. e3e$* ' T(()*6Jd*T*ci * METHOD, SYSTEM AND PROGRAM FOR M RRORI NG DATA
iBE‘?’\?\iEﬁl&gl T(E(S) BACKGROUND OF THE I NVENTION 1. Field of the Invention 1 The
present invention relates to a system nethod, and programform)mmﬂm M@m}m
data between sites. 2. Description of the Related Art 2 Disast

systens typically address two types of failures, a sudden cat astrgﬁ%l C
failure at a single point in tinme or ddta | oss over a period of ti I n

[ dates _to vol unmes may be lost. To

;2; :tec;)gdrteé/g\e/e?; 21[ agg@?ﬂ%@fﬁsﬁfﬁowwmmy% provi ded ﬁt a
appl i cat i on sysiem s wr | oRorNGIDRIA BETHRENSIES Yoo device.
application systemis witing new data t¢ pI Bt hemagr e S8 e
I nternational Business Machines Corporation ( , _ gne t

' tent application des two_systens for maintaining renote
subject pa PP s 'Q 1 QF MENT 1O XRC) and
copi es of data at a second=sR o INbt i daie HiRWMENG py  (

peer -t o-peer renpidd oP e (VBRt, These systens provide a nethod for
Updates et

recovering data U cen a | ast, safe backup and a systemfailure.

Such data sAadow ¢ reserinBvertivraletatestowl gyetan, methdd, Amdl pro§Fdth §oicopy for

- .0Our. | ocal access at a renote site. These | BM of
NON- 1 eCOVer fyiRbiRG 38 baenSes®

2. Description of the Related Art

2 Disaster recovery systems typically address two types of failures, a
sudden

catastrophic failure at a single point in time or data loss over a period of time. In
the

second type of gradual disaster, updates to volumes may be lost. To assist in
recovery of

data updates, a copy of data may be provided at a remote location. Such dual
or shadow

copies are typically made as the application system is writing new data to a
primary

storage device. International Business Machines Corporation (IBM), the
assignee of the

subject patent application, provides two systems for maintaining remote copies
of data at

a secondary site, extended remote copy (XRC) and peer-to-peer remote copy
(PPRC).

These systems provide a method for recovering data updates between a last,
safe backup

and a system failure. Such data shadowing systems can also provide an
additional remote

copy for non-recovery purposes, such as local access at a remote site. These
IBM of XRC

LT
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-2 and PPRC systens are described in |IBM publication "Renote Copy:

*Adm nistrator's Qui de and Reference,"” |BM docunent no. SC35-0169-02 (1BM
Copyright 1994, 1996), which publication is incorporated herein by
reference inits entirety. 3 In backup systens where data is mrrored, data
is maintained in volune pairs. A vol uge pair is conprised of a volune in a
prinmary storage device and a correspo ding volune in a secondary storage
devi ce that n_identj cal p f th data nmintained in the
primary vol urﬁgﬁb%ﬁﬁ?mﬁ arg SBF'PWEI"%//% icaiion tfaemata Capy1 Dbe

mai nt ai ned Admiidifdtees y direct access storage device (DASD) and the
secondary volune of the pair is maintained in a secondary DASD shadow ng
the data orStide andi RefeyermesDBMdpcumeny net 8€a§e0 168202 9B Copgbightel 9o Vi ded
to control @g&gss to the primary DASD and a secondary storage control | er
may be provi to control access to the secondary DASD. 4 \Wen a

peer -t o- pegyhicieba i Fa@@(ﬁ target vol umes,
an initial copyboglg?;ﬁﬁolﬁ ll‘lchor ?n t apggﬁtﬁggﬁ%\gys%&eﬁyﬁ§§n%§éks in all
source vol dres tld baskup aysjemsmlheneaiatans mieorseke datispraintdintain eslahied. The

the. sour co RAIRLAYBNTE rRlit £BMheised i a Vollmenh 6 FiaRcRloras fevice and —
corr eSpOﬂdlaf@rtﬁp@mﬁlﬁg PSllimeAn a@ééorﬂfar@sfdré d@@?é thht H?@d\égl e bitmaps,

the primary storage controller woul d asynchronous copy fromthe first
track in tﬂﬁemicﬁkﬁo%DUﬂm datatnaintained irothehpimary \tcﬂemeofrypmawldheg t ar get

track to t st _volunme. After cop each track in the
vol umes in "?%éff#‘%é’f{lf‘em@?ﬂ maintgined,in ﬁd%’ﬁ“%ﬁydﬁ gaEQﬁﬁsrséP'Ia@le woul d
set the cmdeempqmsml) and tHeoseddmIaPPRbRFhE bR pAr |39ﬁ§mtélﬁg6(fffl ing that the
track was co éj an update to a track is received during t |sf|rst
pass thr ouéﬁ qm@/hﬁlpﬁaadpwm%@e data®nithe mmaw@AS@pAmﬂmqytsbonalge track
sourbe tr aSka ofes Ay betbuieq R, SBARBFadES 18'nd Miptity CRSRARA onous v

source tracks mhose orrespon usly to

the cor r especendarystorage whtrbﬂganbyasé(provlaﬁdttbﬁfontr@lllébé&stt'aﬁthéecond phase,

any updates recgl v%é@ the local primary storage are synchronously copied
over to th&® it Thus, after the first pass of -3 the bitmap

t abl e, any4updaigse p%‘éW
synchronously, V\/ner'fagco tG ghrgaﬁg?ﬁ%'éﬁﬁgﬁbﬁé ﬁﬁgg‘% Sﬁ"éﬁ?@ﬁﬁanm t he
wite to tFﬂfgth@@mesranlmlhairqﬂpqtmmraﬁoﬁ' i mplalted Rﬁcdlwmr(ttlll‘tralﬁ(@gﬁ afluring

the initia Y thel itial t he establish may be

di vi ded i n% 88@§bvsiﬁé§&6 ﬂ?ﬁﬁ argetv Bmﬁﬁé’%%%é) éeﬁﬁ Reergeationshigs olis duri ng
the initi alnittdeppy begirse) eat6ifg bitk it Bﬂﬁ%p%ﬁ@pﬂé&n\’ﬁb%@?rabﬂs e

rel ati onshi the initial copy may be inplenented performng the first

and secondSPHSENSIypes tingdicatate eemy begaurce trepleta theosczir@poaﬁlrlgftargﬂtunes
e.g., fi Vetragﬁ‘eﬂsyé‘?tc&’é fifst Qgs %?WQOIQﬁieSﬁWgEa’rtE'% prrig%a&a r;[@%gl € A}Afglr d be

performed wth t to t next con

doi ng the Cmmtsmllqnamlld asyracrgonutnslpfcoppfrrwmme ARY tratk irethe MrsBwsiimeahumes
t hat have ﬁ}? aj Ect eg to the first pass are copied synchronously to the
Satiogshin fan

cor r espond in to ﬁscorrﬁéﬂeoéms tB&QiG'?ékttﬁéh%iaﬁé tresk duthenaist es and
initial co S unes

conpl ete tﬂ%lluﬁﬁ;lt n'?‘?%ﬁ(l&ﬁ)cyﬁ rﬂﬁeéé‘ﬂﬁra@l@ ?lﬁgm%ﬁgﬁélgggﬁér?%ren%éag'onﬁhweases due
to the i nctheayimarysiatage edntradlen wesld bedtthercmrmsbpadhgcmfmritﬂiecépléat pass.

