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WD 03/ 023597 *159159* PCT/ GB02/ 03743 DATA 8TORAGE

DRI VES | N AN AUTOVATED DATA STORAGE LI BRARY Field of
the Invention n $ This invention relates to data

storage storage library drives of an Automated dLWlM"'I"mlIm"Imlmmll
whi stores portable data shel ves and storage 159159+

car ‘H@é@s’”ransports the 5 in storage portable data
storage cartridges between the storage shel ves anEbTIGBoi/onu
the data storage drives for and the Portable data

storage cartridges at the data nstorage drives, 10

par ti cul ardaraPeddrhge! b y. to the allocation of those

d and' i nore v 15 vﬁ#ﬁaﬁ ﬂt%%‘@%ﬁntm:eua_ B nrmagy |

st Eofllyes and the data storage drives wt
regﬁgt—q't‘ahﬁ'&%i cators which comunicate with the
li braryr Background of the Invention Automated data
stagga%qe hlifblr“éfﬂ“éﬁnareeatmw@cawgtggaora e of large
quant 14¢ &tbrety @hYcEﬁ‘ﬁbﬁ\éegmftgé aCCESSTU VR @At an automated data
t Phrkeel gnddaranchbaly Dye glg;,\ NOSI® SMA PeeraseRartiages 1y stors

i HﬁiPWeﬁHeh.VeéjQ.g@ ths qit Pedeh déFﬁ)lﬂa%geaﬁrE{.Q%gg bet. ge
Whhe Bodf@y gt ed N STOT fferatretnimas ol fall i, 20 € o the
dgd:a s L0 abl € FHEEAIS srztaedmar iy ipfgeg, T e EXAnDT bSetunt ing
r@ﬁ@e# C -t fp&°othecaltnatiion GorC 8 idl §OES  CONT SN FRIvas, and, more
| engtPr 15A4pnant aposec abe gl *c{} Nt Re=(PXA%E 9ives and the
a*t?@?g%%aéerbwhacn @bitunEONL O gf ﬁ@eﬂ Wbt resrahe to hoat
library, an accessor %&bo‘f‘%p%f-&}‘amartri dge from

ougd oS gjfed portable data storage 25

storage shel f at it is stored and transports the

por t ahmdads 0 e cart-ridge store e between the

strage eshg) \égiéaa?ié G8¢ dibgprdas Gire NiBEd G, AN G, derD
SiebLdfI9ES, At Tha“thira oft sragergibvgs YA the r-oyed for
AQLLabl ot:i’ﬁah%“l“o?mgécatsbﬁ_agﬁ, CRLL | dgae t At hie dnfrequently

or . ahd °f‘§"cr&ri$ﬁﬁnghtdheamagﬁkgheiﬁa%a 5% SHOTR% Pr Tentable dats
Eﬁ%e%ehfoa@u@g@}iggﬂd g% %ézgf’*?fi%g Shpdvear | CSaRfiRe of

SRtiicnede CMe ol r ese BfriAges cpitaik
appl i cati ons th%%%%é(fp&f’aﬂh@hk. ary and dgiti"taa length of
st or My dhd \4g5, gRPear to each host application as Its
bflhﬂxﬁbdtbcéﬁéiol ;igc:ccefsed Py the 1ibrg
cartridge ® library, grips the

ibrary and
8torage shelves and at leage

dicatad to each hogt

application, the
reéquesting datg 1

8 ace '
and delivereqd to - ey

a data 8torage drive
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and drives. In one exanple, a specific set of storage
shel ves and at east 35 one data storage drive of the
library is dedicated to each host application upon a
request for portable data storage cartridge data from

t ) d¥aiseqPpl i cation, the the accessor robot having .
the requesting data is accessed by of the |ibramrrcresesrss

and delivered to a data story @ O dedicated to the

host application for use b g drive y the application.
an_thus conduct a aeries of

s ication
Hgfg}gﬁivagﬁ-ﬁ, appear, to g’e Hpetlynasdigned tharnat hd@tOMpb1scation
Ly ve, “HRBYS TReti fatsictusdaptpoianea.of 16 BE D03 esrSENGE from tr
PE&PLYte of sthe dricret unagalriiny enaqgdf £33k %fi %dggﬂ%c%?pj.?ga;‘:nshza
PAtregnatant 17 he 1ng \DeH e B02/ 03743 11 °
ng/\BeH HelP3e@d ek %r??@ddf’(yat‘ﬂe kR drives are

Rtteralian: . apPRk (i rectly assi
' ; %ng%czaerge ig9dote A4 ££RrEnt /Hogt applications,

Ihbgat ut §
A egdf:k:?ﬂlcgtg%bﬁg‘é'f 7 A2ERtwlpoin aéwvestenafaiento Oborrows
t he driVe HOhBRF hast mpplicaticpacindof £drexdd®S, 1f a1l of the
AWPFPELArsIRS Axe untitizednnaanith oS diGs e%f:d%%% gﬁfgedis needed
Hirt hostt erelgeatlidovedys havd RS g&hv&i.fr‘% or t en_ | oie. led,
Gimoestd bfe daktRa,8 E ASghoNed, Lo dT T or B dphication itselt
BRPbEKR LGNS 14 eanymgo,goﬁ%\ l E%J;rbmﬁa‘t’df"s to access data on
' rl Ctivei %&"ﬂ"t a [sdye from clabtias Kdg@m
%%’é%:%#t’%is?l gﬁw‘a&t TesAnLignaing or lexsuphe debicelibivils for
qﬁ;, 55%&@?1%’& €9y edhoald aihbst EESL AR AALALOML Srs needs, new
ol tecaprotche mrotigedith ARRIRGk: aﬁﬁqcm%t?_w %gl I cat | on N
Yeawtvenet RoatBbppidBhifont NE host applicati om T1%s&pfenfguriag
denmounts one cartridge or releases its drive in order
to agnettA@! dxdplel her_cartridge. Any ,
cohath putsa et e Mo Mol ok Bl cabiin are mapraitowd dtrace
edPuthd fe0ui I ¢ recont FgtA9Rg ket cRatharhen devitmel~ library (s
OF BRI sachep promoae | GEBicate Witk ArROS) to store

drivers
dat ) .
APhFPEHVED (FrgE A\WeE rropl srasbas, adtany a3 & n e :
12 Pyffeatemrar irivhcall appkinal g,gngggahgﬁ(ﬁ: Ci’i Blosd S oreg
c?@@eﬂaq.gwumgatalﬁa;abelﬁaggegsgﬁ_m?g i«;:yoa!ﬁr car | on.d‘l‘ltﬁ orovags
hitrTot h‘?“‘eﬁ(mﬁ%ﬁs&;‘.?tﬁ?i aa[:)._g %Q% | ORs-ar 82506t Al edved cache
olirk 8 to a‘iﬁﬂmi{&' gation w H $038f o¥hgatdy Fxam the cache
1RALPST - ey VLT 05l "L YIPEY daks spenagh| dighe hedbéth by the

eqpl oys. CAchEast® 2ageentey Hyctid posk appXchyfn) 412 r
c gB 1 “ ? . / §E Q.Benot in
caf Ein % @elapcbie friosn.hosd 1applry Caphofs o @,E,tléry_g, 259 the
atrﬁw rrinache s 2Peratias @zedﬂc%aﬁc'éro;: % b0 Ia\égeaaénéha
carsridgel i 119as ke salidaig Q%rat gpgrggd?tgg St 0 ag’jg
ropat ol St Jﬂec&’ﬁtzi‘a ey H‘l?‘Fr £a 2SEEYF AP Bt e thiyaaccassor
calBLfiGe i 'l\ﬁ?‘%aé cac%% irive, ¥8pde she cless dotom tthe
111:1-3%“ o0 OAUSPE HRtH diea caghem tHyem ke hetan8hdAn8 gsE Lk .
o8 car t Py enpt 6Ye idrerntacempotentagin dein o€l R60Ey PYoncha
bef”Ff'@szf FFBISiYe apfonlddateati andr 86ipRetRY, b*ﬂﬁg&cﬁé’s% o must

aIFEL SR Laagi b a1 Bhedd a0 LR SO 8 - CACTRES o
andri e tagink ealgolf vhhy (ﬁn%q_gsex%gt %r" e 1o P fa=t ; aging
ho8Raph1 144E1 Gt Obdaty L€ daL 2, PRYVAL e Phé“ia{%cee.bemmna. The
dr%%boén d{ 0_agcess %"1’1"9‘: B LR | thgecache ndshean thamidi ebtey with a
N aﬁ@t’ a st orad@*tPpticabirar caresontmdangesndbr JHabad c%lgponentg '
*HHOURE hesec pradiotai eopertbenasics v e sndads abhs, gé‘ha %Oré‘ed to
be replBEde arer habgeamdeatibRagy td'8,0ala .l O cache, = elti :
exdepbict aodiieist, ggpgc_k]gn%r Yo e 235, éafflg il’l"Lb ‘Eii:ﬁr g};e
PosBABRORE Niti b Snaf Iéc%h?ir&utatﬁj%\ﬂeyoer’ A e e be
dri a change of serial number if the'

ives are homogeneous in all other respects. Upgrading, exchange or I

sharing of heterogeneoys drives (drives of at least one different



10

is

20

25

a0

is

storage i s expensive and adds cost and conplexity, The
cache storage nust be sufficiently large to handl e

| arge data sets and nust have good staging and
destaging algorithns to avoi d excessive "cache m ss”
sit“th gi?BThe 35 host applications conmunicate with

t he cac ther than directly with a drive, and any
host application can contend for use of shared PCT/GB02/03743
conponents, leading to |ess predictabl e perfornance. :

Should a drive fail and need to be replaced, the host
apﬁ*“’r’é&ﬁ#@ﬂtmyibq,rgﬁﬁ%ee tg recover fromthe
e X ERqTinaTa 6 Ol &iﬁgt‘enets 8\'?% AFhope | 4 mnmomt-bwnfgjﬁ,_.ggignswh s
avpoval L py | hg%/ e -ABA5BStAbeicb0 It deal f1S,,, “hich will
r aRlde gy atl ON 1 BPRHentmetiak sephalpumher 11 1HEriag may pe
drjgyes, al €& aﬁotd’énmstioﬁaa*dgw&?g% rtgspe {mongst various hogt
Up%r 2t b dEsvhanges es sthanjog, Of ~het el JPRmb st biMRSor tneyy
(&Fi EsBeAt appilieqeionOf)e o) 1{ O1 ChPYIIOBIZBEBH T2l sharing onn. ;s
PCT/ GBO2, 03743 characterT st t*fs prohi bited wi t hout side
SBERnOdt ehd rpvdiy§ ferent ok~aracteri $tics jr reconfig
anon which will provided by a boat a limted drive
Shari ren sRjecapd¥ Lgation that is partitioned pxoCeeeor8
yarbeutomabll ah e E%?Hf?%se"g’aﬂmetof\/aﬂ 9.H§?],R§\§t _use
an fheedld;ve, mué °’if‘8ﬁs‘tianﬂyysjrmearmiggc&8§t &7 bfi8 to provide
their so as t &%8¥ers within synchroni satl By affifred components
Shariﬁ%FéQ£Sid§#co; the host application is not
wed. ef Ahei dabodfhefd QOLECt of the present
ag%?&% “dnding, @Mah&iﬁprﬁg&%%g%gfeﬁﬁﬂttimntiou is to
FifEHnad ndiized mm.ﬁn,%;lg LG ent U HPIHEY itor se0e16 $h6Benersi of
R é¢ncRomy ogerneaBL . Pl 05 sTIHCBElaueapiencst %né'],%%per e
object of the 15 a a enbodi nent of the present inv
xpandnng1bestiaPRj L catiazta or invention is to
tad di1tb Qi3 %geews\%\ﬂ RBYtcomr ek iMpdident 0 HRESIVE :
1&,54‘.@9_ regonfl ﬂ?@liféﬂefﬁﬁorﬁe ARl g@tahoaps 0 dt e provided
c;;,%gg\r % YUty sedres he plh@sl 1 4 ol | ocat 15AmAsed datr tdrage
¢ Tof %l toaetageosmies, pypgatad MetHOTEr 8 phyageal
P %%t‘ﬁ“sf‘ﬁ?aageoﬂgkvmtpjdggg Pr ov1 “G&5°F0T 9ot arayiepckhl the
SHOFRYE: datted i lo iRl A, { a]%orbg ﬁ%:; Yoes Bbviege Giieh vded GG ||
Caxteuidges held PluralTt By tthb| o rd s rage @
e and an acceggaar SE%W&U’F%V%ta st or age ca?t?%‘%gges rage
robuhekﬂ@aéﬁg&;% the storage drives for g between the
t rage shel.ves "S5t semirbapsan i.ng the and the
o5l @ﬂ tﬁe q.:._brary, reaponsiv:%o t::“:em%&rc% Provider Coupled '
equests for data &torage

' The drj :
ality e el - i ive reacurce Providey

data

the requegt. Additionally,

Tequest when gl of the
the requested drive ig c

urrentcl
command requiring a moun ot

vailable to complete any subsequent

ted Portable trid
Tidge.

datg Btorage car As discussed
e
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occura, allocatag tha

virtual drive requeat
priority,

cartridges at the data storage Portable data drives,
storage The allocation systemconprises a drive
resource provider coupled to, ox O, the library,
responsive to the requests upled e.g., romhost for
dat avebs2345 30 assigns a ., fro aPPlication,(s). The
drive resource Plurality of the library Physical data
storage provider a and allocates and deal | ocat es PRE/GB02/03743
data storage drives fromthe drivles to the benefit of
t he _hoot applications, pool for '00030-tTSl a
Ppl’i“c%ﬁq fPREndimy a6 lpd cg%p t{;]:ﬁt he co pplication,
pefansbegion Peddi, nc “Rhethpr oaptisel ion
pr evﬁﬂeamidﬂppfjggge éf?fﬁh@ednimcrﬁsw_cerﬁgeﬂﬁgt% é"‘pg‘ine a fake
a BROYESL, LOT, A aatd s tybadra ugapas, gi! ?f e hos
stQ eégrl VESEHE ithcepoatomaif 2l 0 at eq T ML ¥t 88d, if needea,
li brary” £8%h&rH xeayirounit Ohe .40 {NC FReeeftiovet . 1¢ the nexe
pof UAM % CBERTAded Gk agRinEad L g_%e [eP&t5%9Y 10 that portable garq
Addiet fammabd mmaaigEde | MR € O rEhuthe libeayady o ,gpee o 1
9 Provider, upon recéiv the re driven are allocated g © bandle
the besd agied iyg. J S currents Provides arx
ARt BT e EDFTAASE snbuegusat o3 Bubfoe

SRLEL ey su SqtRavesy or i dagy PPt e por | ghe

aﬁé’ f Faftresstrade drive and

cq

d st or EoFtablelgata AsofliSCUSSE

Jgé@%f‘%%e‘zf'@;ww allddages qngr@:‘pgf&” 3% [F¥S|deallocated datgq
t NEETEPEP deboRtotale drive o the

COTRPER fon ar ashansg,qC d
rPeptvoe raytaRPLL G] ?‘]64%,%‘?"5 ES $heHidbeary eOtref €AY Ve 1
conprise a fake axe T4t95t Y Thus, the host 5 can °1d of
retryThe dricdi@y data storage drive, and, if
phedddy ot ggi%zggrﬁ'fﬁﬁ@eff eI Evemantyt @i, dges, not |
B&AYI IRl he Jrive 3853 storage quitves abalpal D, gri Ve TR ome of the
{,ﬁqg%ior t HAE fixe zesdmtce PERREAYE, GAr LT 1 gEheoutaide of the
unt 0 andliewmtes cdater thd1g. CRITAN “ERIfREI R brovidihg the
TFE°F4: ppng fndtmache cablie E%Ihanaﬁa@tﬁ?é e ol e6D 46 (e
latdvaero thelegud i ndi catl Ons Pl ¥rlessd chau@hd g2
request for dealloeation O pa dSko the danou4t o
any pbe tdzbbe rdala.st.0rage cartridge at the data driva
pmmﬂﬂhﬁ@%ﬁ@tmgcfd é)rov;gdef‘, in ap alternative embodiment
request for deallocat ¢ 2ods Af during the Predetermineq timé

ion of a ga
Portable data storage o ta storage drive and demount of

€ mount

waits a
bPeriod a

As gtill anotha
¥ embodim
ant Compriseg g plurality of

8lity of virtual 14
1l lib
the vireual librariag. rries

the
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storage drive, and allocates the deallocated t request
for a drive data storage drive to the the nount

relative tooth indicates to the library to rel ease the
hol d of 15 request The drive resource provider

a%‘i#.o ?I anarity of Libra rally assigns at reset one
of "V 23597y data storage drives as spare drives, PCT/CB02/03743

outside of the Pool. Then, theg drive resource
provider, indications, allocates one of 20 request,

t,HJe t, | e saequent to Providi least one s th the
ang %ﬁfcﬁﬁ‘@?%m{%d@ loompapas ahdr inéesndnPed

REune ¢

rRAedeteymined tdvdty ainal Qipbs | 18RSk Qgéq: of Eﬁe noun

qreddteriiiddlimi €, Q¢ r edat e'zr&ovi 85’?"‘, Pirgafees than the

al ternative di rrental,(i %‘%g tge P2RF f282 19tAEagseitiod, and,

i f dumeng steAUesienel’ .Imeg‘lz eeéi of g the

RE&ALELITL e, LL %rr%egc;g% éﬂ%;] & 1daf‘ﬂi SEbYe resqurge parovider

ggghaggo drive an gerfBufit® Btlegabiani of the epace @hed heorage

Sga ‘otal ed JEPHI8t Hrddgrting oweses aht apaieAatdStorage drive
e5/FPBLe Beraagea ot aesenminient 3 cHib¥Beb G LA £ EQYES! o a

Y¥en opsrhbratise béiofi DidyCnd 3hfers 19398 fflerrl ve T

tliiorer oo dbh\bao_r..esgyragpe% L Oyl g%, _%ge’s 2 REa%q fata storage

aft h_@gulgrq;,ogﬁll Ta0feak g tUSL ] | BIHREPESING 4 |§Bans Briveyto the pool

GRIDTLSes, 2 PLural 11y  oPe &id the 1ewety et ahetthenims is

a cﬁi' g}er I EoT Y IhBFPviRen aide yhefepuid taued skbiigd dhiSe to tne

Biher Vrtifethn Arirs a4 isbsprieodataThsbragd W vd, SOUT CE
provirée%?q%sterm nes the 35 virtual drive re priority

of t B embefigent ,andl ani indehe v, MiHdbodtiel sl ol NE

i brally attodedeca idter SRl & PhiY iai{a.rzl% ttg u'%ﬁa%afe

dxhee togtter pod1ndinakafk of Bl DALY (O, 1 0] SLRE EhETn mpane

dretaheD@RSRs | qngfth%hfltivel\/bunt Fel . qUIStLabiiey ofgpenst data

toelAbbYE %9 Lhe N8 TOr e PRIYBERH, nwrrn albdeviee of a request

JLesource T S thEGAPIBE dats stardgecdrive dd Bid @dol, delotes the

BrOVIELY Of it LSt Sneaof Ghetpleeatlephen 1 8harD sk D% 6lare arives
PR cBiveRe pegubsit ded assfsodUSa gl Id¥¥‘§o°fg -bct?, mg u{gségned‘.

