iﬁ@ %LAN) W de Area
[eF7hor k FIGARIiIfustries Yantoes mtcturcsstZt)D)ZIO and220re aordanceewith certain

f th t
?nvenﬁngaﬁrﬁéfgiyg SARAFABRE R LEER B 11@’%@5@95&5& copy
bl ock BRcyet 20 Khesigtaeteory sencge 200 may ﬁe §%ed1q detesgpipg whether to

dat a t@uﬁvb Hﬁ@ kroﬂlfsoﬁﬂ'c@ ﬁta@ge 120 SQbfpeEstGrag 01 éacth P4 6r 134, re-
sou

oper at |

chcho. ERASlrhr 1on b Gepe ppo fich. S0 iy 58 Sy sactore 200
for theay b@@eétq determinecdrigh Woeks of datd irt $varee storagg 120 are to be copied
backg rt@‘fﬁgetﬂf&é‘g%sﬁo 'p&%r%@c o ﬁﬁlcgugél%lpf%lﬁ@és anndicator (e.g., a bit)

Updat oBeaeh Diagkiof it i P e vl BVidhan Sifirdy et t o frst
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stor ags%m]c% gto'rarcge 19@%&%@5@1@%@5@9@1 @ﬁ?l@ﬁtésotﬂat t@lﬂ&ﬂ% datais to be

all or porti rom sour
stor ag@pﬂ‘l@o toecS parage | Eknen ipgremegtah visualoRy operation. When an

oper al ingiRatokisKeb § GscoftandTRys. rerch RO RO EOAA thi4iock of data
n en tar
o or ags ot yh e I AT BEL AT SREAEh gppdicates tha

be stthgblick phdatzismotte bs copiedyorn20urcestprage 20 toduhes storage 130 for
134. [Qﬁg&reﬁg&?ﬂ Vrthdl b ({p@;aggnvarl ous structures 200,

220 | accordance with
f@z%: ot 30T BES B ST A0 KORvboaReier wafits to blocks of
118 i ndatarsigkin pott@ngefdacapyhe stirce storage 120 hr whih dndn@emental virtual

copy Sédgy Qélﬁﬁo%]glﬁg BadBi¥n DEADESRA, e %‘S‘B Hhrﬂ;% r%?&lﬂﬂmfc&re 210

retrle n1source_stora%
st or agecledes andndigaierde.g.2a big) foy gagh black of é@étﬂl tb@ﬁ%ﬂr@i strage 120 that is

for a p‘drt&ﬁlﬂﬁ‘eginﬁﬁméﬁbll aital cdﬁdblatl@ﬁmigi Wheh Bf ildadag@ s set to a first

t 0 b
coms L 5B Pl BBl VP g e
tot arlgmn@@mm@ @iru@DeopY leperatiory ¥Yhep@p yndicatards set to 2@oond value
| ncl udgs. 3Broh, MY St n‘grmc(\@at& that @het‘ﬁl&)k offdfa 8@kt bBbPsHaRl since the

data in, .for eaing1 a volupe. When an indicator i s
set t oas}ipqremaental\y %ECO(PéS °§eratl<ahe) the setting
{0781 cat eA tarpetichirdpe rdvbolidg sofucitdedt 220iis uded tmoniddriupdatetto blocks of data

fromt; r [

or in tﬁ%é s&&agét ﬁfoa‘%ﬁ% a’!rﬁxgm%ﬁl t?l v?iftf'i'ﬁ glgy Blﬁf)ﬁsllﬁ&gls been es-
to t arf@bltshgd dihg épseet glange recarfﬁlmgrﬁémét#@ﬂ%lm}mde@ alamdccaw (e.g., a bit)
0 p e r at fopBach BIRR offata intHE f:died Etotage $80 thhOis @aﬁ 6£1B8 thorsMentil virtual

t h [t di
cai o $oBF PG, e ol R %S a Pkt B8 4 serime
for a indisgeniagheblack ofdatrhas hetinomdatsd sinet the ldseintemeital virtual copy
of dat @efafiofl! C'Whérparhﬁdlgﬁ&l i€ getft(5 R géc%Q&J{lzﬁﬁ‘e ét rz@ﬂ)? ALt indicates

target st or ge 130 n emsnta VI
oper at et Pasegr G, LRRER Ay mgfqnt?efaﬁwgual copy

210 i sopesagidnt 0 nonitor updates to bl ocks of dat a

g0l N PRIEHAR fm B Athont Be (0 SRS Bach'sRUARR 256 210%%nd 220
I'th an increnental virtua
comprises a bitmap, and each indicator comprises a bit. In each structure 200, 210, and

220, the nth indicator corresponds to the nth block of data (e.g., the first indicator in




copy relationship has been established. The source
change recording structure 210 includes an indicator
W@ eoog/114136 bit) for each block of data in the sSPUF/ER2004/051044
storage 120 that is part of the increnmental virtua
copy relationship. When an indicator is set to a first
value (e.g., one), the settingndicates that the
bl ock of data has been updated since the | ast
incremental virtual copy operation. Wen an indicator

I S seteabRstPuchRS 20T 2Y@ aHE 224 &r&sponﬂ@f&he {iisg 8at$ Blotk C?nﬁlthough the
0 een u

di cat th f dat
L0 < hub 3bo Rl 9 HulPied Bt Shath e s, me
[ 079] shutiareyetay bl amybined toangifogn wtthamt tepagtiXPom theussqm of the
to ”0%17%18}1' Rﬁ@er a&?ql&h&ﬁé‘tﬁmgg t‘ﬂgmenﬁc{ﬁ EhQFe ib QE&% of each structure

st or age ncr enent virtua
r el at i [9h&ash polES- Inceraip gltemafie; 1@9@8333¢H%ﬂ5t0£ .tly»‘elm@ﬁawbere isa
recor obusgeed WE EathstrdetOrel focdIebdgmén | ndi cator (e.g., a

