; e3e5\54L6T\I - I' - METHOD, SYSTEM AND PROGRAM FOR MANAG NG | NFORVATI ON
ON RELATI ONSHI PS BETWEEN TARGET VOLUMES AND ' SOURCE VOLUMES WHEN PERFORM NG
ADDI NG W THDRAW NG, AND DI SASTER RECOVERY OPERATI ONS FCRAIWMW“MMHIMWMSHI PS
BACKGROUND OF THE INVENTION I . Field of the Invention [O sent
invention relates to a nethod, system and programfor managi Rge;s

rel ati onshi p between one target volune and one source volune, 2.

Description of the Related Art [0002] Conputing systens ow"ﬂm”m , one
or nore host conputers ("hosts") for processing data and Mmmm
application prograns, direct access stojage devices (DASDs) figgpgst Ori ng

Forl i g
data, and a storage controller for controlling the transfer of data between
the hosts and the DASD. Storage controllers, also referred to as control
units or stor ' R Wi sed of
nunmer ous har da}gﬁggb@? gggggyénnec?%%é%@??g%ggrﬁc |?g§F§$§fAerc¥§ erw se
referred to aRELATIONSHIPS BETSERNTARGEDAOIIEMEDASD) SOUBSCESY OielyMESnTTUNI cat e

control et (oBSPERRCHTHBrNE, MAERERANRTE St PRU TR COORRET o o

DASD, may be copied to t hePFERSETIONSFHOR THE RHINTAQNSHEPS ce so that access to
data vol unes can be provided fromtwo different devices. A point-in-tine
copy involves physically copying all the data from source volunes to target
vol unes so that the target wgalowtmRd@spDOEORY IVVENTDTHNata as of a
point-in-time. A point-in-time copy can al so be nade by logically making a
copy of the Hat aEigldiofthelveptian copyi ng data over when necessary, in effect
deferring t y S j ' ' j ' f,ormed to
i zot ha g e TGP e o e o A6, SRR aBPROBEID: bRt

i naccessi bl eclafigebip)betraen suctargeulund andopy somervatineen i s known as Fl ashCopy
(FlashCopy is a registered trademark of International Business Machi nes,
Corp. or "IBM). FlashCopy -2 involves establishing a | ogical

poi nt-in-tink relDRescrimiohpHthbBelaeddrsour ce and target vol umes on different
devices. Th S function.quarantees that, until tr.acknid a

Fl ashCopy I’glpg(il o@n?%m%gs%gé ft%nalrn @ﬁeeo “% mlotreshqso%)g}plugeﬁs (o}hoséﬂeﬂgrt ar get

di sk, the trmaoclessigsdaemdanndifeapptication prhigsins, direcedcadss exombé gevicabl e is used to
mai ntai n infor ien on all existing Flas relations int subsystem
Dur g ¢ he CaAR ER sGhag dste e Hotidn eorp rapenEBhe 6 Taiderantvs 7
recorded in Behfeen @ stsandltht DARD. Sekdakiconsiiep, dabtRFed Oras thros tmifsee and
target that partigipate in the FlashCo bei ng est ﬁt))]ﬂished. Each added
entry maint a%“ﬁ%g%‘ﬁrrfcrtoﬁemﬁ%f’@ﬁia?céﬂ‘ (P AP OFAER SR ctBTEeS Hpers b disk copy

rel ation. Boadhee8dnhb®& thQnodphecHiBiale] ANERIsE réfégedt6 BDYBdedt AQBAsE BBrage
rel ati onship tables when all FlashCopy tracks fromthe source extent have

been copi ed P84 ASEY gdiostspaysoamypichls daput{ OpippHYOA FraReia e S ¥28%cei ved.
[0005] The tghaahrough dbis@REBcthiioll. € further includes a bitnap that
identifies which tracks involved in the FlashCopy rel ati onship have not yet
been copi ed B0H dnagy eystamssdasr ot eersimage davRes sudsae i DASE: Riay fe eepieditgr get
device is r S olicd & th 4 {%Ra vOhG idedifpset when
t he correspgtﬁéll ng t%g%tﬁ%isg?gggl%ﬁﬁ %hte%%g%ga tatragvgt te§ ga{élgki_)%t)p%@é&elgl ashCopy

rel at i onshi ptworhigerentidgeceshiA poigt-ineipeg cophi ényolvaephysicalysyonyidg mythedatek has been
copied from I t i eto
wites on tHEE SR REh RS A ARl SERA ARk Mo PRy Kol

(0006] I n the agoinin-time, Zapoipainttingfcopi eanedsodio niadi he logicallly mhldng agipyaif

Phe ‘source cHEAg® PIdEZRLP ofhbhisdi D PETA AR SPHtEl Al REDAREE® " e

physi cal sougopgingolThisHpgieal@opy cpetitiorisPeSkmed nalmanirhize recise during aichar get
cache incl udtgd in %Qde Fl ashCop%/ must be di scarded. Further details of the
Fl ashCopy opBf H8HAY sorie yRUREs HE{2cHsiWE copendi ng and commonly assi gned

U S. Patent pped]i aod s0bh RRicaldBpy3dperatids is Hnblvads PRshishy® ZFladh@9fy isant i t | ed
"Met hod, System and Pr ogram for Mintaining Electronic Data as of

a
Poi nt - i n- Ti nisgistegdit@perpak ehinteappional Bupingss MachinesoCpwr ot dMAk ridashCorgy®
reference inits entirety. [0007] Once the logical relationship is

est abl i shed, hosts may then have i medi ate access to data on the source and
target volunmes, and the data may be copied as part of a




-3 background operation. Aread to a track that is a target in a FlashCopy
rel ati onship and not in cache triggers a stage intercept, which causes the
source track corresponding to the requested target track to be staged to
the target cache when the source track has not yet been copied over and
before access is provided to the track fromthe target cache. This ensures
that the target has the copy fromthe source that existed at the :
point-in-tinme of the.. FlashCopy operation. Further, any wites to tracks
on the source device that have not been copied over triggers a destage

i ntercept, which causes the tracks on the source device to be copied to the
target device. SUWARY OF THE DESCRI BED?t MPLEMENTATI ONS (0008] Provided are
a nmethod, system and programfor nanaging a rel ationship between one
target V.Ol umianvﬁﬂl?s é)spa%Hal?ﬁl Y l[%%é%:’?%l -'ir}-éirgg erlgl%héhg&bét\%eerﬂ%lo r}%ea glnr&qgr L MEmory on
an existing relationshi pbetween at | éast one sour cé vol une and at | east
one target veblunes orcdiffprentsieniges. (The BashCepsfunctiva gahrenesstthat windragtrank eac h

el ement repr s a.range of sequential data .units in the volune; (ii) at
| east one re?%fet? 4 I’i?lf)“oé'%l‘P 3?5 l?ﬁﬁ’éhlaéfiwegg?c‘ﬁq?ﬁl%‘f ?Ibﬁg [R5t g’ﬁ]f’rtge tr”ag%r esents
one rel ati ongdlides ordhd sduiréd diskatA teRaishshpeble isai¥edo nR@itith §fforABE6E bkl Ng one
element with gne relationship entry, wherein the data units represented by

ne . nry ' .
the el enent &F#NEdiashGery Fréations ithoivbsismy efringdht estpblsh Rhage ofel at i onshi p

entry that t?ﬁisﬁHpS}trﬁﬁticﬁ@ﬁ?,Cdn@E&%’ Wi dcBrded & BE SRR and ArgteWidtBhaiy @RS P
bet ween at | east one target volune and at | east one source volune is added.

Further, addé thessoxrcpand tergetthptngsisingtedn the\FlashCemydeingeepblisheds tBaglepddedig t he
new rel at i onglphn,ARdinQaR tRGY e RS naPO Hhming 1RIGRACHH y for
each el enent ]lmr?gl?uaﬁﬂlg gét awlmiets %gpudée%l in ' tt1e' new r@lra{aﬁ%r{nf ||5 to
associ at e t hentgesforthe relitionship ere mempved frami thaeshatipnsbinpt talgles wikenralliFteshGepydat a
units repres I . f e i Al [ 0009]

' fart hor i G Enohy st P8 SR EhRRR B g Tl SR ES M | cast
one el ement paohmamtis sceivedided for each of the source volune and target
volune in th lationship,. . .4 010 till further. ..at |east two new
el enents ar e?ogrlagﬁlt Ig% t?@eﬁ'réa%p%rc%lélpéﬁbée gﬁhg%ﬂ%luc‘r%éf)lrbgrél%{hfitnlgeﬂ&lgf 2 ﬁ?t s in the
new rel at i onghdiks imvetied apthe BRsHCIpy rélattoashimhdve nbhyat besheopied owst add die thhe new

relationship. [0011] Further proyided gre a nethod,, system. and. program
ranagi ng . ¢ BTSRRI EBt G B e At s OGS Do uir uPto ume. A
menory i ncl udgstarget Bk FREH vilEn O cdre§loadih@RsdkiiPespdliviRgas atardebtsdk cPAE Source
vol une and at_|east qne target vol une, conprisi i),at |east one

el enent , wheF@f‘?ﬁ%éﬂat&nélﬁ%nmr%ﬁﬁb@@ﬁf@ewffeaﬁlbegc%é?s(plg')éﬁ%ﬁﬁ%c#é@s BsPa units

in the vol Umgspiéd from @le sb@BSlochDA ah& dtdgbd@RhdPtayet deVice ML QiresSRC h
rel ati onship entry reﬁresents_one rel ationship; and (iii) at |east one

el ement poi nthEsOREE BdPSRTESHIYIE, HIAEFEOURLCAPYOAR r el ati onship entry,

wherein the gsjog) Llﬁitﬁeﬁ)riro?%,%§ﬁm 8CthO¥stdbNEnRInBHBAS 1081cH! podi-in-Bhe t he
rel ati onship represented by the relationship entry that the pointer

associ at es widafiongep dyringghg FlashCapy®) gpegaiion. %IE‘&IEE%’Pth%soﬂ’éééilc\bé&amf?h respect
to a subj ect if.flial NS PathRPfD Bust RARL Q%o BRI AR dodrcd FbRIRL. & NsoiRAOT Y
associating one elenent wth the relationship entrK representing the

subj ect r el aDASH: hingall imackempbnisrget eachdacludadiial theiddshe eny@aust bg disderjedyet
further provi : t . r i a
ol at onshi pr B anRICo R Mo RS b0 = BLAAEAT, W BRRRRRE T vy
mai nt ai ns i ntanmatly essigmad B.S. Ehtaoti Appdibition Dt 0%347, 3, filedist Jubn?, 196%r ce vol unme
and at |east o target. yol une onmprisSing. . (i | east. . one.el enent,

wher ei n eachelétﬂge%en eg1r0 g’pér/yélsegh?ﬂsd Igmglg?\lg@r l\ggl msatgan(ﬁfe%%cltrzﬂncziaattaaasl%iat s in the

vol une: (i) Paint-ineBiste” ovtech et apphisdtiop i€intarporatadh Berein by eeferdandedh & | onshi p
entry represents one relationship; and (iii) at |east one el enent pointer
associ ating 6M8®l ement with one relationship entry, wherein the data units
represent ed Ippoovheosateanengicalelaf@ishipQf estdbBshee| dkts &g MHeR hivamasanteed by the
rel ationship entry that the pointer associates with the elenent. A recovery
process is i Afaessp dataop thespures and taget vehwicseand di¢ dake mavhscopishastoffonshi ps
bet ween at | east one source volunme and at | east one target vol une,

i ncl udi ng source and target elenents, source and target relationship
entries, and source and target pointers associating source and target

el enents, respectively, with source and target rel ationships. -5 [0013]
Descri bed i npl ementati ons provide informati on on rel ati onshi ps between
source and target volunes, and an association of such information in the
menory to make such rel ationship information avail able. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0014J Referring now to the drawings in which |ike
reference nunbers represent corresponding parts throughout: FIG 1

oy o o b o - - o



I mpl enented; FIGS. 2 and 3 illustrate a relationship between tracks in a
source volune and tracks in a target volune in accordance with

i npl ementations of the invention; FIGS. 4, 5, 6, 7, and 8 illustrate

enbodi ments of information naintained to represent a relationship of source
and target tracks in a copy relationship in accordance with inplenentations
of the invention; FIG 9 illustrates operations to initialize in nenory

rel ationship information in accordance with inplenentations of the

i nvention; FIGs. 10a and 10b illustrate operations to update relationship

i nformation in menory to reflect a neM/reIatlonshlp I n accordance with

I npl enment ati ons of the invention; FI GS:3-11, 12a and 12b illustrate

oper ati ons to updat e relationship i nformati on |n menory to reflect a

wi t hdr awal tracks fron1a reI n ac n w t.h ntations
of the | nveqerisiiingpesdd il A PR i AeEHB o HIRECord! o FBR BT onohi oo
when dest ag Iriagma:adme?ut@grmﬁglé aﬁ&seﬁt nehiticaake thersome fidtangespohdify to the
|nplenentat|ons of the invention;; FIG 144]1:]w trates operations to

perform a r deBGErd amebaskdo bestage iy the Heest 6 FHoihe prurtedtaci At 16 Yethe

-invention; aRgh &dpfed odér dnlt bbbt RERS isPRovidedhd the Gt RorR theGRPRERENRI TERMPONENE S
in the netmnrk environment, such as the hosts and storage controller, and
any other comHies th@ tla:etgrgétégs the copy from the source that existed at the point-in-time of the.