IS gcei ved pool are allocated. WO 03

PCT/ SBO# 0FEUUS  thd GostXiaMPLicREQY €6 T5 QM. der ar es '
atdrdve ricr dmnbedteap Rt 14 QIfocaQ%c?ge errmi g{?gﬁ’m‘;&%{gaﬁ@"m as
neqdeq, (dna dyaCeR ikl /0l £4COUR! apa%.-'en&":lgﬁ, I aiﬁth‘%:ws:::;y, i£
::quirEmenta grow, the system éperator is allowed to Belectively increage

e number of data storage drives in the peol by permanently adding epare

drives
to the pool, without a requirement to firet contact a malespersgon

et gA? object of the pregent invention is to allow hoat applications to
aln accege to one or more shared da
ta storage drives of an automate
: ad
:a:? storage library, and have the appearance that the drives are
edicated to the host without requiring cache atorage

dEIGt-Anather object of the present invention is to allow the addition

[
1on or replacement of drives without requiring a reconfiguration of
the host application device driver, |

. A virtualization fyatem directs communication between host
applications and physical data storage drives of an automated data st I
library. The library stores a Plurality of portable data atora e
cartridges in storage shelves and provides an accessor robot fo:e
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predetermned limt, allocates the spare data storage
drive. a As a still further enbodinent, the drive
reaCQurCe provider additionally, subsequent to the
all ocation of the spare data storage drive, posts &

e indicating u5s O the spare data storage
gﬁ?@ﬁ%‘mﬁ’ﬁe post'eg message, in gne enbodi ment,g
conprises a notification to a system operator tH{T/GB02/03743
action May be taken to transfer®a spare data storage

10rhibhdR 1 H P "-%\Qertq%oo" As an exanple, transferring a
S riye.to THESofata atdrage subtriia ABel sed '
0%19?%F¥ﬁ | faastorasd diehest r ansf er ?es ?ra%g{‘ett%ﬁe“"““
drive*gf%%;réce provi der adds the spare data storage
drive ongodtivedithaghi } I ye an a spare data
SPBHergeiai. i pmoviding Btalgggpﬂ%‘ﬁ:efr%og!l FEPRLed o hosgt

ety omBtei m,"etthﬁtﬁ)@%ksg ne;iscggie%:ﬁ%iﬁfiﬁnaﬁv CBNYLHSAST daty

Fined abdC 3k t hat fafFur t PEAYEding fihe@d SRRREI ficar]
RS t,gg,;,tE f"é»;&ﬁ“m (B¢ deoet mpplichtion eor=a¥@ bk ‘t,Ier“";"‘“
g‘t,ozsagar e datra.  YfoFagunthatien betwdn iR RV rgsotgr ce A
F‘)rov B &trivesppE apcehoe wiv BathCaltile dryds’ 2 Pifatipn and data
Trage GabragyPAr O data storage drive to {He pdbe, sutomated data
del etes the 20 assignnent of at |east one of the
pl ur & drirveoteddubbdiyodifed St QLage driven as spare
My Bmedne HiGE, tthgtdztit;g'tassﬁgg%f‘p BArte the detvebbgrtproviders,
afnesdpBieds A5 Lhe resul b, ChFONIRAT b hbighé® Any humber wpr
bl Ral eqng dri Ve 4§25 9Bt aSorage didiives it6 11RARIQE &
o8 £, 8l [oCated™ a™ pf &helpbuk of Adkitt Rald s Jeh o
needed, MEnRvadiablenteor apeipmineiad Wrfeha SR &, dr ] Vs Caffifiicated
SR toya thrdugeT g revaR e g, LNE S st en opePzvadex
2PRLightione dedacaang ChdeVEd Yk NGL €ASE, RER, ARy fox thattast
Petloragme (Fire8s1 a4y ]gﬁo by per Marf@ht [sopmimi deivepasterne
pEbVE MG £L,0 :htleréoogf', wit §8%10E thegiediempioh fr &idSte image
£ UILARY B3] ESPET SOR. R0 Mallhseat ablosher RREIN G pruralie
invention 18°to Allow host applications t6 each gain o=~
acceﬁltsa ﬁyggiema nore shared data Storage drive. of
i,. .tO gatixrosider agiarh ddak 8 o6 ave the
AEAED 4r Hitc Bequvat imbe Bbaa kg LS o4 Jj\éegﬂlarq%‘ﬂc? =4 Hath eserage
AR 0B AbepeitE | dommEAGE; S 0) e 35 NG5t Ther fopecictodr
the heeqpests a6 thok B ViRl | Q1| $..0.d P p%df?f’éeﬁd’ditllimrage drive by
del etion or replacenent. 8 ¥ Vatuay @rttet. requiring a

r ecetforgtd dhb Q1L Lehhe hoot a E_I i cation device
A9 catslng Ve A hd Brive

imaliel YRiviady hilualiza ?"(l)rﬁ_e 1 _
apSLIGER fogt A0 3,‘%“"’ CHE bitbuaindzphy sb ek abdyrihdhade
re %%vdgs ol a ge t:ediS_dat axatmeag@,mlzleg&}a,r Yo The .
HT B aPlAtsL Bratana medis alsi 1oaqed ,_go%;eagll_,i%edat a SIS Ege
ca%arlgges |n@;t8r22bggisgzlg\§ an Sr%lsdes an accessor
r oGt % A4 ) transporting
e ipg hoab| eppiitdat & %.r gaggtjgi?éegmﬁﬁﬁgéeﬁ Heggest by the .
Stoxagy egrrishal XS am"“éb%ﬂtgtﬂgs 5 égsjié Brafvtisa pettabP@data
pro@iir Mgy §adJJOHE tg% 3‘1\4-|R er s tcedrive. t Moe atve Fescurce
dr1@dPbi G lPorgl dg{ ovt G2t Viiehsineonk thange Ofomalage§aShrage
mowfl1S VWl LML 0eft &1 strévagedanterd cbouteodiOflp1scation for
appf i cat 79t pertmble data rsGSrd&EO(},/drgt{%efl Xed
id Bnté.iaz#%gti ons and rionses to the host application
. fo Fnatize imbbdliddent 0 khy 5.4 directing :
ResepyRiuntcast dy b \b@&{gggp}g Pg%t%zagip ?“cgaf‘?'%ﬁ SPmpPrienma
of T

storggorate: OF i BHRSaRvedy AFPldgtticnt fwrageridriazegata
of the automated at"%gg Provider. The "Reserve request is



10

15

20

25

3o

a8

40

10 storage library. A drive resource provider is
coupled to the drive inmage providers. At any one
time, the drive resource provider has assigned any

nunber Mt is O the pool of "n" physical data
[ Providers, and win

sty ives to the drive inmage ,
- ebﬁg/&?g{"he as freed pool of data storage dr| ves!,ca}rj&o
indicated and available for asgignment. The driv 203743
resource provider responds to a triggering event
rggquestqlgg a virtual drive for the host application,
dErRAce v e edxiire tiRg /iy dat torage drives of
t PrOvigeoha 0 rédRey igh Lha&' ?Jl‘rqt{g\?g % % YA4T e drdwe resource

56 ‘fﬂ' rPGfOér t!he 4rdve "reBburce

O Cdyd gy

chigs) enaffwhéfst?é ST b8t dmonte ook chiscete cusicapes anea

pI ur a %g VEot® JPHicaked dei thesrediese G Nyt %fcﬁrxoﬁ/ ':?

t@aﬁ:;;m o ges S A s Lt e

virtual 25 drives, and di re%?ébnco ?‘n"&ﬁt‘t“&nd’twet he

dedi cae ed fuietina 1 06:3G8 | t he requeetinng host

apqinimand b?ﬂ:h@S:: Ss \ig %ﬁ%l Cﬁclﬁé% PWeOFr"'@@eFm elvent ecomprigesg

aesUr cﬁep‘#&y’ Lder de nPPAication for e vilrtuae daltAB38rage

Qﬁa& Egler ract ?‘Ffsspmm AdiAomINLY Ant0cde RS for the library
‘1# gas |8 ) f@ d&%&&?ﬁﬁs@ﬁma s aédieht de F&j% désquesr}:ing host

r ﬁdﬂue e pb IE‘QIAHE(H ;;C;S n%aort%ne?gﬁeuelect-d for

f'??eﬁﬁ‘?ﬁ Feordyé dTORPRb SRAndsikA N6,

Yrtgale Rikivg . event co requestll ng hosﬁ identification as the

mount a sel ected onei ofsthe a by the portat a data

35 stldeayeve debbirddGiod |rtu data storage drive.
epcm fﬂ cal ’?’t’ fAe& Prtpiggering avenye

Hedatlug Ced efe ROAY ma
adiidegsa b EfP= ad¥r) ool grbfierigeating a Beatdtenish arive
ng%r g% e ”dP? \P@EE@@Pémasdmt 04d1CatidG! the daty
tgp At o9 B‘F“dn?ﬁ‘i’ﬁt thegdthe Selsaciad10e! tall gadlala
ef Aatn| ttgrage GriAms/ASE ahd %Qgt i¥e & ﬁlfgpnt e drive
“*Rag@tﬁve svieRt teomgg e Y cSMBRA 1O iy ses a &1 the
3pRA LEe on St G&diduRe tAQ0%ne2RP! t&;C at | on ?“a'-"%‘iit‘aa‘tﬂaat a
£BIN0LB Qetlidatfs Qhed NEoALL Y IS, e otorhgs cartridges -
a&ﬁegg&g& d§: est | g%p d%ﬂ&@aﬂwﬂfM/@%hoaﬂ 4Be virtual .
| H%ﬁje 'Flreodzﬂer redaQidd Yi
““’I“HER 66‘f“alT%Vel raty ehiohSEne ﬁ@rtaﬂi@\éhﬂg? at? gl tfléag_naﬁ?a:e drive
at s agithea gebddinekt) € t Eidgegis
thé?{t@{:y E‘ia”gn VeR5r eaprieed at o

cogtral byl rthe eaet 1442
Eglaect e Qld'ﬁt’t"ﬂe'“ﬂﬁ e gihagdedicated data

ator AR va A
dr', ei as td%&% if| Gf BY bmevickyald date Btévaizs A
aky 1

as the Wbl tq%u ve a further alternative
no@rm déﬁ@ﬂ‘e ’deﬁr 3 '69’?51 detxiggerisgSavent C&HiBm@ !
, r E% ligujtﬁﬁd I‘i‘GEﬂ “&pAgecdtiventdrOi pReddtetiilea 4. o
re;%uggélprovidex 5 ien of the predatermined time-out Pexriod, the drive
cartridges remaina S-exminies whether one of the portable data storage
Motifies the 1ibrq mo:nt:d 8t the dedicated data gtorage drive, and
cartridge. IY to demount the mounted portable data storage

In anothe
librariea o r e;-nbodiment, the library comprises a Plurality of v:.rr.ual
' at least one of the blurality of the virtual libraries ig

h ] J f . :



10 drive. The drive resource provider additionally
indicates for the library that the dedicated data
storage drive is dedicated to the requesting host
application for nounting any portabl e data storage
cartridge selected for the data storage drive as
i de‘ﬁpi"?’g@éﬂoy the fixed identification as the virtual
drive. 15 The drive resource provider responds to ECT/GB02/3743
detriggering event relating to 8he host application '
and designating a data storage drive dedicated to the
deévedngofd, ngiI}g&t apgl ication, indicating the data
stgrage, dr i Ve T o AELE of sire tHighel Yy 0.to the .
fr eelg'g at 2 St%oPERydder ideek oaftdshg :Qr%\%?%g'rgr&?ﬁdl%ﬂ@'. the
t HE AF e virtual Jibodry, I,[btqgfeaegpeo‘%lgrre pragendrive ytyomng Lower
e GEte Yepgei prpviniat of the

ViRt lastm, sas 52 2
e o, SBse 1@ spm{iggr%%%mmtmmmmh&a storage

amek txiayh ok OLple t
S dRATGRA G L isldgeési,@ali[fﬂ PHrE iHetd adbratecdrida) dpgt (perd?g Sen &
ik My ﬂ&gt 111 EHRe shdvetot i Vi FehabBlaz s v 2E &, ST OF age-De:
drives. TN &Hch case, the drive resource provig&riigher priority
provi dessied, Qé%ngLéaéLon for the library identifying :
tmhgggi t t eRfge Hriives map nhh ;rtual drive
ﬁ%ro‘@hé C o 'F]Z: RPA e dalat atrags qg‘gv&ag%%il:%g'e ‘#gﬂted, or

Unt €4, Y4 Sbotineve enbpdpaRak,, Lhe de (1§ BT R Fesownee
CBiPtI9eds a command by the detri gyarFifieAbShe virtual drives aq
application to rel ease the dedi cated data storage
dri ve IR| eb@nedtfollefbnas aeaff the virtual data storage
Grwee imaq@0pddvidesS tah ] oy k UF LNET ERUGE] PRSVEdert bamunicates with ty
vbttung GRitk o Xfem {(?ffp?? Se¥rivRoinage ¢abia thheisdediGat e th <
ﬁlﬁz@gét&E@&e Er VETTYSF Somprisdey amai Qe 305 QUL ... .
period.  Upon °exXpierBet ofedstatidacad 1gel Gk £, N d 1 AEiBY the data
peri g, gr}glg?rz! qu\ge@a resource provider deteriee-

e ron Tgbaridabhd @Ededa e 35 cartridges
%ﬁ%{]ﬁg PRSI nte dhatrol hvvide Hac %gp 5%@%5?%8“-d reference
“aft EbRordchnsythe debpialy o dERoTRETimtdonsakeredn conjunetion
portable data storage "cartridge. 40 In another '
Efoderaip X ..conprises a plurality of
i es, - | east one of the plurality

of tHEe.virisual adabPaLl £ 1_i s assigned a higher
i akosridayice mm,thﬁpgn #?ﬁ? ‘-’P’ﬁs?f'tafgm ofld viitub e .0aLA

storage drives ar & qetitc gthedineaend| upon rartriggering

gerim,\wig%oggél%;ﬂs}‘e%d/ GEOZr 03743 event for a
whYk I ive 0 e ofiiagh&utopit & | i rtual |

r elgtgﬁ?ciem%ﬁ’mtd@bmtomtaﬁ grélale s5t, g%")é‘ éé%" PPS iprary

vi rghal 3|iﬁk1)r@alr= , notifies the drive ing Urf¥e #rom

i brary, Wediagdaa b agat j notifies the
il didgethexPrinti Hese g{,pltiggti%nca‘&tg ﬁtﬁge‘s&f"‘tﬂo?ﬁqrnsee Library of '
hogtr appldcat ey dalaay i aé unt eg}ag%;rg%ft%‘?‘éﬂeaaﬁ dnstoredfite the
imeoereg emskaghd.AGa at a 8tehegg libBary which

t hevi rt ya~dr+ﬂ\}g %f%%cﬁ’&%&”ésimeimb rtual 1ibrar oY he

hi ghres. Al g;di LY atlr:% Addi tionally, data storage drives

ed in the

T

BB,1eXghan $P8ftiyeld abm as bey

Porg$|1§tg ,& ?orage '-‘art‘-ridge whi B a %d qudo%dhn exg"mlary
of the automsated data storage 1ibra

yatem

ch may be Btored in the Storage shelveg
TY of FIGS. 2 and 3;
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o rage drives of the drive resource provider, but the
drive inmage provider character iz u as nobanged. es
the virtual drives 15 In orie enbedi nent, the drive
resource drive im a provider cantnuaicatee with the
$ ' enpl oying a drive image virtual data
St‘gpgygggﬁ ves conprising the i table having a Ii%f of
the storage drives of the pool jdedicated as thei  /¢B02/03743
ge, ualndriv s catind the data “8or a fuller '
under st, andin 20 should be g of the present invention,
ref er efikse € radg dngfJ}]ﬁaI@ Ij_%ng detai |l ed description
t &deRBddde CRREUOCE L ON let h SO PAngs mgemilary MgSre tak
be ¢ i tig'?lgho “t REPaMnh, fbodimentg, 1 is a c-agranmatic 2ble in
r_eprequ@ggti on qQf a vixtualization m in accordance

r

i . .
the Pr&5chf tpmtentilueystesm oF 14;
Heble 17 tecgrimeervith sl prasead dbbant of oe T BaHPDY s
whi chlpggysi fpl ement enbodi nents of the 'present
I nventtTon? *AGFldy ekard MpRekifdi a0r f the automated
BELLLNEXiRveRt 1 ohOgat Qggﬂwiﬁqh c(’)rslr}t3 g’?‘pﬁg@gf“ﬁ‘% Of {Fhptmethod of the
dppieiacod itﬁ@%um:%geda@m onht d HeEFAng tthe FppLithirbtidn of the
storage ch may |ibrary di-°Fife libaapy eertesebagi Ent s
of thexd, Yy Whi ac%g‘;ra 3'2 g*esent i nvention; FzGS. 4A
4B .are res t G ipg Mag®oaBkdnt | SH e JWHLLC '
%(L?S’bt ARYSIEADE FPEViieotrieniiage proVIdS S ?Eé?d in }Q‘Eg’c’l& of the
st or age sgglﬁves of the automated data S an'gé'l i brary
of FI'GS- rfad310% afe Bl sw SAre are die r imge
n&FQ?‘ﬁ“ﬂsﬁ SPhqddaentf of the

MekBr 9f | theameoEaka A6 Ganbi £ e

fox erpibgeningl ldvéRe s ;P €SENT eftr?’gg%gn%ﬁt"? RePeET 0Py ®derOof FIG. 1

PCT/ G802/ 03743 FIG i is a diagranmatic illustration
exenplary drive table in

of aexardanges WL Lie

pﬂ@g@qmgm%g? ent ;élff?iadg‘?"‘f’s‘“% A emhodimeiti 6f the method of the

d“:lig%t riat Ion o e?éﬁrﬁf’d’el FeAamrse peBgQer et AR €, Ié{‘l"' :
accor danc & V@rta e ar, present enbodinment ; FIG 9 is

a fl

Detaij Git fte iﬂ.

Thi i
followis sdinnention is described in pPreferred embodiments in the

9 description with reference to the Figures, in which like numbey

- € numberg

Tepresent th i
¢ fame or similar elements. While this invention ig described

L

Referring to FIGgs 1-3
' + +79, an embodiment of : . .
ig 4 ; . 4 virtualizat
llustrated which directa ctommunication hetween ho t ;on syaten 10
8

as host applications 11, 12 and data storag @Pplications, euch
r e 0

data storage lib . drives 15 of an automated
xary 17. The libravy gtores & plurality of Portable dat
- )

storage cartri
idges 14 in ftorage ghelves 1¢ and provides an accen
Bor robot

18, 20 for trans
. porting the Poxrtable d
ata stora
gtorage shelves and the data storage drives T daen hatueen che



10

15

20

25

30

35

40

present invention for configuring O alters driven of
the autonated data storage library of F2GS. 2 and 3;
FIG 9 is a flow Chart depicting an enbodi nent of the
met hod of the present invention for the drive image
pr ove omgzasph PI G 1; FIGS. 10A and 10h are a flow chart
depi cting an enbodi ment of the 15 method of the PCT/GR02/03743
present invention for the driveigesource provider of
FIG 1 for triggering events; FXG 11 is a flow chart
depi cting an enbodi nent of the nmethod of the present
?-11ve i?éasgg‘r&‘aitg% drive reso;; ce provider of FI dG 1
or 20 detrl véviwigs , prandddy| ) . and 12C
af@*’f’r‘iﬁ'\'ﬁ/‘?}’ﬁaiis 12 pinG tpafdg1 @Y &) g%gé%ﬁg}ﬁdzg? AR eoRymore host
al9pet mavrage dRNVESE N kali KGN LON 8795 RE & Tepetr @m0 Bixea virtual
prontnti@atibn Heefhanl uﬁ or 7ot I?PWQ“’EI%&%' ymnagetﬁkﬂlyeﬁrecung
2Boo1Dg Algungecrinr _d % hf_’ﬁ"e appMigatianakh gt BV Oks LS, of
dgserbed | i Pr B1EFTRdrintsons mente hikonRfea holJ OW NG °F °
descri pti®ol® et Hher dilomencet s "o EbPYLES, TN WAF¥ige library,
| TRE2LAdHoRe s TBO dEow emgl pi8aSaNe Or “EYS5P | the Bomds |
tetvpnihacidie DAG! DY J%r achi av MR oER| tbeyimgeom s
Ciitecés VeHRARLDRY (W ET' € UPhrEen fisdd Benti®s eadibng ang fixed
Sdﬁighlﬁgti%\et H;t ar't o ARt eemlieation EneCanthl 46 REE JiBeuay ded
\th"%o%ﬁ;'t &5 o4 o 2RR1iARfdon tehprdvidey wat Rie fahg nns [ e drives,
- Orittinledniives heei duaeaitean, SRL i, FEPPPhfhat all of
f ?ﬁﬁ@s_thg-gﬂdeatytagtguy,ﬂggﬂ:d;g;e? Vi rtt1§f?;z§ﬁ?(ﬁ? Sy time.
focesske, lanll umtivad ady WYl ghy d 1 G sEoidhfiesentont various
Beduie iy hoﬁécoﬂf&&%Q?éiogp I cat o1 9% replacead alatvd hout
storage drives applicat fiae h@aemsicaﬁimaamcer@ﬁ&.
dat a StRiad [hrary 17. The library 40 storage
At g t%ﬁﬁL%?S?é% K 95 LT lF tapuptedPes ttabl &1 9@t Gy rovid
GATL itg s st%ﬁ"‘ﬁgé@h‘éﬁwesrebeumdpmy&dg% %na,?cce DFFoviders
bo (O3 PH 3" Wntm ep6rdgenskil,be ROLE 20T e dat9ped any number
or'ige Wref ity amobe3Magn, L%}% st or ag'be %‘v@?gamjrwmera,
W ervidlablet L5ngeeidhbaRS. WO 05/ 02358798 8re indicated as freed
PCT/ GB01/ 03743 At | east one drive inmage provider 30 is
couplteel drove REsdrce 3RBII z%ti ons 11, 12, and nore host
renae s aalig 3, | TS U at? FRArsRdone 4 iuxeghatiag event
ofd g_rfatgfé dr) ve to e PosePrpphiiont H@busS arid o i) Scar
,_,gﬁ%g@i!qutdl [iec,"l | iRF2 etrntamidravésnes Q@,vagdﬂw%hh%s,t g . cates
hG'Pg{o 0 tH’ PHIcRbER Oha the dirdad qmg,s}eogg%? 1 ves ‘3ftupl drive,
;f_ tb WL Er%HGe ar bae st WheOF,LH8, QU1 ¢ gmgte §e% fostdeavpmmesting
i brary.
The drive image provide
drive to the reQUQBtin: host :;::i::::acterizea
: on as gne
drives, and directs comnmication to the dedicat

by the requesting hoge 4pplication 11, 12
’

iveg.

the dedicated data storaée
of the fixed virtual

ed data storage drive is
ag the virtual drive,

hoat application as “not ready*. g an e . to the requesting
- Xample, '

fake completio ‘not ready’ cg
) P ion responsge of g Iéported atate tha ; y‘ TPrises a .
the drive. t no media ia loaded in

In accordance with the
provider 35, upon receiving a re
the data atorage drives of

regource
drive when aill of
¢+ indicates to the

quest for a daea storage
the pool are allocatad
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The drives 15 of the library are thus shared between
the host applications. The drive inage Provider
depicts the image in comluni,aatians with the host b
10 sets of res y enploying fixed identifications and
fi ses to the host application for each of the
vi?ﬁﬁgwﬁgﬁgh that the hoot application is drives. _the
host's virtual drives are dedicq&ed dto the host ACH/GBI203743
of eara the tine. that all, of urther, the

accesses,

u%gluy} @g li)ﬁl;)l{ésaid)(gral drives may be t various
a r-ve Rrivbdof depariconh aced, all
Wi .o{ﬁquist.r ediditiomlay ) Qe i rjilgejtc;gzg a?ﬁf aﬁ%“s“fgﬁ relative to
v, S5 48 cat 0 e g st e onaens
t Rk Y JhESQYr Ce POV Bktable) dave decrdassosdssiqdae drive

h F ?&rﬁli%e ?1’] O w ' oaa &gl %ut im
R S A - g 2 L
p Biizoramyzed tbhorizgeL1gr gmc?rzzégimnd?%‘gt'e °g§gﬂ‘tr EE!ﬂ-icat’ion 11
aheiuavitisl ABKE o, Lgnment .t HfkoRtgey drives cud cean retry or '
pum:v;-etgﬁrgﬁ._hgés&%n %%tl %p‘é’ t Y9 §herdehve evanthe meat GShhdd doea
Cedlebil e s o o coar sl i Jhoblfe

’ - a
[ rﬁ’a%czft'i ng the dedication for the dri vg i rr%ggitg ﬁ%é}f“‘“e the
one of the fixed virtual drives rovider

A R AL o
sQ6; requestin e35,magsregtan¢i
éﬁglrégc?cé“ﬁ' STEIENA deliesated diab o5 RAUE 63%9'1"1’% LI
CAEPE fife 8T mgrtmeae @Rl §tealdOla S, 5)1e Of* PA%R PEQKage drive and
Vreiageldrive,i was 41856k edl Gt ? 8 At Eaft dhetdeat herabyd data
F::eaecf‘*esif idggveb,oﬂd L %ﬁgggg%ﬁ:p :;I;Itf: fﬂiitorage drive to the'
tiee ANt Jye. drrve riagr 1ibgazie do bk Pfa A,
physi cgl i:’%iﬁ%\% a2 %ey¥saugst- drive, the 35 drive ?{‘m%e“ ot
provilql,egnégx%ggrﬁaggeri zes the virtual drive to the re
ppl 1 cat Iron’ as'®difarore dthrarg Uashd . n fake

féggiﬁegt ?" n"?"e%‘ﬁb rdbrariea, raapqritlgd&mpui’g:ﬂdeﬁ?‘ 3"may? 8150 be
St atePiha: erfoofictieasticrayd %héllJeQlesdr rve. aiTErhlhs virrual
*R8°uXRe aooet diange, Whid) Lhe 3%35& 'LﬁWé’ﬁt?ﬁn?ﬂﬁined dyi & Qibrary
LS tiés’ € bu QYELISN 139,  UD Vihgra sheger sbuddah
data stor gg e Qgir‘éljs\%e%iﬁﬁ 3F | axsf Prefioeatdgt @pﬂ-ﬁe@gg Artual
dri veseef ﬂ%gfﬁ%%f' are allocated, indicates to the WO -
IQ;%/R%;%%? TplR10370e Fonmrasy ot RodtOhtho@gy., 0N .
""%&&“5[ ogr {%bg‘;?&t eFesvor ageriles (B cE RPN Sha 811 ene e q-}; a: an