BLSQ i s pg'e ?Cl ufsg'%tﬁs f(()gOf d mﬁa{ltlg? 11{/{?16‘ i rngeeglal ﬁ%ﬁ&%y ]p:rgo(():ess 116 for
r el at i updstirigstruvtess imaccorddhasawity ceartsmsmlemn‘atlonsrqftthe invention.
val ue écﬁltlg)l begPRR) blobb S0P Rith irﬁ't%l eétﬁlﬂisﬁﬁ&xﬁ%f bl Blcrenl¥Btal virtual copy

hor eeRtgRN g | boareaspy Vi casy BouaRS Jamed e ienpne or more

i S setpdriboma of éate (ede. ysmhitoe vOBNGS), mzlmrso)n;ce stoeage 420 hmbcorresponding

i ndi c aéoﬁtzo sto? a:sta &é? %Q%I%ess & t‘?lF Eﬁ’%et gtg}agg ??@wﬂgﬂjﬁ fittemental

si nce per ati o
[ 080] YiRual éPRYaqmrﬂitlﬁﬁ isgnesieraed kefgecgfthe weﬁwéwgupeﬁwns of data. The

each sfirktigérehent20@rual t6hy GPefhtidn enay copEn rfdrs‘eganplekbﬂe@more source
and eac i cat or

200, *2idprbdty 65 or LB, Syt BB R i fay e in
the ntdrerbénga kopits, dmlémgee—gopymgr?@yfpmt@ns pirdixsa volumies thaghave not

2004/L;A%%§£?g§ﬁgm% g&ﬂco 0]‘5%,%‘:1’emstructure 200,

an onds t f| rst da bl

ﬁfggh ou ﬂl”t k%’i{”r E%’?‘ﬁ‘ie&?“ g‘()‘“‘l £8Py %‘H&eséig‘s Hﬁﬁ iskiggtors in the
il ustm@embpySMMe éO&madlaate ttmt allcftthe Bleckstdidata corresponding to the
stru Ctlﬁﬁl‘é&?ﬁ‘%}’e B%e CHL S, {d %ﬁ%t& eTod aghqxlln%operanon and to

departing fromthe scope o ention
i npl endicae thehal Blpcksipd datﬁ@eerffp ibg §opiedhiEpra spwcRstergay tOdﬁrget storage for
each sdniti@briéallvrtuad 868y operatio® or 4 phySralddbf opératﬁfnnﬁt devt@in imple-

|nplenent tions.of the ipven sin

copy ofent COHS of tlh venton, the 111({.1?580% ntﬁ%garge[t B%W] strlgfttv_:‘% %)0 are set to
illustegtes logic i n’pl enmented in the increnental

yogs§ ual IﬁWkBQ@Qﬁ@ﬁncr%ﬂr@nﬂ‘aPﬁrtuM%ﬁ;‘ prdBesg fi 16! défe@%e' ifidicators in the

accor dance th certal n | I 0 of t

" v ent OB Chag T dingsiRurw ea%el%e b@e& aksBat e 19uTcs blocks of data cor-
est abl regjonding twthe andidatoes kave mbebeen updatral siwe thye last incremental virtual
rel at ! %ﬁz Ekaatlio-sﬁh deﬁﬁ@%ﬁh@h’caﬁb&td‘f "ﬁjxe 1ﬁ9&91¥10n, F.;:l]l of the 1ndlcators in the

rel ati orne tween one or
of dat$Quice change sesording siyrYreek) argsef F?eZBEQa Err blecls%%)r ﬁxgéncremental
120 andrt6 Eﬁ}@sﬁewﬂé Db ugdetet theAsdi@dtorsl i the (a@g@ chan@&f@&ﬁdmg structure

01 B DA bS53 SRR BFfTIRBS b
cor r esppomupdatedsince therlest ifcrateantal viFtual copy pp&tramcmc brecestainaimple-

Vi 't UaherfiiRMs OPEE BveRbnTRY o8P Yndidafhs RRRY Lt cHARS: @Fording
nore source éOl unes to Correspondl ng target vol unes.

Subs edifEfEr jAEsSet 9 AREer , may nake in- cremental
f08p] es, HGo# dilusgatesalogmpmplegaemuegt ifpthe riceemsencdl vistudl @@y process 116 for
vol u ﬁrﬁoﬁﬁh Iaﬁ‘ﬁn%re%'htal QHQQ&%Sy %bé}g&on iR Gedoffhcd Bih 8%tain imple-

virt copy P
mentations of the 1nvent1on Control begins at block 400 with the incremental virtual

copy process 116 receiving an incremental virtual copy operation. An incremental



[082] In block 310, the increnental virtual copy
process 116 updates indicators in the target copy
w@reat4se 200 to indicate that all of the bl oPKEEPI004/051044

data corresponding to the indicators are to be

retrieved fromsource storage for a staging operation

and to indicate that all bloc of data are to be
copied fromsource storage to target storage for an
increnental virtual copy operation or a physical copy

oper atyifial cb &R¥EtiBh thaly 'R hs@uadﬂﬁrﬂoﬁt 140nA1tRJugh A6t shown in the flow of
e 1 ndi.cat rget cop