FlashCopy® operation. Further, any writes to tracks on the source device that have not
been copied over triggers a destage intercept, which causes the tracks on the source

device to be copied to the target device.

SUMMARY OF THE DESCRIBED IMPLEMENTATIONS

[0008] Provided are a method, system, and program for managing a relationship
between one target volume and one source volume. Information is maintained in
memory on an existing relationship between at least one source volume and at least one
target volume, comprising: (i) at least one element, wherein each element represents a
range of sequential data units in the volume; (ii) at least one relationship entry, wherein
each relationship entry represents one relationship; and (iii) at least one element pointer
associating one element with one relationship entry, wherein the data units represented
by the element are part of the relationship represented by the relationship entry that the
pointer associates with the element. A new relationship between at least one target
volume and at least one source volume is added. Further, added is a new relationship
entry in the memory representing the new relationship and one new element pointer is
added in the memory for each element including data units included in the new
relationship to associate the element with the new relationship entry, wherein the data
units represented by the element are part of the new relationship.

[0009] In further implementations, the new relationship entry and added at least one
element pointer are added for each of the source volume and target volume in the new

relationship.



-6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0015] In the
follow ng description, reference is made to the acconpanyi ng draw ngs which
forma part hereof and which illustrate several enbodi nents of the present
invention. It is understood that other enbodi nents nay be utilized and
structural and operational changes may be nmade wi thout departing fromthe
scope of the present invention. [0016] FIG 1 illustrates a conputing
architecture in which aspects of the invention are inplenented. A storage
controller 2 would receive Input/output (I/0O requests from host systens

4a, 4b....4n over a network 6 directed toward storage devices 8a, 8b
configured to have vol unes (e.g., Logic& Unit Numbers, Logical Devices,
etc.) 10a, .1 On and 12a, 12b. .12m respectlvely, where m and n may

Further 1 ﬁ?? wa@@ei‘?%fﬁ?t%e%a"?ré%aaw?gemsrtaarg eSS TR TR 1

source st or aggrefehti, dat@uﬁlﬁﬁﬁlﬂie néRGElgtiohdikip bed RpRicatihg ftsladia thdhretnoAcks in
t he target storag . The source 14a and target 14b caches nmy conpri se

separat e nentyibin e@@@“%@“@@fferent sections of a sane nemory device. The
caches 1da. by arﬁmqté.ffqotl@edbm § Rethb&agsan: dan%rogen%tag alglarrgratcrr@ﬁtf mitted
bet ween the host's 4a 4n and the Storages urther t hough
caches 14a abriwdeplong tasget sélome et ong saercewelvme Amemozny geludesduionnation on a
respectively i intime copy
rel ationshi mk&ﬁamgﬂ%ﬁggqugaggﬁ %ﬁﬁ£@5ﬁ§%€%§§q§§t%ﬁéﬁggggﬁbfhe source and
target trac keonnmlsnhgf (et dgast ope r:lnmemthhqrcm egabplenrent @piceantshi Ip&e gf0017] The
storage cont oII al s0. i e be

ol oment ed. 1o oBrLE S RAE VAR GuRiah P PR R tur b MR G e

sof tware 18 miasiotkhsenitry réﬁn&eﬂysﬁeaMammblpyaﬁﬂa[ut)(at lewsn ageelérhent paipgt ng of data

bet ween the different tora uch as. the.t e of | ogi cal
copy ng { hat FREIE e ARG IR Ry G FBHTeR sl SR g e ren
software 18 bphe BRfdkAaMR pupediald @mﬁoﬂsmpaeldeg‘ehte@ b:t therd1QicheHAY bty BARKAL | Ons
descri bed herein. The system nenory in a separate nenory device
from caches RUBIET aFaq5IakGs "‘élthrfa"r ‘Ele‘t’?fer éd’f’ “hd’m‘@ Eeﬂb‘?sa’é éecﬁ’é(ﬁ‘aﬁer‘réeﬁ?ccét?fat ware 18

mai Nt ai NS ONgbdar RRABANip a8l af leADSkY ittt Geleted inMndnttRy S¥&diAM: FROBIEMenk O
providing information on point-in-tinme cop relatlonshlps for each vol une

managed by  With fis relptignsiye etfahteptsrqnerg the S\rtﬁré:r glatiathé wasrprsedn®ei n- menory
rel ati onshi pytglth@a12&ubq@r each volune. In certain inplenmentations, tracks
are subject to the copy relationship. However, other data units may be

subj ect to alt98Hy Yeiiferthenpronided ars ganethed. Pysismkand nsedsin derkaanaginga t r ack, etc.
where for eaghSpuECRadahantidet mmtl@ End Gl QbR LA ﬁfegmbsmﬁntams
correspondi ng target data unit. [0018] The storage controll'er 2 would
further incl wdrematlcm@t?e@b@pnsembﬁr\wn ghleast aleoapire seldmpaand af depirdng éargaty
storage cont prise
St or age Ser vg(?h’%éégﬁnégégg ét %&gé\% é&féc})rrll%lp &r}ﬁ@{etn eaﬁyglgm?‘én%ﬂggsﬁét?gtﬁ % g‘i age
Server is a reggémsinkdagounits aobemelkmerf(ii) BNjast dﬁheelammslsp diry, dbereingachmay
conprise any i 0 h

it rame. WTEOR G IS RO ot g RS oSSR BONRE L o,
t el ephony devsscceatmgehmieﬂnelapptmcmnmeauoatlnp enTnyewhtremalgpeda(aamtts ciplesentéd and host

systens) 4a,. 4 4n connu | a networ se a
S or age Ar enPKEESiSPRD (iR S etoRn REPHRRE o] tatflaoRs P BRI
I nternet, W geintér &@od}&és\AﬂlfHQhé M&N}nt Alrecovdlypraie Griahetiasedld m’nsﬁlchﬂhe 8b may

conprise an array, of stora such ag a Just a B nch

(TB00) - Red A i 3yEmsrs phis o e e TR ours Wbt B s at i on
devi ce, etc. of 0RO NofinRQindiudingsbirb®aramyettiiman, ®utcdlhd ahRdrebaby@pn a range
of tracks on a source volunme and_a range of tracks on a target vol ume,

wher e the tr siResnafifropse and prest RARiers assgeiefingsPess arddrigriedenisifiol ved in the
rel ati onshi p,Jgibdy, W@ SATE R tadef L RIiGHRhips | N certain inplementations, the
source extent and target extent may be at dlfferent relative offsets from

t he beginning of their respective volunes. This allows reorganizing data
sets, for instance, to coal esce a set of discontinuous data sets into a
contiguous set of tracks. FIG 2 illustrates how non-conti guous source
extents 50 and 52 located in the mddle of the source volune 54 are

rel ocated to target extents 56 and 58 at the beginning of a target vol une
60 and occur in a different order in the source 54 and target 60. [002.0]
Descri bed inplenentations further allow nmultiple point-in-tine copy

rel ati ons per track where a given extent (range) of tracks can concurrently
be part of nore than one point-in-tinme copy relation. A track can belong to
elther a source extent or a target _0_ extent Further, a track may

o o o g, L LR 1 . N o




Vol une Pair 116: identifies the other volunme in the relationship. -9

[ 0022] The rel ationship blocks 106a, 106b...106n may be arranged in a
linked list. Blocks in the relationship netadata 102 that are not used may
be stored in a free list of free blocks available for use to store
relationship information as a relationship block. The rel ationship bl ocks
106a; 106b..106n may be of a fixed I ength and indexed, such that they are
accessi bl e through an i ndex. [0023] The bitnmap netadata 104 conpri ses one
or nore bitmap data structures that provides a bit for each track in the
volume. If the bit is "on", then this indicates that the corresponding
target track does not yet include the point-in-tinme data fromthe source,
and that the data nmust be copied over. The bit val ues corresponding to a
byt . et adVi)1 G g b ERratica PRFs i RyOL bilaySipl BeffsiouRasn P

I npl enent at i o tfettviRmnie)-aA® aDisyodigionf arRh lfﬂfmﬂaﬂbrh&ltﬁé)meﬂih@'rt&nﬁ&ysubﬁ one
in-menory relatio Shl aple 20 for each vol une managed by the storage
control | er 2elaipps deﬁﬁﬁﬁ ayaifablei onship table 20 includes a plurality of
el enents 130a, 130b, 130c, and 130d, where each el enent represents an
extent of contiguous tracks in_the corresoondlno volune. FIG 7 illustrates

the content of each el emeBRIBBBESGRIMIQN Qf BHEBDRAWENGS 130pb, 130c, and

130d in FIG oﬁwa%zefaﬁhymamtge SbAlrs I Askh H32cRRAcENM el A€ eskrt
representing t start and en a conti1guous range of tracks i1n the

vol unme and asermspoadingparpshrenghont: 136 to one or nore rel ationship entries
140a, 140b, and c I As,hl ' a

