; e3e. T6DT8 METHOD, SYSTEM AND ARTI CLE OF MANUFACTURE FOR CONSI STENT
_COPYI NG OF STORAGE VOLUMES BACKGROUND OF THE I NVENTION 1. Field of the
I nvention [1] The present invention relates to a nethod, NM“HMM\“Fn
article of manufacture for consistent copying of storage ﬂm
Description of the Related Art [2] Information technol ogy systgims

i ncl udi ng storage systens, may need protection fromsite di sasters or
out ages, where outages nay be planned or unpl anned. Furthernore,

i nformati on teMMBAHQD, SY<YHEM, deyDrARTICEE @ Kt MANUFACTHERE H@Rat i on,
dat a backup, or dat i I I tat) i er or outage
recovery, data m gr&&ﬂ%&éﬁm'ﬁm%agﬁﬁ @bm&%ﬂmﬁbmy i ncl ude
mrroring or copying of data in storage systens. Such mrroring or copying
of data may involve interactions anong servers, clients, storage systens
and networ ki ng conponent BACKGROUND OBtTHE INCVENTIOHY system [ 3]

Enterprise stora%e servers (ESS), such as, the IBM Total Storage Enterprise
St or age Ser Ver*, 0 veition or age server that includes one or nore

Gt or age. dovi oo, TRERATER APRG)GP ARALD S o LRET, AR PEE Ghe”
enterprise SLOnAgGIETYELorSiRbht COMREIFdéag voshmeEk and include features
for copying (?ata I'n storage systens. [4] Enterprise storage servers (ESS)

may include copy functions for copying data either locally, i.e., within
the sanme on-site ESS, ar renptely, i.e., copying data to a separate

i..e.
r enpt e- si t e2ESs, Deagriptian of the Related Art' e ¢ assified as eit her dynam c or
point-in-ti co [ ' b ORSLARLd Ymapdat e the
Cecondary by atigbiiattdr R ad A E b Hfhy SRaBO Ry L RRh M.

Poi nt - i n-ti gBed pRYebBoh Eedifisitiecdisasteps O bdtages, Whet@ohtugeausagbpy or view
of what the original data | ooked |like at a specific point intinme. [5] In

certain ent plammeseorsuaplagaede Fusthermpse cinfoymption dpghnalpgY FHHEMSSBHAN as,

Fl ashcopy, that. pr.ovi de ppi.nt-in-t. nme,c f th Rl ntations
may copy daf%q%§$€%aéﬁr%s g’gt(ﬁ&? TR flf)gb(&?%{;g%% uLPr’ré)g %ﬁ%%&p@gg #lgggondi ng set
of r enot e/ 1 ApUGhe NI tiTRSfok MiSANLEF BF bttt Reaays davehsgrdtiashapy my
provide a point-in-time copy for ESS volunes by creating a physical,

~ poi nt -i n-t i heckupyarst dateeduplication mraynineluds mirrosing n ¢apyie obhslatadat i ons,
and nmake it possible to cgss.pot.h the source (?rtd tar Eto@ pi es

subst ant i al PYTRRESEFEERS. P WCBIRIFTPHEBS (PR 9412 &Y BYONSI unes resi de on

the sane ESR@¥5Liedis AnbRgudhyd APLISSRAL %&Qwsy@eun@eampﬁét%m{ﬁﬁere the

source and target volumes reside on different ESS systens. Further details
of the Fl ashampynents afeherinfewhation bechmBlagyudgistemt i on "1 BM Tot al St or age

Enterprise Storage Server: |nplenenti SS Copy Serwd i | BM eSer ver
zSeries," | Eﬂl dog‘tﬂ%ﬁﬂn%ﬁ’tows@'@éﬁ @Sg)cﬁﬂgﬁ iaﬁhﬁlq W%&&O\m%h
publ i cati ongi.§.,1.0¢ [ [ f B ol [ LIMVARY OF
THE PREFERREB§E¢&%E%%)@@%§?§?§%%§} e]%I(g gr(gglggﬁe&ta Egdqbf@;gtﬂ tg'r@n'iﬁ‘éal)rlll(czllegrti cle of
manuf act ur eof aforeqRytergosd coggded tCetmragpeeatdesymchrdingdrighreapdcitn sour ce
storage units to copy to_ target_storage units, erein the. cop ations
create a poﬁ@ﬂlﬁbmtoﬁ%d%‘ﬂc?%e% upean gﬁ?f’e}’g‘éf%epgnaﬁmt ﬁésclisaxRéiﬁs’stor age
it o one SO THe AT RhiE: SAMMORENALL A LOnfoRNd b AMARDRMERAIA 200

unit to one target s operation is restricted from bei ng

perforned ofediiifePRR ®PYIEEda0iRGRrad systemisi | the copy operations have
been perforned on the source storage units. [7] In further inplenentations,

a first wild op&mdeimmse storegepenyers GESS) maysinchidsy copy fumctionaloet er
urination is made jf the first, stora uniif is in a st wher e ite
oper at i ons g?}gylpgéiqtﬁ@tl 1 lpgaly, d.e \%i}lllg[t%? ﬁﬁgleuﬂﬂ'?ﬁ?ii 4 15mo ely,

i.e., copying data to a separate remote-site ESS. The copy functions can be

classified as either dynamic or point-in-time copy functions. Dynamic copy
functions constantly update the secondary copy as applications make

changes to the primary data source. Point-in-time copying techniques
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state where wite operations are restricted, then the first wite operation
is queued. If the first storage unit is in a state where wite operations
are not restricted, then the first wite operation is perforned on the
first storage unit. [8] Provided also are a nethod, system and article of
manuf acture, where a copy command is received to copy froma source storage
unit to a target storage unit. Copying is started fromthe source storage
unit. A state is entered into at the source storage unit in response to
starting topropylefanomstdrtaneans eopst or wigev ofiwhat thepagmalslatailoekespiket i on
can be conpl ?ted tg. the source storage unit in the state. The state is

rel eased at aF BSPEGHCROIBE R &F8e-unit in response to an additional command
recei ved at [gjhe : - dnd é@/rg% j b XotoleaqacTple

i ndi cates tf[15e] re ggég@% E?Eég%g%%{%%’mand \%ﬁ%lget}h%?%ggiy ?éﬁlgt efsour ce and

t arget st or ageh unj Flasheepy,that poowids taepdinstinttéme ropesptinsdatan t he rel ease
of the state at the source storage unit. [9] In further inplenentations,
the source $mplegentations maynopyatntabeswaen ot of Meal/spurss tolumesaad, t he
copy command is receip,ved froma host couplted to th Qr contr unit,
and”wher of n A RErBaRIIE g e PatPEartR et B b B AERE G

| ogi cal st ogehRPPSHEY PFOEEER! FéintentiiRe $hPY FHCESSNOl @eY Myt crehfiflly alhe

i npl enent ati ons copy a set of source volunmes to a set of target volunes,
whi | e mai nt phyeicgl poimtdattamercopiefsbe data swithowiniodalmsterangtioartget vol unes

in a consistent. state at. a poi.nt in fine wth respect to eagh other.
Mai nt ai ni ngaQBi}F%téo%%cfmtdaW@gﬁe lngﬁﬁ’rBte ‘iona‘%geﬁ%h%@sﬁﬁnﬁmgf%@gﬁgﬁ%‘? es that no
out of orde [ r i t i
consi st ency C ot ubEHnls it ERR B oAUl CAAE Y SISl 10
t he dr awi ngseside whithle dankeESSf osesm ealthobgh smpdpmestatiorsanag dequdisitde par t s
t hr oughout : :i} FIG 1 ill u(a;rat es bl ock i ag‘rﬁ@ of Eégﬁputi ng
envi r onment Whege 1be spHEGecandifanget ¥PTHNAS Brsdee PRSI SYStemS-i nventi on
FIG 2 ill i ' . [

Lo S HEAEARAN AP bhd FAGADD Lo SN hRTBR pluBBiafbn VABITES | 1

e
a storage c uni I'n accor certaln desc

i mpl ement at MobslbrddecEhfrpisk Stofdde Sérviek! Liipledi@fting BISERopy Sgivigeof a
consi st ent fl_ashcgfy application, in accordance with certain. described
i npl enent at Wikl IBM pfierveneseriess IBNS dogumengaior $G24-5630-011(Gopwrighitng on

the. i nventi oVEi 200 FARICERERelio i B Bt R RbteEF Byl FREERE M ™

appl i cati ongntie@dccordance with certain described inplenmentations of the
invention FIG 6 illustrates logic for setting and resetting of |ong busy
states of logical volunmes in the storage control unit, in accordance with

certain described i r; &Wgh%b%}]ﬂfh%ﬁﬁﬁ%%m illustrates a

bl ock di agram of a cenputer—ai cri bed aspects
of the invepg] on PERidoPhLANE HEGod DEJALRER AESERIEST MM rivfadtie RREFERRED
EMBODI MENTS [12] In the follow ng description, reference is nmade to the
acconpanyi ngoplyiagistgmgshi Copyf operatioparare iperfoomedndnwhiicde $storage naite teever al
i npl enent ati ons,

It is understood that. ofher inplenentations may .be
utilized an8ORY bQtargetptozage BﬁétlsaW}‘SFf‘alP t@ﬁ&ﬂ@%ggﬁféﬁs’é Fag %?lﬁ%ﬁﬁent

departing fr ' . J i pNsSi stent data
in vol umes a ebp?[fe;%ﬁ(@g%%i%% rga |1§1ﬂqé3@kg%gﬁ%%ggﬁgbm}ﬁg{]ency group is
a group of peploageny al dopyopebationeedopp floen kaPlsourceastoras shitrto osleat e wi t h
each other. To provide a non-limting example, a first_flashcgopy conmmand
copi es vol ui@rget sterage Wit mwrHeOPErition b Bpsfrichiiam bomgerigimekon t o
B2. It is reguired that vol unes B d B2 shoul d rgpresent | st ent
state of "t niTaPESaRT BT BE T nenh S0y SHAARE NI FBiied P
certain seqygnhe LBur@PeorhtO0aitan the volunmes the fol |l owing set of
dependent write operations may occur (where the second operation occurs
after the filflst dpdurthesninplementations, a first write operation is received for a

first storage unit. A determination is made if the first storage unit is in a

state where write operations are restricted. If the first storage unit is in a
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1. ' Wite to dataset on volune Al (data updated) 2. Wite to dataset on
volunme A2 (data updated) [14] Wien volunes Al and A2 are flashcopied to

vol unes Bl and B2 respectively, then the followi ng non-limting exanple of
a sequence of operations nmay create an inconsistent state in volunes Bl, B2
with respect to volumes Al, A2. 1. Flashcopy volunme Al to volume Bl 2.
Wite to dataset on volunme Al (data updated) 3. Wite to dataset on vol une
A2 (data updated) 4. Flashcopy volune A2 to volume B2 At the conclusion of
all the fl astatepyhaeevite operations are rostrinted,| thendhedirst weitecqperatiopds at i on,
vol ume B2 contains the data update. of .vol une Aéev\,her eas vol une Bl does not
cont ai n t heauaved. ke &irsh stoppgmunitis 17Restaty WHers SiriieePegations aze 8ot n an