Thi t h the bandwi dth
wth the g YR TRicfing R MERSER wis debjed ok’ UpdRGHIOGA Bk ol ays.
t her eby i nWCe%drtﬂJngeth%eﬂu@VﬁaéﬁHrB&gﬁ oF B%Hh?%ﬁe&othteh%é%ﬂl I cation

|n|t|at|ng the updates to the source trac ronous wites are used to
i nprove da@qrem@mg@ the traek toapstate isysati ‘va” bﬁwngwse@rtdmssoofrthéete is

not retur dat e uccessfully mrrored on the target
tracks. W @9' n&pmgs E‘i/é’& §y§°ﬂﬁimm@a ‘BReate ﬁ%Q'ﬁ@d
syst em - andkypcRBIUS!To tfe Coftes Bendifldargd t%F‘drS% & RIRRE PEL h&rs‘aﬁhhgﬁ#@d

between a plurality of source data u in a primry rage an
plural ity Ycopdrihasgonty Hgdamsgeceuﬁtiatodheﬂcmal pnmasyestmdge wrst orage. An

f I d
nthe v SAThRd S FEorda BBt @ aheeRyabinic i anBrinehetamtar o 1 s

received to a source data unit and a determ nation is made of whether a
first wite node is indicated. The update is copied to the source data unit
inthe first wite node to the corresponding target data unit if the first
copy wite is -4 indicated. Oherwi se, the update is copied to the source
data unit corresponding target data unit in a second wite node if the
flrst wrlte rmde IS not |nd|cated If the flrst wrlte rmde IS not

T 1 N . I Y n - Y N -, r



11 Described inplenentations provide techniques for mrroring data between
a primary and secondary storage using different wite nodes for different
situations in order to optim ze the performance of the mrror copy

oper ati ons. -5 BRI EF DESCRI PTI ON OF THE DRAW NGS 12 Referring now to the
drawings in which Iike reference nunbess represent correspondi ng parts
throughout: FIG 1 is a block diagramTllustrating a network conputi ng

i t 0, whi ts of the i ti i mpl ted; FIGs. 2, 3,
and 4111 us 4 pEMBBIRRE ik UpBRISS kP e HaRKY B the EAHONEDIR g CIRRG | bns

bet ween a pii| S RO g&? W= I r at.: 2r at i ons
per f or med tgyﬁgirérqgﬂfgghﬁgg a p'ﬁP%tta‘“?{/ S orréggge%iﬁ% eﬁaleaégéallréaglaé@'g&eﬁg@{ ver;
and FIG 6 it thestargetdsackncampletéssct ure of conputing conponents in the

net wor k environnent, such as the storage controllers and nmonitoring system
DETAI LED DESCRI g%&@t@iz?hénﬁwmﬁﬁmEQGM|tNEmEalngnyrpneﬁetl%|th©\m1lhgl
description 7 A i - j | [ch forma
part hor cof Cabl e oy oy b8 dBed G RAGK LI, Hl i R iCale

i nvention. Fkopies avedén gtaaps during thiehinitiabodymdi Feninstanee, Heherel drezed and

t t | rati . , b d ithqut d ti fromth
scope of t hISHrBEththe REBHeRcIP: fedNal a0k ey e menEt By ROGOPE! o
envi ronnent thdfinahl seeBRE basSés bfthd BitAAp tahe Wit #g?%egg% of A Primary

storage controller 2a and secondary storage contro nrcate over
a connect i oNoWMem; €.61 fiven gEharuihierfrst andss@mndinssas of teevkit staprtagle wealdgenent

software 6a, 6b and attached storage systens 8a, 8b. The storage systens 8a
and 8b incl RPN sw'ﬁbﬁﬁs'pfﬁt){.)q %ﬁ%&&oﬁﬁ‘?”tﬁ’ﬂﬂrppﬁfg,"o Pectftoel y. The
st or age CO“Hth'g'tﬁéﬁir@t%as%?oﬁﬁbr@@p%‘fVH%?ﬁé&,‘éfnS/thrit%WS%fngiﬁ28Eﬁ?dé|%€%?g;t' n a

relatively close geographical "area, such as a’sane bui ,
bui | di ngs” i Ra¥e barBd sthiasted tathedfirst pass/areecaniedsyachrdnsusiytto demgr aphi cal

| ti , i ti ts, t f i | t, tc. Th
comnecsion SofgsBehding HE6E RN LIy, DOGIBRNRE SThellonga s and & T
dedi cat ed | initial @oppeetwsharedbe Baase phisibdlcoPPeLEch ROMBES VbRAmesSt Or age Ar ea

Network (SAN), Lacal Area Network (LAN), etc. Alternatively, the
connection % 'FPR&F‘% F Indtial £apY hednanbes o sy chmnausaritesidreregges due ta o

i ncl ude a | ECREFYEM ' I . rati W th
respect tgpt/Hc?lcﬁFrtes I r#ﬁﬁgbgféi g@%@?ﬁé@%ﬁ”é%’f@ tﬁ.%ilrsgfb%s 'geﬂqlig
control | er sirkeseaning Abmbeuloflsfrechrbrous neitesithat aps shadsg theebamdwidt with shown)

and rmay conprise ané.st%ra%e controller or server known in the art, such as
the | BM Ent fp?ien IR Sé’rR?é?“‘lES@)aél,Cé‘%@éfaaSm%@nd@iﬁyﬁotheéeby etc.
(Ent er pri Seingfeushifthecdays irSredufrfie sbepidle té %jéagﬁél!ﬁ:a‘?iﬁnliﬁ%ﬂng:gh?e storage
systens 8a, 8b may conprise an array of storage devices, suc s Just a
Bunch of Di YRdatespotie spegarithaks. Synehrasfousnueissratentseditokmp(dve ditaar r ay,