[ nked 1ist. Par gt HiRFsR b inRr Gl SRl bl i B
entry 140a, ipOimentedd 1400 FIG 6 shows that elenents 130a, 130b, and 130d

represent ranges t are.i in Qi nt opy

rel ati onshi p, Iﬁéﬁ? gﬁ @ﬁgq§ar%M1nSl g’mlm?%%naSEggceduﬁn§(§6d t hat
point to rel ﬁédcoimaaharrgemwmeeis ade@ﬁancel\ﬂﬂbunmnhnmam ofphmuvdmmg i nformation
on the relationship ingcludin e tracks re ed.by el ene ts 130a,
130b, and 103d. %@ﬁé‘ng #g |Bé 1SHag O%lmregtﬁﬁ mgqml? Oé'ycf%‘ NEREE ar e not
included in gppRenhh rejlaamhéﬂxeofrsehraé hrfnafabfracksSiniakdpCtlationdip id atddedenaf any
pointer to a rel ationship g y 140a, 140b, and 140c. If an element, e.g.,
el ement 130aWFhH?ﬂﬁ%?“%H“%Rﬂi?“B‘“ﬁﬁwnters 136a and 136b that point to

di fferent relati gnehy puewids operaiddao MitehlizdBlimenidie relfidaéhif ARGRadn ihr acks is
associated with two relationships, indicating that such range is a source

to nul tiple teapigatcs with implymepiaons ofheinvgniian ystrat es content that may be
included in each pigkaiph R TULRNENEEBpéilons $16dHaRTelhfdrndhib HISIMaBoRRHE 11 es 140a,
140b, and 140c in FIG 6, including certain of the persistent relatlonshlp
i nf or mat i on mSWoBterlera newireladnshidihecpdpugevthdmPlsMsNatIsS PO, 106b. . . 106n
in the vol unp,griadata 100, such as the relationship role 112 and/or
relationship I'D 110 (FIG 5), and a pointer 152 to the rel ationship bl ock
106 i ncl udi ng perBOstldnt2aian d2nmilnsteste gnsratipnseto padaig ielstiership infopresioain ed by
the relation ip entries
140 are showﬁl Qfggryggl}{]ﬂ%égga yithMI kdgkﬁraa;iéa%&?l%pﬁl Jc@ér@?_adc?_@ﬁpm nter 152
may further cmﬁgnmméwmnﬂThﬂQXﬂmgnthe correspondi ng rel ationship block in

t he relationship pshi p bl ocks
164a. 164b. and 163 RERhITOCH: erg O B2 Congﬁf%‘{}gl?%&l%@ggw%éﬁm%g& 152¢ in the
rel ationshi pstﬂ@h@dﬁ:ﬂ@frdﬁ&a@mnm acmurdaricetvhén inpleunetatiets @fl theanvkdon;; The | n- menory

dent] Tyt ng.t ho VP bpbues it bt 35 5eo Sy Bl AR Mg
i n-menory reinqilduﬁdiﬁdmbﬂsétabdﬁvaﬁomahﬂal ns. [0026] Wth the described data

structures, nuch of L?ﬁ relatlon |n{ornat|on i s maintai ned %
persi stent stor ag‘% lﬁétr‘\ﬁlaﬂﬁ’é? B8k SomPY BN OGPRR PR IEYTSI ure 104,

10b, 1 On anghvlrdamenkZch ds2he hidsls@nd dtodage Eatitiol @ and diy et @nputinPlLmeit at i ons,
each nenber of the relationship, the source and target, would separately
maintain the relationship netadata on their respective volunes. In this
way, if a volune in a relationship fails, the storage controller 2 wl|
still be able to determ ne whether the source or target in the
point-in-time copy relationship with the failed volunme is in fact part of a
relationship, thus requiring special handling during destage and stage
operations. [0027] . FIG 9 illustrates logic inplenmented in the storage
managenent software 18 to initialize the in-nmenory relationship tables
(I'MRTs) 20 fromthe volunme netadata 100 in the volunes 10a, | Cb...IOn, 12a,
12b....12m managed by the storage controller 2. Upon begi nning the
|n|t|aI|zat|on (at bl ock 200) t he storage managenment software 18 perforns
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-12 [0029] FIGs. 10a and 10b illustrate operations perfornmed by the storage
managenent software 18 to update the I MRTs for a source and target vol une
in a new established point-in-tinme copy relationship. Wth respect to FIG
10a, upon initiating (at block 250) the update of the IMRT to reflect an
added rel ationship, a loop is perforned at bl ocks 252 through 282 for first
the source volunme and then for the target volunme in the relationship. At

bl ock 254, the volunme netadata 100 (for first the source and then target)
is updated by adding relationship blocks to each providing information on
the new rel ati onship and updating the relationship bitmap 104 to indicate
that all tracks in the nem/relationshiﬁ*have not been copied fromthe
source to target. After adding information on the relationship to the

persi stent mnet adab%T;?Lﬁﬁ'b?%hg@b& SPYE% P%%E?)ii%ﬁhg%ﬁaﬁm bl ock 256)
in the IMRT 20 fo ain

re: ati onsEi qo@bllrsﬂ oﬁmteifarb\di{fgl{)e@dﬂpﬁon,%feaﬁﬁb iamade wttke acl:&ﬂpatx@ingld&]\mssi st ent
rel ati onship 0 164a, 164b, 164c¢_in the source, or 't et volune is

gener at ed fd’i‘hl‘f}hé“}‘élpé‘? h?fﬁ%fﬁpﬁwéﬁpﬂ@}‘sﬁ% S‘"tVBragE‘EB(tq“&?‘ES %{{ ° PEfPesent ati on of
the rel ati onghinRod. Nt ¥RABModd AR JiRL BhbORRRItPMENbE Willz8@Indv¥tdibtutahghd
correspondi ng persistent rel ationship block 106 in storage. The storage
nmanagenent sWeatienabchageesieay beawade withow departingdroms e seqpe 08%‘5 PEFeHDr e el ement s
130 that ingLudgot he extent of tracks in the new relationship. [0030] If
(at block 262) all tracks represented by element i are within the extent of
tracks in tH80YewWEFIG) biflnyrthagompiimg agchyedtyre ér whiglsaspecta eftbelinyentiopetsck 264)

ol a1 onsni diP ARG dbbilyd bl M ADBARMOMAR TGP RERARARY, LIE e
repr esent ed Hoyt sgbtemedd, 4i)...duer'¢rap1ewirctrlh6 dhectab et sofagedacks 8arBbt he new

rel ati onship hen ith respect to.F .10b. a determ nati (S, made (at
bl ook 266) WHBPHER elaliiRaThE bia® B iped LRGBS E0U Pt o
tracks in th@bneom sl 12k, IQBS.NRMm, rebpecetetyrentiereim fdd ommy bedifferchriategdt of bl ock

266) includes.the |ast track Qf the extent racks.in the new

ol ht i onshi PRGN ErmRAe The s SuuP e DEhBaRe s s el Ay

el ement's, whesre I/OhRtaffor Bickidwhedoaree Blordgd 8h etestatge etk t4bad storedrO @pa Wi t h t he
relationship extgnt 1(;md ends vviébh he Iasﬁ track ig Bhe extent of. tracks in
the new rel aPf WHERIMINGREReE Heragetbon(GROWCE M &hadare R 42 PRI f4t do not

overlap W t hyepdifte aRhidby @REBI ¢t dpfdrékectibhs lagBmB ineinofyf dedite! IThe yRBedr anch of
bl ock 2b6) includes the first -13 track of the extent, then elenment i is

repl aced (at!¥ blereeq afuffr ieadbendetite fnbring raRimeicd betecr Frdesthitty el ement
i includes t4ia0kSnd BRGtoEReNOL SOV SLaR, AthbikhicB@ el 84AIdQa6 RicRefertddibts and t he
second new el enment j includes tracks that overlap with relationship extent
and starts wioptee pbiafget epehas rgyretslys Fs hpldingtsPR% o (preesdraskt I apPin-4r bl ock
272) el ementgih,e ?dg?lréigﬁﬁlsﬁi{',Qhé Stest1hR5Hd Qb ntd) Qe SR salRRnelsdurdd A not t he
| ast track in elefent |, then the operation”at block 268 is perfornmed (at
bl ock 274) ftergetetraskeintdifferens ppiat-dimg eopy selatipaphigpl it to extract tracks at
the end of Ntry QYERH1R8s Wishferh BRnBW RN WhRAhAphECE such
non- over | appi ﬁgﬁt rTéllgﬁfsop%%lcggﬁ‘otq}%%er e+_em§n.ts.§' e"’I'I&e %nwié}I of thr eeapnew el enent s
woul d be addiegplamenteddn Valstkeahd/drapn-yblagle davieass Sipregeemaagemenybeftyede B enment
was | ocated. [0031] .Aft repl aci (Y t W

ol crent o, ori2eaneibi S nERoRTAY LR ofry MOkt BBl RE BRRRE
t hree new el goregd devib@(084, 8b,amh as eeaypecsfddpiqanl eopyimgakat podurd dulinge by t he

repl aced el egent, i. A point | 30 is then added bl ock 278) Lo the new
el enents i ncﬁeﬁs&ﬁ%ﬂ@y@ P%%?&?“f &éﬁft{”ﬁée WéWgF@frgf?fﬁ‘ﬁaég?%m%B?#%oﬁ%rga?lﬁén created
rel ati onshi padaniohYo ihéd QopyehgaspeRabmtdesdribed Revin e TR®slem Mg $6hfal bginta acks in
the relationship extent with the rel atignshi e trgl representing the

rel ati onshi pSePREBIRERHIONY frvire srogriashes 1iay! BP’b*blEar‘z‘g%ﬁ fb:ﬁ‘ StPB’gBP’SEﬁ%m?%’ﬁ in

FIG 1 Oa fofHftAR 18MRaihtain®6t i8Sl oByRIMiohdMG] tible DO irf th@SysEent RerhH§ 18EW

rel ati onship. After processing all relevant elenments for the source vol une
in the new rRPHEdingR{pImation omPRIBT INiNsCORY Elatighshis Jeneasig yglumge prnaggd By ock 252
to update the IMRT 20 for the target volune to reflect the added
point-in-tinme copy relationship. [0032] FIG 11 illustrates operations
performed by the storage managenent software 18 to withdraw or ternminate an .
entire relationship. The operations of FIG 11 nmay be perforned after all
the tracks in the point-in-tinme copy rel ationship have been copied fromthe
source to target volunes. Alternatively, an entire relationship nay be

wi t hdrawn by an adm nistrator deciding to end the entire relationship. Upon
initiating (at block 300) the operation to withdraw an entire rel ati onship,
t he storage managenent software 18 determ nes (at bl ock 302) fromthe

T A NN o o o . . a Y



-16 element i is replaced (at block 366) with two new el enents, where the
first new el enment includes tracks that overlap with the relationship extent
and ends with the last track in the range of tracks being w thdrawn and the
second new el enent represents tracks that do not overlap with tracks being
withdrawn. If (fromthe yes branch of block 364) elenent i includes the
first track of the range to wthdraw, then elenent i is replaced (at bl ock
368) with two new el enents, where the first new elenment i includes tracks
that do not overlap with the tracks being w thdrawn and the second new

el ement j includes tracks that overlap W|th tracks being w thdrawn and
starts with the first track in range of-7tracks being withdrawn. |f (at

bl ock 370) el errent j includes the last track of the extent that is al so not
the last tra nele t he eratlon at erforrred
(at biock 3735 shise® sFlilin 2 r et Py PSPt elhoPihucils of LB ks
at the end Ofvol&inenhniertjunﬁxhﬁlbmdﬁatImE taviardragubjpct th thedwperdieiohshipid pl ace such

non- over |l app tracks in a further elenent. The two or t new el enent s
woul d be add%@%ﬂ?rﬂt@r APARBIE Mavshe sybiegte Aey delafirsiup sygh ?Q%?@ééa bel enent
was | ocat ed. piobiarialtaek «R6Whefe fer/ddch SRfdeldata ublt REME SdatioRsH BEk 944 to add
one or nore pointers 136 to both new el ements pointing to any rel ationship
entries poi nedEspending target dagypiiced el enent i and del etes (at bl ock 376) the
poi nter 136 igdibNeriehthcRRniMIR: e Ukl s LA b BRooREY & 3

i ncl udes tra ]h ljEe(t:t %eo WI@(% (rzlra nt rcgﬂ ?er? proc&e%gg%%m mﬁ?g)ck 378)
back to bl oc kncB@&' tanprienanyeturge coﬁtrqlheonspa/@klglosvmbp thetartt snchig theiBMal from
the relation [ r fromthe
rel ati onshi pﬁg{ﬁ r1§é‘$ﬂofa§5 s&&ﬁ‘c’]& %% f{a%@ﬁo tg(;rT}a%}(;{ng nag%rgrﬁgﬁgdﬁ Sftware 18
perfornms (at Sbltvcxoka E&G)ersttstdsnéik@f IBMbuI:itw 134 42, Ab Fimag torpriseenyge
consecutive el e ?evwe wn m {he tSO tEIPSea s%faifrerplﬂ’alenf%t ICO\QSI'QS'[ o%ntgréo%gl or
pointing to ok lInélons I'p en /Bf}t renovi ng PP ARKD: PEER he

rel ati onshi pccﬁmpsutérhlemtlaélgebmmnémmpmpaelaptroﬂy dpsncncﬁederk(a@phdmb@etc 38) back to
bl ock 354 to renove tp glks in ttae r&a ionship fromthe Eg ge vol une.
[0036] The r &8[LE Yo "6‘3 EREGVOR: n eppunuREle VAR REWEE (Bubset of

tracks in a hﬁyatﬂlp;tsabls&)r@get@eztNattxerlt@membcarmmgvo&etmmpnﬁﬁh@ thé) the
source and tar urre rre ta, while the relationship

e
remains with I‘ttgfg‘ife%'t‘ Areq NB%Vé?ﬂ‘i(r ePfotT § ﬁ‘BIaé‘é BYStes BAeLOTHIN GORIPTSG Ahdr anal .