L S R £ RS

. . e
application uses e Vo cou recover from agbackup

copy storedynit.t he volunes Bl, B2. Maintaining consistent data during and
after flashcopy operations [15] FIG 1 illustrates a conputing environnent

utilizing al8lost Provided alseara a methodr sxpsemo andoirticle of mamuligwiure, only a

ingl e host 100 is sh l.ed t i ngl.e st trol unit 102, i
certain at SRE IVEOPD EOFURBHEAS Foife” G 1 PP rowvE Fans Phirn Y e s o

may be COUp'tﬁx‘kett QtSraBh Wndl. | C¥p:Ahg it SAUS HORE £ sdiftté StorABE uR9ETA $AQe May

connect to the storage control” unit 102 through a host data interface 104
channel , suthemisrédénfeniterher iecSysirage GonnectdsponéEBOIrtingtameply or any
ot her sw tcEi ng chani sm known i n Lhe art (e. g , fibre channel, 1St rage
Area Net wor krogn the spwgce; stpragedpibcFNEFRIN no Write oppEation can 5§ P B dany
comput ati on i intk u . a

wor kot at1 ont® SFEE G RBMR it 1 (R brq(Bl TR 2haR BICRATEN LB bELec

conput er, astsrhep @iy iesspoase beanaidditipnil @mmand weeivied dtadie sb@bceray

i nclude any operating system 106 known in the art, such_as the | 0S/ 390* *
operating sytarege unib|whenein the additeanalcommand indizatescthegeleaseniithg i ty of

| i | b t 106a. .. 10 | i | t ... 106
ool de o pRiE: FEg Yot ARE in, ARG GuRe s GReoCHBMR S MR In 0 200 MY
i ncl udes | oghgabter! eARSIn18Bonsel PiHe HelH RS thu RSyt &Mh0&tnrcaetordgs

| ogi cal volumes 110a...110r, and | ogical subsystem 106n includes | ogical

vol umes 112amit.112p. [17] The storage control unit 102 controls a plurality
of physi cal (st or devi ces.(not  shown each of which .may incil one or
nore physi c X voﬁlﬂﬁﬂgﬁ’(&ﬁd’tnpééf&%ﬂﬁtlm)tﬁﬂﬁg}%cﬁl staagen ltd%\(i‘?%élgaﬁnya i ncl ude
any physi ca € Vi€ Y RIBND thdlcdiecdth fnanBUs heasive DitFdif ta Hstess

St or age Dev}sg};t{;sd%%%%@b , Just a Bunch %fﬂ}eD? sks a(JBOD)., Redundant Arr ay of
| nexpensi ve ctipsled toRAEBEoragecontid junit)arst whargndbetsoukcaustiorag®nitayss t he
physi cal volunes |nto t plurality of logical volunes, s as, | ogi cal
vol unes 108&91.03113@ wpitjagpressed pia a jogical stqrage %‘ﬁ’é@'sgﬁ’éca}‘ﬁfepitﬁﬂlgd anong

t he | ogi cal ...106n. The host 100 nmay address the | ogical
subsyst ens fgdé{%%%%ggﬁlé% "perform operations, such as, read, wite, copy,
etc., wth [E3Jpedthetimplehngitatibny obpyre.sef dPjounce avtimesto acet bé taygetat i ng

system 106, the host 100 nmany, i.ncl ude a congi sten{ fl ashci) appl,i cation
114 and a wvplumapprhidemantaingng the dagmendneset o seiHes by H%ﬁ?? Gtion 114

copies a fir f logical v ISt ri : i

subsyst ens f%’%ﬂg@f.%g}.ol%ﬁs? 0 aacoélg%:sg%gpg%ttgg? talﬂoog%{%gxft@xg? Slqrr%ﬁsp%ﬂg? ?lt(ﬁgétl%}h anong
the | ogical ogkis Woh@ABInkAB BourckOHid tdiget Q¥RIMELIn & Rensivtwitsdtaty efidwsbcopy
application 114 nmay copy an exenplary 6 first set of |ogical volunes

108a, 108b, thd®no but af oxdendirenygent writessee copielddgi anl targetiveliimapin a112pb,
112p. The consi.sient flashcopy application 114 copies a |ogical volune via
a fl ashcopy “BpEFHRIEEO%Re consistent flashcopy application 114 -may be
referred to as a copy application when a storage volune is copied using any
point-in-time copying technique known in the art. The wite application 116
may generate wite reqBRIBFOESCRIPITIONOIMEHE DRAWINGYi cal subsystens
106a...106n of the storage contro|l unit 102. [ %&'Thirefore, FIG 1

i 11 ust rat es [hlk ofsaderring 8av todheednavwipgs é%ﬂ‘mlﬁé errefegenge NUHbeISy ¢4
volumes to a second set of l.ogical_ wmol In alternative inplenentations
of the inveH?P’Eﬁ‘??ngﬁ%nﬂsl?%dlggtpaﬁs ?’*Hé’?‘gg?%m unes and the second set of

| ogi cal vol unmes may be distributed anong, a plurality storage control units.
[21] FIG 2 illustrates a block diagramof source and target | ogical
volunes in the storage control unit 102, in accordance with certain

i npl ementations of the invention. The consistent flashcopy application 114
copies a set of source |ogical volumes 200a...200g to a set of target

| ogi cal vol unes 202a...202q, where the source and target |ogical vol unes
are resident in the storage control unit 102. For exanple, the consistent

o o - o A o o o NN o a1




[22] Therefore, FIG 2 illustrates how the consistent flashcopy application
114 copies a first set of |ogical volunmes 200a...200q to a second set of

| ogi cal volunmes 202a...202q in the storage control unit 102. [23] FIG 3
illustrates a bl ock diagramof the consistent flashcopy application 114, in
accordance with certain inplenmentations of the invention. The consi stent
flashcopy application 114 nay generate an "Establish flashcopy" comrand 300
and a "Fl ashcopy consi stency group" conmand. The "Establish flashcopy"
command 300 may B reflhrsteates a scladidgratmabf & shmpupite emvimemae860nand t he

"Fl ashcopy consj stency, group" conmmand 302 may .be referred to as a " Copy
consi st encyac§pisiance ﬁﬁab%@ﬁﬁﬁnﬁqqﬂ%sﬁ%ﬁ %ﬁ@ﬁ’é’t"?&ﬁ‘é’%f t he invention may

apply any poi nt -dwy td i i agﬁg 0 4t -1.acl udi ng
fl ashcopy techni%ftjbésé. %j?%h%%légggg%%q‘gﬁ??ras C%S&d %g%%{afr?gldgéo i ncludes a
source vol uuRREaIAR Sorasicordrdlaitie! invalcordamrrwitht@itaddblesaried freeze

parameter 308. The source vol une paranmeter 304 may include a source |ogica
vol ume, sudmplsmentaticrs bbHfieckiventionne 200a. ..200q. The target vol une

par anmeter 206 i ncl.ud target. l.ogi cal vol une, ., suc s, target |ogical
vol une 202a...ggéﬁiqiﬂﬁﬂgﬁgpﬁﬁﬂﬂgﬁkﬂpggﬁebﬁyacBBWﬁHﬁgigﬁgu?Pﬁshcopies t he
source vol | licg@ioﬁ?hﬁgcdo@déﬁ& E&td &ﬁg%ri%%ﬂ"ifﬂéﬂ@ﬁxe%%ltiéﬂs bhend ar get
vol une indicdted 1n the target volunme paraneter 306. [25] The freeze

par anmet er 3B8entipnbe either true or false. If the freeze paraneter 308 is

true then the "Establish flashcopy” command 300 causes the sourge vol une
i ndi cated in t he' Xt Hlusfrte 0%‘&rf%rﬂfgin%GR??g)‘cgf‘é@“ﬂ?sah“ éﬁf%‘aag‘de | ong

busy state e " ESi: i ! pletes, until the
appropriate ¢ ﬁ%gf§§5$§§%§§?§?§k%§gggﬁﬁ§%‘%@ﬁﬁgﬁgggﬁgﬁﬁas been execut ed.
When a vol une, spIdh mfludthees dogiefor thalemsistdine flacHcipy apeliciomanvol ume
paranmeter 304, is in a |long busy state, the source volunme may not be

written to dngordanceppitheariaon deseribedhimplementationsiithe anvenfians. [ 26]

The "Fl ash i " d 30 ] d i ndi
baramot or o 950, ol RS e SO ERRDE A3 sTRr b QSL S MR AR
vol umes whogg;daPRgI ISy St ggm%é)@él&&m?@l W% ein ¥oRRdih@ withasd ey

consi stency group” command 302 is executed. In certain inplenmentations, the
group i ndi cdesoribpdrimplemestBionnefthenaventient amdyvol umes whose | ong busy

state should be reset . (i.e., the volune that may be witt.en to).by

addr essi ng t he a%-éio%?lﬁ‘éﬁtéaqeﬁé‘\ @Fﬁw 8?@‘ cf\ég)dft.e? fﬁ%}H%? ggé Mhel ude the
vol ures V‘h%léicl?xuée\ftéihade%cﬁhea'a‘é B&s'08¥RE invehtidd BFdAhplegnénebement ati ons,
t he group indicator paraneters 510 may 1 ndicate a set” of sessions whose

| ong busy state should be reset. [27] For exanple, the "Establish

e, SR BN AR ERBR R TR, 10 1

executed thggyt o] Ladl - i i & 0gi cal
‘vol unes 200@?] Zgﬁbg{s%ou Ogn ggﬁr%%%g?ﬁﬁlﬁ’g{r%?%lﬁ%% g%gl ust)?l ﬂg%a%cgbﬁﬁah%réé cal
subsyst em 1Gavinge vlgiek fohe d paitdadrevbindrevhiiel dllusmdtd §evewgl cal subsystem