virtualizatj i B . nent .software 6a, 6 y

i ncl ude cod@?{q{figﬁ g‘\% ﬁeg:%)ﬁgna&]sgtre%é@ﬁﬁwgﬁﬁggﬁ%rnatg%ss&%g@mﬁq Hn@ﬁggevent
of a fail urepdatedy sascédstullyatiprarad|omcite targdt iack®M PPRC Ext ended Di st ance
(XD) program to allovv for mrroring of data over relatively short and

| ong di stances. Further details of the |IBM PPRC extended di stance program
are described in the A rprise Storage
Server PPRC Extended ™D —avi g JdOCUITE 0. 8- 00 (Copyri ght
| BM June 2602), Pmviddd arebh nesthodnsysternnand poogriaes fdrenetoningydatef @& ence in
its entirety. 16 The grfgr@%ﬁ nagenent software 6a nai ntal ns copy

rel ati onshi %e'altms oS RstaRIRhe BON APILIRAdtY Ol $aHIC Sataunits i a pEmante
tracks and } i i el U i py

rel ati onshi S’%Eggfl?%ta (k:lgaP ﬁil{é@%%ﬁ%})ﬁé?}ﬁ@g%?%gesgﬁﬁ'n@g{s;lﬁ:ﬁ%éébrr@rae to tracks
in the tar gstorags. uieopeRitiomaipdnilistealto peafortraam éndtidlaopyafialvsaluncedatac! udi ng

bit f h K ..i t.h | . A bt i t it | t
Oni ont s vHERTR thE AP Ta Yo APFesportiia tHigbbiath inihy AS Lpdale e beon
copi ed to tRReRredt8PENFEYatR AR ENH P& terMiHtR is %ﬂ{gb@g@ﬁ\ﬁ glrﬁe?gie flag

18 indicates whether wites to the source volunes shou
asynchr onoudrite medeisindmatedt €he sipdatelis wegiadatotthe sappld dataiumit ib &iefirst t he

i i Jed d 3b) .o h ly .(wh
conpl et o + SHETIPHELS A SOARTET A IaPoRETela o CY AR B EaPY Wt ihe wr i to i s

applied to the secondary storage 8b).




17 FIG 2 illustrates operations performed by the source nmanagenent
software 6a to performthe initial copy of source tracks in the source

vol unes _'7_10a, 10b...1 On to the corresponding tracks in the target
vol umes 12a, 12b...12n in accordance with inplenentations of the invention.
When establishing (at block 50) a copy rel ationship between source and
target volunes, such as a peer-to-peer“kopy rel ati onship, the storage

managemnent s.oftvvglqrcﬁnég1 sets (at block 52) all bits in the volune bitmaps 16
for the sour'REIcR GWisendhe ypdals isiopiadiodesokegdata uh” - i ndicating

such source k ( r,OR : target vol une
120) 12b. . 15morREREtahGet s CRYGH ol SEBNR ERETR e Sk Bty BB halE o ot
bl ocks 54 t hnatundicaty. flbtheefirshwsiteimeievieInotindicatad! thenes Halrins@fbn is

rel ati onshi p. For ,each track Eein the source volune i, an inner loop is

performed atMBABOk¥WNsEera RgReraf wites(far alhdataunts sublectde the eglatiehship bi t
pert o A N e
by nchr onous P BSIWRRreRnbefard ffsist Wite b 16 BAHER  iHeinbet dei

t he secondaryritesdoraledata unitsesubjectitorthé rélakionship fallehaIBUWLRB thrddhbP 16 is

set (at blo 62), to "off", indicating that the source track represented by
such bit hag}(beeﬂn&?ﬁ%'n&'@menﬁqt'%%'EQB@F(V\S@? Mage ePNPEEYHAdI ng bit in

t he vol ume/ RN \itetrh88& ahdivehe X aLr r to bl ock
64 to consi deyin whet her tlg copyarﬁmeég[ﬁtt@a%ﬁﬂﬁ%&u'ﬁr@?&%@?%g?&%
processi ng edynghranous write moderaps 16 representing source tracks in the

| i hi i f bl k 68 h h de fl 18 i s
ndi cate nd wilh R dReTbaitepR A BRI GureahBrow A belisalios seurassenent
sof tware 6a difh @hits E@éoW&i&%eépﬁinqu)Eéfggpaatkhﬁﬁ@ Qﬁ&c%ﬁc{:r{ ls ﬂ'\ﬁqglﬁt e,
inthe it neps set "on".

copy, as indicated by any one bit source vol une
| f so, cont rdatasirgeteiselto bapk all sobtaecttatadinits tpthe esseapondihg targetidatbi t maps

to copy over V.S tracks.whose corr onding bi.t value is "on".
Ot herw se, | haesrée)%ﬁgtr}?oogﬁfﬁgo??%Bﬁéof%?ﬁgﬁyﬁ%jé%PcyHPmﬁg??ﬂds‘("ﬁ% control
ends and symbdeni zation is conplete. Further, if (at block 68) the

synchronous node flag 18 indicates that updates are copi ed asynchronously,
then control9 procdddutthen the abustrectuemmaye pwppssed ta detesminey setmcenousi y .

Not e t hat RO | aai 6. of h de, i t
when the. nurcas Shi o8 in 84 Gl stflctinedor KBy B PR VAR FRs T e
rel ati onshi wata uoitppnd aill detetnoined soloresdatacuritsiay beldbpied irf the deading of

FIG 2, the steps at,6blocks 54 through 56 nay be perfornmed continuously
until the sMHﬁr"&%‘g‘%E’ theRorrespopding-largetsdiata ynds. wherein the updatgde thel unes

in the rel atthQRehhfa \HifcopidE (W tRBIseEnd wrfte motdé%l&l)bpé% M ofthe c‘éﬂ)&”ﬁes in .
the relationship indicate no nore tracks to copy over. 'S contlnda
oper ati on n®f aldhe dptesminacgouncetdata BRRE XD asynchronous node until the

source and t@yge re fully.synchronized. FIG 3 illuystrates
oper ati ons t‘@(ra s?%\?gg@?ﬁ%ﬁﬁaem‘?”téﬁs‘?ﬁ(ﬁﬁ%Seafcﬁe?ff% et dataginitsip the
synchr onous refatdendhipard t veluidpaird, wHdreincdsteAAining Mg%tf;gg}(iﬁe irrllﬁmber of