1 °BI 't pegdesbdlgCof GhAldNE, L Q . UpoN re PRdcationa

?dd}ﬁ?".igg AWechmbepled, an

3R icationg qutnesn Ahd wak

anendirdgtéddRe th@ohl?pﬂqnét:;pgﬁ?sra Stueltied ehe best applications
mv&*m gof or nOJn | ng pBF?quF%lng%%tma@a Procemaor a6
Cartridge, but is curre' 2t'y unav& | ab] a to conduct ,
mount ed portabl e '

any Thsl g e m and requlring a
prei &%ggi‘?f@é*-‘geT ary 1@, has bn aRRki1Gat 11

au rage cartr ' j
ajga ?gégggﬁ?%ﬁ“ﬁﬁaf gtpragel hncheweridvalal A APy [ an
o and Thif=rerrgrage mdass uempi:Bethy GQITREN] T €l at FiPERGpand

THia9gns: vauch| ds mhersmexds COgTRAJ ggas not ¥ 8f mageetde tape
stqrhge dibuayber r,,ﬁgcg(,mg;istegﬁ porte TeYudia sttoraipd daa
or @atdpel 643 ebE, red and T 88thPA tHferagenant yermgve 1ibrary
aatabb@rk S Q a E:dl S T é:'y, ete., aach defineq herein ag atorin

Tidges. The data storage drivesa 15 read and/of PO:'tabla
write

data on the me har
r and my comprise Ly
' h dia Y 4 processor Th
. e libra furthe
comprises a rohot controller 411 for operal:ing the dCCengor robot 18, 20
and a Xary mana
geyr 40, he accesgor rohot 18, 20 comprisag a gr:;.pp '
d 1ib T : er
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which each interfaces with the

command. ThO drive resource provider 3S, subsequent to
providing the indications, awa~ts at request for

deal | ocati On of a data storage drive' and is denount

O any Portable data storage cartridge at Me

dea‘*’?%/@{f% data storage drive, and allocates the

deal [ ocated data storage drive to the' request fg; a

drive, and indicates to the library to rel ease the <1/GB02/03%43
hold of the nmount relative to the request. 20 In one
ex4uV3_e. one O nore library inmage providers 43 maY

al & fpe enpamigdstieﬁéé:eyil{?gggli drives and & get of and

W ddcesddiPlid Sy 5 (‘)_L the “Hae LStHags caragage 14, ang an
ShfSI,V@f&blg Qi af e "B ALRRF betwaed iabs e RSP G oy o drt
Prc%ﬁjder Y ehgiorage ghelyesdr iTHE*ac&&m%}e:a%Q@r@d et ween = -9rive

i 1 [ Le]
ViTLRAI® 2bar| ¢ddeasdaaser byl Bt Qnags, abgl . e 16 § B3y also
PESEPREE 22Ny te eraadi Qden‘éi,h;mtg aPP" " cat fﬂ’?“l‘?*f,“‘!bz maented on the
Calkbveiss 5 agh Bl ggg.@gpo ‘host “procELsy labsken abe @lta Grorage
apBresBhh egel VG Sert S8 i uess or magnitial dage ldi vas o d the
ag&éagg%,gorw PN FIrtgidaest em Bagphidd Qﬁﬁﬁﬁgéég or may
conpr | IFCRE i mamnetidRbdlG, sg@f_et Jhost™ Proc8Esyfettea
-0%T8%% 0-t nultiple are depi ctzlgz S eaclYs 99 Wy other removable
nprising a processing "', the host applications and

at or ag@®3trbos yensrellay i 0.8 Eglga%'?aor 36 The

f%et Evpncet ﬂﬂéc&aﬁ&praﬁ@%gu, hr ar% ,ma'EJa%ﬁ? t9.aRMiEise at leag:
Gompt Ao B5uta intel 2ol P TR ed tapt *Eoragri dgd stcotagRedntd an
Bl 943l ek) DLEY. T 0T P (SRRl 20aQuBBRiAGuEla! Brocennor iy
SheL.age, medi a CBnr % iTHY Wy&tiocﬂoc\#%dmesm‘é%g{}ﬁ" etlc Y
tape . car i Pdekibran: mamgredly m%ggqf Aj tONBE L
PREPe4ER D Neee dhel atodputiG: RREL LT ary O o8 hePrRUter
BEAFPbeL i10Btary! Alrager 0L SLI evare $5pssqpneateda tmPene
sERatiled j,é'&.}g.geg Ye €t ‘é‘@gfﬁ:ggz i°H‘m_351;::ﬂrm‘bnemrSﬁOa£&19

HAat ata_stor ' pay a8k St Ade .
dri vg? t:({""sm"‘ree5‘&‘”‘?%!’?d/"(‘)‘l’*‘h VeS| & F14fbydal a gp gphﬁ?%peg%?gafrﬁf reading
may c&gpﬂbse a processor. The library furthe
SQMpri Ses A FoBBRaes Mo o4 lcenpred .k, apg' ald.ng, t he |
acceosbrd pebme 16X, R arfg 2 | b gLy ,mana 572 % (he Rfad/unload,
CRERkESSs Wty OO bock@inAl c:gxr;pho'eo_ a -of ity \i@nager 40 ia
Tae/zass.-&g,?mg,;,gggggeéasggfo 4%PeIBEFO8y oo hBegiohot @ontroller 41
apeliRat &P rtg$)l ¢ darasdirongh war tutiedgarelds @NthRl .,
dg‘fﬁ essor 1.8 'f ot nbRA Adbrele rpmbgnepq b,ggv?g%% st or age

sHerte M8ighs Lo ortoed veemtosiy 396, elyes. “The EcRuessy
A1Y88tor] lasPOREERIMAl£50 eafli b/ Gpg CONPITS 8B wexkehard disk
infoamataion A3 be :%Eofdegi 4l V1 SI P EYREME M DatainteeheOBornd8ds ang
s Qrh P hrdQagld 14" gad" 1'dBNCPISA Nepd dram,i dgiRctad Phreavie dacs
LIRS oD SN De OPt FEAFMHESK Mebheredatie 8508085 aflh | YES, .
[ mEgnel iic TAFECH bx abe atada tihge @gg,}iqgl.e”dat%gs or agetost

. cartr I tigedinamesanpsitapi s ahtd b0gas, Of, Casset B tibrary
1dentifaen myiati aabi@a1paIng] i c nedi LA Gge i Fetms obrits
altempaothay, LTDYAR & SLOTAgE. 1P e Tkeirst, @owoLeds, ey,

41 and library one toRpIFERtIEY. manager 40, conprise at

| eashe nost applications 11,
by one or more components inte
automated data Btorage library

12 are typlcally coupled to the 1lib
rmediate the host application and the

rary 17

An example of ap intermedi

ate component i
In one example, the host bus a s o

adapt
toees ptexr 50.

50 compriges interfaces 52 and 53

Appropriata connectiona to couple to the
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processor and associ ated storage, and are coupled to

an input/output interface 42 and a term nal 20. The

conmput er conprise, for exanple, an ZEN RS/ 6000

processor. Alternatively, Prror may |5 controller 41
f°b~9boa@£5‘§94 i brary manager 40 may each conprise a co ;
processof, and the conputer processors are PCT/GB02/03743
i nterconnected. In the exanple,1dibrary manager 40

conprises a conputer associ ated storage 46. The

tern nal 28 may processor 45 and a data storage

medi BFRTYsOF: 11° LEheT fingpympdiaten cogpmbena, famd teaHs M@st 20p1ications
di & o2, r sueD- RROWEL TiESCON, breoy, m@gﬁnﬁpmﬁaﬁ?ﬁg@g The adapter

| icbmmiided @l picd [ onk ontro :
Ymoggz uRkgasd ples i smggg,g tﬂggal%?ger g"rm)‘/c’ 'lhs;g%'l”d fplteble buffers

. nnéﬂﬁk§§§% léh eﬁ%{ﬁ% q1 . r .

coggl ed_w th, and coordifhates tha RR5E e aiepber SR ecomprises an

r o6t “CEREFoPiest ey FigabincFikire ChapnelaAdapeeri SHeRURbRAdcation 12 ig
t hebughvithean inedface S32whirhl My beMridd aBNRlabGAL1 ONS

11, 12, 'I;I;g i brary manager 24 has a library database

whi ch i #nather edanpleséDiangintébnddi ¥ed GahdonbrilY 3Gt ises a oateva

dr kwerose hkash KPR U LAULESE Yo QE OO E 0
hakshndbStens € QME}g&%ch be recorde qurograms.. PRpaiate
acgse%‘sm%gmn s and._portab & 8 oL (RIPSYFOLS iy ¢ igbwork. ‘such
14 are fransmtied BRYSMEE P FoHter saompiised s3Processor 58 with a
apPTi ¥atatohe Hemenyr B2 tfod 4Pprite thie iopemtiisg apetdn)CadiQSian example
dath 3 setgway oovicieer 3@. tiheed i2R0@ sy DTRDAAREw0 Other suitable
detamesolegg ob Ofteaptdyef dasldd' a,g_.,gtF,_eggB sRbway are mcantrollers

i dﬁdlt:iaééo%‘,oﬁ"’ﬂixﬁ!hiﬁew RS 20} UTe Aot dl Mnftrolies,
Of WL SER, 0 TS “alternat Vel'y®™q Fhe8, 9 okt1l {n the art may

| ocatron, ~ofr T ARt a applications 11, 12 are by

one or retg%incally coupled to the library 17

conponent sPREHNR ftat ¥ PRE deopriss mivreprmbeshodal auch as the
st™Brayd?FPbrary application and the Au exanple of an
internq:gli at e %%ngon_ent is a host bus adapter 50. 40

| n_one ExAPIERCPIEthodte Birscat dpventisd sbepriwcdmage providers
i et er ShsAviNE esouxsie PYevéd4:0 0 & gnayi Be) eitiedded in any of a host
aFPPbialHee 13011Re Ginl Miterheliaed MHofpddant hg, Vi, 03 Q.?;? 2a%Zm\atqd

P@IﬁﬁQaf&’i?ﬂ:&raﬁ 1|7 I b I:P%r é/neo ![:‘.x 18 L Qgé Q;[rg ri.nngg%z gr%\G.SﬁrB 30 are

c - th ost .applicatio

aﬁ%q?"%e&fﬁ. PlacpaeiiSy ¥ Piouet ehevamepeiabes hom appltoation
adaptér i GEiee Fesnusee PsoYiden iminoropesstbatinke a compoment
mEfotnpegmdiatel theitoab epphiat oo aik)Uhé BHLEHRLENAEEL YRS age
Adievaagple Ofheddhivet rdidera0apsAR [ 445 &Sl oank BN
CSaéN/ Sk BCRRS, GhORNA b BLS ugggﬁoﬁ? “RAi & opgtne couled ko
BRLIGaL! 08, 12l yyalidu M LITED, (T AFC COSa v Jnase
ma¥ congri Se “an adBPYEF . *AMBlreFheREiNA dmase prpvider(s) 20

i ATEFREYi % FEPCBMfo ARN(5€ clitriaidste thathonm\appticat ot (€] 11, 12
580 &he .r?gxtmpgrcaluhtgﬁ:onigé DileakRCEYS A Vhd 'ﬂriwj%eresource provider
appreappiidbl a component 56 intermediate the host bug adapter 50 or host

and the library 17. As a further example, drive image providers 30
comprige device drivers of the associated host applications 11, 12, and
the drive rxesource provider 35 comprises a component of the automated Edata
storage library 17, such as the library manager 40. A still further
example comprises the drive image provider(s) 30 as incorporated in a
component 50, 56 inteimediate the host application and the automated data

storage library, and the drive resource provider 35 comprises a component
of the automated data storage library 17.
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10 connections to interconnecting a nunber of

processors in a network,-such as discussed above. The
gateway or router conprises a processor 58 with a

non-vol atile nmenory 59 for storing the operating

Sy An exanple of a gateway or router is the
IBE?Q?B@ﬁ@&N Data gateway. Ot her suitable ternin%k%%g :

for the present adapter, router or gateway are B02/03743
Rcontroller', i5 "director” or "i"ntelligent swtchQ

and those of skill in the art may envision other
app"CQHé%EL The processors 54, 5B may conpri se

r'ocessorsy 0%, raevidee(s) | 48 @hq |
ac cof g% e Oﬁ‘bg%?), 588qurEyy @rovider

FEBEeHapY tbhth BreaeBtatel VAL 4]
prid¥r#er 7. 30 and/or the drive 1rede%ourc% F‘B'%ﬁ"d@?ta’sstorage

may be enbedded in any of a, host appli catl on 11, 12,
an i nt Errledfatiae SEIRRAGAL @gfrFZlG or the automated

d@ptocenborAGR, Id,bé%r é? B ARP1icHtd onl | mze 12,
' @gﬁ‘aep{ Y de YTgdtate ompopaitat sy g‘pt ffoeessor 45

vi ce Pl ver "'B‘Fai‘ﬁﬁe‘%ssozbealmd s 58
STRALPS MEtem at amsatsen aﬁo hﬁﬂgrﬁcor% At

| ﬂ‘?’d"ﬁl%n@me&du&ﬁ wiL e gpoed at e { he hit comprise programe for
apsiviiaat woels aadelabil ALl orrg?% d. aat ﬁ“"ﬁ‘b#%ge Baich pratyugor may he

1dkorddhe ( oulT ce pPS‘fﬁ‘d"é’rY nd%t SBe sat &, CARIRANGI udee
%i\églj(:fﬁ IEEMOWO pr ast o HSreaﬂﬁﬁf Gl g.gi:ea)
hﬁé& Sdo haVI ngp ggﬁﬂe\,e ng&tﬂbﬂ\ﬂr L rise one oxr

8 reompyl gangrﬂq IPEeRUCEY £ cbifd 81 Y g&kt E { ga‘}‘f’d’&ﬁ program cod
code.

Cofiorester prnayen Qﬂ't‘adlﬁ!@ ©
o @lt:jsgx:g% nHER Rt mys berangml ied wich

ABpAEPd dedtdng o
it &y argisﬁ:céwaﬁﬁn r veg?e oﬁ?%é’rﬁ‘fidvﬂdupraﬂs may be su
AERALERS 3n.50 onemf| 6-FFinad i ance cb:h;&ibmbnbm Teided
@g&%ec{ 5o VR §F‘=ela'ﬁ'é| fehm ok hsmieye hdst ApsbarsUl] hepi® of !
IV HefEerk, psomay @6 Sraddivie Pee de\ll e
tG‘ 1R frggh th may b
ca ' The

exa
ng'?'?“bffﬁtrheheaamgatn@dd"' gst e@. g),aé géﬁ: :Ezr:e:n o
1g:|.t.a1

Hnrgesantat Lhmis ver bmugpe %‘gai)
TeRAIRe i ogR b (3G A a ”%”t"&ﬁ'a’geﬂl i Bharcompoter
moedssde &NprddelLal ar rranag"é\e 9&)’“’# $hrdughf tHeli B @dompurer

exanpl e conprlses the drive inmage provider(s) 30 as

|nco&go;1@§ed1|%ﬁia conponent 50, 56 internediate the
a d“f‘h%?‘ameonataeﬂofﬁb@e e 2102 % téag:tridge

l1cC
1|EQ%£ %1?]33{% G Hehighi er leRSIRH1EC o PdE] 32 CO

ﬁ?ﬁ)neﬁhe caftrifg ayLREEL stora 9’?‘-‘['=6Faqaye 17.
§W\D 03/ 023597 14 PCT/ GB0O2/ 037359"%?@7‘1"15'&%9 §0agen outer edge

provider(M 43 add the library 39 are Preferably both
vider library incorporated into

| Nt oPTEE. rES Ok4 GE ro
tﬂahea@gg,mgg% da&ﬁ StSPE&*amies Bf Brfecthngb idifes 70, 71
wHIERGESSOLS 3P "Rdntaéaad bppihlacmwri%aédrcelg videx. 35 andl
dggrocess%‘i”é’ %% tgghefditie 1@@59@@ ale 460 onent s 50’

| ”&ﬂwmmmar&mﬂsth@glf g bra(r% B 14(;Lnowh.tch the
PWh@deinﬁsmegatdr@\gess m an Fé*a figedrdriveansy the
aphli GAE D4 deﬂ,evva;_,iqean 1 rd‘l’"f‘ F#"Bemﬁe«aamdomy

SR Bl Bncesadi By thi) %rﬁ?{rf iﬁ&‘%

pr@mﬂa{-é per 131

exén@iﬁ J 0{8 rga Yd%?f“‘\/\ﬂehd%ﬂ-‘dateﬂa&ﬁ& fcﬁﬁﬁ?:cfgbx lg:é&t £ :

@gg or
o St o sst0iages Ghil bilhier 35y Ts0a®%ia”
nead to refresh th ° 28 needed. the drive image provider o l
The 4 € table each tima, but Tather may look for - not

rive § an

the drive goq mage table includes g ligt 75 of tha virtual d::l.cmges
example. in s::IP:‘ouder is to report ang Provide responses for, ":: et
' erms, the list 7% may comprise a fixed address suchan .
as a
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Y non-vol atile nmenory or one ox nore hard disk drives)

for tables and prograns. The application prograns na

nore conputer program products, conprising y conprise

one or is The conputer conprising conputer readable

progaram code. Program product of the present

i n@gﬂ?’i"%ﬂ?'&my be supplied with an application program

and stored In the provided storage, with a di sketREI/GB02/03743
CD-ROM at terminal 28, and coaptd nes an may cl ]

supplied e of ': manufacture, may be received from
recei ved from

oftgreorivee Lind 3 lers) 11, 12, may be
). e PESRFY Y U vihunl SEivdnal The aptve:tuage

t hsovi @b 3Rk B
VP id% ar.neélmgree% it haed r apgpi oS 6 4 Coreebi FhoPe virtual

nﬂi\ﬁs_stdrxgg i g |
dtt Yo ﬂ.ﬁgg.xgq Geengi gid aimer&aﬁéé Qt a gtr:]ffied by

AR o HBY lenbos s
of_ CO t alyhe fimed gt ;N he co t
et igesjagi—?'@@? nﬁ?cﬂi’gﬁdentificp:ion

o i daproseramicod t
r Prbgrimtieode &%ﬁr&tr@r?arlo xéagrgo%/cs 80 Jthap tHal

Fg}:}eﬁgemké: 6Re @Rara dge i
tOMEEL of x%ynﬁﬁ@rf%pge @me Abdress

AR BB Vikkualt nede, €% f drive 1
o 38 1PRTuSPLe, dhe yirodildeive may pe

Prroyided
miw&igﬁm%fﬁgg“%’g nedgde; 4dtyreoot lianGi oY Srdl
fktgvy@e'r: gé io%éc Bvi eis Q01 aflléw €he Lribd) LB
po;f . Jg:i?%% “PHOA MR d then dst v aRiedEdNES o B d NS Vi
oot merstor ek L L % 0N itz eive, an
v vl ve,
¥ 'Laei”g‘ﬁ‘é?em ch¥ragteniatitim 28 Gor each

vietuaddigskl y fromthe driv
updat ed, for exanple, each half second, or each drive

| MgRs REQVAASL By access the associated drive inge
phydaky ipegsegga:p sn’éfeo?’iWéflqrnﬁqacatesn@ﬁdeg bl 8ot of
algpqtg{ {abre’ ca Fregamy ovittiera:doe s mdQl o404 PUL N
e Ray RrayFbremieries 3 aCRARGER 1 £5 55y AL VE. |’|;r‘af§§ the host
S¢S 3 pFemEnciTades a1dusttarls e é‘:{;' ve i [ £mde, by Low, iy
ort" APRFepemts de indication

. ¢ - e,
thaitr na physliok Y 6444131, c&é.—gzg;h%l @%isqusggmumeame.t "R ekl SI e

xepLERGBS QRhat Y S 8 i

asd oB’%l lelyaal cf‘?)?éa"‘-’adéﬂﬂe@s atdneas e \WRH3(0 %ﬁ%gezuy:
. 8 dlr O i i i i '
391{8 Pm /%B 1089 féseugsed dr Preiokai yi, dgjat &:fi'vsrrefagéfc%agrcvider;

mag fa:ltﬂﬁ PRPVI9Y she haxees er{EREedl b Vi EQ&%? g?sé ! e?% :;:pyﬁggal rdz:
t ive,

Uk 36 Uesriml numge, t9pa, hGsie 2. dat a
numiered tee applicat itgﬁ of onfggg‘freﬁoqeéi%timlmmaﬁaaf
the list 75. r and those drives are identified by The

fi xBeFekrrixlg agaisigiah epRat by an identification
?J.%. y ¢ the drive reésource provider 15

and/or the library resource rrovider
80 of the Physical drives 81 and thei
Preferably, the table 80 also include
the physical drives, ag above,

39 of r1G, 3 maintaing a drive table
¥ current asgignment or atatus 2.
& the characteristics 83 of aach of

Referring agditi
Onally to Fig. 7 th i
nay Do s ; . 7, @ library 17 of FIGS. 2
e forg:;l to be directly coupled to the hoat applications an:n °?
. ample, requeats for the library ¢
bortable data Storage hetins jencified
virtual drives To aca
. ommodate these ra
quests, the library e i
OMpripes. at

least one libr i
10rary image table gy, - The table identifies the virtual

libraries 90, and th i
. & Virtual drives g7 dedi
cated to each virtual 1lip
rary.

tHreVidezonmu bedvigl ' r or &3 bure
Meamt%mg&:%gg ﬂﬁgég‘ge%‘lﬁbgﬁtamae and! fiiged bt bE a,te%’éo:::m ©
Wb lbr e 302, ST orq&aé”(ﬁl‘?r?fdgbe VEONaEXBAREE, £PURLI SES 1t O
nagneti ¢ taf@y @gtyde dyenidhessani r,“i% 14 S° afample. the
A T, the adrews, asive.

e I magd %he |
?rrwgﬁst%eh *af | mtad e desida L gl Gt £ dgrf%b\;?is As an



20

is5

20

25

30

as

of the characteristics of each virtual drive 76 so
that the drive resource Provider may provide fixed
identifications arcs and host application for each of
the virtual drives. Assoae responses to

cha®W@ed/mEdest i cS may include an unique ple, the An a
further exanple, aerial nunber for the virtual dr %21
10 the characterization nmay co i se the came addre §302m3743

for the virtue], drive. As an additional exanple, the
provided with characteristics

Viakgts jyve ma be
n%ﬁ@#ﬁg{ dae h@f er:ormapmamﬁa&teug desi nat ion and
@richp.h&wﬂeu_lgzgrget L, b Br{GEALY B8 cof sae voftual
ré}Sﬁ@nswef aﬂmettq. nfatgpase by REath el La authorized 89 tq
%#e Pofsddteq doi

ehp okaf® e e Ney,dri Ve |
Tesource As an?i SPTX iiBege Brgvidenmmni s€ o8 %.a
the drive

| dent |§agcgr S for each virtual drive, and
ol OV IPTREY rimaagwighes gh ki stl cs 76 for
@gtagge; BrEWeshelves 1.