After the w hhglr WBIrage\dedibdd! dRad 4 RiSteSBincR 6T DRRs @BOB)Redundhit L&y dfhen
avai l abl e to_be used_I.n further established relationships. Further, destage

and stage f ofndepradeniDisks (BAD)arayRatplization deyicenptthout having to perform
addi tional i pgeadreRtpomlaLHhdEopyniIdélesthnlisBld REWehia\¥ehge BPLAKEBE AkdoRks, the
logic of FIG 12 may not be used when withdrawing a portion of a

rel ati onshi pvolumg paggranghef tieksayradangel velunss wherp sherteagk pambeatiefdhospuiser f or mi ng
the operatiopg QIgeF \toﬁnesm%ive&%ptht: chétﬁﬂé}fﬁ?ﬁaﬁge @k gaxﬁ@ér?ﬁ[’fér@x{t' fHertain

rel ati onship, where the source and/or target” extents In the new

rel ati onshi piraplementatiobs ¢he sofirce serd rudhargst exftent inay b et ditkrentirdardieioffsets

conatitute 1 fenangPHbior HelrogledlP bl YESUAE RRTRNAL I BRER P 02"
operati ons pamfaocmtmmblysqeheetstfdrsa@mnmdgterwmnttsmt(tmtgmms 18 of padkse Filie | MRTs
20 10 momorY skl RARRLAe e UL RhAE 0PH RELENG ddlyRgRaTdRNCE Wi L

i mpl ement ati 6ns 0 I nventrons on receivin a request
t o destage osowteagpdunie 54ramcfelacmte¢anh@eﬂeﬁamts156tapd158131them’gnmﬁlgfodatargne vol une

including the track to destage.or stage is det bl ock 402) and
the el ement 13YmF rcqgfiﬂcgocﬁglt g Ia%ffﬁeéﬂ“ P né%f’ PHEF élia’h tatgﬁégbﬁ rack to stage or
destage is | pouabpdDestibdd iaplentijions!fiirtenbildW MakipGRintitieme e@pa_/treldu@isenent
includes a pointer 136 (FIG 7) to a relationship entry 140, n the
storage mana§&rEGk Whee R RAea eXignt (ngs) of Wacks s3n @P@Ht@nﬂbbﬁ pagt %ftn%fg B ORfest age
intercept roybinnf-tiie &p$WiIsioAAWrdcR A dnY (OFitHeh & sRPdetxrehilorlal tAFBeCOPY

rel ati onshi p  when doing the stage or destage. The stage or destage
intercept will ensure that the source track is copied to the correspondi ng
target tracks) or staged to the target cache 14b in the point-in-tinme copy
rel ati onshi ps) before performng the target stage or source destage. The
rel ationship entries 140 woul d be processed to |locate the rel ationship

net adata 102 and bitmap |02 to determ ne whether the tracks have been
copied fromthe source to target and to determi ne how to handl e the stage
or destage intercept. Oherwse, if (at block 406) the | ocated el ement 130
does not include a pointer 136 to a relationship entry 140, then the
destage or stage of the track is performed. [0039] FIG 14 illustrates
operatlons perforned by the storage nanagenent systen118 to |n|t|ate an

o o - v o e pe— 4



-19 relationship entry was not built within one I MRT 20, then control
proceeds (at block 464) to perform bl ocks 304-326 in FIG 11 to renove the
rel ati onship bl ock 104a, 104b...104n in the target rel ati onship netadata
102 and renove the relationship entry 140 fromthe target | MRT 20.

Addi tional Inplenmentation Details [0041] The described techni ques for
establ i shing and nmanaging a point-in-tinme copy relationship may be

i npl enented as a nethod, apparatus or article of manufacture using standard
progranmm ng and/ or engi neering techni ques to produce software, firmare,
hardware, or any conbination thereof. The tern "article of manufacture" as
used herein refers to code or logic inpf-enented in hardware logic (e.g., an
integrated circuit chip, Progranmmable Gate Array (PGA), Application
Specific Integrated Crcuit SIC), etg.) or a ut er. readabl e nmedi um
such as nagrdfng Ffagé‘a%laéy/ﬁﬁﬁll%’@ﬁw}‘ﬁw%ﬁa“f&? Eeia%gB?’\L?gts‘? “%bpy di sks"
.tape, etc.),inpRinesatios! Mg einflCRrf¥Miaticaftip Ballowed KEIG. Billusfatesuahldple| € and
non-vol atil e nenory devices (e.qg., FEP ,  ROVB PRC%S, , Ms,

SRAMs, fi r migIRHONSFELEICK RS & SQUERi V@,U“&%SY)Z.S exieTin(rpges ra&m’ﬂé‘r >eadabl e
nmedi um i s acgRIReitht AP (CH B BExRnRBOCEIS §6)land 98T thrset vhRme®adah N Whi ch
preferred enbodi nents are inplenented may further be accessible t hrough a

t ransni ssi onsossdicstersp 72 pushidzarg felatedde faygat exont 82 andheauggsicxtents 14 8yt TP cases, the
article of %&Mﬁ%g& gxth SWuElbthtanﬁesEQ\gS’ rdlatioh Sl SHERR bft OV MBYpi R 58 @
transm ssi on nedi a, “such as’ a network transm ssion line, wWTreless

t r ansmi ssi onofitedksa Fushgnabise pxtemgd§at!rtagtotrmrldple krasp exsents 8Gatid$8wades,

infrared signals, et hu the "artijcl f.agt g rise the
R T At L e S AR

manuf act ur e" targais aeaspwi etha sancerdolungt in oiis efanipley; theaargetanackssofltvapre conponent s
in which the _code is enbodi ed, processed, and executed. O course, those
skilled in t# e@Wﬁ@%Wﬁ&recognize that many nodifications may be made to

t hi s confi gupatijornwied dysvidt-iseip@Icbpyglatiomsiiipt il estabtished befwetinen pras ent

invention, and that the article of manufacture may conprise any information
bear i ng medi GHKRHARIUICH V&H’é‘e é’f“ﬁm extenbg a[tﬁr@ﬂ'?ﬂ"?“?ﬁeg?fé‘étg&i "E)%Hnai“ﬁ% r8 ﬂ@nt ations
for establi shidignship WalilEB stfed B voluind réRdaOi Yhe solidt bmairevoneie 1dgscri bed
for use with systens degl? ed in a critical data enviraonment where high

t

avai | abi | i t y195s-188r12a0i3Rt 1240 Wathapspeqt fREIS- didihe velgme mefedaia 40Q fogpgop

appreci at e t fatcelaR@taRRt %lﬁlh@mta%' m%hﬁ@Hﬁéta@gﬂ@E&B}Ibdﬁ@&s,qgéﬁsirg%nﬁlﬂﬁei n my
apply to storage systens used Tor non-critical data where hi availability

. used e hi gh
i s not absol mefiya HEtedasianship biupanetadits 194.ande@ VahkneEsPGRIoNCHERE Ry be
i npl ement ed [ y;3h S BRANBIPI02 iKGYdeS FolflonshGPRLAS 8 06F TBYLY.. 196Y, le&@Sincih iR 4] The
descri bed techniques for managing point-in-time copy relationships nmay
appl y when t éormeiiorcen amaomgingiéme eapaidisnieatset affiecksdpriheaplugier fldtent track
nunbers. [ 004fkydd) AARE bRk kS Bloblieh & Aaddalifh bRBRN0R, cOnCer ned a
point-in-tinme copy relationship between tracks in different volunmes. In
alternative ﬂWbLéﬁ@nméﬂGohs§hmhémgelationship nmay conprise additional types
of copy or data r§4|ﬁ¥oh8{?gfﬁ Pro: H)Q/Wgsll{}nié&“:id@l{titﬁer (qugélglatia_&ﬁi | lT!hﬁSt rated
| ogic of FIGS. 9- I'n events occurring in a Certain order. In
al ternative i npl emeeaisiusndy bodrthasaureped wrgebtrsdesgpathie pdstfoosipd in a

di fferent order, i fi.ed or. r.enpoved, ever, . s ; ed.to the
above descri bed Iggg%mgﬁ%ﬂ§§*¥%1%5%%%W§$F%¥§H3“3é@@%?gi%tgﬁﬁﬁene%?ations.

Furt her, oper ati odsrce estardebmdhdreladonshipay occur sequentially or certain
operations may be_processed.i.n parallel, Yet further, operations y be
perforned by a si%gﬂ%igid@ggbﬁﬁﬁaEﬁ#f“ﬁpeﬂgma?g? PWﬁygﬁggwg%%§£}%gaunits.
[0047] The vari abfRgs Avanel imuas pintsedogyQelded@hip. any integer variable for
certain of the described elenments and pay jndicate a, sanme or different

i nteger val ue wheXolumggair Jlojideptificsthe otharivajymgdn a‘[e@?}ﬁ SEPG 15 illustrates
one inplenentation of a conputer architecture SO0 of the network
conponents, such as the hosts and storage controller showmn in FIG 1. The
architecture 500 may include a processor 502 (e.g., a mcroprocessor), a
menory 504 (e.g., a volatile nenory device), and storage 506 (e.g., a
non-vol atil e storage, such as nmagnetic disk drives, optical disk drives, a
tape drive, etc.). The storage 506 may conprise an internal storage device
or an attached or network accessible storage. Prograns in the storage 506
are loaded into the nmenory 504 and executed by the -21 processor 502.in a
manner known in the art. The architecture further includes a network card
508 to enabl e conmuni cation with a network: An input device 510 is used to
provi de user input to the processor 502, and may include a keyboard, nouse,
pen-stylus, m crophone, touch sensitive display screen, or any other

- AN "



WHAT IS CLAIMED IS: A nethod for managing a rel ati onship between one target
vol ume and one source volune, conprising: (a) maintaining information in
menory on an existing relationship between at | east one source vol unme and
at | east one target volune, conprising: (i) at |east one el enent, wherein
each el enent represents a range of sequential data units in the vol uneg;

(ii) at least one relationship entry, wherein each relationship entry
represents one relationship; (iii) at |east one el enent pointer associating
one element with one relationship entry, wherein the data units represented
by the elenment are part of the relationship represented by the relationship
entry that the pointer associates with-%he element; (b) adding a new

rel ati onshi p between at | east one target volunme and at | east one source

vol ume; (c) ng.a new relatio i nt in the menmory senting the
new rel ati on@ﬂ%; grabﬁ ﬂeq?tﬂﬁnsﬂﬁgfoﬂﬁqg)aféqﬂg%'@%g H’é‘?ﬁﬁ’e ﬁ%?%?n&’yq IH&‘%EStmrmr y for
each el ement Blobig| ikl e R€latibbldp Hidtakista il O thadReindtisédnBay R Widred iatai fRBSIBI¢Y t O
associate the element with the new rel ationship entry mhereighthe dat a

units repres@iftderkpgvailple & uiiatons lagansupgioppRionase FltienttonRlAFl. 2. The
nmet hod of cl fidRelaiondhiph&icRs 1088, 108H.M0dh BRF bl Bf LHIRNEMRM fndiddaREd, GRAMKA: Ses:

they are accessible through an index.
[0023] The bitmap metadata 104 comprises one or more bitmap data structures that