S

asynchronous, i. synchronous node flag 18 , then the storage

., th
managenent é’HftI?%vgqrea"%%?etWita SHE}QC&GFPH&'re_s}atiQﬂSNFafalélSéD_e;(;I\madbEeﬁlold)I ock 80.
e st il A Db

volunmes in the relationship¥i's Tess n the
st or age manaeove tied theeshdd, whenets tHeafirsblvitk mivdle i8edioste@ToLal QBRTIS t 0
convert the wite, nod volune pairs in the relationship just

for al R C
checked to Wﬁém@ﬁdﬁgt'ﬁﬁa@w € rumReN i N ias fas@dl volge pairs subject todthenl ock
86) "on" toréagbsHis fd j . source tracks in the relationship
are copi ed synchroﬁ%u;(é??lgﬁ?ﬂéﬁw%rgggftdqtracks. If (at block 82) the | ower
t hreshol d i §1not Describedhémpleorentafiorenpioviditethaiqiies dof mdoringdstaent at i ons
operate to to host wites by handling the

inimze del ays i,n respondin . )
copyi ng of ?&FV\,SF?'} B é&&ﬁ?@opﬁafya?tagag%ssmamf&féngwwe R@deRder t here are
no del ays t gjf ititi ' ' il Hgﬁgﬁ e fiiclent number
of source tr a%lggﬁtﬁga{t\/u‘eétlggﬂp g?grgaéi og\{/lgﬁfet{) the ésrénca(?{n%aévﬁg?ﬁw%gbﬁ%r al |
target and opearationsol une pairs in a relationship, wites to source tracks
are handl ed in the synchronous node because the nunber of tracks to copy
asynchronously as indicated in the volune bitmaps 16 is deened to not be a
sufficient nunber that would unduly delay the processing of synchronous
wites. Thus, no volume will experience the synchronous delays until the
nunmber of wites across all volunmes in the relationship are ready for
synchronous node processing. For instance, if there are nunerous tracks to
copy asynchronously, as indicated in the volune bitmpsl6, then synchronous
wites could be significantly del ayed due to the bandw dth and transm ssion

o o o o o -, v Y



24 \When the primary storage 8a is fully synchronized with the secondary
storage 8b, i.e., the volune bitmaps indicate no source tracks to copy to
the target tracks, the secondary storage controller 2b would term nate (at
bl ock 158) host access to the secondary storage 8b and term nate (at bl ock
160) the copy relationship (volune pa[5§) bet ween the secondary storage 8b
(acting as source) and primary storage 8b (acting as target). At the

primary storage controllg ] Qrage . managenent software 6a

woul d establish (at bl oct L) 2 primary 8a and

ulak> 5d/RBN N
secondary 8M2st oiRegerritigtidow® theidra®| i I 8ais
the source and the s.ehg]’(%]ndar?‘/l storagggggﬁiwglt Ig{eﬁgﬁég}gpeéhmﬁéﬁgéﬂggg%ul d
t hen be restafesponding pasiskhmaghoatid i nitialized to direct 1/Oto the

primary storage ~ 25 ) bed | epent ati ons provi de a techni que for

handling the initi I?isoé?‘g‘?k @amﬁ“hsﬁgﬂegianneﬁwpﬁf gPMeHERg gnvisonment

correspondi Wmm&tﬁéﬂﬁeﬁﬁﬁemmaﬁ?@ﬁn{ﬂe;ﬁ%{eﬁe tracks that occur during
e

the initial copy_to both mnimze ays in returning conplete to track
updat es and ensuFEG8ydhchrans 4 diustrateaoperatioss perfdemyd topyandgerddtar ,

d i bed i j ide f h i f dat t

Some por ;- TRHBIE bBbLAORS R EE Al Saiuary Birsage sbaida o ot or nge

in the event of FlI® Heretrates @hdraushs b@rféﬁﬁe@?&%l?ﬂ?ﬁro?ﬁﬁé‘%‘ﬁm di ti onal
ues fo

| mpl enentation Details 26 The described techniq rrmrroring data
bet ween a pPidheds sk afterdisaateryeeoves arg be i npl emented as a net hod,

apparatus or artj Fap f i ng,standard progranm ng, and/ or

engi neering techﬁf%’ﬁ‘seglhtso p;éo u%@’h?Sg%géFoﬂppﬁﬂﬂFBm ('j"\f/%'rnet,heor any
conbi nat i onnetvarkehvirdivaeht rsiich aist the | stora e rgombAsisUAR rrﬁfnitHﬁﬁg sP&leRh N
refers to code | ogi.c inplemented in_hardware logic (e.g., an’integrated
circuit chip, P N S GRIRTIRN Q) EAPRERERREBEM MENTS

I ntegrated €3rcujdihe - i [ BI e _medi um such as
magnetic storage rredﬁﬁ’m Igg?&%gﬁ@gﬁgﬁgﬁg‘%\%@aﬁ?ﬂg IS agF WQ%Y'QEe, etc.),

optical stodm@yéngscD- ROVs, optical disks, etc.), volatile and non-volatile
menory devices, (.e.q., E , I§O\/’119 P‘?OVB, RAMs, DRAMs, SRAMs, firnmware,
pr ogr ammabl \&R\CBJPEQ %@Fgg%@é‘ i Which dlusgiate, seyeral embodsnentsiaf thedi um i s

accessed angregspguted by a processor conplex. The code in which preferred
enbodi nents_are i npl emented may further be accessible through a

transm ssi oAVeRiAM Mos undenstaod ithat athervembodimerts meaybelutilized angh cases, the
article of ME&%%H&G in which the code is inplenmented may conprise a
transm ssi on nedia, Such as a network transmi ssion line, wreless

transm ssi ooperational chiapges sndy 6 atiid Whb iy QaLHHiSPAom tHef'@Br?g;eWﬁé,

infrared sil&ﬂnals,. etc, Thus, the "article of manufacture y conprise the

medi um i n VHPERNYIAYERYM i s enbodi ed. Additionally, the "article of

manuf act ur ef4 mayF|ey i ' ' : ftware components
in which the QOdé??gﬁ?&?g%ﬁ%ﬂ@égg@@{lg&%Bg?ﬁ@@ﬁ{a@g% @ﬁ'cb&ﬂ’?g{é Phose
skil | ed i n thadnartionirhay bedogiementedatA peEmaryetbrhgy€ abhooferByakg made to

this confi a ti,on v¥| t hout qe aréi{)n fromthe scope of the present

i nventi on, %ﬁ%ngﬂ%s PiRgeFan E:ﬁ'@r PRCRLR avere cerngtioned.ambei nf or mat i on
beari ng medt lerWhrol18rst r E@ j ' tions were
descri bed w ?ﬂr?gr espe(?t @Esoj%?ﬁg%agl{]ﬂﬁ%’é%q eﬁﬁé@g%ﬁggg{n%ﬁ@%%péﬁ’ i%ﬁgan