VI r’tﬁ"&f‘l d#Pmy W b andsd ur ce
ea' i %%e%ﬂedmmrafueomﬂthgl aélb dVS to#Pptlhmuiona or
F%ﬁh ¥¢R¥ Rgpllication, or.

IShEF Mgy the & hexdr i IT4E) d Erov
dpplanaameoge; gpo&e dr| ves SPE A dhe daotid) eghedlsed Qf ol
OXAHah 5,0y, LN, Th 2°BERStveR dfsof lrmas.he dd ys&agzégat umn
that, 0o ﬁy:éy A8 d?‘lﬁiéiedsiemmmeo thg "*" Tepr ko each
an | ndt 5§F|"6ﬁ @ar:wﬁagygmg%etd viri uail E?‘T‘Ve“’ Ahegs of
TV e partitiosenbg dHaat 2. RhYS) cal ARG EAfRY |dabe @braye library
L% pepimirg e dpedieic T&QQ% s, .cUr TEiE| 3°% Haedkachsvanictidl Beprary
W-seumsesh, 9pt Lx.gé}%l S*y e TREPI ISkBlves o wiudh atdﬂecorage shelves
B akat grs | L3 rﬂ#’#eaeareeama&,ggd @;o&e el
wab's a seri ol "'ﬁuﬁiﬁerlgopmtepm% cgﬂe g:[rt &
ga ag e, pogt aplii gaaitoh o aagfg npde 33t likpparies, as
ey 'Prhﬁ'gmadl éf @Rgd.| Y &.‘]g 16 'F]Ogtd?q‘ Fhe mhyaime edrives 15
d‘p\%ao\nmge&ﬁ-ivégl%lpr thy rSFfePég'iﬁslri-jecplw 82 8%tsin
vDftult Ginda DR % talhs C Rk fram phyesil cod gl | I‘ﬂ.§§ 58} 3
Rk Ly | Zyte abFé"g BF e Evebkyatc ldbééi‘ﬁbt %@L}? re or
pailt'i‘aéi tPre eoisple 6@ 21190 Jdagh es quirement of
char a@fe‘fﬁtgf‘ii@!}s-%mcheaqﬁ afifle u}e % SI c%ll““lﬁlvé!s N3y
efming, griviebnetr Meeable

é'bWaé‘ fadheraconds.addi t i onal |y 0
27 of FIGS. 2 and 3 may be arranged to be directly

coupi“e"d'et bllvktrated tranpg hgatyions a  receive, for
|7t1)r ;bﬁ’yaT% SRR FIGIePA, 5BEG ang

71 3% AL en o ghipsiics: | R
70 zod vigrad a;;gll dgj\,a dgti vgr ang caf FFUTRES It the GRS QhARe: abe
be S&&ﬁhy&at@ it AP da ‘U"Wmmmaibdﬂyve@. T, Geive vii1
apﬁ%g{#ﬁod 1 ThEsteased py| ﬁashomepﬁlliﬁgaﬁr ge et v

g SBF% & ermmand ItGdemB@thU% g | bt arT'es the bost
. B CRethei grivel dmiaes: Qs QS A g 1 e:’f i #3feh st9nage dartrigge

18 ass n v
T::Ff:ﬁ??ﬁ?@ vy!ldi$/il%§g¥§7“1”’ and ias dedicated Jned in drive image
& an indicatiep that th a8 virtual drive “RE”

Eﬁé host applicationg

e physieal drive ig locked to thae host

The relative Prioritieg gg of th
the cirompint : € virtual libraries meang i
_— indicating Z:::eali'd- *m"” data storage drives of the poolt:::;l:n
prioniny aont it rives of the PRl have beoaen asaigned, a hign
desiomtng o - . ¢+ ©-.9., priority 07, may take a drive al -
PYiority host application, e.g., priority “l"rea;:Eh
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16 PCT/ GB02/ 03743 Additionally, the library Library,

and wh aryll may indicate the priority 08 of the

virtual library or virtual drive is authorized e, to

This information is presented to the host

apRl i.ar~s by neans of the library inmage provider

43 0 8@@”&. 5 Bach virtual library is asei The sane
virtual Libra 9ned a set of the_storage shel ves 1&CT/GR02/63743
x7' may be shared by nultiple hd3t appl i cations or :
MY, V.aIprise a separate virtual libza there may be a

Mig.e ierﬁ’/éf‘,’éft‘?&cﬁhhaﬂeaamei Gahion,, or. 20 90, and

t FeYHér? ghrivemmage frhﬁi_u}(f%i},geﬂt i i:@g“ﬁ‘ t¥M @Btioti bf Wakigning
I Fﬁ"*"aﬂwﬁmﬁ%yﬂ?;ﬁ(\ggﬁt UAP*VBF 07 GheRelnndefining a poo; of

aseng8e tirti GeLALH. ® “Peelibrdtvedad BmelYam 91
Segdvk 3L he art PotfRAres sousd rabe n ‘%; |'s the data’
e kol 1 o }:M@%a 8{) ‘%u‘?ﬂﬁ’ﬁfed Phygicrl

kpawn. t 0"t HGse'ofthe memgntheupnagd ljsone :
dg}%é%"te&r%fgémmwm adaiifg Eb‘*r’%?y&wﬁﬁ%gértt@ac#matam ig
efcheasvediab 4 igpREY 4l asSi 7fe 8%igepens. | Bhy8£da10drive spyyw
beragar shepy g, SUCh as st*8f 8 oiigl Mengdd 1925,%6& n .
Ehde 231 alGay ikt ual oTa95r drives atr ﬁuﬂbéﬁng&glpy f he® Feumatance
ERALY pof SOOF CEerPeAli bor BénofedilhGy 1 Yer| “58: (imdicating
Eoist & prétiacasiop, ehelyisival ehd L AT 'e&ndiagither there ia no
DL B Aeeiommentaar erfbparf JTOSE Of “THE Mhyssliatated have high
Wriveetrsotte piovilg, |0l A ¥ 7 PNFCed @ ansm3oy 351um g9
Mpém&.edhit@rﬁ#.ggp §7%" E419%aFse onmicK sHeOBZGE g#,!vvgs , the
wIRg e wh t ghe FI Pontie dotvri reasakod pheaaB0Ql, OF . N o he
dbiMes %dr ¢ M iuging ghe rebdteohindqt YDE t Nat -t deRrefetermined
JiBLch b fgduf"?‘ammragé ark e )i rdual S’Fi‘iféé?d @ntequest for
a“r?g| BHEEidee et eBpand) Hchygy USEl Ul 11 Chisay mertatdel @dta
’gfw $3 $he . deAnnidaggy %Mk)e | Sd 897399 drive swmplacda) a
SiiEegnets:. 8O eitping; Hot, .U eatfré“geﬁi‘r? tentheneeddeb S teh gt €d
allabhes e - 0_an SATgsPexiadp|tns . arPhy S) dri've
of 9'ZG é‘%”%?‘i‘fa 8Borage HydvOR3" theSzagsk n?ﬁ@n‘“f HFovider
dri eabg e bLﬁaed !7340 as virtual drive ’\A%Z", and is in
. . . c 2 _~ ~'
s L TN el LG O
at-ﬁr e drive. | . . S@Qpiﬂgg Sting - ! :
0st bi CheiroRted mufmga ,,gign;f;g ~appPBi et Ithe tdpare data
MARRGER thag Mommayabg)gg,;eggj: £ da APEIT Aetitidacislgeo o system
PiPPst cabhs dini x " .1S_assi ®F I* @parecditibg€ora .
“EpiRpel LR gied S€orab@:fve ¢

. &, tra.ns,f xri . T "
TestLtf O alfi srfekl@l ali DLATY L 5 BAf ShareThriva( ko i
dridedi'é‘saﬁféz §fjvi:rt°l?5? i the Siprarg] cag |,;<;;E 'It‘hiég : etsph"g{] wily
de1RbyS: df I VAPE %de ithel spord RENQSE o @PPI T Cal Fohe &dde, the
ﬁy Eﬁ% driv . . L Ta g
the "viTt Uaf " PP v spwre Hatapeedrhie Pe| T4¥8 o bbe ppet,
host ﬁggl ication, and the drive w1 not be
eal | erptdben thé e application issues a co
POLHOGAMSR thmtt bl G &ﬁ?e%ggﬁéﬁ%m@wmm@zm g
resgtobm e e i wlgy, ] NE T O at [ *pRacoditvecto e Qo) N§iaa
arive kédidked pRLAMJES MTE s °F [eRRTe data Storage drives, and the

+ Upon abge
One s=pare dakta storage noe of a request ro transfer at leagt

dri
Plurality of 1ipy Ve to the pool, deletes the agsy
Ty dats storage drives ag Spare dri
rives a

gnment of the
t least to one

drives become unagaigned to |
in the library ayatemn

In drive image tahle 70

of vir i
no dedicated gara storage drs tual library 0, virtual drive

_ ve, and
application requires a phyﬁiCal'dxiveia in the eircums

"BB* hag
tance that the hogt

However, no ph
’ -}
lower prier; Piysical drive, either
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the circunstance where "ne - "mt data Stara n zero,
indicating that all drives of the ge drives of the

pool equals Priority host a Poai have been assigned,
a higher Pplicaticn, e.g., priority "0" dedicated to

awloQ 53507 MRY take a drive already priority host -
priority "1". Wth WO 03/ 02358¢T/6802/03743

application, e.g,,
PCT/ GB02/ 03743 the use O virtaml |ibraries, physical
driven the tables depict the option of assign 97 to

l.ibraries 90 g data storage drives, thereby

éL#J&uﬁl ; : .
el Arh VFFEBH| drisneld aidamea posls, Ofne S§-ORAGE GriVEN |

epmrstidnube thhelpogl, of drive
virtual drive. and

Unasai gned to any drives. Physi cal
D .and avail abl e for assignnent,

iI's i@l catigg, - 8
dﬁgyﬂogg%e g;jog%“ﬁ’ B’s‘fs“"‘P%%ié‘F%c?faéheammm eBrifturing the
and can_onl Sufr Ehe Bibrary 7 oBFACS! Or 3EC3 Y J2€0e
FPEEFYAng (fhe Yirtpal Jtiaa€tes.t hat al | drivea of the pool

es of the pool have be teals zero, ere is 10

e dri -
Pri orT}(‘? REiguraeieni bevibeont a5 goE Lther. 1 :
qf Ehes lﬁgary. ahltednbtRel fr iaoﬁlzz)(i?is %l:_l gﬁ gsréf hfal{e i‘éﬁtgflg’[z“i"“
Toplaced|dnac eiee dedtAY Epdtar fbn pedll VE resour TePRraddeds eleted or
aagﬁtaﬂt%qﬂtgﬁg B34 g'lpo A BroVEHEFeR H8%- aPtHdastteriatively,
mEagh CasS Ry o lNE r squEEee APRAECndatiay sioyapmdrdle bhi® received the
a2pane, i o T0eY EBOYmeman pboode tcheddlion Gox ASHUIBEGhe spare

pr6vi e BRAltef driresc onyindeg od acaidoa | f 1HURLNG, e .
etoncn Aty o an o8 AL ks et o o

r

woREage cot Lo ae TraCBileite c2 1aye dche rivet (un vadtkely
a%g.go ii"n\E/e Porta 5 d%{"g PROTBE & Eeasglismoeat ef the formerly

de leb ocat ed P & 87 Jypaghiznel-Cetdthe. r &g Fﬁ%&ﬁfi%?ﬁ;igg of

S g T8YY dptetyatin requexdiinathianetioahdiGold T8 Peri od,

al | %%gswgwghggareﬁégaﬂ;torsge drig'/e :?the dri;/et

resd " regp | f1e7 tne? @3 CAR SLn RIS BELIEN o . .
e i s Aol VA e P
. PEOVE 1 libraries are implemented, “YES*, step 106
?terminea the next virtual library ro be configured., If virtual
libxariea are not implementad, "HOY, the physical library w111“:
configured for a single get of virtual drives. The Proceas ma :
conducted by the library resource Provider and/or the drive re:;u:
:;:videt. and the library rescurce provider isg requived if Virtualce
m::::efm:;: ::ﬂem:mea' If virtual libraries are not implemented, the
elintmating calumnesof of FIG. 7 will comprise only a aingle liprary,

s In step 110, the physical drives available to the library are
etermi . i
- °mnet:! This information may be provided by the ayatem opexator or
comprxise a default, for example, in
' ’ which all of the number of i
are shared by all the virtual e drtunn
libraries, In atep 111, th
- : ' € gpare drives
:ibriden:ifzed. The spare drivea may be established at the time that the '
: atary 7 of FIGS, 2 and 3 ig gold or inatalled, or may be get by the
: em operator to contyol the Price paid for the library. The number of
physical drives ®n" in the i .
Pool of drives for the virtual 1
. ; ibrary is the
number of available Phyeical drives pp less the number of gpare drives 8D



io

15

20

25

30

as

40

poste a nmessage indicating the storage drive. The
post ed nessage My conprise g use s the spare data
neager that action a notification to a system 25 may
be taken to transfer a spare data store the Pool. As
an exanple, transferring a spare drive to the pool r a

WOR2¥IT result in an i ncreased cost for the | -
If the transfer is adds the spare data storage ?réa.gé,xom”“
the deleting the drive as a spare data storage drive

to the pool, drive. 30 As an |nceutive, the nmessage

May natgdepCpig, 0 ' o, transfer_ the

iﬁdﬁléitfiig&g_ Lyofmgﬁo;éf‘g.i”e?i‘éﬁ*ﬁ“%? _fdﬁ%‘l'ﬁse aifiEnt ity
4.0, hee drive P& AR "B8OTiENRaY drivieg canecdeserminey, gior example,
SPare® CHPRORHE1 % F¥etAm oraratamdor feom the ettt dupast, for
AHSTHER 16R witheeashehspanplieitaos! OrRGEoBIpYEads the tdentifiar
torinskplioyed Myetwd hodtd afpl ch@chNé RERlens %‘ileeéiexsg tvrl?_-mal
daﬁas,pgdarg;iitﬁ“&fmutpﬁgr% dat g storage drives 35.

SFOERN ogm%:}e virtual ITDrEty® o6piras . fA oRd By incseiuma 87

to one ' SUTH®t TS $9¥cths aliprabion) ghamdin velurneg e Fige 6.
W?mr‘iha’é?"“ﬂ’cﬁﬂﬁwn dnforphtionn®,i ORIy LNA6 AeJBRh1hed a¥, tHib
peird.| idwr arep YS! ele rkfawdivk \t-1bPREEs (2 iptual
abt dviniiied, PEGIO efdGilh £ A %ﬂa&ﬁg& qrage a b%/!%r tz%e‘ﬁqg%j \rfﬁiéé?:q“ axe
x5 G ip¥Eoria0gs 1Sy W1 &Q}es c) rcunstance: t R8a% AREHgatiye.
r%p‘ﬂt;nctati n.r eg)w ¥es 9 ﬁ'{}is"let‘fa’f"'rd?’?e\/g?“ﬁa% drjvemexThe

rive of a ary FEIPRESRAre Moot i colundy Py @f Bid.her €hen, in
SheRoith FRMEritR rerqurge wirptidal drrbigeyci aboweinM0 tabie (s)
Q370 23505achBARGE/ GRAR/HRVARLDT iT8E ol Vi | ve s
ncosmblsabl o BB 1vd Bade TR0 L éeﬁmﬁ sk foiEe or
adfibheddNibdved SIBLA SLQT Qi VO bet Hifaptasmked And
of NE., hOT (TRl J(,Jﬁg{pe_ra POh °b 19 EA Pt PrIF AYives 1 Ehe girtual drives

i CPUS P SEPLITaEH o diAfeftscypaedhabave: e dxive image tables may
P 89998 iang Yefzeshedt or vpdntaddydthes @asivkbifiget fityvhadppar Y
perrodicalliG8ro chadirdye absdiircs Piblb-Qidki NG L8 ¥4veUAlage
Priovbiea’ hB6 acddi® QN hbabel Ald408-:REY tep 10Q 1h-a

startup or initializati %énéd %Obgfgi"tg %qﬁgibger zfi‘rgy'.me ed.

Al t anngdepy £33/, cife ROVS Lye he .added, del et ed -
th@l vire &Pl QF@A\,@QQ b gfﬁg?g ﬁg'ig éc&r%%%“b%ﬁﬁﬁ’f“&“s%‘“ all o
1150 ostLILL al fer nat | vef’§/,°°“§%§§%‘l'en?foﬁér &rott vhatpaihg

used a SPArE IRTR YIRIRLETE Sty ithe PYREeAsctmicudell hhcillustrated
::nﬁ?é’ab’e‘-aslﬁj PoE M3 cf Shovbrrual)livkecee KaveashbnORRME G ured, |

forneceds cheleppeack tdllokde310t LodbdQR! cdd ' , a
vibagiinnuigryt atop 102. If the sé}gtem gt%{rgy%} oﬁghﬁ/asext

presented - 20
FIG. 9 illustratesg the procesa of the drive image provider 30 of

FIG. 1 when a hogt application providea a command for a virtual drive at
8tep 135. Examples of events are an INQUIRY command; a SEARCH command to
gearch for specific Qata from a mounted portable data Btorage cartridge; a
READ command to read data from a mounted porteble data storage cartridge;
& WRITE command to write data on a mounted portable data storage
cartridge; a RESERVE command to reserve a data gtorage drive for future
use; a RELEASE command to release a regerved data storage drive; or other.

similar types of commands,
The drive image provider, in Steps 141 and 143, determines whether .

the command received from the host application constitutes a triggering
event or a detriggering event. If the command constitutes a triggering
event, the drive image provider, in Btep 144, notifies the drive resource
provider of the event and identifies the virtual drive and may identify



10

15

20

25

30

a5

10

°°'“““1’“6§? 'deF, cImapisenalthenal kocapesteand, Sad|,Cal
th ecﬁc’W US| Wikl dmmdst@gag,gngH;% dtagfﬁhg V1 r% T
expedhted dsaders, atc, etec., with any

9AA the chif 6-oce o enploying the spare drive in a
pool or of losing the drive as a spare and chooses to

| ose the drive (an unlikely scenario), step 102 could
al so provide a reaSS|gnnent of the formerly spare

dwo/gsseslr i ves to an "unassigned” status. No
reconfiguration of the library is actually requwcw/tnom:m_,,

in this circunstance. Step 1052may be enpl oyed for th

situation where the use of virtual libraries is
nd determ nes whether virtual |ibraries

I
Q,Q,L: lgf’r?gnfpéﬂ 1c§1:|a.op,1 r €€ dihe| ¢dninand %nﬂi@ut!égplte!ﬂ% #qgﬁrg}gyevent

lve dmage T@Bvids {ug
ge 2] el igi,s liJ] 5%.?%” ! g&é\rﬁ Fpsource

tP6°weccm‘ Ehelle9gnt bh )
|tnp|1aaergp§§j,_c.§@mt t‘liw\éld%’%ym ¢al hFu"&F!a‘i‘a} Mive &8l may identif.y

configured for a single set of virtual drives. The

process 196, cted the |ibrary resource
Qﬁ@\ﬁ}_,g@‘sw r ?‘En&grl vé‘a? FEAYIder Ynobw ivgpethe amuhbedrive in
l'ibrary resou %bé'ep'f%v?%ié&f F205: eSp)i 58 ok fendi v448L1 140r
[i bragl es,.are inplenmented. If virtual [i brarl es are oY
ot i TP eMEnfefermines mthebrtaéycch\ﬁﬁmeoff%b. '
| m na ﬁ“fg’“ a

@;ﬁét:wlm L:;S :;gemﬁ% sn&dsp atIr a‘r."%s Eoiepamnle
ey g‘i ainphwetandt ddiveraypn  INQUIRY

dofmidac dbdeOf
Hyery Qi‘i‘@egﬁgie%ﬁe 3 %'E?T{né‘ FEiver agd B Sesmus€ QEP MHeS Brovideq
i fg mt;hwum dhivad, | arcf tﬁé‘neeeriB rovided
g{ ar ehendrive wgalnrovtmrvréstpuﬂa bis Qar éﬂﬁ&““% ©
9zt TﬂWWBS@ErMhbm&stﬁgeof deDtd bl ertt ‘é“"'“"’l
tahle 2e, ﬂayot’oermtgbl |5§heoq %gu hf t| rre f‘ &he drive image
|

chrmaned Weily vaf plchERe %t%ﬁﬂpedandomrs
cmy-iﬁgee g6t té e Ly ewf’%tpé%ieﬁt&cg oAt paitable data storage
j{f gatedhphyaiedledriot, dhlsPhY fbG@
dr| ves iy tl‘*f"l’(‘—: Hf@bjrdﬁéftqjlthuesbf-ay the virtual

[ brt%r ‘t_.ht}g l%nber of avail abl e physical drives PD |
|.ove Epahe alibvasolln
“”ﬁt‘r/“esezvie;smsqu ares beNL b 201 gl ¥ gvui%ngfé X %gw A # phyeical
REFPRVRe soramatidd led faenes cohblbial| %4 cat X HoAPbroMmRise
dryve.t wadh diideSaRl GodQhel M pe TOF8 BT e of & remenhefor a

thE B 0TS Ialk pera ormeof’fﬁ"@?‘ﬁ-'{dhe CoEvargie that lea
Vil Jnﬁuﬁ%' At | Biveviorn asaden hemqgmhgca;:hgpe 8t

compri%E&" co
re |:séfcnc')ﬂ£$“7rzs il |"ﬂérﬁ'~'1hf=1-' enomBariie h&iﬂgrmhgyﬁc}egy Jkhe
Jﬁ tl%ﬁ‘p Ut | SESERYEaaimll 8ESEABD erchina®d | Vin rives,
SN 3 Wirratelkive D@l WlRida B t;iecg,n. 5 an qsﬁeq"\‘eﬁ“'mg
colum 87 of FIG 7, and is Used for THE® AMEEE FEpbider. .
shoWn sitep aak Uhe 8219 | %&8 B‘”‘ The, characteri zati on

d t,
imagef EHHI&tMEthG ShtIgtAEtnas frpb sthe drive
nl@% ‘f%e ieats Vedivated itbi e ofyehbe drive of

theP @b In,
— rrﬁﬁgf i ?’f’ wlcat dripe det @xdtaed, td @QRe Q’ﬁmledx
t he sxs‘f H‘F dffedarsrvideg, am atdpeidnt | amc“ re
metf £ irequatim b b T RE e ghe L p oy LT e
AriTheof tiospbslank el @;ﬂavgt&%grdﬁl es ar {) B f4tR storage

libeaty mn'n%Gc&ﬁnuEicQan o ugeggaq ‘“Efr pg@lfﬁq;;:g?;g:&l:;ys::ﬂ“

thak SEOUH GH g ars an
ap:&s 71 fgf"‘%éc% of vE Fhfa gesfplawnaeuoﬂmemmwm&?