- provides a bit for each track in the volume. If the bit is “on”, then this indicates that the

~ corresponding target track does not yet include the point-in-time data from the source,
and that the data must be copied over. The bit values corresponding to a range of extents
can be directly mapped to an offset of the relationship bitmap metadata 104.
[0024] FIG. 6 illustrates a data structure implementation of the in-memory relationship
table 20. There may be one in-memory relationship table 20 for each volume managed
by the storage controller 2. The in-memory relationship table 20 includes a plurality of
elements 130a, 130b, 130c, and 130d, where each element represeﬁts an extent of
contiguous tracks in the corresponding volume. FIG. 7 illustrates the content of each
element 130, such as elements 130a, 130b, 130c, and 130d in FIG. 6, as including a start
track 132 and end track 134 representing the start and end of a contiguous range of tracks

. in the volume and an array of pointers 136 to one or more relationship entries 140a, 140b,

" and 140c. The relationship entries may or may not be in a linked list. Further multiple
elements may point to the same relationship entry 140a, 140b, and 140c. FIG. 6 shows
that elements 130a, 130b, and 130d represent ranges of tracks that are included in a
point-in-time copy relationship, as represented by pointers 136a, 136b, 136¢, and 136d
that point to relationship entries 140a, 140b, and 140c, providing information on the
relationship including the tracks represented by elements 130a, 130b, and 103d. Element
130c represents a range of tracks that are not included in a point-in-time relationship, as
indicated by a lack of any pointer to a relationship entry 140a, 140b, and 140c. Ifan
element, e.g., element 130a includes an array of pointers 136a and 136b that point to
different relationship entries 140a and 140b, then such range of tracks is associated with

two relationships, indicating that such range is a source to multiple targets.



one rel ationship pointer for each relationship entry associating the
relationship entry with volune netadata, wherein the volune netadata

provi des information on the relationship represented by the rel ationship
entry. -23 The nethod of claim1, wherein the new relationship entry and
added at | east one elenent pointer are added for each of the source vol une
and target volune in the new relationship. 4. The nethod of claiml,
further conprising: creating at |east two new el enents to replace one

el ement representing data units in the new relationship and representing
data units that are not within the new rel ati onship. The nethod of claim4,
wherein one of the at |east two new eldffents includes only data units in

t he nem/relationship and one of the at |east two new el enents includes only

data units 'n e new relatio Shlp, th dded, one n el enent
poi nt er ass §&$HQHH§VW§F@W@HFaFﬁ@YBﬂFﬁBﬁﬁﬂwagﬁ?@“ﬂﬁh?§“ Eﬁ%e new
rel ationshi psum 5sf}elbhﬁmlﬁ9\ehtl’n€é Maaombld%deﬂlﬁd M FIG. 6, ]H&ﬁxdmgtcbﬂﬂn @fth@' aim 4,
furt her conpr|5|$$ he replace el enent is associ at ed one

rel ati onshi PeEst reﬂ@élﬁﬁ%@ﬁfqrwgﬂ@ﬂéoés@rnstb? P@quwnétngéﬂgtmnﬁhlbébalf &06he new
rel ati onshi p g, ﬁ%ﬂ%ﬁthe%ﬁxﬂae%’e@dd@ﬁ 1@6%11@1{ @sﬂﬁ@klaﬂ%sﬂ &blei 172 bitfoTEMOrY for

each new el ement” associ ating the new el enent with e relationship entry
associ at ed vielatonship IPdp( 86 5k brdveprtinterAl Sawe ﬂl@delattﬂnsmﬁhlag}f HY iaclndib@t i onshi p

between one ;}e?srxsge% in\f(ﬁ'ln'ﬂg?n t%pgle?agtionship represented by the relationship entry 140. The

pointers 152 in the relationship entries 140 are shown as pointers 152a, 152b, and 152¢ in
FIG. 6. The pointer 152 may further comprise an index to the corresponding relationship
block in the relationship metadata 160. FIG. 6 further shows the relationship blocks
164a, 164b, and 164c addressed by the pointers 152a, 152b, and 152¢ in the relationship
metadata 162 portion of the volume metadata 160. The in-memory relationship table

- (IMRT) 20 further includes volume information 166 identifying the volume 10a, 10b,
10n, 12a, 12b...12n to which the in-memory relationship table 20 pertains.
[0026] With the described data structures, much of the relationship information is
maintained in persistent storage in the volume metadata 100 stored with the volume 10a,
10b, 10n and 12a, 12b, 12n (FIG. 1). Further, in certain implementations, each member
of the relationship, the source and target, would separately maintain the relationship
metadata on their respective volumes. In this way, if a volume in a relationship fails, the
storage controller 2 will still be able to determilne whether the source or target in the
point-in-time copy relationship with the failed volume is in fact part of a relationship,
thus requiring special handling during destage and stage operations.
[0027] = FIG. 9 illustrates logic implemented in the storage management software 18 to
initialize the in-memory relationship tables (IMRTs) 20 from the volume metadata 100 in
the volumes 10a, 10b...10n, 12a, 12b....12m managed by the storage controller 2. Upon
beginning the initialization (at block 200), the storage management software 18 performs
a loop at blocks 202 through 226 for each volume accessible to the storage controller 2.
If (at block 208) there are no relationship blocks 106 in the accessed volume metadata
100 for volume i, then control proceeds to block 226 for next volume and an IMRT 20 is

not constructed for volume i. A volatile indication may be made in the volume structures



source volune, conprising: (a) maintaining information in nmenory on a

rel ati onship between at | east one source volune and at | east one target

vol une, conprising: (i) at |east one elenment, wherein each el enent
represents a range of sequential data units in the volume; (ii) at |east
one relationship entry, wherein each relationship entry represents one

rel ati onship; -24 (iii) at least one el enent pointer associating one

el enent with one relationship entry, wherein the data units represented by
the el ement are part of the relationship represented by the relationship
entry that the pointer associates with the elenent; (b) receiving a

wi t hdrawal request with respect to a suldject relatlonshlp and (c) deleting
at | east one pointer in menory associating one el enent with the

rel ati onshi p_entr ent| ec I ons L res onse to the
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nmenory as50Cér@?élﬂ%nﬁﬂﬁbl’%bl@%@tforW'qulihet h@ed £ ARG PdifkirRith hy rdlaﬂi@yhﬁﬁq? nting the
subj ect relationsh IF del eted. 9. The met hod of claim8, further
conpri si ng: blocks would be constructed (at block 212) in memory 16. A loop is then performed at

blocks 214 through 224 for each relationship block j in volume i. For each relationship
block j, from the first to last block, one or more elements 130 are built (at block 216) in
the IMRT 20 indicating in the start 132 and end 134 fields (FIG. 7), which comprises the
start and end tracks identified in the extent of tracks 114 (FIG. 5) in the relationship
blockj. The constructed element is then linked (at block 218) to the element representing
the consecutive preceding tracks in the volume i. The storage management software 18
further constructs (at block 220) a relationship entry 140 in the IMRT 20 including
relationship information from the persistent relationship block j, such as the relation ID
and role 150 (FIG. 8) and a pointer 152 to the accessed relationship block j in the volume
metadata. Further, a link may be added from one relationship to the previous
relationship. The pointer may comprise an index into an array of relationship blocks
106a, 106b...106n (FIG. 4). The relationship entries may be organized in an array,
where the index of each relationship entry 140a, 140b, 140c in the array may be
determined by the index of the corresponding relationship block 164a, 164b, 164c.
Control proceeds (at block 222) back to block 214 to process the next relationship block
106 in the volume metadata 102. From block 208 or after processing all the relationship
blocks for volume 7, control proceeds (at block 226) back to block 202 to process
information on a further volume in the devices managed by the storage controller 2.
[0028] As a result of the logic of FIG. 9, an IMRT 20 is added to the memory 16 for
each volume managed by the storage controller 2 including relationships and used to
allow the storage controller 2 to maintain data integrity of point-in-time copy
relationships when users perform I/Os with respect to tracks included in a point-in-time

copy relationship.



determ ni ng whether at |east two el enents representing consecutive data
units are associated with a sane at | east one relationship entry; replacing
the determned at |least two elenments with one new el enment representing al
consecutive data units in the replaced at | east two el ements; and addi ng at
| east one el enent pointer to associate the new el enment with each
relationship entry that was associated with the replaced at | east two

el enents. 10. The nmethod of claim7, wherein the withdrawal request
conprises a request to withdraw a subset of data units associated with the
subj ect relationship, further conprising: determning at |east one el enent
i ncludi ng at | east one of the subset of'4data units, wherein deleting the at
| east one pointer conprises deleting the pointer in nmenory -25
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11, wherein gRap@ite sfiBe BMRT &ASHed: WO adiRW QARABHAS, B loop is performed at blocks

252 through 282 for first the source volume and then for the target volume in the
relationship. At block 254, the volume metadata 100 (for first the source and then
target) is updated by adding relationship blocks to each providing information on the new
relationship and updating the relationship bitmap 104 to indicate that all tracks in the new
relationship have not been copied from the source to target. After adding information on
the relationship to the persistent metadata, a relationship entry 140 is generated (at block
256) in the IMRT 20 for the volume (source or target) including certain relationship
information 150 (FIG. 8) and a pointer 152 to the persistent relationship block 164a,
164b, 164c in the source or target volume is generated for the relationship entry 140 to
associate the representation of the relationship in memory (the relationship entry 140)
with the corresponding persistent relationship block 106 in storage. The storage
management software 18 then locates (at block 258) the one or more elements 130 that
include the extent of tracks in the new relationship.

[0030] If (at block 262) all tracks represented by element i are within the extent of
tracks in the new relationship, then a pointer 136 is added (at block 264) associating
element i with the relationship entry 140 representing the new relationship. Otherwise,
if (at block 262) only a portion of the tracks represented by element 7 overlap with the
extent of tracks in the new relationship, then, with respect to FIG. 10b, a determination is
made (at block 266) whether element i includes the first track of the extent of tracks in
the new relationship. If element i (from the no branch of block 266) includes the last
track of the extent of tracks in the new relationship, then element i is replaced (at block
268) with two new elements, where the first new element includes tracks that overlap
with the relationship extent and ends with the last track in the extent of tracks in the new
relationship and the second new element includes tracks that do not overlap with the

relationship extent. If element i (from the yes branch of block 266) includes the first



i ncludes only data units in the subset to withdraw and at | east one of the
at least two new elenents includes only data units not in the subset to

wi t hdraw, further conprising: deleting one el enent pointer in nmenory
associating the new el enent including only data units in the subset with
the relationship entry representing the subject rel ationship, wherein
deleting the at | east one pointer conprises deleting the pointer in nenory
associating the replaced elenment with the. relationship entry representing
the subject relationship. 13. The nethod of claim 12, further conprising:
if the replaced elenent is associated with at |east one additional

rel ationship other than the subject refldti onshi p, then addi ng one el enent
pointer in the nmenory for each new el enent aSSOC|ating the new el enment with
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added in the linked list of elements where the replaced element was located.
[0031] After replacing element i with two or three new elements, one or more pointers
136 are added (at block 276) to the two or three new elements 130 to any relationship
entries pointed to by the replaced element i. A pointer 130 is then added (at block 278)
to the new eléments including tracks from the new relationship that points the created
relationship entry 140 to associate the new elements representing tracks in the
relationship extent with the relationship entry representing the relationship. Control then
proceeds (at block 280) back to block 260 in FIG. 10a for the next located element
including tracks in the new relationship. After processing all relevant elements for the
source volume in the new relationship, control proceeds (at block 282) back to block 252
to update the IMRT 20 for the target volume to reflect the added point-in-time copy
relationship.
[0032] FIG. 11 illustrates operations performed by the storage management software 18
to withdraw or terminate an entire relationship. The operations of FIG. 11 may be
performed after all the tracks in the point-in-time copy relationship have been copied
from the source to target volumes. Alternatively, an entire relationship may be
withdrawn by an administrator deciding to end the entire relationship. Upon initiating
(at block 300) the operation to withdraw an entire relationship, the storage management
software 18 determines (at block 302) from the relationship metadata 102 in the source
and target volumes the extent of source and target tracks of the deleted relationship. The

withdrawal request may provide relation extents, which can then be used to query the



(i) at least one elenment, wherein each el ement represents a range of
sequential data units in the volune; (ii) at |least one relationship entry,
wherein each relationship entry represents one relationship; (iii) at |east
one el ement pointer associating one element with one relationship entry,
wherein the data units represented by the el enment are part of the

rel ati onship represented by the relationship entry that the pointer
associates with the elenent; and (b) initiating a recovery process to
rebuild the information in nenory on relationshi ps between at | east one
source volunme and at | east one target volunme, including source and target
el enents, source and target relatlonshrB’entrles and source and target

poi nters associating source and target elenents, respectively, Wi th source
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140 from the located elements.