I nvent rs in ta

St uotiIF e B0 RIS tegnergnenia s iny dBFGeRn.$98 or more blocks of
the i niateemmynhave beerr updated tothy sqmrm}nmage]m anfdathe sarpdtetorage 130,

i ndi CaJYOfOZFan@Q%“S‘?%%S& 18¢ange recording structure

210 to- i n e source bl ocks of data cor-

[83bondilaglack 4l A<bhs arcrgrish ripal gapsrocase & HO wplaies ngicators in the

since thfgt do?§ [N amewtﬂa ﬁnch/dafdrsliﬁi' the ﬁﬁme 200 earrgét bpdhge feédording
cert ai n |

the lnve
i PR ATD A0 i eBeig R H o s avepion gk crouee change
210 arrecq éltlg soucteged10 1Snn3§£€ld0’kltl@®@ target ghangg resneskixtgsstructure 220 using

Vi 1t ugly "eMYopRfaA62 %8d tht e AREHRSORN %Eérﬁgéﬁﬁlt"ekﬂ" kd¥ht Bfeet copy
target chan recording structure O to Indicate
that tSHECHL bl ocks of data corresponding to the

[08d] cat dndldviv0,ufitr thb exget upmedimdiusd 200ehat beenlupdited, the incremental
I ncr e"(ﬁﬁﬁaﬁ"cggw ;'tE hb@l 16} at@?ﬁlﬁ& '{opsni]p tﬂ%oﬁ&%%ﬂé@? 'réEBldlﬁi structure

ment at | ons

t he t lgde H@W&Wgtbatrﬂww h@ck%qfrdatath%nqté@era\uéla?étsm%the last in-
zero. dré&8ditalvirdaal éopy|dp5ﬁhdirﬂl[1€§eriaﬁﬁkﬂpldrﬂm&ﬁﬁﬁﬂﬁfﬂﬂe infention, all of the

per fon RGO 1epwe Aaf B FuEr Fidyy *Jparaet g cimyin block 430,
accor dhmineremental vignelaiopy prepése 116reprates itherindioftons e the target change

i nve ntrb&ﬂdmg@ﬁ‘ﬁcfuﬁla 2@@%‘ iRdicAd mit @6 Iﬁiré[é% B10Md & dalihave not been updated
| nor ot e WAt RaTaT e S e RPN OPORLOTARY P BT cligns of the
2004/ lifivdenB6n, OO HeA0dddt0rs 10w tardet chiangt vatbrdimppstructure 220 are set to
b T 12 Pow of FI & 4 prior to recernt of the

(48} e rre IS 5 Wliystratss log@gsapb@@vts@ inyritegrecesy 1ddprerrpeestnrg of a write
of rafBy ih&¢erdee Rvithdaiie @knplemteﬁtan@@ Wf 6 iffedfiéf €ontrol begins

20 S L o OB ot
vi rt udilodoy, the suidsprodess | Lpditarmines mdiethat tbe block of dnga is in an in-
t ar getor&ARalSAuaf EdpySeld@hsMib I 1P sb, PrbeaiRY Gnlifuek IEl?block 530

220, I %gfrstﬁgéfﬁgq%ﬂ%] N gfégk of- Jmf%b?’lﬁ@ﬁh %%wﬂe Pweess 114
S ?1 ur ;:eieﬁdmnge whethethelblock sftdatacit ur targ2f Qonage 136 ffesd, pmmtebsmg
t o?z aJogﬁﬁl%eQ RARga Sszfc ﬁ&m ﬁr‘oEééglhg Kﬁ&lt&%% I 5

(085} R cfn DicskHE, haingisstog fspfhe blgckusé datadn @@@arge%ﬁ‘@ig? rasording

bl ock sh@brefInas uﬁd&&d&@ﬁl@&hte&l%ﬁﬁe&hﬂg@?ﬂbﬂkﬁ)fﬂ@@ ha@&hanged since the
rtua

been ate v
176 uBp et hon daf By Shoraions Bl mg e R G g nventon, e
st r uctindieatoRin@he tergetehiange recarding strinturs 820 Sesetsb ook dn bIock 550, the

dat a ha¥ieatBOfor ﬁl%%ibcﬂ B@I aleth Bé Wcééﬁﬁnée‘}é&or&lﬂg structure 210 is updated
crenental _vir lon. In certal

i npl e e mdigatey gtt 8 socuﬁ(@ q(fqﬁ:ggﬁfl@ta Has %apgqg,rsqcp] e last incremental virtual
i ndi catopy spératidnhin @eindmplehmemgtorsat diedhngtisd, thcindicgtor in the source

210 arc%ar?g%treéo?diﬁg bPactdrd 2% 8 ‘Eéi & glqe. In block 560, the write operation is
performed by the write process 114.