CEDTEEoH &he Poshipplidanech ind th wlktys g? | e
ri ve

é‘leeult of
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of each host application. As discussed above, the
drive inmage tables nay be accessed and refreshed or
updat ed by the drive inage providers periodically
fromthe drive resource provider, or each drive imge
2 Leyider may access the associated drive image
tg‘glagglgé(;%eeded. In step 125, the library resource
provi der deternines whether all of the virtual FCT/GB02/03743
libraries have been configured.?if so, or if virtual
Iibrarilcgiphah\;s not been inplenented, the process is

ended £ | et rappbeibat s, 26. If not all of

t He then tigal {kelPpriar gmer@\éw’ E:"téﬁg%‘%ﬁf'?"aﬂ? égmmandhen the library,
DHIEC eamnah GlagSpd 3Gk, L O, STED. TO6°H0r ROuamACEs fehWidkiA N 1ve
My the Ryl roYl L1 uar Ff B 495/ to RhE, urtiaté 'wsiﬂeaﬁﬁ% the :
RE26ES3.9 FREAFT WEovidege meocd, date 30i,Qf 5, .30 ] G - 19¢ table
when a, nyse Rispi deratedinapingvi 4f - o] ng °F JFoxider, prior to
\ﬂ°{’¥ua‘r‘ YroPv B2t detie@ink 3 5ry o X GIIPLES 5 o8 ctfoxacsr driom £rom:the

FREXS Rae teeniedicate SEARGH Comand '8 ‘Megatebld ohat no phygicay
dpemi piovidat Q’GLF%%BL% moiint S4T5BFiRsbhestdenra 16dtabR0GnA tne drive
eardiet dge i'e%ona confihd “Yeesrswdhaat apdih 040:a,, rm%gt e :

Lo data ol 0P &P it hivdae the e MMBLLT E, CONL I NaNa t 52ke
Bk ghle de ¢l Gz CRIEL,

i e dara Bh Henpravesd nasrdeall R daf3 Starage JYng the host
car PPY d5Rdy atRESHR . tg reser Ve s ‘Paf &Fhet vinkgel drive
RHOF9Ee RrErlogeair erndl§8ived; REL LASE. COTHENA Tynted pastable data
Feedyt veke dakRlesty 39e i1 VE, BPViatererores mivb asply/ BESunor
imfi QRBEBRAS), 'lé?]f dr [ Ve FTfgd prevexseple, | 1r $hERS ¢ # drgve 't
ﬁgﬁ%éw ecdel er Tedragetarie ast heitaagmRnd JLecgl Ve rGihve is
aihe OSTePSET Fhak b %m&idﬂb&si,a..%&gg%erl ng g gage
EVENT "Of Xaele.i Gherdrnge QMERL ped:qlNE COMTBNG - In an
PEUIELT t0t U mideuaygRe{dd &Y an tRE PPRFES Teageridge not
1o detpdicht fine PrakAdy, NOL 1 1 €5t fFodrihpe rassoadape responae
fqrmouf dekmafs ;A}gcgven)t&;anaq‘}eﬂéfﬁ Wprieda tdompldtel Udlaekll VE 4o

and may identify W DSFE28597 26 RETHBIRIAIT43 t he °a

hostppapnRld.gagon. .| f the command constitutes a '
and%g‘{' er'hd “Eveiftcatipheerdt i ncephymeg QLAY ger. in step
ard 2T "EPREVEL [RT RIRLENSE IcQRMMARC G P QVI dET ~Of “fffFed, such as

VR ifagmareddat idepsmab hey Vil tﬂﬁgrl dri V8 4fgusses above, the
the fhvaridepriddies mzsgheagf)rlg cgtl On. - B2 Vixtawl idQye ! b@ploying
of crIicee sayBgGE provi der 1 00RS Wpve HEom ihe Wk vellinkge bibie 70, 7,

the drive image table 70, 71 of FIGS. 5A, 58 for the '

Vi I gafRbrddbEary. .. Step 136 determ nes whether the .
a S90TRLd. Of é?é%"igé%@aeims xef Qephiesgal, .0 ve to '

24 Lg vent £ o ccurrenc
conGQ] 1et%eT 2t EPons eeteipthes aViesiher S e% s MK, € of

"REXR AR aRcR wRrdEE cIoITRads @il ! € uire T8 8 dEserve
FeTPRGty ewithnot NQLhGRY 4 GRGIRRA, does’ r?gf BERT Meren ypln thiessa|
baveitiees, rezgtved LESRONSE. TBY e ‘Brovhticetivery THe ratuaNe wiiy
ProvivRg endeh . der i, § hoUt® a™4 Peovidend abbehe Cgriife HeBBurce
dirdediiy pINE, AT Ve “-itdé* *f-B14.s5apreeyided mopfp\d der

b gh i . 0%&‘9 cl racaived
read eg?oﬁds % PIEYaci eozed Mibtadsg! ;.15 drive, 4 e
am T FTOvHes ashar diodees ieShddes; Qf LLDe drl VEOTAsH, tonthe drive
driﬂ;/eai rrage table 70, 71 of pl 138 5A, 5%, or
eqtht ParRAf 9, SEARRe READ, E commands w Il be
Ardvpr i Wekkhbbhed £ A0Sk ARPL] é’é’?&%ﬁ%’a‘iwmms ethdlatiztual
ThisStquagRly LALELAJS, | §, N0UN! Ed FiPle bilediecaiqaating hoat |
step PIWeSi Gal d&rvlevx@dsOgﬁc%gbrg{:id&ﬂJTtiﬂcation Or command itgelf, 1p
€Y determines th : . .
virtual drive. ® Grive image table 70, .

(®]
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conmand wi || have been provided to the library.

Commands that |lead to the allocation and dedi cati on of

a physical drive to a virtual drive are called

triggering events, and conprise RESERVE conntands and

ot her commands having the effect of a request for a:

drive, such an an "are you there" type of command.

Conmands that lead to 25 the deall ocation of a

physi cal drive are called detriggering conprise

RELEASE eommanda and ot her commands havi ng t he

ef ectvofts, and releasing a drive. RESERVE and

RELEASE commands or releasing a virtual drive are

received by the/driand ve ci nage pder proovivider.

, 30 In step 142, the drive imge Provider inage table
whewieéyagehysi cal drive is dedicated ntoethe virt pat/GBo2/03743
drive the command, If & physical,drive is dedicated

to the virtual drive, of "YMS', the drive inmage

provider, in step 143, directs comunication between

the requgst I hgst B0 (2L ORI chbifs, VB AR élRibe provides
storage, i fge 5%'1 Ofatep 17830 4n508po0R, the drive

dri ¥§s%u9 t1:~ gvi%\ﬂ: mtﬁﬂn Aledom (LRE 3&‘ive |1|mb§@rt:¥b1e-rbﬁether a phyeical
CONMBIIRCEY i90M: daSedl@S! AREHL ARG [HrB06 loal 1 @enBECESSteydrive has
SO phdidflediichtsn,t i pkakdpainah iof stdpelTDand abpl dwiye iigage provider
t he i§ AIPesYiaqtdodiuniappiear Isetiveerh ehd ategeetind) oo application and the
applicaki@aganttivtdasvibet vittudl idréve, The ildvatwated duniasap 143 of
conpigé.s@s all that is expected to follow as the result

at 40 the command, and will include the transfer of

dat a, etrf,nomaiﬂoeaunp bexpasati eskcdde acher 8yivet xeeoyy®e provider, in step
03/ 0RR5 87t i RETHIRBORY 03743 “inf imhgreabex thyp|spEHt Pofy from the
hasdisuesble MOVATFIEO 6.t Then” i~ "0 léelgeebeq §h4ape zgro, “YESY, not

SEARKH o nhet Bhysfea) |d5+‘ea= haveTpgenc gphyaleal dxive '8
recéP‘ViSG"H gvailap se d °‘faﬁé°‘¥/|"f‘ . ﬁ ’Q'imp fee anly
the ora L c?ives hﬁi? ha.{ﬁ Eristica of the
res H{&éx eeechéﬂeggemh @ ieb iRy be

I MeJEy-dain®rid ivespw Eﬁ@ &e&%w@%ﬂﬂaﬂ vBma@l idstead be a

POOktog-at&iteprivd?, determnes fromthe drive |imge
tabl e that no hysical data storage drive from the
dr| ve haZf bephysicel cluivdie @vah@bﬂ H'“C’é dhak'ph %« thetﬁﬂ"e
F-‘P%‘&‘FFE)erHﬂFt H'é‘ gfrspy L85 r?; ﬁf‘“}*@ég ©
E ection of the

t hevil%:ueb lé’ﬁ an g:aﬁ)g ve y¢:! ‘\&t
faképp :L; Lq é %ﬁgﬁff t %ﬂﬂ&‘l algorithm.
t he f é Q:Q

etl{eegi’c%%tat £88Pistics to the
rec%k.i»’ﬁﬂm drfive n:QJy BeL@ ctB@ Aot ieat eﬁi@wl Ehal@lrive having been
dri Wﬁle(lﬁﬁ|Iﬁh@eé&ﬂﬁaﬁ]ﬂ&TéﬁldcﬁdﬂQLHMhbnq;iaern@uﬁnned provider thus
por iabfevedia am* sbovtegealowr twivlige. The drii ve i mage
read}'" fake Provider reports two types of "not
| r espons &8 PAIRAELRG, Hhe RRERtRh ‘Pﬁ% “(}PF"?P(? Fﬁ‘ﬂ’gei‘t 55I ;“’G"h;
as WatYs 8 “P‘I‘ﬁF H‘P"’tdﬁé hacprelnict] g of FI or

s e mapa the

br O\;gdelh rg an fl gé‘ é a%jg\?epxidsa'ta stoxr e drives to the

rea vi.rtual gtiv Eﬁh X L o€ rne updated drive image tables
may be accessed by the drive image providers periodically from the drive
resource provider, ox each drive image provider may access the associated
drive image table as needed. The drive table 80 of FIG. 6 ig also updated
and may comprise the allocation of the drive of step 185. 1In atep 167,
the drive resource provider indicates to the library to xelease any hold
of a mount of a portable data storage cartridge relative to the requeat,
as will be discussged.

questing host
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drive image provider reports "cartridge not present”

at the virtual drive, is not an In either case, the

"not ready response indication that any requested

work is co formof conunand rejection based on one of

Mate' Rather, it is a 20 the two reasons, Upon step

136 indicating that no physical, drive is re an

~RU>: xr, RSS&RVE tluired, such as dnivelno e , or

RELEASE command, etc., as discussed above, the ¢

r esWOM¥923487 t he addressed virtual drive, the “PCT/GBI2N3743
Characteristics of the virtual d2ive fromthe drive

image table 70, 71 25 of FICs. 5A, $3$. Referring to

FIGS. 10A and 10H, ate a tri p 160 -refers to the

OCCUT I en@endfphy Al i dEacaerige suble &% aveidablr, 8s indicated by step
a0 R rkdRifing SnalVOUNT - caimBNdqiilto aeRESBRVE isJcefing that a
A e nk6 Do redeNeldVeor §UmRaafofsye’ ariveywent 4lgr ef the data
reque

th or r b ¢8i 2e@Eudde providexr, in
quotorpge felvee e b i e RBENRAIA 4 :
not #¥ePelf 9. ningloates F?/et?ﬁen)ﬁ‘gﬁa T 6Vi ﬁd:

er
[ eseisrage gaxumpidge Telesivg tofFh i”Pq'h“ﬁ/QJ%T el the aocessor
r ecedascuot dniElate p W“"fthe"qii"ﬁr‘ﬁ’f‘% bagin, PPYSTE; JEBF AT Vier no
I esoakog et Eeltaterhs depirgp rortakle) @ﬁéﬂﬁ?ﬁ‘%ﬂ, &pX _“dﬁfeﬁ e veotin
St ephybl051 Ehivelip \aval baddarate ighy & PBYRG, RS RATHTATTE.  Prevents
tri gfjer meuptpwiRtodea deiver PAAYERER APFPRYAR 1oCEIRSE ThE acoemeor
| nt estdedwith & rtoidgestd hy meeated oorRpe dtrzglcé‘r’r D e atos
det eewrtnesy beomguirednts dekeuat | BIPTRAT € & ) ABspP gake °i *
1720f tthe dbmoust -avetioblee Mvictallyiels aveRde0y (R fake completion
dr i Vem@ass abl protdded Eo i FuEE, regpeatn (WSch fREPVATTE @ potential
Vi 1 Y alnaflid ABckdff) 340 309d9anBE WHERH 260@HA8 cafJordxiendealt vith in
det grg1.N€0odcds Hrb Ve 15 NAGL1ANABI fnd drlye cabrtirydyer BoD bpge demounted,
lpr Oy %ég%zqge él.%ﬁaéd?eiﬁlraim\!ﬁ 187RGe dtapl Moi IndteyeslRHt no drive is

ouﬁ{ Q¥ f§fortable data
L ema%laé’,ethe 1ibrary
t

ns ?ﬁca )t Qarilld LBacnfxB8 PRheRieR| Qv Ghdp 2, epdltACs indication
from e dri e, o 8he mE_t_,h%bg; PhYeE £fd. sAI EYE the drive
s dedi Catty EOL AT 10 URke 0 UesOL oBRurt GRbvadek Lheateing for
dri\}é’;gf’a rgi en dedi cated, theé process ends in step

177 %afid the drive | mage provider is directing

conmmuni cgtion b tra Che #PltoCallbeate a physical
and the %tagt%::sfé’t\ﬁggﬁ égfe{%f& g?:f rbgzi!éJeEﬁﬁﬁljoiﬂﬂzx_&d aﬁiv: to be

1] feg?é%g:égi i B8 dfhetlesvtd Gro B1edidubd 16 slEt@, 2R nay be

ee J.VE resource provider, in atop

100,""3e erm‘ﬁes?m;%ﬁer"n"-" m'i sgreater than zero,
e.g.,fromthe dci . L0 | 31 Ge | foaivai i sl el, Sa tor 208
greater H’]f aﬁtefe?'ga/ i?%gg%gt %gaﬂngf%eh ezirghygliaéggl:gr{:\Z:;:t:atim in
havelasderFoaf tc PR A7 1 & §SI'C§ . dr Iye éasée_ﬁ&&e;ﬁfagg@a
n_t

aval Y%PerFGPJallFMi‘-?%ﬁra q \&?éql%:a%tea a i table 85 of FIG. 7.

r equesierHgieRosts d9pighed ieafALBI AL EERESE ebqvgdt L of the

the Posl, ithda iphezslihy QEoRIFHPLL LFRaFctiaPAETE: by agc"™ e °

dri velctubhtlibrarieshpat ¢ BRehaK PHOFHY ChR SEASE P ChE 3F

t he likirabied, the veiveAcessures apgiider nafPLeP e etermix_les the

physpeitiritlf iogeshemajrtipel library or the requested virtual drive, and
whether the requesting virtual library or virtual drive ia‘ot the higher
priority. If the requasting virtual library or virtual dxrive is of the
higher priority, the drive resource provider, in atep 231, selects a data
storage drive from a lower priozity virtual library. In step 212, the
drive resource provider deallocates the selected data storage dr:f.ve from
the drive image table of the lower priority virtual library, notifies the
drive image provider of the deallocation, and notifies the library to
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stream ng drives and the requested virtual drive may
instead be a stop-start drive. 20 If a physical drive
is available, such that "n the drive resource

provider, in step 185, allocates the physical drive to
the wvirtual drive, dedicating the physical drive for

t he requesting host application. If nore than B02/03743
%9?3(/063%%% avai |l abl e, the sel e%i on of the 25 spgg?ﬁc
drive may be made in accordance with any appropriate
algorithm As one exanple, the drive having the

dg'lé?%égtste" Cn%%aﬂser %\é}r Egﬁ'.ahge tdd€a etbfdgedbardEiame fEon tie
dehloceies daiA

%nq(é.ta e dr \)r(e.alse )&’%?.\t.é 9&&9&3&6&/&&9 fiEefep 216,
e de
iy

j i & To | h ive to
e 8 i R R e e
itp ek apptinatiee #Ac™TRyER0E] - ot 48 OF ge a JVELd i gher
caveser 010UAYEs ihe| JAALABSRER A8°h TIPS, SN Es (1 BLaher
pilbMeyivIRGGL ANBIT0, CFimegtorPE? 15adRto §EgR 18fg where the
diseysshaiahiadcso the vlituse drvewtc ehpreqiedbing hogt papldcation
{NEe @LiveCHiGE @itdeqaliacalyenoldr 6F asmaint t ive relrgpediin step 187.
al &, 3 Rl.a68 16l L0egS1800 b} e iV indgé pbvives iaf demehed as the
3}‘ ¢ oPRchEélie®N . 1e¢hhaupsiat ed drive image tables may
e accessed by the drive inmage providers periodically
fromthe dLided abHedWHaCaRie iddBirceOfrcvagdt aay waditingelly
%Lﬂgﬁﬁ 1R 6050 e quuleaao I#t ﬁ%réﬁliig.u_& i,ma axtsives as
et € 198 ey o Sed e provider may
R3S 1 E v n c°\§n%'%"ia§°el' b (28 adlve ¥

ocation of t r
Fflogatepa FEare |91} &F %?Fecﬂl‘G’Y'heL’dlpln Ve rg our eirg ir‘i@es ey
s empiiged il ahesicad drieeq pEe 2E9aied AR LAE BHOTHY g
plcuat it Al ermapDrellpplac sphreadisive rmayche EFM"E@% only for high
%ﬁ'oi\iéw ¢iitRal NAbESAESST Thuss ifistep (340 Hesermineg thap the

32 [ | O3 ¢tdubi di@vphyses nigidprority, step 230
gwﬁw.?ﬁfgéggd‘P%guﬁgé%%?L%l e d@'§vé E.] i&x@h@x‘izb&/ . Stvﬁﬂ.hei‘ QQ' not
8 Eﬁlﬁq; ?Faf"‘ee nq c “"m | aee ba t.t'% ghee.r Qet %Q:aticn, the
prigirétt PRJIEnBReta PRI ERIESE BAXS BREN *Fetel Ved Tor a .. o o
datterstasioy of criayes WaEbeafsteasminede 9%t AR AHE °°
dthragy ighge mablro8F ofr BX% Pocated, the drive resource
provider, in 5 step 190, indicates to the Iibra{,%/ O ved. As
ol O amys Hiat. axese pBY fhabMEHIR TS, LT Gae UYL Y U ced.
oSk alxhiflel Q. thfe-oagURSbet lin dteb 24fmrAtens tehwlipwhigf for a data
%gg,?aﬁ,ﬂoc{riivgittoi B Q,eﬁl;bﬂt&u%d aﬂilhifeébdl,\oﬂ é‘iebggia; mw?;grga. if a
0 e acoessor. I obo 86 128k frep 105
Fatse e RBHE B niran bYaRge 308, cfhesRa) ngP WER

MEFIG plod E¢ %?‘iﬁ’flet %%W? ‘H’qg?'c gi il iy @rks, as

riri wnb ERE M JtOPeriod has
Hgdprated hyupReB R4 0B 21 F@%erﬂ?%?/ﬁeﬁ?es&ggﬁgtg e‘%}:\l al - Ej:l for a
| espkred. OfLEL fret , aTHRYS cWlre PYasisBE XF1eP BATF? AEER P o h e
nmead gdion one drive, while the sanme acceseor robot
may be required to denmount another cartridge sg as t.o
Take  tiseeidr ire-out TeRtAibabDIRATAGe bt Another Linitation on use

Akt dranalniay be Amptoypd 1988 ole{RREP O NHGEILPE TRAEHSHIES ™Y
5o REMLEAS bprebeeinina nedeesit, tiresch Apreid s dascussed, the
POLEDL | Bhratds M BRRdqudsREk 4B, addnafives i tostian peoliosr " drives
commands cyfogﬂ Fnﬁ%l ealla \Mftgbalrg ar@aer . sfdleicAlly, in step
M BFFERRVal TAbIE "and any_ cartridge has DESn snsrance the
U HG B Sver FRPSHBTM PR P oFE TR & 1By T, 119 drives of the
Stegmed6@of rdEpatects tiegeivied whep\adl of the |9GEYREGTAYHETVES
dpdai€afES0LIREdAr O Geep 254, SheplrR0O repuyrs pyfvider compares Ehe

i di cat | Wae €3 & QB eliiatRideaBrinit Alkhe, Wpog. thet irigremented
7 ncér%ﬁ%t%? BA for Pﬁg drive
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20 i mage provider indicating that the drive resource

provider is waiting for a freed drive. various

optional alternatives nmay be enployed to alloc 743

WhYshsayy drive, rather than just waiting for :‘I&Iemma

presently allocated drive to be 25 deall ocated. These

al ternatives are discussed hereinafter, and may be

i mpl enmented in any order. If step 180 indicates tgfgcates the

no drive is avail e rSREnREhes 120, ircatkp £65.FP

&%t%W&?Fe%?ﬁet§¥ en 24QuLEhab RSyl the reqvesat | Ghe drive

spare3@tmhetarage (k% PiYiaries or vi rty@lgfdﬂe\_/efs a2k Qypdated,
e

assiegBeber Bi@mt § vadptieobiireey image kA in c *&;{ggrg@nung
5

Li-bpad Viriveageont abdrer83oos frxed #%ve'ﬁf’dg?““? a. .
%gmdgloi t0e QE1vakl iddato la baraki efs *niter ©darsaigtdy bife oo t:;he
tRe PV r%ll{_al | JeDEy 'thﬁmpgs_nac&]jughav o itatlier §5 ¢ hGopnecter 2
yiFealott viTtual "l Ebrar i fSoaddaf o kne noesmeegdrive to the
Meeds doretepnlh 8h Ffo 3ét erm nes %ﬂetgoﬁ, priority of
tdiQendlr Brsale bf Iwharsequeeting BEEY PRRLEE Vi rtual dri ve,
and whether the requesting virtual [ibr . LI tddBbaquent
dri ve yigsa@foptien, hilghdrivepreasnres, Pf?‘f““r‘ﬁé‘a‘:"%“&géﬁitgg w:: a
virtual b LOnacy o2rene kpdral axnl serpge drivenein AFEhEr
p¥ 6Tty he,dr | Ve JreSit bpfraaia sieirpge HriNeep Bhp) posted
SeesRas 1RHR" A" Stor age %&,\:{ﬁ,eg I Kb &4 £l GaEbn Pl @reyyen manager
viessage, [LPLANEr g"“’ﬁ“ “Step 212, the 40, dLiy@csngeunase to the