envi ronmentattagbeesteragesysteass Babdhl i T stoeagesysiemsigy anaisbtiasinieg

consi stenc ljed_ t i pt.ai n,consi sten in ot her conputing and
vendor env*Pm%%t@gaﬂ@Eu Cﬁha"&ﬁgr? _t'QZEOWPﬁﬁt_' ﬁ%t B1Or3gR1 progr ans
than descr idoatrohersela) 2bahal beCeiiated withRe§P&d t8 da@h Dthéldha tdlath/afy St or age
devices is arranged in tracks and volunes. In alternative systens, the data
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tracks to cggy over fell below a certain threshold, such as a few percent
of all souSt¥age gerbollers|dad2d may comptispya dedigaiedsie qr. netwoak tstichads ve

i npl ement aty , i t I b ., 30 In descri bed
inplenenta?ﬂgﬂéPpgbéﬁ%ﬁg%cﬁgnU%@ﬁagﬁAﬁ%ﬁF@%W%&WEQﬁﬁePoﬁmggﬁﬁgieWWEEk needs
to be copied to the corresponding target track. In alternative

i npl enentations, any data structure known in the art may be used -13 to
identify source tracks to copy to corresponding target tracks in the

rel ationship. 31 In described inplenentations, the application of
synchronous node was made for all volunmes involved in the relationship. In
~alternative inplenentations, synchronous node nmay be applied on a
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-14 34 The foregoi ng description of various inplenmentations of the
-invention has been presented for the purposes of illustration and .
description. It is not intended to be exhaustive or to limt the invention
to the precise formdisclosed. Many nodifications and variations are
possible in Iight of the above teaching. It is intended that the scope of
the invention be limted not by this detailed description, but rather by

th | ai ded reto. The above specjification, exanples and data
oo . IR e ot el h s s 3t n
I tion e | ' I : i e inveation can
be Tade. w t oo Hepaotrils i 16 REGERRSCARAR Bk By Periol REUABLIAR [ he
i nvention r déddegenations evithl respectitorvelumés # thansterdedsystems BaVEpT | S CLAI MED

IS: 1. A netpod r mrroring data, conprising: establishing a relationship
bet ween a ph ral &89 sterags sondolies2a.and biwldgéufﬂh@rlpc&ld@raag@caﬁdom

[ '  UnNi ' dary storage:
Pt at i g o BISCEBPSKON il Bl ciftad i ybibd SERRIET OLsShBERESMR uni ¢
i n the rel ain thesr, such asitbedBM Eampﬂ&m@tdrageﬁerd@t(&SSDM 3990 S8y an
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data unit i®sdust Budckuof DisksodBOD), Reeluhdast Awai/ tof Imdefserident Disksndi cat ed;
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8b may include code to allow for mirroring of data and data recovery in the
event of a failure, such as the code included in the IBM PPRC Extended
Distance (XD) program, to allow for mirroring of data over relatively short and
-long distances. Further details of the IBM PPRC extended distance program
are described in the IBM publication “fBM TotalStorage Enterprise Storage
Server PPRC Extended Distance”, having document no. SG24-6568-00
(Copyright IBM, June 2002), which publication is incorporated herein by
reference in its entirety.
16 The storage management software 6a maintains copy relationship 14
information identifying the volume pairs, i.e., source tracks and corresponding
target tracks, that are included in a copy relationship, such that tracks in the
source volumes are mirrored to tracks in the target volumes. Bitmaps 16 are
maintained for each volume including one bit for each track in the volume. A
bit in the bitmap for a volume set indicates whether an update (or initial data to
copy) for a track has been copied to the corresponding target track. Further a
synchronous mode flag 18 indicates whether writes to the source volumes
should be handled asynchronously (where complete is returned to the
application before the write is applied to the secondary storage 8b) or
synchronously (where complete is returned only after confirmation is received
that the write is applied to the secondary storage 8b).
17 FIG. 2illustrates operations performed by the source management

software 6a to perform the initial copy of source tracks in the source volumes



number of wites for all data units subject to the relationship falls bel ow
-a threshold; and indicating the first wite node if the nunber of wites
for all data units subject to the relationship falls below the threshold.

2. The nethod of claim1, wherein the first wite npbde conprises a
synchronous wite node and wherein the second wite npde conprises an
asynchronous wite nnde 3. The nmethod 'of claim 11, wherein the source data

units copied.to spondi ng target data units as part of the initial
copy ar epcogpﬁnﬂé 9% por(&sp pdingdeacks In thetargativeduroes dRai h2k.,.12ar t her

conpri si ng: ni)é&(irélér'iﬁé @ntg e?ﬁéﬁ’tﬁﬁb‘ﬁ?af i |ﬁ?é|’ﬁﬂﬂ1 S\@H{eik %gﬁﬁ’%ﬁf@i&ﬁ to copy

to correspondi ng target units dat a
structure tblockpP)al dowaetatandbﬂpebeiweba sourdehand taryes Pol0Aidy sligh @sta dat a

t of th ra erformthe initial copy in the second
wri e, - onePte ot AR Elatensh: B Craas management soRyareBacess afg t he

data structioek 52) afbhtsTh Bfe VOURRELitARAs Y8 fbRtHS WBLrRE §8iunes in the

established relationship to “on” - indicating such source tracks need to be
copied (synchronized) to the target volume 12a, 12b...12m in the secondary
storage 8b. A loop is then performed (at blocks 54 through 66) for each source
volume / in the established relationship. For each track j in the source volume
i, an inner loop is performed at blocks 56 through 64. If (at block 58) the
corresponding bit in the volume i bitmap 16 for track j is “on”, then that trackjis
asynchronously copied (at block 60) to the corresponding target track in the
secondary storage 8b. The bit for track j in the volume j bitmap 16 is set (at
block 62) to “off”, indicating that the source track represented by such bit has
been copied over. If (at block 58) the corresponding bit in the volume i bitmap
16 for track j is “off”, then control proceeds to block 64 to consider whether to
copy the next track in volume i.

18  After processing all bits in the bitmaps 16 representing source tracks in
the relationship, if (at block 68) the synchronous mode flag 18 is set to indicate
that writes are handled synchronously, then the storage management software
6a determines whether (at block 70) there are still tracks to copy, as indicated
by any one bit in the source volume bitmaps 16 set “on”. If so, control proceeds
back to block 54 to process all the volume bitmaps to copy over any source
tracks whose corresponding bit value is “on”. Otherwise, if there are no more
tracks to copy asynchronously, then control ends and synchronization is
complete. Further, if (at block 68) the synchronous mode flag 18 indicates that
updates are copied asynchronously, then control proceed to block 54 to
continue copying tracks asynchronously. Note that according to the logic of
FIG. 3, the synchronous mode is set when the number of tracks indicated in the
volume bitmaps 16 for the relationship to copy fall below a threshold number.
19 For the logic of FIG. 2, the steps at blocks 54 through 56 may be