106b includes the |ogical_volume 200b, then the "Flashcqpy consj stency
gr oup" conﬂ@Nﬂeﬁﬁyﬂﬂgqné§ﬁIEN@dpﬁapeéﬁhéhﬁ pEHlemepiatiaRs MATHPE o reset

the | ogical_ _upl unes 2 200 herefore)
f a0 R TER 50 Pt E0Qatiofel SRS radeRURATE L P
certain soud&sartii {He @oped the'preshdtimplomentatitoriended period of tinme
after perforning the "Establish flashcopy" conmand 300. The "Fl ashcopy
“consi stency group” command 302 resets the | ong busy state of the vol unes

3

indicated in the group i.nd 0 pof the "Flashcopy
JEQDNY QREIAWNE for writing

consi st ency group"I'ehL%-i LD & 28 alter flasheopy
o rog cal M3 R biip b83torhBe FEHAHEFEERL W L
certain i npﬁ%lg%?ﬁ%ﬁ@%?%ﬂé@%@%ﬁﬁ%% a#g{l?g?gi co oge FIG 4 may be

execut ed i nédietsbokapeirarbhoistatiti StaledRidf ¢avh othersTopageideantrol unit 102

has received a wite operation generated by the ite applicatio 16 on
the host 10wondimitirengxazpnles @ fivst flashcepy W@&@Mgﬁ@?plﬁﬁl@@r’&%%@%iati on,

h , th i | i i 116, J . h . d
S oty SRRl e P 5P ARSIl oA

102. The storage control unit 102 receives the wite operation and before
witing, the storage control unit 102 dét er ni nes (at bl ock 402) if the

| ogical volune is in the long busy state. If so, the storage control unit
102 or the wite application 116 queues (at bl ock 404) the wite operation
fox witing later on, because the |ogical volune cannot be witten to while
the logical volume is in the long busy state. The storage control unit 102
returns control to the decision block 402 and the process may keep on
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[36] If the consistent flashcopy application 114 determ nes (at bl ock 502)
that there are no further "Establish flashcopy" commands to send, then the
consi stent flashcopy application 114 determ nes (at bl ock 504) if all the
"Establish Fl ashcopy” commands that have been sent have returned with a
conpletion status. If not, the consistent flashcopy application 114 waits
(at block 506) and then determ nes (at bl ock 502) again if all the
"Establish flashcopy” comands have returned with a conpletion status. [37]
| f the consithaensluiiasBtapd BPphoakl tepreseid dedreistenhetateatl the dealtasi4) t hat
all "Establish flashcopy" commands have returped with a conpl etion fstat us,
then the comsivelwmes AllauntAg\atahpartay PRt 11141@%-%\453%35"1%3 SRRSO

consi stenc roup” co nd 302 tq t . [ e the
"Group indiy8§f”(')a]’ Orbsa?lgﬂg‘? ‘e’(r)lél '%%&ﬁr@\% %8%%91??&9 ae[n:dgﬁlwg‘%ﬁ'feﬁ%@vrg%%s whose
| ong busy stgigoshiRUinthebe thesedondlfiRratidhertueafter tifiestsa@drationhe one or

nore | ogi cal subsystens 106a...106n that include the volumes whose | ong
busy state dhoWlritelfe dadasat.on vilaaje Ahddatonpdatedd | ogic of FIG -5

illustrates how.the consistent,flas a ication 114 first perforns

f I ashcopi es %Wﬁt"p%&%ﬁqsﬁ OBWOF‘HBPC@CG{%PL}%W@& are to be maintained in
a consi st enty gl apy 3N Golhhe £ AR PAN A 1A BROFRA 8%l iHheS WP aRE Y

fl ashcopy application ? sets e plurality of logical volunes to a | ong

busy state. rSshsevedithyn thhdolioniighaniinitashecnuphlpe 4 sequearebf4 resets
the I ong busy state of the |ogical volunmes when %féﬁihgg% Establ i sh
oper ati ons GReTHONOFATAreRi§ AMNCoRpISteRRE By VomasePdr B2 WikR TEIRRS st ent
fl ashcopy application 1l performnms flashcopy operations on a group of

| ogi cal vol Eﬁé@ﬁl i glﬁé‘?ﬁt aining '"the group of logical volunes in a

consi stent gt aFRishtaiB] vélume Alitblvedimat®s | ogic for setting and resetting
of long busy states of |ogical volunes in the storage control unit 102, in
accor dance Vit Writertoalatasetpirevelnma Adddats upﬂ’éteidaventi on. The consi stent

fl ashcopy application, 114 causes the lQgjc. t enperfornmed in the storage
control uni %plwg?te[tﬁdi]a]f% qrbﬁ‘?el(':mé‘i §‘Pt(§%ﬁ “Bﬁ%gel?)esoo where the storage

control unity 181 WRhSSyilmdASRBRRMEme BN t he host 100 that is coupled to
the storage control Unit 102. The storage control unit receives (at bl ock

602) a conmetidtHer@mehusorr ofisilshe ftashiemshopgratimsl i-eathegondusion efithenost

and determ nes (at bl ock 6Q4) t cgrrmagg Q@E beigﬁre eilved f,r,om t he host

100. 1T t he PRE SRsgabigRnEo e Brranésts he data pipdafie 8hYO W% thnd 300, then

the storage ggﬂélfeﬁglvollﬂh{a TBjiO%oe%t A BhPas thatddth U806 vileihAn. e ddteeze
SO,

paraneter 3 I's true. e storage control unit 102 under the
control of tdfeohanss BleB?2 dleanhmo pyconpistenastiade Witk resgest (@thedbeicdd 608) t he

source | ogical volune indicated in the source vol une ter. 304 of the
"Est abl i sh fY0Aames pyt: A?orﬁfhﬁﬁph@ﬁ)“?rbﬁéaq% s‘wlgwﬁ?@ffi%‘d&‘ﬁr age
control unit Q i g5, where the source
| ogi cal vol Jﬁe(g‘%trﬁgé&lagrg&‘flﬁag ﬁ%ﬁé%@?ﬁ}g@g%l@%ﬁ? ‘be written to, and
then the storage control unit 102 waits (at block 600) for the next

command. |f the storage control unit 102 determnes (at block 606) that the
freeze paranet dMad@iningeonsistont dateeduring pltap 13 Faplons

T

g t Y] oL

0 .
: ! ju o ﬁ]%lgﬁ ﬁ{). e storage
control uni teodpleRt {8 H86orhdt chh@ekuhft402. Wihila onty asiegle)hos01909s ehowngr oup”
command 302 has been recerved fromthe host 100, then the storage control

unit 102 undenpldietocoringdé stfragheontnd hpiteHI2, finpenopylitgypatvat i on 114
resets (at hl ock 610) .the ng. busy, state of. | ogical vol ynes indjcated by
the group i & gp)@pt%té?%%){ es“%’f&’(?f”lﬂﬁ'mahlt%gﬁbﬁ? IBBXLst’lesCtoéWE‘id gor%up"
command 302. : ont r [ i v B RSdet 80 Qhe 5B e next
command frorﬁltﬁg%lﬁéés{{&%a&% %ﬁfdlfﬂgt%'orgﬁéh\g?t %é% 6Vsets_ | ogi c(:jtlS vrg}ggrres in
t he storage @apidlAnit!Ni02 tHrdugh schdssrinthuaterfit H04 chennelpsuch as tke can be
performed on the |ogical volunes for,_an exgended period of tine, .under the

control of tBeterprise SystamiGensiectiop ESUGONAT channalor apneothes WaHYNE: at e on
t he | ogi cal | i | d vi "El [ St " d
505, Ther ot HEhAmBTLRRIEGAR LBRAth fo Bnifibre S OAARE ST TAS L Shey DEbBpR  commar

consi stent flashcopy application 114 naiFtains a group of 1ogical vol unes
in a consistent state while perform ng ffashcopy operations on the group of
| ogi cal volunes. [43] Wile quiescing, i.e., suspending the operation, of
the wite application 116 before performng flashcopy operations nay ensure
consi stency of |ogical volunes being flashcopied, the inplenentations of
the invention renove the requirenment of requiring the wite application 116
to be quiesced before performng flashcopy operations. In the

e g o . o - S S



3. Wite to dataset on volune A2 cannot occur because the wite is
~dependent upon the update to volunme Al conpleting 4. Flashcopy volume A2 to
volunme B2 5. Rel ease |long busy states on Al, A2 6. Wite to dataset on

vol ume Al proceeds 7. Wite to dataset on volunme A2 proceeds Now, neither
vol une Bl nor volune B2 have the updated data, so the set of volunes Bl and
B2 are consistent. In the exanple provided in the section "lnconsi stent
data in volunes after flashcopy operations,” volume B2 had contained the
dat a updat e(S¥NY niter@ns2ctines,eds.) vVBhelosBl0Qintaynbe avyreonipntakiondht a updat e

of volunme Al and, the set _of vol ucrjgs B1, B2 re il{} an i ncpnsi stent state.
fe