: transfer SE'P e .

pemat devicdendy be daker FASTEEPEC e daja.otr AEepesl We1L result
f powll. tkee adlréxamplavatprneBe7énH® PHE ") Swer DOt Nade, the drive
;/iﬁ[lt&akné,i,hgag yostn@bt fthe stibpery o35,/ EMG HEYE br og\\%jqe.r ol the

rave

e deal | 0091 idNper@fentoy i ddde shie epare [akf FEPH?
0§F6‘§’§§5 T/ GBO2L:03 7435 cArdcumpaintorags SUSP: 216, any
pcPPP’a'bIdE:l?f&f‘g %éo%ggg ca?t%ﬁdge fromthe deall ocated

data storage._drive, .. dgi w8 idmgeiver cahecensted Megfigf

216, dfa &Y iegg%d%%gt;\l' ;[éalé@lm Qhhe @aOfurk hd transfer the gpare
deatdii wowptly GATRF 88D AR ‘5“ Ve 1o ilsifi@siicy of spare dara
applive atd the @90k WLl FEEYF 10 RS eg 0. 1h& dbdefRe of a request
I ESRIHESE aBivaegVarde thea Rrbea PRV Fe PARAIT ocat e p93l3; | deleves the
St OI A8, dHek Vit L edstt bie hpapieedatapptaspet YriYS £9a ‘hat the

| ép@%ﬂ??‘iﬂ Uat2 ARokodarives steep P8Ee SFLE St HHe o
dr PYE] edicated F’QGMS MhEdiaaba.dr Ay dlefuspere above, the uaes
r eBeRISPEh PRDS " appl GaLi on i NeldiRediindg YinBgeLt atispe3se-
andpzmey drileg WY B° ROTH® el eased in step 107. Any .
wor k queued in step 150 by the drive._ i jRgEdar Hvisdes 238, or that
dequeuedn ashet reent 1Ehat RQ, FPATSY Srsjtq'épj‘sﬂeEldé'.%ffi'?a ?&Q_ aLrhBled 1imit of
As i SGiessRmtab@sent bRestdpiafd PaEsBRREL PO der MBY _oquest for
addi tiqnal |ya &SiSkOfesstivdecpsividers of stfRe 28} 4, AR 2 O 4
Iitfrtﬁ?k/ éia s%oar a06, JLiMkgs ASve SRArdendwityet anpROSFRe catd
of 4eMIBEH™ Phen, ﬁ]‘e éieraiﬂ  Jr B8 QLS QutBFad¢i disive fireding the
al | sozege s2eyFarEs & VE 10 ﬁ [ €0UES fateARinel byCHEPRER, the
spaswerege vetvarnyIt pe EHPT &ﬁegtei""? ‘N0 Efl si Gal, AhLYEStep 202 leads
ar e, Asshg k@ inieb cwetogmr i olUPeY AeRIPHATIONS. pted data

Al ternatively. .08 spece. doier ml)‘wwiP'e@Ge%‘t“‘eﬂ‘?%ﬁfy Yor cing the
hi gh® S5rior it M Lt ugl dub Pral b€ or Bhashosk fappt ERe23D requesting
det aFeraRe LKAt e requesting Vikd ddhraly hioarglesse the hold of

Vi r tuge 8niarer 1850 GO BT o?it Lo Sl 6y 230 20

det @ryiivdasnt Webatior s EhFede8ha i Ve is authorized.

Whet her or not priority of the host_. i catl onjdl @8i%¥e resource
part in thesdlet omkoaelessing REY Redp Féz%at T%“r?ltb? L damte storage
spares. npy. hevdeisanimadcatior o xeepfedichrdnFRYEE T “BY

of Hbrary inage table 85 of FIG 7. 25 Even though

spares nmay be authorized, their use may be limted. As

one exanple, a time-out is set in step 240, ea as to-
allow tinme for a data

data
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storage drive to be deallocated and freed, as detected
by step 243. If a drive is freed as indicated by step
243, connector 205 leads to step 105 of FIG 10A to
allocate the freed drive. If no drive is freed, as 30
i ndi cated by step 243, step 245 determ nes whet her the
time-out period has expired. If not, "NO', the
process cycles back to step 243 to wait for a freed
drive. If the tinme-out period has expired, stil

another limtation on use 35 of a spare may be

enpl oyed. As one exanple, the use of spare drives may
be limted to a predeterm ned nunber of tines. As wll
be di scussed, the system operator nay be requested to
a0 002883 to the pool of "n" drives and preventh€d/GB02/03743
fromunlimted use of spare drig¢es. Specifically, in
step 253, the drive resource provider increnments a
count each instance the 40 request for a spare in

eV §61 aezEf.n .at he®h ey 3hral RGRE S B MRS etaut i The

pQ cﬁEFo iz @ﬁthé Rosdi®h € the BSvdkhNR BESRUFES 6, which is
p'&@cYé 84 YyORAL BSralPe Ak L kEFRRhEHaE WiRbrdlide for a release of a
ph&ﬁ:ﬁh&iﬂﬂ nexck Lhﬂcﬁticﬁndf. tUp Qledh fxt el NYHyRLENL @fta Etorage drive ie
PE¥évEaed maBH 4Be 14Deik] 0ZBTAYIG5 copunicated ity tigedilhaan.

the predetermned limt, in stop 255, allocates the

Vi rt uakrd.i b1 adeyatds td@ctLGgening dhratsdevetepSPpEr.c el @xample of
Shodagtgdiii e et-ent! Bangrakde nd)-vek dil & dedicutddidata storage drive

| ifbx ar pradehemined |ténetBubipeFi@. 7In pge \epediadnt, ﬁb%m?letmn of
t RefWhcEan Fompieingpa usagd of # rdeeﬂa dFjifentitdag gmgptep 310, and

t hB gep\Adly oraspee astimex IRiofhasi defvey o Sheqy SEep é‘leacr%i“““ Lo
s e Pumgu AR Pl e ks oy R4 8

the request in colu97 of nmm 55. freed drive to5tbe

| eads Pehest dg5riggrrérg Erents  comeripe 4| PRYOINT SRAYASEL Iy to demount

s@:g*%‘zigﬁﬁt%m RN

a%‘e.rvs e 1nd tion al7.
dia{: sse dh S S Z%té 1 pr \ % §R?o”§he library
d?ﬁ d.ere Goddr 9 USEp 135 of
TR A SAAOSLAN mididgvae Bhﬁouﬁtfem@na&ermm the
ﬁﬁ}ﬁ%ﬁ@ﬂé%&ﬂg&séﬂ% ,dddlcddtd edThadiviBiial 8ARR( | SREiates the
dhoun€] 208 IHYrRe chéloafa resdrel YrekiderSER e diviand. A RELEASE
Stcomagd air avaominand reqiedthwokeleAse af e)qrénp.ké. drive is received by
t rhnsicdye iipgge pEpifier dni 8%ept 5 A BGold-wi THe friyg| magpprovider
aiferermingss éf s8R 114PoFhathi: P LY AP 1991=neaaweahseeﬁ jogifies the

;ﬁ‘m

tg;s‘fw%%?@ra? W@""t"&ét’ﬁ’eﬁw tMSoutt ECPR ‘ﬁ ﬁ wﬂ;ﬂ;d Hl% tgei:;:"eng
p ARHYER (B e geri
?ﬁ%ﬁg 51‘%? gﬂ?sff\\/eestEWIhPﬁt %Eih e;gpe ngllar is ie. rmined
as an 1 ncen e posted nessage additionally

conpr i se&paamahiamaieaonhédhaf a gbitabPe idatd redosdger cirreidge is
Spangteddin ¢he dyivdie ool may bé degermined,n féxitegrpmple, from the
ailtbkrxly pregestorati 9HcRIE. of- ad EMINTeopmand wilhhaye resulted in a
drdegeunt ofdthe perephile ccarbsisige EFQ)\?FE%‘%WF d"-’l"P'énﬂ%‘? that etep

| 938 ingheatep hat sesrdian e diongied tn the 68? The othex

dé\eawgﬂfwg e‘feteeea'zgrﬂ%e cug f withea af%ﬂb%F geggred 1o a

a§.r Vesﬁ%h@aa{qo\;econ?a vid Frin c es o h\é tll:e -
bl s IS Pﬁ"fhce st e use

spare |ves may Imted gy t?ﬂe pr edet er m ned I imt

of step 254. In the event that no spare drive is
aut hori zed stop 230,
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liortthat 30 the increnmented count of step 253 has
reached the predeterm ned request for step 254, the
drive resource provider, in step 282, awaits s a a
reesta deallocation of a data storage drive and
denmount of any portable the data the storage
cartridge at the deall ocated data storage drive,
freeing the drive. If no drive is freed, as

determ ned by step 282, 382 |leads 35 process
continues to | oop. upon deallocation of a drive, step
to connector 205 of FIG 10A for allocation of the
deal | ocated data the storage drive to the virtua
drive for the host application requesting drive in

st epWO®3/02359 i ndicating to the library to rel ease RGFdGBO203T43
hold of any nount relative to thge request in step
181. 40 In addition to releasing any held library
nmount, the drive resource provider provides an

i ndi cat i oy Sept 550 derl GaiwArDINSEC dbodab A et Ofrdges \CEE drive image

03/ Q2898 40P Gh @0&/90357343:'% £y ¥6e FirttAl Cdriody obeted e physical

any diairie stupat31S3iD dhplyx el pRybicdiharivendi cat i on

conprises the posting to the drlve table 90 of FIG 6.

whi ch i N as$a5s el abBirdefrdvii B ENen, An 3e & PPL SMRALRbates the drive

al t egRatineeviQuat drelease b lﬁ:st"!ﬂpﬂhmu&i e drive resource

i ndi Gabidur,ofn bep des] catednpiuasis abatdahe aies dgefreed,

dri V&clr&na'ith)ﬁ@vm ad wht-h.t pticmhEnseif pegacatires are employed, step

COMMaNDi Gaiedtliied ¢leehbi Thardealfdoated drivel waseeghaned drive. If so,

det rétpgersingemwraattheodrise ey 860 oriipak ssapise drcregenting "n” to

det ringger | B Eheeftiveowns kSRPSrHo She SYSH™ %P%éﬂ?"c&‘f"éd““eq““"l?' .

dat aresperhge e Bessageofotapctfd ot M fed 1. BN o o e
per i &xives (FoorR® BRA®Odi Fe f‘e dlrﬁ%e Ig,gﬁ‘f’ ai §ﬁ“6‘r ﬁ_’(zt e ables

func’c'?’BH Vi roc Leéius the
in 83:39' Q%ﬁg.ﬁréigzger:t ég: bF S5 Ll. a@:. d 'Eﬁé zge ag freed :ﬁa:l:e

t hat (At EvEe, cont'inues to track the
timet and 1 ndi cat €s |f the time period has expired.

O her det [j 99efng, EYENS A0 TBLI;S VOLNL o' £QES letorage drive
315 Lo de#{?mi{fl % %epresenct i fé oy @pé@agﬁéﬁﬂa triggering event
dri V?sdag e& {4 ! vLlea BevedP@ithl a 104D 3Cep 401 is

a st Qhade eJ: Bt REBFQ‘ESE:&OMEG:: 48:i da@ifiL kOISR i%e to the virtual
resea,yie,q Vinigt a1 ¢ 41§t&mﬁg@edrauamg etied “hoakr | e the drive table, as
rel emstmeaaw @pidl For1~Ast dirbausadd hodFita HEMOUNT

conmand is typically provided to the library and is

not a condtEpd4rectiMed 18P térseepntec i gﬁ‘fleel?j’@f‘tl:‘r?" of FIG. 11
st epid 3@ichk a2@riveGe Felepned Hyb¥h 9°"=u ipadepyrity 3 [fglease of the
13EI\/B€SPlFF c%ﬁ?ﬁaﬁé “‘%ﬁét"éf"fﬁ h@gedt*ﬁ‘éely qigt gtep-3

st or I includés a releage of the
d t
i ni t ]%-'S { ﬁ%ﬁ% i:aﬁ@ °§§§ h yat asrc'gzécgulrjfzogl ar. in step
prOV| er of he connan A RELEASE connand or a

command reqeue 6 g re e fer V é’lg'llerg:r hy@ QIESFIG 11 which does
recel ved g e Mol 2 of SbAe: Lothadh. step 421

FI G 29, orhl eé? ﬁﬁ&edﬂfvevi %335 qﬂf@%&ﬁh@e&okm&m £o the
143 CBSTETLod oo o@eﬁfd 0GET LEGHEVEILe 13NELt10biMaiE Scichrocess of
drive &SQEG-(:S %p¥i@eﬁl i} Shrfeded?. TeNcid @evizdOidfiocked, and not
FI G uﬁu kLML 415 ORI E1, OMielPéqudSdert BVaR@Sid @€nducted in step
Virtyak QhibVigel 4p1eRi £ hdi@c4iRen i @@Rdrigag inckespt 426 so that the

i Nt eRdedh Rjetdh9 fELESNbaGANaDELs Habs spypicetidny i s

det er m ned



10

fromthe command itself. 30 Step 325 determ nes

whet her a portable data storage cartridge is nounted
in the drive. This may be determ ned, for exanpl @cy/cB02/03743
f avddaese7l i brary processor 45 of FIG 1. A DEMOUNT
conmand wi Il have resulted in @e denmount of the
portable cartridge by the accessor robot, such that

step 35 325 indicates that no cartridge_is un '

the dripig.sudpe oot iner abatet proggesesripyehe ﬁ?E“r?ggmntg?' fucalle or
OGGME: it fhadciiRlbdiheaaratl rAsdgeprpehited in a drive

and may not conprise a denount. |If a cartridge is have been
mount equ i {l HE prefdrvea dnbsdiiehue of hOUPRSEH W?Pé‘f!‘m

i ndi cat'es #ont e%a!\-%b gl shohi@hat fParaar tisitcstif beatdonfe and
detBittEa® nsTep 326. .40 WP nls/ 2dp 6 T mE3BARM OB7YS: art
2 7adaptatieps FI0EBERSMEPFE eSOl Te | deleflRbRI4H B@S forth in
t hei trionty departdog frem(the RFOPY P e PR YRR  or the
Vi ey 8PLI9WERE €18 f or t he physical drive it steps
310-312 enpl oy the physical drive, 5 The drive

resource provider then, in step 331, deallocates the
drive fromthe virtual drive for the host

application. The drive resource provider, in step

343, then indicates that the drive is freed,
decrenenting "ni' to 11nf-1. Optionally, if spare

drives are enployed, step 340 determ nes whether the
deal | ocated drive was shared drive. If so, 10 step 341
returns the drive to its original status, decrenmenting
"n" to "n"-1. If the drive was a spare. the system
operator may subsequently respond to the nessage of
step 260 of FIG 103 and add one or nore spare drives
to the pool. if the drive was not a spare drive, the
drive resource provider proceeds directly to step

345. In step 345, the tables 15 are updated, either
returning the drive to its original status as a spare
drive in drive table 90 of FIG 6, or indicating the
drive as freed in the drive table of FIG 6. FIGS
12k-12C represent | ocking and unl ocking a data storage
drive 20 to a virtual library. Step 400 of FIG 12k
represents a triggering event 160 of FIG 10A in which
a drive is requested with a lock. Step 401 is

equi valent to step 185 of FIG [0i- for dedicating the
drive to the virtual drive, and additionally

conprises adding the "l ock” to the drive table, as
illustrated by drive "bRL" of drive table 00 of FIG

6. 25 Step 410 of FIG 123 represents a detriggering
event 300 of FIG 11 in which a drive is rel eased by
the host application with a release of the |ock. Step
411 may occur i mredi ately subsequent to step 300, and
conprises a determ nati on whether the command i ncl udes
a release of the 30 lock. It so, the lock is rel eased

by the drive resource provider, in step 412, at the
drive table 00 of FIG 6. step 420 represents a
detriggering event 300 of FIG 11 which does not
Conprise a release of a |l ock, such as a DEMOUNT

command. Step 421 35 determ nes whether the drive is

| ocked, referring, for exanple, to the drive table 80
of FIG 6. if the drive is not |ocked, the process of
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steps 320-345 of FIG 11 is conducted, If the device
is | ooked, and not wunlocked in step 412 of FIG 123,
the requested event is conducted in step 425, and the
tabl es are mmi ntai ned unchanged in step 426, so that
the 40 drive thereby remains |ocked to the host
application. 'WD 03/023597 PCT/ GB02/ 03743 20 The
steps of the above processes nmay be altered in
sequsnce or conbined and changed in detail as
appropriate. Wiile the preferred enbodi nents of the
present invention have been illustrated in detail, it
shoul d be apparent that nodifications and skilled in
the art 5 adaptations to those enbodi nents nmay occur
to oW Glgabdeed ration as set forth in wthout PCT/GB02/03743
departing fromthe scope of the p %he foll ow ng
clainms. 10 WD 03/ 023597 PCT/GBOZ/8 743 29 CLAIMS 1

An al l ocation systemfor allocating data storage
drives of an automated data stqiaeges |ibrary in
response to at |east one request for a 5 data storage

dri Vf Sainda!l.i& (Lrl ng:r gt a' t;gfs o grfves of an
dat a t%L\Ql[e%gSa&aé Jz.laé E Qﬂ Di;élgg one request for a
tr angHQr kidigs e vpo [ ﬁt, ugar&r, &9 Srtable data

bet Waﬁ'eﬁr@h@ﬁ@&@.nq}.@rﬂﬁss Qﬁgaggld portable data
dri Vesorhgd ca®Btiliages) bawkedeermamﬁoagges ahahvnaratnab&aaadﬁtca storage

St or dxjses ok rmalgesng abd slandingxign ssidDpagablle iddes storage cartridges
conpat spid) datd sgoxhdevdrives.oramripirani der, assigning a

plurality of sai d I|brary data storage dr|ves to a

pool ano‘al SFivr a6t cﬁrPd" g &y pLuradt °f said library

ora an at.in sald data

o s P e e

Provy, ivitﬁpgaﬁd Egﬁ%kt\./ 'f& s@%@é 1 of said data

St or agRagl ldvBveh8h sakd bl S2khi18atded) iihpéﬁg @bl 3488 1ibrary to

of skild aBOhoditconld peiablh dhfyjlaeatargegcatxerﬁ@e dlabi Rl Yo said

to s#mudstany nount of a portable data storage

cartridge relative to said request. 2. The allocation

syst%a-m of The] &l yecatiogdeiatem ph| Fipie dhppidithopadly doprriotyy a drive
FdRF“HH“c 16‘8 ‘Poﬁas,*ér %FiHFriiFé‘“r‘%oEﬁ%’éd“' which, wpon

t @5 stopage H 1pf said data

dat st 6 glv P ng. %@t said requested

dri Vd&oﬁ d §§ gfﬁﬁ ﬁ&ﬁm 2@3%3 3‘:%? r:%@& an Peeeent

requested data s orage r|ve Is currently unavallable

to conpl ette M1Wpostidacsystat of CAIMEAN] &LQY | WHelkgird said drive resource

nourpmeider additéomdiip, stibsmgentc &o taaidgndi@dibn, Bhgita a

al | od=fhosatdys tofna drtLazbrage, dive Z2ndvieoent of aing phxtulsle data

r esothogede gpoksider agderid dnsdloqpted gotepiernget driyai chllocates said

i ndi gerttenptediate StaTaqr aT4vEC PRt spmeslateadsindigrfen to said

dri VEREREY SETRIRROLFALhPOBLPE £3EE MPNPY Teltivaghe eaid request.

cartridge at said deall ocated data storage drive,

al | otat esT’?aFHIWBt’t?@aFXEGS'HPédc’Gé‘Pa’- st oradehereire Bpdgt drive resource

sai (PRUGHAE pAdLFhgnaliy RAHEL 8% leagtone of salgl plyrality of library

rel eﬁsdé 3% ec?f atd A IREI R, EndE) SEETRy gpfsgas of sesd peod,

" €QUgake 4 Qe 0NdaOf SYEL SBiebe et ohicAnith 25 satd 1cbrary
wher g4 Qeﬁéﬂsd ﬂi’dVlQﬂl&e&)léEf@mount relative to paid request.