[089] FIG. 6 illustrates logic implemented in the read process 112 for processing of a read



the increnental virtual copy process 116 updates the
indicators in the target change recording structure
wWQ2@4t10t1860di cate that the target bl ocks of datBCTERE04/051044

not been updated since the last increnental virtual

copy operation. In certain inplenentations of the
invention, all of the indicatorgs in the target change
recording structure 220 are set 'to zero. [087] FIG 5
illustrates logic inplenmented in wite process 114 for

proce %ﬁiefhﬁoﬁ’ fn &c¥fihiic wiR8Ft&h i PleinBntRfGR LH AR &R eWidl) Control begins

certain ations. of the Tnve
! ai DlR it SxcalBhiot aromseat gAi Biphuis d@ianip pock 620, the read
r ecei virogesail Padpteesines whevhertthe blotl ofodatadt a thagen in dmincremental virtual

Phock ARy relb M & BIRGRAD bdhudelotdli?h, SRERIE! O:Eng

rel at i GAERISS to blocksep. Brtded<B0nige ssd prosawsleternisppwhether an indicator

g|30 y ﬁf fh@ Tbmcﬁ of dzﬂé RGess kﬁ&aﬁ‘g@ﬂ'ﬂdp? Bi@Ectir® tdihicke B0 dath B to be read
ocC

th
the. b1 B0R g utaed BTl 37 drerete ey s 13655 P pHGrwise
pr ocesgpeegsing omtinrsds block Bk 540, ot her wi se,

opfessi Iﬂg)l&ﬁrﬁhb riH@l%a& o@és@q IfZ %@93 @. EO%%BSj e Bio@ﬁ Bf P from source

he |nd|cat
e modra : ods B % Fesd ingeioe T2 il - 18540 e blek of data
t hat tfixen tagegstordgt 08K Inblodab60, iescah@ngsdl B pecforhdi@normal read of

Iast | S HLRMERE Bhy Vi rtual copy operation. In certain
| enentati ons of the inventi on, the indicator in

EQ?é] t ar JA0- ¢ Wisaatey baskeonpd eqpy EQCassan aongrdagcaswith eqstain imple-
one. |fedhtmk obBe inveMen. Cotidl BEghs &t Block 780 bzhtﬁ@lﬁe@ﬁmnauon that it is

datalnt e sou 0 truct

pdat dit (sophpES 6 Bein bRgR 2, M S ned hefiy e faeator in he
changedrgsi ¢opg stripgurp a@@ far therbdenkrof dhtayndicatesithat gedjock of data has not
oper ate@fl copicl. &bt &shﬁ@ l:(ﬁft[ﬁﬂésacﬁ ibRRE 790, oﬁﬁﬁwme processing continues

i nvent | or in ource cha
recor &P??go"k%?@&‘g 4§ e difnes b PEeERsRd g there are no
t he wrother bigaks aﬂdaorto ibs prqnmédg Itll!mli)gh;yteltrﬂnﬂatw Ite process

fobﬁ%l [ 081%]131&:5(9%%6@& bIbUSS LSS réa894 &cbﬂ%cg%tﬁg 1dgft §#§G. 6. In

process rocessin

2004/ 1eck3B0pbT blopk ﬂeﬂﬂgegi%tawéﬁtaltag%h’:‘q #p block 750, an

accor dagiegonintthe et @ph sirigiie rmms d&Bdeo@f;hetHkﬁ:k of data to indicate
i nvent wWith rec

ARG ﬁo&oﬁsﬁ*ﬂ%k’%ﬁn&w&f b G5t bl loRE SR invention, the
the rdadicatprindkstergtti@py etrentyriz 38B iswhigbieno. t he bl ock of

fRBp s 'ﬁnfsaihgglttalﬁ ﬂnﬁ&néﬂ?ﬁfo%%%@knv\éhﬁ&nuﬁk incréidhtal virtual copy
relations I 0GessSl Ng, ntln es to

630, o‘tPﬁE‘F é*eaCI“ﬁY JeTHigring ) bR snEenBd Receﬁgﬂg (hanges to
bl ock t&2Rs for helumesnphrficipaingsn aeinetand viesal vhtiation Mfter an initial

| ndi cgfhy viifal %c%? ?%}Qﬁé}} g&ﬂ%@%ﬁ ggfeab%gﬁ é(ﬂ‘re%irb% e&tﬁécfgaestource ora

copy structure
f r om saigecelyperande copied fim thysoupeqobisns ta ghedanget walizae, without

to bl aglyidthe sﬂh&%\mcseolm@r ocessing continues to

g f%*ﬂ%ﬁ%&%ﬁ P SR er g 393 e ek SR Efemarks or

st or agmiG law mapksod RntG@BuothummdMaplmDMmmznmeadm United

(i. -St%@&%oﬁﬁ?c&ﬂnﬁ% of data fromtarget storage
epgo I'n bl C 1 0, the read rocess 112 perforns a

Phal r snigiion Dells o [091] FIG 7
[aokust r aI‘}e:Sdeecribad: teglirﬁqmad f@ﬁmterﬂérﬂﬂeﬁmlall topyany ddfipiemented as a

Wi th Crgétfl&i, gpﬁaﬂ%hs or article of manufacture using standard programming and/or en-
gineering techniques to produce software, firmware, hardware, or any combination

thereof. The term "article of manufacture” as used herein refers to code or logic im-



mentations of the invention. Control begins at bl ock
700 with a determnation that it is tinme to copy a
whbk@sk14aBe data. In block 710, it is determ nedP@iTEP1ve4/051044

the indicator in the target copy structure 200 for

the bl ock of data indicates that the bl ock of data has
not been copied. |If so, procesging continues to block
730, otherw se processing continues to block 720. In

bl ock 720, a next bl ock of data may be processed or,

i f t heplemaiited ﬂlChardllfrefl\@Iogi?:I (@ %i:‘m RhegdRbPcitditlRsi le Gate

of - dat AARE NG BR Gon St e herird ety stOIg s computer
6. | n repdablekm@ion, tukk apinagretioftorkae meiisndet, dgeltlitkadrives, floppy
tar get gigitd rtéiﬂ%té—?%gh&ﬂ stm'efgg %Cﬂﬁ%Msagpt}CMHﬁaétg? \Jol}uie%d