[46] The i nfeefekravndRstheqy sudets gPessinal COPRURELR POTESIEUONA { 4r get
vol umes, whj | nt.alpl t e f r s and target
vl umes i 1 rah BdhRoBfe, WIfatE RO hBTh Snt O RS, B0 tar

source and {aépldiy dsiHbeTBsetivork apphiangé eite. Thabesebé0nesy tdtdaangut  of
order dependent wites are copied to any target volunes in a _consistency
group. 14 opgtatingayatemh9bdmawnin she pet snrh ap Ahe IPHE O30T prerattitthni ques
may be inplenented as a nethod, apparatus or article of manufacture using
standard pr@&’&%‘m ng and/ or engi neering techniques to produce software,
firmere, hpfgwerge oBrad8%oA¥Pundt 102ikd180694 pldffityeyftogienl i cl e of

manuf acture” as used herein refers to code or logic I nplenented in hardware
| ogi ¢ (e. g. sulmysterhed08hed 06n; siliere aliogicaPsubsyatembl @baGal @ mmayy ( PGA) ,
Application Specific¢c Integrated Crcuit SIC), etc.).or a conput

readabl e rreH}CE‘hﬁ?‘{ a. Plfaqﬁé(g#g?g]@agl"blﬂlgb"eg' &gﬂieﬁfﬁfnlgﬁgﬁg%&ai ﬁHPﬁyng%ﬁﬁﬁq ves,

fl oppy disk . i g : 1 iBksS, etc.),
vol att1 e and RO @RNbRBheSh OEIT08E, domicl b i o AR " Rk
DRAMS, SRAMmgiddl vshanes 100agriatnpbnd ldgicilssubaystem 106deirichuddwelogomabut er
readabl e nediumis accessed and executed by a processor. The code in which
i npl enent at volwenes Blimdblmy further be accessible through a transnission

media or fr a Kile,server over . . Lel e of
manuf act ur ePﬁ] mmﬂé ﬁt?rﬁge(%& roﬁél nﬁtngﬁ%%#t&g}jé ip‘rgy coﬁ%%??%ygfctg ?Sﬁcg%nggsi on
nedi a, suchyaicas Rtk ) ebE hith hiafencMdead@ser inoad phiysiwabn medi a,

signal s propagatin through space, radio waves, infrared signals, etc. O
course, thoseluskéd (rot shawnheThe phypichl soragn desices mammeluddanyi cat i ons may

be made to this configurati.on wthout departing fromih e
i npl ement at Pgiﬁ%‘,‘:a %ﬂlrggf‘a e‘lflﬁ‘és gp?‘f"?:{é‘t par%h%ﬁ c?s(]rgl}neﬁg‘b%g%p%?%@%ag%y
i nformat i O“U%%?c]{eE@BAfm, Yk A BindHof Dskadl UBABBIRSAAdahtiAdriglofat es a

bl ock diagram of a conputer architecture in which certain aspects of the
i nventi on algestpuplsoreDisks.(RAIB), ftci | | ustrates one inpl enentation of the

host 100. The .ho 100 nay i npl.enen co ter,ar.chitecture 700 having a

processor 78128,'] aﬂ?ﬁr%?%?g?é&mf 1 ginit i\ogé’f‘%\‘?n%)ﬁbe Wé%?%l @V%eg)lflz%g%e st or gge

706 (e:g., i e i i i mnwcal disk
(e:g @%@F&ﬁé&k?&&%ﬁ@ﬁr g sudWQQQ$%%aﬂb§lklxﬁéd Y6Sa...008ical dis

drives, tap e storage may conprise an internal
st orage devilt@a..dn0at1Ehetl 2 thatgeredbivileut@d @ambeg thedegioakswsyetamns| e

storage device. Progra in the storage 70 .be | ocaded in th nory
704 and exed(fad 196Nt %h%é@@dpaY@g%F?ﬁsat%?ﬁksﬁ&ﬁﬁsﬁem% i@fiaar'?(.)g’?’he
architectur Lnel.u rk.ear OwBiR ni cation
with a net mgpwefﬁoggagﬁ%att{abg}surg‘gc%%)é}eltg}ggb&’irg%f 8%17 %tt E'f east Péoéﬁ)gei?%t 710,

such as a keyhedrvblumet ouchscreen, a pen, voice-activated input, etc., and
at | east one output 712, such as a display device, a speaker, rinter,

a
etc. [49] Thioll ofm additien Gs theloperatingiswtemsto6,hedist l0Dmapeiaeludhs
occurring in a particul ar order.. Further, the operatifpns,. e rf or med
in parallel aé‘é’“%@lt?ma@a Bérﬁﬂpallcﬁtﬁ?nrﬁ“a‘f‘?‘zPn‘%ﬁ%?/épPﬁﬁ?%gn%ﬁtlgt rirglﬁs,
certain of E&?siée&%cﬂa%g%fi hPPRcATn hg4RBpicRrdEest bt f Wditar eslunwsder ,
nodi fied or renoved and st I npl enent i nplenmentations of the present

i nvention. Misteibeted aneps theylogirad ddbsystemsh)GabolR6nite 8 sebwt peigefc and

still conformtao the inp]enentations. Yet. further steps b erf,ornmed by
a single préegieal wlumestdistsihwed mens the logical mbsytems mg‘l"e‘ipﬁﬁ‘ Fr

| mpl omont at ORGPy T B R SR BpATEeY b EhELRORL Y By Dy 4 ERPARAC (1

sof tware and hardware conponents have been described in separate nodul es
for purposes of illustration. Such conponents may be integrated into a
fewer nunber of conmponents or divided into a | arger nunber of conponents.
Additionally, certain operations described as perforned by a specific
conponent nmay be perforned by other conponents. [51] Certain groups of

el ements shown in the figures have been | abeled with reference nunerals
having an identical nuneric prefix followed by the suffix "a", the suffix

- Y Y L o o I T




[52] Al though the inplenentati ons have been described with respect to
flashcopy nethods, alternative inplenentations of the inventions may use
any other point-in-tinme copying techniques known in the art. [53]
Therefore, the foregoing description of the inplenentations has been
presented for the purposes of illustration and description. It is not
intended to be exhaustive or to limt the invention to the precise form
di scl osed. Many nodifications and variations are possible in light of the
above t eachfing.setof lagicalt wideestlfge, 1A8b stHretoan eremplgshsscendset of ni t ed

b his d iled d i ptign, her . | ai nd )
B T S 115 2 A0 1 At B BB TR BREDF T <t 0
of the manutagbyhlogndl vaeal vide e SBAA3h, TS doRKRRLAOasiRoRGe many

i npl ement at | € Invention can made W t hout departing fromthe

spirit and agphetidn 1he naywbatreforred treas nvepy iapplicetivneshématsherageai s
herei nafter appended. *|1BM |BM Tot al St orage Enterpme St or age. Server,
Enter pri se Sylimerisanpied UbBig LESPON 187 ame, Gopyeg kachnidwe, KBPWE IR

Busi Machi Corp. 14 WHAT.L.S CLA| | S:. . i
Vornees | mirh a8 oSPEE npbhurith e Par HEREDs b gt DRshity cov e
storage uni %éhﬁ&emaythfeqog%w@ﬁbsgis@éﬁgqoesai. L FO6VGRIRI dtoid1® emyolopeitat i ons

create a consistent copy of the source storage units in the target storage
units whilelfrform ng a copy operation to copy fromone source storage

it t t t it icti it {} f bei
per for med ot ha L bREEBuIL o dPugEatas & conRpPnemy EaBG- BhleR tap R have
been perf Or fRgh Qi drliGeiSRIN Al ApA0SddRlRt of loglbl VBThARY. B aftkPhdlive

further conprising: ceiving a first wite operation for a first storage
uni t det er mimphgnéftativasfdafrtht isvtentage theifirst set of bgitad tvelwes andrtihee

Wi te oper aseisnd sate! emerl alumesunaR hqILar gL @ TORE A PFRRDOHEFES on and

if the fi rs%ogttrgfggﬁs.unit isin a state where wite operations are not
[21] FIG. 2 illustrates a block diagram of source and target logical
volumes in the storage control unit 102, in accordance with certain
implementations of the invention. The consistent flashcopy application 114
copies a set of source logical volumes 200a...200q to a set of target logical
volumes 202a...202q, where the source and target logical volumes are
resident in the storage control unit 102. For example, the consistent
flashcopy application 114 may copy the source logical volume 200a to the
target logical volume 202a, the source logical volume 200b to the target
logical volume 202b, and the source logical volume 200q to the target
logical volume 202q. The source logical volumes 200a...200q may be
distributed among the logical subsystems 106a...106n. Similarly, the target
logical volumes 202a...202q may be distributed among the logical
subsystems 106a...106n. In alternative implementaﬁons of the invention

the source logical volumes 200a...200q and the target logical volumes

202a...202q may span multiple storage control units.



restricted, then performng the first wite operation on the first storage
unit. 3. The nethod of claim1, wherein an application inplenented in a
host controls a storage control unit coupled to the host, the nethod
further conprising: receiving a conmand at the storage control unit from
the application determning the received conmand and if the received
command is an establish copy command for the one source storage unit,
wherein data in the one source storage unit are to be maintained

consi st ent, [22]enThereforgy Ktk Zolbisseates dost treagpmsigtent flashedpyr st 18 state,

Sour ce. st or ABRliEHIE? 134 SoRiet el rsciob T MElFTh PI S DOOR- TP RO A ¢
are coupl edsét?ot@f)?%%[ IR ONSHSL | ¥pD %%téﬂgtsﬂﬁ‘ra 8eohttol H‘Fiit F@IIPr 1 S ng:

sending an esta copy command to storage control unit determnning

if there ar @23ddFIGoBRdllueshedd i diockodiygeammnaittie coasizecrstefiashcopyhe st or age
control unit and if there are no additional establish copy gE nmands to be

sent to theappheatien ddat iorcogrdance With cosbainigRieBSHyations p cy group

command to the storage control. wnid. wheraqi e i y group
command re nb‘?/‘ée?%}oé’st ec%%?‘?gel%ﬂ\?\nslll?oé) Yoper éct%it}c()%sl %ir)lﬁga,ﬁé’e{}ﬁég ageggﬁc e storage
uni ts whose «ggt,d13h N dshcbSy "@intndnde3DE /RS laFREhcopy chhsisiBidiogkovlp”cl aim |,

wherein the source storage units and target storage units are [ogical
vol umes coupbmehdml. &'lst ‘Gsagblisio insbtopyriicommined 800 naebe veferedd tonuames ar e

distributed anong a plurality of |ogical subsystens coupled to the storage
control units %sﬁﬁoﬁﬁdcqlﬂfr’c%‘é{ 3%@%&@%5&‘%@8?8%??\‘6&&% F9"Psour ce

st orage uni i i i e L e.f] ource
St orage uni PopSBLEbEHay BE e RS BAELICO Y Tnk B IO bpC bR d

st orage uni becfuselhe ifgilbadnohtichabfitHe inveatnnmay sppby hagtpodnt-istime

i npl enented in a host coupled to the a storage control unit that includes
the source &eRyingrtgehnigugp kgewimin the %’Feilé‘ilﬂgknrge&%ﬂlf%g tgeRniaNedet st or age

° | oqi ‘ . WS c oY . I ;
qenerati ng: T edbEoERRR ISl A RS e # BBDUAFIRE o uEBE BT
paranmeter, @atAndedr 30U, WRrpeY WIRhRY parditetdr BOBLZLd REFERIRIramyIer 808. t he

establish copy comrand copies a fir st logical volunme indicated in the
The source volume parameter 304 may include a source logical volume,
such as, source logical volume 200a...200q. The target volume parameter
206 may include a target logical volume, such as, target logical volume
202a...202q. The “Establish flashcopy” command 300 flashcopies the source
volume indicated in the source volume parameter 304 to the target volume
indicated in the target volume parameter 306.
[25] The freeze parameter 308 may be either true or false. If the freeze
parameter 308 is true then the “Establish flashcopy” command 300 causes
the source volume indicated in the source volume parameter 304 to stay in
an extended long busy state after the “Establish flashcopy” command
completes, until the appropriate “Flashcopy consistency group” command
302 has been executed. When a volume, such as, the source volume
indicated in the source volume parameter 304, is in a long busy state, the

source volume may not be written to by any application, such as the write

application 116.