5. The allocation gsystem of Claim 4, wherein said drive resource
provider, subsequent to said indication, waits a predetermined time
peried, and awaits a deallecation of a data storage drive and demount of
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provi der additionally assigns at |east one of said
plurality of library 35 data storage driven as spare
data storage drives, outside of said pool, and,
subsequent to said indication, allocates one of said
at | east one spare data storage drives to said
request, and indicating to said library to release
said hold of said nount relative to said request. 40
6. The allocation systemof Caim4, wherein said
drive resource provider, subsequent to said
indication, waits a predetermned tine period, and
awaits a deall ocation of a data storage drive and
denount of WO 03/ 023597 PCTI GB02/ 03743 30 any portable
dat VR PUI2AHE cartri dge at said deal |l ocated data PCT/GB02/03743
storage drive; and, if during saod predeterm ned tine
period said deal | ocati on occurs, allocates said
deal | ocated data storage drive to said request; else,

SUbSEAYRREaE &R bl cQfr38hd abi JBaPRIah Pshated data storage
al | gefdeqSarih JF RALRYy BalPbredet@imeed e PedfodSBaid deallocation
r equesirs, aldecateenssad deallbxtad idana GitofagdafifiveStdBAYE requeat ;

dr i wdsd,0sgnieduand tie Itpitandec af cspitiocigai mexiodr allocabes said spare

reI datre sterage driveg tof eaid deqnuesht apdl apery said adipqation of a data
q§eegage giriyn doqpaid. anﬁ"--sy-Q‘F’éﬁFEﬁ te) afifh Uibgpoys to release said

\Ahe?‘ﬁl%gfo“lif’m"é‘f’fz REIAEviestR 821 “&Tehral ity of

virtual libraries responsive to said at |east one,

req lﬁest ’F‘éﬁ aélmﬁamsﬁm EegecidCledm 4t 8. spereppid library comprises

al | a?%"éf RYARasTesponaiye £0, RRUIAT JFAAG© ge ireq“‘*':t

St 0 §§{'§au Y g@F 5”% %’r“’Eﬁ‘f‘ﬁ ta gtorage drives o

Td sai urali o virtual
a§§es, 1%953 e, Ll Apblari fdlale

eg a highex
I I bbaidxeeya; HiRér o2l sl vkt Piaa€és ;0 sa,helrm said drive

Vi I tresdurbé kgﬁ—a&im;acmmelmiaeneiaaummbﬂ badsepiivri €F @ €2 d virtual
pr ovileirury afd bddido nedrlept distos ane Btemigs @riivey ianyl, anlgdlifdsaid

Vi r vielual | jiyranyy infofsadid htohgorippitya alapeptes raigespare data
dri gEorage frive e pEids neqrest, Apddpdiqases e Faidobilyary to release
hi gfgfa BPJr‘%)PFtV‘ddH“BEa‘i%ét’é’&l P §b’aﬁ é"’%l"é st or age

dr| e to,said re uest and d %gl ca sgg rive yesource

ssaﬁe
&l eal aaa )% E LV ﬁ%p .
roviae t arl equest 1s
Qééive&@h Eeof{l E@Qtﬁﬁﬁ edPlO gt eq:llocated,
WaehRirgs saidl i@L&k&ﬁnE&ﬁ @bhix{tC ro RF Qi/édéeémaﬂéh tlh.ﬂ.ﬂ.a,- Ju‘id upon said
| NC ifdieAkted ERmNBibedng M asa HhAR Comid Prédé@ematdd 18nit, allocating
r eceavedpmiredatd praxaggalrdvelat a st orage drives of said
pool are allocated, conpares said increnented count
to a&.premst allndaeion epattem ehdlainpon Ssar & Wherein said drive resource
i NCpersdexcddoulionaliyl, ngpblsegent: Hanasia adljpcatiameefrisadd spare data
| i metoragk|drduei mgatss ai nesspes dndirening vesm gl ehifdvrparg data storage
The %&#¥eacat i on systemof claim4, S or 6 wherein said
drive resource provider addltlonally subsequent to
sai d- al | Beneltrrapions sreregpef Slajm 8, JDextiyr enfd drivecresource
posPé"‘&dﬁ’éﬁ’ g{s‘ PARAEALS ﬂu@é °§’eﬁiaa ﬁr"é’ aa't tem operator gonac
st ofGEien WY § cobon Mo AP Of “8y SPRfOf HBPETR fagn storage arive

wherei n saPé" drive resource provider post ed nessage

gg{nﬁrl s?gj % t| chat I g{}el!n;os%é?ym % %ei%at or éhﬁ_te :::’E.‘SEICM‘G‘3
tiona res E &r at least one gpare
Spadétz 3! éﬂgg ﬁ) a6t gne afd spare data atorage
al l d ﬁ] id. Cleldx r:EUe £ a spare data
addi t|on 'y responstoarequest

resguesﬁge cﬁ:ri0¥ '
to transfer at Ieast one spare 40 data storage drive

to said pool, adds at |east one said spare data
storage drive to said pool, deleting said data
storage drive as a spare data
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storage drive. WD 03/023597 31 PCT/ GB02/ 03743 11. The
al l ocation systemof Caim 10, wherein said drive
resource provider posted nessage additionally
conprises a notification that failure to transfer
sai dv@4¥e23sa’or age drive to said pool wll result in
future unavailability of spare data storage drived ¢T/GB02/03743
and wherein said drive 5 resourcenprovi der, upon

absence of a request to transfer at |east one spare

dat g4Sto ri.ye to said pool, deletes said

ass?lhneﬁ?fg%% 9%1 a\éfoé’agfsteﬁ‘n Glaimi®y yhewednigajdofrive resource

| i ng?Vdaﬁtpﬁ'sE?doF‘aiféﬂarqddésioaslle'pammrdﬂmaaatomlﬂgﬁtion that failure
dri FBst=aBefer edidt datai ekcaxngs ek $paaCa b WALPTRIBIL in future

dri YexvadgyAttiunlswageetta Miolidre dRed) laf8 AnkPdlnSYaile R ive

of amsouene pEbviden) Pord abQepkh erej i drJ ve

[ €S OpHrECdqHaONidiafe ALid irQ wﬁ;ﬁwéﬁfqhgge%%ﬁimpa% T 3l deast one
conabegkmidrlﬁgpm}g ,_j,ﬁs 19,408 provided Ty sHEATENRE of at least
sai g YNt o] S:hyf: An aslloca oft “Ae-AEPer OFivap |agcendreglata storage
dat g, .s{orage drives Drasgtemed fnska desa dupraget driyge become

l'ibrary iy fesponse to at | east one request for a

dat g2.5t O§ra08 1QE4 k4 li-brary storing a plurality

of mmgq@ag“@tgiigaﬁégézgaw & cllﬁg'?( drimydl, wherein said
she%e\a Saangd tr%s orting Safy E)’ér difave dibat atwrengonpletion
cartrrages bePviteR™YHA8T dnorenganas b \sedd amdnisai d dat a
storage 20 drives for mounts n d 2% g an denobunting

sai ¥ 'polPathiectden metheddor calordtdar Hatalatoiod diAvas of an

st grEgwtadidres, stoprger L sivagy tiner@ipense @5 ;arafdis8dda0rdmest for a
pl As4R igtprage duive, |sada aliyxakat graliny Qgﬁllq;ﬂh.y&'noi g:o@ta.ble data
poditpragenearilrl difedt i desdge doahlC AL RE, Sal 3;1% at

St @tagRyeUdrtetadet AR 5ELL ing said portable data

sQPcP'si; ugon recervi
r eqhesds b mdudlhd SGO %ge dr rFEIMPRTI RS anst Faididata storage
data st.arage ar 1 ves of Y% Seid mertakle cdatadstorage cartridges
i ndi cAtT NG o CAPIE FiRsarsemoniiey thamstepowit of a
portabl e %%La storage cartridge relative to said
request 2SR 2 PIUSAHGYert prbh R svnapy otle tstofagk drives to a pool,
coffpfitdiodatinmhe dmiicrarimakiia Witahscctad QALAIMBR a4 pooi;
conmput er, said conputer program product having '
CONput erponr verddiphiy paiakeqaeso or ATRREH adoddiE &l e fWBLn a11 of
al ksuatatagstkaiage Hratad o dali ¥ Gho1 Aredlh 136 QIRL S § ,data

st Digey |toDhcYaY arty mbESPOASE Least one' request ggo sald
f Opas H@hdeSt OF a&{]e d\rgxi%vg{@s’é%%‘?{lef A TEYTBEP (g xEridge zelative to

plurality of portable data storage cartridges in

st vf.agen abaputes dnl BESIREE ten id Portaghle data
St &'raggraaiin e Qéf;ggi}e't %ﬁ%n;) éﬁ:ggsc?ﬁé‘%eg R &smediym usable with

sai drives AOURT TG AT BUHEP fmputer
Salglagor Sore-ice Srhidipe derein dge slimecins drcricrage drivs
st r Age ?Ta\}:gg’d%&ﬁomgq disary i@ trrpbneppbistaléadl one request
cofffl Bfiat® storags drivet aad A oridgerydbtorty ANF1drA1 53 He portable
audasapetodagia tertst dyeag en |t B Y ahe1¢RAA %‘.lr%po}(Qng said portable
03482 3rBlage cartridges between said storage shelves and said data storage
drives for mounting and demounting said portable data gtorage cartridges
at said data astorage drives, said at least one hoat application coupled to

sald data storage drives and to maid automated data storage library
comprising: ,
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32 PCT/ GB02/ 03743 conputer readabl e program code which

causes a conputer processor to assign a plurality of

said library data storage drives to a pool, and to

all ocate and deal | ocate said data storage drives from

said pool; 5 conputer readabl e program code which

caus&¥0 es/2389gnput er processor to, upon receiving said

request for a data storage drive when all of said dd€3/GB02/03743

storage drives of said pool are al®focat ed, indicate to

said library to hold any nount of a portable data

st orage j tive to said_ request. to 15 15-

An a#agg;f?gi‘%?ggds o?%\ S0 209, vhigh flaseeq 8 eamphksysprocessor to

one Nost ‘applricaty 8f, sad8niikratmgata sboxaberdxivés tofa pool, and to

dat a*deERteyand Crytierate ghid dhid wrafagsldI@e FE6€IXES pool;

for storing a plurality of portable data storage

cartri dge9MPefipratedsBle program oot iwhi bR AR b bnp@ied processor to

por tupbh eredtaidingt e4ia0fequabt &85ty h&'&%trﬁ?&!"e&@végﬁ,g% 3% of said data
lr

t ' ;
Contgh. ﬁ?ﬁgrgfﬁﬁ r%’g?lg%% 23AehHdS, dpsicats fe sata 1ubrary to

drive resource provider Pitastaragaicdrrridee “edmivelto said
assi gﬂ‘l’ng'a 25 plurality of said |library data storage

dri igs t@n a allocatin and deal | ocati ng

sai ¢_data ?t’doeggggdd%%\? eLsmfr?%%lé‘g’i“d?p(fGP?l“éaF?j afirlepst one host
resotr ce provi Ti%f¥8h receiving a request for a data
storage drive when all of said data storage drives of

sai d poof BPFEAHITYoPL0RER sFermesimesit 0 sai d robot

control taq holﬂ any nmount of a portable data storage

cartri dge P& ‘%/ﬁ FEotage shelvascferestoring. a Alumihed of portable
of URtR g'é‘f’i‘?&t‘i%ﬁﬁf"aﬁﬂan aut omat ed data storage

library provide an inmage of a fixed plurality of

virtual FaLEcdssy xebotlfoy exramsrontirfg £ portable data storage

| defRHCFidass| avyeto saidi@BbrayADitetdéd QM GAIR et Worage drives:
assigning any 35 nunber ~nf of it A | f 40 a poo 0 n )
drives tdrehe dentrel i fR0SREOMIR 13 aREEEL Yobor ) ard

"m' of the pool are freed and avail able for ’

assi gnnentiyivee spaicd Gréviady tdob SRy ;:gga§‘¥gtgh%t FoRtzol, assigning a

reculesding o daid Qs Sge affVes’
e 488 b b G oL T L4811 Dt and aocatsog

di [f%%‘qu’g comrg ical i oh: BEPTRIEnITies Hoer saAd Fohds eaid drive
dedi ga S POVU8eT qupan resedwing atueghestr fyren §4Ba storage drive when
03/°0230 #2355 dpkar SERIPRROBANS: @i Caaisti ol t srel BRocated, indicating to
dedPeRHoBAE sPntrddr o Gpld faay aGLRY o2l ) Gobt®1¥ i datNWtorage cartrs dge

relative te gald ragueset .
16, A method of virtualizakion for an automated data storage library
brovide an image of a fixed plurality of virtual data storage drives with
fixed identifications to a host application comprising aseigning any
nunber "m" of a pool of “n” drives to the drive image providers, whexeby
‘n" - *m* of the pool are freed and available for agsignment.;

responding to a triggering event requesting a drive, and dedicates
one of the *n" - “mw" drives of the Pool to the virtual drive:

and directing communication between the host and the dedicated drive
a8 a fixed vircual drive;



drive to the requesting host application as "not

ready”. 17. A virtualization systemfor directing

conmuni cati on between at least 5 one host a 14 c t 10

pp aWD@soRsar physi cal data storage drives of an

automated data storage library, said library storikfg/GB02/03743
a plurality of portable data storaa"ge cartridges in

storage shelves and transporting said portable data

storage asfpiid-dg8snRESL .sai d storage shel ves and

sai drRRYS) Gak ARha.SL ore\gégglua?j%eg,d%(’:‘é%‘pf’gﬂaﬁ@?riﬁ#ns the virtual

| east one drive Trmge’ fPBYiWRIicA5icn &y ‘net werdy at

| eagy on application, providing an i nage at

| east ng #Q?Jféazgﬁwﬁyfﬁ%ﬁ fa’étd&r%‘itéFﬁg’GmmbMOhdbetween at leagt
sai & ar°feaBr1igAEonomnd apyicehidacs storagei dhives Bel iX Atomated data
| defitIroeaibomyaraia fibxes) s0irifh 4 BHRADSES of BosthifleMara storage
| easdrtohiyel aisi stddagad idleh ¢l b L Qs ﬁ-ﬁg psfaiﬁazzlhogﬁgble data storage

| eacdrt® [ j ta storage €s;
di r&qigﬁzg;ﬁggﬁﬂc gﬁ%ht%gf'ﬁ/eé‘rﬁg‘gﬁ&g“daf”*%@zﬁi&ﬂb dasa tetorage

application andmﬁﬁysi cal data storage drives of a pool

of In" sl thashhkel &ilved rage driyes of said

autppri &4 dat grdp%gf? & ﬁa%?ﬁr%; f%gdc%lﬁd &Piqpdd at least one host
resQuLce proyrder ¢ upt EF28% %a’r‘li‘“&t"nlae%’s@dmfevtmiuab data storage
i mage ,pr‘,’o‘iﬂ*ée‘}‘i 1838Ca1%e HRet @ppidcatinng phovidinges CUREE
pr d&’ﬂ%"ﬁ"ﬁ%’é%lﬁ“ﬁgﬁ dhyed menioer réopbnmb 6aisdidAR! 1805t one host
phyPPtisiat irmt 015 eectage alidvan 168:vS Bhd! e¥ikdd Yalinar WBLR peor
St drdeps : diridv @Frecoiid Eﬁhnuhiédi‘ioxpfbeév?éeﬁ Jorelel Og %h SI cal age
datappEicRt a@Cand] phyifl airggkgas%ggagas regdu antt 4% ‘iyg‘b? dost

f ObnAsith t- said drive 1%€'s r®RCgRrof ' said
reSrp Dgﬁdi %gﬁtg g sé:o?%eg%’é{vieﬁg"fe%‘rﬂ agipomatgdjdaga prorage dibrary; and

host appl,68t irggoreguest-i ng one of said virtual data
st Lqug rives, —OeQiCATTHT oriwled teanadd atr leadtnpne drive image
phgm caftdat 7 sP6r hifee: draidedrivk maberqeoplovi@r $8émning any
T e s el s
i ne Ftagmge , masal endiok Via1h FRAE ¥ QN AEL
saddives rindidacR)sd Aleaddl P 194:Q580E £ JI 'a\ée; 3§Z§S:al gid%:;:v:torage
o rias gl Aot B e s
phyggtcgl%plggg& o SLorage g i Ve r BYtEsPF glhiestleast one
applJ,cati on "as® SAMLAIHEY (FRRF saddr virshalidave stopigh drives,
drive | nhye P oV ettt "8t redn! myyeioalndaks adtiopdyd arskthf said pool
deth E81LE7DNIEIwRA| datat staxtios ageve]r hatdiBihgS@h Andication thereot
" offieStingriive stnagp(ixo0nls:0be edil $8tehatl BHRLa1OALAL storage arive;
StonagErite ihege gggvigmgmégégngg%ugﬁdl 991.1. 0S g " o ;
amﬂokgﬁ hpﬂrer&ﬂ%ﬁf& Irg?ueae‘m Arg‘g ai_-r éeglda E 8?5@% Byaigat . a
prﬂ%uéﬁod?' i.d Bdr. |8vc§: resour e 'b .Ef‘ ’rﬂ_’édﬁ:‘&ﬁ%gnsaﬁmed
pha%l ca cld" T4 Cror é& &“?%P_ Eidgr Hreering rmgeunication to said
proVrEREed Rhgpiced rdatagatarage diritaiby sdnd aeqitage Hdbt U8p11carion
t P9s8id Vidytedatmgthonte aripki GARIWEN Afia Eﬁqynhost
AGreblcativn véduestinigZ a1V10BuslY 4G bQiradd WMl fys WNELEIN, o
Za-‘ledm;:gagg:ewm_ mﬂg;tingomﬁ!miglt oF: PR g detd drive
Ymadd gri@dee sebAdeDOS; 20Rl |5 Llloqgto moun '
S @l @EdaR U0 REs O 3| riah at a S8t ARRPEE MHIVP dFegaid
e P BBy b et 0343
18. The virtualization aystem of Claim 17

a at.o'rage gra.ve, said drive

+ wherein asaid triggering event
comprimes either of: a request by said requesting host application to

mouwnt a selected onme of said portable data storage cartridges at a virtual
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data storage drive, and wherein said drive resource

i ndi ggéﬁ__é for said Provider additionally |Ilibrary that
said @¥d portabl e data storage cartridge is tq’CT/(;Bozlos
be mounted at said dedicated one gfy said "n" - "nf 3
data storage drives of said pool; a "RESERVE" request

by Zg.i d requesting host S application for a virtual

dat sdatrostagege kirves, Obnd @herdlL | i fmge said drive

| mgmasesmamdngn anff 2HhGY b {80 G008, Slhirchproviaer asstsionany
r €S QudrE L1 g3k OM 48701 Sal Pedfifddt felapted prateble datad storage

drive resource provi At pishaedipatediomabessatfons - wme gara
sai  T1Hraly CHatE 8aidi paekii eatRRSERIEY St @@kst BY dadl YRS r i b

dr i EPHCaiien dar ed vixtuani dhedi ddovade GRIVE S %ﬁ?%xgri e g fost
f or erbdiMrive inaye posdiabl Qlolgiéﬁﬁbasﬁhoéxgge Saly arive image provider,
sel eet@tht] Gind"Pahi N3k di,g‘ire Jirtual X% FeEPrgrovider of said
dri et ddfiadibEMNehad a;;.:f“d F EGUBEEP RFCKASE additionally sndicates
applakgalat & LOr VIT Lol cgitcated physigal Bty @tossnd drive is
whepei n “sai 3PV msustideta provindedriad dicki BRatish any portapie

i ndi- et BEOTAGP araldsebreteytach for :Biutk 168 UrCALR0 1 vrual dave ot
phySFERF Waparesmesayy shiaveequistdgdipat &gﬂ QeSal g shorage
Vi r tkryiagel atrave,t @hdGRedinY Faifd0h, STRUALIN n¥ﬁ v|oor'f Fea"’ircual data
15 shii3a6de0t S8 %ald1ipAGC 58! e%tél ed Tor HolfRViAYy afdditionally

sai g Wi ta storage -dr P38 dedcatedephysical data atorage drive
Vi r &al{glbffzéaé? %%ﬂ:%s'asi?’eﬁ{ Bi9armetorage deivetver ikt ER dny portable
drive  resolt Carigee delectddi faronaintyng @6 RARESik O A
detti*dBeri ng event relating 20 to said virtual data
storage drive conprising said dedicated physical data
st dr'age "8Ri Gatualizdtidni svcee SQUERARPIPUE GG Ldlgating
saingsphrrei paividat aaash G5ATS ;Cuggg;dgl 5. freed from sa’d e
Vi MoUsdi oot s WaBl el dolCa, A0, Q0UEY Y O LB FG SuER: relating
physbeale 4242, SI952 31 r1ves of “TRFFIIS faid dpdpentedimhysical data
vi toal Lzati on sgst e of* *BPYhcr Rpvidiretmlinasiagdsaid physical data
det r| % Sringe W Erted: Bramy PEish vorteabrdanwrstofdgel §five, and agded to
f oPPt ﬁﬁ'?d Bhysdeahdeh\etonigh abiveeasd saNBodi0St
ap 1I’i ca‘tnilon to denount said one of said portable data
st 6Y ageThe yirtriallpen il Geeal s i eqd.physi cal, data
st evagecdkpic¥ena bAERE {80 A% %ghg%s‘sgﬁhgr%nr /4 defriggering
St Ghied @6stdl ﬁ%atﬁﬂld yherei n-sai GNP Peewmprrd bg(said at least
Pr Sakied ey eﬁ ?rl ol 9%% f—'%’épr OVITdB¥ d50ne Afisead irontdde daadstorage
I ig{eau 1 gt_sal 3 cateds phyrige) vabd etowia &1i06 AG@entified as
cartr i dgesdidrtwl, gathe Ahrnage dirives; O BB GerdiQ 22 Yrive zesour
dr¥RPY4¥a BeLisd end de ooyl dai h ahalBasin 25€ S9N jpe ae
apffis efisRbh rootainel ®ASCoRe O Salg, V) (L ual, dafd Y that said
sttor agial dfiveesmagang,m%:egg Bsaal\jidat&r?ve itr?a’@“e IBPHAEEd & command
NoteibadS ofdticd L. idvgirrteslo%r e provi YBPEoImesheRs epmbiaatdon to
aNthage HA0H dl-0nal L %egpg?l PR sEarage| dudves.y ahd wermiuniaid drive
any &a_g.l Ort abi-é 8aids deivegresvarde prgedaP et & adommand ang
sal SBF Cdt BRFIShysisetd ldutwryStouagRnb dnyCsataCortanlo a
nGHotge Birtsidat veditedtaedsdllay Sidiake SALA 5L AT 406 dTt Ve 2t