performed continuously until the synchronous mode is set and the source and



the data structure for copy to the corresponding target data units; copying
al |l determ ned source data units in the second wite node to the .
corresponding target data units, wherein the update to the target data unit
copied in the second wite node is copied as part of the copying of all the
determ ned source data units. 6. The ngthod of claim5, further conprising:
in response to receiving the update, indicating ijn the dat fifsi Luc;yretto
the u ed spurce.data unit to the target ta unit i e firs
\fv(r)f)%/e m)depﬁg%gtvo 1T 4t .re};a_tlorpﬁ 'prﬂﬁﬁdﬂcé‘%r@eﬂa’lﬂrﬁ&thwmm forallst eps of
processing Wanuas t fHelrefetishShipifdieaRdIond tradd & sl et O thfilodltfbghinl LS
are performed until the data structure does not 1ndicdte any sourc ta
units to comperatiemmaydre sspondintey inathge? PRE! XD wsiyhshrohouseode Uhticthef
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units in the relationship are 1 n volunme pair etermning whet her
t he nunber d&erfgrmsde sesithexsynaionousinosedlag 8 to fam"t hif thecatrennwhitep fal | s
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i ndi cated f @torage mandgement software 6a would periodically initiate a process at block
80. If (at block 82) the percentage of all bits in all bitmaps 16 for source
volumes in the relationship is less than a threshold percentage, then the
storage manage software 6a issues (at block 84) one or more commands to
convert the write mode for all volume pairs in the relationship just checked to
synchronous mode. The synchronous mode flag 18 is set (at block 86) “on” to
indicate that new writes to source tracks in the relationship are copied
synchronously to the target tracks. If (at block 82) the lower threshold is not
rﬁet, then control ends.
21 The described implementations operate to minimize delays in
responding to host writes by handling the copying of data from the source to
target asynchronously, so that there are no delays to a host 4 application write
request. After a sufficient number of source tracks have been copied over to
the secondary storage for all target and source volume pairs in a relationship,
writes to source tracks are handled in the synchronous mode because the
number of tracks to copy asynchronously as indicated in the volume bitmaps
16 is deemed to not be a sufficient number that would unduly delay the
processing of synchronous writes. Thus, no volume will experience the
synchronous delays until the number of writes across all volumes in the
relationship are ready for synchronous mode processing. For instance, if there
are numerous tracks to copy asynchronously, as indicated in the volume
bitmaps16, then synchronous writes could be significantly delayed due to the
bandwidth and transmission delays resulting from the high number of
asynchronous writes to perform. However, if the pending tracks to write

asynchronously is of a sufficiently small number, then the asynchronous



volume pairs in the relationship if the nunber of wites for all volune
.pairs subject to the relationship falls below the threshold. 10. The net hod
of claim9, wherein determ ning whether the nunber of source data units to
be copied is Il ess than the threshold nunber conprises determ ning whether a
percentage of source data units that q)re I ndicated to be copied of all the
source data units in the relationship™s |less than threshold nunber. 11. A
systemfor mrrori ng data, C rising: a primry storaﬂ% a secondary

storage; meFRRYIRHWO @t%ﬂilq"gh‘ﬁ/ lay sy pRpishwHtEset deriheeshold af when éd
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copy write describeddmptementatioss Beynchronoudy bbm(/j updates tb%g“"".ﬁef frtaﬁlw?{ dat a
unit correspondi ng.target data unit in a second wite node | e firs
wite node tﬂ?%%‘td%f'ﬁaﬁi'g Hg s ity copgues by the inikial eepy apenatioas of
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bj ect t tionship falls. bel ow the threshal d. -18 12. The system
SABLECt X0 e AR bl PR st e mabangiest o
mode and mmmetdaetosmwawufrf@t@Rﬂsseemyﬂréaéin?dbc%wm\mﬁus wite

nmode. 13. The system of claim 11, further conprising: a nmenmory including a
dat a st r uctitpéemeantations of theniiveatiomgUpnntreeeidimgaat block t1010¢ asanpdate dat a

units to copy bouhRid SRR ek A 95y FhBHSIHHS it B Dlock 102) the
synchronous mode flag 18 is set to "off", indicating updates are to be copied
asynchronously, then the storage management software 6a sets (at block 104)
the bit in the volume bitmap 16 corresponding to the updated track to “on”. The
updated source track would subsequently be copied (at block 106) over to the
corresponding target track when the storage management software 6a
processes the volume bitmaps 16 to asynchronously copy tracks as part of the
operations described in FIG. 2. If (at block 102) the synchronous mode flag 18
is “on” and if (at block 108) the bit corresponding to the source track to update
is “on”, then the corresponding bit is set (at block 110) to “off” and the track is
synchronously copied (at block 112) to the target track in the secondary
storage 8b. Alternatively, from the yes branch of block 108, control could end
and the update would be asynchronously copied during the execution of the
logic of FIG. 2. If (at block 108) the bit corresponding to the source track to
update is “off”, then the updated track is synchronously copied (at block 112).
23 In the event of a failure at the primary storage 8a site, the copy
relationship would be suspended and operations would be restarted at the
secondary site, including the secondary storage controller 2b and storage 8b.
FIG. 5 illustrates operations the storage management software 6a performs to

resynchronize back to the primary storage 8a after the primary site becomes



means for indicating in the data structure to copy all source data units to
the corresponding target data units as part of the operation to performthe
initial copy in the second wite node. 14. The system of claim 13, further
conprising: neans for processing the data structure to determ ne source
data units indicated in the data struchre for copy to the correspondi ng
target data units; neans for copying al 'deternined source data units in

. the second wite de to the correspondi ng.tar dat a un|t , Wherein the
update to tHYAIRPEIN ageo ‘?I}ﬁetw%kﬂ‘glﬁmer'i‘t &6 RANYENUOB. nd8e is copied as

part of the @gmrﬂgn% (Rick thltRe P& rg‘sﬂﬁggé %?b%k% éﬁneﬁcoﬁamystem

of claim 14, r conprising. nea |cat|ng ' the ta s cture
to copy the siprweembrﬂmjlecébdatcapwmelatmnnshlp&sucmaﬁa peer-do-peet copyt he first

t d t t th 16. Th
oystem of ciBialensh e e PR Gl lcedaB e thebeesolifnes Tag, 328 12800r e and
copying al |l tﬁsts%rcmqasgl s%ewg%eatsiﬁhﬁcwn.ﬁ%agrtﬁe ESGF&:? %ﬁe wﬁmbshbﬁ dat a

structure does not cat e any source ata units 0 copy to
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operations described with respect to FIG. 2 to copy the source volumes 12a,
12b...12n from the secondary storage 8b (the source) to the primary storage 8a
(target). The secondary storage controller 2b would further perform (at block
156) the operations of FIG. 4 to handle any updates to the secondary storage

8b from the hosts 4 during the resycnhronization.