19 source volune paraneter to a second | ogical volune indicated in the
target volunme parameter, wherein the freeze parameter indicates whether
wite operations are to be restricted on the first |ogical volunme and a
copy consistency group conmand, wherein the copy consistency group comand
I ndi cates a group of |ogical volunes on which wite operations may resune.
7. The nethod of claim1, wherein the source and target storage volunes are
coupled to a single storage control unit, wherein performng_ copy
operations E6l r'€herFhishegpy bhensisieney grennt imnnmmlp P2 peyinelede aravgst

coupled to the single storage unit. 8. A nethoq, | Si ng: i Vi

copy pommnHl(ll@Jat@EWrF%ﬁ‘i’rﬁg%]&r"%}ée@ttbﬁﬁéuﬂﬁggmﬁg&ggélj ¥ e&%r%%i :Ig\él Egl ?
starting to.c fromt r [ ' [ t th
our ce. ot or 480l 4 S BLEBHE I G dp L BY o RURRARRS I0LPL FDERIE 2 00

uni t, wher eifaRcody ddhsPRENS ERduTaBdnE a8 drAZEsetetateidnn Sotbade St or age
unit in the state and releasing the state at the source stqQrage unit in

response t oirapleauetitiational throgrrampdindécatpy parametdrs Homey ndyadgsheni t |

R CREETEING S ORI N s A )

state in regRQRsE td)by REdFRLARASthPAppofriitalsgits] dliRysaime 2064 0n06a unit.
that include the volumes whose busy state should be reset. In alternative
implementations, the group indicator parameters 310 may indicate a set of
sessions whose long busy state should be reset.
[27] For example, the “Establish flashcopy” command 300 may have
placed source logical volumes 200a, 200b in a long busy state. When a
“Flashcopy consistency group” command 302 is executed then the group
indicator parameters 310 may indicate that logical volumes 200a, 200b
should be reset from the long busy state. If logical subsystem 106a includes
the logical volume 200a, and if logical subsystem 106b includes the logical
volume 200b, then the “Flashcopy consistency group” command may
request the logical subsystems 106a and 106b to reset the logical volumes
200a, 200b from the long busy state.
[28] Therefore, FIG. 3 illustrates how the consistent flashcopy
application 114 sets certain source volumes to a long busy state for an
extended period of time after performing the “Establish flashcopy”
command 300. The “Flashcopy consistency group” command 302 resets the
long busy state of the volumes indicated in the group indicator parameters
310 of the “Flashcopy consistency group” command 302.
[29] FIG. 4 illustrates logic for writing on logical volumes in the storage
control unit 102, in accordance with certain implementations of the
invention.. The logic of FIG. 4 may be executed in the storage control unit
102 after the storage control unit 102 has received a write operation

generated by the write application 116 on the host 100.



9. 'The nethod of claim8, further conprising: prior to releasing the busy
_state, receiving additional copy commands for additional source storage
units starting to copy fromthe additional source storage units to
additional target storage units 20 entering into states at the additional
source storage units in response to starting to copy fromthe additional
source storage units and in response to the additional comrand, releasing
the states on the additional source storage units, wherein data in the
source storfagé uBohtrohsearcoatbkickrtO0vtlerelm applietiat, suahesuthe writgl  10.
The nethod of claim8, wherein the source storag I s .coupled to a

st orage con®PRICAHIN 11§ﬁ@rt@pmqsﬁé.09<ﬂ9peé%‘iﬂ%aq@m§1#r@c{9 1{’/%50?’? GV B ost o
coupl ed to LN L8308 1EA08 Alufll {n R GothS! B biNGaR A T1RIREARR Ut T

a | ogi cal gi'cal” storagée subsysStem couple t he

storage congdboluitit 103 FeceiPes TS Woite @befdtddrihBd befeeifitidigl thd stotdige t ar get
storage units are consistent, in response to additional source storage

uni ts bei ngcapolachit d02ddterinmimais (atblpek 46Rbifahe logicakvolume iainyhe dong or
copyi ng stoyage,

oDy o e Sy SO LSl SR e A0S MR " o0°

he. copy opare T L e b R R B B i s 1 n

the target Bigitsdgelwikicannot be written to while the logical volume is in the long
busy state. The storage control unit 102 returns control to the decision
block 402 and the process may keep on repeating the loop formed by
decision block 402 and block 404.
[31] If the storage control unit 102 determines (at block 402) that the
logical volume is not in the long busy state, then the storage control unit
102 performs (at block 406) the write operation on the logical volume and
control returns to block 400.
[32] Therefore, the logic of FIG. 4 illustrates how the write application
116 writes data on a logical volume when the logical volume is in not in a
long busy state. In certain alternative implementations, the write
operation may be queued (at block 404) without performing the logic of
block 402, i.e., without determining if the logical volume is in the long busy
state. In such alternative implementations, the storage control unit 102 or
the write application 116 may queue all write operations but only perform
the write operations on the logical volumes that are not in the long busy
state.
[33] FIG. 5 illustrates logic implemented in the consistent flashcopy
application 114, in accordance with certain implementations of the
invention. The logic of FIG. 5 is for ﬂashcopying source logical volumes to
target logical volumes while maintaining consistency of logical volumes.

[34] Control starts at block 500, where the consistent flashcopy
application 114 sends an “Establish flashcopy” command 300 to the storage

10



means for restricting a wite operation from being perforned on one source
‘storage unit until the copy operations have been perfornmed on the source
storage units, while performng a copy operation to copy fromthe one
source storage unit to one target storage unit. 13. The systemof claim12,
further conprising: neans for receiving a first wite operation for a first
storage unit neans for determning if the first storage unit is in a state
where wite operations are restricted nmeans for_ queuing the first wite
oper ati on, dohttheniit 182 isdicatine thaisouree logical yohurge wia the gpytce VOemst i ons

i1 st st or Rygapiites 004 GearePElostiog rahEnaTie (hE toieck \BIRE NRePRURr o
operations ae}{(fa%?%%% ﬁg«%f"ﬂegée@g%x&%ﬁeter]&‘bS G B LR QlrcE NG iA L Yolupersei N an

application inple In a controls a storage control unit coupl ed

to the hostto Heh@cRydwidem £ ordietenep Epons bhlpgicad aoburhes, ireecdievdaty ia themmand
at the storage control unit fromthe application neans for determning the
recei ved cdngealivelvanesarsscansistest ot APAREIDHESWITHE the SPEFSIR to a

first state, wherein in the first t. ' 0 ' jcted on
t he one soﬁrc?gps{fgt:hﬁg{l@e‘iﬁ?iR%raimgtfﬁébgégé%é; ecnoanﬁeg%g r{%g?%%ii@s{ogg |e|sh copy
command f ory,tHee0Re t§ AULAE by A8t aid bn ikttt vriittetootie sour ce
storage unit are to be nmaintained consistent. 15. The system of claim 12)

wher ei n t hdogical agemeunsil dhe logival edune & resel frgm thmlong bugy stateé.he syst em
furth | si ng: ] f di tabl i ! t

Stor age conbPbr T eomaaieat finhaa e ARPAFHI f 1t Heferes (ORPRrB gD i
establish capy, SRMTRYGR01C1ARaBEGA HBhbAS ALAGRIE ADLER t6Bhd btdige MEaNS

for sending a copy consistency group co to the storage control unit,
wher ei n t hecon@il WE303! By agothu ‘Eatablich flasheopy” command iosstolatwr i t e
operations on all the source storage units whose data are to.b i nt ai ned
consi st ent , blogk 5AG} dnaltennativedmplementations, 3 gﬁ”@@ﬁl} Ogoﬁﬁté’%&l@ﬁﬁgabe sent
to the stor control unif. ek ' & ot source
st orage uni@%s%acﬁﬁyt %?’88}&“5‘{%’%161840 Ui §§’%&1§5{};§%@1§Fi%ﬁ%s oupl %d 0 a
storage condgn@lolUiilits. Wherein the [ ogical volumes are distributed ampng a

plurality of |ogical subsystens coupled to the st orage,con& rol. uynit, the
system furtlsél cdrtheiconsigtes flashcopy application 114 determines (at block 502)

that there are no further “Establish flashcopy” commands to send, then the
consistent flashcopy application 114 determines (at block 504) if all the
“Establish Flashcopy” commands that have been sent have returned with a
completion status. If not, the consistent flashcopy application 114 waits (at
block 506) and then determines (at block 502) again if all the “Establish
flashcopy” commands have returned with a completion status.