. . dat %\ﬂwicrﬁ Qg
f OF mon-pycdet wiigi dﬁdcideaﬁ?@gicﬂerl od erern, 'Efp&ﬁOrage drive;
eppededbimineafcigalshe PLedgterm ned 1 RE2"BEE d5dre dar a
SBréhetlbimtS el GSRN! %ED}gr QVI, derF* Hhi ¥ROBneNPE Fatdon st Bdides
SAbcheh L VEQQ%{ t‘,_g e °%n sai @riveroetcaibte platisier additionally
storage CartritytY Kodereutasnys i gadasns adedRYs) |
daTHEY Gtafrtddfedicat A0paAiQ28 30¥a 350RGE/ cqiqg/ 03743721,
The virtualization systemof any one of clalims 17 to
20, additionally conprising a plurality of virtual
l'ibraries, wherein at |east

data gtorage

artridge
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one of said virtual libraries is assigned a higher
priority, such that, upon "nf-"n" equaling zero,
nmeani ng that all of said physical data storage 5
drives of said pool are dedicated, upon a triggering
event for said higher priority virtual library, said
drive resource provider deall ocates a physical data
st orgQeRa/isk froma lower priority said virtual
i brary,/dian%?l fies said drive image provider of sailfT/GB02/03743
deal | ocation, notifies said |libr¥y to denount any
portabl e data storage cartridge fromsaid 10
deal | ocat ed physical data storage drive, and dedi cates
sai dldealfhe virewmlipinlon cokteiba SiyosRges davm L9 el
Vi r edaitidoaldySeapaimingra weufall tp AeCvi Rua Qi 04, Werein at least
hostenepfl sxiat vortuaBNALVAER b Sfigndl WVRIghERGR 1ority, such that
pr ow;d&“mmreﬁﬁfwiem&nw tehad aiﬂtcg gmr ical data storage
| Meivels &8Iadiyi vV sa
deak,;.g:‘.rad:;qrip %’F’ bR aat a %ittgrg q‘ggﬁﬁ bigss sé'l SV 9RGsfor sald hignex
a‘%;;on o sa| E s ‘?/PF?W”I‘?"BF%B"?WB a
not rea V\?| Fon |]'2‘&‘P‘|' SR EPEY SH-BVigENal library,
one neyif F%\l”ﬁéd f?"Y‘b ipage Rreriden ofserid dhaliecatésmuncidifies said
pr o PYETY | §c oy a9y mostablshdatiacetordas Fastdagdrom said
dri PERLlPEASAPYPicRli datA Frarape dirive skt dgdicitiey @Bid deallocated
suchMfRstl dake epepoec@iiive ko selidt wimiuel aea ditovage Qrive for said
unatbes RréoRityahdatearpldedtion, 28q vHeeedn maimkinet imide provider
sysERAfrBFeriAgs gpid ofireydadi davalqtorage Ariwh of Gialid Alirtual data storage
| eadtivenet ghid dial Lohyisidcpilysdadin a0 e8Rigdr 08 toSsaid host
addamblidetlien axf, saie) toargRFlok Dtys dl £t R0 l18dryd2t dnat reaa
storage drives of said drive resource 25 provider, dy
whe2di n @i dixdink)ieat 10 EydteRVdidehy LAR RSN i5s sgl b 21, wherein
vi r saial aridat festhateagfovdidy 880i@S okl GBI AGnyatea; THEa  gromage
Vi rduifbs zat bﬁﬂoﬁ)ﬁi’:}.@m&fzua@i 8l 2éora Y ArSidl, sg‘géi t §aid physical
i M@Ra dHc? e cO rlse one or nor
of : enpl oyﬁg%gi‘éea?rseqﬁﬁ%%ébg%agearn? gﬂ‘oé‘r for each
of paid tuaI dat storage dri ves and
enp] Qi ﬂgaﬁsqggmgé re fy z; Lo8H 68 L5 ot Hdnted?. wherein at
Vi s Hetor i BB s sz rmesop i tutedadadne,
sysheWm L, aly %mregn £l % I FNLNRA P D fiEi vesgesource
of J;ag ¢ J:aLlown FVE AR PTRVEIT SLPESSSPEY il virtual
evi ce arveF ver 515 “SHP‘H“’&F“? ‘east one host
app) [ cai;ﬂ1 Vix q wherein said drive resource provider
rgar i SEST a GEACEAYOPVEEt of fdadm 24, pyherein spidfrive image
sai*§°h ?ﬁﬁﬁ“&éﬁ%‘n%&ﬂ‘%a?% ¥ impge rafs cempdeying a same unique
pr &?Fﬁ’é’f naResr foresach ebrapdd emthingte MIRCiaA! @atedbtbragé drives and
| egPlRrieg o gemea pAdiesat fegnedmdos aafd adbBtEdidalad data storage
st oways.| i brary; and said drive inmage provider
conprises a device driver of said at | east one WD
03/282359Fe 388G £RA3A AF4deh BOSInyoRY bEANLAE 131D 24 wherein one
Whek et seiduili: eaiaCaneCall Peodfiler UL 9550 Fevige ariver of
CORPON @B 1kt SohieOn st gggiggt ang LL2OS t % %('e Z8iurce
A yrbtidal i coapiRRs NEWR f@,_rivgl, @CLhd1ge GO n| ca an
bebpRRagdonscast 5 one host applicati ohPand ?ﬁ/" "aﬁ" o8t
data storage drives of an automated data storage

librarygazSaidJel péeawces&g Q’E 30 lyrality of portable

da SEER & CYonpenf intermediate said
et 1 el T S TR e T

veen sai Ao EPTRELoema deviee ghieecaf sdad @t least one
storage drlves conprising the steps of: 10
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responding to said at |east one host application,
providing an image of at |east one fixed virtual data
storage drive, providing a fixed identification and a
fixed set of responses to said at | east one host
application for each of said at |east one fixed
virtual data storage 15 drives, and directing

conmuni cati on between said at | east one host
application and said physical data storage drives of
sai d wotognmsed data storage library; Providing a po

of "n" said physical data storage drives of said 20'9 T/GB02/03743
aut omat ed data storage library, at®*&ny one tine,

assi gning any nunber "nf of said pool of physical data

storgge drives, and n- - “nt of said pool of data

st or age. GFPVES i 821 dferrdn; saddgdrieg Tepanicapprovide: comprices a
assi GANENERE Felhshartagatesd data sirrase ddbadmmt of said

at | east one host 25 application requesting one of

sai d*¥irt ﬂaYi”&H?’&zéP’cﬂ“ag%tWiWs?irée@ﬁr@avdmgnim‘eonobetween at least
sai d 7B® PORE ARPLiearion 2pd Rhwsieadcdatni ghesaas doived pheh automated data
to s&FTFER ML uArL Y Athrasy ortayingda inlorality of portable data storage
Char SB¥@iflges, dn Sfogagr ghelyes chughtrehendrt i sabt poagble data storage
dri vE*¥'Fideas)beatapen crpidsationgadh ebelvap pindomiidophyascalalista storage
one PFi¥eq. \Aorpriding rdhgestepiragct i ng conmuni cation to

sai d dedi cat ed‘#oh sical data storage drive by said
requg§taitnge:|?85° g{)‘? (P84T iAnlepst s hastr ARpREcatdpR, providing an image
st or age d \Zé; Wnd Bt ¥at dart dteagendriNes providing a fixed
appl LEAt Lol ok & ré‘ggci%gl’aﬂyﬁ G5 TeERATFES 505 pida gt ldast ene hoat
priog, 0, 54Lq Hedi czi\}:t FhPadE &5 RAIE SBe Firedariatptly daemprorage

dat 2,54 95a8g Gia §Zei dgsﬁ;ézl'i"éﬁ F1OR REFvesn add atyseasygng hoar

St Of 4R agl 1VErh9, Sal d FaGtes BTy = HE8Fe A5hYee 8F i8AA fytomated data
"not ready". 27. A conputer program product of a

conput er Leadabl e, nrdi ump ysabl vxi)th 40 a .
4 EBHhETET Rt aFAMEpTAIgULTives of said
o oL St
for girpecti @%a\é!&rﬁ al'l Ze Y8 8 WRed &7 of said pool
0S

1 N % %‘f‘ﬁ?ﬂ?c“é
| east one appi T caton aRY i AndgdYad teide for assigument;

03/023597. ! P 02/,03743 .37 storage drives of an

L U S B
por tafl & daip -ﬁtmmagﬁh Lif idggaestl N3 53 S °PEAfs) drives, dedicating
esangliggh1 E{)@J‘ﬁ?@ﬁatgie 8l d porf sBree &ty PGr“&@@ pool to said one

cartridges between said Storage shelves and said
physi cal torage dri , said at [ east one host B

Bl ;ﬁ%ﬁi‘%@?g 489 aslh dedlinred plvelea farasrirage drive to saia
r conprrsi

i brgry s CoTgrr si WE LA 3f F21R e abined prisgralnficige directing
whi G CASEE R &% E‘E dedrbed sbypicp), datacqronene grivei by said
at I'6451° ot "RBS tAPRPIARELR A8 F2iR B¥Ftilngstan storage dafive; and

at | east one ii xed virtual drive, providing a fixed

i dent i fi EBYT SAAFGIUCSFAng heek Sppticatiqneseayeseingt ® vdatuhl data

at 1°ESEATENEVRRILOL i PRift AsdicAbioneskay éddicauing siid physical data
| eaoTHIE 15YEd SFRFRGHEriskag ssaddoriatenld datae Rtoxdge ebtivego said
confS 57 ROBe ARREAFAL LA™ 28 ¢ "IPE F88%ne host

appl ir]rgati on and%ttphgsi cal data storage drives of said

aut 8t el TPIPEELT BFRTam| nrehugty of RScompHpbeR @padabie afsHium usable with
pr odr BrASEHTRALHE i OFP el s cinid qompyher cprograxc pssdict tiving computex

| deAPRIRPLE RFGBTaM, Fode enkogiied Rhewsio afordatmesing akualized

dr i FER™Efcaripy betvestant deastvae oot agplidalied Wnd PhyMLdl data

one tinme, assigning " pool of physical data storage

drives, A~-ksjn- nunmber m of said
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.operatl ng sai d accessor robot; Hs

and n fi of said pool of physical 20 data storage

drives indicated as freed and avail able for

assi gtunent; conputer readabl e program code which

causewodspyapHt er processor to respond to a

triggering event of said at |east one host applicati®iWegomsrs

requesting one of said virtual dat¥ storage drives,

dedi cating one of said "n" - wir physical data

St or ageradei gk ai ool . to said one virtual 25

dat 2aShRE-206 df; \?g @'y 'ﬁ;pd% g d AR £BeRagp rlcyrany, cade libra

whi c, cause ﬁ?Pé? dagh Atavioer catrsded Gedi&a @CLhelv

physi c“i 55159 Sadd &@Gtadxlﬁvvhttaoewﬂg@%ﬁﬂx@ o8 and

appl Frelee mnd ad dishye e f uaﬁdseg mwgm c%"leS?\ said storage
él caf' 5é1t‘?f1§t°d‘r AgRSt one hoge

host 8#piic@Gob rotpicd € dhEaty
drivei by/said directing reqﬁg% K58 otoxags| }baatoncomprising.

Iy atoring

as sai d wombwialr £algnist gmdcrl ve. . and conput er
reacwab@uaawgra@gnagoge caﬁgﬁs" 4% GAYAREer computer processor to
Pr 0GRS50 one HRQY t§~a| §?‘1°ngPﬂiéSQtiap.plnre~aitdm§1 an image of at
requgsid Rl Of dmeavid;ng@f fﬁagdd;myﬁﬁg]:mn and a

dat a gﬁorgfec’ df?‘?@““qﬁ‘ot%haxaeteuaze SRl ﬂu\él ;Jpl}c“gm ]

a d&f o4k e Verel ovivinl BOGLGSSa00 oF each of

applCPRERiertion Bemdien’ SAQAY Lt Aut o é‘éﬁd afifecting

st oFbem gk did g/ or GRUR! n%qo,m:;sgaﬁ o8t #PRbisation and physical aata

appl i cation, conprising u‘f’ﬁl"'l'l r¥ge piraryal dat a

storage @Ernip\ieﬁ- roifdafR{ 923597 38 PCT/ GB02/ 03743 a

pl Uiﬂnhiﬂ& af S,Oc[fag ﬁg 2% g6 quﬁ'ﬁ'@ pl atmnphit dyy procassor to

of mrt@ttg e ta s?of PE‘&?‘F’FF-QQ}@; OLaPARC BRSNS 0f 8aid automated

r obot i 7§ 3 enpoleabhesidnlsy shy N

car‘f°°'1 e‘ﬁtsatelra&boaﬂgeg,shsbwgs quofs a% Pool £ p::k‘i 1
°H%ﬁeadsitveaagmc£:reuv&sf LeSQNLd O it Eica

<Godf QPRSI cor g ismment

i mage prompwtes :eRaY18 halogr SR ld at least one host

applesgail € a ﬁriQé{éﬂhQ an | ma % 8Pick cyusse(a gpmoutex eotocessor to

Vi &Eq@gt gm;tbgr g&g Jrl vé’ ’Gv?’ﬂllﬁgﬁtaom hesk application

i dQHII Jigatl on an Yittwai data gtomge phIhgas E!éhmﬁé’:in@ one of

ahgast T onBYR, 1+ 4p%h Bbensgeifiose @8Ckiaf pe3di ), 3k, said

I eas‘f” BF\%"F’F)é’é'eI"eivl rtual data storage drives, and % §pe virtual

di rectlcgq ggﬁmrunl cation between said .5 at Ieast one

host ap Y| orrdable phytriag adoad Ahid o5t e drives of a

poBiiaracsrizersaihiodd Ay ed paba:la iaua@c%rcg(ga df i SPERUter Bragessor to

driast apedocstion Q&Ogdﬂ%necgﬂpl ed. 10 SHPHI% Fiygsto daid eequasting

mesnadel iV G (LIS S

Pragigh riyk tyabrald8duedting noa

#g’l c tignzlt%bganatior HGESa]r Aot starageidkivé ikl dat a D nent

st or a%a FE Feadghje program pbde fvhsay daMQ'a QE gical
?é@@“e*'df-m/é\ssu REbTIRh efbASad bE6T AT a afiracessor,

f&Fl‘ﬁsQFgamemtnpmmedidiﬁ:l&? of ' £IQULCE rgw (Yéft“al data storage

r Cbpoetenget fid ik GQC kL NI sEvent ‘0 BYsichl data ptoxage dmive, to

hepiL12R0lchCAl iRl LEGHSST] ng-ORde Friveite widt xemuestaing nose

storage drives,

28.  An automated dat
& mtorage libra
application, comprising: t¥, ¢oupled to at least one host

a plurality of Phygical data Btorage drives;
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5 dedi cating one of said "n" - "ni' physical data
storage drives of said pool to said one virtual data
storage drive, providing an indication thereof for
said drive image provider of said virtual data storage
Lye. said drive inmage provider characterizing said
woog@%%gét ed physical data storage drive to sapfrGro2n3743
requesting host applicatioggas said one fixed virtual
drive, said drive image provider directing
c%nn}guni ation to said dedicated physical data storage
dri Ve By 9aPl s-eraes thelyendor sppligcatilenaidsy S fortable
data \RLPFage ceptrAdamser age drive; and upon sai d requesting
host application requesting a virtual data storage
dPP\ASCprIcET rolpts furd k finapfr tiRg Qai § %orﬁ[b3¥ | 880 storse
carcridgesc detwi@nSsnid Y-S t i Ve, Sard
) é&%hel%& Gna! 9;.1.9 q’lgg?.cif\ivﬁ:tauaq;or&g?a

drivadli ve image provider characterizin
storage drive to said requesting host application as

"B voe122. A virtualization systemfor directing
coOltrrr?ubEi€il:‘aa%i}m(.)mr11 g%’f VBT TAltT PRLL fecesser woket:appl i cati on
ical, datg storage drives of as automated data
a,,pligz‘ﬁrg%%igf Frye leage provifer wounled teysaidohtiriahét pnefhost
drivePOl L |FEGAT R SO O% AF theReh e3e | fixed onngelshalavesorage
TVea T OV THNg p i xet ideritdf potiahand dasiedt tage onses to
sald ¥3 16985 9ne 305 P@HHLRARL B 148 aaal lofi £kA8Sa D SLNREDned Phthy
T GRByetstRsievdsivand asdifdr plysbodl diidnithiA0ketveen sata
=7 LoNR ous hosoWpplialigin dndlphyifl ok AL GEPIRVEASL
of 'nPeayd dhpgial d:RASEQNS: GLiNG. 1 Imge table p%r?ﬁr? FRY
a list gf v;_rtugl@dat ;o_storage _r‘lgve_s pro?/l di ng an
iardgeveofemut é @eoyilagF ubdedOte St I at
providuror @y anyllonk Afime A1 a (v £38 Ou§-§£ ai\r’fiygaas r?\aﬂai_igage
nunibeys ¥ 3GEs L fixed [ dentlTicatl on eat*S5HPLes cny
. sd ¥§:ZL 8t 'ph nca]&, dgit ;
debs d “drive resour C& prFvrie tHiver ¢i§i Ayldamirtual
data a ﬁﬁvgs an i & a £ .
drivean?n er - bf ﬂh_}&l cal™ ot 83kt Bealgef piviimed dftacsypeade
e ThPa e9diand| aveslabl et frragesigitmene s safd vk 10
SEoUrSBIBTEI ARy Bedrendingr eye thibgeriyy @mae 'of" saidl at0h SR One

host agpiicapion) xequestingagre of rést@ svirtghilcadade Brage @RdvaNd

dedicaging paglof suid &TSONMEPlyei 6all Bakl E¥Sraqh 659 .
to saiprensi voreust ofaes ditBgadeOadvh ! iGOEIdi] ag\g;e&cgf:cggis&l gti’“l
for sal@aRiveONAagd 9sbviARP | deCal a0l o[ SAUEST T NG One Of S&I e

| dopirrigl 4ot arcrags dirive: eald
arive YhideliBlovIALA RLOIBES e VSl 1otie ] P 53
drive 18 said] egﬁ%asn,ca & B?f:fbé WAtk phvaisal dapoaitordge

Ve by iR T LY aah arpkicat inomm geidiche cixedletiivali dg ve,

sald deiyeqipaggi Beavider gimeting cdebniGitOGREs KMl Vaal fassal d
physicyl) idges isvagrget dtive ks ssial deqpaeitl kst apgl 88 155 WaAGE 4
virtualdate stntagt dkBestanantpodl dai@ FHROE 1RE Nl B el RURL £ O
reesiage airbeastam 8eiast o= ABRLLCl QT 300 KB SO Mo
providéyt d@ditak V) e royi.ding e T0X; e
providéﬂmgﬁagﬁfggtgg&gtgg%% :&ftaglsgara{%a %Itligi ade e ipepe
ot agqlic“gtn east: “one ‘MBS 5P| HRFIINArivai b ismidy@equesting

er rved  fontyd t¥d¥éspondi ng said drive image table,
29 sai,d drive imge provider providing said fixed

"R JERTRLI AP AYstRd e dbxkosily obnmuaSRRNeE betwenadd 18kt

one hogtoaRRLiGHE showd pppilcatiaonstengeasivey 0f 82t ofbd @ aaca
”“:“::SHF?”&FH et Mbramyabtatthy @spldatiedi s€8biti81e data storage
cartridgermiumn s oy the DRlWRRIN ¢ Sas ' e _hoo

appl i cation and said physi g%zﬁgra%t%gﬂstpg?%%’ge J(Trtf‘vge'?’?)?e

sai d pool of physical data storage drives of said

automated data storage library; said drive inmage

provi der responding to said dedication and

identification of said physical data storage drive in

said drive image table, characterizing said dedicated

physi cal data storage drive to said
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requesting host application as one of said fixed
virtual data storage drives, and directing
comuni cati on between sai d dedi cated data storage
drive and sai d requesting host application as said
wo%j’,&%ﬁql data storage drive; and upon said requesting
ost "application requesting a virtual data $e@/cHS03743
drive prior to said drive ggsource provider dedicating
said physical data storage drive, said drive image
provi der characterizing said virtual data storage
cartyidoee Heowaai gaidegetaabd t ' iqn_as. "not
drivedadympriSlhg, A Vi rt ualtgi ;bg‘te ing% ?r"gdgﬁlc')ib&s I&“’q&f‘féﬂ‘? fgorage
conmuni cation between at | east one host application

andg Sy ata storage drives of an autonmated data
mmmsl,ttsgg'lpﬂ')eél}%"i%%{rlrélrje L 9%"5.”‘8‘ PERYIEDI tolaaqy ameplnival smaye hble

. DO t%%l e B&a?g %F%g@%%ﬁ%@g%sw Q3 Bhdged Qs S
£ ) ;

““’%’ ERIeK of gadd virgues darn staragyeashed,Vesa,280: each said
vi:‘:t'{aﬂa%po’?'ﬁl‘m Saivk, parfiabd Qdeidi?i St2ba0Ge £ r{e' ggYees said
arive) cegwmeoe mﬁdﬁwﬁ&ﬁg%\"e‘ﬁ‘#ﬁ’gg oa & g&}/’s 1:8 %—g\ﬂ’- a;\ ﬁgogﬁg

g 4 (=}
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virtual data storage drive to said requesting host application ag “net

ready" .

30. A virtu?.lization mathod for directing communication between at least
one host application and physical data storage drives of an automated data

storage library, said library storing a Plurality of portable data storage
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data storage drive in said drive image ,
characterizing said dedicated physical data st oragfe
drive to said requesting host application as one o
said fixed virtual data storage drives, directing

exuI3sni cati on between said dedi cated physical data
Wostorage drive and said requesting host appl PERGROZ0ZTES

said virtual data storage &Pive; and upon said

[ [ [ [ irtual data
requesting host application requesting a vir _ _
0 age d?ive prior to said dedication step dedicating

carbglac%rﬁs pi’ﬂ/ SFozage phedves pod agma@pi'mg aaiar mﬁ:ﬁ_ﬁlies e §l§3rqse
cartyiqoeq Hetuweern sgid magmgdrdheBvdsOasfiglia bEAHEEE 'd10a I'Rggage
driveppkomaticiy ake 'sR8fs beady" .

providing at least one drive image table comprising a list of
virtual data storage drives providing an image of a fixed plurality of
said virtual data storage drives, and, for each said virtual data atorage
drive, a fixed 1dentification;

responding to said at least one host application, providing at least
one image of maid fixed virtual data storage drives to said at least one
host application, said image derived from a correasponding said drive image
table, providing said fixed identification and fixed set of responses to
said at least one hasat application for each of said fixed virtual data
gtorage drives; and directing commuication between said at least one host
application and gaid Plurality of physical data dtorage drives of maid

automated data gtorage libzary;
providing a pool of *n* said Physical data storage drives of said

automated data gtorage library, at any one time, assigning any number “m~”
of said pool of physicaljg&ta stoxage drives, and “n* - "m* of maid pool
of physical data storage drives indicated as freed and available for
agslgnment ;

responding to a triggering event of s8ald at least one hogt
application requeating one of gaid virtual data storage drives, dedicating
one of said "n”-"m* physical data storage drives of gaid pool to said one
virtual data Btorage drive, identifying said dedicated physical data
storage drive in aald drive image table as said one virtual data atorage
drive;

responding to maid dedication and identification of said physical
data storage drive in said drive image table, chavactarizing said
dedicated physical data dtorage drive to said regquesting host application
ae one of said fixed virtual data storage driveg, directing communication

between said dedicated Physical data storage drive and said requesting
host appliecation ae said virtual data storage drive; and

upcn gaid requesting host application requesting a virtual data
storage drive prior to gaid dedication step dedicating said physical data
gtorage drive, characterizing said virtual data storage drive to said
requesting hoat application as “not ready® .