target coO {TUC 1S U 8
L e 500 b FHBRO R BaSs, REOM B AVl DRAMS,

copi edSRAMscRimivedre, progrheneblt dgic es.)0Codel1e thel’béﬁghteﬁfbadable medium

the i I r cO SLrfictu
to zer %Q&[ceg%g arﬁxecﬂt%d B? g cgsis?]lp ¥ne ?o ﬁé’ﬁ b Clh Drete etrrﬁ)é)dlments are
i nvent iﬂénl\emftn#él mmﬁleth@rmeatpcesﬁublp lliabu ghaplyansmission wiedia dr $rom a file

achi eV@@‘Vd@Mvémmeiv%rk M4 s¥¥H da&s, thé aficle of %ﬁﬁﬁéﬂlrﬁﬁ hich the code is
to tracks f.or voI parti t|n

recordi
5 o PRt doperish et amRe i et o et Frgfiission line,
i nst anwudﬂssmmmlsm{mquhe;sagnabrpxogagamgshmhgh spaes; eadie@aves, infrared

updat e t 8 o C
Cgpl edg%T%gb Ei! 'ﬂﬁfs,o tﬁ;& %Ht\!/l%gi; ﬁénu?%ctﬁ &t‘;}é?ge}%m &£A04i0E in which the

wi t hougode &fﬁ@hqq& t fdditionally <he catidle OKI’@ﬁIi‘Hf%Ctuer%}' GOmPHSe a

Ent er peansnaGon bAgedwee ued sofﬁa@é&&ﬁ{@ﬁent@ﬁﬁvﬁﬂ@&e@b& is embodied,
regi st r

| nter n‘[g[? ?eg%egf g,%eesr{? %ugéds Hﬁﬁ%lﬁsen%seéokﬁwgrlgttheow Vil pgpgnize that many
Uni t edmodifigations may bemade tedhis @mﬁauratles witho@slepating from the scope of
ddi ti oma brelsé'ﬂ@ irﬁ@ﬁiﬁrﬁﬁﬁcptﬁat% i 0[E Paflfacthe n@a%f%fdpg%ny in-
technLr@ %t L ncrec[}e Elfg Vi rﬁl copy may be

i mpl en@HEEE™ §arglgrﬂﬁ WBFRORpPraths or " article of

9Tl act Tiredogis iohGIGst &ﬁdhscnhbps pgcifinnpergticue dtanrigmin a particular order.
gi neerinNgteheE e {aﬂoﬁ’g fscﬂé foﬁﬁro‘,?ﬁratlbﬁs%t% performed in a

har dvvaqr“g or any c bl nat T on .t hereo
ot 1 CHETSR QRdSTIPaRIed B remevis MProsRIpRs PRECAIuns Fas s addiddo the above
or | ogde@crlhmwm?ﬁﬂ%lﬂkéﬂﬁﬁn RCGhé BERRABAY igfplddehitatibfs. Further, operations

pl ene n{g@&hﬂeﬁ hg%{ dﬁl}@yr gcch&%g&eéa?l e)gor’&pﬁgmlont § Sr)nastrr?ac}ll be processed in

Ci rcui ogramra
Appl i ceerdlish osmeé@tfqn@ dmanglraatpedormedbmatsu(gb@r@}ess wiy by performed by
or a C@ﬁﬁbﬁt&{pw&@@&am e nedi um such as nmagnetic

qugig ?,e ﬂ%ﬁhusuél eg 1§g1¢ B};@Gdaf ]7 g1y (r%'[lél\ép E@B{!{%P%gﬁﬁeegqrdware pro-

di sks, granmadle andhat-plograamaehblermateatagiodieonimnomy coabingen of
(0. 0. rERRROby BN oINS DRAVE, - SRANE,
I e | g%

qu T g)a étc.). Code in the
ﬁﬁ“’a t erTGo8 AR RERTgHecEs %f@éfég’@é@f isterehalnaseke uspd in
a pr ocesadince Btk cends uhplembm@tibn@ oefhe ﬁﬁ\%ﬂtl@ﬂb@ﬂb[ﬁ?d’ﬁoﬁtroller 100

are arm}o? Hgﬁtlﬁ?mg?%nlglgmen com u T arglgge?@gql, 2?06)\/ E’{)e (éognpu?er architecture

transm ssi on nedl a roma
net worde0 may @m@meeh@ergcessm@am £.cd miqgéproeessoin e menwry 804 (e.g., a

whi ch Hh@ll@ﬁglﬁoﬂyﬁlevicgphﬁ%ﬁt 1'@55@! CQRBh VSRR storage area, such as
transm ssi on éﬁg{%{l g % etvvoréptransm Ssi on

[ ne, migmpll diskdves e o P 53P° QFigfrgf)- An Operating system 805
pr opaguedy exgeuttdinouerhory 384 elhersadage 8iAweg coimpfisednadternal storage device

or an attached or network accessible storage. Computer programs 806 in storage 810

may be loaded into the memory 804 and executed by the processor 802 in a manner
known in the art. The architecture further includes a network card 808 to enable com-



signals, etc. Thus, the "article of manufacture" may
conprise the nediumin which the code is enbodied.
wo\dautiiasal |y, the "article of manufacture” nmapCT/EP2004/051044
conprise a conbination of hardware and software
conmponents in which the code is enbodi ed, processed,
and executed. O course, those skilled in the art wll
recogni ze that many nodifications nay be nade to this
configuration wi thout departing fromthe scope of the

prese nlhum%ﬁtm&rh ne@sﬁﬂ‘kt Qﬁfnphnfevﬁ:@'{?ﬂ@ Issus@d toROHAASEEBut to the

may comprise r|n medi um known
The ooyt 575 em g R0idG KB oadid, ooy BE Bbgmcrophons, touch
speci fseositpedigtlayowsenarany other acnvalopar iripatinechanisekimown in the art.