[37] If the consistent flashcopy application 114 determines (at block 504)
that all “Establish flashcopy” commands have returned with a completion
status, then the consistent flashcopy application 114 sends the “Flashcopy
consistency group” command 302 to the storage control unit 102, where the
“Group indicator” parameters 310 provide an indication of the volumes
whose long busy state should be reset. The indication is addressed to the
one or more logical subsystems 106a...106n that include the volumes whose

long busy state should be reset.



means for addressing a first source storage unit via a first |ogical
‘subsystem that includes the first source stor age unit, to performa first
copy operation of the first source storage unit. 24 17. The system of
claim 12, wherein an application is inplenented in a host coupled to the a
storage control unit that includes the source and target storage units,
wherein the source and tar get storage units are |ogical volunes, and

wherein the application further conprises: an establish c_(ﬁ)gg/ commuand t hat
i ndi cat es al3fur Thevedbmerahpdoginof FIG. & illusates/bowthe sapsistardrilashegpy

freeze paraneter, .wherein the estahli sh copy_.co copi es first |ogical
vol ume i ndi éﬁPﬁ?ﬁtil‘PP ﬁﬂg flsrétpé 09’6‘15&i@?’ﬁgwﬁﬁé’f@rp%gﬂtys%ﬁﬁ:a?wi%?s volgurre
i ndi cat ed \'Nﬁh% Eretﬁ)rlgﬁehla\{ﬁﬁm?dri’ﬁ”a%tsﬂten tElandlWRilk peekenRaganet er

i ndi cat es ether wite operations are to be restricted on the Tirst

| ogi cal vol gashéiideatl®pndonat lasheypapplcattonabd setshidrecpluralicy obpy
consi stency group command i ndicates a group of |ogical volunes, on which
wite operalagesl vebymesdopdong dusyistatey Subpe Giensivithe consighartdlasherry sour ce

and target stor.age v nes ar ouphed_t i.nglie . comt.rl yunit,
wher ei n peraBP{’r?%do%gbg rSB%qsaF&eglﬂggi’Haylﬁg%tt%roﬁg?‘ ?%gglt%hg{}(\%rl eé"o‘giﬁéﬁaatlyon are
performed byj,ghlgsit e SAHRLR Gpbratidis & BB BgéAnademesidre cdfhplétedlyst em
conprising: a source storage unit a target storage unit coupled to the

source st or Therefore, theaossisvent Basdicpygrplisapipncbihperdornas daghcansom a
source storage unit to a tar t .storage unit..nmeans for_starting te copy
from the soQPREALIILYORyE &FANP Oﬁ%ga#@gg}??e‘?ﬁﬂﬁ fl??f%alén%iﬁ%ga?‘gﬂ ﬂg sour ce
st orage uni tloéi?alﬂ%ﬁﬁ%%%ntaocﬁ{s?%ttemQtétg. copy fromthe source storage unit,
wherein no wite operati on can be conpleted to the source storage unit in
the state afgblmeae;. Gdtlustlagesiopic foreestinag andtresbigimpof loagdthsyagetasnift in

response to_an additional command received at the sourge st Oiti’ge ‘uni t,
wher ei n t he legigalivadnmesdntherfdorass oated uHbk 104) Bhaecopfanqrewiiisgeataln,

St NN T R e e

st orage uni tauses the logic to be performed in the storage control unit 102.
[40] The logic starts at block 600 where the storage control unit 102 waits
for a command from the host 100 that is coupled to the storage control unit
102. The storage control unit receives (at block 602) a command from the
consistent flashcopy application 114 on the host, and determines (at block
604) what command has been received from the host 100. If the received
command is the “Establish flashcopy” command 300, then the storage
control unit 102 determines (at block 606) whether the freeze parameter
308 is true. If so, the storage control unit 102 under the control of the
consistent flashcopy application 114 sets (at block 608) the source logical
volume indicated in the source volume parameter 304 of the “Establish
flashcopy” command 300 to a long busy state and the storage control unit
102 performs (at block 609) copy operations, where the source logical
volumes that are in a long busy state cannot be written to, and then the
storage control unit 102 waits (at block 600) for the next command. If the
storage control unit 102 determines (at block 606) that the freeze

parameter 308 is not true, then the storage control unit 102 performs (at
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20. The systemof claim 19, further conprising: nmeans for receiving

~addi tional copy commands for additional source stor age units prior to

rel easing the busy state nmeans for starting to copy fromthe additional
source storage units to additional target storage units means for entering
into states at the additional source storage units in response to starting
to copy fromthe additional sour ce storage units and neans for releasing
the states on the additional source storage units, wherein data in the

sour ce st orkdgek 60D} sopayr eparationst and then bhe Reorage gentrol vnitald2 waiitss(ati n
response to tgf add%ti%gal command. .21. The system of claim19, wherein the
source stortl§ 6APY for dﬁﬁFéBn¥Baﬁdstorage control unit, wherein the copy

command is f,q eil\f%ﬂefs%&@g@ ARBlol TPl rﬁﬁn%é‘?at%l@él@g§4ﬁﬂfﬁc}ré)! uni t, and

wherein the sgurce storage unit is a logical unit addressed via a | ogical

storage subgsiledbp§Uenkifendy dtvaipsicomagand GORs hoeint rec@ied Themsthet em of
claim19, wherein data in the target storage units are consjistent, in

response t cheddi0n; then tbostarege contrgbuni 1€ pefexthopnttokef thedi ti onal

wherel n_t e ARITtERbIBF A AL AEER LEbean Lhanoa Pl R BEdRShe, The

operations Gagppf ﬁ)'gﬂgll vofumes indicated by the group indicator parameters 310 of
the “Flashcopy consistency group” command 302. The storage control unit
102 waits (at block 600) for the next command from the host 100.
[42] The logic of FIG. 6 sets logical volumes in the storage control unit
102 to a long busy state, 1.e., no writes can be performed on the logical
volumes for an extended peribd of time, under the control of the consistent
flashcopy application 114. The long busy state on the logical volumes is
released via a “Flashcopy consistency group” command 302. Therefore, the
storage control unit 102 under the control of the consistent flashcopy
application 114 maintains a group of logical volumes in a consistent state
while performing flashcopy operations on the group of logical volumes.
[43] While quiescing, i.e., suspending the operation, of the write
application 116 before performing flashcopy operations may ensure
consistency of logical volumes being flashcopied, the implementations of
the invention remove the requirement of requiring the write application
116 to be quiesced before performing flashcopy operations. In the
implementations, when a volume receives a flashcopy command, the
volume enters a long busy state at the beginning of the “Establish
flashcopy” command 300 and does not release the long busy state until the
volume receives an additional host command that releases the long busy
state on the volume.
[44] To provide a non-limiting example, a first flashcopy command copies
volume A1 to Bl and a second flashcopy command copies volume A2 to B2.

It is required that volumes B1 and B2 should represent a consistent state
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perform ng copy operations on source storage units to copy to target
~storage units, wherein the copy operations create a consistent copy of the
source storage units in the target storage units while performng a copy
operation to copy fromone source storage unit to one target storage unit,
restricting a wite operation from being perfornmed on the one source
storage unit, until the copy operations have been perforned on the source
storage units. 27 24. The article of manufacture of claim23, the

oper at i ons dfhe detasegripniobimgs Alewed Wi2ndn a deirtan amuereca)pﬁtrmramns on a

first storaeunltdee n ft f t t t
where witéd ﬁ’é’ﬂ‘é"tnieér‘ig I ; %qté’(fggp?#“ri?s%vs"f" e e 3 g‘%%’é‘%lylrﬁr‘]:?%}‘ gtthl ®h a

state wher e ufif 6,008 o%ﬂs tf(%ﬁ'ec{ GREE b filot SRSAGRUI N0 the first write

operatlon ar? II‘S'[ orage unit tate where wite

operations 1arWr@@ttd&ﬁb@é&éx@doldxﬁ@mlp(ﬂaftarujadlaged)he first wite operation on
the first storage unit. 25. The article of manufacture of claim 23, wherein

an alppldl cat3.oWniteptoedatasetion yolume 2 Wata mdated)st or age control uni t
coupied to 4gf h\ﬁleh volumes A1, A2 are flashcopied to volumes B1, B2 respectively

then the following non-limiting example of a sequence of operations in
implementations of the invention create a consistent state in volumes B1,
B2.

1. Flashcopy volume Al to volume B1 (Volume Al is set to the long busy
state)

9. Write to dataset on volume A1l cannot occur because volume Al is in the
long busy state

3. Write to dataset on volume A2 cannot occur because the write is
dependent upon the update to volume Al completing

4. Flashcopy volume A2 to volume B2

5. Release long busy states on Al, A2

6. Write to dataset on volume A1l proceeds

7. Write to dataset on volume A2 proceeds

Now, neither volume B1 nor volume B2 have the updated data, so the set of
volumes B1 and B2 are consistent. In the example provided in the section
“Tnconsistent data in volumes after flashcopy operations,” volume B2 had
contained the data update of volume A2 whereas volume B1 did not contain
the data update of volume A1l and the set of volumes B1, B2 were in an
inconsistent state.

[46] The implementations copy a set of source volumes to a set of target
volumes, while maintaining the data on the set of source volumes and
target volumes in a consistent state with respect to each other. Maintaining
source and target volumes in a consistent state ensures that no out of order

dependent writes are copied to any target volumes in a consistency group.

14



the operations further conprising: receiving a conmmand at the stor age
control unit fromthe application; determ ning the received command and if
the received command is an establish copy command for the one source
storage unit, wherein data in the one source storage unit are to be

mai nt ai ned consistent, then setting the one source storage unit to a first
state, wherein in the first state wite operations are restricted on the
one source storage unit. 26. The article of manufacture of claim 23,
wherein the storage units are coupled to a storage control unit, the

operations further conprising.. .sending,an establish.copy command to the
storage control unit deter@ﬁ&%ﬂmﬁmmm est abl i sh copy
commands to S - H{bérrl%' {dménddi 4 re no

addi tional L@ab?%h&eggtﬁgg%g%ﬁ{arﬁgge%o e sleﬂ;{? to the sst%?g%tgog’ontrol unit,
then sendi ngppaftRy of Asick ehaynafatnre asimystahdatd pregranageng antlfowl  uni t,

wherein the copy consistency group command renpves 28 restrictions on
wite operathgmsevimgtiechnipiesdanredsecseftEarmilitanwases hardivarg, & 28Y be

i nt ai ned istent,. 27..T, i gl e.of \ i i
The source SoBPUASIGFa&reah it fe i “aftifle ST ARRR SR B gl Wy, 0 ' "
coupl ed to ?eﬁw{@&?de%nfo?m iPleme B8 iR HArAN@r 288ie % . gV AlniREgRHted

di stributed anong a plurality of |ogical subsli{stem;.coupl ed to the storage
control uni tirctltehipePrigransm fbletGate Avrayr (PG AY Apmdihasion Ppecifi¢i r st source

storage uni la a first.|qgi,cal b t t ' d he fi
storage uni &Pe/‘;(géaﬁé# ¢{}'§H}ta@%1?3§t e@ﬁﬁfyy%ﬁg‘frlna’fP%trFel gt’ e&;slegilé[ﬁ (§It§r:r$::esg? (r)(r::ge
uni t. 28. The, éattkcétgré)%u%}%éﬁgh?gg#{]}?anhaQJi@'iﬂi dBve MBSy dRRs Afie) cation i's

I mpl enent ed i ost C e a storage control ‘unit that Includes
the source apfichPstaeigestets. A0D-RAMS, optival disks bee.)s oulatdeamd nargelatdeor age
units "are | ogical volunes, and wherein the application is p f
gener at i ng: memetst deviceh(ecdpi FRRN R ROMs, Hﬁﬁx{ét B&Ms. s,i%{i‘gﬁ&,

firmware, programmable logic, etc.). Code in the computer readable

medium is accessed and executed by a processor. The code in which
implementations are made 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. 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 implementations, and that the article of manufacture
may comprise any information bearing medium known in the art.