- -19 whether the nunmber of wites for all data units subject to the
-relationship falls below a threshold determ nes whether the nunber of
wites for all volune pairs falls below the threshold, wherein the first
wite node is indicated for all volume pairs in the relationship if the
nunber of wites for all volune pairs Pybject to the relationship falls
bel ow the threshold. 18. The system of 6Iain117,.mhere|n the nmeans for
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block 164) and initialized to direct I/0 to the primary storage 8a.
25 Described implementations provide a technique for handling the initial
copy of source tracks in a relationship to corresponding target tracks and
updates to source tracks that occur during the initial copy to both minimize
delays in returning complete to track updates and ensure synchronization at
the secondary copy. Further, described implementations provide for
synchronous copying of updates at some point to ensure the concurrency of
the data at the secondary storage in the event of the need to failover to the

secondary storage.

Additional Implementation Details

26 The described techniques for mirroring data between a primary and
secondary site may be implemented as a method, apparatus or article of
manufacture using standard proqramming and/or engineering techniques to
produce software, firmware, hardware, or any combination thereof. The term
“article of manufacture” as used herein refers to code or logic implemented in
hardware logic (e.g., an integrated circuit chip, Programmable Gate Array
(PGA), Application Specific Integrated Circuit (ASIC), etc.) or a computer
readable medium, such as magnetic storage medium (e.g., hard disk drives,
floppy disks,, tape, etc.), optical storage (CD-ROMSs, optical disks, etc.), volatile
and non-volatile memory devices (e.g., EEPROMs, ROMs, PROMs, RAMs,
DRAMs, SRAMSs, firmware, programmable logic, etc.). Code in the computer



number of wites for all data units subject to the relationship falls bel ow
.a threshold; and indicating the first wite node if the nunber of wites
for all data units subject to the relationship falls below the threshol d.
-20 20. The article of manufacture of claim 19, wherein the first wite
node conprises a synchronous wite nodg and wherein the second wite node
conprises an asynchronous wite node. "2I. The article of manufacture of

claim 19, wherein the soyrce data unjts copied to the corresponding target
data uniis HAdable MadiymAs ARPETSA0 by XerIU BYiarCRSEHEITREX. Wha e mode,
22. The art GEde PinRABERGHY EnBlodhai® ot impleh&ha sy ARETHens furt her
conprise: providing a data structure indicatfng source data units to copy
t o correspoadecassililatigeugta ransmissioramedianoh frarmi anfilei servéreodataanstivankt ure to
copy all source data upits to the carrespondin targgt,data units as part .

of the oper dt $usih Gasesetecicien manufagiure thyhich theeode iomplementedmay. 23.
The articl e.QfyRRE Y Rgidthisih mbdaTsach aLRei&Wark BEnSRRSHA IS wireless

transmission media, signals propagating through space, radio waves, infrared
signals, etc. Thus, the “article of manufacture” may comprise the medium in
which the code is embodied. Additionally, the “article of manufacture” may
comprise a combination of hardware and software components in which the
code is embodied, processed, and executed. Of course, those skilled in the
art will recognize that many modifications may be made to this configuration
without departing from the scope of the present invention, and that the article
of manufacture may comprise any information bearing medium known in the
art.

27 The described implementations were described with respect to the IBM
PPRC Extended Distance computing environment. However, the described
implementations for maintaining consistency could be applied to maintain
consistency in other computing and vendor environments and using other data
copying protocols and programs than described herein.

28 In certain implementations, data in the storage devices is arranged in
tracks and volumes. In alternative systems, the data units of storage may
comprise units other than tracks, such as blocks, sub-blocks, etc. and the data
units may be grouped in storage units other than volumes.

29  In described implementations, the synchronous mode for copying
updates to source track was initiated if the number of source tracks to copy
over fell below a certain threshold, such as a few percent of ail source tracks
included in the copy relationship. In alternative implementations, alternative
thresholds may be used.

30 In described implementations, a bitmap is used to indicate whether a
source track needs to be copied to the corresponding target track. In

alternative implementations, any data structure known in the art may be used



further conprise: processing the data structure to determ ne source data
«units indicated in the data structure for copy to the corresponding target
data units; copying all determ ned source data units in the second wite
node to the corresponding target data units, wherein the update to the
target data unit copied in the second ite node is copied as part of the
copying of all the determined source data units. 24. The article of

manuf acture of ,claim 23, wherein the operations further copprise: in
response tot?é%eé]t@ ﬁ@u&cﬁéfﬁﬁﬁi?&wﬁaiCBH?PH@nqhHgﬂw&eagrﬁsk%t%h@t ure to copy
the updat ed ;g@ybRénigata unit to the target data unit if the first wite
node is not indicated. 25. The article of manufacture of claim 23, wherein

~the steps ofd1pr odedeseripachinplementationst thecappiidatiopyf symchrdnalet mode vexb
source data units are -21.perfornmed until the data structure does not
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added to the above described logic and still conform to the described
implementations. Further, operations described herein may occur sequentially
or certain operations may be processed in parallel. Yet further, operations may
be performed by a single processing unit or by distributed processing units.
33 FIG. 6 illustrates ohe implementation of a computer architecture 200 of
the network components, such as the storage controllers and hosts shown in
FIG. 1. The architecture 200 may include a processor 202 (e.g., a
microprocessor), a memory 204 (e.g., a volatile memory device), and storage
206 (e.g., a non-volatile storage, such as magnetic disk drives, optical disk
drives, a tape drive, etc.). The storage 206 may comprise an internal storage
device or an attached or network accessible storage. Programs in the storage
206 are loaded into the memory 204 and executed by the processor 202 in a
manner known in the art. The architecture further includes a network card 208
to enable communication with a network. An input device 210 is used to
provide user input to the processor 202, and may include a keyboard, mouse,
pen-stylus, microphone, touch sensitive display screen, or any other activation
or input mechanism known in the art. An output device 212 is capable of
rendering information transmitted from the processor 202, or other component,
such as a display monitor, printer, storage, etc.
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1. A method for mirroring data, comprising:

establishing a relationship between a plurality of source data units in a
primary storage and a plurality of corresponding target data units in a
secondary storage;

| initiating an operation to perform an initial copy of all source data units in

the relationship to the corresponding target data units;

receiving an update to a source data unit;

determining whether a first write mode is indicated;

copying the update to the source data unit in the first write mode to the
corresponding target data unit if the first copy write is indicated:;

copying the update to the source data unit corresponding target data
unit in a second write mode if the first write mode is not indicated;

if the first write mode is not indicated, then determining whether a
number of writes for all data units subject to the relationship falls below a
threshold; and

indicating the first write mode if the number of writes for all data units
subject to the relationship falls below the threshold.