In altgy B@tbﬁtvcﬁv cg'@!l@g%géa%ié cfg Qéﬂdeﬁﬁ%ﬁ?ﬂ afidn ﬁgﬁlalkt%g'fﬁ)m the

oper ati ons e erent_or

nodi f | FECESFOr ﬁé%ﬂ T QARROBEE  SuChy ped @ﬁn’l@hglom WHtgyerage, etc. The

80 t hecoplpue arcligstire BETof tﬁ@d:(ﬁnpﬁi?& s§dtérhd mﬁpﬂlﬁmﬂﬂfé«@r téiBponents
escri

doscr i B IR ERl G ool A iHusPRE Bire gy combination of
oper atthe pempaapnts dlysirgedamizdditionalgamabhents, or

piReY at i ong c@ﬁﬁ:ﬁfek %Hlte%ﬁlré)@(f(f BEyEAnRe SnyPlddtu ﬁ H%@eslﬁlown in the
may be perforied di stri but’e rocesses

i |1 ustd Lt 3 Gé‘i‘aén O PREECST, DRISpI: mBBteF’r‘r‘ﬁFrégﬁ‘ e‘%PtPPr andheld

sof t waroaputeartelegtiony dpvice, ngwarknaipliencadrtualization device, storage

non- pr .

1o P SRSRTL USA8F 8 o APty et oy
" logic.Upd99] FIG 8 |IIustrates an architecture of a

flonput e rT}&Mﬁte@Bilng kedcription d¥empBe@ntafionsE BRI AANGEEn MistbBen presented
certai e I nventl on.

Cont r o P PRRSRAPRIR spd dG6HAGT e e bigiogpastive or o
ar chi tlgueit theenmtlon tpHke proeprufioem disclobad: Meny modifgationsayd variations

i mpl engy Bos%bﬁhﬁ %@ﬁtsdlrth%vé ﬁa(gnng # i9nfnQR AGERS %be ofthe invention
menor y. q Vi ce

stora gB\V t}ns‘adef?blﬁgaﬁlc tiqngg‘éttr @g ﬂé% ?%%‘mSST‘BEWded hereto.
as nﬂﬂweibome gesiKicationyveamplep tindddta phogide drcomp]me dasdripfien of the

drive,n (‘}I.],F%é{h RRCE Akl gl%gésﬁﬂn &P RventBY, Sqfﬁ:%%g #Blementatlons

nenory e storage conprise an Inter

st or agd ﬂeﬁew%wn &0 bemedervatioatdepprting fipey e spiticandispene of the

st or ag@verGomphe @Fertion Gsales in86 clafinsicatia@er Spfndedny be
| oaded into the nenory 804 and executed by the
processor 802 in a manner known in the art. The
architecture further includes a network card 808 to
enabl e com WD 2004/ 114136 PCT/ EP2004/ 051044 17

muni cation with a network. An input device 812 is used
to provide user input to the processor 802, and may
i nclude a keyboard, nouse, pen-stylus, m crophone,
touch sensitive display screen, or any other
activation or input nechanismknown in the art. An
out put device 814 is capable of rendering infornmation
transmtted fromthe processor 802, or other
conponent, such as a display nonitor, printer
storage, etc. The conputer architecture 800 of the
conmput er systens may include fewer conponents than
illustrated, additional conponents not illustrated
herein, or sone conbination of the conponents
illustrated and additional conponents. [100] The
conputer architecture 800 nmay conprise any conputing
devi ce known in the




art, such as a mainframe, server, personal conputer

wor kst ati on, |aptop, handheld conputer, telephony
waoelewiaetidcet wor k appl i ance, virtualizati on devPCEEP2004/051044

storage controller, etc. Any processor 802 and

operating system 805 known in the art nmay be used.

[ 101] The foregoi ng description,of inplenentations of

the invention has been presented for the purposes of

illustration and description. is not intended to be
exhaustive or to |imt theé;Eventlon to the precise
formdi scl osed. Many nodi fi BIS and variations are

AL 5 | SaiStioStoLle St Aapboed g g

not by thi chiprr St &P blagk ofdiate to mdifate Wiether ghe source block
clains ap pﬁ‘lddlﬁ(ﬂad’ﬂ&feﬁhpdatedﬁh@oﬁb@@t&rag@ﬁﬁdze‘ the s&duré@ block of data was last

exanpl es M%QI%&OQ%&& Sia O% %%ﬂ?&rﬁ}ﬁ% ?)ﬁ& jnﬁ}ciaﬁ))? Roc%feach target block

the manufacture an
i nventi on. Ofgatﬁerethﬁﬁawet|St9pageﬁenﬂwaiemthebfhettmet block of data has been

inve n: ion dlﬁﬂﬂe@ﬁl tﬁ? eWstbﬁ@é‘ Em%ﬁé‘fa&%dﬂh glotbk Qf‘fdt{teh@as overwritten by a
spirit and scope.o i on e i nventi