[0033] After deleting the information on the withdrawn relation, the storage
management software 18 then begins a process at block 314 to merge any elements that
point to the exact same relationship entries or no relationship entries. At block 314, the
storage management software 18 accesses the first element 130a (FIG. 6) in the IMRT 20
that overlaps the removed extent and determines (at block 316) zero or more subsequent
contiguous elements that point to the same relationship entries or that all point to no
relationship entry as the accessed element. If (at block 318) one or more subsequent
elements 130 are located, then the accessed element and all determined subsequent
elements are replaced (at block 320) with a single element representing all the sequential
tracks in the accessed and located elements that have the same zero or more pointers 136
in the accessed and located elements. If (at block 318) no subsequent elements 130 are
located, then a determination is made (at block 322) of whether there is more than one
element following the last accessed element (if no merger occurred from no branch of
block 318) or following the last merged element (if a merger occurred from block 320).
If there are further elements that can be merged, then the storage management software
18 accesses (at block 324) the element following the last accessed element (if no merger
occurred) or the located merged element (if merger occurred). After accessing the next

element (at block 324) control proceeds back to block 316 to attempt to merge the next



| east one source volune; (c) neans for adding a new relationship entry in
the nmenory representing the new rel ationship; and (d) nmeans for addi ng one
new el enent pointer in the nmenory for each el enent including data units
included in the new relationship to associate the elenent with the new
relationship entry, wherein the data units represented by the elenent are
part of the new relationship. 18. The systemof claim 17, wherein the new
rel ationship entry and added at | east one el enent pointer are added for
each of the source volunme and target volune in the new rel ationship. 19.
The systemof claim 17, further conprising: nmeans for creating at |east two
new el enents to replace one el enent reﬂPESentlng data units in the new

rel ati onship and representing data units that are not within the new

relationship. StEﬂ]f n 2 tionship hetween one
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[0034] FIGs. 12a and 12b illustrate operations performed in the storage management
software 18 to remove a subset of contiguous tracks from an extent in a point—in-time
copy relationship. This operation may be performed if a portion of tracks in a
relationship extent have been copied from the source and target and to make such copied
tracks in the source and target available for further point-in-time relationships. Further,
tracks may be removed from an extent in other situations, such as in response to a request
from an administrator. With respect to FIG. 12a, upon initiating the operation (at block
350) for a partial withdrawal to withdraw a subset of the tracks in a relationship extent, a
determination is made (at block 352) from the relationship metadata 102 in the source
and target volumes the extent of source and target tracks of the deleted relationship. The
withdrawal request may provide the relationship ID or relationship extents, which can
then be used to query relationship metadata 102 to locate the source and target volumes
including metadata on the relationship subject to the partial withdrawal. A loop from
blocks 354 through 378 in FIG. 12b is performed first for the target volume in the
relationship and then second for the source volume to withdraw a subset of tracks from
extent of tracks subject to the relationship. At block 356, the storage management
software 18 locates the one or more elements 130 that include the tracks subject to the
partial withdrawal. An inner loop is then performed at blocks 358 through 372 in FIG.
12b for each located element i including the tracks to withdraw. If (at block 360) all
tracks represented by element i are subject to the withdrawal from the relationship, then
the pointer 136 in element i to the relationship entry 140 subject to withdrawal is

. removed (at block 362).

[0035] If (at block 360) all tracks represented by element / are not subject to the
withdrawal, then a determination is made (at block 364 in FIG. 12b) whether element i
includes the last track in the range of tracks to withdraw from relationship. If element i

includes the last track of the range to withdraw (from the no branch of block 364), then



(i) at least one elenent, wherein each el enent represents a range of
sequential data units in the volune; (ii) at |least one relationship entry,
wherein each relationship entry represents one relationship; (iii) at |east
one el ement pointer associating one element with one relationship entry,
wherein the data units represented by the el enment are part of the

rel ati onship represented by the relationship entry that the pointer
associates with the elenent; (b) means for receiving a w thdrawal request
with respect to a subject relationship; and (c) neans for deleting at | east
one pointer in nmenory associating one elenent with the relationship entry
representing the subject relationship il response to the withdrawal
request.. 21. The system of claim 20, wherein the mﬁthdramal request
conprises a request to w hg M/%pe. bj ect WL
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with the tracks being withdrawn and the second new element ; includes tracks that

overlap with tracks being withdrawn and starts with the first track in range of tracks
being withdrawn. If (at block 370) element j includes the last track of the extent that is
also not the last track in element j, then the operation at block 366 is performed (at block
372) for element j to perform a further split to extract tracks at the end of element j that
do not overlap with the extent and place such non-overlapping tracks in a further
element. The two or three new elements would be added in the linked list of elements
where the replaced element was located.  From block 366 or 370, control proceeds to
block 374 to add one or more pointers 136 to both new elements pointing to any
relationship entries pointed to by the replaced element / and deletes (at block 376) the
pointer 136 to the relationship entry 140 from the new element that includes tracks
subject to withdrawal. Control then proceeds (at block 378) back to block 358 to
remove any of the tracks subject to withdrawal from the relationship subject to
withdrawal. After removing the tracks from the relationship subject to withdrawal, then
the storage management software 18 performs (at block 380) steps 314 through 324 in
FIG. 11 to merge consecufive elements 130 pointing to the same relationship entries or
pointing to no relationship entry. After removing the tracks from the relationship for the
target volume, control proceeds (at block 382) back to block 354 to remove the tracks in
the relationship from the source volume.

[0036] The result of the operations in FIG. 12a and 12b is that a subset of tracks in a
relationship extent are removed from the relationship in the source and target IMRTSs 20
and volume metadata, while the relationship remains with respect to those tracks not

subject to the partial withdrawal. After the withdrawal, withdrawn tracks from the extent



-29 nmenory associating the determ ned at | east one elenent with the

rel ationship entry representing the subject relationship. 23. The system of
claim 22, further conprising: nmeans for creating at |east two new el enents
to replace one el enent representing data units in the subset to w thdraw
and representing data units that are not within the subset to wthdraw. 24.
A system for managing a rel ationship between one target volune and one
source volume, conprising: (a) a nmenory including information on a

rel ati onship between at | east one source volune and at | east one target

vol ume, conprising: (i) at |east one el enent, wherein each el enent
represents a range of sequential data ddits in the volume; (ii) at |east
one relationship entry, wherein each relationship entry represents one

rel ationship; ||| as ter asso i ng one el enent
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each rel ati ogskd fae VIRTY 20 in memory 16 to perform destage and stage operations in

accordance with implementations of the inventions. Upon receiving (at block 400) a

request to destage or stage a track in cache 14a, 14b, the IMRT 20 for the volume

including the track to destage or stage is determined (at block 402) and the element 130

in the determined IMRT 20 including the track to stage or destage is located (at block

404). If (at block 406) the located element includes a pointer 136 (FIG. 7) to a

relationship entry 140, then the storage management software 18 initiates (at block 408) a

stage or destage intercept routine to ensure data integrity of the point-in-time copy

relationship when doing the stage or destage. The stage or destage intercept will ensure

that the source track is copied to the corresponding target track(s) or staged to the target

cache 14b in the point-in-time copy relationship(s) before performing the target stage or

source destage. The relationship entries 140 would be processed to locate the

relationship metadata 102 and bitmap 102 to determine whether the tracks have been

copied from the source to térget and to determine how to handle the stage or destage

intercept. Otherwise, if (at block 406) the located element 130 does not include a pointer

" 136 to a relationship entry 140, then the destage or stage of the track is performed.
[0039] FIG. 14 illustrates operations performed by the storage management system 18
to initiate an error recovery procéss, which may be performed in response to a cold start

after a power loss, a warm start initialization or rebooting without a power loss, or other



represents one relationship; (iii) at |east one el enent pointer associating
one elenent with one relationship entry, wherein the data units represented
by the elenment are part of the relationship represented by the relationship
entry that the pointer associates with the elenent; (b) adding a new

rel ati onshi p between at | east one target volune and at | east one source

vol unme; (c) adding a new relationship entry in the nmenory representing the
new rel ati onshi p; and (d) addi ng one new el enent pointer in the nenory for
each el enent including data units included in the new relationship to
associate the elenment wth the new relationship entry, wherein the data
units represented by the el enent are pdﬁt of the new relationship. 26. The
article of manufacture of claim25, wherein the maintained information
further conprises: one relatigonship pointer .f h rel ationship,.entr
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inconsistent state or corrupted. The storage management software 18 then performs (at
block 454) a validation operation to consider the built IMRTs 20 by checking whether for
each source relationship entry representing a source in a relationship, there is a
corresponding target relationship entry in an IMRT having the same relationship ID. As
discussed, the relationship entry 140 may include relationship information 150 (FIG. 8),

- such as whether the volume for which the relationship entry 140 is defined is for a source
or target and a relationship ID. The storage management software 18 upon locating a
relationship entry 140 for a source may then query other relationship entries 140 in the
same or different IMRTs 20, as well as information in the non-volatile relationship
metadata 162, to determine whether one IMRT includes a relationship entry 140 that
indicates a target having the same relationship ID. If (at block 456) a target relationship
entry was not built within one IMRT 20, then control proceeds (at block 458) to perform
blocks 304-326 in FIG. 11 to remove the relationship block 104a, 104b...104n in the
source relationship metadata 102 and remove the relationship entry 140 from the source
IMRT 20.