[48] FIG. 7 illustrates a block diagram of a computer architecture in
which certain aspects of the invention are implemented. FIG. 7 illustrates
one implementation of the host 100. The host 100 may implement a
computer architecture 700 having a processor 702, a memory 704 (e.g., a
volatile memory device), and storage 706 (e.g., a non-volatile storage,
magnetic disk drives, optical disk drives, tape drives, etc.). The storage 706

may comprise an internal storage device, an attached storage device or a
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paraneter, a target volume paraneter, and a freeze paraneter, wherein the
establish copy conmand copies a first |ogical volune indicated in the
source vol unme paranmeter to a second | ogical volunme indicated in the target
vol ume parameter, wherein the freeze paraneter indicates whether wite
operations are to be restricted on the first |logical volunme and a copy
consi stency group conmand, wherein the copy consistency group command

i ndi cates a group of |ogical volunes on which wite operations may resune.
29. The art netveoxd acreesiblrstoregotlevicai Mragramben the stdrags Jbovambe t ar get
storage vol unes are coupled to a single storage.control Lt, wherein
performi ng LBupddptr Hha Brmorar Poahd PreqHgd b bammoeespe  eiibe magner
perf or med by, guhAanealte! athd fchiidchlrdthay 2688 Fndile a edworRBardogr ti cl e
of manuf acture, erein the article o na%u acture 1s capagie o? causi ng

oper at i ons, t¢ Bgableaoaimanscativipwitdi #getwereiThegrehiteepyrecmvayealdot o copy
froma source storaigﬁunit to a target storage unit starting to copy from
the source tnandeget lefist ovstiapuhd l0nsechnas adteybaard, etonshsercesn: amege unit in

response to_starting.to.co rom the,source stor nit. wherein no wite
operation cXMCBAt ‘?(gf‘HHB%IS&t"h%niBg}%aeS%s?lber g‘é@‘ﬁgﬁtf FHehps APl ng

rel easing tQgyRbal §padkdNa PetferCefl Orage unit in response to an additional
comand recelg‘\,/ed’ atp%e Sour ce si%rage unit, wherein the additional conmmand

i ndi cat es t 9]r eMhadegwiof fi6issdab andfdestrebespeafic aperatidns ournueg and
target storage units are ip a.congistent state ip res onsgf.to thﬁ iel ease

of the stat @ RArtCHIATIdeE ‘é’ft@feégé‘elﬂﬁeir?mg?.s %gapﬁr rEegs! fre of

claim 30, tQgipper e‘?R?alfasFthkbq{eﬁ%Weiig{;ﬁl mem'gané,qze; iR3TitRG 14d1e busy

state, receiving additional copy conman or additional source storage
uni ts start bpgratioreopyyfbeoparfhenedith tidiffatertardes mbdiffegieormir evddand
additional target storage units enteri n% [ nl'g gelsn'g ?r}v%%tg[n.tl{]/l%rg\geqj tséeor;al
source st or &8 ipplement implementations of the pre , step
may be added to the above described logic and still conform to the
implementations. Yet further steps may be performed by a single process or
distributed processes. Furthermore, while the implementations have been
described with storage volumes, alternative implementations may use any
storage unit known in the art.
[50] Many of the software and hardware components have been
described in separate modules for purposes of illustration. Such
components may be integrated into a fewer number of components or
divided into a larger number of components. Additionally, certain
operations described as performed by a specific component may be
performed by other components.
[51] Certain groups of elements shown in the figures have been labeled
with reference numerals having an identical numeric prefix followed by the
suffix “a”, the suffix “b”, or the suffix “n”, etc. For example, the logical
subsystems are labeled 106a, 106b,...106n and certain logical volumes are

labeled 108a, 108b,...108m. Labeling groups of elements in such a manner

does not imply that different groups of elements contain an identical
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response to starting to copy fromthe additional source storage units and
in response to the additional command, releasing the states on the

“addi tional source storage units, wherein data in the source storage units
are consistent with the tar get storage units. 32. The article of

manuf acture of claim 30, wherein the source storage unit is coupled to a
storage control unit, wherein the copy command is received froma host
coupled to the storage control unit, and wherein the 30 source storage
unit is a |ggndel obeldmasdriassell grioapaFbogkaalplsttheaganbebsf/ogimal coupl ed to
the storage control unit. 33. The article of manufacture of claim 30,

wher ei n dat olimesHa eashdegicel snbsystemi 106a.,196 @dﬁ§V§’(eéij]f ferent.r esponse to

Taite O3n RO SKRRRR R RSB m AR oS RAFE RO OSSN Fher) BlopBt g} DT 20
AL A(. A fsh% Nheﬁﬁ)dg( MtHr%@@ﬁﬁ%%tﬁtﬁﬂé—of the inventions may use

E{ vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] c”af ca] ca] c”a] caj ca] ca] ca] c™a] ca] ca] ca] c”
a] ca] cRa] cadny atloa] paht4aitond copfio®] teFaniques known in the art.

e L B B R e
C?fcg]ﬁgf'cgy@g]gg]ﬁg]c g 53k paleadonhoahagh salopkenkerboal sahorinahasd oal oal

1! g} xsni d_Zjd sabghd eaieade e Halic ahe ddwaitial tallea)resedbem| diatloa¢d.a) cal cal ca
] ca] ca] ca] cy] cal ca] ca] ca] ca] ca] ca] ca! K& | G PX} xsni d ca] ca] ca] ca] ca

7] ]
] ca] ca] ca] c anry]ma %E]I@ath}’éﬁ]a‘élé}léa}'%@]’é @a]%hgb!aff:ﬁ}eca %] ca] ca] ca] ca

ca!] IxW | d.z
L] ca} ca] ca‘éﬁﬂcgé"} 15‘18 %%ﬁgﬂ]dzﬁ‘]a@ S]c%é‘% 4 hceg{n%}%%]ncﬁé fidlitad figd 6§l cal calc
1pGvNTW x} xgitis %Qﬂ@@ﬁ@?&rﬁﬂl&@]tﬁﬁ] mhaaby #he alfinlcalwaided]leakea] Thpcal ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caljcalcalcaVr.eFz 10% ()- $@109B& ()-Z@
109 () - Z3abdBoMaicificatinBaxamplbs g nduidta providempanplEs gesgriptionpf
the manufacture and use of the composition of the invention. Since many
implementations of the invention can be made without departing from the

spirit and scope of the invention, the invention resides in the claims

hereinafter appended.

*IBM, IBM TotalStorage Enterprise Storage Server, Enterprise System

Connection (ESCON) are trademarks of International Business Machines

Corp.
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1. A method for copying storage, the method comprising:

. performing copy operations on source storage units to copy to target
storage units, wherein the copy operations create a consistent copy of the
source storage units in the target storage units;

while performing a copy operation to copy from one source storage
unit to one target storage unit, restricting a write operation from being
i)erformed on the one source storage unit, until the copy operations have

been performed on the source storage units.

2. The method of claim 1, further comprising:

receiving a first write operation for a first storage unit;

determining if the first storage unit is in a state where write
operations are restricted;

if the first storage unit is in a state where write operations are
restricted, then queuing the first write operation; and

if the first storage unit is in a state where write operations are not
restricted, then performing the first write operation on the first storage

unit.

3. The method of claim 1, wherein an application implemented in
a host controls a storage control unit coupled to the host, the method
further comprising:

receiving a command at the storage control unit from the application;

determining the received command; and

if the received command is an establish copy command for the one
source storage unit, wherein data in the one source storage unit are to be

maintained consistent, then setting the one source storage unit to a first
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state, wherein in the first state write operations are restricted on the one

source storage unit.

4. The method of claim 1, wherein the storage units are coupled
to a storage control unit, the method further comprising:

sending an establish copy command to the storage control unit;

determining if there are additional establish copy commands to be
sent to the storage control unit; and

if there are no additional establish copy commands to be sent to the
storage control unit, then sending a copy consistency group command to the
storage control unit, wherein the copy consistency group command removes
restrictions on write operations on all the source storage units whose data

are to be maintained consistent.

5. The method of claim 1, wherein the source storage units and
target storage units are logical volumes coupled to a storage control unit,
wherein the logical volumes are distributed among a plurality of logical
subsystems coupled to the storage control unit, the method further
comprising:

addressing a first source storage unit via a first logical subsystem
that includes the first source storage unit, to perform a first copy operation

of the first source storage unit.

6. The method of claim 1, wherein an application is implemented
in a host coupled to the a storage control unit that includes the source and
target storage units, wherein the source and target storage units are logical
volumes, and wherein the application is capable of generating:

an establish copy command that indicates a source volume
parameter, a target volume parameter, and a freeze parameter, wherein

the establish copy command copies a first logical volume indicated in the
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source volume parameter to a second logical volume indicated in the target
volume parameter, wherein the freeze parameter indicates whether write
operations are to be restricted on the first logical volume; and

a copy consistency group command, wherein the copy consistency
group command indicates a group of logical volumes on which write

operations may resume.

7. The method of claim 1, wherein the source and target storage
volumes are coupled to a single storage control unit, wherein performing
copy operations and restricting the write operation are performed by a host

coupled to the single storage unit.