Dl des 1 POTHRORHIaE SNtk i S e o data from the source
2004/ 1141 36r#CTd BEe20Q4/ i dgdd dansferh peack s¢udElRlodk ofelataddr which a
for reducigg ﬁdi?aﬁ‘ME be fsefjt@tnﬁh(%a'i@tﬂétft {]gcﬁgce &ngf 'déth B85 been

nalntalnlng I st or eac ource
of data tdPi#fedead érawﬁ%"f% pach gRurepblpekeofiglatathat cgfrespgnds to a target
has been usbkiofdath florShiciC£scabil iadicatdt B deé&t fdddieRe that the target

bl ock of q)%c%o\f‘@%ah%sbeea dferred to target storage;

malntalnlgl%le {8t for each target block
2Hat a i teethagraf etaingl ofuat@er qoBPFipiaE catintainie hibird ftgdécator for each

t ?r get bl Q&ﬂgeﬁ{l%&fﬂf @atﬁ%?mﬁi%ﬁt‘é wﬂégﬂﬁﬁ B6trds Porddfiy dodécH tﬁ%ock of data or
by SCor i Brsstpng g i eseentiote Bt herian
{G08hsferr I'lfhg nokticel df chum 2hiarthencogprisisg:ovizger sporct blbck of data has been
target st %ﬁlgg to the ﬁ:\?%% gof%g@ glpﬁ Hégﬁ@ﬁ’ﬁrﬁ?mﬁ&a‘?&kfo%e efblock of

for which I rst I ca een set to indicat
that the ¥ ce bl ock of data has been updated; and

foodhsf er r iThg nesiedd of 0laie @ dokclaitk 3,0ﬁurtﬂatoamipﬁﬂhg rece1v1ng an incremental
correspon tar

second in gﬁ%ﬁzf? (c)(?pyhoigggé%, i IBlsl gﬁiﬁtugg Fl% {nafcfl i85 ko‘% e?iC% target block of
target bldgabagid aadhafirshindisatontay ﬁatapwe blogl of dapnend the second

met hod of igdigdtén £ds thé trgdi Block @f@fta & orﬂﬁigrib ﬂ'le%bﬁhge Block of data,
third indicator fo eac@§%% et blo

ndi cat o VB akTeEr oBigt sloutt b e ek apage comprises
or thet arag@:brrhg eadh sofircd btoak Dﬁdztta)fob evhicdtar thizd eclidatr irglicates that

stage opergl éo@lﬂ:e bi&ﬁ%} dath ?s tH‘BE E%fé?ﬁad% ﬁL sidfﬁéeh er

COﬂPrlSln when source een
981 ed to énqﬁ&)ﬂg&an% PR %fg@tmm%&h‘hwer ﬁ%mP'Fﬁ“?&i after establishing an
i ndi cat or ih@éméral virdtad edpylblagdashib, updiatisy the @04 indib&or for each target

met hod of b‘f(lcﬁloqndgta o 1n?£ ?t r%a%tl{e sglllrtce1 Bloci OF Rl | Sorrre ondmg to the target

receiving an increfme copy opera
updat i ng tbleskohiatais tadk cetieled fiom téaecbur@eaﬂttgege 1br o stgedperation; after

data basedqragifeding dhta i h8 dhiad Qbra %@&) dééﬂhar Qéiéﬁge QF@éﬁllﬁg the first
or e [ar

of data coMlmdRaeny s e dhreed intisaie it houte Blotk or data
has not been updated in the source storage since the source block of data was last
transferred to the target storage; and after transferring data from the source
storage to the target storage, updating the second indicator for each target block
of data to indicate that the target block of data has not been updated in the target

storage since the source block of data was last transferred to the target storage.



wherein transferring data fromthe source storage to
the target storage conprises transferring each source
whb@ask1486 data for which a third indicator i ndPCHERH04/051044

that the source block of data is to be transferred to
the target storage. [005] The nethod of any one of

clains 2 to 4, further conprisihg: after establishing

an increnental virtual copy relationship, updating

the third indicator for each target block of data to

[ovd) cate tAn Wste‘hhﬁ)r §&M&ﬁ§ aRhi86dnt of dﬂ@ﬁ%s@&feﬁ%ﬁﬁ%ﬁgingﬁmms for
tothetagg be retrieve

the sourc é'l réﬁ'm‘gfcg?rg‘rﬁ’éea&b 8pules RAck ofrdaz o indichte whether the
transferr Ismycei bloak bf data hds desroupdaied &t muagatdrigetsi’me the source block of

target st oy, 1 ﬂgﬁsﬁ[}%dttgﬁar e't §t81t e;! & Al WairltQhin8 35 ond
s 1 PR higf a3

source bl oc e source
of data  Recaeriopweh t«%ﬂ abéla Of ot Wéh%@wet:&w@gmoag@cate whether the

f" n fﬁ t ?e tﬁ@%tftﬁftkbif@@th hed bdéa]yl{adaw?n |tlfb3t]¥carge€ srt@ﬁgef $Pide ik target block
(0] e ar Stora an a er ransrerr

FPom the oB a3 b7gFiga" by f bortebpcai otieh o OFdai; and means for,
updat i ng twhendwusieniing datia d@ircthe ﬁcmrcmhgettamgbl sbarhige, transferring
of data t %aéﬁ"wu&%tbi’ockt@tiatﬁ hﬁ' &Iﬁél&eﬁmﬁh%gtopﬂas%@%@sehﬁnmcate that

not been dated in togg orage. si nc?

source bl SOBF“&’Z‘E"& %ta e’E R ‘irﬁ’émeemng each
target st goagebloViDo2ddthitlobirdspoRdsTib E%@&Ml@ﬁlﬂid&a fat which a second
[006] A sys d;il@emnf 15 bée%%gf:tjo nr%é%& tﬁgﬂﬂé’]{ﬁg& Plgaz &t data has been updated.

transferre
1907kt | nd@ﬁtﬂbﬁtem sf clélafe:ﬁ f%lmr E@MPyliSiRE TRERNERT alatn@lmng a third

i ndi cate \Mitﬁ&,dﬁ@f fok éh@h 12383 bloek bf @gktoahdiat Wh&ﬁér att%ﬁ@spondmg source

dota vas PSR AGa St B e Bl B 332? isdp By Zléeveﬁiogﬁg 3g pperation.