[0040] If (at block 456) there is a target relationship entry corresponding to each
located source relationship entry, then the storage management software 18 performs (at
block 460) a validation operation to consider the built IMRTSs 20 by checking whether for
each target relationship entry representing a source in a felationship, there is a
corresponding source relationship entry in an IMRT having the same relationship ID, and
vice versa for each source in a relationship. The storage management software 18 upon
locating a relationship entry 140 for a target may then query other relationship entries

140 in the same or different IMRTs 20 to determine whether one IMRT includes a
relationship entry 140 whose relationship information 150 indicates that the relationship

entry 140 is for a source having the same relationship ID. If (at block 462) a source



-31 28. The article of manufacture of claim25, wherein the operations
further conprise: creating at |east two new elenents to replace one el enent
representing data units in the new relationship and representing data units
that are not within the new relationship. 29. The article of manufacture of
claim 28, wherein one of the at |east two new el enents includes only data
units in the new rel ationship and one of the at | east two new el enents

i ncludes only data units not in the new rel ati onship, wherein the added one
new el enent poi nter associates the new elenent including only data units in
the new relationship with the new relationship entry. 30. The article of
manuf acture of claim 28, wherein the oﬂgrations further conprise: if the
repl aced el enment is associated with one relationship entry representing one
exi sting rela f i ﬂin one
ol ement poi riEBiOIRPARE Rerhd s pS N 2 St S BRERS (R BRP BOHL

el ement wi t htotphortrebhl adkis om;mq:nnmmrm tasamwmeaélamﬁshlptbﬂmkrlem ao4id. l8kenent .
31. An article of ma ufac ure fo a.rel nshi tween one
Carget vol unh liireBERugap R P e Siflon iR R o Be o1
manuf act ur e @aYSIBR PRI ati ons to be perfornmed, the operations conpr|5|ng:
(a) maintaining information in nenory on a relationship between .at |east
one source volunme and at | east one target volune, conprising: (i) at |east
one el enent, wherein each el egBiliodfRhASEM:Sicd Detfide of sequential data

units in the vol une;
[0041] The described techniques for establishing and managing a point-in-time copy

relationship may be implemented as a method, apparatus or article of manufacture using
standard programming 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-ROMs, optical disks, etc.), volatile and
non-volatile memory devices (e.g., EEPROMs, ROMs, PROMs, RAMs, DRAMs,
SRAMs, firmware, programmable logic, etc.). Code in the computer readable medium is
accessed and executed by a processor complex. The code in which preferred
embodiments are implemented may further be accessible through a transmission media or
from a file server over a network. In such cases, the article of manufacture in which the
code is implemented may comprise a transmission media, such as a network transmission
line, 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.



(ii1) at least one relationship entry, wherein each relationship entry
represents one rel ationship; -32 (iii) at least one el enent pointer

associ ating one elenent with one relationship entry, wherein the data units
represented by the elenment are part of the relationship represented by the
rel ationship entry that the pointer associates wth the el enent; (b)
receiving a withdrawal request with respect to a subject relationship; and
(c) deleting at | east one pointer in menory associating one elenment with
the relationship entry representing the subject relationship in response to
the wi thdrawal request. 32. The article of manufacture of claim 31, wherein
the w thdrawal request conprises a reqﬂ@st to withdraw the subject

rel ati onshi p, wherein the operations further conprise: deleting the

rel ati onship r I r C re atronshrp in
response to rtoﬁﬁ] )fhe des A %?lgﬁﬁntgtgoc ore l%hs m?"ajtf catl Poma élstxcr)](l:e copyng one

el enent wit hrelahenshfpl v&Ird: dnmifber! fanise yvith ejmrmelaplropgl mh&nst:dj Jdaatemh&)lnﬁicmons hi p
is deleted. 3 cture of cl rein the

bper ot ona. i mEn agabiftyds Siraot v ise Rt i T ar T Bt

r epr esent i NgheARSHLEMh VithedBpRopeRitiohs @s&itas BeeinahBChppiyith sdragafRtedls | east one
relationship entry; replacing the determ ned at |east two el enents with one

new el ement YseHis senetitig! data Whesnbigh availpbilifyHs gotahsqlutelyieessiry.epl aced at
least two el RERS)tPre sBfe and target cache may be implemented in a same memory device or

separate memory devices.

[0044] The described techniques for managing point-in-time copy relationships may
apply when the source and target tracks have the same or different track numbers.
[0045] In described implementations, the relationship concerned a point-in-time copy
relationship between tracks in different volumes. In alternative implementations, the
relationship may comprise additional types of copy or data relationships known in the art.
[0046] The illustrated logic of FIGs. 9-14 shows certain events occurring in a certain
order. In alternative implementations, certain operations may be performed in a different
order, modified or removed. Morever, steps may be 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.

[0047] The variables » and m are used to denote any integer variable for certain of the
described elements and may indicate a same or different integer value when used in
different instances.

[0048] FIG. 15 illustrates one implementation of a computer architecture 500 of the
network components, such as the hosts and storage controller shown in FIG. 1. The
architecture 500 may include a processor 502 (e.g., a microprocessor), a memory 504
(e.g., a volatile memory device), and storage 506 (e.g., a non-volatile storage, such as
magnetic disk drives, optical disk drives, a tape drive, etc.). The storage 506 may
comprise an internal storage device or an attached or network accessible storage.

Programs in the storage 506 are loaded into the memory 504 and executed by the



addi ng at | east one el enent pointer to associate the new el ement with each
relationship entry that was associated with the replaced at | east two

el ements. 34. The article of manufacture of claim 31, wherein the

wi t hdrawal request conprises a request to withdraw a subset of data units
associated wth the subject rel ationship, wherein the operations further
conpri se: -33 determning at | east one elenent including at | east one of
t he subset of data units, wherein deleting the at | east one pointer
conprises deleting the pointer in nenory associating the determ ned at

| east one elenent with the relationship entry representing the subject

rel ati onship. 35. The article of manufadture of claim 34, wherein the
operations further conprise: creating at |least two new el enents to repl ace

one el ement repres ing data unit.s.,n_t subset t i t hdrgw an
representi ngpr(ﬁ)g S%.OIEQI& nsaqlp?\né’ter oA fhe ity mﬁ at“i%étecsnﬁrﬁwef B’Cbﬁgfﬁwad‘}egwrk%. The
article of neardféftbownsblofonahidcatiGdwithhaeteiork. OAR irgfut ddvicedl 0 isared tot WO new

elenments includes only data units in the supset, t i t hdraw and at | east
one of the aPoVdE L (st o BPesieR oL PRCPGHES It T bobard e PRSI ¢ ne

subset to W i@émhohe, Wik SdnBitivO@isIREcAdeh Arand bihbNREivA AR InpE mechanism
known in the art. An output device 512 is capable of rendering information transmitted
from the processor 502, or other component, such as a display monitor, printer, storage,
etc.
[0049] The foregoing description of various implementations of the invention has been
presented for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed. Many modifications
and variations are possible in light of the above teaching. It is intended that the scope of
the invention be limited not by this detailed description, but rather by the claims
appended hereto. The above specification, examples and data provide a complete
description of the manufacture and ﬁse of the composition of the invention. Since many
embodiments of the invention can be made without departing from the spirit and scope of
the invention, the invention resides in the claims hereinafter appended.
[0050] The described implementations provide techniques for managing a point-in-time
copy relationship that allows source and target tracks in one relationship to have different
track numbers. Allowing source and target tracks in one relationship to reside on
different track numbers provides added flexibility when establishing point-in-copy
relationships and allows for more combinations of point-in-time copy relationships to be

established.



del eti ng one el enent pointer in nenory associating the new el enent
including only data units in the subset with the relationship entry
representing the subject relationship, wherein deleting the at | east one
poi nter conprises deleting the pointer in nenory associating the repl aced
element with the relationship entry representing the subject rel ati onship.
37. The article of manufacture of claim 36, wherein the operations further
conprise: if the replaced elenent is associated with at |east one
additional relationship other than the subject relationship, then adding
one element pointer in the menory for each new el enent associating the new
element with the relationship entry for22each additional relationship. -34
38. The article of manufacture of claim 31, wherein the wthdrawal request
conprises a Mﬁraw a subset of data units associated with the
subj ect rel a n the operations further conprise: creating at
| east two new extent s A Methsdfonhafkink atblalionsApIREicdh 66k Migelvdllie Sidlinect

rel ati onship not including the subset of data units; creating at |east one
new rel at i on¥MIs Yo lREr SXWTigagh creat ed new rel ati onshi p is associated with
at |east one of t'&'ﬁn&lﬁﬂﬁinﬁf@hﬁﬂ%ﬁahoﬁ'ﬁﬂméﬁ&@‘ﬂn% eh"s‘@ng%la i16RRlp RReR X €Nt
associated with the subj ect relationship and the subject relationship. 39.
An articl e ofasranrtgonece yplamegpd #ﬂm@rmgaraetweluate» eWaRisPEbet ween one tar get
vol ume and one source ZQIII odefhegl?eﬁp%ere%EﬁélanEﬂ?%ﬁésEb&L?‘angé fm”‘” acture
causes operations to erformed, the operations c

mai nt ai ni ng i nf orana,teht'neri datn ummrortl;e\mhmm,rel ationship bet ween at I east one
source volune and at vol une at | east one
el enent, wherein each 2) §ea8 On reﬁltlgnst}" DUy wheremrerPc]h rsgtcl]%‘es%lg) 8 data units
in the vol une; (irhpresahtsloea&lauomlp;el at| onshi p entry, V\,her ei n each

| at i hi t L t I t
P Y cRBF RChEne kR BhePSPPinkit i bR Sl crs, o e
data units represeati@dhipynty)evheteanbe tatatitspepresenied bin ehelebinfthi 08 pdrt §f
represented by th |.at i onshi gat t o] nte associates with the
el enent; and (b) tF"n’iefalﬂﬁlt Wg%&@t?%ﬁ‘t? F%?f’ég‘g CF lihétbt PYMERESIIHST mat i on
in menory on rel abittome Be@sntpet ween at | east one source vol une and at | east
one target volune, including source and target el enents, sour ce and target

rel ationshi p ent r(Pkadd m&ﬁ‘d‘e’é’dﬁtﬁ%@sﬁﬁHetf"ﬁ?‘b@tleaﬁtcﬁnﬁttaégﬁ valwasand pyleast @Sur ce and
target el enegdusoe voRERECtI Vely, with source and target relationships.

(c) adding a new relationship entry in the memory representing the new
relationship; and

(d) adding one new element pointer in the memory for each element including
data units included in the new relationship to associate the element with the new
relationship entry, wherein the data units represented by the element are part of the new

relationship.

2. The method of claim 1, wherein the maintained information further
comprises:

one relationship pointer for each relationship entry associating the relationship
entry with volume metadata, wherein the volume metadata provides information on the

relationship represented by the relationship entry.



-35 40. The article of manufacture of claim 39, wherein the operations
further conprise: determ ning whether for each rebuilt source relationship
entry there is a corresponding target relationship entry; and renoving the
rel ati onship entry and pointers thereto for each rebuilt source

relati onship for which there is no corresponding target relationship entry.
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6. The method of claim 4, further comprising:

if the replaced element is associated with one relationship entry representing one
existing relationship before the new relationship is added, then adding one element
pointer in the memory for each new element associating the new element with the

relationship entry associated with the replaced element.

7. A method for managing a relationship between one target volume and one
source volume, comprising:
(a) maintaining information in memory on a relationship between at least one
source volume and at least one target volume, comprising:
(i) at least one element, wherein each element represents a range of
sequential data units in the volume;
(i1) at least one relationship entry, wherein each relationship entry

represents one relationship;
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(iii) at least one element pointer associating one element with one
relationship entry, wherein the data units represented by the element are part of
the relationship represented by the relationship entry that the pointer associates
with the element;

(b) receiving a withdrawal request with respect to a subj ect relationship; and
(c) deleting at least one pointer in memory associating one element with the
relationship entry representing the subject relationship in response to the withdrawal

request.

8. The method of claim 7, wherein the withdrawal request comprises a
request to withdraw the subject relationship, further comprising:

deleting the relationship entry in memory representing the subject relationship in
response to the request, wherein each pointer in memory associating one element with the

relationship entry representing the subject relationship is deleted.

9. The method of claim 8, further comprising:

determining whether at least two elements representing consecutive data units are
associated with a same at least one relationship entry;

replacing the determined at least two elements with one new element representing
all consecutive data units in the replaced at least two elements; and

adding at least one element pointer to associate the new element with each

relationship entry that was associated with the replaced at least two elements.