2. The method of claim 1, wherein the first write mode comprises a
synchronous write mode and wherein the second write mode comprises an

asynchronous write mode.

3. The method of claim 1, wherein the source data units copied to
the corresponding target data units as part of the initial copy are copied in the
first write mode.

4. The method of claim 1, further comprising:
providing a data structure indicating source data units to copy to

corresponding target data units; and
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indicating in the data structure to copy all source data units to the
corresponding target data units as part of the operation to perform the initial

copy in the second write mode.

5. The method of claim 4, further comprising:

processing the data structure to determine source data units indicated in
the data structure for copy to the corresponding target data units;

copying all determined source data units in the second write mode to the
corresponding target data units, wherein the update to the target data unit
copied in the second write mode is copied as part of the copying of all the
determined source data units.

6. The method of claim 5, further comprising:

in response to receiving the update, indicating in the data structure to
copy the updated source data unit to the target data unit if the first write mode
is not indicated.

7. The method of claim 5, wherein the steps of processing the data
structure and copying all determined source data units are performed until the
data structure does not indicate any source data units to copy to the

corresponding target data units.

8. The method of claim 7, wherein the initial copy comprises a first
time the steps of processing the data structure and copying all determined

source data units are performed.

9. The method of claim 1, wherein the source and target data units
in the relationship are in volume pairs, wherein determining whether the
number of writes for all data units subject to the relationship falls below a
threshold comprises determining whether the number of writes for all volume

pairs falls below the threshold, wherein the first write mode is indicated for all
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subject to the relationship falls below the threshold.

10.  The method of claim 9, wherein determining whether the number
of source data units to be copied is less than the threshold number comprises
determining whether a percentage of source data units that are indicated to be
copied of all the source data units in the relationship is less than threshold

number.

11. A system for mirroring data, comprising:

a primary storage;

a secondary storage;

means for establishing a relationship between a plurality of source data
units in the primary storage and a plurality of corresponding target data units in
the secondary storage;

| means for initiating an operation to perform an initial copy of all source

data units in the relationship to the corresponding target data units;

means for receiving an update to a source data unit;

means for determining whether a first write mode is indicated,;

means for copying the update to the source data unit in the first write
mode to the corresponding target data unit if the first copy write is indicated,;

means for copying the update to the source data unit corresponding
target data unit in a second write mode if the first write mode is not indicated;

means for determining whether a number of writes for all data units
subject to the relationship falls below a threshold if the first write mode is not
indicate_d; and

means for indicating the first write mode if the number of writes for all
data units subject to the relationship falls below the threshold.
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13.  The system of claim 11, further comprising:
a memory including a data structure;
means for indicating in the data structure source data units to copy to
corresponding target data units: and
fneans for indicating in the data structure to copy all source data units to
- the corresponding target data units as part of the operation to perform the initial
copy in the second write mode.

14.  The system of claim 13, further comprising:

means for processing the data structure to determine source data units
indicated in the data structure for copy to the corresponding target data units;

means for copying all determined source data units in the second write
mode to the corresponding target data units, wherein the update to the target
data unit copied in the second write mode is copied as part of the copying of all

the determined source data units.

15.  The system of claim 14, further comprising:
means for indicating in the data structure to copy the updated source
data unit to the target data unit if the first write mode is not indicated in

response to receiving the update.

16.  The system of claim 15, wherein the steps of processing the data
structure and copying all determined source data units are performed until the
data structure does not indicate any source data units to copy to the
corresponding target data units.

17. The system of claim 14, wherein the source and target data units

in the relationship are in volume pairs, wherein the means for determining
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whether the number of writes for all data units subject to the relationship falls
below a threshold determines whether the number of writes for all volume pairs
falls below the threshold, wherein the first write mode is indicated for all volume
pairs in the relationship if the number of writes for all volume pairs subject to the
relationship falls below the threshold.

- 18, The system of claim 17, wherein the means for determining
whether the number of source data units to be copied is less than the threshold
number determines whether a percentage of source data units that are
indicated to be copied of all the source data units in the relationship is less than
threshold number.

19.  An article of manufacture for mirroring data between a primary
storage and a secondary storage, wherein the article of manufacture causes
operations to be performed, the operations comprising:

establishing a relationship between a plurality of source data units in the
primary storage and a plurality of corresponding target data units in the
secondary storage;

initiating an operation to perform an initial copy of all source data units in
the relationship to the corresponding target data units;

receiving an update to a source data unit;

determining whether a first write mode is indicated;

copying the update to the source data unit in the first write mode to the
corresponding target data unit if the first copy write is indicated;

copying the update to the source data unit corresponding target data
unit in a second write mode if the first write mode is not indicated;

if the first write mode is not indicated, then determining whethera
number of writes for all data units subject to the relationship falls below a
threshold; and '

indicating the first write mode if the number of writes for all data units

subject to the relationship falls below the threshold.
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mode comprises a synchronous write mode and wherein the second write

mode comprises an asynchronous write mode.

21.  The article of manufacture of claim 19, wherein the source data
units copied to the corresponding target data units as part of the initial copy are
copied in the first write mode.

22.  The article of manufacture of claim 19, wherein the operations
further comprise:

providing a data structure indicating source data units to copy to
corresponding target data units; and

indicating in the data structure to copy all source data units to the
corresponding target data units as part of the operation to perform the initial
copy in the second write mode.

23.  The article of manufacture of claim 22, wherein the operations
further comprise: |

processing the data structure to determine source data units indicated in
the data structure for copy to the corresponding target data units:

copying all determined source data units in the second write mode to the
corresponding target data units, wherein the update to the target data unit
copied in the second write mode is copied as part of the copying of all the

determined source data units.

24.  The article of manufacture of claim 23, wherein the operations
further comprise:

in response to receiving the update, indicating in the data structure to
copy the updated source data unit to the target data unit if the first write mode
is not indicated.

25.  The article of manufacture of claim 23, wherein the steps of

processing the data structure and copying all determined source data units are
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copy to the corresponding target data units.

26." The article of manufacture of claim 25, wherein the initial copy
comprises a first time the steps of processing the data structure and Copying all

determined source data units are performed.

27.  The article of manufacture of claim 19, wherein the source and
target data units in the relationship are in volume pairs, wherein determining
whether the number of writes for all data units subject to the relationship falls
below a threshold comprises determining whether the number of writes for all
volume pairs falls below the threshold, wherein the first write mode is indicated
for all volume pairs in the relationship if the number of writes for all volume pairs
subject to the relationship falls below the threshold.

28.  The article of manufacture of claim 27, wherein determining
whether the number of source data units to be copied is less than the threshold
number comprises determining whether a percentage of source data units that
are indicated to be copied of all the source data units in the relationship is less

than threshold number.