HY8ht ai ni e aysters ofidainmélprel tioy 7, fiathee aorhprisingy steats fox kvhen a source
of data i mﬂacke%ftiaa 48d bedh %pﬁéhetottﬁb {afddt G&hge ﬁg@&m khelth®d indicator

target bl (%ck of %’]SPFE f been updated in°t target
storage si'Adae et 8tdaftock  of data was
{008t wr i t t dibe bystan obanyasehiids 61 @@ fiatebdongitismg: maing for receiving an

and neans if %1 n ttégtl@rﬂ}ai E@g%&gﬁﬁ&{] gne f’a)r E‘S@a‘ﬁh{; he t]%i?&%ﬁl%ator for

storage to t

source bl ga% %#gebl@f’%k (?faiatavhap%lrpném ﬁrrsstndwﬁf@r Eatﬂ@rsomg block of data
been set taad m@e&mﬁendl&h@dr fort th@tasgw bE)@k bt chhfesﬁﬁﬁﬁg to the source

has been

S oeTh) BhERier Gisa NGB RS OrRRe RS LifeSRTe o the targer

bl ock of d@t@efcompmms@anéemleg eavli sovme blogk of dateafor ybish a third

set to inghGah& 1B(iléétesttﬁﬁ tﬁ@s%%%% thcE oKagh 1sq§i)§‘tr91ﬁ;§erﬁéﬁ@@the target
updat ed. {007 ﬁéqem of . ¢c] aim6,

conpri si ng* Of?ﬁ?a’i‘]‘gariscf? rissaplishing 28 ”qui‘?mﬂ‘tq] Al HF”@la‘{OB}’ relationship,
for each tpdgeig thd thok ielicadatf@ each tarpdt blatleofidae th érdidate that the

correspon gbli}ge ﬁf&&% 819% atePld &)ogamg ?(? e ?e[rgétl%?oci( BE 88 is to be retrieved

bl ock of e re I eve
oper at i on fronf e spurgheorgge fos prsigge Qneaatm Bmé‘rms éqlraiifﬁﬂr pansferring data

further caompdihsistigee ﬂ&@g@toft@é tarpdN@6rage, BPEHE th) fstinditator for each

Che t b r o ooy Eiap ot dstp ey The SospsSes ot IR s bt been
[ 009] The updasedim the saurme stofragelsaicertheBpurge bloclBof dater wisdast transferred
conprisin go th'tﬁﬁ*@& std?é el SfGhednl E)raaﬂter {r%ﬁ' %‘?}%&. {rﬁm the source

vi rt ual ?) per at | on means dat | ng
i ndi cat or SfFEe t%ﬁ@ﬁarg%trs@é%gebméw%@e gerend Bﬁgé@réme@wetarget block -
first indiofditato indicatk et Seuirge bidok@if d@tﬁ haleiiod besanfditB@in the

second in gh%@? b %I%EB é(ﬂﬁo& & (ﬁ%tang la arget pomdo%to? data by performing an in-

cor respondi ng
cremental virtual copy operation between the source portion of data and the

target portion of data, wherein the first indicator and the second indicator are



bl ock of data, wherein transferring data fromthe
source storage to the target storage conprises
wo e@adidasse i ng each source bl ock of data for WhPCITER2004/051044
third indicator indicates that the source bl ock of
data is to be transferred to the target storage;
nmeans for, after establishing an increnental virtua
copy relationship, wupdating the third indicator for
each target block of data to indicate that the source

bl ock of @RiRaifdd foLSRR BSlirEblbék dffbtatadd 8Rfet BlooR kf @dta in the source

data is to be retrjeve fromthe source storage for, .a
St age. opera st P! A it e ybFerteniA S WAl ORg et e
fromthe spuwtivaly.st orage to the target storage,

ating t j Mgl : :
RO 1 0 Ifrrgble ot (bi@lin YomBRECprogai (eio R 3n Rded into o
been upd&PERNteTYsteR aad execrted theregyccause ekl qopptes sysicia to perform
bl ock of dftskepyasa mahibd hécortitgeioraay ond 6f cldis 1 & §et
storage; and neans for, after transferring data from
the source storage to the target storage, updating
the second indicator for each target block of data to
indicate that the target bl ock of data has not been
updated in the between a source portion of data and a
target portion of data by performng an in- crenental
virtual copy operation between the source portion of
data and the target portion of data, wherein the first
i ndi cator and the second indicator are WO 2004/ 114136
PCT/ EP2004/ 051044 3 mai ntai ned for each source bl ock
of data and target block of data in the source and
target portions of data in the increnmental virtua
copy relationship, re- spectively. [010] A conputer
program conpri si ng conputer program code to, when
| oaded into a conputer system and executed thereon,
cause said conpter systemto perform the steps of .a
met hod according to any one of clains 1 to 5.