10.  The method of claim 7, wherein the withdrawal request comprises a
request to withdraw a subset of data units associated with the subject relationship, further
comprising:

determining at least one element including at least one of the subset of data units,

wherein deleting the at least one pointer comprises deleting the pointer in memory
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the subject relationship.

11.  The method of claim 10, further comprising:
creating at least two new elements to replace one element representing data units
in the subset to withdraw and representing data units that are not within the subset to

withdraw.

12. The method of claim 11, wherein one of the at least two new elements
includes only data units in the subset to withdraw and at least one of the at least two new
elements includes only data units not in the subset to withdraw, further comprising:

deleting one element pointer in memory associating the new element including
only data units in the subset with the relationship entry representing the subject
relationship, wherein deleting the at least one pointer comprises deleting the pointer in
memory associating the replaced element with the relationship entry representing the

subject relationship.

13. The method of claim 12, further comprising:

if the replaced element is associated with at least one additional relationship other
than the subject relationship, then adding one element pointer in the memory for each
new element associating the new element with the relationship entry for each additional

relationship.

14.  The method of claim 7, wherein the withdrawal request comprises a
request to withdraw a subset of data units associated with the subject relationship, further
comprising:

creating at least two new extents including data units associated with the subject

relationship not including the subset of data units;
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creating at least one new relationship, wherein each created new relationship is
. associated with at least one of the new extents; and
removing the at least one extent associated with the subject relationship and the

subject relationship.

15. A method for managing a relationship between one target volume and one
source volume, comprising:

(a) maintaining information in memory on a relationship between at least one
source volume and at least one target volume, comprising:

(i) at least one element, wherein each element represents a range of
sequential data units in the volume;

(ii) at least one relétionship entry, wherein each relationship entry
represents one relationship;

(iii) at least one element pointer associating one element with one
relationship entry, wherein the data units represented by the element are part of
the relationship represented by the relationship entry that the pointer associates
with the element; and
(b) initiating a recovery process to rebuild the information in memory on

relationships between at least one source volume and at least one target volume,
including source and target elements, source and target relationship entries, and source
+and target pointers associating source and target elements, respectively, with source and

target relationships.

16.  The method of claim 15, further comprising:

determining whether for each rebuilt source relationship entry there is a
corresponding target relationship entry; and

removing the relationship eniry and pointers thereto for each rebuilt source

relationship for which there is no corresponding target relationship entry.
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17. A system for managing a relationship between one target volume and one
source volume, comprising:

(a) a memory including information on an existing relationship between at least
one source volume and at least one target volume, comprising:

(i) at least one element, wherein each element represents a range of
sequential data units in the volume;

(ii) at least one relationship entry, wherein each relationship entry
represents one relationship;

(iii) at least one element pointer associating one element with one
relationship entry, wherein the data units represented by the element are part of
the relationship represented by the relationship entry that the pointer associates
with the element;

(b) means for adding a new relationship between at least one target volume and at
least one source volume;

(c) means for adding a new relationship entry in the memory representing the new
relationship; and

(d) means for adding one new element pointer in the memory for each element
including data units included in the new relationship to associate the element with the
new relationship entry, wherein the data units represented by the element are part of the

new relationship.

18.  The system of claim 17, wherein the new relationship entry and added at
least one element pointer are added for each of the source volume and target volume in

the new relationship.

19.  The system of claim 17, further comprising:
means for creating at least two new elements to replace one element representing
data units in the new relationship and representing data units that are not within the new

relationship.
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20. A system for managing a relationship between one target volume and one
source volume, comprising:

(a) a memory including information on a relationship between at least one source
volume and at least one target volume, comprising:

(i) at least one element, wherein each element represents a range of
sequential data units in the volume;

(ii) at least one relationship entry, wherein each relationship entry
represents one relationship;

(iii) at least one element pointer associating one element with one
relationship entry, wherein the data units represented by the element are part of
the relationship represented by the relationship entry that the pointer associates
with the element;

(b) means for receiving a withdrawal request with respect to a subject
relationship; and

(c) means for deleting at least one pointer in memory associating one element
with the relationship entry representing the subject relationship in response to the

withdrawal request..

21. The system of claim 20, wherein the withdrawal request comprises a
request to withdraw the subject relationship, further comprising:

means for deleting the relationship entry in memory representing the subject
relationship in response to the request, wherein each pointer in memory associating one

element with the relationship entry representing the subject relationship is deleted.

22.  The system of claim 21, wherein the withdrawal request comprises a
request to withdraw a subset of data units associated with the subject relationship, further
comprising:

means for determining at least one element including at least one of the subset of

data units, wherein deleting the at least one pointer comprises deleting the pointer in
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memory associating the determined at least one element with the relationship entry

representing the subject relationship.

23.  The system of claim 22, further comprising:
means for creating at least two new elements to replace one element representing
data units in the subset to withdraw and representing data units that are not within the

subset to withdraw.

24, A system for managing a relationship between one target volume and one
source volume, comprising:

(a) a memory including information on a relationship between at least one source
volume and at least one target volume, comprising: '

(i) at least one element, wherein each element represents a range of
sequential data units in the volume;

(ii) at least one relationship entry, wherein each relationship entry
represents one relationship;

(iii) at least one element pointer associating one element with one
relationship entry, wherein the data units represented bylthe element are part of
the relationship represented by the relationship entry that the pointer associates
with the element; and
(b) means for initiating a recovery process to rebuild the information in memory

on relationships between at least one source volume and at least one target volume,
including source and target elements, source and target relationship entries, and source
and target pointers associating source and target elements, respectively, with source and

target relationships.

25.  Anarticle of manufacture for managing a relationship between one target
volume and one source volume in memory, wherein the article of manufacture causes

operations to be performed, the operations comprising:



U U& ()-F! F109%JU& ()-2z! F109%JU& ()-z@0% U& ()- 10N-wU3+/!!/10% U
U& ()-1/10% & ()-!/109% ()-!@10% U

U& ()-F! @l0%##& () - F! @10%F& ()-FLxY:!S@O0%&' () -

o8 ()-S10%& ()-10%&' ()-mlo%& ()- 10 U U 10 U U 10 U U WRJEXY:!S

-30-

(a) maintaining information in memeory on an existing relationship between at
least one source volume and at least one target volume, comprising:

(1) at least one element, wherein each element represents a range of
sequential data units in the volume;

(i1) at least one relationship entry, wherein each relationship entry
represents one relationship;

(iii) at least one element pointer associating one element with one
relationship entry, wherein the data units represented by the element are part of
the relationship represented by the relationship entry that the pointer associates
with the element;

(b) adding a new relationship between at least one target volume and at least one
source volume;

(c) adding a new relationship entry in the memory representing the new
relationship; and

(d) adding one new element pointer in the memory for each element including
data units included in the new relationship to associate the element with the new
relationship entry, wherein the data units represented by the element are part of the new

relationship.

26. The article of manufacture of claim 25, wherein the maintained
information further comprises:

one relationship pointer for each relationship entry associating the relationship
entry with volume metadata, wherein the volume metadata provides information on the

relationship represented by the relationship entry.

27.  The article of manufacture of claim 25, wherein the new relationship entry
and added at least one element pointer are added for each of the source volume and target

volume in the new relationship.
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28.  The article of manufacture of claim 235, wherein the operations further
comprise:

creating at least two new elements to replace one element representing data units
in the new relationship and representing data units that are not within the new

relationship.

29. The article of manufacture of claim 28, wherein one of the at least two
new elements includes only data units in the new relationship and one of the at least two
new elements includes only data units not in the new relationship, wherein the added one
new element pointer associates the new element including only data units in the new

relationship with the new relationship entry.

30.  The article of manufacture of claim 28, wherein the operations further
comprise:

if the replaced element is associated with one relationship entry representing one
existing relationship before the new relationship is added, then adding one element
pointer in the memory for each new element associating the new element with the

relationship entry associated with the replaced element.

31. An article of manufacture for managing a relationship between one target
volume and one source volume in memory, wherein the article of manufacture causes
operations to be performed, the operations comprising:

(a) maintaining information in memory on a relationship between at least one
source volume and at least one target volume, comprising:

(i) at least one element, wherein each element represents a range of
sequential data units in the volume;
(ii) at least one relationship entry, wherein each relationship entry

represents one relationship;
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(iii) at least one element pointer associating one element with one
relationship entry, wherein the data units represented by the element are part of
the relationship represented by the relationship entry that the pointer associates
with the element;

(b) receiving a withdrawal request with respect to a subject relationship; and
(c) deleting at least one pointer in memory associating one element with the
relationship entry representing the subject relationship in response to the withdrawal

request.

32.  The article of manufacture of claim 31, wherein the withdrawal request
comprises a request to withdraw the subject relationship, wherein the operations further
comprise:

deleting the relationship entry in memory representing the subject relationship in
response to the request, wherein each pointer in memory associating one element with the

relationship entry representing the subject relationship is deleted.

33, The article of manufacture of claim 32, wherein the operations further
comprise:

determining whether at least two elements representing consecutive data units are
associated with a same at least one relationship entry;

replacing the determined at least two elements with one new element representing
all consecutive data units in the replaced at least two elements; and

adding at least one element pointer to associate the new element with each

relationship entry that was associated with the replaced at least two elements,

34, The article of manufacture of claim 31, wherein the withdrawal request
comprises a request to withdraw a subset of data units associated with the subject

relationship, wherein the operations further comprise:
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determining at least one element including at least one of the subset of data units,
wherein deleting the at least one pointer comprises deleting the pointer in memory
associating the determined at least one element with the relationship entry representing

the subject relationship.

35.  The article of manufacture of claim 34, wherein the operations further
comprise:

creating at least two new elements to replace one element representing data units
in the subset to withdraw and representing data units that are not within the subset to

withdraw.

36. The article of manufacture of claim 35, wherein one of the at least two
new elements includes only data units in the subset to withdraw and at least one of the at
least two new elements includes only data units not in the subset to withdraw, wherein
the operations further comprise:

deleting one element pointer in memory associating the new element including
only data units in the subset with the relationship entry representing the subject
relationship, wherein deleting the at least one pointer comprises deleting the pointer in
memory associating the replaced element with the relationship entry representing the

subject relationship.

37.  The article of manufacture of claim 36, wherein the operations further
comprise:

if the replaced element is associated with at least one additional relationship other
than the subject relationship, then adding one element pointer in the memory for each
new element associating the new element with the relationship entry for each additional

relationship.
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38. The article of manufacture of claim 31, wherein the withdrawal request
comprises a request to withdraw a subset of data units associated with the subject
relationship, wherein the operations further comprise:

creating at least two new extents including data units associated with the subject
relationship not including the subset of data units;

creating at least one new relationship, wherein each created new relationship is
associated with at least one of the new extents; and

removing the at least one extent associated with the subject relationship and the

subject relationship.

39.  Anarticle of manufacture for managing a relationship between one target
volume and one source volume in memory, wherein the article of manufacture causes
operations to be performed, the operations comprising:

(a) maintaining information in memory on a relationship between at least one
source volume and at least one target volume, comprising:

(i) at least one element, wherein each element represents a range of
sequential data units in the volume;

(ii) at least one relationship entry, wherein each relationship entry
represents one relationship;

(iii) at least one element pointer associating one element with one
relationship entry, wherein the data units represented by the element are part of
the relationship represented by the relationship entry that the pointer associates
with the element; and
(b) initiating a recovery process to rebuild the information in memory on

relationships between at least one source volume and at least one target volume,
including source and target elements, source and target relationship entries, and source
and target pointers associating source and target elements, respectively, with source and

target relationships.
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40, The article of manufacture of claim 39, wherein the operations further
comprise:

determining whether for each rebuilt source relationship entry there is a
corresponding target relationship entry; and _

removing the relationship entry and pointers thereto for each rebuilt source

relationship for which there is no corresponding target relationship entry.