8. A method, comprising:

receiving a copy command to copy from a source storage unit to a
target storage unit;

starting to copy from the source storage unit; -

entering into a state at the source storage unit in response to
starting to copy from the source storage unit, wherein no write operation
can be completed to the source storage unit in the state; and

releasing the state at the source storage unit in response to an
additional command received at the source storage unit, wherein the
additional command indicates the release of the state, and wherein data in
the source and target storage units are in a consistent state in response to

the release of the state at the source storage unit.

9. The method of claim 8, further comprising:

prior to releasing the busy state, receiving additional copy
commands for additional source storage units;

starting to copy from the additional source storage units to

additional target storage units;
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entering into states at the additional source storage units in
response to starting to copy from the additional source storage units; and
in response to the additional command, releasing the states on the

additional source storage units, wherein data in the source storage units

are consistent with the target storage units.
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10. The method of claim 8, wherein the source storage unit is

coupled to a

storage control unit, wherein the copy command is received from a host

coupled to the storage control unit, and wherein the source storage unit is

a logical unit addressed via a logical storage subsystem coupled to the

storage control unit.

11. The method of claim 8, wherein data in the target storage
units are consistent, in response to additional source storage units being

copied to additional target storage units.

12. A system for copying storage, the system comprising:

source storage units;

target storage units coupled to the source storage units;

means for performing copy operations on source storage units to copy
to target storage units, wherein the copy operations create a consistent copy
of the source storage units in the target storage units;

means for restricting a write operation from being performed on one
source storage unit until the copy operations have been performed on the
source storage units, while performing a copy operation to copy from the

one source storage unit to one target storage unit.

13.  The system of claim 12, further comprising:

means for receiving a first write operation for a first storage unit;

means for determining if the first storage unit is in a state where
write operations are restricted;

means for queuing the first write operation, if the first storage unit is
in a state where write operations are restricted; and |

means for performing the first write operation on the first storage
unit, if the first storage unit is in a state where write operations are not

restricted.
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14.  The system of claim 12, wherein an application implemented
in a host controls a storage control unit coupled to the host, the system
further comprising:
means for receiving a command at the storage control unit from the
application;
means for determining the received command; and
means for setting the one source storage unit to a first state, wherein
in the first state write operations are restricted on the one source storage
unit, if the received command is an establish copy command for the one
source storage unit, wherein data in the one source storage unit are to be

maintained consistent.

15. The system of claim 12, wherein the storage units are coupled
to a storage control unit, the system further comprising:

means for sending an establish copy command to the storage control
unit; ,

means for determining if there are additional establish copy
commands to be sent to the storage control unit; and

means for sending a copy consistency group command to the storage
control unit, wherein the copy consistency group command removes
restrictions on write operations on all the source storage units whose data
are to be maintained consistent, if there are no additional establish copy

commands to be sent to the storage control unit.

16. The system of claim 12, wherein the source storage units and
target storage units are logical volumes coupled to a storage control unit,
wherein the logical volumes are distributed among a plurality of logical
subsystems coupled to the storage control unit, the system further

comprising:

23



10% h& ()-f @0% h& ()-/0odEbC8!,.L$10% h& ()- "10% h& ()- !'ml0% h& ()-1f10%
h& ()- 310% h& ()- 10% h& ()-7HvdEbCS!, ., 510% h& ()- $3Z10% h& ()- 1" 10%
h& ()-S)y 10% h& ()- ' 10% h& ()-% 10% hé& () - =@\BChC8! , . L109B&’ () -

1098& ()- 10 h 10 h 10 h<10% h& ()-8 10% h& ()- 610%

h& ()-Yxnmb@!! 10%G& ()-s 10B 10B 10B&<109B& ()- 109B& () - nl0YB& () -

109B& ()- }zX6nb@!,z 10%GGE ()- !,z 10%GG& ()- !,z 10998& ()- !,z 109 ()-
| 0, ! - 0, ! -

H 21096 () - Y10 /ﬁ‘%%ag% fc?r4 ¥Vé<3’1~%7s§i'ng1§ <f31rst source storage unit via a first logical
subsystem that includes the first source storage unit, to perform a first copy

operation of the first source storage unit.
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17.  The system of claim 12, wherein an application is
implemented in a host coupled to the a storage control unit that includes
the source and target storage units, wherein the source and target storage
units are logical volumes, and wherein the application further comprises:
an establish copy command that indicates a source volume
parameter, a target volume parameter, and a freeze parameter, wherein
the establish copy command copies a first logical volume indicated in the
source volume parameter to a second logical volume indicated in the target
volume parameter, wherein the freeze parameter indicates whether write
operations are to be restricted on the first logical volume; and
a copy consistency group command, wherein the copy consistency

group command indicates a group of logical volumes on which write

operations may resume.

18.  The system of claim 12, wherein the source and target storage
volumes are coupled to a single storage control unit, wherein performing
copy operations and restricting the write operation are performed by a host

coupled to the single storage unit.

19. A system, comprising:

a source storage unit;

a target storage unit coupled to the source storage unit;

means for receiving a copy command to copy from a source storage
unit to a target storage unit;

means for starting to copy from the source storage unit;

means for entering into a state at the source storage unit in response
to starting to copy from the source storage unit, wherein no write operation
can be completed to the source storage unit in the state; and

means for releasing the state at the source storage unit in response
to an additional command received at the source storage unit, wherein the

additional command indicates the release of the state, and wherein data in
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the release of the state at the source storage unit.

20. The system of claim 19, further comprising:

means for receiving additional copy commands for additional source
storage units prior to releasing the busy state;

means for starting to copy from the additional source storage units to
additional target storage units;

means for entering into states at the additional source storage units
in response to starting to copy from the additional source storage units;
and

means for releasing the states on the additional source storage units,
wherein data in the source storage units are consistent with the target

storage units, in response to the additional command.

21.  The system of claim 19, wherein the source storage unit is
coupled to a
storage control unit, wherein the copy command is received from a host
coupled to the storage control unit, and wherein the source storage unit is
a logical unit addressed via a logical storage subsystem coupled to the

storage control unit.

22.  The system of claim 19, wherein data in the target storage
units are consistent, in response to additional source storage units being

copied to additional target storage units.
23.  An article of manufacture for copying storage, wherein the

article of manufacture is capable of causing operations, the operations

comprising:
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performing copy operations on source storage units to copy to target
storage units, wherein the copy operations create a consistent copy of the
source storage units in the target storage units;
while performing a copy operation to copy from one source storage
unit to one target storage unit, restricting a write operation from being

performed on the one source storage unit, until the copy operations have

been performed on the source storage units.
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24.  The article of manufacture of claim 23, the operations further
comprising:
receiving a first write operation for a first storage unit;
determining if the first storage unit is in a state where write
operations are restricted;
if the first storage unit is in a state where write operations are
restricted, then queuing the first write operation; and
if the first storage unit is in a state where write operations are not
restricted, then performing the first write operation on the first storage

unit.

25.  The article of manufacture of claim 23, wherein an application
implemented in a host controls a storage control unit coupled to the host,
the operations further comprising:

receiving a command at the storage control unit from the application;

determining the received command; and

if the received command is an establish copy command for the one
source storage unit, wherein data in the one source storage unit are to be
maintained consistent, then setting the one source storage unit to a first
state, wherein in the first state write operations are restricted on the one

source storage unit.

26.  The article of manufacture of claim 23, wherein the storage
units are coupled to a storage control unit, the operations further
comprising:

sending an establish copy command to the storage control unit;

determining if there are additional establish copy commands to be
sent to the storage control unit; and

if there are no additional establish copy commands to be sent to the
storage control unit, then sending a copy consistency group command to the

storage control unit, wherein the copy consistency group command removes
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restrictions on write operations on all the source storage units whose data

are to be maintained consistent.

27, The article of manufacture of claim 23, wherein the source
storage units and target storage units are logical volumes coupled to a
storage control unit, wherein the logical volumes are distributed among a
plurality of logical subsystems coupled to the storage control unit, the
operations further comprising:

addressing a first source storage unit via a first logical subsystem
that includes the first source storage unit, to perform a first copy operation

of the first source storage unit.

28.  The article of manufacture of claim 23, wherein an application
is implemented in a host coupled to the a storage control unit that includes
the source and target storage units, wherein the source and target storage
units are logical volumes, and wherein the application is capable of
generating:

an establish copy command that indicates a source volume
parameter, a target volume parameter, and a freeze parameter, wherein
the establish copy command copies a first logical volume indicated in the
source volume parameter to a second logical volume indicated in the target
volume parameter, wherein the freeze parameter indicates whether write
operations are to be restricted on the first logical volume; and

a copy consistency group command, wherein the copy consistency
group command indicates a group of logical volumes on which write

operations may resume.

29.  The article of manufacture of claim 23, wherein the source and
target storage volumes are coupled to a single storage control unit, wherein
performing copy operations and restricting the write operation are

performed by a host coupled to the single storage unit.
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30. An article of manufacture, wherein the article of manufacture
1s capable of causing operations, the operations comprising:

receiving a copy command to copy from a source storage unit to a
target storage unit;

~ starting to copy from the source storage unit;

entering into a state at the source storage unit in response to
starting to copy from the source storage unit, wherein no write operation
can be completed to the source storage unit in the state; and

releasing the state at the source storage unit in response to an
additional command received at the source storage unit, wherein the
additional command indicates the release of the state, and wherein data in
the source and target storage units are in a consistent state in response to

the release of the state at the source storage unit.

31. The article of manufacture of claim 30, the operations further
comprising:

prior to releasing the busy state, receiving additional copy
commands for additional source storage units;

starting to copy from the additional source storage units to
additional target storage units;

entering into states at the add1t1ona1 source storage units in
response to starting to copy from the additional source storage units; and

in response to the additional command, releasing the states on the
additional source storage units, wherein data in the source storage units

are consistent with the target storage units.
32. The article of manufacture of claim 30, wherein the source

storage unit is coupled to a storage control unit, wherein the copy command

is received from a host coupled to the storage control unit, and wherein the
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subsystem coupled to the storage control unit.
33. The article of manufacture of claim 30, wherein data in the

target storage units are consistent, in response to additional source storage

units being copied to additional target storage units.
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